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INTRODUCTION 

The MCS-481M family of single-chip-microcom­
puters has become an industry standard since the 
introduction of its original member (the 8748) in 
1979. The family is now comprised of seven mem­
bers (see table). All of these components share a 
common architecture; each of them has unique 
features which may prove beneficial in a given 
application. 

This manual is a collection of the application infor­
mation available for the MCS-48 family. Several 
items concerning Intel's UPI-41 1M family are also 
included. The UPI-41 family is a series of universal 
peripheral interface devices which have an archi­
tecture which almost duplicates that of the MCS-
48. The only significant difference is that UPI-41 

CHARACTERISTICS 

8021 8022 
ROM SIZE 
(KILOBYTES) 1 2 

RAM SIZE 
(BYTES) 64 64 

110 PINS 21 28 

CYCLE TIME 
(MICRO SEC) 8.5 8.5 

AID CHANNELS - 2 

"Erasable EPROM 

iii 

devices reside on a system bus as a slave device 
whereas MCS-48 components are typically bus 
masters. Because of the similarity between these 
two series of parts, application techniques can 
usually be applied equally well to members of both 
families. It is hoped that the inclusion of the appli­
cation notes concerning the UPI-41 family will be 
useful to designers working with MCS-48 family 
components. 

The material included in this manual is believed to 
be accurate; if you find any errors, or if you have 
any suggestions for future application notes for 
the MCS-48 family, we would appreciate hearing 
from you. 

COMPONENT 

8035 8039 8048 8049 8748 

- - 1 2 1" 

64 128 64 128 64 

15 15 27 27 27 

2.5 1.4 2.5 1.4 2.5 

- - - - -
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Single-chip 8-bit microcomputer fills 
gap between calculator types 

and powerful multichip processors 
Capabilities range from stand-alone computing to high-power data processing; 

ultraviolet light erases programable ROM of one version 
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1. Ex ............. Although well able to run a stand-alone controller by itself. the new processor can also work with other family members for 

larger c' ,ntrot systems or with 8080 peripherals to handle complex data processing. This configuration typifies the MCS-48 capability, 

o Putting an 8-bit microcomputer onto a single chip is 
achievement enough, but realizing performance nearly 
equal to multiple-chip devices gives a bonus of added 
ftexibility for the new family. The two devices that are 
the heart of the family are really high-performance, 
single-chip microcomputers that fill the gap between 4-
bit calculator chips and the 8-bit multichip microproces­
sors. They can be used for the lowest levels of control, or, 
by being expanded with other ROMIRAM members of 
their family or with standard 8080 peripheral memory 
chips, they can be used in a wide range of high-powered 
data-processing systems. 

The two versions of the microcomputer, the 8748 and 
the 8048, are like 4-bit calculator devices in that they 
each contain all the elements needed for stand-alone 
computing-central processing unit, program read-only 
memory, data random-access memory, input/output 
interface, plus clocks and timers. Yet they contain these 
elements in 8-bit configurations that vastly exceed the 
power of the calculator types and approach 8080 
power. 

Two ROM ven.ona 

The MCS-48 family is the first to offer a micropro­
cessor with an erasable programable ROM, which will 
prove handy for low-volume applications and those in 
which periodic update of the program memory is 
required. The family also has a CPu-only chip, the 8035, 
which can be used with external memories. 

The 8748 has a 2708-type, 8,192-bit EPROM with a 
program that can be changed by clearing with ultraviolet 
light and reprograming electrically in the usual way. The 

8048 has an 8-k mask-programable ROM. Together they 
give the user new ftexibility: he can develop the program 
and build the prototypes with the reprogramable chip 
and switch to mask ROMS for volume production. 

The off-the-shelf 8748 also is perfect for quick­
turnaround users who require small volumes only, since 
it can be programed to meet any system specification in 
any quantity-in contrast to some single-chip controllers 
requiring mask programing at the factory, which is often 
available only in large quantities. Equally important, the 
8748 can be used in control systems requiring periodic 
updating in the field, such as point-of-sale price-and­
inventory controls. New program data can be fed into 
the system without a new ROM. 

The free-standing operations of the 8048 and 8748 are 
made possible by the 1,024-by-8-bit ROM or EPROM for 
program memory, a 64-by-9-bit RAM for scratchpad 
functions, an 8-bit cpu consisting of an arithmetic/logic 
unit and accumulator for all the binary and decimal 
arithmetic functions, and an input/output facility that 
includes three 8-bit 1/0 ports plus three test/interrupt 
ports directly controlled by program instructions. 

Memory and input/output of the processors can be 
expanded to handle large control applications (Fig. 1). 
There's an inexpensive expander chip, 8243, which 
allows the processor chips to handle an additional 16 1/0 
lines. Also included in the family are combination 
memory and 1/0 expanders, such as a 2,048-by-8-bit 
ROM with 16110 lines (8355), a 2-k-by-8-bit EPROM with 
16 1/0 lines (8755), and a 256-by-8-bit RAM with 22 110 
lines (8155). 

The MCS-48 components also work directly with all 
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2. ShlCked. The 8748 or 8048 processor chip supplies all the functions needed for a stand-alone microcomputer. It has a CPU complete with 

arithmetic/logic unit and accumulator. a 256-bit RAM. an 8. 192-bit program ROM. a timer/event counter. and plenty of I/O capability. 

the 8080 family of standard memory and peripheral 
parts, soon to number about 30 large-die-integrated 
circuits. They include timers, programable 1/0 control­
lers, universal synchronous/asynchronous re­
ceiver/transmitters, decoders, and keyboard/display 
controllers. 

One-chlp My.n ...... 
The integration of all the basic blocks of a microcom­

puter system into one circuit brings about some architec­
tural advantages. When the device is used as a stand­
alone controller, it need interface only witb its I/O 
peripherals. This means that the execution speed of the 
processing is limited only by the speed of the chip, 
because there is no slowdown from transferring data 
between memory and CPU, as in multiple-chip designs. 

Moreover, technological upgrades can give enhanced 
performance without waiting for similar upgrades of 
external components, as is usually the case with multi­
chip families. More immediately, the inclusion of data 
and program memories, which otherwise would have to 
be added separately to the system, simplifies the user's 
interface problems. 

Having an active data store on the chip-the quasi­
static 64"by-8-bit RAM-also simplifies system imple­
mentation, since all scratchpad operations simply 
became part of the CPU function. There is no need for 
refresh cjrcuits operate the RAM; yet the device is 
dynamic in the sense that internal clocks are used for 
very fast, low-power access to the array. 

The major objective was access to a RAM within a 

2.5/4 CYCLE 

S. S, So 50 I s. I S. 51 

INPUT DECODE EXECUTION INPUT INST. 

OUTPUT ADDRESS 
~ 

OUTPUT ADDRESS ,. 
INCREMENT PROGRAM COUNTER 

a. .......... Operating the 8748/8048 Is extremely straightforward. 
with each 2.5-,.s cycle consisting of live states. instruction Inputs are 
made in state 1. decoding and program incrementing in state 2. 
Program exacutions begin in state 3 and run through 4 and 5. 
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4. Powerful. The on-Chip RAM. part of which is reserved for one or 

two banks of B-bit working registers. also accommodates the stack 
of subroutine addresses. which can be eight levels deep. Each stack 

location can handle the program counter and status data_ 

fraction of an instruction cycle, so that those indirect 
internal instructions that require multiple addresses 
could stilI be executed in one instruction cycle. (Indirect 
RAM instructions require three separate accesses: one to 
fetch the address of the memory location to be operated 
on, one to fetch the contents of the addressed location, 
and one to store the results of the operation.) Since the 
RAM is dynamic, its power dissipation. including all 
decoding and sense circuits, is a mere 75 milIiwatts. 

Similarly, the EPROM of the 8748 relies on internal 
clocks for better access and lower power consumption. In 
this case, however, only one access per instruction cycle 
is required, since there are no indirect instructions to be 
processed in program memory. 

Having the EPROM on the chip allows for an easy 
method of verifying a program. To accomplish this, the 
8748 can be put into a special instruction cycle (called 
the third-state mode) for programing and verification of 
the EPROM: The CPU executes a special double-cycle 
instruction that allows the address and data information 
to be transferred to their respective registers during 

...... '-IW ... , ... n .. ,-rv ~l)clILlauy luteS, While aU transfers are 
controlled by asynchronous inputs. 

Common architecture 

The block diagram of the 8748/8048 (Fig. 2) shows 
how the common internal 8-bit data bus connects the 
major circuit blocks (shaded in the figure)-the data 
store, the program memory, the CPU with its ALU and 
accumulator, a timer/event counter, 1/0 structure, and 
control structure. To pack all the required computer 
elements onto a single chip, the CPU section has been 
designed with a minimum of logic redundancies. 

For example, to eliminate a multitude of register files 
scattered throughout the chip, the 8-level subroutine 
stack and the directly addressable registers are found in 
the same addressing space as the scratchpad memory. 
This allows the programer maximum use of the RAM, yet 
gives minimum logic for the device. The programer can 
utilize unused areas of the subroutine stack or direct 
registers as common scratchpad memory, or he or she 
can modify the stack and flags under program control. 

Likewise, the pipeline organization of memory fetches 
permits placement of the program counter (pc) with the 
internal timer/counter circuit block rather than in the 
RAM array. Both elements share the source incrementer, 
resulting in more efficient use of on-chip hardware. 

In addition to executing the required functions of ADD. 

XOR. AND, and OR. the ALU also performs the bit­
comparison operations necessary for conditional jump 
and test facilities. Through the use of a control-table 
ROM (which holds constant 8-bit values), and a zero­
detect circuit on the ALU output. any bit in the accumu­
lator can be examined and the program flow modified. 

This setup is also used to test for anyone of the many 
conditional jumps. Each of the conditional-jump flags 
and inputs is sent to the ALU as an 8-bit conditional word 
and tested with the same circuitry used to examine 
individual accumulator bits. 

An internal oscillator also gives many system and 
device savings, such as the elimination of external 
components (except for a crystal or an RC network for 
setting the system's operating frequency). It also gives 
the chip designer maximum freedom in the structure of 
the internal clocking scheme, because there is no need 
for high-level, accurate clock inputs. 

Through efficient use of internal bus transfers, most 
instructions can be executed in a single-cycle length. The 
exceptions are those instructions which require a second 
memory fetch or an external 1/0 transfer. In these cases, 
only a second cycle is required. Moreover, limiting 
instructions to two lengths reduces the complexity of the 
internal state generator. Since 70% of all instructions are 
executed in a single cycle, program-execution times and 
program-storage size are still minimized. 

The multiplexed bus for address and data during 
external memory references maximizes the number of 
1/0 pins available on a cost-effective 40-pin dual in-line 
package. For external program-memory references, bits 
of an additional 110 port are used for address lines, with 
the input/output data being restored after the memory 
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.. ....... II ... Besides the main system port. O. the procassor chip has two others, 1 and 2. which alow Inputs and outputs to be mixad on 

the same port. Here. writing a 0 causes the pull-down devices to sink the m load; writing a 1 calls on the 5O-kHohm pull-up resistor. 

reference is finished with the address. 
One key to the simple operation of the 8748/8048 chip 

is the straightforward program sequences and timing 
needed for executing an instruction cycle (Fig. 3). Each 
cycle consists of five states. Instruction input is made in 
state I, and decoding and pc incrementing is made in 
state 2. State 3 starts the beginning of the program 
execution, which can run through states 4 and S. Simul­
taneously, the next cycle's program address is made in 
state 3, a pipelining (paralleling) of operations that 
increases device throughput significantly. 

Because the chip is built with depletion-load silicon­
gate n-channel technology, it operates oft' a single S-volt 
supply with inputs and outputs that are compatible with 

both transistor-transistor-logic and complementary me­
tal-oxide-semiconductor devices. Instruction cycle time 
is a modest 2.5 microseconds and power consumption is a 
low 400 mW. Depletion-load techniques also pay oft'in 
practical chip sizes for volume production; the 8048 also 
is slightly over 200 mils on a side, while the 8748, with 
its big 8-k EPROM, is 221 by 261 mils. 

Storing data in the scratchpad is simple. because part 
of the RAM can be reserved for one or two banks of 8-bit 
working repten-eight registen per bank (Fig. 4). The 
scratchpad also contains the subroutine address stack, 
which can be eight levels deep. Each location can 
accommodate the 12-bit pc and 4-bit status data. 

Since all locations in the stack are indirectly address-
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7. GoIng It ....... This one-chip scale controller is made possible by the extensive I/O capability of the 8748 processor. which can 
accommodate a 24-key keyboard and all the interfacing needed to control 14 seven-segment LED arrays. including a decimal point. 

able, the second register bank and any portion of the 
stack may be used for data memory as well. This gives 
the user an option of having the data memory be 32 by 8 
bits if all the stack and both register banks are used for 
program counting and status data, or 56 by 8 bits if pnly 
one register bank is used. 

Program m .... ory 

The resident program memories on the 8048/8748 
chips are handled so that they can be operated alone for 
programs of 1,024 bytes or less or combined with 
external ROM for expanded systems requiring larger 
programs. The program counter that feeds the memory 
is split into two parts. The low-order 8 bits can either 
address the resident I-k ROM or be routed externally 
when addressing beyond 1,024 bits. (Since the 8035 
contains no internal ROM, all address fetches are exter­
nal.) The upper 4 bits of the program counter, located 
near port 2 (see Fig. 2), are gated out on that port for 
external reference. Two of these most significant 4 bits 
are then used for internal addressing requirements. 

There are two ways to expand program memory of the 
MCS-48 family. The special parts such as the 8755 2-k­
by-8 EPROM or 8355 2-k-by-8 ROM may be used. Besides 
I/O lines, they also contain appropriate buffers to demul­
tiplex the 8-bit bus from the microcomputer chips to 
receive address and send back program-memory instruc­
tions. Alternately, standard memory parts, such as a 
2708 EPROM or 8308 ROM may be used (Fig. 5). An 
external latch, such as the 8212, would latch up the 
address from the bus (via a signal from the 8048 or 
8748) so that data could be returned on the bus. The 
high-order 4 bits of the address do not have to be 
latched, since they are not on the multiplexed bus. 

The ALU, in conjunction with the accumulator, 
provides a full array of binary-and-decimal arithmetic, 
logic, shift, and increment/decrement functions. For 
example, the accumulator may be exchanged between 
registers, data memory, and program memory. Both the 
timer/counter and the program-status word are also 
accessible to the accumulator, through a latch that 
facilitates the accumulator source/destination instruc-
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L WorIdng ........ Proof of the M5C-48's ability to handle large systems is this gas-pump controller. The 82431/0 expander chips allow 

the processor to interface with 47 lines and a USART communicating with a central control unit inside the service station. 

tions. Here, the ALU generates a carry output fully 
accessible to the programer under program control. 

The timer/event counter is an 8-bit register that can 
operate in one of two modes, selectable under software 
control. As a timer, the device measures elapsed time. It 
is fed by the crystal frequency, divided by 280. At 
maximum frequency, the result is about 80 lIS per 
increment, or about 20 milliseconds over the counter 
range. As an event counter, a test line is designated to 
count 0 to I transitions of external events. As many as 
256 transitions may be accommodated. 

Both the timer and the counter indicate overflow by a 
maskable internal interrupt or by a testable flag bit. The 
internal interrupt may also be used to provide the system 
with a second external interrupt. 

The input/output facilities of the 8048/8748 have 
been designed for maximum flexibility and expansion 
and are fully TTL-compatible. The basic facilities consist 
of three 8-bit 1/0 ports plus three test/interrupt inputs. 

Port 0, called the bus, provides for system expansion. 
In essence, the port makes the bus completely compat­
ible with an 8080 bus, so that all 8080 peripherals can be 
used with the MCS-48 family. In conjunction with four 
control and strobe lines, the port may be used for 
bidirectional interfacing to memories and 1/0 elements. 
For free-standing operations, it may be statically latched 

Electranlca/November 25. 1976 

or used as a general input port. 
The remaining two 110 ports, I and 2, are termed 

"quasi-bidirectional" (Fig. 6). They allow inputs and 
outputs to be mixed on the same port. When writing a 0 
(low value) to these ports, the pull-down device sinks the 
TTL load. When writing a I, a large current is supplied 
through both pull-up devices to allow a fast transition. 
After a short time, they shut oft' and the pull-up of the 
SO-kilohm resistor sustains the I level. 

Applying .... 8748/_ 

Two applications show the range of complexity that 
can be accommodated with this family. Figure 7 shows 
a typical minimwn-chip MCS-48 system, in this case, 
a drum printer controller. The three output ports allow 
the one-chip 8048 to control the printer position, ribbon 
shift, and line feed. Two interface drivers operate the 
solenoids. 

Figure 8 shows a far more complex system, in which 
the MCS-48 implements a low-cost point-of-sale termi­
nal. The I/o capability of the 8748/8048 chip can be 
expanded to control and monitor many cash-register 
operations. These might include cash in the drawer, key 
switch, totals, audio indicator, as well as matrix printer, 
cash-register keyboard, seven-segment display, and a 
variety of optional equipment. 0 
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INTRODUCTION 
The INTEL@ MCS-48™ family consists of a series 
of seven parts, including three processors, which take 
advantage of the latest advances in silicon techno­
logy to provide the system designer with an effec­
tive solution to a wide variety of design problems. 
The significant contribution of the MCS-48 family 
is that instead of consisting of integrated micro­
computer components it consists of integrated 
microcomputer systems. A single integrated circuit 
contains the processor, RAM, ROM (or PROM), a 
timer, and I/O. 
This application note suggests a variety of applica­
tion techniques which are useful with the MCS-48. 
Rather than presenting the design of a complete 
system it describes the implementation of "sub­
systems" which are common to many micropro-

INTERRUPT ADDRESS PROGRAM SINGLE READ WRITE 
LATCH MEMORY STEP STROBES 

STROBE ENABLE 

cessor based systems. The subsystems described are 
analog input and output, the use of tables for 
function evaluation, receiving serial code, transmit­
ting serial code, and parity generation. After an 
overview of the MCS-48 family these areas are dis­
cussed in a more or less independent manner. 

THE MCS-48™ FAMILY 
The processors in the MCS-48 family all share an 
identical architecture. The only significant differ­
ence is the type of on board program storage which 
is provided. The 8748 (see Figure 1) includes 1024 
bytes of erasable, programmable, ROM (EPROM), 
the 8048 replaces the EPROM with an equivalent 
amount of mask programmed ROM, and the 8035 
provides the CPU function with no on board 
program storage. All three of these processors 
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INSTRUCTION SET 

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles .. 
ADD A,R Add register to A 1 1 .s CALL Jump to subroutine 2 2 
ADD A,@R Add data memory to A 1 1 " RET Return 1 2 0 
ADD A, *<lata Add immediate to A 2 2 .a RETR Return and restore status 1 2 

" ADDC A, R Add register with carry 1 1 ., 
ADDC A,@R Add data memory with carry 1 1 CLR C Clear Carry 1 1 
ADDC A, lidata Add immediate with carry 2 2 CPL C Complement Carry 1 1 
ANL A, R And register to A 1 1 & CLR FO Clear Flag 0 1 1 .. 
ANL A,@R And data memory to A 1 1 u: CPL FO Complement Flag 0 1 1 
ANL A, =data And immediate to A 2 2 CLR F1 Clear Flag 1 1 1 

~ ORL A, R Or register to A 1 1 CPL F1 Complement Flag 1 1 1 g ORL A,@R Or data memory to A 1 1 .. 
'5 ORL A, #data Or immediate to A 2 2 
E MOV A, R Move register to A 1 1 

" XRLA, R Exclusive Or register to A 1 1 
MOV A,@R Move data memory to A 1 1 II 

<t XRL A,@R Exclusive or data memory to A 1 1 
MOV A, #data Move immediate to A 2 2 

XRL A, #data Exclusive or immediate to A 2 2 
MOV R,A Move A to register 1 1 

INCA Increment A 1 1 MOV@R,A Move A to data memory 1 1 
DECA Decrement A 1 1 I: .. MOV R, =data Move immediate to register 2 2 
CLR A Clear A 1 

,. 
1 0 MOV @R, #data Move immediate to data memory 2 2 

CPLA Complement A 1 1 
:; 
l! MOV A, PSW Move PSW to A 1 1 

DAA Decimal Adjust A 1 1 .. 
MOV PSW, A Move A to PSW 1 1 Q 

SWAP A Swap nibbles of A 1 1 
XCH A, R Exchange A and register 1 1 

RLA Rotate A left 1 1 
XCH A,@R Exchange A and data memory 1 1 

RLC A Rotate A left through carry 1 1 
XCHD A,@R Exchange nibble of A and register 1 1 

RR A Rotate A right 1 1 
MOVX A,@R Move external data memory to A 1 2 

RRCA Rotate A right through carry 1 1 
MOVX@R,A Move A to external data memory 1 2 

IN A,P I nput port to A 1 2 MOVPA,@A Move to A from current page 1 2 

OUTL P, A Output A to port 1 2 MOVP3 A,@A Move to A from Page 3 1 2 

ANL P, #data And immediate to port 2 2 
~ ORL P, #data Or immediate to port 2 2 
" B- INS A, BUS Input BUS to A 1 2 MOV A, T Read Timer/Counter 1 1 

" OUTL BUS, A ! Load Timer/Counter g Output A to BUS 1 2 c: MOV T,A 1 1 
AN L BUS, #data And immediate to BUS 2 2 " STRTT Start Tim~r 1 1 " 0 

"- ORL BUS, ~data Or immediate to BUS 2 2 ~ STRT CNT Start Counter 1 1 .!: 
MOVD A, P Input Expander port to A 1 2 

.. 
STOP TCNT Stop Timer/Counter 1 1 E 

MOVD P,A Output A to Expander port 1 2 i= EN TCNTI Enable Timer/Counter Interrupt 1 1 
ANLD P, A And A to Expander port 1 2 DIS TCNTI Disable Timer/Counter Interrupt 1 1 
ORLDP,A Or A to Expander port 1 2 

~ INC R I ncrement register 1 1 EN I Enable external interrupt 1 1 

·1 INC@R I ncrement data memory 1 1 DIS I Disable external interrupt 1 1 .. DEC R Decrement register 1 1 g SEL RBO Select register bank 0 1 1 a: 
c: SEL RB1 Select register bank 1 1 1 
0 

SEL MBO Select memory bank 0 1 1 JMP addr Jump unconditional 2 2 (J 

JMPP@A Jump indirect 1 2 SEL MB1 Select memory bank 1 1 1 

DJNZ R, addr Decrement register and skip 2 2 ENTO CLK Enable Clock output on TO 1 1 

JC addr Jump on Carry: 1 2 2 
JNC addr Jump on Carry: 0 2 2 
J Z addr Jump on A Zero 2 2 NOP No Operation 1 1 

JNZ addr Jump on A not Zero 2 2 
~ HO addr Jump on TO: 1 2 2 u c: 
~ JNTO addr Jump on TO: 0 2 2 
III JT1 addr Jump on T1 : 1 2 2 

JNT1 addr Jump on T1 : 0 2 2 
JFO addr Jump on FO: 1 2 2 
JF1 addr Jump on F1 : 1 2 2 Mnemonics copyright I ntel Corporation 1976 

JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT : 0 2 2 
JBb addr Jump on Accumulator Bit 2 2 

Figure 2. 8048/8748/8035 Instruction Set 
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operate from a single 5-volt power supply. The 
8748 requires an additional 25-volt supply only 
while the on board EPROM is being programmed. 
When installed in a system only the 5-volt supply is 
needed. Aside from program storage, these chips 
include 64 bytes of data storage (RAM), an eight 
bit timer which can also be used to count external 
events, 27 programmable I/O pins and the processor 
itself. The processor offers a wide range of instruc­
tion capability including many designed for bit, 
nibble, and byte manipulation. The instruction set 
is summarized in Figure 2. 

Aside from the processors, the MCS48 family 
includes 4 devices: one pure I/O device and 3 com­
bination memory and I/O devices. The pure I/O 
device is the 8243, a device which is connected to a 
special 4 bit bus provided by the MCS48 processors 
and which provides 16 I/O pins which can be pro­
grammatically controlled. 

The combination memory and I/O devices consist 
of the 8355, the 8755, and the 8155. The 8355 
and the 8755 both provide 2,048 bytes of program 
storage and two eight bit data ports. The only 
difference between these devices is that the 8355 
contains masked program ROM and the 8755 con­
tains EPROM. The 8 I 55 combines 256 bytes of 
data storage (RAM), two eight bit data ports, a six 
bit control port, and a 14 bit programmable timer. 

Figure 3 shows the various system configurations 
which can be achieved using the MCS48 family of 
parts. It should also be noted that eight of the pro­
cessors' I/O lines have been configured as a bidirec­
tional bus which can be used to interface to stan­
dard Intel peripheral parts such as the 8251 USART 
(for serial I/O), the 8255A PPI (provides 24 I/O 
lines) and the complete range of memory compo­
nents. 

More detailed information concerning the MCS48 
family can be obtained from the "MCS48 Micro­
computer User's Manual" which provides a com­
plete description of the MCS48 family and its 
members. A general familiarity with this document 
will make the application techniques which follow 
easier to understand. 

ANALOG I/O 

If analog I/O is required for a MCS48™ system 
there are many alternatives available from the 
makers of analog I/O modules. By searching through 
their catalogs it is possible to find almost any combi­
nation of features which is technically feasible. Per­
haps the best example of such modules are the MP-
10 and MP-20 hybrid modules recently introduced 
by Burr-Brown Research Corporation. The MP-lO 
provides two analog outputs and the MP-20 pro­
vides 16 analog inputs. Both of· these units were 
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Figure 3. The Expanded MCS-48 TM System 

specifically designed to interface with micro­
processors. 

A block diagram of the MP-l 0 is shown in Figure 4. 
It consists of two eight bit digital to analog conver­
ters, two eight bit latches which are loaded from 
the data bus, and address decoding logic to deter­
mine when the latches should be loaded. The D/ A 
converters each generate an analog output in the 
range of 10 volts with an output impedance of In. 
Accuracy is ±0.4% of full scale and the output is 
stable 251lsec after the eight bit binary data is 
loaded into the appropriate latch. The latches are 
loaded by the write pulse (WR) whenever the 
proper address is presented to the MP-IO. The 
lower two addresses (AO and A I) are used inter­
nally by the device. Addresses A2 & A3 are com­
pared with the address determination inputs B2 
and B3. If their signals are found to be equal, and 
if addresses M-Al3 are all high, then the device 
is selected and one of the latches will be loaded. 
Address bit Al selects between output I and out­
put 2. If address bit AO is set then the initializa­
tion channel of the DIA is selected. In order to 
prepare for operation a data pattern of 80H must 
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be output to this channel following the reset of the 
device. 
A block diagram of the MP-20 analog to digital 
converter is shown in figure 5. This unit consists 
of a 16 input analog multiplexer, an instrumenta­
tion amplifier, an eight bit successive approxima­
tion analog to digital converter, and control logic. 
~he I 6 inp~t multiplexer can be used to input 
either 16 smgle ended or 8 differential inputs. 
The output from the multiplexer is fed into the 
instrumentation amplifier which is configured so 
that it can easily be strapped for single ended 0-5 
v.olt inputs, single ended ±5 volt inputs, or differen­
tial 0-5 volt signals. Provisions are made for an 
ex.ternal gain control resistor on the amplifier. The 
gam control equation is: 

A,. A,. 
A" 
A'2 
A" 
AlO 
A 9 
A • 
A 7 
A • 
A • 
A 4 
A 3 
A , 
A, 
A 0 

G = 2 + 50kn 
~ 

EXTERNAL 
GAIN CONTROL 

RESISTER 

Figure 5. Mp·20 Analog Subsystem 
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With no Rext (Rext = 00) the gain is two and the 
input is 0-5 or ±5 volts full scale. Adding an exter­
nal resistor results in higher gain so that low level 
(±50m V) signals from thermocouples and strain 
gauges can be accommodated. The output from 
the amplifier is applied to the actual A/D con­
verter which provides an eight bit output with 
guaranteed mono tonicity and an accuracy of ±0.4% 
of full scale. Note that this accuracy is specified 
for the entire module, not just for the converter 
itself. The control logic monitors address lines 
A 15 through A4 to determine when the address of 
the unit has been selected. An address that the unit 
will respond to is determined by II address control 
pins, labeled A4 through A 14. If one of these pins 
is tied to a logic 0 then the corresponding address 
pin must be high in order for the unit to be selected. 
If the pin is tied to a logic I then the corresponding 
address pin must be low. If the address of the 
module is selected when MEMR pulse occurs, the 
lower four addresses (A3-AO) are stored in a latch 
which addresses the multiplexer. The coincidence 
of the proper address and MEMR also initiates a 
conversion and gates the output of the converter 
on to the eight bit data bus. 

The control logic of the MP-20 was designed to 
operate directly with an MCS-80™ system. When a 
MEMR occurs and a conversion is initiated the MP-
20 generates a READY signal which is used to 
extend the cycle of the 8080A for the duration of 
the conversion. READY is brought high after the 
conversion is complete which allows the 8080A 
to initiate a conversion and read the resulting data 
in a single, albeit long, memory or I/O cycle. The 
conversion time of the MP-20 depends on the gain 
selected for the amplifier. With no external resistor 
(R = 00) the gain is two and the conversion time is 
35 J.1sec. For R = 5 IOn the gain is: 

G=2+ 50kn 100 .5lkn -

and the conversion time becomes 100J.1sec. These 
settling times are specified in the MP-20 data sheet 
and range from 35 to 175 microseconds. The 
READY timing is controlled by an external capa­
citor. For a gain of 2 no external capacitor is 
required but if higher gains are selected a capacitor 
is needed to extend the timing. 

A schematic showing both the MP-IO D/ A and the 
MP-20 AID connected to the 8748 is shown in 
Figure 6. This configuration, which consists of 
only four major components, gives an excellent 
example of what modern technology can do for 
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the system designer. The four components provide: 

a. An eight bit microprocessor 
b. 64 bytes of RAM 
c. 1024 bytes of UV erasable PROM 
d. A timer/event counter 
e. 16 digital I/O pins 
f. 2 testable input pins 
g. An interrupt capability 
h. 16 eight bit analog inputs 
L 2 eight bit analog outputs 

The MCS-48 communicates with the D/ A and A/D 
converters in a memory mapped mode (Le., it treats 
the devices as if they were external RAM). By set­
ting an address in either RO or RI and then execut­
ing a MOVX the software can transfer data between 
the accumulator and the analog I/O. When the 
MCS-48 executes the MOVX instruction it first 
sends the eight bit address out on the bus and 
strobes it into the 82121atch with the ALE (Address 
Latch Enable) signal. After the address is latched, 
the MCS-48 uses the same bus to transfer data to 
or from the accumulator. If data is being sent out 
(MOVX aRj, A) the WR strobe is used; if the data 
is being moved into the accumulator (MOVX A, 
aRj) the RD strobe is used. The one shots on the 
WR line are used to delay the write strobe of the 
MCS-48 to meet the data set up specifications of 
the MP-IO. 
In order to provide reset capability for the analog 
devices without dedicating an I/O pin from the 
MCS-48, special addresses are used as reset channels. 
Executing any MOYXwith anaddressofOXXXXXXX 
will reset the AID module; a similar operation with 
an address of X I XXXXXX will reset the D/ A; a 
MOVX with an address of 01 XXXXXX will reset 
both devices. All data transfers are accomplished 
with the upper two bits of the address field equal 
to 10. A summary of the addressing of the analog 
devices is shown in Table 1. Notice that except for 
an initialization channel for the D/ A (which must 

Table t Analog Interface Addresses 

INPUT OR OUTPUT 

OXXX XXXX Reset AID 
X1XX XXXX Reset D/A 

INPUT 

001 1 nnnn Read AID Channel n n n n 

OUTPUT 

1 0 1 1 0001 Initialize D/A 
101 1 0000 Write Channell 
101 1 0010 Write Channel 2 

All mnemonics copyrighted @ Intel Corporation 1976. 2-8 

be written to following a reset to initialize its 
internal logic) all channels involve some form of 
data transfer. 

As was mentioned previously, the MP-20 was 
designed to use the READY line of the 8080A. 
Obviously this presents a problem since the MCS-
48 does not support a READY line (with its 
attendant requirement of entering WAIT state). 
The necessity of a READY input can be overcome 
by performing a read operation to set the channel 
address, waiting the required delay (35 Ilsec for a 
gain of two) and then performing a second read to 
actually obtain the data. The second read will read 
in the data from the channel selected by the first 
read irrespective of the channel selected for the 
second read. Thus it is possible to use the second 
read to set up the channel for the third read. Each 
read can read in the current channel and select the 
next channel for conversion. 

The MP-20 is shown in Figure 6 strapped to input 
16 single ended ±5 volts signals. Programs which 
were used to test this configuration are shown in 
Figure 7. The first of these programs uses the Df A 
converter to generate sawtooth waveforms by 
outputting an incrementing value to the DJ A 
converters. The second program scans the analog 
inputs and stores their digital values in a table 
located in RAM. 

LOC OBJ SEa SOURC£ STATEJ'I£NT 

• , 
2 ; ------------------------------
3 ; TEST PJtQGRNII FOR AHALOO OUTPUT 
"; TH I 5 PROGRAI'I OUTPUTS III SAW-
S; TOOTH WAVEFOAfioI BV OUTPUT! HG 
6: AN IHCR£fI£HTTNG PATTE"'. 7: - ____________________________ _ 

• 
9; -------

" ; EQUATES 
11; ------­

'2 
13 IMITCH roo .B3H ; DIA 'NITIAlIZATI[)IoI CHAfOIEL 
'04 IHITDT [00 81H : OIA IPHTIALIZATIOH OATA 
15 DATCH [00 I9IH ; D/A OATA CHANN£l 
IS 
17 ; -------- ____ _ 

18 ; START or TEST 
19 ; -------------

"" 2. ORG '11104 

"" 2381 
"'2 BBB3 

"'" 91 

'115 B98I 
'117 17 
,11B 91 

'1'92"'5 

2' 
22 START: ..., 
23 """ 2' ""'" 25 
2S LOOP: """ 27 UOC 
28 ""'" 29 ..,., 
31 
31 END 

; INlTlAlIzt CIA 
A •• I!'IITDT 
RI, • '!'I ITCH 
ORO,A 

; TEST LOOP~OUTPUT SAWTOOTH 
RI, • CATCH 

• 
ORI,A 
LOOP 

Figure 7a. D/A Exercise Program 
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SEQ SOIJlCE STATEJlilENT 

• 1 
2 ---.--.--.---------------.----.-------. 
3 T£ST ..... FlIt AlW.OG IJrIIUT 
4 THIS PRIJGRI1III SCN4S THE I~UT CHMf£\.S 
5 MID STlJlES TN£. REQINGS IN " TA8.E 
, STARTING AT IUFF'. 7 ------. ___________________ • ___________ _ 

• 9 1---·---
,. I EQUATES 
111 -------
12 
13 U' [au 21M ; STMT OF IU'F'ER 
14 *ICH [QU 15 ; NO tF' AHALDG IfrPUTS 
'5 AIHCH EOU ~ I IM5E NlDIir£SS Dr AMLDG J..urS 
'6 TICK [00 5 ; EXECUTIDN TlfIE OF' DJNZ 

" ,. ; -------------
19 I STMT OF TEST 
2' I ------.--.-.-.. IIIG ll1H 

•• ; SEnP TO SCAN ANALOG llPUTS 
23 STM'l: - It ,.IIIFF-MArCH .. - R3 •• flMXCH 
OS - RI, .(AINCH-MAICH) .. ; SELECT CHMIrE"L '5 

'7 1Il\II A.O" 
2B ; WAtT )4' MICRDSECDNDS 
29 - 1M •• 4IITICK 
31 D.IIZ .. .. 
31 ; HDW SCM MALDGS 
32 lOOP: ... •• 
33 ; GET DATA .. 1Il\II A.O" 
3S ; fIINE INTO aw"ER 
36 - O·t.A 
'7 I DECRO£MT BEF£R POINT .. DEC ., .. ; PAD 2' MICROSEC O. - ... •• H/lICK 
01 D.IIZ .... O. I lDDP UNTIL DONE o. D.IIZ R3.LDDP 
00 I REPEAT TEST FCll£\lER O. ... STOIIT .. ; END OF PRQGRMII 
47 .... 

Figura 7b. AID Exercise Program 

TABLE LOOKUP TECHNIQUES 
In the previous section the interface between analog 
I/O devices and the MCS-48™ was discussed. In 
many applications involving analog I/O one quickly 
finds that nature· is inherently nonlinear, and the 
mathematics involved in 'linearizing it' can tax the 
computational power of the microprocessor, partic­
ularly if it has other tasks to perform. Problems 
of this nature are good candidates for the use of 
tables. 

As an example of how tables can be used as part of 
an analog output scheme, consider a system which 
requires an MCS-48 to output a variable frequency 
sinusoidal waveform. One method of performing 
this function would be to use the timer to generate 
an interrupt at a fixed rate of 256 times the desired 
output frequency. At each interrupt the appropriate 
value of the sine function could be calculated from 
the MacLaurin series: 

(_l)k x 2k +1 
(2K + l)! 

Where K is chosen to be large enough to provide 
the required accuracy. 
All mnemonics copyrighted Cl Intel Corporation 1978. 2-9 

The above calculation, although conceptually 
simple, would be time consuming and would 
severely limit the possible output frequencies which 
could be obtained. As an alternative to calculating 
these values in real time, the values could be precal­
culated off line and stored in a table. Upon each 
interrupt the MCS-48 would merely have to retrieve 
the appropriate value from the table and output 
it to the D/ A converter. the MCS-48 provides a 
special instruction which can be used to access 
data in a table. If the table is stored in the last 256 
bytes of the first kilobyte of MCS-48 memory 
then the table lookup can be performed by loading 
the independent variable (time in this case) into 
the accumulator and executing the instruction. 

MOVP3 A,@A. 

This instruction uses the initial contents of the 
accumulator to index into page 3 of program 
storage. The location pointed to is read and the 
contents placed in the accumulator. If (as is often 
the case) a table of fewer than 256 entries is 
required, then the table can be located in any page 
of program memory and the instruction: 

MOVPA,@A 

can be used to retrieve data from the table. This 
instruction operates in the same manner as does 
the previous instruction except that the current 
page of program storage is assumed to contain 
the table. 

If it is possible to devote slightly more of the 
microprocessor's time to the table look up process, 
then a much smaller table can often be utilized by 
taking advantage of interpolation to determine 
values of the function between values which are 
actual entries in the table. As an example of this 
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process consider the hypothetical system shown in 
Figure 8. The purpose of this system is to measure 
the flow through the three pipes, add them, and 
display the total flow on the control panel. The 
system consists of three flow meters which generate 
a differential voltage which is some function of 
flow, an AID system with at least three differential 
inputs, an MCS48, and a control panel. The 
schematic shown in Figure 6 could easily become 
part of this system, with the spare digital I/O of 
the MCS48 used as an interface to the control 
panel. The simplicity of this system is clouded by 
the flow transducers, which are assumed to be not 
only nonlinear but also to require individual cali­
bration (this is not an unreasonable assumption for 
a flow transducer). By using a table look up process 
and an 8748 the flow transducers can be calibrated 
and the results of the calibration tests stored 
directly in tables in the 8748. (The 8748 has a 
PROM in place of the ROM of the 8048 and thus 
makes such 'one off programming practical.) 

The results which might be obtained from calibra­
ting one of the flow meters is shown in Figure 9. 
The results are plotted as gals/hour versus the 
measured voltage generated by the transducer. The 
voltage is shown in hexadecimal form so that it 
corresponds directly to the digital output of the 
analog to digital converter. The flow required to 
generate seventeen evenly spaced voltages (OH-I OOH 
in steps of 10H) has been measured and plotted. 
This information is shown in tabular form in 
Figure 10. It is necessary to generate a program 
which will convert any measured input from OOH 
to FFH into the flow in units which can be inter­
preted by a human operator. This can easily be 
done by simple interpolation. 
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Figure 9. Flow Calibration Curve 
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The eight bits of independent variable (voltage) can 
be looked on as two four bit fields. The most signi­
ficant four bits (74) will be used to retrieve one of 
the table values. The lower four bits (3-0) will be 
used to interpolate between this value and the 
value retrieved from the next higher location in the 
table. If the upper four bits are given the symbol I 
and the lower four bits the symbol N, then the 
interpolation can be expressed as: 

F(x) = F(I) + ~ [F(I+I) - F(I)] 

Where x is the measured voltage and F(x) is the 
corresponding flow. 

If, as an example, the transducer voltage was 
measured as 48H then the flow (ref. Figure 10) 
would be: 

8 F = 30 + 16 (34-30) = 32 

A subroutine which implements this calculation is 
shown in Figure II. Before it is called the indepen­
dent variable (V) is placed in the accumulator and 
register RI is set to point at the first value in the 
table. Aside from simple additions and subtractions 
the only arithmetic required is to multiply two 
values and then divide them by 16. The multiplica­
tion is handled via a subroutine which is also 
shown in Figure II. The division by 16 can be per­
formed by a four place right shift followed by a 
rounding operation. The routine shown will handle 
a monotonic increasing function of a single inde­
pendent variable. Fairly simple modifications are 
required for nonmonotonic fUnctions. Functions 
of two variables can be handled by interpolating on 
a plane rather than along a straight line. Although 
this is more time consuming, requiring an inter­
polation for each of the independent variables and 
a third to interpolate the final answer, it still 
provides a simple means of quickly calculating the 
required function. The use of tables can offer a 
powerful technique for function evaluation to the 
designer. 

RECEIVING SERIAL CODE-BASIC 
APPROACHES 

Many microprocessor based systems require some 
form of serial communication. Serial communica­
tion is extensively used because it allows two or 
more pieces of equipment to exchange information 
with a minimal number of interconnecting wires. 
The minimization of interconnecting wires results 
in simpler, cheaper, interconnects because fewer 
(or smaller) cables and connectors are required. 
Since the required number of drivers and receivers 
required is reduced, it can become economically 
feasible to provide much higher noise immunity 



LDC 08J SEQ SOURCE STATEJI£HT 

-.ox 
AT EHTRY lil POINTSAT TAa.[ 

A HAS IHDEPEHD£NT VARJAaE 

7 
8; -------
9 ; EQUATES 
"; -------
" .... 12 fill' EQU •• : POINTER • ... , 13 liXl EQU •• ; PDIHT£Rl 

.112 1<4 AEX EQU .2 ; EXTEHSJOH Of A REGISTER 

"'3 15 COUtU EOU R3 ; CCIIJI'ITER ..... •• T£M' EOU •• ; 1DF STORAGE 
17 
1a ; -------------
19 ; APPRaXII'IATlCIH 
2. ; -----------.-
2' 

"" 22 ORG ,IIH 
2' j POINT Rlil AT TEJIP 

111' 93'4 2" APPROX; I'[JIJ RX •• *TEJIF 
25 j TEJIP-H AND IF'H .. ; A·P AHD 'F"H 

"12 BI •• 27 "'" ORl',#' 
"'4 3. 28 XCHD A,OfilX. 
".547 29 ,...,. • 

31 ; RX,·BASE·A 
"16 69 31 ADD A,RX' 
1,'7 A9 32 "'" RX',A 

•• ; RX1-TAB..((P) .. ; A-TAB..E(p .. n 
• ,18 £3 35 """ . A,OA 
1119 29 .. XCH A,RX, 
11.A 17 37 INC • 
",B £3 38 1'IM'3 A.OA 

39 ; A-TAB...E (P."-TAB..E(P) 
.',C 37 .. CPL 
"'D 69 " ... A,RX1 
.,IE 37 '2 CPL • .. ; A-"-A/16 .',f 3"'D .. CALL .... T 
'11' 88'2 OS "'" IU',#A[X 

"'33' .. XCHD A.ORX' 
"1447 " ...... • 
"'S2A .8 XCH A,AEX 
It 16 7219 .. JB3 ADJUST 
11182A 5. XCH A,AEX 
1,,9 2A 51 ADJUST: XCH A,AEX 
I"A 17 52 INC • 

53 ; A-A+TAB...E(P) 
,'1869 50 AD1l A,RX' 

55 I RETURH 

L1lC DBJ 

"tC 83 

I11D 8818 
I11F IMII 

1121 97 

1122 1228 
1124 2A 
1125 67 
1126 2A 
112767 

1128 EB22 
112A 83 

1128 2A 
112C 61 
112D 67 
112E 2A 
112f 67 

1131 £821 
1132 83 

'38' 

1381 II 
1381 IA 
1382 16 
1383 1A 
1384 IE 
1385 22 ...... 
1387 28 
.388 29 
1389 2A 
.... 28 
1388 20 
138C 31 
13BD 31 
.38E 35 
..... 38 
1391 3F 

SEQ SOURCE STATEf'£HT 

50 AET 
57 
58 
59 ; --------
61 ; PlJLTfPty 

•• ; --------
GO 
63 /lU...T: ..., .. "'" OS 
66 LIJ(PA: CL. 
'7 
68 LOOPS: JBI 

'" XCH 
71 I!RC 
7. XCH 
72 ROC 
7' 
7< ..... 
75 RET 

'" n SSlJ'I: XCH 
78 ADD 
79 I!RC .. XeN 
8. ROC 
82 
83 DJNZ .. An 
85 .. 

; SET UP CQUoIT AND AEI 
CIJ..IofT •• 8 
AEX,#I 

5SU< 
A,REI 

• 
A.AEX 

• 

; CLEAR CARRY 

; IF IIlJLTfPLlER (I) () 1 THEN SHIFT PRODUCT 

: LOOP UNTIL DONE 
COlJO' .LOOPB 

A.A£X 
A.ORXI 

• 
A.AEX 

• 

: ELSE ADD fllJL TfPLlER AND SHIFT PRQJXJCT 

: LOOP UNT I L DONE 
CClJHT • LOOPA 

87 ; ---------------------
88 ; TAaE TO TEST PROGRAM 
89 : ---------------------.. 
"' ORG 38.H 
92 
93 TAB...E: DO II ; nns TAB...E IS FlO'! FIG 11 
S< DB 11 
9S DO 22 .. DO .. ., DB 31 
98 DO .. .. DO 38 

"' DB .. 
II. DO " 112 DO '2 

"' DO <3 

." DO OS 
115 DII .. .,. DO •• 
117 DB 53 
'18 ... 50 
'19 DB .. 
"' 11. END 

Figure 11. Table Lookup With Interpolation 

with more sophisticated (and expensive) line 
tenninators. The final, and usually most persua­
sive, argument in favor of serial communication 
is that it may be the only method available to 
accomplish the job. The obvious example of 
this is telecommunications where it is necessary 
to encode parallel infonnation into serial fonnat 
in order to communicate via the telephone net­
work. The intent of this section is to show how 
the facilities of the MCS-48™ can be brought to 
bear on the problem of serial communication. 

, ,~ 

Figure 12. Serial ASCII Code 

Probably the most common fonn of serial com­
munication is that used by the obiquitous Teletype­
serial ASCII. This fonnat, shown in Figure 12, con­
sists of a START bit (0 or SPACE) followed by 
eight data bits which are in tum followed by two 
STOP bits (l or MARK). In actual practice the 
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eighth data bit usually consists of even parity on 
the remaining seven data bits; for the purposes of 
this discussion the eighth bit will be considered 
only as data. A minor variation of this fonnat 
deletes one of the STOP bits. An algorithm which 
might be used to sample serial data under software 
control using a microprocessor is shown in Figure 
13. Th! basic intent of this algorithm is to mini­
mize the effects of distortion and transmission rate 
variations on the reliability of the communication 
by sampling each data bit as close to its center as 
possible. Upon entry to this routine the software 
flISt samples the incoming data in a tight loop until 
it is sensed as a MARK (logical one). As soon as a 
MARK is detected, a second loop is ent\!red during 
which the software waits until the received data 
goes to a SPACE (logical zero). The purpose of this 
construction is to detect as accurately as possible 
the leading edge of the START bit. This instant of 
time will be used as a reference point for sampling 
all of the following bits in the character. After 
sensing the leading edge of the START bit a wait 
of one half the expected bit time is implemented. 
The period of the incoming signal is called P for 
convenience. At the end of this wait the serial line 
is tested-if it is MARK then the START bit was 



Figure 13. Sample Serial Input Routine 

invalid and the process is reinitialized. If the line is 
still a SPACE, then the START bit is assumed to 
be valid and a delay of one bit time is started. At 
the completion of the delay the first data bit is 
sampled and a new delay of one bit time is initiated. 
This process is repeated until all eight data bits 
have been sampled. The last bit sampled is checked 
to determine if it is a valid STOP bit (a MARK). If 
it is, the character is assumed to be valid; if it is 
not, the character has a framing error and is pro­
bably invalid. A listing of a program which imple­
ments the above procedure is shown in Figure 14. 

A disadvantage of the approach outlined in Figure 
13 is that while the processor is inputting data 
serially it must totally dedicate itself to this task. 
Accurate timing can only be maintained if the 
program remains in a tight wait loop without 
allowing itself to be diverted to other functions. 
During reception of a character from a Teletype 
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the processor will spend only a 100Jlsecs or so pro­
cessing data and the rest of the 100 millisecs wait­
ing to do the processing at the right time. This lack 
of efficiency (approximately 0.1 %) in the utilization 
of processing power is why devices such as the 
8251 USART find broad application in micro­
processor systems. 

lOC OSJ 

1112 
11.9 
1112 
IIA4 

1111 

1111 2681 

.'823612 

.,,4 341C 

.'16 3611 

"IB BA'S 

."A 3",e 
11IC 34'C 

"'E EAtS 
811197 
"ll 361" 
8113 A7 

"1483 

SEQ SOlIRCE STATEf"£NT 

I; •••••••••••••••••••••••••••••• 

1 

2 ; SI/If>LE SERIAL INPUT 
3 : ~TH1S COO£ ASSI..I'£S R.lD IS 
.. CONNECTED TO PIN T8 
5, 
6 ; •••••••••••••••••••••••••••••• 

7 a ; ______ _ 
'3 ; EQUATES 
"; -------
11 
12 COUHT [OU 
13 SITNO [QU 
1011 Il...YHI [OU 
15 DLYLO [QU 
16 

liZ ; COUNTER 
; NO OF BITS TO RECEIVE 
; HI DLV COUNT 

IA4H ; LO DL V COUNT 

17 ORG 11'H 
19 ; LOOP UNTIL RXOoMARK 
19 SERIH: JHTI 
2. ; H[I.J LOOP UNTI L RXO-SPACE 

JTO 
; WAIT 112 BIT TlI'IE 

21 
22 
23 CALL HBIT 
2< 
25 JTI 
26 

27 "'" 
28 
29 lOOP: CALL 
31 CALL 

" 32 

" 34 OJNZ 
3S CLR 
36 JT, 
37 CPL 
39 EXIT: RET 
39 

; IF F"ALSE START REINTIALIZE 
SERIN 

ELSE SET BI T COUNT 
COUNT,#BITNO·' 

HBIT 
HEiT 

; WAIT 1 BIT TlI"£ 

; DECREMENT COUNT 
; ~IF ZERO [XIT WITH CARRY SET ON 
; ~rRAI"IIH(j. ERROR 

COUNT ,LOAD 
C 
[XIT 
C 

; LOAD DATA 
1115 97 .. I LOAD: CLR 
11162619 
1118 A7 
111967 

I11A 2 .. IA 

I11C Bel2 

111[ B8M 
1121 [821 
1122 [C'[ 
112" 83 

.. , JNTI LLLA 

.. 2 CPL C 
"3 LLLA: RRC 

; AND LOOP .. .. 
'6 

....., L[){]P 

047 ; ~~-- ------------ ---- ---
"8 ; DELAY ONE HALf BIT TlI"£ 
"9 ; -----------------------
so 
51 
52 HEIT: I1JV 
53 
5 .. HLOOP: MOV 
SS D.JHZ 
56 

" sa 

OJHZ 
RET 

S9 [NO 

; SET UP LOOP 
R4.#IlLYHI 

; LOOP UNTIL T11'£ DONE 
R3,IIDLYLO 
R3.$ 
R".HLOOP 

; [NO Of PIlOORAI"I 

Figure 14. Simple Serial Input 

The 8251 USART is simple to interface to the 
MSC-48. Figure 15 shows such an interface. The 
USART requires a high speed clock (CLK), an ini­
tilization signal (RESET), data clocks (TxC and 
RxC), and data in order to operate. A circuit 
showing the connection of an 8748 to an 8251 
USART is shown in Figure 15. In the circuit shown 
the high speed clock (which is used for internal 
sequencing by the USART) is provided by con-
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35 
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{ 24 :24 

P2. 
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P22 
P20 

22 P21 
2' P20 

3' P P27 
38 

33 17 
P26 

37 
32 P16 36 

P'5 P25 
3' P ViR 10 
30 14 RD B 

'" [ 29 P13 8748 ,. 
PlO 

28 P12 0 7 
'8 

P" 06 
27 P10 05 

17 

11 ALE 
D. 

'6 

25 PROG 
,. 

0 3 
'5V 40 V 

°2 
'4 

26 CC '3 Voo 0, 
5 SS ° '2 
9 PSEN 

o 39 
T, 

20 
T ' Vss 0 

7 EA 

-=-

" cs 
12 CID 
6 

RESET 
'0 WR 
'3 eo 

8 
087 

DB6 

085 8251 

DB. 

DB3 
1 Da2 

28 DBt 

27 Dea 

20 eLK 

Vee 
26 

GND 

-=-
DSR 

DTR 

eTS 

RTS 

T,D 

R,O 3 

he • 
R x C 25 

1.9968 
MH. 

'5V 

G-< 

from the MCS-48. Although this situation could 
have been circumvented by the use of an externally 
generated reset which drove both the MCS-48 and 
the 8251, the second reason for program control of 
the reset to the USART still stands. The USART 
requires the presence of the CLK signal during 
reset in order to properly initialize itself. The 
ENTO CLK instruction which the MCS-48 must 
execute before the 8251 will receive the CLK can 
obviously not be executed until after the system 
reset has ended. Reset of the USART can be 
accomplished by the following code segment: 

ENTO 
ORL 
MOV 

LOOP: DJNZ 
ANL 

CLK 
P2,#OOIOOOOOB 
R2,#DELAY 
R2,LOOP 
P2, #1101111lB 

; TURN ON CLOCK 
; START RESET 
; DELAY USAR T 
; RESET TlME 
;END RESET 

This code first enables the clock, then asserts the 
reset signal of a time period determined by the 
constant DELAY. The delay invoked is (lO + 
5 *DELA Y) microseconds for DELAY >0. The 
USART requires a reset of approximately 6 CLK 
periods so DELAY is chosen to be I which ensures 

'5V adequate reset timing. Note that for delays this 

-install Jumper for 110 Baud Operation (+11 J 

Figure 15. MCS-48™ to 8251 Interface 

necting the CLK signal of the USART to the TO 
pin of the MCS-48. The TO pin of the MCS-48 
can either be used as a directly testable input pin 
or it can become, under program control, an out­
put pin which oscillates at one third of the crystal 
frequency. (Note that once this pin is·designated 
by the software to be an output it will remain so 
until the system is reset.) In Figure 15 the crystal 
frequency is 5.9904 MHz so the clock provided to 
the 8251 is 1.9968 MHz, which conforms to its 
specifications. 

The initialization signal to the USART (RESET) is 
provided programmatically by manipulation of bit 
5 of port 2. It was necessary to place the reset of 
the 8251 under program control for two reasons. 
The first reason is that the MCS-48 does not supply 
a reset signal to other devices. The reason for this is 
that it was felt to be more useful to provide another 
pin of I/O function instead of a RESET OUT signal 
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short, NOP instructions could also be used to time 
the pulse. 

The data clocks required by the USART are pro­
vided by the modem if the USART is operated in 
the synchronous mode. In the more common 
asynchronous mode, however, these clocks must 
be provided by circuitry associated with the 8251. 

The 5.9904 MHz crystal was chosen because the 
resulting 1.9968 MHz clock to the USART can be 
evenly divided to provide transmit and receive 
clocks to the USART. Assuming the USART is in 
the xl6 mode (i.e. it requires data clocks 16 times 
the baud rate) the 1.9968 MHz signal can be divided 
by 13 to generate the proper clock rate for 9600 
baud operation. This 9600 baud clock can be 
further divided to give 4800, 2400, 1200, 600, and 
300 baud signals. The 1200 baud signal can be 
divided by II to give a 109.1 baud signal which is 
within 1 % of the 110 baud required by Teletypes. 

The MCS-48 communicates with the 8251 in a 
memory mapped mode (i.e. as if the 8251 were 
external RAM). The instructions available to do 
this are MOVX 3Rj, A which stores the contents of 
the accumulator at the external RAM location 
addressed by Rj U=O or I), and its complement, 
the MOVX A, @ Rj instruction which moves data 
from the external RAM into the accumulator. 
Since the MCS-48 multiplexes addresses and data 
on the same eight bit bus an external latch would 
be required in order to address the USART with 



.... 
"" .. " '.CE 
•• 21 .. " 
"" •• IF 

,t,. 

",.15 
,," 1M2. 
".3 M.' 
"15 EAIS 

"'7 9AIIF 
"19 231F 
"'83f1 
,'IC 23CE 
111E 91 ,t.,. 2321 
"11 91 

'112 237F 
11143A 
'115 at 
'11& &1 
'117 ESt2 
'119 F9 
IlIA 9MF 
'11e 91 
.11D 19 
'HE 2412 

2; THIS CODE IHTIALI2ES TI£ USMT 
3; MID TIWfStIIITS AN INCROENTING 
4; PATJEItI. HMIlrrMR£ SMIMI IF FIG 15. 
5 ; ----------------------------------

• 
7 ; -------
8 ; EQUATES 
9; -------
II 
It lCLa EQU 

12 DlY EIIIJ 
13 UCIJt EQU 

14 I'IIDE [QU 
15 CfII) [au 
1& STAT [QU 

17 \W.. [IIU 
I. JIw.iK [00 ,. .. ... 
21 

•• 
23 TEST; EMTI 
.. !IlL 2S _ 

26 LIII': lUtZ 
Z1 .... .. .. -]. IIJTl .. .. -]] _. .. ..., ]5 _. .. 
]7 

:. .. 
•• ., 
•• 
.] 
44 TLP: .., 
.5 IIJTl 
.. I0Il 
.7 ORe .. ...., 49 _ .. .... 
5' I0Il 
.. u.e 5] __ 

54 
55 ... 

21M ; USMT RESET ADDRESS 
,'H ; USMT IESET DELA' 
7F'H i USMT COHTIDL ADDRESS 
lCEM ; USMT fIIIJE 
21M ; USMT eM) 

7FH ; USMT STATUS 
II ; TEST \W..UE 
IIFH ; CHMGES CfII) TO DATA CHMKL 

, ... 
i T\IItt ON CLOCk 
; AtI) RESET USMT 

CLJ( 

P2,#ICLR 
R2,_ILY 
... lIIIP 
P2 •• (NOT MCLR) 

; SELECT USAIT CONTIOL 
A,#UCDH 
n.A 

; SEND KIIE AND aJIIWII) 

A.#fCJII[ 
On,A ; (CDNTEHTS Dr II LlNU."rT,,",) 
A •• OID 
on,A 

; DO FCIIEVER 
SELECT USMT STATUS 

IF TlDY-' THEN 
III; 

; END; 

OUTPUT \MlUE; 
INCREMENT WUJE:; ... ; 

A,_STAT 
P2,A 
A.... ; (CONTENTS IF RI UNlfIPORTMT) 

• 
TLP 
A.IIAL 
P2,#M5K _.A 
VAL 
TLP 

Figure 16. 8251 Test Program 

RO or R I. In order to minimize the circuitry in 
Figure 15 an approach utilizing some of the I/O 
pins of the MCS48 to address the 8251 was chosen 
instead. By connecting the chip select (CS) input 
of the 8251 to bit 7 of port 2 (P27) and similarly 
connecting the cID address line of the 8251 to bit 
6 of port 2 (P26) it is possible to address the 8251 
without using RO or RI. The instruction sequence 
to access the 8251 is to first reset P27 and set P26 
to the appropriate state, use a MOVX instruction to 
perform the appropriate operation, and then 
finally set P27 to deselect the 8251. As a concrete 
example of this addressing, Figure 16 shows the 
code necessary to initialize the 8251 and output an 
incrementing test pattern on a status driven basis. 
If more than one 8251 were to be added to the 
MCS48 , or if other types of peripheral circuitry 
would be required (e.g. an 8253 timer to generate 
the data clocks) it would probably become desirable 
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______ .......... "'0'-6"''' .1...1 .1..&1 VI.UC! LU Ina.Ke use 

of RO or RI to address the USART is shown in 
Figure 17. Note that only the changes to Figure IS 
are shown. The additional component required is 
the 8212 eight bit latch. This latch is loaded, when­
ever a valid address is on the bus by the Address 
Latch Enable (ALE) signal provided by the MCS-
48. During an external read or write cycle this 
address is used to address the 8251 in a linear 
select mode. In the circuit shown, the 8251 will be 
selected by any address with bit I a logical zero 
(XXXXXXOX) and the selection of control or data 
transfer (C/O) will be based on bit zero of the 
address obtained from RO or R I. Figure 18 shows 
the program of Figure 16 modified to utilize the 
addressing inherent in the MOVX instructions. 

- P27 Wii Wii 

- P26 iiD iiD 

'IH IlSi 
+.v MD 

1] D~ 8212 
ALE 

22 ola 008 r-
20 

01 7 DO, r-
'8 

01. 006 r-
8'48 

,. 
01. D0. r- 8251 

9 
r---; 01. D0. r-
~ 013 0°3 r. r, 012 D02 r.- es 

01, DO, r- Clo 

07 08, 

D. 08. 

D. 08. 

D. 08. 

0] 08] 

02 082 

0, DB, 

DO 0"0 

Figure 17. Modified MCS48 to 8251 Interface 

RECEIVING SERIAL CODE-A MORE 
SOPHISTICATED ALGORITHM 
Although the USART does an admirable job of 
performing the serial I/O function for the MCS-
48™ , there are some situations where it can not be 
used. These situations may be caused by economic 
factors, such as an extremely cost sensitive design, 
or because the code which must be utilized cannot 
be accommodated by the USART. An example of 
of such a code will be discussed later. Recall that 
the principal objection to the approach to serial 
input shown in Figure 13 was that it consumes 
much of the processor's power by merely spinning 
in loops in order to wait preset time delays. 



lDC Q8.J 

"2' .u. 
"" 'ICE .... 
••• 3 

"" •••• 
"" 
"" 75 1111 &A21 
"13 MI' 
'tl5 EAtS 

"'7 !MDF' 

1119 2313 

., •• DCE 

.'ID 91 
"1£ 2321 ,n' 91 

'111 Z3I3 
'11381 
'11.6' 
,n5 £&11 
".7 F9 "1a_. 
'11A 91 '11. '9 
'HC 2411 

SEQ SIUlC[ STATUIENT · -----------.-----------------------
SERIAL lEST 

TNIS COD[ INTIIILIZ[S THE USMT 
AND TRMSIIIITS M INCREMENTING · PATTEItt. NAIIINE StOll IF fiG 17. 

5 -----------------------.----------. 

• 
7; -------
8; EQuATES 
!h -----.-

•• 
" ICLR [QU 
12 IL' EQU 
,3 UCON EQU 
'4 MODE EOU 
15 CfI) [au 
16 STAT [OU 

... 
"M 03M 
IC(H 

'.M 
13M 

; USMT RESET ~5S 
; USMT RESET IlEUY 
; USMT COH11IOL AJJaRESS 
; USMT JIIDDE 
; USMTOI) 

17 WIl EQU It 
; USMT STAnIS 
; TEST WlLUE 

1a Dl'TA [au I • ; USART DATA ADDRESS 

•• •• •• .. IIIG 

23 TEST: £NT. .. .... OS _ 

.. lIIIP ..... 
'7 .... .. .. -]I 
]I _ .. _. 33 _ 

34 _. .. 
3& 
37 
38 .. .. 
•• •• 43 TLP; JIIIV .. _. 
.. RIC .. .... 47 _ 

.. -.. -. 

.. INC 
5' ... 
52 
.. EIID 

"'H ; l\IIN ON CLDCIC 
; AND I£5[T USMT 

eLK 
P2,alCUl 
RI •• ILY 
12.lIIIP 
P2 •• our MeLR) 

; SELECT USART CONTIOL 
A.aUCON 

; SEND MIllE MD CIIIWC) 

".aflClD[ 
.... A ; UXINTENTS or II I.lUIRltTAIIT) 
A.aOl) 

-.' I DO fOl£V[R 
SELECT USMT STATUS 

IF' TJIIDf., TIEM 
IXI; 

DUTPUT IIOU£ • 
INCRDIENT \Ml1.E:; 

END; 
; END; 

A,.STAT 
A •• n ; (CGtTENTS ElF II WlI....-rMtT) 
A 
11.P A._ 
RI,aDATA .",A -11.P 

i [MOor PIIDCiIMM 

Figure 18. Modified 8251 Test Program 

The timer resident on the MCS48 provides a solu­
tion to this problem. Instead of spinning in a loop 
the program can set the timer for a given interval, 
start it, and proceed to other tasks. When the timer 
overflows, an interrupt will be generated to notify 
the software that the present time period has 
elapsed. An extension of the algorithm of Figure 
13 which uses the timer in this fashion in shown in 
Figure 19. This algorithm is identical to the preced­
ing one up until the detection of the leading edge 
of the start bit. At this point the timer is set to one 
half of the bit time (P) and a return is made to the 
calling program which can start additional process­
ing. At the completion of this time interval a 
timer overflow interrupt is generated. When the 
ftrst interrupt is detected, the serial line is checked 
to ensure that it is in a spacing condition (valid 
START bit). If it is, the timer is set to P (to sample 
the middle of the ftrst data bit) and a return is 
made to the program which was running when the 
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interrupt occurred. If the serial line has returned to 
the MARK state, a status flag is set to indicate an 
error and a return is made. On subsequent interrupt 
detection, the data is sampled, the timer is reiniti­
ated, and control is returned to the program which 
was running when the interrupt occurred. When 
the last (i.e. STOP) bit is detected a completion 
flag is set and a return is made to the program 
running when the timer overflow occurred. By 
periodically checking the error and completion 
flags the running program can determine when the 
interrupt driven receive program has a character 
assembled for it . 

Figure 19. Improved Serial Input Routine 

Using the timer to implement time delays as shown 
in Figure 19 results in considerable savings in 
processing time; two problems remain, however, 
which must be solved before an adequate software 
solution to the problem of receiving serial code can 
be found. The ftrst problem is that even though the 
delays between bit samples are implemented via 
the timer rather than program loops the loop con­
struction is still used to detect the leading edge of 



the START bit. Although this results in the waste 
of processing power, the second problem is even 
more serious. For longer messages the required 
accuracy of the clocks becomes more and more 
stringent. Using the sampling technique discussed 
a cumulative error of one half a bit time in the 
time at which a bit sample is taken will result in 
erroneous reception. The maximum timing error 
which can be tolerated and yet still allow proper 
detection of an 11 bit ASCII character is then: 

0.5*BIT TIME 0.5P 
Emax = CHARACTER TIME - 11 P = 4.5% 

where P is the period of single bit. The correspond­
ing calculation for a 32 bit character yields: 

Emax = ~i: = 1.6% 

Since this calculation does not allow for distortion 
on the signals, it is obvious that either extremely 
stable clocks will be required or a more tolerant 
algorithm must be devised. This problem is parti­
cularly serious at relatively high baud rates where 
the resolution of the counter (80llsecs with a 6 MHz 
crystal) becomes a significant percentage of the 
period of the received signal. At the 110 baud rate 
of the Teletype the 80llsec resolution of the clock 
allows a maximum accuracy of 0.33%; at 2400 
baud this figure is reduced to 3.8%. 
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Both efficient detection of the start bit and increas­
ed timing accuracy can be obtained if the MCS48 
can detect edges on the incoming received data 
(RxD). A hardware construct which allows this 
is shown in Figure 20. 

The received data (RxD) is Exclusive NORed with 
bit seven of port two and fed into the TEST (Tl) 
pin of the MCS48. By manipulating P27 the pro­
gram can now cause Tl to be either RxD or Rl{D. 
(If P27 = 1 then Tl = RxD; if P27 = 0 then Tl = 
RxD.) Note that not only can Tl be tested directly 
by the software but that it is the input which is 
used when the MCS48 timer is in the event counter 
mode. The significance of this will be discussed 
later. The relationship between Tl, P27, and RxD 
is given by the Boolean expression: 

Tl = P27 • RxD + P27 • RxD 

Figure 21 flowcharts a means of utilizing this hard­
ware construct to avoid the necessity of wasting 
time in program loops to detect the leading edge of 
the start bit. The receive operation is initialized 
when the program desiring to receive serial data 
calls the INIT subroutine (Figure 21 a). Since INIT 
is going to manipulate the timer the first action it 
performs is to disable the timer overflow interrupt. 
Its next step is to set P27 to a logical 1. Setting 
P27 in this manner causes the TEST 1 input to the 
MCS48 to follow RxD. By setting up the receive 
circuitry in this manner a high to low transition 
will occur on TEST 1 when the RxD goes from 
the MARKING to SPACING state (Le. the START 

Figure 21a. Interrupt Driven Serial Receive Flowchart 
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Figure 21b. Interrupt Driven Serial Receive Flowchart 

Figure 21c. Interrupt Driven Serial Receive Flowchart 
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bit occurs). By setting the timer to OFFH and 
enabling it in the event count mode, the INIT 
routine sets up the MCS48 to generate a timer 
overflow interrupt on the next MARK to SPACE 
transition of RxD (the TEST 1 input doubles as 
the event counter input). Before returning to the 
calling program the INIT routine sets a flag (RDF) 
which will be cleared by the receive program when 
the requested receive operation is complete. INIT 
also sets a value into a register called BCOUNT. 
The receive program interprets BCOUNTas follows: 

V' 

Number of bits remaining 
to receive 

If set indicates that the 
START bit has not yet been 
detected 

If set indicates that the 
START bit has not yet been 
verified 

In order to request the reception of the II bit 
ASCII code INIT would set BCOUNT to l1001011B. 
The start bit has been neither verified nor detected 
and 11 bits (lOIIB) are required. 

After INIT is called the reception of the individual 
serial data bits will proceed on an interrupt driven 
basis until a complete character has been assembled. 
When this occurs the interrupt driven program will 
set the RDF (Receive Done Flag) to a zero to indi­
cate that it has completed the requested operation 
and then terminate itself. The procedure which is 
used to accomplish this is shown in Figures 21 b 
and 21c. 

Since all operations of this program are the result 
of the occurence of a timer overflow interrupt, it 
is necessary to briefly review the interrupt structure 
of the MCS48. There are two sources of interrupt; 
an external interrupt which is the result of a logical 
zero signal applied to the INT pin of the MCS48, 
and an internal interrupt which is caused by a 
timer overflow condition. The timer overflow 
occurs whenever the timer is incremented from 
OFFH to zero whether it be in the timer or event 
count mode. When one of these events occurs the 
hardware in the MCS48 forces the execution of a 
CALL. This CALL has a preset address of location 
3 if it is due to the external interrupt and location 
7 if it is due to a timer overflow. If both of these 
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running program and its PSW (program status 
word) on a stack the hardware maintains in RAM 
locations 8-23. Although the hardware saves the 
program counter and PSW, it remains the responsi­
bility of any interrupt driven software to make 
absolutely certain that it does not modify any 
memory locations or registers which are being 
used by the main program. The most convenient 
way of ensuring this in the MCS48 is to dedicate 
the second bank of registers (RB I) to the interrupt 
driven program. One of these registers has to be 
used to save the accumulator (which is not part of 
the register bank) but seven registers remain; 
including two which can be used as pointers to the 
rest of the RAM (RO and RI). Note that if this 
approach is taken then these registers have to be 
allocated between the program which services the 
external interrupt and the one which services the 
timer overflow. This problem is somewhat alleviated 
by a hardware lockout which prevents the timer 
overflow interrupt from interrupting the external 
interrupt service routine and vice versa. This is 
implemented by locking out new interrupts between 
the time an interrupt is recognized and the time a 
RETR instruction is executed. The RETR instruc­
tion is like a normal RET (return from subroutine) 
except that the PSW as well as the program counter 
is restored. The RETR instruction can be very 
much thought of as a return from interrupt instruc­
tion in the MCS48. 

The receive program under discussion uses register 
bank I in the manner described. Whenever a timer 
overflow occurs (e.g. on the next MARK to SPACE 
transition of RxD after INIT is called), control is 
passed (by the hardware generated CALL) to the 
point labled TIMER OFLO in Figure 21b. This 
program segment immediately selects register bank 
I (RB I) and then saves the accumulator (A) in a 
location called ATEMP which is actually R7 of 
RBI. The program then tests bit seven of BCOUNT 
(R6 of RB I) to fmd out if a START bit has been 
verified (Le. the edge of the START bit has first 
been detected and then verified to still be a SPACE 
one-half a bit time later. If BCOUNT [7] is a zero 
the START has been verified and the program pro­
ceeds to set the timer to P (the period of the serial 
bit), get the current serial data into the carry bit, 
and then shift the carry bit into a buffer. After 
saving the data the program decrements BCOUNT 
and tests it for zero. If BCOUNT is zero the receive 
operation is complete so the program sets RDF to 
a zero and disables timer overflow interrupts. 
Whether or not BCOUNT is zero, control is passed 
to EXIT where A is loaded with ATEMP and a 
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the PSW, the execution of RETR automatically 
selects the register bank which was active when 
the interrupt occurred. 

If BCOUNT [7] is still set when it is tested, con­
trol is passed to START (Figure 21c) where bit 6 
is tested to determine if the START has been 
detected yet. If BCOUNT [6] is set it indicates 
that this is the first occurrence of a timer overflow 
since the receive process was initialized by the 
INIT subroutine. If this is so, the program assumes 
that the START bit has just started and therefore 
it sets the timer to one-half of a bit time (1/2 P), 
starts the timer in the timer mode, and clears 
BCOUNT [6] to indicate that the START bit has 
been detected. The next overflow will again result 
in the execution of the program in Figure 21 b and 
again BCOUNT [7] will be found to be set. This 
time, however, BCOUNT [6] will be reset and the 
program will know that it should test the START 
bit to ensure that it is still a SPACE. This test is 
performed and if successful the timer is set for a 
bit period P and BCOUNT [7] is reset so that on 
the next occurrence of a timer overflow the pro­
gram will know that it should start assembling 
serial bits into a character. If the test is unsuccess­
ful, the subroutine INIT is used to reinitialize the 
receive program. In either case control is passed to 
EXIT where a return from interrupt mode occurs. 

This receive program, listings of which appear in 
Figure 22, allows the reception of serial characters 
transparently to the main running software. After 
INIT is called the main program has only to check 
RDF periodically to find out if there is data in the 
buffer for it. It would be fairly easy to 'double 
buffer' this operation by providing a buffer which 
the receive program uses to deserialize the incom­
ing code and a second buffer to store the assembled 
character. If the program would reinitialize itself 
upon completion, the reception of a string of 
characters could proceed in much the same way as 
it would if a status driven USART were being used. 

Although this program solves the first problem of 
software controlled reception (lack of efficiency) 
the second problem-sensitivity to frequency 
variations-remains. An example of a code which 
would be susceptible to this problem is the 31,26 
BCH code commonly used in supervisory control 
systems. (A supervisory control system is, in 
essence, a remote control system which allows a 
human or computer operator the control of a 
system via a serial communications link.) The BCH 
codes are used because of their error detection 
capabilities and are a class of cyclical redundancy 
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Figure 22. Interrupt Driven Serial Receive Program 

codes such as those used in synchronous data com­
munications (e.g. BISYNC or SDLe). BCH codes, 
named for their originators Bose, Chaudhuri, and 
Hocquenghem, are characterized by having a length 
of n=2IILI. The number of redundant check bits 
can be mt where t is a positive integer (clearly mt 
~). The 31,26 code fits this format with m=5 and 
and t=1. The length of each message is n=25-1=31 
with 5*1 redundant bits, leaving 26 bits available 
for data transmission. With an appropriate poly­
All mnemonics copyrighted @ Intel Corporation 1976. 2-19 

nominal BCH codes can detect all errors consisting 
of 2t error bits and all burst errors of mt or fewer 
bits, The 31,26 BCH code will therefore detect any 
erroneous messages with I or 2 errors or bursts of 
errors of less than 5 bits. The 31,26 format (shown 
in Figure 23) requires the reception of a start bit 
followed by 31 information bits, clearly beyond 
the capability of the USART but perhaps within 
reach of a program controlled approach using the 
MCS48 itself. 



Figure 23. 31,26 BCH Code 

A concept which reduces sensitivity to frequency 
deviations and thus allows the reception of longer 
codes is shown pictorially in Figure 24. The first 
line of this timing chart shows an alternative ones 
and zeros pattern on the RxD with a period of 5 
milliseconds. The second line shows that by 
sampling at a period of exactly 5 milliseconds the 
data can be properly interpreted. The third and 
fourth lines show the effects of sampling with a 
period of six and four milliseconds respectively. In 
either case, an error occurs at the third sample 
where both periods result in sampling on an edge 
of the RxD signal. The third line of Figure 24 
shows a hybrid sampling scheme which, based on 
some additional information, switches sampling 
periods between the two values. As can be seen in 
Figure 24, the data is sampled with a 4 milli.second 
period until the sampling begins to fall behmd the 
data; at this point the sampling period is increased 
to six milliseconds and the sampling first catches 
up and then passes the center point of the data. As 
soon as this happens, the sampling period reverts 
to the 4 millisecond period and the cycle repeats. 
It can be seen that this scheme sets up a pattern 
which repeats indefinitely and the data can be 
successfully sampled. Note that the sampling pattern 
established is alternating periods of four and six 
milliseconds. The average period of this pattern, as 
might be expected, is 5msec. Line 5 of Figure 24 
shows the effect of a change in transmission speed 
to a period of 5.5 msec with no change in the 
sampling time. The sampling is again successful but 
the new sampling pattern is 4-6-6-6; 4-6-6-6, etc. 
Note that the average sample is again equal to the 
period of the received data (5.5). While this scheme 
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Figure 24. Various Sampling Alternatives 
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does seem to work, the question of what additional 
information is needed remains. 

The MSC48 must somehow decide when it is drift­
ing out of synchronization and take corrective 
action. By referring back to Figure 24 it can be 
seen that if the MCS48 could determine where the 
edges of RxD occurred with respect to its sampling 
times then the additional information would be 
available. As can be seen in the figure the choice of 
sampling period can be based on the following rule: 

If an edge on the RxD line occurs during the 
first half of the cu"ent sampling period, then 
use the short period for the next sample. If an 
edge occurs during the second half of the period, 
then use the long sampling period for the next 
sample. 

If the data on the RxD line does not change, of 
course, the MCS48 will drift out of synchronization 
just as the original algorithum did. As long as edges 
occur on TxD, however, synchronization can be 
maintained. To maximize the allowable time 
between edges, the following addition could be 
made to the above rule: 

If no edge occurs on the RxD line during a 
sample, then change sampling period from short 
to long or vice versa. 

Note that this addition to the rule will result in 
using an average of the two sampling periods when 
no edge occurs for several bit times. 

The edges of RxD can be easily detected by the use 
of the same structure (the Exclusive - NOR gate) 
which was added to the MCS48 in Figure 20. This 
gate, which is used to detect the edge on RxD 
which begins the START bit, can naturally be used 
to detect any edge. Since the timer is being used to 
time the bit period, however, the event count input 
(Tl) is not useful during the receive itself. By con­
necting the output of this gate, however, to the 
TIilT input to the MCS48 (see Figure 25) it is 
possible to detect edges on RxD with the event 
counter when the program is trying to detect the 
START bit and by the external interrupt when the 
program is using the timer to control the sampling 
times. 
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Figure 25. Modified Edge Detection 

A modification to the program of Figure 21 which 
implements this new sampling algorithm is shown 
in Figure 26. The first deviation from the original 
program is the addition of a routine (XISR, Figure 
26a which is called when an external interrupt 
occurs (Le. when an edge occurs on RxD). This 
routine saves the status of the running program and 
then stores the current value of the timer register 
in a location called SNAP (R5 of RBI). After 
doing these operations the program complements 
bit 7 of port 2. Manipulating P27 in this manner 
will cause the Exclusive NOR gate to turn off the 
external interrupt and will set it up to generate 
another interrupt when the RxD line changes again 
(has another edge). 

Hybrid Sampling Flowchart 
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Because of this edge detection it is important to 
condition RxD with hardware filters to ensure that 
the edges of RxD are clean. Any ringing will cause 
repeated CALLs to XISR and probable erroneous 
operation. The changes to the START process 
(Figure 26c) are two-fold; first the TIMER is set to 
one half the average of the two sample periods 
when the START bit is first detected (BCOUNT 
[ 6] = 1), and second the processing of the edge 
information is initialized by presetting SNAP and 
clearing P27. 

SNAP is preset so that when the reception of data 
actually begins (Figure 26b BCOUNT [7] = 0), the 
decision block which tests SNAP against LIMIT 
will be initialized. This block actually compares the 
value in SNAP with a LIMIT value which is used to 
determine if the sampling point is ahead or behind 
the actual midpoint of the serial data. If the 
sampling is ahead then the timer is set for TMIN; 
if the sampling is behind then the timer is set for 

TIMER 
OfLO 

NO 

--'----~----1( EX'T ) 

Hybrid Sampling Flowchart 



Hybrid Sampling Flowchart 

TMAX. By presetting SNAP in the manner shown 
in the flowcharts the second rule of the algorithm, 
(if no edge appears on the RxD line during a 
sample. then change the sampling periods short to 
long or vice versa) is automatically met. If an edge 
occurs then XISR will modify SNAP, if XISR is 
not invoked between two samples then the choice 
of timer periods will alternate. The only other 
significant change to the algorithm is that the INIT 
routine must now lock out all interrupts, not just 
the timer overflow interrupt, while it is operating. 
A program which uses this algorithm to receive a 
32 bit message is shown in Figure 27. 
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16 
17 •••••••••••••••••••••••••••••••••••••• ,. 
1~ ; -------
2. ; EQUATES 
21 ; -------
22 
23 IIITDP Eoo 
24 8COUHT EQIJ 
25 SNAP EOO 
26 aurr [au 

EOU 
EOU 
EOO 
EOU 
EOU 
EOU 
EOU 
Eau 

27 RID 
28 BITJU] 
29 UMIT 
311P1Ax 
31 TJIIIH 
32 HALF 

"" SEIIIIIF 
3' RIlF 
35 

., .. 
OS 
.2 ., 
32 
21 
.<3 

."" 
·21 

2'" 
2'" 

; STORAGE FOR A DURING iNTERUPT 
; CONTAINS NlJIIBER or BITS IN I'ISG 
: TAKES TU£R SNAP SHOT ON RID EDGE 
; UTILITY COMT£R 
: POINTER 
; f'II.IIE£R OF' BITS 
; TEST VAlUE FOR MIH',..qX SAIof'LlNG 
; MAX SAflPLE PERIOD 
; MINIPUI SAllPLE PERIOD 
; HALF .... IHAL. PERIOD 
; START Of' SERIAl. IlJF"FER 
; RECEIVE DDttE FLAG 

36 ; -------------------------------
37 ; COfTROl. PASSED HERE tit [XT. IHT. 

3B ; -------------------------------
39 ., ... 13H 
41 ; CALL SERVICE ROUTINE 
42 EIYEC: CALL XlSR 
43 RED .. 
4S ; ------------------------------------------
46 ; CIlN11Hl. PASSED t£R£ IoItEH T III£R DFLO OCClltS 
47 ; ------------------------------------------.. 
49 ; '-ENTER IIfTERlFT 1IIHlE-' 
51 TJlM:C: 5EL R81 
S1 PIPJ ATEI'I".A 
52 ; IF BCOUHT(7 J -I THEN 
53 PIN A ,BCOUHT 
54 JB7 START 
S5 : 00: 
56 IF SHAPcUMIT THEH 
51 ..", 
58 ADD 
59 Jf11 

61 
61 
62 
63 
64 ..,. 
6S ..,. 
66 ..,. 61 _ .. 
G9 
11 
11 
12 
73 SLLA: JIIJV 

-,­A,"LIMIT 
SLLA 

A,,,DlIN 

Illh 
TII'ER-TI'IIN: 
SNAP-UIIIIT-1 ; 

END; 

T,. 
SHAP."U",IT-l 
SUB 

A.#TJIIAx 

ELSE 
Illh 

TII'ER-TJIIIAx; 
SfWIooLIPIIT-l: 

END; 

Figure 27. Hybrid Sampling Program 
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., OlC • 1.4C 23EC 15. SLL.C: "'" A,.HALF 
•• ,F 4622 .. .>In TlSOD .... E 62 '5' "'" T,' 
1'21 A7 83 OPL C •• ",r 5S , .. STRT T .. '-SHIFT CARRY INTO 9../fFER·/ ,,5' FE , .. ..., A,8COUNT 

85 RX'-SERBJf: •• 51 S38f , .. AHl A. #'SfH 
86 CQUHT-4; •• 53 At 155 ..., BCDUtfT,A . , 00 IrfiILE CQUHTo': , .. ; EHO: .. RSHFT I'£JIIUXO); '5' : I-EJtIT IHT£IiUPT /IIJDE-' .. IUI-Al'·': "5"1 FF 158 SElIT: "'" A,ATEI'P .. COUIT -COUHT - 1 ; 115593 '5' O£TR ., EHO; , .. 

•• 22 882. '32 TISRD: "'" RX',.SERElJF ,., ----------------------------
"2-4 BAt" !J3 - COUNT ,." 162 ; INTIALIZE RDUTJt£-

'.26 28 .. <LlXI' XCH A,RX' 163 : STARTS RECE IVE PROCESS 
"2767 .. ROC • 164 : -------------------------.--
•• 28 2. .. XCH A,ORX' , .. 
•• 29 Ie 97 INC OXI , .. IN IT: 

"2A EIA26 .. DJHZ CWHT .5LOCP ,., PROCEDURE; 
99 BCOUNT-SCOUHT -1; , .. 00, 

", , IF" seOUNT-' THEN , .. DISAB...E IHT£RIJPTS; 
.12C £E54 ", D.mZ BCOUHT • SEll T m P27·'; 

"2 00, ", TIPl'ER··l; 
103 ROF·.; 172 START EVENT COUNT; 

". DISAa.E EX INT: 173 IlDF·'; 
"5 EHO; ". &COUNT-IeIH DR BITHO 

.llE 8924 , .. - IUI,#RDr 175 [HO; 

.131 27 "' CLO • '76 END HilT: 

.131 AI lI. """ ORX',A ,,!is 1S 177 INJT: DIS I 
'132 35 '19 DIS TCHTI Its13S ,,. DIS TeNT! 
•• n 15 ", DIS I •• 58 8A8& ,,. QRl P2,,,81H 

", ; END; liSA 23F'f" , .. "'" A,1I-1 
•• 34 '454 112 ..... SEX IT IISC 62 ,., """ T,. 

113 ; ELSE IISD 45 , .. STOT CHT 

". o DO; liSE 882" , .. f'(N RXI,#RDF 
115 IF' BCOUftn6]", THEN '161 F"'3 , .. """ A." 

1136 FE "6 START: """ A,BCOUHT .161 A' '85 f'(N ORI',A 
1137 024C ", JII6 <LLC 1162 25 , .. EN TeHT! ". 00, '163 BEEI ,., ,.., acourtT •• ,C'H DR BI THO 

". I F TEST1-' THEN 1165 83 , .. OET 
1139 !i64A ,., m SLLD , .. ,., 00, , .. 

'22 TIJI£R-lM!H: ,., ------------------------
123 START T1f1£R: 192 ; lrffERUPT SERVICE ROUTiKE 

'2' SNAP-LIMIT·'; 193 ; ------------------------
'25 P27-,; , .. ; XISR: , .. EN I , .. PROCEDURE; 
127 BCOUHTr7 J -'; , .. 00, , .. END; ,., '"'ENTER IHTERUPT frlJDE-1 

1138 2309 , .. f'(N A •• 1MI" , .. SHAP-TIfI£R; 
.. 3D 62 131 ..., T,' , .. P27-HQT P27: 
•• 3£ SS ,., STIlT T 211 END XISR; 
113f &D'S 132 """ 5NAP,#UMIT·' 1166 116 2" XISR: SEL 0.' 
"'" 9A7F 133 AHl P2,#7f'H 1167 AF 212 f'(N ATEf'IF,A 
.... 3.5 ,.. EN I 1168 42 213 ..., ',T 
11 .. 4 FE '35 "'" A,BCOUHT 1169 AD 21' """ -,' 
"45S37F" '36 .NL A,.7tH .IISA 'A 215 IN A,P2 
11'" AE 137 """ BCOUNT ,A .168 038. 216 XRl A._aIH 
•• 48 '<ls-. , .. ..... S£XIT I ... ]A 217 0\ITl P2,A , .. ELSE II6E F'F 218 """ A,ATEJIF , .. lXI, II6F 83 219 RET ,., CALL IHIT; 2" ; EHD or PROGRAM 

"2 END; 211 EHD 

Figure 27. Hybrid Sampling Program 

All mnemonics copyrighted @ Intel Corporation 1976. 
2-23 



TRANSMITIING SERIAL CODE 

Serial transmission is conceptually far simpler than 
serial reception since no synchronization is required. 
All that is required is to use the timer to generate 
interrupts at the bit rate and present the character 
to be transmitted serially at an I/O pin. A program 
which does this is shown in Figure 28. The trans­
mission of serial data becomes much more compli­
cated if it must occur simultaneously with reception. 

If both reception and transmission are to occur 
simultaneously then obviously contention will 
exist for the use of the timer. It is possible to allow 
the simultaneous reception and transmission of 
serial data using the timer as a general clock which 
controls software maintained timers. The attainable 
baud rates using such techniques are, however, 
limited and the use of a 8251 USART is probably 

lOC OBJ 

"'7 
... 6 
... 5 
II.", 

'.13 .,Ef ,.,. 
Fr07 

"'7 
.. 17 os 
1118 A. 
1119 2307 
Ilia 62 
.. IC 5S 

.. 10 ''''0 

SEO SOURCE STAT[I'EHT 

1; --------- -----------------

Z SEll I AL TRAHSI'II T OH THE I'ICS<4a 

3; TO USE PUT A CHAR IN SUFr AND 
"'; SET CHARAV TO In'H. IJIoIEN THE 
5: TIlANSPIITTEli! IS R[ADY FOri ANOTHER 
6; CHAR I T WI Ll CLEAR CHARAV. THE 
7 TRANSMISSION IS DOJa.E IlJFFERED. 
8 :-----------------------------------

• "; ----"--
11 ; EQUATES 
12 : -------
'3 
14 ATE'" [QU 
15 PTOS [au 

16 UT [QU 
17 CHARAY [QU 
18 COll'll [QU 
1'3 CBIT [QU 
21 SBIT [QU 
21 P [QU 
22 

li!7 ; STDRA(,£ FOIi! A DURING INT. 
R6 ; PARALLEL TO SERIAL C(tfVERT[R 
RS ; CHARACTER BUFFER 
R'" ; CHARACTER AVAllAB.E FLAG 
R3 BIT C(MoITER 

IEFH ; MASK TO CLEAR TID '" P2" 
"'H : MASK TO SET HO 11'1 P24 

; PERIOD Of TID 

23 : ---------------------------. ________ _ 

2" : CONTROL PASSED HERE IJH TII'I£R O\I£RfU .. , 
25 : -------------------------------------
26 ORe. 17H 
27 
28 TarLO: SEL 

29 """ 3t 

R •• 

ATE"".A 

31 I'IOV A.UP 
32 I'IIl\I T.A 
33 STRT T 

: EHTER IHTERUPT I'IODE 

; SET TII'£R FOR P 

3" : GET 81 T IHTO CARRY 
3S CALL 8IT 
36 : SET Ho TO CARRY 

indicated in all but the most cost sensitive applica­
tions. An exception to this rule occurs when the 
system, although full duplex in nature, actually 
transmits the same data as it receives. An example 
of this is a microprocessor driving a terminal such 
as a Teletype. Although the circuit to the terminal 
is full duplex, the data that is transmitted is generally 
the same as that received. A minor modification to 
the program shown in Figure 26 would implement 
this mode of operation. The modification would be 
to the XISR routine and it would add the code 
necessary to place the TxD I/O pin in the same 
state as the RxD line. Since any change in RxD 
results in a call to XISR, this modification would 
cause the retransmission of any received data. 
Whenever it becomes necessary to transmit data 
which is not being received, the program of Figure 
28 could be used in a half duplex manner. 

lOC OBJ 

IIIF IA 
11110381 
11123A 
1113 F61g 
IllS SAEF 

"'71"'8 
1119 BAli 
1118 FF 
IltC 93 

1110 FB 
U'E C627 
1121 FE 
1121 67 
1122 "381 
112" A£ 
1125 C8 
1126 83 

112797 
1128 FC 
Ilzg 9620 
1128 A7 
112C e3 

1120 FO 
112E AE 
112F 881A 
1131 .eell 
1133 e3 

5£0 

37 
38 
39 .. 

SIlI..IRCE STATEMEHT 

11'4 A.P2 
Xlll A •• eIH 
DUll P2.A 
JC BITON 

.. 1 AHl P2. _CBIT 

.. 2 ...,. [lilT 
043 81TON: ORl P2._S8IT 
.. .. EXIT: I'IOV A.AT[I'IP 
"5 RETR .. 
.7 
.. e : BIT ROUTJ HE 
"9 : -PICKS THE HEXT BIT TO TRAH5I'I1T 
51 : -------------------------------
51 
S2 BIT: I'IJV 
53 JZ 

5' """ 
SS RIlC 
56 ORl 

57 """ 
58 DEC 
S9 RET 

'0 
61 IDlE: ClR 

62 """ 
63 JHZ 
&4 CPl 
6S RET 
os 
67 ooTON[: I'I(]V 

68 """ .. """ 
7' """ 71 RET 
72 
73 EHD 

A.COUNT 
IDLE 
A.PTOS 

A. aelH 
PTOS.A 
COUNT 

A,CHARAV 
GDTIJH£ 
C 

A ,BUrr 
PTOS,A 
COUNT •• '1 
CHARRv •• 1 

: END OF PROORI¥'I 

Figure 28. Serial Transmission 

All mnemonics copyrighted @ Intel Corporation 1976. 
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GENERATING PARITY 

Many communications schemes require the genera­
tion and checking of parity. If a USART is used 
it can be programmed to automatically generate 
and check parity. Ifthe communications is handled 
by software within the MCS48™ then the program 
must perform parity calculations. Calculating 
parity is easy if one remembers what parity really 
means. A character has even parity if the number 
of one bits in it is even. A character has odd parity 
if it has an odd number of ones. The program seg­
ment shown in Figure 29 can be caused to calculate 
parity. It starts by setting a loop count to eight and 

laC OBJ 

"'2 .,., 
"" BAle 
".297 

"13 77 
• ,," 1217 

"16 "7 

SEQ SOURCE STATEI'EHT 

2 ; •••••••••••••• 
3 , 
.. ; PARITY 
5: THIS PMJGRAI'I GEtf£RATES PARITY 
6; OM THE ACCI.ftJLATOR 
7; CARRY WILL BE SET If A HAS ODD PARITY . , 
9; •••••••••••••• 

" 11 
12 ; -------
13 ; EQUATES , .. ; ------­
IS 
16 COUHT EGU 
17 
18 PAR: ORG ,. i'1O\I 

2' CLR 
21 
22 
23 LOOP: OR 
2 • .JIll 
25 CPL 
27 
28 END 

R2 

111M 
CCUHT. #8 ; SET LOOP COUNT 
C ; INITIALIZE CARRY 

. 
OIlER 
C 

; fOR EACH ZERO BIT IN A 
; C(JOf'LEI'£NT Tl£ CARRY flAG 

; END OF PROORAI'I 

Figure 29. Parity Generation 

clearing the CARRY flag. After this initialization a 
loop is executed eight times. Duringeachexecut\on 
the accumulator is rotated and the least significant 
bit is tested. If the bit is a zero the CARRY flag is 
complemented, if the bit is a one no further action 
is taken. Since an even number of zeros implies an 
even number of ones for an eight bit character, 
after all eight loops have been accomplished the 
CARRY bit will be set if an odd number of ones 
were encountered; it will be reset if the number 
were even. Since the RR instruction does not 
involve CARRY the net result of executing this 
program loop is to set CARRY if parity is odd 
without effecting the character in the accumulator. 

All mnemonics copyrighted @ Intel Corporation 1976. 
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CONCLUSION 

This Application Note has presented a very small 
sampling of the application techniques possible 
with the MCS48™ family. The application of this 
new single chip computer system to tasks which 
have not yet yielded to the power of the micro­
processor will present a fascinating challenge to the 
system designer. 
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INTRODUCTION 

This application notes presents a software package for 
Interfacing members of Intel's MCS-48™ family of 
single-chip microcomputers with keyboards and dis­
plays using a minimum of external components. Be· 
cause of the similarity of the architectures of the varl· 
ous members of the family (the 8035, 8048, 8748, 8039, 
8049,8021, and 8022 microcomputers; also the 8041 and 
8741 universal peripheral Interfaces in the UPI·411!> 
family), the code Included here could run with minor 
modifications on any member of the family. 

Since keyboard and display logic can be just one of 
several functions handled by a microprocessor, the 
added cost of Including these functions in a system Is 
minimal. In fact, considering the extremely low cost of 
standard x-v matrix keyboards and integrated displays, 
their use is often more cost effective than even a hand­
ful of discrete switches and Indicators. Thus, the addi­
tional flexibility of keyboard Input and display output 
can be added to inexpensive consumer products (such 
as games, clocks, thermostats, tape recorders, etc.), 
while producing a net savings in system cost. 

Since each potential application will have its own 
unique combination of keys and display characters, the 
program is written so that very I ittle modification Is 
needed to interface it with a wide variety of hadware 
configurations. In general, the only changes required 
are within the set of initial EQUates at the beginning of 
the program. 

Along with the basic software for driving a multiplexed 
display and/or scanning and debouncing an x-v matrix 
of key switches, a collection of utility subroutines is 
also included for implementing the most commonly 
used keyboard and display utility functions, such as 
copying simple messages onto the display or determin­
ing the encoded value of each key In the key matrix. As a 
result of the versatile architecture and applications­
oriented instruction set of the MCS-48 family, the entire 
package fits into about 250 bytes of internal program 
ROM or EPROM, leaving the rest of the ROM space for 
the program to cook the perfect piece of toast, or what­
ever. By tailoring the software to match a known hard­
ware configuration, or by selecting only those functions 
needed for a given application, the program size could 
be even further reduced. 

Since what is being presented in this application note is 
a software package, rather than the usual hardwarel 
software system design, the format of this note is some­
what different from most - it consists primarily of a 
long program listing reproduced in the following pages. 
For the most part, the listing is self-explanatory, with 
comments introducing each subroutine and major code 
segment. Some parts of this introduction are repro­
duced In the program listing itself, expiaining the con· 
figuration of the prototype system. However, an addi­
tional bit of explanation would make the listing easier to 
understand, especially for those readers unfamiliar with 
the concept of multiplexed displays and keyboards. 
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In traditional digital system design, various hardware 
registers or counters were used to hold binary or BCD 
values which had to be conveyed to the user. The stand­
ard way of presenting this information was by connec­
ting each register to a seven-segment encoder (such as 
the 7447) driving a single display character, as repre­
sented by Figure 1. Thus, two ICs, seven current limiting 
resistors, and about 45 solder joints were required for 
each digit of output. Consider how traditional tech­
niques might be (mls-)applled in designing a microproc­
essor system: the designer could add a latch, encoder, 
and resistors for each digit of the display. Still another 
latch and decoder could be used to turn on one of the 
decimal pOints (If used). The characters displayed could 
only be a sequence of decimal digits. In the same vein, a 
large matrix of key switches could be read by Installing 
an MSI TIL priority encoder read by an additional Input 
port. Not only would all this use a lot of extra I/O ports 
and Increase the system price and part count drastic­
ally, but the flexibility and reliability of the system 
would be greatly reduced. 

+v 

a 

1m g 
@b 

em .m~ 
d d.p. 

CIRCUIT REPEATED FOR EVERY DIGIT OF DISPLAY 
(DOTS USED TO INDICATE SOLDER JOINTS) 

Figure 1. Wrong Way 10 De.lan Mulliple DlglI Display. 10. 
Mlc_pule. Splema 



Instead, a scheme of time-multiplexing the display can 
be used to decrease costs, part count, and interconnec­
tions, while allowing a wider range of character types to 
be used on the display_ The techniques used here are 
fairly typical of today's integrated subsystems designed 
especially for controlling keyboards and displays (such 
as in calculators or the Intel~ 4269, 8278, and 8279 Key­
board/Display Controller Devices). 

In a multiplexed display, all the segments of all the 
characters are Interconnected in a regular two-dimen­
sional array. One terminal of each segment is in com­
mon with the other segments of the same character; the 
other terminal is connected with the same segments of 
the other characters. This is represented schematically 
in Figure 2. A digit driver or segment driver is needed for 
each of these common lines. 

CURRENT 
SOURCED .y 
SEGMENT 

DRIVERS 

All ALL ALL ALL ALL ALL 
SEGMENTS SEGMENTS SEGMENTS SEGMENTS SEGMENTS SEGMENTS 
~m __ ~_ __ _~ ~~ 

DIGIT DIGIT DIGIT DIGIT DIGIT DIGIT -- -- --
-- I "." SEGMENTS OF 

J ALL OIOITS 

~+---.c+---.c-+~-+--.;-:+--.;-:-t- I"b" SEGMENTS OF 

I ALL DIGITS 

---":-4~:-4~:-4-c--f-,,""f-~t- 1··(:·· SEGMENTS OF 
J All DIGITS 

-ric-rll-"<7"I-""<C:""t-""'-""t-""'-"t-- l"d" SEGMENTS OF 

'ALL DIGITS 

-=-+-=-+-rl-~~~f-~t-l··."sEGMENTSOF 
J DIGITS 

-rl-rlf-c--f-~t--~t--~t-- 1 OECIMltlPOINTSOF 

CURRENT SUNK BV 
DIGIT DRIVERS 

J AlLOJQITS 

Flgu .. 2. Schem.tlc R.p .... nt.tlon ol8-DlglI, 7·Segment 
Common-Cathod LED Multlpl.xed Di.pl.y 

The various characters of the display are not all on at 
once; rather, only one character at a time is energized. 
As each character is enabled, some combination of seg­
ment drivers Is turned on, with the result that a digit 
appears on the enabled character. (For example, in Fig­
ure 3, if segment drivers 'a', 'b', and 'c' were on when 
character position #6 was enabled, the digit '7' would 
appear in the left-most place.) Each character is enabled 
in this way, in sequence, at a rate fast enough to ensure 
that the display characters seem to be on constantly, 
with no appearance of flashing or flickering. 

In the system presented here, these rapid modifications 
to the display are all made under the control of the MCS-
48™ microcomputer. At periodic intervals the com­
puter quickly turns off all display segments, disables 
the character now being displayed and enables the next, 
looks up the pattern of segments for the next character 
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to be displayed, and turns on the appropriate segments. 
With the next character now turned on, the processor 
may now resume whatever it had been doing before. The 
whole display updating task consumes only a small frac­
tion of the processor's time. 

I SEGMENT 
I DRIVERS 

I DIGIT I DRIVERS 

Flgu .. 3. Segment and Digll Drl.ers used with 6·Positlon, 7·Segment 
LED Dlspl.y 

Moreover, since the computer rather than a standard 
decoder circuit is used to turn the segments off and on, 
patterns for characters other than decimal digits may be 
included in the display. Hexadecimal characters, spe­
cial symbols, and many letters of the alphabet are pos­
sible. With sufficient imagination this feature can be ex­
plOited for some applications, as suggested by the 
examples in Figure 4. 

,-11-' , , , , ,,_,_ '- '-I ,-
'-'-I , " L '-,_, , ___ _ 

" L I L'L '_I 111-' 
/_ 1-'- '-
1/ _11'_' '-

" , , 
'-'LII/ , II, 

Flgu .. 4. Examples 01 Typical Messages Possible wllh Simple 
7 -Segment Dlspl.ys 



As each character of the display is turned on, the same 
signal may be used to enable one row of the key matrix. 
Any keys in that row which are being pressed at the time 
will then pass the signal on to one of several "return 
lines", one corresponding to each column of the matrix. 
(See Figure 5.) By reading the state of these control 
lines, and knowing which row is enabled, it is possible 
to compute which (If any) of the keys are down. Note 
that the keys need not be physically arranged in a rec­
tangular array; Figure 5 is merely a schematic. 

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4 
RETURN RETURN RETURN RETURN 

LINE LINE LINE LINE 

FROM SWITCHES ON 
ADDITIONAL SCAN LINES 

TO SWITCHES 
ON ADDITIONAL 
RETURN LINES 

FIgure 5. Schematic of X-Y Matrix Multiplexed Keyboard 

Since each character Is on for only a small fraction of 
the total display cycle, its segments must be driven with 
a proportionately higher current so that their brightness 
averages out over time. This requires character and seg­
ment drivers which can handle higher than normal levels 
of current. Various types of drivers can be used, ranging 
from specially designed circuits to integrated or dis­
crete transistor arrays. The selection depends on 
several factors, including the type of display being used 
(LED, vacuum flourescent, neon, etc.), its size, the 
number of characters, and the polarity of the individual 
segments. Some .drivers have active high inputs, some 
active low. Some Invert their input logic levels, some do 
not. Some require insignificant input currents, some 
present a conSiderable load. Some systems use exter­
nallogic to enable one of N characters or to produce the 
appropriate segment pattern for a given digit, some sys­
tems implement these functions through software. 

Because of these and the other variables which make 
each application unique, provisions are made in the first 
page of symbol EQUates to allow the user to IIpecify 
such things as the number of characters in the display 
or the polarity of the drivers used, and the program will 
be assembled accordingly. The display is refreshed on 
each timer interrupt, which occurs every 32 x (TICK) 
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machine cycles. (One machine cycle occurs every 30 
crystal oscillations for the 8021 and 8022, or every 15 
oscillations for all other members of the family.) A more 
detailed explanation of these variables is included in the 
listing. 

Port assignment is also at the discretion of the user -
all port references in the listing are "logical" rather than 
physical port names. The port used to specify which 
character is enabled is referred to as "PDIGIT". The out­
put segment pattern is written to "PSGMNT" and the 
keyboard return lines are read by "PIN PUT". These 
logical port names may be assigned to whichever ports 
the user pleases. 

By way of example, the breadboard used to develop and 
debug this software used a matrix of 16 single-pole 
push buttons and an 8-character common-cathode LED 
display with right-hand decimal point. No decoders ex­
ternal to the 8748 microcomputer were used; all logic 
was handled through software. PDIGIT was the 8-bit 
bus, PSGMNT was port 1, and PINPUT was port 2. The 
drivers used were 75491 and 75492 logically non­
inverting buffers: high level inputs were used to turn a 
segment or character on. Pull-up resistors were used on 
the 8748 output lines to source the current levels 
needed by the buffers. The 8748 was socketed on the 
breadboard, and was driven with an inexpensive 3.59 
MHz television crystal. The short test program included 
in this listing was used to echo key depressions as they 
were detected, and to invoke four demonstration sub­
routines. A summary of the subroutines included in this 
listing with a short explanation of the function of each is 
included in Figure 6; Figure 7 shows how the various 
utilities interact. 

'K8DIN Keyboard Input. Walts until one keystroke input has been ~eceived 
from the keyboard: determines the meaning or legend of that key, and 
returns with the encoded value in the accumulalor. 

CLEAR Blank out the display. 

ENCACC Encode accumulator with bit pattern corresponding to the segment 
paltern needed by the display to represent that symbol or character. 
Uses the value of the accumulator when called to access a table con· 
talning the patterns for all legal input values. 

WDISP Write into Display. Writes the bit pattern In the accumulator into the 
next character position of the display. Maintains a character position 
counter so that repeated calls will automatically write characters into 
sequential positions 

"ENTRY Right·hand Entry. Stores the accumulator segment pattern in the 
display in Ihe righl·most character position. Shifts ail olhercharacters 
to the left one place. 

PRINT Print a string of arbitrary characters onto the display. Useful tor pro· 
mpting messages. warnings. etc. Uses a table of segment patterns in 
ROM. so thai messages will not be restricted to numbers. letters. etc. 

FILL Fill the display with the character pattern in the accumulator. Useful 
for writing dashes. segment test patterns, etc., into all character posi­
tions. 

ECHO Walt for a key 10 be pressed by the operator and write that key onto 
the display. Used for providing feedback to the operator when enter· 
Ing numeric data. etc. 

RDPADD Adds or deletes a decimal point to the character at the right-hand side 
of the display. for entering floating poinl numbers. 

HOLD Called when a key IS known to be down. Does not return until all keys 
have been released. Used for organ·type keyboards. or when some ac­
tion should not be inrtiated unlit the key invoking that action has been 
reieased. 

DELAY Provides a crude real·time delay corresponding to the value of the ac­
cumulator when called. Can be used to cause display characters to 
blink. to momentarily flash information, to enable a buzzer. etc. Could 
also be used by the program when delays are needed. such as to slow 
down the computer reaction rate while playing a game against the 
human operator. 

Figure 8. Utility Subroutine Definitions 



MAIN BACKGROUND PROGRAM 

I I I 
CLEAR PRINT ECHO RDPADD HOLD DELAY 

I I 
FILL WDISP 

KBDIN ENCACC RENTRY 

Flgu .. 7. Subroullne InlerNlallon ... l.,. 

u. 

l,J3UlJ f J~ 
!cc VOl 

I 75411 

t-F h~fi; 12 1'4 
..... iii 

~ ~ 

.. J .. g .. I"d4Lr 
u. ~ 2l 

TIl 

.... "b' "c' ..... .. .. ~-..l3UJ'J t 21 ;, ~ 
21 

aaaaaaaa/ ~ t fN.C-
3( 

~ 7548' ,I 3-
PR~ ~ 12 '" I" 

" 

" .LEFT.MOST jijj ~ 
i""A"""T~R 

~ 
.. 

~ J J 11 

::~j ~ll " 
'741 

1 " I 11 

7 7_ ~ II .. .. 17 

13 , . .. 
CD@@I~ 

~ 
P20 h. · .... ~I~ ~(!)(!)I= 2 13 
P21 

EXPANs':g: i~ P22 

0@®D-
1& 

IPH I-- 754.2 

@@)@D- N.C.~ ~:~ 
31 

I-- ~:~i; 

I I 

31 

a; 

I 
, -~ i 

V .. EA 

~ 

Flou ... ProIot,.,. S,._ Schematic 
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ISIS-II 1f(."S-4S/IJI>Hl I'IACRO ASSEJ1BLER, 112.9 
AP49: lNTEL ..:5-48 t.."£YBOfIRDIIIISf'LfW APPLICATION NOTE APPEI()Ii: 

LOC OBJ SEQ SIl,I;'(E STATEftENT 

1 $IKRIJ'ILE i<REF 
2 $TITLE(,AP49: INTEL IICS-48 KEVBIJflRI)IfIISPlAY Ifl'LICflTION NOTE fFPElilIX') 
3; 
4 ; THE HUOWING SOFTWARE PACKAGE PROYIDES A SEVEN SEMNT DISPlAY 
5 ; INTERFACE FOR "ICROCIJ1F'UTERS iN THE INTEL 1ICS-48 FtflILY. 
6, THE I))I)E IS IoI"IITTEN SO llfiT 'MIOUS ~ 
7 .' CiJlFIGltfIlIlJ6 CHI £if flCCOI1OOfiTEl) BV REl)EFIltltI.J THE INIlIfl. '3:IABLES. 
8 , IN I'll5T SIruiTIiJfS, TIE kE'r'8OflRtoIliISPlAV lNTERFfa: WILL BE REOOlRE[) TO 
9· 1l'lFtEI1ENT lUi! SOPHISTlCflTE£! SINGLE-cHiP SVSTEw.; (Ul.Cll.ATORS· !.CfU.S. CLOl"l:.5, 

19; ETC. ).' WITH SECTlIJ6 OF THE FIllOWIN6 CODE SELECTED ANI) I1ODIFIEl) AS NECESSAFY 
11 ; FOR EACH APPLICATION. 
12 ; 
13 ,A SInE SUBROOTINE (CALlEil I/EFVSH) IS USED TO IIREIENl BOTH THE DISf1.HV 
14 ; I111.TlPLEi:ltI.J fN) f<:E'r'BMRI) SCAllNlN6. USING THE SRtE SIGIR. BOTH TO ErftlLE 
15 ; M CHAIrn(;IE~ OF TIE DISFltW AI() TO STRI:JIE ONE Rf40l OF iiE X-V KEV IfITRIK 
16; THE SUBROUTINE PlJST BE CflLLED SlfFICIENTLY OFTEN 10 ENSI..ft THE DiSPlAY 
17 ; CHARACTERS 00 OOT FLICKER- AT LEAST 5\:1 CO/'IPLETE DISPlAY SCANS PE~: SECOND. 
18 ; TO fl(;C(JWJ[)ATE SWITCI£5 OF tlRBI ~y ctEftPNESS. THE DEIIt'Ua TII'iE CAN BE 
19 ; SET TO BE ffN DES IRED N..KiER OF W'lFtETE SCANS 
29 , TIllS TIE I.lEBiJ..II(;£ WE IS A FI..INCTIfJ4 OF 80TH THE SCffI !(fITE fN) TIE YfUJI:. 
21 .oOf ~TANT·~"E'. 
22; 
23 ; IN THIS LISTING, THE INTERNAl.. T1I1ER IS 1JSEJ) TO !BERATE INTERRlJI1S THAT 
24, SERVE AS A TII1E 8ftSE FOR THE REF~SH SUBROUTINE. 
25 ; fLTERNflTE TII1E BASES "100 BE AN EXTERNfI. OSCILLATiJR (I)Ii:IVING TIE INlERRlFT 
26; PIN OR F1l.LED BV A TEST OR INPUT PINi, A SCfTIHE DElAY lO(I' IN THE BflCt(GRflH) 

27 ; PROGIIAI\, OR PERIODIC (JUS TO THE SIEROOTINE FRO!'! THRWHlUT 1HE USER'S PI10GRAII 
28 ; AT APPROPRIATE PLACES. 
29 ; IN THESE CASES, THE CODE STARTING AT LAtiEl TIlNT CTlI'IER INTERRUPT> fN) TIRET 
39 ; mINT REl~.N) C01JLli STILL BE USED TO SAVE fN.l RES10RE ACfJJIUUITOR CONTENTS. 
31 .; THE INT~T SERVICINIi ROOTlNE SELECTS REGISTER 8AW 1 
32 ; FOR lIE IEEIlED REGISTERS. 
J3 ; 
34; 
35 ; WRITTEN BV JOHN IHtRTON, INTEL SINGLE-cHIP C/JI'IPIJ'W APPLICflTIONS 
36; 
37 $EJECT 

All mnemonics copyrighted @ Intel Corporation 1976. 
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LOC OBJ SEQ SOURCE STATEMENT 

38 . IN THIS II'1PLEMElHAmlfl OF THE DISPLiW SCAN, IT IS AS5IJllED "HIlT THERE WILL 
19 ,BE RELATI't'ELY LITTLE IiO OTHER THAN FUR THE ~.tYBOAI1£;/OISftA" 

40 ; IF THIS IS THE CASE, THEN THERE h NO NEEl) FOR Ff~' ANY ADDIiIOHAL n:lERNAL 
41 .LooIC (5l(.I-I AS ONE--(lI--EIGHT IJECOOERS OR 5EYEN-SEGI1I:NT ENI.-OOERS!· THOUGH 
42 • THE~f WILL STILL BE A NEED f(i~' C1JRR£NT OR -.'01.. TAI'.iE DRIVERS. ACCORDING TO 
43 ,THE WPE OF DISPLAY BEI/II:l USED. 
44 ; 
45, IN THIS LISnlti. THE PROCESSCf I/O POIi'TS AIlE LoolCALLY !iIVWEO AS FOLLOWS 
46, 
47 ; F'DIGIT-EIGHT BIT ~T USE£; TO EIf18LE.. ONE in A TIME, THE !I{l!\o'lfiUAl 
48, CHARflCTHS OF AN EIGHT DHiI r SEVEN-SEGl'ft::NT DISPLAY, WHILE ALSO 
49 , STROBING HE ROWS OF AN ii-f' MATRIX KE't'BfJfll1l) 
50 , BIT? ENABLES THE LEFTI'IOST CHARACTEI1 fKl THE BOTTO" ~:OW OF lHE r!i[i, 
51 . BIT 4 ENABLES THE TOP ROW OF TIE 4;<4 KE:Ll ANI) THE FOI.J'TH CHflP.fICTE~. 

52 , BIT£! ENABlES THE RIGHTI10ST CHARACtER 
53 ; (A 4XS KE\-'BOftriD COI.lD I!E 5TROF-E[i B',' ALSO USING BITs-BITe 
54 . ANI) EXTENDII¥.i 0Ii' ELIMINAT Illi THE TAKE, "LEGNI)S" } 
55 • TIE ENABLII¥.i OF ONE BIT (ACTIVE HHiH OR LOW) IS ACCOI1OOf1TED BT' 
56 • ACCESSING A LOOIHJP TABLE UtlLED CHIISTB 
57. THIS TECHtHOOE TAK£S ABOUT Feu' BYTES !KlI1E Rill THAN A TECHNIQUE 
58· OF ROTATING H 'ONE' THROUGH A FIELD OF ·'ZEROES' IN THE ACe 
59 , AN APWOI'RIATE NlII1BER OF 111£S, BUT IT ALLOWS SOME AI){;lTIONAL 
6e .. FLEXft8ILIW IF THE ORI'r'ERS BEING 1JSI::i) HAVE Ii COIlIlNATORIAL INPUT 
61 , (AS IN THE 7545X FFrlIL Y OF HICii-ClJRRENT, HIGH-YOL TOOf DRIVERS). 
62 " THE CHRSTB TABLE COUW PROIIIDE ENC-OOED OliTPUTS. NINE DIGITS. FOR 
6:). EXRI1F'LE, UJtlD BE ENABLED WitH :'IX BITS OF (BUFFERED; OUTPUT 
64 ; (981981, 981818 .. 081100, fI18801, 818818, fI1£!lOO, 189001, 1Il0010 .. 10018!.1:l 
6S , I F I/O LI NES I£ED TO BE CONSERVED, OR IF I'IfM' DIG I h 
66 , I'IIJST BE DISPLA'IED .. AN EXTERIR DECI.IDER COliLD BE FliDED TO THE S','STEI'I 
67 .. OO<:ING CHftRftCTEil TRf1NSITlONS fI 'BLAN(' CHfllO:ACTEF IS 
68 ; EXPLICITLY WRITTEN TO TIE DISPLA'{ THIJS, 
69 , THERE WILL BE NO CHARACTEF 'Slfd)rJWII¥.i' CAUSE[) 8'r' THE 
7Ii • FACT THAT TIE HARDWARE OR SOFHIARE DEClHR KEEPS ONE 
71, OlITPlJI. ANI) THUS ONE (HfIRfI(;TER.. ACTIVE AT ALL TII'IES 
72 ; 
73, PSf'JlNT -EIGHT BIT PORT TO ENABLE THE SEVEN SEGI1ENT5 & D P OF A STAWARf) 
74, DISPLAY. 
75 ; BIT? -B ITS CORRESPOND TO TIE DP AND SEGMENTS G THRc.JGH A, RESPECT! YEL Y. 
76. IT IS POSSIBLE TO RCClJO)ATE 
77 .' f>RIIJEFS WHICH ARE EITHER LOGICALLY INVERTING OR NON-INlJERTING BY 
713 .' SETTING YARIfIBLE'SEGPOL' (SEGMENT POLARITY)' 
79, NOTE THAT BY HAYING ARIlITRAR\' CONTROL OYER EACH SEGHENT.. NON-NiJI'IERIC 
80. CHftRftCTH.'S CAN BE REPRESENTED or~ A SEIJEN SEGMENT D I SPLAY .. 
81. AS ~ IN EXAl'lPLE SUBROUTINE 'TEST2'. 
82; 
8J $EJECT 

All mnemonics copyrighted @ Intel Corporation 1976, 
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PAGE 3 

ISIS-II I'ICS-48/UPI-41 MACRO ASSEI'IBLER, V2. 8 
AP48· INTa Pl(;S-48 KEYBOARDIDISPLAY APPLICATION NOTE APPE/{lIX 

LOC OSJ SEQ SOURCE 5TATEI'IENT 

84 ; PINPUT-FOUR HIGH-ORDER fJllS USED AS INPUTS FROM THE KEYBOARD RETURN LINES 
85 ; ASSUl'lES THAT A KEY DfJNN IN THE CURRENTLY ENABLE!) ROW I«II..D REl URN 
86 .; A LOW LEYEL. 
87 ; IN THIS CASE, Bm RETURNS THE LEFTMOST COLUI'IN. BIT4 THE RIGHTI10ST 
88; THE HIGH-ORDER BllS ARE USED SO THAT IF AN OFF-cHIP DECODER IS USED 
89 ; TO ENABLE UP TO 16 CHARACTERS, FOR EXAI'IPLE, IT COULD BE OR I VEN B\' 
98 ; THE LOll e.;:DER B ITS OF THE SAllE Pe.;:T. 
91 i NOTE ALSO THAT IF A SIXTEEN KEY I1ATRIX WERE ELECTRICALL',' ORGANIZED 
92 ; I N A 2X8 ARRAY, ONLY TIoIO RETURN LI NES I«II..D BE NEEDED. 
93 ; (IN THIS CASE, PERHAPS T9 ANI) T1 COllD BE USErI F~ INPUT BITS. ) 
94, 
95 .; PULL -uP RESISTORS ON THE RETURN LINES MIGHT BE IN ORDER IF THEI'-:E 15 ANY 
96 .; POSSIBILITY OF A HIGIHIlPEDENCE CONDUCTIYE PATH ~ THE SWITCH WHEN 
97 ; IT IS SLfPOSED TO BE 'OPEN'. 
98 ; <TH I S PHENOIENON HAS ACTUt1.L Y BEEN OBSERYEli ) 
99 ; 

100 .' THE DRIVERS USED IN THE PROTOTYPE WERE ALL NON- INVEFTING IN THAT 
101; A HIGH LEVEL ON AN IJUTPUT LINE IS USED TO MN A CHARACTER OR SEGl'lENT ON. 
102; THERE ARE A TOTAL OF SEYEN 1/0 LINES LEFT OYEIi'. 
18:?; 
184 ; THE ALGORITHII Fe.;: DRIYING THE DISPLAY USES A BLOCK. OF INTERNAl.. RAI'f 
195 ; AS DISPLAY REGISTERS, WITH ONE b'VT£ CORRESPONDING TO EACH CHARACTER OF THE 
196 ; DISPLAY. THE EIGHT BITS OF EACH BYTE CORRESPOND TO THE SEVEN ~GI1ENTS & liP 
187 i OF EACH CHARACTER. I F AN EXl ERNAI.. ENCODER I S USED (SUCH AS A FOUR-B IT TO 
198; SE~'EN-SEGPlENT ENCODER OR A ROI1 FOR TRANSLATING ASCII TO 
199 ,SIXTEEN-SEGI1ENT "STARBURST" DISftAY PATTERNS), THE TABLE ENTRIES IoIOUlD HOLD 
119 ; THE CHARACTER CODES. (IN THE FORMER CASE, AN UNUSED BIT COULD fJE I.JSEI) TO 
111 ; ENABLE THE D. P ) 
11:l ; THUS, WRITING CHARACTERS TO THE DISPlAY FROI'I THE BACKGROUND PROGRA/'I 
113 i REALLY ENTAILS "lUTING THE Af'PROPRIATE SEMNT 
114 ; PATTERNS TO A DISPLAY REGISTER- THE AlTUAI.. OUTPUTTING IS AUTOI'IfITIC. 
115 ; THE LEFTi'IOST CHARACTER CORRESPONDS TO THE LAST BYTE OF THE D ISPLA\' 
116 ; REGISTERS, AN) IS ACtESSED BY NEXTPl=8 (SEE SOI.EE), THE RIGHll'1OST 
117 .; CHARACTER IS THE FIRST DISPLA\' BYTE, WHEN NEXTPL=1. 
118 ; UTILITY SUBROUTINES ARE INCLlJDEl) HERE TO TRANSLATE FOUR BIT NIJIBERS TO HEX 
119 ,DIGIT PAlTERNS, AN) IoRITE THEM INTO THE DISPLAY REGISTERS SEQL(NlIALL y 
129 ; (EITHER FILLING FROI1 THE LEFT- H. P. CALCULATOR STYLE OR FROI1 THE 
121 ,RIGHT- T I. STYLE; SUBROUTINES WbISP fIN) RENTRY, RESPECTIVELY). 
122 i 

123 ; lHE KEYBOARD SCANNING ALGORITIII'I SHOWN I£RE REQUIRES A KEY BE DOlIN FOR 
124 ,5M NUI1BER IF COIIPlETE DISPLAY SCANS TO BE ACKNOIILEGED. SINCE IT 15 
125 ; INTENDED FOR 'ONE-FINGER' OPERATION, Two-KEY ROlLOYERIN-KEY LOCKOUT HAS 
126; BEEN II1PLEI1ENTED. HOWEVER, 1100 IF ICATIONS IoIOll.D BE POSSIBLE TO ALLOW, FOR 
127 ; EXAMPLE, ONE KEY IN THE /'lATRIX TO BE USED AS A SHIFT KEY OR CONTROL KEY 
128 ; TO BE HELD OOWN WHILE ANOTHEI1 KEY IN THE /'IATRDi 15 PRESSED. (SEE NOTE WITHIN 
1:l9 .; THE BODY OF THE LISTING. ) 
139; 
131 $EJECT 

All mnemonics copyrighled @ Inlei Corporation 1978. 
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ISIS-II I'ICS-48/UPI -41 I1ACRO ASSEMBLER, V2. e PAGE 4 
AP48: INTEL IICS-48 KEYBOARI)lDISPLAY APPLICATION NOTE APPENDIX 

LOC OBJ SEQ SOURCE STATEIlENT 

B2; (BE AWARE THAT NO HORE THAN TWO KE'~S CAN EYER BE DOWN IJILESS DIODES 
133; ARE PLACED IN SERIES WITH ALL OF THE Sial ITCHES- CERTAINLY NOT THE CASE FOR EL 
134; CHEAPO KEYBOARDS- BECAUSE SOME CDMBINATIONS OF THREE KEYS DOWN WILL RESULT 
135 ; IN A 'PHANTOI'I" FOURTH KE~' BEING PERCEIVED. 
136 ; THE PHANTOI't KEY WOULD BE THE FOURTH 'CORNE~' WHEN T HREE KE'~5 FORM I NG 
137 .; A RECTANGULAR PATTERN (IN THE X-'i KEY MATRIX) ARE DOWN. ) 
B8; IF DIODES Ali'E PLACE[) IN THE SCANNING fiRRA'r' .. CONSiDERATIONS I!IJST BE ~1ADE 

139 .; ABOUl HOW THE DIOOE VOlTAGE DROP WILL AFFECT INPUT LOGIC LEVELS 
148 j 

141 ; WHEN f; DEBOIJNCED KEY IS DETEc.:TED, THE NIJI1BER OF ITS POSlTlON IN THE KEY 
142;MATRIX (LEFT-TO-RIGHT, BOTTOM-TO-TOP, STARTING FROM 00) IS PLACED INTO 
143; RAIl LOCATION 'J(8(l8l.f' AN INPlJT 5UBROIJTINE THEN NEED ONLY READ THIS LOCATION 
144. REPEATEDLY TO DE1ERMINE WHEN Ii m' HAS BEEN PRESSED. WHEN A KE~' IS DETECTED, 
145 .; A SPECIAL CODE BYTE SHOULD BE WRITTEN BACK TO INTO 'KBDBIJF' TO PREYENT 
146 j REPEATED DETECTIONS OF THE SAI1E m'. 
147; THE ROIJTINE 'KBDIW DEI'IONSTRATES A T','PICftL INPUT PR010COL, ALONG WITH Ii METHOD 
148 ; FOR TRANSLATING Ii KEY POSITION'TO ITS ASSOtJATED SIGNIFICANCE B't' ACCE5SINO 
149; TABLE 'LEGND5' IN ROI'I. 
150 . 
151 $EJECT 

All mnemonics copyrighted @ Intel Corporation 1976. 
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1515-11 MCS-48/UPI-41 MACRO ASSEMBLER, 112. 0 PAGE 5 
ff'40: INTEL i'lCS-48 KEYBOftRDlDISPLAY APPLlCATI~ I«lTE APPENDIX 

LOC 08·} 

eeee 
89FF 

9900 
9890 
09F0 

9008 
9094 
9994 

FFF9 
8894 
0008 

SEQ SOURCE STATEMENT 

152 i *****"'************************************************-* 
153 ; 
154 ,: INITIAL EQUATES TO DEFINE 5YSTEI'I CMIf.lIMITiON 
155 i 

156 ; ***********************************-******************** 
157; 
158 PDIGIT H)lJ 
159 PSGItIT EQU 
169 PI NPUT E/;IIJ 
161 
162 
163 
164 
165 ; 
166 POSlOG EQIJ 
167 NEGLOG EQU 
168 .: 
169 CHRPOl EQU 
179 5EGPOL EOO 
171 INPHSK EQIJ 
172 ; 
In CHARNO EQU 
174 NFOWS EQU 
175 NCOLS EOO 
176; 
177 TICK EQlJ 
178 DEBNGE i£QU 
179 BLANK EOO 
189 
181 
182 ; 
183 ENel'lSK EQU 
184 ; 
185 $EJECT 

BUS 
P1 
P2 

99H 
0FFH 

; USED TO ENABLE CHARACTERS Aft) STRCIIE ROWS OF KEYBOARD 
; USED TO MN ON SEGllENTS OF CURRENTLY ENfRED DIGIT 
i PORT USED TO SCAN FOR KEY CLOSURES 
; (I«lTE THAT THIS PORT ALLOCAl I~ USES THE H IGIER 
; CURRENT SOURCING ABILITY OF THE BUS TO SWITCH ON THE 
i DIGIT DRIVERS, AI{) LEAVES P23-P29 FkEE FOR USING 
; AN 8243 PORT EXPfN)EIo! IN THE SYSTEI1. ) 

POSLOO ; DEFINES IHTHER OUTPUT LIlES ARE FtTiVE HI OR LOW 
POSLOO ; \FOR DRIllING CHARACTERS fN) SEGIIENT PATlERNS 
8F0H ; DE~ 11£5 BIlS USED AS llWT 

8 ; NUI18ER OF DI GITS IN Ii I SPLAY 
4 ; ROWS OF KEYS (LESS TIfW OR EQIR. TO 1lf!RNO) 
4 iLESSER DIMENSION OF KEYBOARD !'lATRIX 

-18H i DETERI'IINE5 INTERRUPT INTERVAL 
4 ; IDtlER OF SUCESSIYE SCANS BEFORE KEY CLOSURE ACCEPTED 
OOH i CODE TO BLAtI( DISPlAY CIflRACTERS. 

i (WOUlD BE 29H IF ASCII DECODING ReM'! USED OR BFH IF 
; 7447-TYPE SEl!EN-SEGl'lENT DECODER EXTERfft.. TO 8748) 

9FH ; SELECTS WHICH BITS ARE RELEIlANT TO ENeACe SUBROUTINE 

All mnemonics copyrighted @ Intel Corporation 1976. 
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ISIS-II I'ICS-48/UPI-41 MACRO ASSEI'IBLER, Y2.8 PAGE 6 
AP48: INTa 1'tS-48 KE'r'BOARD/DISPlA'" APPLICATION I«lTE AF'POOIX 

LOC OBJ 

8882 
8884 
8905 
8886 
8987 

8828 
8821 
0922 

8823 

8837 

SEQ SOURCE STATEI1ENT 

186 ; ************************.**** •• ******.********************* 
187 ; 
188 ; BANK 8 REGISTERS USE!) 

189 ; 
198 i POINTERS USED F~ INDIRECT RIll ~SSING: 
191 PNTR8 EQU R0 
192 PNTR1 EQU R1 
193 NEXTPL EQU R7 ; USED TO KEEP TRACK Of CHARACTER POSITION BEING 
194 ; WRITTEN INTO 
195 i 

196 ; ************.************.****** •••• *******.**************. 
197 ; 
198 ; 
199 ; 

BANK 1 REGISTER ALLOCATION 

288 ; PNTR8 EQU 
281 ; PNTR1 EQU 
282 ASAVE EQIJ 
283 ROTPAT EQU 
284 ROTCNT EQU 
285 LASTKY EQIJ 
286 CUROIG EQU 
287 i 

R8 
R1 
R2 
R4 
R5 
R6 
R7 

(ALREADY DEFINED) 

; HOL.I)S ACCUJ'IULflT~ VALUE DUR I NG SERI/ I CE ROUTI NE 
; USED TO H(LD INPUT PATTERN BEII«i ROTATtD THROUGH C'I' 
iCOUNTS NUMBER OF BITS ROTATED THROUGH C'" 
; HOLDS KEY POSITION OF LAST KEY DEPRESSION DETECTED 
iHOLDS POSITION OF NEXT CHARACTER TO BE DISPLA"'ED 

288 ; ******************** •• ************************************* 
289 ; 
218 ; DflTA RAI'I ALLOCATION 
211 i 

212 NREPTS EQU 
2B KEYLOC EQU 
214 KBDBUF EQU 
215 
216 RDELAY EQIJ 
217 ; 

32 
33 
34 

i KEEPS TRACK OF SUCCESS lYE READS OF SIft: KE'T'STROKE 
i INCREIlENTED AS SUCCESSIIIE KEY LOCftTIONS SCAIfED 
i CARRIES POSITION OF DcBOl/NCED KEY FkOH REFRSH ROUTINE 
; \ ~K TO BACKGROIJiI) PROGRAI'I 
; NON-ZERO HN DISPLAY IN PROGRESS 

218 ; THE LAST (CHARNO) REGISTERS IOJ) TIE DISPLAY SEGl'lENT PATTERNS 
219 i 

228 SEGIIAP EQU (63-GHARI«l) ; BASE OF REGISTER FlRRAY FOR DISPLAY PATTERNS 
221 ; \ (COliLD BE ANYWHERE IN INTERNAl. RAM) 
222 ; 

223 ; .***********-******************************-*-**** 
224 ; 
225 ; 
226 i 
227; 
228 i 

r«JTE THAT LASTKY, CURDIG. AND F1 RETAIN STATUS INFORI'IATION FROI1 
01£ INTERRUPT TO TIE NEXT. ALL ona REGISTERS I'IAY BE USED IN 
THE USER'S OWN INTERRUPT SERYICII«i ROUTINE 

229 ; *********************************************************** 238 ; 
231 $EJECT 

All mnemonics copyrighted @ Intel Corporation 1976. 
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ISIS-II I'ICS-48ItJII-41 IR:RO ASSEIIBlER, ~'2. 8 PfKlE 7 
AP48: INTEL II:S-48 KEYIIOfIRI)IDISPlAY flPPLlCATION NOTE APPOOIX 

LOC (RJ 

8887 

8887 D5 
8888 AA 
8889 23F8 
Il8Ii8 62 

888C 1418 

888E FA 
888F 93 

SOURCE STAIDENT 

2J2 ; 
233 ; ******** ••• 111 ........ ***** .. --**********_. 
234 ; 
2J5 ORG 888H 
236 JIll INIT 
237 ; 
2J8 ; 
2J9 ; .. __ .***** .................... _-*****_ ... _. 
248 ; 
241 (JIG 
242 ; 
243 ;TIINT 
244 ; 
245.' 
246 ; 
247 ; 
248 TIINT: 
249 
258 
251 
252 ; 

mER INTERRIFT SUBROOTIIE. 
Cfl.L PRE TO Lo(; 118711 lIEN TIlER TItlES OUT. 
TIlER CAN BE RE-INITIIUIZED AT THIS POINT IF IlESIRED. 
USED !ERE TO CAUSE TI£ DISPLAY REFRESH fN) KEY SCAN ROUTIIES TO 
BE CALLED PERIOOICfl.LY. 
SEL RBi 
lIlY ASAVE, fI 
lIlY A, I TI CK 
lIlY T,R ; RELOl) TIlER INTERVft. 

25J ; *****.****************_ ...... 1 .. ___ •• _ 

254 ; 
255 ; 11£ USER'S c.... TIlER INTERRIFT ROOTIIE <IF IT EXISTS) COOJ) 
256 ; BE Pl.ACEJ) AT THIS POINT 

258 ; • ....-_._ .... _*****--
259 ; 
268 CALL REFRSH ;CAUSE DISPLAY TO BE Uf'DATED 
261 ; 
262 ; 11£ COfILETE INTERRIFT ROOTIIE SIIJW) BE Cff'IED I£RE 
26J i TO SfIVE A FIll LEYEL IF SUlROOTIIE IESTING. 
264 ; IT IllS IIUTTEN AS A SIIlROOTIIE !ERE FOR 11£ SAKE IF CUlRIlV. 
265 i 

266 ;--***** .. _._--***********-
267 ; 
268 iTIRET 
269 TIRET: 
278 
271 ; 
272 $EJECT 

TIlER INTERRlI'T ~ COOE- RESTMS fa YILt.( 
lIlY fl,ASAYE 
REIR 

All mnemonics copyrighted @ Intel Corporation 1976. 
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ISIS-II I'ICS-48/IJPI -41 MACRO ASSEMBLER.. V2. e PAGE 8 
AP48 : INTEL I'ICS-48 KEYBOARD/D I SPLAY APF'l I CATI ON NOTE APPEND I X 

LOC OBJ 

0010 2300 
0012 :S9 
9913 2357 
9915 6F 
9916 A3 
9917 92 

0018 n37 
991A 6F 
991B A9 
891C F1 
9910 39 

991E 8821 
9929 0A 

SEQ SOURCE STATEMENT 

273 ; **********************************:1'************************ 
274 ; REFR5H SlIBROIJTINE TO I'1lJl. TIPLEii SE'fEH-SEGHENT DI5PLlWS. 
275 ; EACH CALL CAUSES THE NEXT CHARACTEP TO BE [1 I SPLA','ED. 
276; ACCORDING TO THE CONTENTS OF THE SEGMAP REGISTER AR~:AY 

277 • REFRSH SHOULD BE CALLED AT LI:AST EVER'r' MSEC OR SO 

278 ; ******************"'*"'**"'****************.**~**********.j<**** 
279 ; 
289 REFRSH: MO'~ A, IBlANK :<OR SEGPOL. 
281 OlITL PSGMNT, fl; WRITE BLANK PATTERN TO SEG DRIVERS 
282 REFR1: MOil A, .CHRSTB ,LOOK UP DIGIT ENABLE PATTERN 
283 
284 
285 
286 ; 
287 
288 
289 
298 
291 
292 
293 .' 

ROO 
MOil'" 
OUlL 

A,CIJRDIG;Af){) CURDIG DISPLACEMENT 
A .• @fl; ENABLE ONE B IT OF ACCIJMI.lATOR 
POIGIT, A ; ENERGIZE CHARACTER 

I10V A •• SEGI1AP 
ROO A. CURDIG 
/'IIJV PNTR!. A 
MOil A. @PNTI<:1 
OIJTL PSGPINT, fi 

; WR ITE NEXT SEfiI1ENT PATTERN 
; LOAD BASE OF REGISTER ~:RAY 
; ROO CURDIG DISPLACMENT 

; LOAD ACC WI NEXT SEGMENT PATTH'N 
; ENABLE APPROPRIATE SEG/'IENTS 

294 ;********~************************************************** 
295 ; THE NEXT CHARACTER IS NOW BEING DISPLAYED. 
296 ; THE KE'r'BOARD SCAN ROIJTINE IS INTEGRfHED INTO THE DISPlA'!' SCAN. 
297 ; WITH THE CURRENT ROW ENERGIZED, CHECK IF THERE Fft: ANY INPlJl S. 

298 ; **********************************************************'" 
299.' 
300 SCAN: /10\1 PNTRe.II<EYLOC ; SET POINTER FOR SEVERAL I<E'rtOC REFERENCES 
391 IN A,PINPUT ; LOAD ANY SWITCH CLOSURES 
302 ; 
393 ; ................ l1li .................................. l1li ............ 1 .. . 
394; •• THIS BLOCK OF CODE IS NOT NEEI)£[) BY THE KEYBOARr, SCAN LOGIC. .. . 
39S .;.. HOWEVER, ITS INCLUSION WOULD SPEED THINGS UP A BI1 BY ... 
386 ;.. SKIPPING OVER ROWS IN WHICH NO KEYS ARE [lOWN. • .. 
397;.. IT WAS OMITTED HERE TO CONSERVE Rot1 SPACE, BUT t1IGHl BE ... 
388 ... RESTORED IF VERY LARGE KEYBOARDS (ESPECIALL'f THOSE WITH EIGHl ... 
399." KH'S PER ROW) ARE TO BE USED WITH THIS ALGORITHI'I. • •• 
319 ; ................................... 1IIIIIIII ............................ .. 
311;" Cf'L A ; ANY CLOSIJRES [i£TECTED ARE NO:.l ONE BITS ... 
312; II ANL A,IINPMSK ••• 
:m ; I. JHZ SCAN1.; - IF A KE:'r' III THE CURRENTU ENABLED ROW IS DOWN ... 
314 ; U; NO KEY 15 Ni..1W DOWN 50 THE KEYLOC COUNT ~lA'" BE IJP[lA1ED DIRECTL'f ... 
31S ;.. 1'1011 A. @PNTRe III. 
316; •• ROO A, INCOL.S ... 
317 ;.. MOIl @PNTR9. A ... 
318; .. JI'IP SCAN6 lII' 
319 ; ......................................................................... . 
328 ;.. IF THIS CODE IS USED, SUBSTITUTE THE 'JC SCANS' FOUR LINES .. . 
321 ;.. HENCE WITH' JNC SCAN5' TO AC.:COMODATE THE INVERTED f'OLARITY .. . 
322 ; .......................... 1 ............................................. .. 
323 $EJECT 
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ISIS-II 11CS-4811J'I-41 MACRO ASSEI'IBlER, V2. 8 PAGE 9 
AP48: INTEL I1CS-48 KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 

LOC OSJ 

8921 BD94 
0023 F7 
8824 AC 
91.125 F63F 

91.127 A5 
9028 B5 

91.129 Fe 
882A 2E 
982B DE 
992C BS29 
II92E C634 

SEQ SOURCE STATEI'IENT 

324 i***************************************.** •• ****"''''*'''. 
325: ROTATE BITS TtROUI.lH THE CY WHILE INCREMENTING KEYlOC. 
326 i***.** ........ ** ••• ** ......... ** ...... ** ......... ***** ... ** 
327 .i 

328 SCAN1: 110\1 
329 NXTLOC: RLC 

ROTGNT,INCOLS 
A 

i SET LIP FOR <l¥'AS) LOOPS THROUGH 'NXTLOC' 

:m 
m 
332 .i 

"(IV 
JC 

ROTPAT, A 
SCAN5 

iSAVE SHIFTED BIT PATTERN 
; ONE BIT IN CY INDICATES KEY NOT OOWN 

333 i**** •• ****.******."'******"*****."***."**************** 
334 i 

:ns i 

336 i 

337 i 

338 i 

339 ; 
348 ; 
341 i 

342 i 

343 ; 
344 i 

345 i 

346 i 

347 .i 

AT THIS POINT IT HAS JlJST BEEN DETERI'IINED THAT THE VALlIE 
OF KEYLOC IS THE POSITION OF R KEY WHICH IS NOW DOWN. 
THE FOLLOWING CODE DEBOl.II«::ES THE KEY, ETC. 
IF I'IOOIFIGRTIONS TO THE KEV80RRD LOGIC, I. E. THE INClUSION 
Of A SHIFT, CONTROL OR I10DE KEY IN THE KEY IIRTRIX ITSELF) 
ARE DESIRED, THEY SHOI.JLD BE I'IftOE AT THIS POINT, 8EFII/E 
THE DEBOtJNCE LOGIC BEGINS. FOR EXAIf'U.. RT THIS POINT 
KEYLOC COtl..D BE COMPARED AGAINST THE POSITION OF THE PKlDE 
KEY .. ANI) IF THEY I1RTCH SET SOME FLAG BIT All) JlJI'IP TO 
LABEL 'SCRN5' OR, BY CfWRRING KEYLOC AGAINST THE LAST 
m' DEBOUNCED, IM1)lRTE TWO-KE'r' ROLLOVER COULD BE 
IIf'LEI1ENTED. 

348 ; **.** ....... **** ....... _ ... *_ ... * ... 
349 i 

350 
351 
352 i 

(.tl': 
(;PL 

F1 
F1 

i I'IRRK THAT AT LEAST 0tE KEY lIAS DETECTED 
i \ III HE CJ.mNT SCAN 

353 i .... **** ........ ****.******_.**** ... * .......... _ •• 
354 i A KEYSTROKE WAS DETECTElI FOR THE UJRRENl COLUI1N. ITS 
355 i POSITION IS IN REGISlER KEYlOC. SEE If SRI'IE KEY SENSED LAST CYCLE. 
356 i ............... ***** .................. _******* •• * 
357 i 

358 
359 
360 
361 
362 
363 ; 
364 $EJECT 

/'lOY 
XCIi 
XRl 
i'IO't' 
JZ 

A,@PNTR9 
R, LASTKY 
A,LASTKY 
f'NTR9, INREPTS 
SCAN] 

i PNTR9 SllLL nDS IKEYLOC 

.i PREPARE TO CHECK AND/OR I'lOO IFV REPEAT crun 
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8938 8994 
8832 1143F 

8034 F9 
9935 C63F 
9037 97 
0938 A9 
9939 %3F 
8838 FE 
983C 8822 
903£ AS 

883F 8821 
9941 19 
9042 FC 
0943 ED23 

9945 EF57 

365 j*******'***'**************************'***'*******'*****'** 
366 j A DIFFERENT KEY WAS READ ON THIS CYCLE THAN ON THE PREVIOUS CYCLE. 
367 .: SET NREPTS TO THE DEBOUNCE PARAI'IETER FOR A NEW COltITDOWN. 
368 j*************** ••••• *******.*****************.************* 
369 j 

370 MOY @PNTR9,IDEBNCE 
371 JI1P SCANS 
372 ; 

373 ; *********** •• *.**.****************.***.******************** 
374 ; SAI£ KEY WAS DETECTED AS ON PREVIOUS CYCLE 
375 ; LOOK AT NREPTS: IF ALREADY ZERO, 00 NOTHING. 
376 ; ELSE DECR8IENT NREPTS. 
'377 .: IF THIS RESLl TS IN ZERO, MOVE LASTKY IN ro KBDBUF. 

378 ; ********************************.************************** :179 ; 
389 SCAN3: I'IOV A, 8PNTR9 
381 JZ SCf1N5 ;IF ALREADY ZERO 
382 DEC A ; IN!) ICATE ONE HORE SUCCESI YE KEY rifTECTIDN 
383 I'IOV IJPNTR9,A 
384 JNZ SCANS ;IF DECREI'ENT DOES NOT RESULT IN ZERO 
385 !lOY A, LASTKY 
386 I'IOV PNTR9,WBDBUF 
387 1'1011 @PNTRII,A iTO MARK NEW KEY CLOSURE 
388 ; 
389 SCANS: ~.t' PNTR9,WEYLOC 
399 INC @PNTR9 
391 1'1011 A,ROTPAT 
392 DJNZ ROTCm, NXTLOC 
393 ; 
394 ; 
395 SCAH6: DJNZ ClJR[)IG, SCAN9 
3% .: 
397 $EJECT 
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ISIS-II 1ICS-48IIP1-41 IIfICRO ASSEIIBlER, \12.9 PfMlE U 
RP48: INTEL 1ICS-48 KEYIIOARl'l/IHSPLAY APPliCATION 1111£ APPENDIX 

LOC reJ 

99478F88 
9949 B999 
994B 764F 
9941) BEFF 
994F A5 

9959 8923 
11952 F1 
9953 C6S7 
9Il55 97 
9956 fI1 

9957 
9958 91 
99590L 
005A 04 
005B 88 
995C 1tl 
985!) 2e 
805E 49 
995F 89 

SEQ SOORCE STRTEl!ENT 

398 i 

m i--"---."-"".----489 ; nE FOLL(IIIIfi COOE SEIftNT IS USED BY nE KEY8(llR{) ~11fi ROUTINE 
481 i IT IS EXECUTED IH.Y fHER A I1EFRESH SEQlEt«:E (F ALL 
482 ; THE CHARACTERS IN THE DISPLAY IS Ol'FLETED 

493 ; ..... ------.. -*-** 
484 .; 
48S 
496 
487 
488 

1'Kl't' 
!lOY 
JFl 
I\OV 
(U' 

@f'NTR9,19 
SCANS 
LASTKY,I9FFH 
F1 

; PNTR9 STILL CONTAINS IKEYLOC 
; JlJtP IF ANY KEYS !ERE DETECTf:D 
; CIfta <lASTKY) IoI£N N) KEYS ~.E ~ 

4U;---.----... -
412 ; THE NEXT COOE SEIftNT IS nE INTERRlPT-DRIYEN ~TION OF THE 'DELA'''' 
413 .; UTILITY. IT DECI1£IENTS RAIl LOCATION 'RDELAY' 0t«:E PER DISPLAY saw 
414 ; IF 'RDEUIY' IS NOT ft..RER)Y ZERO. 
415 i ... --... _-•• _ ...... _-

416 ; 
417 
418 
419 
429 
421 
422 ; 

IIOV 
!lOY 
12 
DEC 
IlO\l 

423 5CAN9' RET 
424 ; 

PNTRL IRDELAY 
A,@PNTR1 
SCRN9 
A 
@PNTRLA 

425 ;--_ •• "-* ...... '1'*-.... ---
426 ; 
427; CHRSTB IS TitE BASE Ht TIE PATTERNS TO ENABLE ONE-(F-CHfIRI«) CHf1RACTERS. 
428 CHRS"i1j £QjJ ($-1) AND 0FFH 
429 00 \~1B XOR CHRPOL) 
<lAI 
431 
432 
4'P 

4~4 

435 
41.6 
437 • 
438 SHECT 

(909009108 XOR ~) 
,00006100E iifJli: CHRPOL) 
(:.l9OO1008B >:oR ~) 
~00010080B XOR CHRP(l.) 

fOO1999OOB XOR 1)Ml()L) 

(019911OO9B XOR CHRm.> 
(l!11.l99999B XOR CtR'!l.) 
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ISIS-II W.:S-481UP1-41 "'AeRO ASSEI'IBLER.. 112 0 PAGE 12 
AP40: INTEL I'ICS-4S KEY8OfIFI\lIlISPLRY APf'LICATION NOTE APPEll/IX 

LOC OSJ 

tl969 [)5 

8861 BF9S 
9963 B822 
0065 B0F'F 
99678821 
0869 Be09 
986S 23F8 
886D 3fI 
fl86E C5 
996F 149E 
8871 A5 
8872 23F8 
11874 62 
11975 55 
11876 25 

11877 1483 
11879 8281 

118?B 14BA 
11870 1408 
1187F 9477 

8881 2400 

SEQ S(IIgE STATElENT 

439; INIT INITIALIZES PROCESSOR REGISTERS 
448 INIT: sa RB1 
441 w.w CURD IG. ICtIfIRNO 
442 PIOII PNTR0 .. IIKOCtf3lf 
443 MOil 1~f'NTR0, IIlFFH 
444 110\1 PNTR8, IIIEYLOC 
445 MOil @PNTR9,18 
446 1'1011 ft,IINPPISK 
447 (lUll PINPUT, A ; SET BIDIRECTIONAL INPUT LINES 
448 SEL R88 
449 CI'LL CLEAR ; UTILIT'r' FOR SETTIOO INITIIl. DISPUI't' REGI~1ERS. 
458 CLR F1 
451 IKlY A,ITICK ; LOfI) INTERRtJ>T RATE Vft.UE 
452 IKlY T,A 
453 STRl T 
454 EN TeNTI ; ENABLE TII£R INTERRlFTs 
455 .; 
456 ; 

457 .; *******************************************-**--
458 ; 
459 ;ECHO 
46e ; 
461 ; 
462.; 

CHECK FOR AN'r' NEW KI:"r'STROKES DETECTED. 
TRANSLATE EACH KE'r'STROKE INTO A SEGIENT PATTERN 
flit) WRITE IT INTO TI£ APPROPRIATE 01SPLA'r' REGISTER. 

463 .: ***-****--**************_*_***_***** 
464 ; 
465 ECHO: 
466 
467; 
468 ; 
469 • 
478 
471 
472.: 
473 FKEY 
474 ; 
475 SEJECT 

Cfl.L KI!OIN .: GEl I£l<T KEVSTRa<E 
JB5 FKEV ; J\JIP IF KE'r' IN RIIilTIfN> COLUI"M 
SINCE THE ACe IS USED B'r' Etm::c IN) RENTR'r', 115 C(IlTEN1s IIJ5T 
BE PROCESSED OR SA\lED BEFORE ENCACC IS CALLED 
CALL ENCACC .: F~" APPROPRIATE SEGlENl PftTTERN 
CAlL REI/TRY ; WRITE PATTERN INTO DISf'LA'r' REGIslERS 
JI1P ECHO .: LOOP INOEF INITEL II 

JI1P FUNCTN .: JU"P TO OFF-PAGE CODE TO CfU 000 ROUTINE 
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ISIS-II PlCS-48/UPI-41 MACRO ASSEMBLER, Y2.0 PAGE 13 
AP4e: INTEL ~S-4S KEYBOARD/DISPLAY APPLICATION NOTE APPENDIX 

Loe OBJ 

I188J 8m 
008.5 2180 
91*1721 
eesa F2SJ 
90811 elSE 
eesc 113 
00SD 83 

008E 
088E 4F 
008F 10 
00!i0 4E 
fJ091 2S 
0092 17 
0093 18 
13994 19 
80!1.5 24 
90% 14 
8897 15 
999S 16 
0099 22 
0lJ9A 11 
0098 12 
e99C 13 
999D 21 

SOUfo'CE STATEMENT 

476 ; .t<*****", .. *******",* ... *** .. **_******--**************" 
477 ' 
4?S . THE ~OLLOWING SUBROOTIIES II'IPLEIIENT TI£ UTILITIES COIIIOt. Y USE/) FOR 
479 . I'I05T K~/I)ISPLRY APPLICATIONS. 
4130 : THEY COULD BE USED EXACTLY AS SIOIN HERE OR ADAPTED FOR SPECIAL CASES. 
481 ; 

482 : ********'.***"''''************************ .. ***********.* .... *. 
483 : 
484 i K8[lIN 
485.: 

IfEY80ftRD INPUT Sl&ilUTINE. 

486 ; 
COULD BE lISED TO INTERFACE THE USER'S BfO:GROUND PROGRfII WI1H 
THE INTERFUPT DRlllEN KEYBOARD SCAll£R. 

487, 
488, 
489 ; 

RETURNS ONLY AFTER II lEW K~"YSTROKE loftS BEEN DETECTED AN) DEBOlKED. 
ENCODED fflLUE OF KEY (RATHER THAN ITS POSITIOO IN SWITCH I1ATRIX) IS 
PETURNED IN THE ACCUIII.J1..A1OR. 

490 KBDIN' 
491 

I10Y PNTR1, .Y.BD8I..f 
1'1011 fl, .80H ; K8D8lf WILL BE ItARKED AS CLEAR 

492 XCH ,:j. @PNTR1 ; LIlI) 8lFFER Wl..UE 
491 lB? KBDIN 
494 ADD A,ILEGNDS ; AOO BASE OF KEY ENCODING TABLE 
495 MOVP A, @A ; OBTAIN BYTE REPRESENTING KEY SIGNIFICANCE 
496 
497 : 
498 .: 

RET 

499 : LEGtIlS IS THE 8F!SE FOR TABLE SIDlING KEY ItATRIX SIGNIFICAta 
501!1 .: FOR THE KEYBOARD USED IN THE PROTOTYPE. 
S81 ; KEY LAYOUT 15 AS SHOWN TO TI£ RIGHT. 
502 ; 
S81 . 
504 : 

NOTE THAT E:IT6-Bm t1AY BE USED TO ENCOOE KEY TYPE. IN THIS CASE: 

505 i 

506 ; 
507, 
508 LEGNDS EQ\J 
599 DB 
'519 !)II 

511 DB 
S12 [lB 

513 DB 
514 D8 
515 DB 
516 DB 
517 DB 
5113 DB 
519 DB 
529 D8 
521 [lEi 
522 DB 
52~ DB 
524 DB 
S25 ~JECT 

81T4 INDICATES REGl1.AR DECIIIL DIGITS, 
BITS INDICATES RIGHT-COL~ FUNCTION KEYS, 
8lT6 INDICATES PltlCTUATION IIIRKS ( • AN) I ). 

($ AND em!) ; USE LOW ORDER BITS AS TABLE INDEX 
4F1l 
1eH 
4EH 
2SH POIGIT4=} 1 2 3 (1) 

17H 
ISH POIGn5--=} 4 5 6 (2) 

19H 
24H PDIGIT6=:o} 7 8 9 Q} 

14H 
iSH POIGIT7=}. e I (4) 
16H 
22H 
l1H 
12H 
1lH 
21H 

y y y y 
PllflUT7 PllflUT6 PllflUTS PllflUT4 
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LOC OSJ 

OO!lE 231)9 
9fJA9 B918 
88A2 BF88 
II8A4 Ai 
99A5 19 
98A6 EFA4 
00R8 BFe8 
88AA 8l 

IIIlA8 Fa 
elK R1 
8R> C6B4 
88RF 1408 

888118 
I!IlB2 94AB 
8884 81 

11885 
88B5 1E 
!!9B6 5C 
1J9B7 74 
0IIB8 54 
M91J1l 

SEQ SOlEE STRTEMENT 

526 ;*****~******************.**************************.***** •• 
527 ' 
528 ;CLERR 
529 -' 
5J9 ; FILL 
511 CLEAR 
532 FILL 
533 
534 CLR1' 
S".s5 
536 
537 
538 
539 ; 

WRITES 'BLANK' OIlRflCTERS INTO ALL DISPLfIY REGISTERS. 
IlEnJRNS WITH NEXTPL SET TO LEFTIIOST CHARACTER POSITI~ 
WRITES SEGI1ENT PATTERN lOr! IN ACe INTO ALL DISPLAY REGISTERS 
I'IOY A, IBLANK XOR SEGPOL 
!'lOY PNTR1, tlSEGtlAP+1 
I10Y NEXTPL ICHARNO 
I10Y ~1, A ; STORE THE BLANK COOE 
II¥.: PNTR1 ; POINT 1'0 NEXT CHARACTER TO TI£ LEFT 
DJ~ NEXTPL,CLR1 
!lOY NEXTPL ICHfIRNO 
RET 

548 ; ***-********_.***-********-*--******* 
541; 
542 ;PRINT 
543; 
S44 .; 
545; 
546 .; 
547 ; 
548 ; 
549 PRINT: 
558 
551 
552 
551 ;11 
554 
55'j 

556 PRNTt 
557.; 

SI.ROUTINE TO copy A STRING OF BIT PATIERNS FmlI!(J! TO THE 
DISPLAY REGISm:S. STRING STARTS AT LOCATI~ POINTED TO rR PNTRfI. 
CONTIIl.ES UNTIL AN ESCAPE COOE (IlFFH) IS REACHED. 
NOTE TIIIT THE OVlRACTER STRIt«l PUT OUT ItJST BE LOCATED 00 THE SfI£ 
PAGE AS THIS SlBQUTINE, SINCE SRI'E-PfIGE I'IO\IES 1M USED. 
PRINT IN TlRN CALLS EITID SIlIROUTINE 'WDISP' IR 'RENJRY' 
TO ACTlft..LY EFFECT IIUTIt«l INTO THE DISPLfIY REGISTERS. 
I'1OY fL PNTRfI ; LOAD NEXT CIIRROCTER LOCATI~ 
~ fUR ; UH) BIT PRTTEIm INDIRECT 
.JZ PRNTt ; ESCAPE PATIERN 
CftU. WDISP ; OUTPUT TO NEXT CHARACTER POSITI~ 

(CALL RENTRY INSTOO IF I'ES~ IS TO BE RIGHT JUSTIFIED) 
INC PNTRS ; INDEX POINTER 
JI'IP PRINT 
RET 

558 .; -_._--*********** ••••••• _ ...... - ••• _­
'559; 
'360 ;.JOHN ARRAY HOLDS THE BIT PRTTERNS FIR TIE LETTERS '.J~' (SEE 'TEST2') 
561 ; VIOTE THAT 'OHN' IS WRITTEN IN LmER CASE LETIET6) 
562 JOHN EOO S ANI) eFFH 
563 00 1IIJ911111!B Xll' SEG'tt. 
564 [18 £118111888 X(J' SEGPOl 
565 DB £111181£188 Xll' SEGPOL 
566 DB 818181888 Xll' SEGPOl 
567 DB 08 
568 ; 
569 SEJECT 

All mnemonics copyrighted @ Intel Corporation 1976. 
3-20 



ISIS-II IICS-4S/UPI-41 I'IACFO RSSEMBlER.. V2. 9 PAGE 15 
AP49' INTEL I(:S-4S ~/I)ISPLAY APPLICATION NOTE APPOOIX 

lOC 08J 

99BA 53I.IF 
IlII8C 9le9 
00BE A3 
OOBF 83 

ooce 
119C9 3F 
99Cl 96 
00C2 58 
00C3 4F 
lI8C4 66 
9I.lC5 6D 
e8C6 7D 
89C7 97 
09C8 7F 
119C9 67 
99CA 77 
99CB 7C 
fIOCC 39 
99CD 5E 
99CE 79 
Il9CF 71 

Il9OO R9 
9801 FF 
01102 8337 
98D4 29 
9005 A1 
fI8D6 EFDA 
II!lI)8 BFI!8 
89DfI 83 

SEQ SOIJi'CE STATEI1ENT 

579 .' *********************************************************** 571; 
572 .' ENGACC ENCODES lSNIBBLE OF ACC INTO HEX BIT f'ATIERN INTO ACC 
573 ENlXC: AtI. A, IEIOISK 
574 ADO A.IDGPATS 
575 I'IOVP A, @fI 

576 RET 
577 ,DGPATS IS THE BASE FOR THE TABLE OF SEGI'IENT PATIERNS FOR THE BASIC 
578 .' DIGITS. HERE THE FULL HEX SET (9-F) IS INCLUDED. 
579 i FOR I'IAN'f USER APPLICATIONS, THE CHARACTI:'R SET lIlY BE Al£1()El) OR flJGI'IENTED 
580 ; TO I NCLIJDE ADD ITI ONAl SPEC! fll PURPOSE PATIERNS. 
581; FORMAT IS PfrEDCBA IN STANDARD SEVEN-SEGI£NT ENCOOING COI-o'VENTION 
582 ; WHERE P REPRESENTS THE DECII1Al. POINT 
583 OOPATS EQlJ $ AN[) BFFH 
584 DB 118111111B XOR SEGPOl 
585 DB 000001198 l(QR SEGPOL 
586 DB 131911911B )(OR SErf3OI. 
587 DB 918911118 XOR SEGPOI.. 
588 DB 91100118B XOR SEGPOl. 
589 DB 911911918 XOR SEGPOl. 
599 DB 911111818 XOR SEGPa.. 
591 DB eeeee111B XOR SEGfU. 
592 DB 911111118 XOR SEam. 
593 DB 811881118 XOR SEGPOl. 
594 00 911101118 XOR SEGPIl. 
595 DB 911111888 XOR SEGPOL 
596 DB 991118918 XOR SEGPOl. 
597 DB 819111198 XOR SEGPOl. 
598 DB 8111111818 XOR SEGPOL 
599 DB 911100918 XOR SEGPOl. 
688 .; 

682 .' 
693 ; WDISP WRITES BIT PFfTIERN NOW IN ACe INTO NEXT CHARACTER POSITION 
684; OF TIE DISPLAY (NEXTPU. fl)JUSTS NEXTPL POINTER VALLIE. 
695 .' RESlIllS IN DISPLAY 8EING FIllED lEFT TO RIGHT, THEN RESTARTING 
686 IIDISP' IfIV PNTR1, A 
687 KOV A. NEXTPL 
61!8 ADD A. lSEGI'IAP 
609 XCIi A. PNTRi 
618 MOI/ @PN1R1, A 
611 DJNZ NEXTPL IoI)ISP1 
612 1101/ I£XTPl, ICHARt«) 
613 IoII)ISP1: RET 
614.' 
615 $EJECT 
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ISIS-II "CS-48/UPH1 MAeR/) ASSEMBLE~:, 1/2. €t PAGE 16 
AP4il INTEL "(:5-43 f;E'r'BOAFD/vISPlAY APPLICATION NOTE APPENDIX 

LOC OBI 

99D8 B938 
OODD BF98 
!l00F 21 
M!! 19 
Ml EFDf 
99E:: BF9S 
BeE5 33 

00E6 2391 
00E88:m 
99EA A9 
!leEB Fl 
!IeEe D:>81J 
OOEE Al 
OOEF 83 

OOF9 D5 
90F1 FE 
OOF2 C5 
OOP3 37 
OOF4 %F!! 
OOF6 83 

!!0F7 B923 
OOF9 Ai 
OOPA F1 
OOPS 96FfI 
OOFD 83 

SEQ SOURCE STATEMENT 

616 ; *********************i<************************************* 
617 . 
618 ,RENTRY StlBROlJTINE TO ENTER ACC CONTENTS INTO THE RIGHTI10ST DIGIT 
619 . AND SHIFT EVERYTHING ELSE ONE PLACE TO THE LEFT 
620 ~'ENWJ· fo10V 
621 MOV 
622 RENT"'1 :~CH 
623 INC 
624 DJNZ 

PIHRL IISEGMfIP+1 
NE'>iTPL, IICHARNO 
FI, filPNTRl 
PNTRi 
NEXTPL, RENTR1 

625 I'!OV NEXTPL., ICHARNO ; POINT TO LEFTI10ST CHARACTER 
626 RET 
627 ; 

628 ; *****.******t**.~******""*****·.****************j<************* 
629 ; 
638 ; R[lPADD TOGGLE DECIIR POINT IN LAST CHARACTER DISPLAY CHARACTER 
631 ; DF'AOl.l TOGGLES fifCIl~AL POINT IN THE CHARACTER POINTED TO BI' THE ACC 
6J2 ; 
633 RDF'AD[J: MOV A, *91H ; SET INOEX TO RIGHTI'!OST POSITION 
634 [lPA[lO· ADD A, *5EGMfIP ; ACC"ESS DISPLA',' REGISTER FOR [)ESIRED PlACE 
635 !'IOV PNTR1.. A 
6}'6 M(lV A,@!'NTP1 
637 :~~t H,II80H 
638 1'I0ll @!,NTR1,A 
639 F.:ET 
64O, 

641,*********.t***********************_********************** 
642; 
643; HOW SIJBROIJTINE CALLED WHEN KEV 15 KNOWN TO BE DOWN. 
644; WILL NOT RETIJRN IJNTIL KEY IS RELEASED. 
645 HOLD 5EL RBi 
646 I'IOV fl, LASTK't' ; QASTKY)=OFFH IFF NO KEI'S DOWN 
647 SEL IIBe 
648 Cf'L A 
649 JNZ HOLD 
659 RET 
651; 
652 ;*********************************************************** 
653; 
654 ; DELAY 5IJBROllTI NE HANGS UP FOR THE NlJi'lBER OF COIRETE D ISPLAI' SCANS EQlIAL 
655 ; TO THE CONTENTS OF THE ACJ..:Ul'llJl..ATOR WHEN CALLED. 
656 DELAY· I'IOV PNTRl, tlROELAY 
657 i'IOll @f'NTR1, fI 
658 fRAY1: t10V ii, @!'NTR! 
659 .JNZ DELAY1 
E.G!! RET 
661 tEJECT 
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ISIS- II 11C$-48,1IJPI-41 IfICRI} ASSEI'IElER, 112. 9 PAGE 17 
AP40: INTEL .... :.-48 KEYBORRlVDISPLAV APPLICftTiON N01E APPENDIX 

LOC OBI 

9199 1212 
9192 ::Q9E 
9104 52lIA 

9196 14ft: 
9198 9477 

910A 342E 
910C 9477 

919E 3424 
91199477 

9112 3416 
9114 9477 

9116 BF98 
9118 B898 
911A FF 
911B 148A 
9UD 1408 
911F E81A 
91218F98 
912383 

SEQ ~JRCE STATEMENT 

NS2 (1fIG 198H 
663 ; 

664 ; "'***********************-_.-**---*** 
665; 
666 -' THE COOf ON THIS PAGE IS FIJ? DEI1OOSTRATION flllPOSES ON!.. Y-
667 -' I TRUEL II DOUBT HTI6' AN~' END USERS WOllD LIKE TO SEE A IflIIE 
668 -' f'OPPlNG UP ON HEIR CfLCl.lATIJ" SCFEENS. 
669 -' HOWEVER· TIlE CODE 5HI.1lN HE~ DOES III>ICATE 101 TIE UTILiTY SI.IlROUTINES 
670 ; INCLUDEr, IlERE WJLD BE ACCESSED. 
671; 11£ fiOIJWIES THEMSELI!ES ARE CALLfll WHEN ONE OF THE FOUR BUTTONS 
672 : ON THE RlGHT -HAIl) SIDE OF TIE PR010TYPE KEYBOARD IS PRESSED. 
673 . 
674 -' ****"'***********_*** __ *********** __ 
675 . 
676 ; ~UNCTN ROUTINE TO IIf'LEIIENT OPE OF FlU DEIf.I UTILITIES, ACC(Rl)INJ 
677; TO IoIlICH OF THE Fotl' Ht(;TION KE\'S WAS PRESSEl) 
678 FIJNCTN: .JB9 HINCH 
679 JBi FlINCT2 
689 -lB2 FI.INCD 
681 .' 
682 FLINCH: CflLL RDf'A)l) 

683 JI'IP ECHO 
684 -' 
685 FlINCT3: CALL TEST::; 
686 JIf' ECHO 
687 ; 
688 FIJNCT2: CALL TEST2 
689 IIf' ECt«I 
699 ; 
691 FUNCT1: CALL TEST1 
692 JPIP ECt«I 
693 -' 

694 ;***-****-*---*----*** 
695 -' 
696 ; lEST1 
697 lEST!: 
698 
699 TSm· 
799 
791 
702 
793 
794 
795 ; 
796 SEJECT 

CODE SEGI£NT TO FILL DISPLAY REGISIEl<S WITH DIGITS DOWN TO '1' 
1'1011 NEXTPL 'CHAR!I(I 
I'IOY PNTRIl, ICIfARNO ; SET F~ EIGHT LW' REPETil IONS 
PlOY A, I£XTPl 
CALL ENCACC 
CALL IIDISP 
I)JNZ PNTR9,TST11 ; f'»'Y NEXT DIGIT INTO DISPLfIY REGISTERS 
I'IOY 1£XTPl, ~ 
RET 

All mnemonics copyrighted @ Intel Corporation t 976. 
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ISIS-I I 11C5-48/UPI-41 "AeRO ASSEI'lBLEI<, Y2. £I PAGE 18 
AP48 : INTEL 1'1(:5-48 KH'80ARD/D I SPLA'i APPLI CATI ON NOTE APf'EN[) I X 

LOC OSJ 

8124 SS85 
8126 HAB 
£1123 2364 
£112A 14F7 
812C B49E 

812E 234r~ 

BEe HAS 
e132 HF8 
0134 B49E 

USER SY1'1BOLS 
ASAYE aae2 
DEBNCE 0004 
FILL 00Ae 
INIT 0068 
NCil.S ooe4 
PNTRe eeoo 
REFR1 001] 
SCAlE 0034 
TEST2 8124 

SEQ SOURCE STATEI'ENT 

787 ; *********************************-****************** 
708; 

BLANK 
DELAY 
FKEY 

7£19 ; TEST2 
710; 

WR ITES THE SEGl'lENT PATTERN F~ 'JOHN' ONTO THE D I SPLAY .. 
IoIAITS FOR A WHILE, AND THEN CLEARS THE DISPLAY 

711 TE5T2: 
712 
713 
714 
715 
716; 

t10V PNTR9, 8JOHN 
CALL PRINT 
1'1011 A,I100; SCAN DISPLAY FOR 100 CYCLES 
GALL DELAY 
.Jt1P CLEAR 

717 .' *"'*********"'*********************************************** 
718 ; 
719; TEST3 SlJIlROIJTINE TO FILL DISPLkY WITH DASHES 
720; JIJl'lf'5 INTO SlJBI<OIJTINE 'CLEAR' 
721 .' 115 SOON AS THE KE~' IS "'ELEASED. 
722 TESE MO\I A, 1010000008 XOR SEGPOL ; PATTERN FOR' -' 
723 CALL FILL 
;.'24 CALL HOLD 
725JMP CLEAR 
726 ; 

727 .;"'~********************************************************* r.<a ; 
729 END 

0000 CHARNO 8008 CHRPOL 0000 CHRSTB 0057 CLEAR oo9E 
OOF7 DELAYl OOFA OOPATS OOC8 DI'f¥)I) OOES ECHO 0077 
8981 FIJNCTi 8112 FUNtT2 818E FIKT] 81BA FUNCT4 8186 

!NPHSK OOFe JOHN 8eB5 KBOBUF 0022 KBDIN 8983 KEYLOC 0021 
NEGlOG OOFF NEXTPL 8007 NREPTS 0020 NROWS 0094 NXTLOC 0023 
PNTR1 0001 POSLOG 8008 PRINT OOAB PRNT1 9984 PSGI'INT B888 
REFRSH !l8U! RENTRl OODF RENTRY 9908 ROTCNT 8005 ROTPAT 9994 
SCAN5 803F SCAN6 0045 SI'..AN8 994F SCAN9 0057 SEGIIAI' 0037 
TEST] !l12E TICK FFFIJ TIINT 9007 TIRET 999E T5T11 811A 

ASSEI'IBI. Y COI'IPLETE, NO ERRORS 

All mnemonics copyrighted © Intel Corporation 1976. 
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CLR1 80A4 Gm>1G 9007 
ENeACe 008A ENCI'ISK I!OOF 
FUNCTN 8100 HOLD ooF0 
LASTKY 0886 LEGt1)5 008E 
PDIGIT 0019 PI~T 0009 
RDELAY (j823 RDPAI){) 88E6 
SCAN 80lE SCAN1 0021 
SEGPOL 9009 TEST1 0116 
WDISP 8009 IoI>ISP1 900A 



ISIS-II AS5EI1BlER 5YI1B(L CROSS REFEREn. V2. e PAGE 1 

A5RVE 282. 249 269 
BLANK 179. 288 531 
CIfIRNO 173t 228 485 441 533 537 612 621 625 697 698 783 
C.HRPOl 169. 429 430 431 432 433 434 435 436 
CIf5TB 282 428. 
ClEAR 449 5311 715 725 
ClF1 534. 536 
CIJRDIG 286. 283 289 395 485 441 
DEBNCE 1781 378 
DELAY 6561 714 
DEUI'r'l 658. 659 
[,I3PflTS 574 583. 
DPfIOC· 634. 
ECHO 4651 471 683 686 689 692 
ENCACC 469 573. 700 
ENCI'ISK 183' 57J 
FILL 532. 723 
FKEY 466 473. 
FUNCT1 678 6911 
FUNCT2 679 6881 
FUNCB 688 685. 
FUNCT4 6821 
FUNCTN 473 678. 
HOLD 6451 649 724 
INIT 236 448. 
INf'It5K 171t 446 
JOHN 562. 711 
KBDBIIF 214. 386 442 498 
KBDIN 465 4981 493 
KEYLOC 213. 398 389 444 
LASTKY 285. 359 368 385 488 646 
LEGNI)S 494 5881 
NCClS 175. m 
NEGLOG 167. 
NEXTPL 193. m 536 537 697 611 612 621 624 625 697 699 783 
NREPTS 2121 361 
~ 1741 
NXTLO(: 329. 392 
PDIGIT 1581 285 
PINPUT 1681 381 447 
PNTR8 191. 308 358 361 378 388 383 386 387 389 398 486 442 443 444 445 

549 554 698 782 711 
PNTRl 192. 298 291 417 418 421 498 492 532 534 535 686 689 618 628 622 

623 635 636 638 656 657 658 
POSLOG 166. 169 178 
PRINT 5491 555 712 
PRNTi 551 5561 
PSGI1NT 1591 281 292 
RDELAY 216' 417 656 
RDPAOO 6331 682 
REFRl 282. 
REFRSH 268 2S8I 
RElfTRl 622' 624 
!/ENTRY 47e 6281 

All mnemonics copyrighted © Intel Corporation 1976. 
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SOtH 3901 
SCAN1 328' 
SCAN] 362 3891 
SCAN5 331 371 381 384 3891 
SCAN6 3951 
SCANS 497 4991 
SCftN:~ 395 419 423. 
SEGI1AP 2291 288 532 688 629 634 
SEGPOl 1791 289 531 563 564 565 566 584 '585 586 587 588 589 599 591 ~92 

593 S94 595 5% 597 598 599 722 
TEST! 691 697' 
TEST2 688 711. 
TEST} 685 7221 
TICK 177' 259 451 
TIINT 248' 
T1RET 269. 
TSH1 6991 792 
lIDiSP 552 6961 7!i1 
WDISP1 611 613' 

CROSS REFERENCE C~lETE 

All mnemonics copyrighted @ Intel Corporation 1976. 
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INTRODUCTION 
The Intele MC8-48 family of microcomputers marked 
the first time an eight bit computer with program 
storage, data storage, and 1/0 facilities was available on 
a single lSI chip. The performance of the initial 
processors in the family (the 8748 and the 8048) has 
been shown to meet or exceed the requirements of most 
current applications of microcomputers. A new member 
of the family, however, has been recently introduced 
which promises to allow the use of the single chip 
microcomputer in many application areas which have 
previously required a multichip solution. The In­
tel8 8049 virtually doubles processing power available 
to the systems designer. Program storage has been in­
creased from 1 K bytes to 2K bytes, data storage has 
been increased from 64 bytes to 128 bytes, and process­
ing speed has been increased by over 80%. (The 2.5 
microsecond instruction cycle of the first members of 
the family has been reduced to 1.36 microseconds.) 

It is obvious that this increase in performance is going 
to result in far more ambitious programs being written 
for execution in a single chip microcomputer. This ar­
ticle will show how several program modules can be 
designed using the 8049. These modules were chosen 
to illustrate the capability of the 8049 in frequently en­
countered design situations. The modules included are 
full duplex serial 1/0, binary multiply and divide routines, 
binary to BCD conversions, and BCD to binary conver­
sion. It should be noted that since the 8049 is totally 
software compatible with the 8748 and 8048 these 
routines will also be useful directly on these proc­
essors. In addition the algorithms for these programs 
are expressed in a program design language format 
which should allow them to be easily understood and 
extended to suit individual applications with minimal 
problems. 

FULL DUPLEX SERIAL 
COMMUNICATIONS 
Serial communications have always been an important 
facet in the application of microprocessors. Although 
this has been partially due to the necessity of con­
necting a terminal to the microprocessor based system 
for program generation and debug, the main impetus 
has been the simple fact that a large share of micro­
processors find their way into end products (such as in­
telligent terminals) which themselves depend on serial 
communication. When it is necessary to add a serial link 
to a microprocessor such as the InteP' MCS-85 or 86 the 
solution is easy; the Intele 8251A USART or 8273 SDlC 
chip can easily be added to provide the necessary pro­
tocol. When it is necessary to do the same thing to a 
single chip microcomputer, however, the situation 
becomes more difficult. 

Some microcomputers, such as the Intel 8048 and 8049 
have a complete bus interface built into them which 
allows the simple connection of a USART to the proc­
essor chip. Most other single chip microcomputers, 
although lacking such a bus, can be connected to a 
USART with various artificial hardware and software 
constructs. The difficulty with using these chips, 
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however, is more economic than technical; these same 
peripheral chips which are such a bargain when coupled 
to a microprocessor such as the MCS-85 or 86, have a 
significant cost impact on a single chip microcomputer 
based system. The high speed of the 8049, however, 
makes it feasible to implement a serial link under soft­
ware control with no hardware requirements beyond two 
of the 1/0 pins already resident on the microcomputer. 

There are many techniques for implementing serial 1/0 
under software control. The application note "Applica­
tion Techniques for the MCS-48 Family" describes 
several alternatives suitable for half duplex operation. 
Full duplex operation is more difficult, however, since it 
requires the receive and transmit processes to operate 
concurrently. This difficulty is made more severe if it is 
necessary for some other process to also operate while 
serial communication is occurring. Scanning a keyboard 
and display, for example, is a common operation of 
single chip microcomputer based system which might 
have to occur concurrently with the serial receive/trans­
mit process. The next section will describe an algorithm 
which implements full duplex serial communication to 
occur concurrently with other tasks. The deSign goal 
was to allow 2400 baud, full duplex, serial communica­
tion while utilizing no more than 50% of the available 
processing power of the high speed 8049 microcom­
puter. 

The format used for most asynchronous communication 
is shown in Figure 1.lt consists of eight data bits with a 
leading 'START' bit and one or more trailing 'STOP' bits. 
The START bit is used to establish synchronization be­
tween the receiver and transmitter. The STOP bits en­
sure that the receiver will be ready to synchronize itself 
when the next start bit occurs. Two stop bits are nor­
mally used for 110 baud communication and one stop 
bit for higher rates. 

START STOP 
BIT 01 D2 03 D4 05 D6 07 De BIT 

I,--L-...J.-~~~ 
-, 

Figure 1. 

The algorithm used for reception of the serial data is 
shown in Figure 2. It uses the on board timer of the 8049 
to establish a sampling period of four times the desired 
baud rates. For 2400 baud operation a crystal frequency 
of 9.216 MHz was chosen after the following calculation: 

f = 480N(24OOK4) 
where 480 is the factor by which the crystal fre­

quency is divided within the processor 
to get the basic· interrupt rate 

2400 is the desired baud rate 
4 is the required number of samples per 

bit time 
N is the value loaded into the MCS-48 

timer when It overflows 



The value N was chosen to be two (resulting in f = 9.216 
MHz) so that the operating frequency of the 8049 could 
be as high as possible without exceeding the maximum 
frequency specification of the 8049 (11 MHz). 

; STII!T IF RECEI't'E ROOTII£ 

; 1 IF RECEI't'E F\Jlioe TI£N 
; 2 IF SERlfi. ItI'UT~ TI£N 
;3 RECEI't'E FlAG:=1 
; 3 BYTE FINISI£D FlAG: =8 
;2 OOIF 
; 1 ElSE SINCE RECEI't'E FI.f6..-1 TI£N 
; 2 IF SYN: F\Jlioe TI£N 
; 3 IF SERlfi. ItI'UT~ TI£N 
; 4 SYN: FlAG: =1 
; 4 DATA: =8IlH 
; 4 Sfff'lE CNTR: =4 
; 3 ElSE SINCE SERlfi. ItI'UT=IRK TI£N 
;4 RECEI't'E FlAG:=8 
;3 OOIF 
; 2 ElSE SINCE SYN: FlAG=1 TI£N 
; 3 SIII'LE CWflER: =SAII'lE CWfTElH 
; 3 IF SIII'LE CWflER=8 TI£N 
; 4 SIII'LE CWflER: =4 
; 4 IF BYTE FINISI£D F\Jlioe TI£N 
; 5 CARRY: =SERlfi. ItI'UT 
; 5 SHIFT DATA RIGHT WITH CARRY 
; 5 IF CARRY=1 TI£N 
; 6 (J(J)fITA: =OfITA 
; 6 IF DATA REfI)Y F\Jlioe TI£N 
; 7 BYTE FINISI£D FI.f6..-1 
;6 ElSE 
; 7 BYTE FINISI£D FlAG: =1 
; 7 0't'ERRIJf FlAG: =1 
;6 OOIF 
;5 OOIF 
; 4 ElSE SINCE BYTE FINISI£D FI.f6..-1 TI£N 
; 5 IF SERlfi. ItI'UT=IRK TI£N 
; 6 DATA REfI)Y FlAG: =1 
; 5 ElSE SINCE SERlfi. ItI'UT~ TI£N 
; 6 ERROl Fl~: =1 
;5 OOIF 
;5 RECEIVE Fl~:=8 
; 5 SYN: FlAG: =8 
;4 OOIF 
;3 OOIF 
;2 OOIF 
;100IF 

Figure 2 

The timer interrupt service routine always loads the 
timer with a constant value. In effect the timer is used to 
generate an Independent time base of four times the reo 
quired baud rate. This time base is free running and is 
never modified by either the receive or transmit pro· 
grams, thus allowing both of them to use the same 
timer. Routines which do other time dependent tasks 
(such as scanning keyboards) can also be called periodi· 
cally at some fixed multiple of this basic time unit. 

The algorithm shown in Figure 2 uses this basic clock 
plus a handful of flags to process the serial input data. 

All mnemonics copyrighted <C> Intel Corporation 1979. 
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Once the meaning of these flags are understood the 
operation of the algorithm should be clear. The Receive 
Flag is set whenever the program is in the process of 
receiving a character. The Synch Flag is set when the 
center of the start bit has been checked and found to be 
a SPACE (if a MARK is detected at this point the receiver 
process has been triggered by a noise pulse so the pro· 
gram clears the Receive Flag and returns to the idle 
state). When the program detects synchronization it 
loads the variable DATA with 80H and starts sampling 
the serial line every four counts. As the data is received 
it Is right shifted into variable DATA; after eight bits 
have been received the initial one set into DATA will 
result in a carry out and the program knows that it has 
received all eight bits. At this point it will transfer all 
eight bits to the variable OKDATA and set the Byte 
Finished Flag so that on the next sample it will test for a 
valid stop bit instead of shifting in data. If this test is 
successful the Data Ready Flag will be set to indicate 
that the data is available to the main process. If the test 
is unsuccessful the Error Flag will be set. 

The transmit algorithm is shown in Figure 3. It is exe· 
cuted immediately following the receive process. It is a 
simple program which divides the free running clock 
down and transmits a bit every fourth clock. The variable 
TICK COUNTER is used to do the division. The Transmit· 
tlng Flag indicates when a character transmission is in 
progress and is also used to determine when the START 
bit should be sent. The TICK COUNTER is used to deter· 
mine when to send the next bit (TICK COUNTER MOD· 
ULO 4 = 0) and also when the STOP bits should be sent 
(TICK COUNTER = 9 4). After the transmit routine com· 
pletes any other timer based routines, such as a key· 
board/display scanner or a real time ciock, can be 
executed. 

; STfIff IF TRIIfSIIIT ROOTII£ 

;1 
; 1 TICK CWflER:=TICK CWflER+1 
; 1 IF TICK CWflER IQ) 4=8 TI£N 
; 2 IF TRIIfSIIITTlIIi FlAG=1 TI£N 
; 3 IF TICK CWfTER=88 181B BB BURY TI£N 
; 4 TRIIfSIIITTIIii Fl~:'" 
; 3 ElSE IF TICK CWfTER=88 1881 BB BIIfIIY TI£N 
; 4 500 00 IIfR( 

; .. TRIIfSIIITTIIIi FlAG: s8 
; 3 ElSE SINCE TICK CWflERO ll£ II!OYE CWfT TI£N 
; 4 500 IEXT BIT 
;3 OOIF 
; 2 ElSE SINCE TRIIfSIIInIIii F\Jlioe TI£N 
; 3 IF TRIIfSIIIT REIII£5T FI.f6..-1 TI£N 
; 4 )(I!T8YT: =NXTBYT 
; 4 TRIIfSIIIT REIII£5T FlAG: =8 
; 4 TRIIfSIIInllIi Fl~: =1 
; 4 TICK CWflER: =8 
; 4 500 SYN: BIT (SPR:E) 

;3 OOIF 
;2 OOIF 
;100IF 

Figure 3 



Figure 4 shows the complete receive and transmit pro­
grams as they are implemented in the instruction set of 

the 8049. Also included in Fig. 4 is a short routine which 
was used to test the algorithm. 

ISIS-II m:S-48Itfl-41 IIACRO ASSEI1BlER, Y2. e 

LOG OBJ 

eeee C5 

SEQ SOURCE STATEMENT 

1 .o****************************************************************************** 

THIS PROGRAI'I TESTS THE FIJ...L lIIJPLEX COI'IIIUNICftTION ~TWARE 
* 
* 

4 ;* * 
5 ; *****************-*****************************************>1<_--*** 
6; 
7 $INCLUDE(:F1:IJRTEST.PDL) 

= 8; 
q , - , START OF 'lEST ROUTINE 

= 19; 
= 11; 

===================== 

= 12; 
13; 
14 ; 

= 15; 
16 ; 1 ERROR GOllNT: =8 
17 ; i REPEAT 

= 18; 2 PATIERN:=0 
19 ;2 INITIALIZE TI~R 
28 ; 2 CLEAR FLfGtYTE 
21 ; 2 FlAG1 =t1ARK 

= 22 ,= 2 REPEAT 
23 ; 3 IF TRANSI1IT REQUEST FLAG=8 THEN 
24 ; 4 NXTBVTE : =PATTERN 
25 .; 4 TRANSI1IT REQUEST FLAG=1 
26 ; J ENDIF 

= 27; 3 IF DATA READY FlAG=1 THEN 
e.'8 ; 4 PATIERN : =()I(OOTA 
29; 4 DATA REAOY Fl AG . =0 
38 ; 3 ENDIF 

= 31; 2 IJNTI L ERROR FLAG OR OYERRlIl FlAG 

= 

= 

32 ,; 2 INCmIENT ERROR Cruff 
:n ,; 1 UNTIL FOREIIER 
34: EOF 
~<5 $E:JECT 
36 ORG 8 
37 ; 1 SELECT REGISTER BANK 8 
38 SEL RB8 
39 ; 1 GOTO TEST 
48 JI1P TEST 
41 $ II«l.UDE <. F1 : lIARD 
42 ; 
43 ,; 

44 ; 

45 ; 
46 ; 

47 ,; 
4S .; 
49 ,; 

ASYIlCHR!mJS RECEIYE/TRANSl'tIT R0IJ1INE 
======--===--====== 
THIS ROIJTINE RECEIVES SERIfI. CODE USING PIN T9 AS RXD 
ANI) COIUIRREN1 LY TRANSPtITS lJSING PIN P27 
NOTE: 

THIS ROUTINE lISES FLAG 1 TO SlIFFER TJ£ TRANSI'IITIED 

Figure 4 
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........ l,A. VIlli' LII1L. Inl~ ~,n'""I~ I~ JIlllK IHHf 

= 51 .' 1 WOULD BE CAUSE\) BY VARIATIIJIS IN T~ RECEIVE 
= 52 '1 TI"ING. NO OMR PROORAI4 I1AY USE FLAG 1 WHILE 
= 53 ;:1 THE TII1EI1 UITEWlf'T IS ENABLED 
= 54; 
= ';5; 

56; 
= '57 , 

58; 
= 59 ; REGISTER ASSIGtftNTS-BANK1 

68 ; ===---====== 
61 ; 
62 .' 

8987 = 63 ATEI1P EQlJ R7 ; USED TO SfM: 0CCIJU.A1OR CONTENTS DURlNG INTERRIJ'T 
8986 = 64 FlGBYT EOO R6 ; t:ONTAINS YAkIOUS FUKlS USW 10 CONTROl HIE RECEIVE 

65 ; fill TRANStlIT ~'OCESS. SEE COOSTANT DEFINITIONS FOR 
66 ' Tt£ ~ANING OF EACH BIT 

0095 = 67 SAltCTR EOO 11'5 ; SAIRE CMTER FOR T~ RECIEVE PROCESS 
8I.l04 = 68 TCKCTR EQU R4 ; SAl'lPLE COIJNTER FOR T~ TRANSI'IIT PROC"ESS 
M9 69 REG0 Eoo R8 ; USED AS POINTER RE:GISTER 

= 79; 
71 ; RAI1 ASSIGNPIENTS 
72 ; ========--=== 

= 7]; 

9828 74 IIOKDAT EPlJ 281l RECEIVE RETLRNS YfLID DRTA IN THIS BYTE 
8821 75 III)fITA EOO 21H .' RECEIIri ACCUUATES DATA IN THIS BYTE 
!l822 76 ItXIITBY EQlJ 22H ; CONTAINS BYTE IlEING TRANSI1I1TED 
8823 77 IIM"BY EQIJ 2JH ; CONTAI~'S TIE IEXT BYTE TO BE TRANSI1IT1"ED 

= 78 $EJECT 
79; 

= 89, 
81; CONSTANTS 
82; ----------
83 ; 

= 84; TI£ FOLLOWING CONSTIWfS ARE IJ5ED TO ACCESS TIE FLAG BllS CONTIlINED 
= 85; IN REGISTER FlGBYT 
= 86; 

9881 87 RCYFLG EOO 81H ; 5l: T lIEN START BIT IS FIRST DETEtru> 
= 88 ; RESET WHEN RECEIVE Pf<OCESS IS C!»FI..ETE 

Il!I82 = 89 SYhfLG EOO 92H , SET lIEN START BIT IS VERIFIED 
98 ; RESET II£N RECEIVE PROCESS IS C!»FI..ETE 

8I.l04 91 BYRH EQIJ 84H .' RESET WHEN STAkl" lilT IS FIRST DETECTED 
92 ; SET lIEN TIE EIGiT llfITA BIlS IfWE fU BEEN I<ECEIYELl 

11988 93~L HIli 88H .' SIOJLD BE RESET BY ~IN PROORFI'I II£N DATA IS fUEPTED 
94 ; SET BY RECEIVE PROCESS lIEN STOP III HS) ARE VERIFIED 

1lI19 = 95 ERRFLG EOO 19H ; SHlRD BE RESET BY MAIN PROORfI'I lIEN 5fII!Pl£/) 
96 ; SET BY RECEIVE PROCESS IF A fRAltING W<OR IS DETECTED 

!l828 = 97 TRRQFL EQIJ 29H TESTED BY ~IN PROGRAII TO OCT~INE If' RE:ADY 10 
98 ; TRfItOIIT A lEW BYTE-SET TO ItIIICATE HilT NXTBYT 
99 ; HAS BEEN L(WI)EI) 

= 198 ; JIESET BY T~IT PROCESS II£N BYTE IS ACCEPTED 
9849 = 191 TRIGl. EQIJ 49H SET lIEN TRIfeIISSIOO (F A BYTE ST~TS 

= 182 ; RESET lIEN STOP lilT IS TRANSI'IIHED 
898Il = 183 OYRIJN EQIJ 88H i SET BY RECEIVE PROCESS lIEN ~ ~RS 

= 184 ; SlDJl..D BE RESET BY MIN PROGRfII'I IaN 5f11U.D 

Figure 4 (continued) 
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LOC 08.J 

0089 
FF7F 
8999 

00117 

8ge7168A 
9009 93 
00llA D5 

008B AF 

009C 2JFE 
llOOE 62 

00llF 7615 
8811 9A7F 
OOB 9417 
0015 8A88 

0017 FE 
0018 1224 

00lA 3664 

881C FE 
001D 4391 

00lF 53FB 

0021 AE 
0022 0464 

0024 :m8 

SEQ 

= 105 ; 
= 106 ; 
= 107; 
= 108 ; 

SO\.IRCE STATEI'IENT 

GENERAL cotlSTANTS 
================= 

= 109 MARK EQlJ 
= 110 SPACE EQlJ 

80H USED TO GENEPATED A !'lARK 
NOT 88H ; USED TO GENERATE A SPACE 

= 111 SmelTS EQlJ 9 C.l)NTROLS THE NlJIBER OF SHIP BITS 
= 112 
= 113 
= 114 ; 
= 115 $EJECT 
= 116 ; 

9 GENERATtS ONE STOP BI1 
1 GENERATES TWO SlOP BITS 

= 11i'; START OF RECEIIIE/TRANSI1IT INTERRUPT SERVICE ROOTINE 
= 118 ; ===========--======--================================ 
= 119 ; 
= 120 ORG 9007H 
= 121 
= 122; 1 ENTER INTERRUPT I100E 
= 12:5 TI SR : JTF UART 
= 124 RETR 
= 125 UART: SEL RBi 
= 126 ;1 SA\IE ACC~JLATOR CONTENTS 
= 127 1'10\1 ATEt1P .• A 
= 128 .; 1 RELOAD TI MER 
= 129 /101/ A.'TII'ICNl 
= 130 MOV T,A 
= 131; 
= 132 .; 
= 133. 
= 134 ; 

OUTPUT Tx!) BUFFER (F1) TO TXD I/O LlNE (P27) 
======================== 

= 135 JF1 
= 136 OSPACE· All. 
= 137 JMP 
= 138 OI'IARK. ORL 

OMARK 
P2.ISPACE 
RC\IOOll 
P2,IMARK 

= 139; 
= 149 ; START OF RECEIVE ROUTINE 
= 141. -- -- - ---====== 

= 142 .' 
= 143 ; 1 IF RECEIVE FLAG=0 THEN 
= 144 Rcveee: MOY A,FLGB'r'T 
= 145 JI:I0 RCY!l19 
= 146 ; 2 IF SERIAL INPUT=5PACE THEN 
= 147 JTe XI1IT 
= 148 ; 3 RECEIVE FLAG: =1 
= 149 MOV A,FLGB'r'T 
= 159 ORL A,tlRCIIFLG 
= 151 .• J BYTE FINISHED FLAG:=9 
= 152 ANI. A, .tlOT B'tfNFL 
= 153 .2 ENDIF 
= 154 1'10'" FLGBVT,A 
= 155 JI'IP XI1IT 
= 156; 1 ELse: SHU RECEIVE FLAG=l THEN 
= 157 ; 2 IF s'mc FlAG=9 THEN 
= 158 RCve10: JB1 RCV939 
= 159 .i j. IF SERIAL INPUT=5PACE lHEN 

Figure 4 (continued) 
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Loe OBJ 

Il826 3633 

11933 53FE 

11938 ED64 

1193C 5259 
883E 97 

893F 2642 
8841 A7 
11942 11821 
11944 F9 

11947 E664 

994C FE 
IJ94I) 7254 

II94F 4394 
11951 AE 
11952 9464 

IlI!54 4384 
9956 IE 

11957 9464 

SEQ SOIJ!CE STATEI'IENT 

= 160 JTIl RC'~ 

= 161 ; 4 SYtJ.: FLAG: =1 
= 162 ORL A, JSYNFLG 
= 163 1100; FLGBYT, A 
= 164 ; 4 DATA: =88H 
= 165 I'IOV R9, IllDATA 
= 166 I'IOV @R0.lattH 
= 167 ; 4 SAllPLE CNTR: =4 
= 168 /lOY SAllCTR, 14 
= 169 JI'F XltIT 
= 179;:5 ELSE SINCE SERIfC.. INPUT =/lARK THEN 
= 171 ; 4 ('{CEIVE FLAG =9 
= 172 RCV928: ANI. A,INOT RCVFLG 
= 173 ;3 ENDIF 
= 174 I'IOV FLGBYT,A 
= 17'5 JIf' XI'IIT 
= 176 ; 2 ELSE SIIU SYNC ~LAG=1 nEN 
= 177 .. 3 SAlf'LE COONTER: =SAI1PLE cruITER-l 
= 178 ReVIlle: [)JNZ SllllCTR, >'1'1 iT 
= 179 ; 3 IF SRIt'lE COIMI ER=9 THEN 
= 189 ; 4 SAlf'LE r.otINTER: =4 
= 181 IfOV SfIIICTR, 14 
= 182 ; 4 IF BYTE FINISI£D FLAG=9 TH£N 
= 183 JB2 ~ 
= 184 CLR C 
= 185 -,5 CARRY: =SERIfl. INPUl 
= 186 JNTO RCY049 
= 187 CPL C 
= 188 RCY948: I'IOV Re, IIIDATA 
= 189 I'IOV fI, @R9 

= 199 .; 5 SHIFT DATA Rl(j:iT WITH CARRY 
= 191 RRC A 
= 192 /lOY ttF0, A 
= 193 ; 5 IF CARRY=1 Tl£N 
= 194 .INC >:I'IIT 
= 195 ; 6 OKllATA: =DATA 
= 196 IfOV Ril, II'KIKDAT 
= 19i' l1(li,' PRO,A 
= 198 ;6 IF DATA REflY,' FLAG-"iI HEll 
= 199 /lOY R,FLGBYT 
= 209 JB3 RCV845 
= 291 ;7 BYTE FINISHE[) FLAG=l 
=292 ORL R,IBYFIf1. 
= 293 !tOY FLGBYT,A 
=294 .JI1P XIIIT 
=295;6 ELSE 
=296.;7 BYTE FINISI£D FLAG:=! 
= 297 ;7 0VERRI..Il FLAG: =1 
= 29B RCV945: 
= 209 ; I'IOV A,FLGBVT 
= 219 ORL R, '(B'r'FNFl OR ~) 
= 211 IllY FLGBYT,A 
= 212 ;6 Ell>IF 
= 213 ;5 Ell>IF 
= 214 JIll XIIIT 

Flgu .. 4 (continued) 
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LOC OBJ 

0tl59 265F 

005B 4308 
0050 0461 

085F 4310 

0061 53fT 
0063 AE 

0064 lC 

0065 2303 
0067 5C 
0068 9697 

006A FE 
006B 37 
006C D286 

806E 2324 
1:lI:l7l:l r.c 
01371 96;'B 

0873 AS 
8974 B5 

SEQ SOIKE STATEI'IENT 

= 215 ; 4 ELSE SINCE B'ITE FINISHED FLAG=1 THEN 
= 216 ;5 IF SER I AL INPUT =1'1ARK THEN 
= 217 RCV05I:l: JNT0 RCY960 
=218.,6 
= 219 
= 220 
= 221 ;5 
= 222 ; 6 

ORL 
JMP 

= 223 RCV060: ORL 
= 224 ; 5 
= 225 .,5 

DATA READ\, FLRU:=1 
A,IDRDYfl 
Rel/870 

ELSE SINCE SERIAL INPUT=SPACE THEN 
E.RROR FLAG. =1 

A..tERRFLG 
END IF 
RECEIVE ~LAG:=0 

= 226 ; 5 5VNC FLAG: =0 
= 227 RC1/870: ANI.. A,INOT(SYNFLG OR RCYFLG) 
= 228 I10Il FLGBYT. A 
= 229 .,4 ENDIF 
= 2!.0 ;?- ENDIF 
= 231 .,2 ENDIF 
= 232 ; 1 EIIDIF 
= 2n fE-JECT 
= 234 ; 
= 235; 
= 236 ; 
= 237 ' 
= 238 ; 1 

STAFT OF TRANSI1IT RruTiNE 
========================= 

= 2?-9; TRAN~"'ITTER OUTPUT BIT IS P2-7 
= 248 ; 1 TICK rnMTER:=TlCK COliNTER+l 
= 241 XMIT: INC TCKCTR 
= 242 .' 1 IF Tl CI< GOlINTER 1101) 4=0 THEN 
= 24?- MOIl A.103H 
= 244 ANI.. A. TCKCTR 
= 245 JNZ RETURN 
= 246 ,2 IF TRflNSI1ITTING FLAG=l THEN 
= 247 MOV A. FLGBYT 
= 248 CPL A 
= 249 JB6 XPlT049 
= 250 IF STPBTS EQ 1 
= 251 ; 3 IF TICK COUNTER=I:l0 1018 09 BINARY THEN 
= 252 MOIl A. t28H ; Co!{) IT WNAL ASSEI1BI.. Y 
= 253 XRL A. TCKCTR 
= 254 JNZ XPlT010 
= 255 ; 4 TRAN9lI TT ING FLAG: =0 
= 256 t1O'o' A. FLGBYT 
= 257 ANI.. A.tNOT TRNGFL 
= 258 MOI/ FLGBYT.A 
= 259 IMP RETURN 
= 260 ENDIF 
= 261 • 3 ELSE IF TICK COUNTER=OO 1001 90 BINARY THEN 
= 262 XMT010: I'tO\I A. 124H 
= 263 XRl A.TCKCTR 
= 264 JNZ XIIT020 
= 265 .' 4 SEN) 00 MARK 
= 266 eLR F1 ; SET FLf(Jl TO I'IARK 
= 267 CPL Fl 
= 268 IF STPBTS EQ 0 
= 269 ; 4 TRANSMITTING FLAG: =0 

Figure 4 (conllnued) 
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LOC OBJ 

9075 FE 
0076 53BF 
0078 AE 
00798497 

9078 8822 
0070 F8 
907E 67 
907F A8 
00S8 AS 
9081 E697 
8083 B5 
88S4 8497 

8886 8297 

9091 4348 
9093 fIE 

8188 
FFFE 
901E 
001[1 
881C 

0087 
0a06 

SEQ SOllRCE STATEI'ENT 

= 278 MOY 
= 271 ANI.. 
= 272 I10V 
= 213 J1'IP 
= 274 ENDIF 

A,FLGIIVT 
A, lOOT TRNGFL 
FLGBYT,A 
RETlIRN 

; WlllTIONAI.. flSSEI'IBL Y 

= 275 i 3 ELSE SIta: TICK COUNTEROTHE ABOYE COliNT THEN 
= 276 ; 4 SEND NEXT BIT 
= 277 00828: I'KJY Re, II'IXI1TBY 
= 278 I'KJY A, @R8 

= 279 RRC A 
= 281.! i'IOY @Re, A 
= 281 CLR Fl 
= 2S2 me RETIJRN 
= 283 CPL F1 
= 284 JI1P RETlIRN 
= 285 i 3 Ett>IF 

FLAG 1 WILL BE USED TO OO'"FER TXI) 

00 TO RETl.JRN POINT IF TXD=SPACE (8) 
; ELt.E COI'IPLEl'lEllT FLAG 1 TO A I1ARK 

= 2S6 i 2 ELSE SINCE TRANSI'IITTING f-LAG=8 THEN 
= 287 ; 3 IF TRANSMIT REQUEST FLAG=l nEN 
= 288 XIIT848: JB5 RETURN ; FLAG BVTE THERE 
= 289; 4 XIITBVT : =HXTBVT 
= 298 !'lOy Re, II'INXTBY 
= 291 I10V A, @RO 

= 292 i'IOY Re, II'IXI1TIN 
= 293 I10Y @Re, A 
= 294 i 4 TRFINSltIT REQt£ST FLAG: =8 
= 295 !'lOY A, FLGBYT 
= 296 Ali. A, lOOT TRRQFL 

= 297 ; 4 TF.'ANS/'IITTItIG FlA(;: =1 
= 298 ORL A,ITRlm 
= 299 I'IOY FLGB'IT, A 
= 390 ; 4 TICK COIJ{TER: =8 
= 381 I10V TCKCTR, 18 
= 382 ; 4 SEND S'T'NC BIT (SPftCE) 

= 38~ CLR F1 .; SET FLAG 1 TO CAlISE A SPACE:: 
= 384 ; 3 ENDIF 
= 385 i 2 END IF 
= 386 .,1 EII>IF 
= 387 RETURN: 
= 388 ; 1 RESTIJ!E ACCUtU.ATOR 
= 389 I10V A, AT9If' 
= 318 RETR 

m $EJECT 
312 ; 
313 ; START OF TEST ROUTINE 
314 ; ===== 
315 ; 
316 ORG 8188H 
317 TII'ICNT EQlJ -2 
318 t1FLGBV EQlJ lEH 
319 INlI'ICT Eoo 1DH 
328 I'ITCKCT EQlJ lUi 
321 .; 
322 ERRCNT EQU 11.7 
323 PAn EQlJ 11.6 
324 .; 

Figure 4 (continued) 
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LOC ~ 

9198 Bf98 

9192 BE98 

9194 23FE 
9196 62 
919755 
9198 25 

9199 B81E 
91118 89Il9 

9190 A5 
919E B5 

9111F 881E 
9111 F9 
9112 B224 

9114 B92l 
9116 FE 
9117 Ai 

9118 35 

9119 F9 
91111 4329 
911C All 
911J) 25 
911E 1622 
9120 2424 
9122 149f1 

9124 F9 
9125 37 
9126 7238 

9128 B929 
912A F1 
9128 IE 

912C 35 

9121) F9 

SEQ 

325 ; 
J26 ; 

SIDCE STATEI'IENT 

127 ; 1 ERR(R C(Ufl: =9 
328 TEST: I'KIY ERRCNT,18 
129 ; 1 REPEAT 
339 TlIP: 
331 ; 2 PATTERN: =9 
m !IOIr' PAn, IIl9 
333 ; 2 INITIAlIZE TIllER 
334 111'/ ItITIII:NT 
335 I'KIY T, A 
336 STRT T 
337 EN TCNTI 
338 .: 2 ~ FlDVTE 
339 !lOY RQ, IIIFlIllY 
349 /'lOY @R9, 19 
341 ; 2 FlAG1 =I'fIRI( 

342 ClR F1 
343 CPt. F1 
344 ; 2 REPEAT 
345 TIL(f': 
346 ;3 
347 
348 
349 
359 ;4 
351 
3S2 
3S3 
354 ;4 
3S5 
356 
357 
358 
359 
369 
361 
362 
363 
364 TESTA: 
165 ;3 
366 ;3 
3fj/ TREC: 
368 
369 
379 
371 ;4 
372 
373 
374 
375 ;4 
376 
377 
378 
379 

IF TRfWSItIT REIlEST FLm=9 TIEN 
!lOY RQ, II'IFlIllY 
I'KIY 1t@R9 
JB5 TREe 

NXTBYTE: =PATTERN 
I'KIY Ri, II'INXTBY 
I'KIY It PAn 
I'KIY f!RL A 
~IT REQUEST FlAG=1 

DIS TCNTI LOCK OOT TIlER INT£RRIJ'T 

I'KIY 
I.R. 
IIJI,' 

EN 
JTF 
JIF 
CfI.l 
ENDIF 

A,@R9 
ItITRRQFl 
@R9,A 
TCNTI 
TESTA 
TREC 

so TIIrr IIJTIJL EXClUSI~ IS IlAINTItII£D ItlILE 
lIE FI.ffi B\'TE IS BEING ID>IFIED 

~T ; CfI.l ~ BECflISE TIlER 0YERFl1»EJ) DlIUNG LOCKOO1 

IF OOTA REfI)Y FUIG--1 TIEN 

I'KIY 1t@R9 
CPt. A 
JB3 TRECE 

PATTERN: =OOlATA 
I'KIY R1.. IfQ(J)fIT 

/lOY 1t@R1 
I'KIY PATI.A 

OOTA REfI)Y FlfIfj: =8 
DIS TCNTI; LOCK oor TII'IER INTERRlPT 

; so THRT IIJTIR. EXClUSI~ IS IlAINTlfI£LI ItlILE 
; TIE Flffi BYTE IS BEING ID>lFIED 

FIgu .. 4 (continued) 
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u.u" I1tI .>!Ii 1m' 1[IR0, A 

81312S 382 EN TOOl 
8132 1636 3lE JTF TESTB 
9134 2438 384 JIll TRECE 
8136 149ft 385 TESTS: CfU lIlRT au UART IF TIllER OYERFLMI) DlRING LOCKOUT 

386 TRECE: 
387 ;J ENDIF 
388;2 UNTIL ~ FLAG OR OVERRUN FLAG 
389 I'llV A, @R8 8138 F8 

8139 5:>'98 
8138 C6I!F 

J99 ANL A .. I(O't'RIJI OR ERRFLG) 
391 JZ lIL{P 
392 ; 2 I NCREI'ENT ERROR COONT 

8130 1F 393 INC EWCNT 
394 .; 1 lINT IL FOREVER 

813E 2482 J95 JMP TL{P 
J96;EOF 
397 ENI) 

USER SYIIBOLS 
ATEIII' 8887 BYFNFL iIII04 DRI)YFL Il898 ERRCNT 0887 ERRFLG 8818 FLGIl~'T 88116 I'IARK 9888 I'IIIfITR 8821 
IFLGBY 8I!1E IINXTBY 8823 IO<DAT 8828 MSAI'ICT 0011) "TCKCT 881(; IIXIHBV 8822 0I1RRK 9015 OSPACE 8811 
OYRIJN 00S8 PATT 8!186 RCIJ888 8817 J«.'V81.8 8824 RC'~ 88:n RCY839 88lS RC'~840 8842 kCl/845 88:54 

RC',.'858 8859 RCY86{I 8Il5F RCY879 0861 RCVFLG 0081. REG8 81:188 REn.~N 889i' SAllCTk 0085 SPACE FF7F 
STPBTS 8888 SYNFLG 8882 TCKCTR 0004 TEST 8189 TESTA 8122 lESTB 8136 1 ILOP 818F HIICNT FF~E 

TISR 8887 TLOP 8182 TREC 8124 TRECE 8138 TRNGFL 8848 TkRQFL 8828 IJRRT iIOOA XIII) 0064 
XIIT819 fI06E XIITII28 8878 00948 8986 

ASSEIIBL Y Cm>LElL I«J ERRORS 

Figure 4 (continued) 
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MULTIPLY ALGORITHMS 
Most microcomputer programmers have at one time or 
another implemented a multiply routine as part of a 
larger program. The usual procedure is to find an algo· 
rithm that works and modify it to work on the machine 
being used. There is nothing wrong with this approach. 
If engineers felt that they had to reinvent the wheel 
every time a new design is undertaken, that's probably 
what most of us would be doing-designing wheels. If 
the efficiency of the multiply algorithm, either in terms 

of code size or execution time is important, however, it 
is necessary to be reasonably familiar with the multipli· 
cation process so that appropriate optimizations for the 
machine being used can be made. 

To understand how multiplication operates in the binary 
number system, consider the multiplication of two four 
bit operands A and B. The "ones and zeros" in A and B 
represent the coefficients of two polynomials. The 
operation A x B can be represented as the following 
multiplication of polynomials: 

A3*~ + A2*2?­
+ B2*22 

+ AO*tJ 
+ BO*2° X B3*23 

+ BOA3*~ + BOA2*2?- + BOA1*21 
+ B1A3*~ + B1A2*~ + B1A1*22 + B1AO*21 

+ B2A3*25 + B2A2*~ + B2A1*~ + B2AO*2?-
+ B3A3*26 + B3A2*~ + B3A1*~ + B3AO*23 

4-12 

+ BOAO*2° 



The sum of all these terms represents the product of A 
and B. The simplest multiply algorithm factors the 
above terms as follows: 

Since the coefficients of B (Le., BO, B1, B2, and B3) can 
only take on the binary values of 1 or 0, the sum of the 
products can be formed by a series of simple adds and 
multiplications by two. The simplest implementation of 
this would be: 

MULTIPLY: 
PRODUCT = 0 
IF BO = 1 TH EN PRODUCT: = PRODUCT + A 
IF B1 = 1 THEN PRODUCT: = PRODUCT + 2* A 
IF B2= 1 THEN PRODUCT: = PRODUCT + 4*A 
IF B3= 1 THEN PRODUCT: = PRODUCT +8*A 

END MULTIPLY 

In order to conserve memory, the above straight line 
code is normally converted to the following loop: 

MULTIPLY: 
PRODUCT:=O 
COUNT:=4 
REPEAT 
IF B[O] = 1 THEN PRODUCT:=PRODUCT+A ENDIF 
A:=2*A 
B:=B/2 
COUNT: = COUNT - 1 

UNTIL COUNT: = 0 
END MULTIPLY 

The repeated multiplication of A by two (which can be 
performed by a simple left shift) forms the terms 2*A, 
4 * A, and 8* A. The variable B is divided by two (per­
formed by a simple right shift) so that the least signifi­
cant bit can always be used to determine whether the 
addition should be executed during each pass through 
the loop. It is from these shifting and addition opera-

1515-II I'ICS-4811JPI-41 IflCRO ASSEI'IBLER, Y2. 8 

LOC OB'] SEQ SOURCE STATEI'IENT 

1 mlCROFILE 
2 $INCLUDE(:F1:KPY8. HED) 

tions that the "shift and add" algorithm takes its com­
mon name. 

The "shift and add" algorithm shown above has two 
areas where efficiency will be lost if implemented in the 
manner shown. The first problem is that the addition to 
the partial product is double precision relative to the 
two operands. The other problem, which is also related 
to double precision operations, is that the A operand is 
double precision and that it must be left shifted and 
then the B operand must be right shifted. An examina­
tion of the "longhand" polynomial multiplication will 
reveal that, although the partial product is indeed dou­
ble precision, each addition performed is only single 
precision. It would be desirable to be able to shift the 
partial product as it is formed so that only single preci­
sion additions are performed. This would be especially 
true if the partial product could be shifted into the "B" 
operand since one bit of the partial product is formed 
during each pass through the loop and (happily) one bit 
of the "B" operand is vacated. To do this, however, it is 
necessary to modify the algorithm so that both of the 
shifts that occur are of the same type. 

To see how this can be done one can take the basic 
multiplication equation already presented: 

and factoring 2" from the right side: 

A*B=24[BO*(A*2- 4)+ B1*(A*2- 3) 
+ B2*(A *2- 2)+ B3*(A*2- 1)] 

This operation has resulted in a term (within the 
brackets) which can be formed by right shifts and adds 
and then multiplied by 2" to get the final result. The 
resulting algorithm, expanded to form an eight by eight 
multiplication, is shown in figure 5. Note that although 
the result is a full sixteen bits, the algorithm only per­
forms eight bit additions and that only a Single sixteen 
bit shift operation is involved. This has the effect of 
reducing both the code space and the execution time 
for the routine. 

= }; **--************************************-*******-
4;* * 
5 ; * IIPY8X8 * 
7 j *==--
8 ;* 
9 ;* 

18 ;* 
11 ;* 
12 ;* 
13 ;* 

THIS UTILITY PROVIDES ~ 8 BY 8 UNSIGNEI) I'IUL TIPL Y 
AT ENTRY: 

A = LOWER EIGHT BITS OF DESTINATION OPERAND 
XA= oc..'T CARE 
Ri= POINTER TO SOORCE OPERAN) (I'IUL TIPLIER) IN IN1ERlft.. I1El'IEOR" 

Figura 5 
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LOC OBJ 

0002 BW8 

0096 2A 
0007 97 
800B 67 
8809 2A 
000A 67 
000B EB1J4 
0000 83 

SEQ 

14 ;* 
15, '" 
16 ; '" 
17 .'* 
18 ; '" 

19 .' '" 

SOURCE STATEHENT 

AT EXIT. 
A = LOWER EIGHf BITS OF RESll T 
XA= UPPER EIGHT BITS OF RESULT 
C = SET IF OVERFLOW ELSE CLEARED 

* 
'" 
'" 
'" 
'" 
'" 

29 ; "'***************************************************************************** 
21 ; 
22 ; 
2i $INCLUDE(:F1:MPYS POl) 
24 ;1 MPY8X3. 
~'5 ; 1 MUL TiPLICANt')[ 15-8 J =0 
26 .' 1 COUNT =8 
27 ,1 REPEAT 
28 .';: IF HUL TJ PLI [.AND( 0 J=€t THE~l BEG! N 
29 .]. MULTIPLICAND =MlILTlPLICAN[J/2 
39 ;;;: ELS[ 
]1, ]. MliL TJPLlGAtlCH5-S J. =MUi.. T1PLICAND[ 15-8 J+MUL TJPLlER 
:02, : MUl TJPLICflND: =MlIlTIF'lICA/ID/2 
::'3 .: 2 ENDIF 
34 ,2 ':OUtlT. =COUIH -1 
35 • 1 tiNT! L [OIJ~lT =0 
36 • 1 END MP"',XS 

]8 EQUATES 
39 • 
413, 
41 XA EQIJ 
42 COllNT EQlJ 
43 leNT EQU 
44 ; 

R2 
R] 
R4 

45 r,IGPR EQlJ 3 
46, 
47 $EJECT 
48 $INCUI[lE( :F1:I1PYS) 
49 .,1 MPY8X8: 
50 MP\'8><:8: 
51, 1 t1UL TJPLlCANI)[ 15-8 J: =9 
52 I'IOV XA .. 100 
53 ; 1 COUNT:=S 
54 
55 ;1 REPEAT 
56 I1PYSlP. 

COUNT,IS 

57 ; 2 IF M1..l TJPLlCANI)[ 9 1=9 THEN BEGIN 
58 JB9 MPYSA 
59 .,3 MlJL TJPLlCAND: =MlIL. TJPLICAND/2 
69 XCH A· XA 
61 ClR C 
62 RRC A 
63 XCH A, XA 
64 RRC A 
65 DJNZ COUNT.. MP\'SlP 
66 RET 
h'" . ') 
.1 ," ELSE 

Figure 5 (continued) 
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LOC OBJ SEQ S!M.RCE STATEI'ENT 

= 68 I'IPVSA: 
69;3 I'IIJI.. TIPLICfIIt){ 15-8]: =I1IJI.. TIPLICfIII)[ 15-8 l+1U. TIPLIER 

89!lE 21! 79 XCIi A,XA 
088F 61 71 fI)I) A,@R1 
0919 67 = 72 RRC A 
8811 2ft = n XCIi A,XA 
0012 67 74 RRC A 
8013 EB94 = ?) ()JNZ COUNT, I1PYSLf' 
001583 = 76 RET 

= 77 ;3 I'U. TIPL ICfKo : =IIUL TIPLICfKoI2 
7S ;2 ENliIF 

= ,9;2 ClOO' =COONT-1 
89 ;1 UNTIL COUNT=9 
81 ; 1 ENli ~'SXS 
82 ~"N[; 

USER S·iI'lBa.S 
COONT 9893 () IGPII 0003 ICNT 11094 IPr'SR 099E IFr'Sl.P 9004 If'Y8X8 ...., XfI 8082 

All mnemonics copyrighted 0 Intel Corporation 1979. 

DIVIDE ALGORITHMS 
In order to understand binary division a four bit opera· 
tion will again be used as an example. The following 
algorithm will perform a four by four division: 

DIVIDE: 
IF 16* DIVISOR> = DIVIDEND THEN 

SET OVERFLOW ERROR FLAG 
ELSE 

IF a* DIVISOR> = DIVIDEND THEN 
QUOTIENT[3): = 1 
DIVIDEND: = DIVIDEND - a*DIVISOR 

ELSE 
QUOTIENT[3): = 0 

ENDIF 
IF 4*DIVISOR>= DIVIDEND THEN 

QUOTIENT[2): = 1 
DIVIDEND: = DIVIDEND- 4*DIVISOR 

ELSE 
QUOTIENT[2): = 0 

ENDIF 
IF 2* DIVISOR> = DIVIDEND THEN 

QUOTIENT[1): = 1 
DIVIDEND: = DIVIDEND-2*DIVISOR 

ELSE . 
QUOTIENT[1): = 0 

ENDIF 
IF 1 * DIVISOR> = DIVIDEND THEN 

QUOTlENT[O): = 1 
DIVIDEND:= DIVIDEND-1*DIVISOR 

ELSE 
QUOTIENT[O): = 0 

ENDIF 
ENDIF 

END DIVIDE 

The algorithm is easy to understand. The first test asks 
if the division will fit into the dividend sixteen times. If it 
will, the quotient cannot be expressed in only four bits 
so an overflow error flag is set and the divide algorithm 
ends. The algorithm then proceeds to determine if eight 
times the divisor fits, four times, etc. After each test it 
either sets or clears the appropriate quotient bit and 
modifies the dividend. To see this algorithm in action, 
consider the division of 15 by 5: 

00001111 (15) 
-01010000 (16*5) 

Doesn't fit-no overflow 

00001111 (15) 
-00101000 (a*5) 

Doesn't flt-Q(3) = 0 

00001111 (15) 
-00010100 (4*5) 

Doesn't fit-Q(2) = 0 

00001111 (15) 
-00001010 (2*5) 

00000101 Fits-Q(1) = 1 

00000101 (15-2*5) 
-00000101 (1*5) 

00000000 Fits-Q[O) = 1 

The result is Q = 0011 which is the binary equivalent of 
3-the correct answer. Clearly this algorithm can (and 
has been) converted to a loop and used to perform divi· 
slons. An examination of the procedure, however, will 
show that it has the same problems as the original mul· 
tiply algorithm. 
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The first problem is that double precision operations are 
involved with both the comparison of the division with 
the dividend and the conditional subtraction. The 
second problem is that as the quotient bits are derived 
they must be shifted into a register. In order to reduce 
the register requirements, it would be desirable to shift 
them into the divisor register as they are generated 
since the divisor register gets shifted anyway. Unfor· 
tunately the quotient bits are derived most significant 
bits first so doing this will form a mirror image of the 
quotient-not very useful. 

Both of these problems can be solved by observing that 
the algorithm presented for divide will still work if both 
sides of all the "equations" involving the dividend are 
divided by sixteen. The looping algorithm then would 
proceed as follows: 

DIVIDE: 
QUOTIENT: = 0 
COUNT:=4 
DIVIDEND: = DIVIDEND/16 
IF DIVISOR>= DIVIDEND THEN 

OVERFLOW FLAG: = 1 
ELSE 

REPEAT 
DIVIDEND: = DIVIDEND*2 
QUOTIENT: = QUOTIENT*2 
IF DIVISOR> = DIVIDEND THEN 

QUOTIENT: = QUOTIENT + 1/*SET QUOTIENT[OI*1 
DIVIDEND: = DIVIDEND - DIVISOR 

ENDIF 
COUNT: = COUNT - 1 

UNTIL COUNT = 0 
ENDIF 

END DIVIDE 

ISIS-II I1CS-43/UPHl /IAf.-RO ASSEl'IBlER, Y2. 8 

LOC OS'] SEQ SOORCE ~;TATEi'tENT 

1 mACROFILE 
2 $INClIJDE<:F1:DIY16. HEll) 

When this algorithm is implemented on a computer 
which does not have a direct compare instruction the 
comparison is done by subtraction and the inner loop of 
the algorithm is modified as follows: 

REPEAT 
DIVIDEND: = DIVIDEND*2 
QUOTIENT: = QUOTIENT*2 
DIVIDEND:= DIVIDEND- DIVISOR 
IF BORROW = 0 THEN 

QUOTIENT: = QUOTIENT + 1 
ELSE 

DIVIDEND: = DIVIDEND + DIVISOR 
ENDIF 
COUNT: = COUNT - 1 

UNTIL COUNT = 0 

An implementation of this algorithm using the 8049 in­
struction set is shown in figure 6. This routine does an 
unsigned divide of a 16 bit quantity by an eight bit quan­
tity. Since the multiply algorithm of figure 5 generates a 
16 bit result from the multiplication of two eight bit 
operands, these two routines complement each other 
and can be used as part of more complex computations. 

? ,************************.***************************************************** 
4 ; * * 

= 

DIV16 
6 ; * 
7 ; *====--================-
8 ; * 
9 ;* 

18 ;* 
11 ;* 
12 ; * 
13 ;* 

14 ;* 
15;* 
16 .;* 

17 ;* 

THIS UTILIW PROVIDES AN 16 B\' 8 UNSIGNED DIVIDE 
AT ENTRY: 

A = LOWER EIGHT BITS OF DESTINATION OPERAND 
XA= UPPER EIGHT B ITS Of D I~' I DEN!) 
1"1= POINTER TO DIVISOR IN INTERNAL i'tEI'IORY 

AT EXIT: 
A = LOWER EIGHT BITS OF RESUll 
XA= REllA INDER 

Figure 6 

All mnemonics copyrighted <C> Intel Corporation 1979. 
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LOC OSJ 

8983 37 
IIIl94 61 
11905 37 

8886 F688 

!1988 A7 
9899 8424 

Il80B 61 

SEQ 

= 18;* 
= 19;01< 

SOURCE STATEI1ENT 

C = SET IF OVERFLI»! ~LSE CLEARED * 
* = 29.' ****************************************************************************** 

21; 
22; 
23 fINCUllE(:F1 :OIY16. POL> 

= 24.'1011116' 
= 25:1 COUNT:=S 
= 26; 1 DIYIDENI)[ 1e,-8l: =DIYIDEND[ 15-8 H>IYISOR 

27 ; 1 IF BORROW=8 11£N 1* IT FIT5oI:/ 
= 28; 2 SET OYERFLOII !'lAG 
= 29;1 ELSE 
= J9; 2 RESTOI<E OIVIDEND 
= 31.: 2 REPEAT 
= 32; 3 DIVIDEN>: =DIYIDEN>*2 
= 33; 3 Qt.X)TI ENT : =Qt.X)TIENT *2 
= 34: 3 OIYIDEt« 1S-S]:=DIYIDl:1« 15-8HIVISOR 
= 3S; 3 IF BORROW=1 THEN 
= 36 ,i 4 RESTORE DIVIDEND 
= 37 .:3 ELSE 
= 3S.: 4 QUOTIENT[ 9]: =1 
= 39;} ENDIF 
= 40 i 3 COlJIT : =COONT -1 
= 41.: 2 UNTIL COIJNT =9 
= 42; 2 ClEAR OVERFLOW FLAG 
= 43.'1 ENDIF 

44 .: 1 ENDDIYlDE 
45 .' 
46 ; EQUATES 
47.: ====== 
48.' 
49 XA EQU R2 
59 COUNT EQU R3 
51.: 
52 $EJECT 
53 $INCLUDE( :F1: 01\116) 

= 54;1 DIII16: 
= 55 I>IY16: XCH A,XA ; ROOTINE WORKS It)STlY WITH BIlS 15-8 
= 56; 1 COUNT:=8 
= 57 lIlY COUNT, IS 
= 58; 1 DIVIDEND[ 1S-S]: =DIVIDEND[ 15-S HIYISOR 
=59 CPL A 
= 60 ROO A,M 
= 61 CPL A 
= 62; 1 IF BORR0W=9 THEN 1* IT FIlS*1 
= 63 JC DIYIfI 
= 64; 2 SET OVERFLOW FLAG 
=65 CPL C 
= 66 JIIP DIYIB 
= 67;1 ELSE 
= 6f:I DIVIft: 
= 69.,2 ISTORE I>IYIDEN> 
= 78 ADD R,@R1 
= 71; 2 REPEAT 
= 72 DIVILP: 
= n.' 3 DIYIDEND:=DIYIDEIIO*2 

FlguIW • (contlnlMCl) 

All mnemonics copyrighted C> Intel Corporation 1979, 
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eooc 97 75 CLR C 
~2A 76 liCH fj,:<A 
009E F'? 7? i?LC A 
800F 2A = 78 XCH A, XA 
0018 F7 = 79 RLC A 
0911 E618 = Sll ,INC DIVIE 
80B 17 = 81 CPL A 
0014 61 = 82 ADD A,@R1 
0015 37 = 83 CPL A 
0016 8428 84 JMP DIVIC 

as ,] DIVIDENDI: 15-81: =DIVIDENO[ 15-8 l-VIVISOR 
0018 ;7 
9019 61 
981A 37 

eelS E620 

001D 61 
981E 0421 

0020 1A 

0021 EBOC 

f,!ll23 97 

0024 2~ 
0025 83 

USER SYt1BOlS 

= 
= 

= 

86 DIVIE 
87 
sa 
89 

, 
.' ~ 

90 
91 ; 4 
92 
93 
94 ; 3 
95 DIVIC. 
%;4 

CPL A 
ROO ft.,@R1 

CPL A 
IF BORROW=1 THEN 

SNC DI'.'le 

AW 
RESTORE DIVIDEND 

A,~Rl 

JMF' 
ELSE 

DIVlD 

QUOTIENT[ 81. =1 
~~7 !NC XA 
98 .: 3 ENDIF 
99 ::; CJlItlT =COUNT-1 

= 188 .' 2 LINT! L COLINT =9 
= 101 DIVID DJNZ COUNT, DI'.'ILP 
= 1&2:2 CLEAF OVERFLOW FLAG 
= l€G CLR C 
= 104 .1 ENDIF 
= 105 i 1 ENDDIVIDE 
= 106 [IIVIS. :<CH 
= 107 RET 

108 END 

COUNT 0003 DIY16 0000 OllilA 009B DIVIS 8024 Dl'ne 0020 DI'O/ID 0921 DIllIE 1j818 DIIIILP €Ill0/.; 
XA e002 

ASSEIIBl'r' COMPLETE, NO ERRORS 
Figura e (continued) 

All mnemonics copyrighted Cllntel Corporation , 979. 

BINARY AND BCD CONVERSIONS 
The conversion of a binary value to a BCD (binary coded 
decimal) number can be done with a very straight­
forward algorithm: 

CONVERT_TCLBCD: 
BCDACCUM: = 0 
COUNT: = PRECISION 
REPEAT 

BIN:=BIN·2 
BCD: = BCD· 2 + CARRY 
COUNT: = COUNT - 1 

UNTIL COUNT=O 
END CONVERT_TQ.BCD 

The variable BCDACCUM is a BCD string used to ac­
cumulate the result; the variable BIN is the binary num­
ber to be converted. PRECISION is a constant which 
gives the length, in binary bits of BIN. To see how this 
works, assume that BIN is a sixteen bit value with the 
most significant bit set. On the first pass through the 
loop the multiplication of BIN will result in a carry and 
this carry will be added to BCD. On the remaining 
passes through the loop BCD will be multiplied by two 
15 times. The initial carry into BCD will be multiplied by 
2'5 or 32678, which is the "value" of the most Significant 
bit of BIN. The process repeats with each bit of BIN 
being Introduced to BCDACCUM and then being scaled 
up on successive passes through the loop. Figure 7 
shows the implementation of this algorithm for the 
8049. 
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ISIS-II KCS-481UP1-41 MACRO AS~ER, Y2.8 

LOC OSJ SEQ SOURCE STATEI'IENl 

1 S1'IlCROF ILE 
2 $INCLUDE( :F1:CONBCD. HED) 

3: .. ***********.**************-****-***********--.****-********* = 4 ,t * 
CONBCD * 

* = 7; *====--==============--========--===--==================* 
= 8 i* * 
= 9 ;* THIS UTILITY CONVERTS A 16 BIT BINfIR'1! VALlE 10 BCD * 
= 18 ;* AT ENTRY • 
= 11 .. :I< A = LOWE~' EIGHT BITS OF BINfIR'1! VALUE ,.. 

= 12 i* XA= I.JPPER EIGHT BIlS OF BINARY VALlE * 
= 13,* R8= POINT~R TO ~ PACKED BCD SlRING • 
= 14 ;* * 
= 15 ;* AT EXIT' * 
= 16 .' * A = lINDEFItED * = 17 i. XA= IJNDEFItED '" = 18 ;* C = SET IF OYERFLt:J.: ELSE ltEARED * 
= 19 i* '" 

29 ; *******-*********** .. ***"'* .. *-********-******** .... ********-*** .. * .. 
21; 
22; 
23 $INCLlllE(: F1 : ctmCD. PDl.) 

= 24; 1 CCWYERT _ TO_BCD 
= 25 .. 1 BCDACC:=0 

26 i i CIlJNT. =16 
= 27., 1 REPEAT 
= 28 .. 2 BIN: =BIN*2 
:: 29, 2 BCD : =BCD*2+CARRY 
:: 30; 2 IF CARRY FROII BCDACC OOTO ERROR EXIT 
= 31;2 COUNT:=COUNT-1 
= J2; 1 UNTIL COUNT=0 
= n; 1 END CONYERL TO_BCD 

34 ; 
35 , EQlJATES 
36 ; ====== 
37 ; 
38XA EQIJ k2 
39 COUNT EQIJ R3 
48 ICNT EQU R4 
41 ; 
42 DIGPR EGU 3 
43 ; 
44 $EJECT 
45 $INCL~(:F1'(;1tECD) 

= 46 .. 
47 TEI'IP1 SET R5 

:: 48; 
= 49 j 1 CClWERT _TO_BCD 
= 58 CNBCD 

51 .. i BCI>ACC: =0 
= 52 XCH A,R8 

FlOur. 7 

All mnemonics copyrighted IC> Intel Corporation 1979. 
4-19 



U): OSJ 

0001 fl9 
9902 28 
800: OC0J 
9!.105 B190 
0007 19 
0008 ECeS 

900c 97 
9000 F7 
901'£ 2A 
00tlf F7 
0919 2A 

9911 28 
0012 A9 
9013 28 
0014 BCIl3 
9016 AD 
0017 F1 
0018 71 
0019 57 
001A A1 
901B 19 
1lIl1C EC1? 
0Il1E FD 

881F F624 

0921 EBOC 
0023 97 

0024 83 

USER SYPlBQS 

SEQ. :.l)lJPCE STRTEMENT 

MOV 
ilCH 
MO'~ 

56 BCDGCA' MOIl 
57 mc 
~8 DJtJ;: 

~ 59; 1 COUIlT. =16 
60 MO'~ 

61 ; 1 REPEAT 
= 62 BCOCOB: 

BIN:=BIN*;: 

~'1, A 
A,R0 
leNT,IIDHlPR 
@~:1, .00 
Rl 
ICNT..8C[(OA 

C.OUNT,1I16 

64 
65 
66 
67 

CLR (: 
RLC A 
XCH A, XA 
RLC A 

= 6S XCH fl .. XA 
69 ; 2 BCD : =BCD*2+CARP\' 
70 \«(:H A, RIl 
71 1'10V Ri, A 

= ;'2 XCH A, R9 
73 I'1OY ICNT.·IIDIGPR 
74 MOV TEMP!, A 
7S Broo: 1'10\1 A. @R1 

= 76 AOOC A., @R1 
77 [>A A 
78 11011 @RLA 

= 79 INC Ri 
80 DJNZ ICNT.. BCWC 
81 MOil A.TEMPl 
82 • 2 I F CARRY FROM BCDACC GOTO ERROR EX IT 
83 JC BCDCOD 
84.2 COUNT=COUNT-1 
as • 1 UNTI L GOUNT =9 
at. r'.lHZ COUNT, BCOCOB 
87 CLR C .; CLEAR CARRY TO IIIDICATE NORMAL TERMINATION 
88 • 1 END CONYERT _ TOJ3f'...I) 

= 89 BCOCOD: RET 
90 END 

BCOCOA 00Il5 BCOCOB Il00C BCOCOD 0024 BCDOC 0917 CNBCD 0000 COUNT 0003 D I UPR 0Il0:S !Un 90Il4 
TEMPl 0005 ~~ 0002 

ASSEMBLY COMPLETE, NO ERRORS 

Figure 7 (continued) 

All mnemonics copyrighted <Cllntel Corporation 1979. 
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The conversion of a BCD value to binary is essentially 
the same process as converting a binary value to BCD. 

CONVERLTO.-BINARY 
BIN:=O 
COUNT: = DIGNO 
REPEAT 

BCDACCUM:= BCDACCUM • 10 
BIN:= 10' BIN + CARRY DIGIT 
COUNT: = COUNT - 1 

UNTIL COUNT = 0 
END CONVERLTQBINARY 

The only complexity is the two multiplications by ten. 
The BCDACCUM can be multiplied by ten by shifting it 
left four places (one digit). The variable BIN could be 
multiplied using the multiply algorithm already dis· 
cussed, but it is usually more efficient to do this by mak· 

IS15-1 I I1CS-48/UPI -41 1'IAf...RO ASSEl'IBl.[R, Y2. 9 

LOC OSJ SEQ sruRCE STRIDENT 

1 $IIACROFIlE 
2 $IOO.lH(F1:CfII)IN.IEI» 

ing the following substitution: 

BIN=10' BIN=(2)' (5)' (BIN)=2' (2' 2+1)' BIN 

This implies that the value 10 • BIN can be generated by 
saving the value of BIN and then shifting BIN two places 
left. After this the original value of BIN can be added to 
the new value of BIN (forming 5 • BIN) and then BIN can 
be multiplied by two. It is often possible to implement 
the multiplication of a value by a constant by using such 
techniques. Figure 8 shows an 8049 routine which con­
verts BCD values to binary. This routine differs slightly 
from the algorithm above In that the BCD digits are read, 
and converted to binary, two digits at a time. Protection 
has also been added to detect BCD operands which, if 
converted, would yield binary values beyond the range 
of the result. 

= 3 i****************************************************************************** 
4 ,* * 
5 i* 

= 6 i * 
= 7 i *==--

8 i* 
= 9 i* 

111 i* 
11 ,. 

= 12 i* 

CONBIN 

THIS UTILITY CONYERTS R 6 DIGIT BCD VAlUE TO BiNARY 
AT ENTRY' 

R0= POINTER TO A PfO:ED BCD STRIIIj 

... 

... 
- -* 

* 
* 
* 
* 
* = 13 i. AT EXIT: * 

= 14;. A = LONER EIGHT BITS OF TI£ BIRY RESlU • 
= 1~ i * Xf'.= I.JIPER EIGHT BITS OF THE BINARY RESll T • 
= 16; * C = SET IF OYERFLOW ElSE CLEARED ,., 
= 17.:'" * 
= 18 .:****************************************************************************** 

19.: 
29.: 
21 $INCLUDE( Fi:CONBIN. PDU 

= 22.: 
23, 

= 24 j 1 ClINERT _ TO_BUNY 
25 ;1 POINTERIl:=POINTER9+0IGITPAIR-1 
26 .: 1 COONT: =DIGITPAIR 
27 .: 1 BIN:=0 

= 2S; 1 REPEAT 
; 29,2 BIN: =81"*10 
= 30 j 2 BIN: =BIN-+I1EM(R0)[ 7-41 

11 ,'2 BIN: =BIN*19 
= 32.:2 BIN:=BI~(RIl)[3-9] 

All mnemonica copyrighted 4) Intel Corporation 1979. 
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LOC 08J 

ilOO9 Fe 
00111 9392 
90i!3 AS 

0894 8883 

0006 27 
9007 Aft 

080S 142B 
990ft F62A 

~RD 

~FII 

9geE 47 
9Il9F 5J1lF 
9011 6D 
0012 2A 
0013 1399 
0015 2A 
0016 F62A 

9018 142B 
OO1A F62A 

IIlIle AD 
901D FII 
091E 531lF 
8920 6D 
0021 2A 

All mnemonics copyrighted to Intel Corporation 1979. 

SEQ SOIJRCE STATEI'IENT 

13 ; 2 POII~TERe. =POINTER!H 
34 . 2 COIJH : =COIJNT-1 
3.5. 1 UNTIL COUNT =9 
36 ; 1 END CON'or'ERLTO..BlNARY 
]7 i 
.,n . 
..:~O . E(lI~TES 

],9 . 
40 .: 
41 XA EQIJ 
42 COUNT EQU 
43 ICNT EQU 
44 : 
45 DIGPR EQIJ 
46: 
47 $EJECT 

R2 
R3 
R4 

:; 

48 $ I NCUJDE ( :F1:CONBIN) 
49 ; 
59 TEI1Pl SET R5 
51 TEI'IP~ SET R6 
52 ; 

54 CONBIN: 
55:1 POINTERII:=POINTERII+OIGITPAIR-l 
56 I'IO'J A, RII 
57 ADD A, ID 1 GPR-1 
58 I'IOV RII .• A 
59 ; 1 CCU/T:=DIGITPAIR 
60 I'!OY COUNT, ID IGPR 
61 .: 1 BIN =0 
62 CLR A 
E:: MOY XA, A 
64 ;1 REPEAT 
65 CGNBLP: 
66;2 BIN:=BIN*111 
67 CALL C(NI10 
68 .IC CONBER 
69;2 BIN. =BIN+MEM(R0)[7-4 1 
70 KOV TEI'IP1,A 
71 ~ A,IRII 
72 SWAP A 
73 ANL. A,~H 

74 ADD A,TEl'IPl 
;'5 XCH A, XA 
76 ADDC A, IIJ9 
77 XCH A, XA 
78 JC CONSER 
79 ;2 ~IN:=BIN*10 

W CALL CON810 
81 JC CONBER 
82:2 BIN: =BIN+MEM(RII)[3-0 1 
33 1'101/ TEI1P1, A 
34 PlOY A, @R9 

85 ANL A, IIlFH 
S6 ADD A. TEMPi 
87 XCH A.XA 
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LOC (lIJ 

0927 C8 

9928 EB0S 

902A 83 

992S If) 

892C 2tl 
I!02D AE 
90"2E 2ft 

982F 97 
9039 F7 
8931 2ft 
8932 F7 
oo:n 2ft 
8934 F646 

8936 F7 
88372ft 
8938 F7 
8939 2P. 
893f1 F646 

1l83C 6ll 
9830 2ft 
883£ 7E 
il83F 2A 
Il048 F646 

8942 F7 
8943 2ft 
8944 F7 
Il845 2ft 

Il846 83 

USER SVIIlOLS 

SEQ SW!CE STATEIENT 

00 AOOC A, 189 
89 XCH A,XA 
98 JC COIISER 

= 91; 2 POINTER8:=POINTER9-1 
92 DEC R8 
93 ; 2 crull: =C0lM-1 
94 ;11MIL COI.tH=0 
95 D,~ COUNT,CQNBlP 
96 ; 1 EN!) COIMRLTO_BINARY 
97 COIflER: Io!ET 

= 98 SEJECT 
= 99 
=100 
=191 
= 182 
= 193 

UTILl TY TO IU. TIP!.. Y BIN 8\' 19 
CfIRR'r' WILL BE SET IF OVERFLOW OCCURS 

= 194 cote19: 1'(0\' 

= 195 XCH 
= 106 ItJV 
= 197 XCH 
=11l8 
= 109 
= 119 
=111 
= 112 
=113 
= 114 
= 115 
= 116 
= 117 
= 118 
= 119 
= 129 
= 121 
= 122 
= 123 
= 124 
=125 
= 126 
= 127 
=128 

CLR 
RlC 
XCH 
RLC 
XCH 
JC 

RlC 
XCH 
RLC 
XCH 
JC 

XCH 
AOOC 
XCH 
JC 

RLl: 

TEI'IP1.' A.' SAVE A 

C 
A 
A.XfI 
A 

A 
A,XA 
R 
A,XA 

SAllE XfI 

i BIN: =81,..2 

BIN:=8IN*4 

COtmE ; ERRM ON OYERrLOW 

A, TEI'IP1 ; BIN: =81N*5 

A ; BIN:=81N*19 
= 129 XCH A, XfI 
=139 RLC A 
= 1~1 XCH A.XA 
=132 
= 133 ClJe1E: RET 
= 134 
= 135 

136 E.N> 

cotm9 992S cote1.E Il846 CONBER I!02A COIIIIN Il999 COIIILP IIIlIl8 COONT 9893 D IGPR 1*13 lCNT 8994 
TEI'IP1 9895 TEIf'2 IJIIII6 XA 9892 

All mnemonics copyrighted Ii:) Intel Corporation 1979. 
4-23 



real time available to the 8049 will be consumed by the 
serial link. This implies that an 8049 running full duplex 
serial 110 will still outperform earlier members of the 
family running without the serial 110 requirement. It is 
also possible to run this program in an 8048 or 8748 at 
1200 baud with the same 42 percent CPU utilization. 

The execution times for the other routines that have 
been discussed have been summarized in Table 1. All of 
these routines were written to maintain maximum use­
ability rather than minimum code size or execution time. 
The resulting execution times and code size are there­
fore what the user can expect to see in a real applica­
tion. The results that were obtained clearly show the ef­
ficiency and speed of the 8049. The equivalent times for 
the 8048 are also shown. It is clear that the 8049 repre­
sents a substantial performance advantage over the 
8048. Considering, in most applications, that the 8048 is 
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IIQYQ U''-tUII'IC'U LVU iliaCil COlilpUler power· Tor a single 

chip approach. 

MPY8 

DIV 16 

CON BCD 

CON BIN 

EXECUTION TIME 
(MICROSECONDS) 

BYTES 8049 8048 

21 109 200 

37 183 MIN 335 MIN 
204 MAX 375 MAX 

36 733 1348 

70 388 713 

Table 1. Program Performance 



o Inlel Corporalion 1979. 

APPLICATION 
NOTE 

5-1 

AP·55A 

August 1979 



A High-Speed Emulator 
for Intel MCS-48 ™ 

Microcomputers 

5-2 

Contents 

I. Purpose and Scope ................ 5-3 

II. The HSE-49™ Development Tool . .. . ....... 5-3 

.... 5-3 

. .5-5 

.5-6 

VI. System Limitations . . . . . . . . . . . . . . . . . . . . . . 5-9 

III. General Hardware Overview 

IV. Interprocessor Communication ... 

V. Command Description .. 

VII. Hardware Configurations .......... . . .. 5-10 

Appendix A. Schematic Diagrams ... 5-12 

Appendix B. Monitor Listings .. 5-16 

Appendix C. Command Summary ... . .... 5-104 

Appendix D. Error Messages .... . . . . . 5-104 



I. PURPOSE AND SCOPE 

This Application Note presents a description of the 
design and operation of a high·speed emulator for the 
Intell!> MCS·48™ family of single chip microcomputers. 
The HSE·49™ emulator provides a simple and inexpen· 
sive means for executing and debugging 8049 programs 
which require the full 11·MHz operating speed of the 
part. 

Section II of this Application Note describes some of 
the features of this development tool and how it may be 
used. Section III briefly discusses the hardware used to 
implement these features, while Sectioll IV describes 
the manner in which program execution status Is made 
available to the operator. 

A detailed description of all of the operator commands 
is presented in Section V of this note, along with the 
modifiers and options which may be specified for each 
command. Known restrictions and limitations of the 
HSE-49 system are listed and explained in Section VI. 
Section VII shows how the basic circuit may be 
modified to provide options on memory organization, 110 
configurations, etc. 

Full schematics of the system hardware, as well as 
monitor software listings, are presented in Appendices 
A and B, respectively. A short summary of the command 
syntax is presented In Appendix C,. Appendix D ex· 
plains the error message codes which may appear duro 
ing use. 

It is assumed that the reader is already familiar with the 
operation of the 8048 or 8049 microcomputers. Some 
knowledge of the 8048 architecture is needed to under· 
stand sections of the command and modifier descrip­
tions. Most users will already have this background. 
Other readers are referred to the MCS-48 Microcom­
puter User's Manua/, Intel publication number 9800270. 

II. THE HSE-48 DEVELOPMENT TOOL 

In essence, the HSE-49 emulator provides the user a 
means for executing an MCS·48 program located in ex­
ternal RAM rather than internal ROM or EPROM. This 
allows programs being debugged to be modified easily 
and quickly during the debug cycle. A user's program 
may be entered into system RAM either manually or via 
a serial link from a host computer such as an In· 
tellecl!> Microcomputer Development System. Once 
loaded, the program can be modified using an on-board 
keyboard and display, and executed in real-time in a 
number of breakpoint modes. The internal state of the 
processor, including RAM, accumulator, timer/counter, 
and status register contents, can also be read and 
modified through the keyboard. 

Breakpoint and debug facilities are extremely flexible. 
The following execution modes are provided. 

• Programs may be run In full (11 MHz) real time; 

• Programs may be single·stepped; 

• In break mode, programs run in full real time until 
break occurs; 

• Breaks may be triggered by either program or exter· 
nal data RAM accesses; 

• Any number of breakpOints may be used in any 
combination; 

• "Auto·Step" operation causes the current program 
counter and Accumulator contents to be printed on 
the display for a short time on every instruction 
cycle; 

• "Auto-Break" provides the above display only when 
a break flag is encountered, with real time opera­
tion otherwise; 

• While running in non-break mode, a TTL·level pulse 
is generated whenever a break flag is encountered. 
This signal may be used to trigger an oscilloscope 
or Logic Analyzer to assist in hardware and soft· 
ware debug. 

• While running in any mode, the keyboard and 
display are "alive". Execution may be suspended or 
terminated by commands from the keyboard. 

Intent of this Note 

While the HSE-49 emulator can assist a new microcom· 
puter user in becoming familiar with the 8048 and 8049 
microcomputers, its inherent debug capabilities will 
also prove helpful to design engineers. The design 
could be used for new system development and verifica­
tion or adapted for prototype production. 

The main concern in designing the HSE·49 emulator was 
to keep the basic design Simple, while maximizing the 
system's flexibility. The design allows the use of 
jumpers, hardware and software switches, etc. to allow 
the user to reconfigure the system according to the way 
he dedicates chip·select pins, I/O, etc. The emulator can 
be changed to fit each user's unique needs, rather than 
forcing the user to alter his needs to what is provided. 

The primary intent of note is to provide the reader with 
the information needed to reconstruct and make full use 
of the HSE-49 emulator. Less emphasis is placed on 
describing how the hardware operates or how the com· 
mands are implemented. This information may be found 
in the schematic diagrams and software listings in· 
cluded in the Appendices. 

III. GENERAL HARDWARE OVERVIEW 

User Program Emulation 

The actual er'lulation of the user's program is done 
using an 8039 microcomputer (IC29 on the schematics 
in Appendix A) executing a program stored in external 
RAM. The basic minimum configuration includes the 
8039 microcomputer, an 8282 address latch (IC19), and 
2K bytes of 2114 RAM to use for program development 
and real·time execution (lCs B1, C1, B2, and C2). Addi· 
tional RAM may be added to allow the user to expand 
his program and data memory to 4K each. (If an 11·MHz 
crystal is used with the microcomputer, type 2114·3 
RAMs must be used.) 
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keyboard and display, Interpret and implement com­
mands, drive serial Interfaces, etc. In general, the 
master processor is used to interface the execution 
processor's memory spaces with the outside world and 
control the operation of the execution processor. In this 
note the two processors will be abbreviated "MP" and 
"EP", respectively. Figure 1 shows how the two proc­
essors interrelate with the rest of the system. 
system. 

Keyboard/Display 

The 33-key keyboard shown in Figure 2 Includes a 16-key 
hexidecimal keypad and 17 special function keys for 
specifying commands and modifiers. Readers already 

USER 
SYSTEM 

PROTOTYPE 

___ ....•• _ .• _ .... I ••• .....,h I ..... WIWII,QW-

ditlonal keys are used to generalize and augment the 
PROMPT-48 capabilities, as described In Section V. 

The eight-character seven-segment display (OS1-0S8) 
is used for displaying addresses, data, and pseudo­
alphanumeric messages. The display responses printed 
in Section V and throughout this note use a mix of upper 
and lower case letters to Indicate what seven-segment 
patterns appear. An 8243 (IC9) and eight DIP packages 
(reSistor packs, current buffers, etc.) are used for 
multiplexing the display and scanning the keyboard. 

Breakpoint Detection 

Breakpoints are specified and detected using a 2102A 
1 K x 8 RAM corresponding to each pair of 2114s (ICs A 1 

MASTER 
PROCESSOR 

HOST 
COMPUTER 

SYSTEM 
(INTELLEC) 
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Figure 1. HSE-49™ Emulator Signal Flow Diagram 
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Figure 2. HSE-49 ™ Emulator Command Keyboard Organization 
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and A2). In effect, each program or data address ac­
cesses a 9-bit word. Eight bits are used normally for 
code or data storage. The ninth bit, accessed in parallel 
with the other eight, is used to indicate if a breakpoint 
has been set for that address. This output, when 
asserted, is latched (IC27 and IC36) and used to halt the. 
execution processor via the singie-step input. (in other 
modes, the break iogic can be reconfigured to set the 
break requested filp·flop on any EP machine cycle or 
any EP "MOVX" instruction.) 

Link Register 

An 8212 8-bit latch (IC18) is used to communicate data 
and commands between the master and controi proc­
essors. Under control of the MP, this register, called the 
"Link" register, may be logically mapped into either the 
program or data RAM address spaces. When this is 
done, the 2114s in the respective memory space are 
disabled and the link responds to ail accesses, 
regardless of address. The link will be discussed in 
greater detail in Section iV. 

Control Logic 

In addition to the devices mentioned above, the 
minimum configuration requires about 10 additionallCs 
for bus arbitration, system controi, and breakpoint and 
single-step logic. Additional parts may be optionally 
added for serial port interfacing, I/O reconstruction, etc. 

MP Monitor 

The monitor program executed by the MP includes com­
mands for filling, reading, or writing the various memory 
spaces, inciuding the execution processor's program 
RAM, externai ("MOVX") data RAM, accumulator, PSW, 
PC, timer/counter, working registers, and internal RAM; 
to execute the user's program from arbitrary addresses 
in various debugging modes; and to upload or download 
object or data files from diskettes using an In­
tellec* development system. No special software is 
needed for the Intellec* other than ISIS Version 3.4 or 
later. The data format Is compatible with the standard 
Intel hex file format produced by ASM-4; the baud rate 
may be altered from 110 baud (default state) up to 2400 

EXECUTION 
PROCESSOR 

baud from the on-board keybad. Blocks of data may be 
transmitted to a CRT or printer and displayed in a 
tabular format. 

IV. INTERPROCESSOR COMMUNICATION 

Program Braak Sequence 

When the MP detects that the EP has been halted by the 
breakpoint hardware, or when the operator presses a 
key while the program is executing, the program break 
sequence is initiated. The low-order 23 bytes of user pro­
gram memory is read into a buffer within the internal 
RAM of the MP. A short program for reading and 
transmitting internal EP status is written over the low­
order program memory. (This is one of several "mini­
monitors" overlayed over the user program area.) The 
link register is mapped logically over the user program 
memory, and loaded with the 8049 machine code for a 
"CALL" instruction to the mini-monitor program area. 
The EP is then allowed to fetch a single instruction from 
the link, i.e., the "CALL" to the mini-monitor is forced 
onto the EP data bus. 

From this point on, the EP executes code contained in 
the mini-monitor. The link is logically mapped over the 
data RAM address space (whether or not any 2114 data 
RAMs are present). A block diagram of the system at 
this point is shown In Figure 3. The break logic Is recon­
figured so that any "MOVX" (RD or WR) operation ex­
ecuted by the EP will cause it to halt. 

For example, after entering the first mini-monitor, the 
EP executes a "MOVX @RO,A" instruction. This writes 
the contents of the accumulator prior to the execution 
termination into the link, and causes the EP to halt. The 
MP may then read and retain the ilnk contents to deter­
mine the EP accumulator vaiue. The EP timer/counter 
and PSW are preserved in the same manner. 

Acce.slng EP Internal RAM 

After reading and saving EP internal status, the MP 
loads a different mini-monitor into the same RAM area. 
This monitor allows the internal RAM of the EP to be 
read and written by the MP by passing address and data 

MASTER 
PROCESSOR 

Figure 3. Communication between EP • MP 
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values between the two processors using the link 
register. 

This is needed for two reasons. First, the EP program 
counter prior to the forced "CALL" instruction may be 
derived from the EP stack contents, and may be 
modified to cause the EP to resume execution at any 
desired address. Secondly, the internal RAM of the EP 
may then be accessed and modified in the process of 
executing a number of the monitor commands. 

Resuming User Program Execution 

In order to resume user program execution, a status­
restoration mini-monitor is overlayed. This restores the 
EP internal status using a scheme analogous to the one 
in which the status was originally saved. The final step 
of the last mini-monitor is an "RETR" instruction, after 
which the EP is again halted. The low-order program 
memory saved earlier is rewritten into the appropriate 
area, the break logic is reconfigured for the desired ex· 
ecution mode, and the EP is released to run at full speed 
until the next break situation is encountered. 

Note that all commands are implemented using 
"logical" rather than "phYSical" addressing. Thus the 
operator need not be concerned with the intricacies of 
the system design. For example, when any monitor com· 
mand refers to low·order user program memory, the ap­
propriate byte of storage within the MP internal RAM is 
accessed instead. If the location is altered, the internal 
RAM is modified appropriately. When program memory 
is reloaded prior to resuming user program execution, 
the modified version of the user program will be the one 
loaded. 

Baud HR08 HR07 

110 93H 04H 
150 96H 03H 
300 45H 02H 
600 9DH 01H 

1200 44H 01H 
2400 1AH 01H 

Tabla 1. Sarlallnhltfaca Data Rate Pa .. mata .. 

v. HSE-49 COMMAND DESCRIPTION 

Whenever the characters "HSE·49" are present on the 
system display, a command string may be entered by 
the operator. In general, all command strings consist of 
a basic command initiator, an optional command 
modifier or type-deSignator, and a number of parameters 
or delimiters entered as hexidecimal digits. A command 
is executed, or a command in progress terminated, by 
preSSing the [END/.) key. Logical default values are 
assumed for the modifier and parameters if either (or 
both) are omitted. A defualt parameter assumed for the 
command modifier will be presented on the display 
when the first parameter is entered. 

Each parameter is a string of up to three hexidecimal 
digits. If more than three digits are entered, only the 
most recent three are considered. This allows an er­
roneous digit to be corrected without respecifying the 
entire command. A parameter is completed by preSSing 
the [NEXT/,) key. Some commands may only need the 
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low order part of a parameter; i.e., a command incor· 
porating a data byte (such as [FILL)) will use only the 
low-order 8 bits of the corresponding parameter; Inter· 
nal RAM and hardware register addressing uses only 
seven. In each case, higher order bits are ignored. 

A command string is terminated and the command in· 
voked by preSSing the [END/.) key. The command will 
also be invoked by pressing the [NEXT/,) key when no ad· 
ditional parameters are allowed. A command string may 
be aborted at any pOint before the command is invoked 
by pressing the [CLEAR/PREV] key, and the sign-on 
message will appear. 

Errors 

An illegal command string, command terminator, or 
hardware failure will cause an error message and error 
code number to appear on the display (e.g., "Error·.3"). 
When this occurs, the monitor can be returned to com· 
mand mode by preSSing the [CLEAR) or [END/.) keys. An 
explanation of the various error codes is given in Appen­
dix D. 

Command Classes 

Commands for the HSE-49 emulator are divided into 
general classes, where all commands in each class have 
the same choice of options or modifiers. A brief descrip­
tion of each command, followed by a description of the 
allowed options, is presented below by class. 

Data Manipulation/Control Command Group 

Commands: 

[EXAM/CHA) 

Display Response - "ECh." 

Function - Examine/change memory location. 

Causes the memory address specified to be read 
and presented on the display. New data may be 
entered (if desired) from the hexidecimal keypad. 
New data is verified before appearing on the 
display. Subsequent or previous locations may be 
read by pressing the [NEXT/,) or [PREV] keys. 
respectively. Command terminated with [EN 0/.) 
key. 

[FILL) 

Display Response - "FIL." 

Function - Fill range of memory addresses with a 
single data value. 

Fill the appropriate memory space between the ad· 
dresses specified by the first two parameters with 
the low-order byte of the third parameter. If second 
parameter less than first. only the location 
specified by the first is affected. If third parameter 
omitted. zero is assumed. If second and third 
parameters omitted, individual address specified is 
cleared. Command is useful for setting a large 
range of breakpoints; e.g., all of page 3 may be 
enabled for break with the command: 

[FILL)[PROG BRK)<300>[.)<3FF>[.)<1>[.) 



[LIST] 

Display Response - "LSt." 

Function - List memory to output device through 
HSE-49 serial port. 

Display the contents of a range of addresses given 
by two parameters to a teletype or CRT screen. 
Data is formatted, 16 separated bytes per line, with 
the starting address of each line printed. If used 
with an Intellec. system, the operator first uses 
ISIS-II to transfer the nv Input to the CRT output 
("COPY :TI: TO :CO:") then Invokes this command 
from the keypad. Alternatively, any ISIS device or 
disk file name(:TO:, :LP:, :Fl:HRDREG.SAV, etc.) 
may be used as the destination. 

[ON LOAD) 

Display Response - "dnL." 

Function - Download memory through HSE-49 serial 
port 

Load data in hex file format through the serial input 
port. If used with Intellec. system, the operator 
first invokes this command from the keypad, then 
uses ISIS-II to transfer a disk file to the teletype 
port ("COPY: Fn:file.HEX TO :TO:"). 

The use of the checksum field for the download 
command is expanded slightly over the Intel hex 
file format standard. If the first character of the 
checksum field is a question mark ("?"), the 
checksum for that record will not be verified. This 
allows large object flies produced by the assembler 
to be patched using the ISIS text editor without the 
necessity of manually recomputing the checksum 
value. 

[UPLOAD) 

Display Response - "UPL." 

Function - Upload memory through HSE-49 serial 
port. 

Output the contents of a range of addresses 
specified by the two parameters through the 
HSE-49 serial port in standard Intel hex file format. 
If used with Intellec· system, the operator first 
uses ISIS-II to transfer the nv input to a disk file 
("COPY :TI: TO :Fn:flle.HEX"), then Invokes this 
command from the keypad. 

Data types allowed: 

[PROG MEM) 

Display Response - "Pr." 

Function - User program memory. 

Memory used to develop and execute user program. 
Addresses 000 through 7FF are the execution proc­
essor's memory bank 0; 800 through FFF are 
memory bank 1. 

[REGISTER] 

Display Response - "rG." 
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Function - Register memory and RAM. 

Internal RAM of execution processor. Locations 
0-7 are working register bank 0; 18-1F are working 
register bank 1. Only the low-order 7 bits of an ad­
dress are considered. 

[DATA MEM] 

Display Response - "dA." 

Function - External data memory (If Installed). 

Memory accessed by execution processor "MOVX 
A,@Rr" or "MOVX @Rr,A" instructions. High-order 
4 bits mayor may not be relevant, depending on 
jumperlng option selected (explained In Section VII 
of this note). 

[HARD REG) 

Display Response - "Hr." 

Function - Hardware registers. 

The execution processor (EP) hardware registers 
(accumulator, timer/counter, etc.), as well as 
several parameters for controlling HSE-49 system 
status, are accessible through this catch-all 
memory space. Addresses are as follows: 

00 - EP accumulator. 

01 - EP PSW. 
Bits correspond to 8049 PSW except that bit 
3 (unused in the 8049) is I.!sed to monitor and 
alter the state of Fl. Bits 2-0 correspond to 
the stack pointer value after the EP executes 
a CALL to the mini-monitor; i.e., one greater 
than when EP was running the user's pro­
gram. 

02 - EP timer/counter. 

03 - EP internal RAM location 00. 
(This value is also accessible through 
[REGISTER] space.) 

04 - EP program counter (lOW byte). 

05 - EP program counter (high nibble). 

06-07 - HSE-49 serial interface baud rate param­
eters. Defaults to 110 baud; other rates may 
be selected by loading the values listed in 
Table 1. 

08 - HSE-49 automatic sequencing rate 
parameter. Used in [GO)[AUTO STP) and 
[GO)[AUTO BRK) execution commands. 00 -
fastest; FF - slowest. Defaults to 20H; ap­
proximately two steps per second. 

09 - Monitor version/release number (packed 
BCD). 

OA-OF - Currently unused by the monitor program. 

10-7F - Variables used by master processor (MP) 
monitor. Should not be altered by operator. 

[PROG BRK] 

Display Response - "Pb." 
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~ith breakpoints enabled ([GO)[W/ BRKJ and 
[GO)[AUTOBRK]). Break will occur if enabled byte is 
read as the first or last byte of a 2·byte instruction, 
or read in executing a MOVP, MOVP3, or JMPP in· 
struction. Memory is only 1 bit per location; 00 in· 
dicates continue, 01 causes a halt. Addresses 000 
through 7FF are the execution processor's memory 
bank 0; 800 through FFF are memory bank 1. 

[DATA BRKJ 

Display RespoOise - "db." 

Function - External data RAM breakpoint memory. 

Memory space used to indicate points where data 
accesses should halt when running in a mode with 
breakpoints enabled ([GO][W/ BRKJ and 
[GO)[AUTOBRK]). Memory is only 1 bit per location; 
00 indicates continue, 01 causes a halt. High-order 
4 bits of breakpoint address mayor may not be rele­
vant, dependent on jumpering option selected for 
the corresponding data RAM (explained in Section 
VII of this note). 

User Program Execution Control Group 

Commands: 

[GOJ 

Display Response - "Go." 

Function - Begin execution. 

If a parameter is given as part of the command 
string, execution will begin at that address. Other­
wise, the EP program counter (hardware registers 
04 and 05) will be used. These will contain the pro­
gram counter from an earlier program execution 
break unless they have since been explicitly 
modified by the operator. 

If command is terminated by [END/.J, the EP's F1, 
PSW and stack pointer will be cleared. If command 
string is terminated by [NEXT/,J, PSW will be taken 
from the EP PSW contents (hardware register 01). 

While running the user's program, the characters 
"-run-." are written on the display. Execution may 
be halted and another command initiated by press­
ing the appropriate command key. Execution may 
be suspended at any time in any mode by pressing 
the [END/.J key. This will cause the current value of 
the execution processor program counter and ac­
cumulator to appear on the display in the form 
"PC.234-56". System status is saved in the 
appropriate hardware registers. At this point, or 
when an enabled breakpoint is encountered, press­
ing the [NEXT/,J key will cause the program to con­
tinue in the same mode as before. Any other com­
mand may be invoked by pressing the appropriate 
command string. 

[GO/RESET] 

Display Response - "Gr." 
All mnemonics copyrighted© Intel Corporation 1976. 
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U:;o;1 :; program Trom location UUOH. No parameters 
are allowed. FO, F1, PSW, stack printer, memory 
bank flip-flop, etc., are cleared. 

Note that this command does not require the use of 
mini-monitors to initiate program execution. As the 
last phase of the program development cycle, the 
2114 program RAMs and address decoder may be 
removed and replaced by a ROM or EPROM part 
(not shown in schematics). This command may be 
used to start execution when the program RAM has 
been removed. No interrogation of EP status or in­
ternal RAM may be done, nor are break or Single­
step modes allowed in this case, though the 2102A 
breakpoint RAM outputs may still be used to trigger 
a logic analyzer. 

Execution modes allowed: 

[NO BRKJ 

Display Response - "nb." 

Function - Without breakpOints. 

Full-speed execution without breakpoints enabled. 
Does not affect the state of the breakpoint 
memories. 

[SING STPJ 

Display Response - "SSt." 

Function - Single Step. 

Step through program one instruction at a time. 
After each instruction is executed, execution halts 
with the current value of the Execution Processor 
Program Counter and Accumulator appearing on 
the display in the form "PC.234-56". System status 
is saved in the appropriate Hardware Registers. At 
the point, [NEXT/,J will cause the program to ex­
ecute one more instruction, or any other command 
may be invoked by preSSing the appropriate com­
mand string. Does not affect the state of the Break­
point Memories. 

[WI BRKJ 

Display Response - "br." 

Function - With breakpoints. 

Full-speed execution with breakpoints enabled. 
When a breakpoint is encountered, execution halts 
with the current value of the execution processor 
program counter and accumulator appearing on the 
display in the form "PC.234-56". System status is 
saved in the appropriate hardware registers. At this 
pOint, [NEXT.,J will cause the. program to continue 
until the next breakpoint is reached, or any other 
command may be inVOked by pressing the ap­
propriate command string. 

[AUTO STP] 

Display Response - "ASt." 

Function - Automatically sequence through a series 
of instructions. 



Step through program one instruction at a time. 
After each instruction is executed, execution halts 
with the current value of the execution processor 
program counter and accumulator appearing on the 
display in the form "PC.234-56". System status is 
saved in the appropriate hardware registers. Execu­
tion resumes after a time determined by contents 
of hardware register 08. Does not affect the state of 
the breakpoint memories. 

[AUTO BRK] 

Display Response - "Abr." 

Function - Automatically sequence between break­
pOints. 

Execute a series of instructions in real time 
between breakpoints. When breakpoint Is en­
countered, halt EP temporarily while program 
counter and accumulator contents are displayed, 
then continue. Display is sustained after execution 
resumes. Does not affect the state of the break­
point memories. 

Breakpoint Control Command Group 

Commands: 

[B] 

Display Response - "Stb." 

Function - Breakpoint set. 

Set breakpoint for the address given. Multiple 
breakpoints may be set by entering additional ad­
dresses, separated by the [NEXT/,] key. Command 
terminated by pressing [END/.]. Action taken is to 
fill the appropriate breakpoint memory locations 
with logical ones. 

[C] 

Display Response - "CLb." 

Function - Clear breakpoint. 

Clear breakpoint for the address given. Multiple 
breakpoints may be cleared by entering additional 
addresses, separated by the [NEXT/,] key. Com­
mand terminated by pressing [END/.]. Action taken 
Is to fill the appropriate breakpoint memory loca­
tions with logical zeroes. 

Data types allowed: 

[PROG MEM] 

Display Response - "Pr." 

Function - Break on program memory fetch. 

Applies command to the program breakpoint 
memory space. 

[DATA MEM] 

Display Response - "dA." 

Function - Break on data memory access. 

Applies command to the external data breakpoint 
memory space. 
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System Control Command Group 

Command: 

[SYS RST] 

Display Response - "HSE-49." 

Function - System reset. 

Reset both the MP and EP and clear all breakpoints 
(requires approximately one second). CAUTION -
If reset while EP is executing the user's program, 
the low order section of program memory (about 23 
bytes) will be altered. 

VI_ SYSTEM LIMITATIONS 

In designing the HSE-49 emulator, certain compromises 
were made in an attempt to maximize the usefulness of 
the emulator while keeping the circuitry simple and in­
expensive. As a result, the following limitations exist 
and must be taken Into account when using the system. 

1. As explained in Section IV, user program execution 
is terminated (by Single-stepping, breakpOints, press­
ing the [END/.] key, etc.) by forcing the execution 
processor to execute a "CALL" instruction to the 
mini-monitor. This uses one level of the EP 
subroutine stack. The EP PSW reflects the value of 
the stack pOinter after processing this CALL. As a 
result, the value indicated for stack depth byexamin­
ing the EP PSW (hardware register 01) is one greater 
than the depth when the break was initiated. The user 
program must not be using all eight levels of stack 
when a break is initiated or the bottom level will be 
destroyed. 

2. User program is initiated (by the [GO] command or 
when resuming execution after a breakpoint, single­
stepping, etc.) by forCing the EP to execute an 
"RETR" instruction. This will clear the EP Interrupt­
in-progress flip-flop. If the user program allows both 
external and timer interrupts to be enabled at the 
same time, care must be taken to avoid causing a 
break while the EP is within an interrupt servicing 
routine. No limitation Is placed on breakpOints or 
single-stepping In the background program because 
of this. 

3. When the user program execution is terminated (by a 
break, single-stepping, etc.) and later resumed, the 
EP timer/counter is restored to its value when the 
break occurred (unless modified by the user). The 
prescaler, however, will have changed. Thus, up to 31 
machine cycles may be "lost" or "gained" if a break 
occurs while the timer is running. 

4. Timer interrupts occurring at the same time as an EP 
break may be ignored if the timer overflow occurs 
after breaking user program execution before the 
timer value is saved. 

5. The 8049 "RET" and "RETR" instructions are each 
1-byte, 2-cycle instructions. During the second cycle 
the byte following the return instruction is fetched 
and ignored. If a program breakpoint is set for a loca­
tion following a "RET" or "RETR" instruction, a break 
will be Initiated when the return is executed. 



6. Breakpoints should not be placed in the last 3 bytes 
of an EP memory bank (locations 7FDH-7FFH and 
OFFDH-OFFFH). User program should not be single· 
stepped or auto-stepped through these locations. 

7. Since 1/0 configuration is determined by external 
hardware rather than software, 1/0 modes may not be 
altered while a program is executing. (See Section VII 
for further details.) 

8. The "ANL BUS,#nn" and "ORL BUS,#nn" instruc· 
tions may not be used in the user program, as exter· 
nal hardware cannot properly restore these func­
tions. 

9. The memory bank select flag is not affected by the 
user program break sequence. Upon resuming execu­
tion with the [GO) command this flag will remain in 
the same state as before the preceding break. The 
flag may be cleared only by executing the 
[GO/RESEn or [SYS RSn commands. 

VII. HARDWARE CONFIGURATIONS 

A number of control and status lines are available to the 
user. All are low-power Schottky TIL-compatible 
signals. 

TP1 - Unused MP input. 

TP2 - Unused MP output. 

TP3 - User program suspended. Low when EP run· 
ning user code. High when halted or running mini­
monitors. 

TP4 - Breakpoint encountered. Normally low. High· 
level pulse generated when breakpoint passed. Useful 
for triggering logic analyzers, oscilloscopes, etc. 

TP5 & TP6 - Memory matrix mode control. Select 
program vs. data RAM, link mapping configuration, 
etc. (See Appendix B for details.) 

TP7 - Bus control. Low when MP controls common 
memory buses. High when EP controls memory 
buses. 

The HSE-49 emulator hardware is designed to allow the 
user to reconfigure the system for a wide variety of dif· 
ferent applications by installing or removing jumper 
wires or additional components. The schematics in Ap· 
pendix A show the components needed for a variety of 
different configurations. In general, not all of the 
devices are required (or allowed) for anyone configura· 
tion. The devices which are required are included in the 
following description. 

The types of options allowed are divided below into 
several general classes and subdivided into mutually­
independent features. Within some of these features 
there are numbered, mutually exclusive configurations; 
Le., the serial interface (if desired) may use either 
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current-loop or RS·232C current buffers, but not both at 
one time. 

Standard Operating Configuration 

(Minimum system configurations - up to 4K program 
RAM; no data RAM; no serial interfaces; no execution 
processor I/O reconstruction.) 

A. Basic 2K monitor from Appendix B: 

Install resistors R4-R6 
Install transistor Q1 
Install crystals Y1-Y2 
Install capaCitors C5-C38 
Install switches Sl-S33 
Install displays DS1-DS8 
Install IC1-IC2 
Install RP3-RP5 
Install IC6-IC7 
Install RP8 
InstalllC9 
Install IC15-IC20 
Install IC25-IC30 
InstalllC34 
Install IC36-IC38 
Install A1-A2 
Install B1-B2 
Install C1-C3 
Install jumpers 13-15 
Install jumpers 17-18 
Install jumper 20 

B. Expansion 2K monitor: 

InstalllC14 
Remove jumper 17 

Serial Interface Buffer Selection 

A. Current loop serial interfaces (4N46s) installed for 
use with full Intellec@ Model 800 development 
system TIY port. 

Install IC21-IC22 
Install resistor R1-R3 
Install jumpers 4-9 
(Remove RS-232 jumpers) 

B. RS·232C serial interfaces (MC1488 and MC1489) in· 
stalled for use with CRT as output device for data 
dumps: 

Install IC23-IC24 
Install jumpers 1-3 
Install jumpers 10-11 
(Remove current-loop jumpers) 

External Data RAM Address Decoding Scheme for Ex· 
ecutlon Processor 

A. Up to 16 pages of on-board external data RAM in­
stalled for execution processor (addresses 0 through 



OFFFH = 4K bytes); port 2 used for addressing pages 
. 0 through 15: 

Install jumpers 21-25 
Install jumper 27 
Install A5-A8 
Install B5-88 
Install C5-C8 

B. One page of on-board external data RAM installed 
for execution processor (addresses 0 through OFFH); 
port 2 not used for data addressing: 

Install jumper 26 
Install jumper 28 
Install A5 
Install B5 
Install C5 
Connect the outputs of IC20, pins 7, 9, 10, & 11 to 
the inputs of a 74lS21 AND gate (not shown). Con­
nect the output to CE and CS inputs of A5-C5. 
(Note: these signals are all present at jumpers 
21-24 on the schematics.) 

All mnemonics copyrighted @ Intel Corporation 1978. 
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Reconstructing 1/0 lor Execution Processor 

A. Application of port 2, pins P23-P20: 

(1) Using P23-P20 for latched output data (used with 
"OUTl P2,A", "ANl P2,lIdata", and "ORl 
P2,lIdata" Instructions): 

InstalllC31 

(2) Using P23-P20 for interfacing to an 8243 in user's 
prototype: 

Connect D3-DO pins on IC31 socket to cor­
responding C3-CO pins. 

B. Application of execution processor BUS: 

(1) Use of BUS as latched output port ("OUTl 
BUS,A"): 

InstalllC32 



Appendix A 
Schematic Diagrams 
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flSII4S HSE49. lNt: PRINT<: lr: ) 

ISIS-II It;S-4(,-lIJ>I -41 IIn'O ASSEI'I:llR, Y3. 9 
HSE-49CTI1) EI1llAT~ IOUTIJI VER$ION 2. 5 

f'OOf. 1 

lOC ooJ LINE S\l.K[ STATlJIENl 

1 $I'IRCROFIlE ~ NOC(H) XR£F 
2 STITLE( 'W.>E-49<T11) ElnATtI: U.ITOR YERSION 2. :)') 

4 ;*_'******_*_**********_**_***** .... 1.11.1111111111111111111111111111 

5 ; 
6 · .' 
( ; 

{I ; 

9 ; 
19 -' 
11; 
12 -' 
13; 

15.: 
16: RBS1ROCT 
17 ; 
UJ.: 

F1i.'OGRA/t: 1~·4S(tlf) I:II.UITc.! U.ITOR 
I/ERS 2. Y"189 

COPVRIGHT (C) 19i'9 
INTEl ~TION 
3!165 I30IIERS AYOU: 
~lNTfl ClARA, CAlIFORNIfl ~ 

19: mIS PROORRIt CONTAINS TI£ stfTloflRE N(Cf55fIR\' 10 M TIl: HS[--49<llf) 
29 ; HIGH-Sf'E([J ElnRTOR FOR INTU.'S 1ICS--48<T"> H .. Il\' rnlUlY OF "lCROWl'UllRS . 
.. 1 ; HlE E .... t~TOP l'f/OVlDES AN flS5IJ<TlENT (J" UTlLIT\' RJ«:l"IONS F:J< 
22; DEVELOI'ING fKl DEBlJGGING 8949-BfIS[D IlPf'LICRHONS, lI«:Ul>lOO fiE 
21 ; AB!LITV TO 00[1< fKJ I'(I()IF\' PROGRRI'IS IN f'ROGRflI1 RAIl, 
24 ; lillER DATt!. SIIO.f:-$lEP ICTlCN!; If" A ~, fII) OCCUlE PRCUIfII!S 
2S -' flT SPE[!y:; Of 1.1' TO 11 I'IHZ. wm: (J( WHHOOT BREBI(POINTS UIREJ). 

<.'(;; 11£ IJ'II.l.ATOR 1$ OCSCRII3ED IN Gl:Ala.: DEPTH IN INTEL'S 1lPI'l1CRTItIf NOTE 
;a ; fP-55.. "R HIGH-SPEED El'lllflTOR FOR IN1El I'ICS-48(T") "ICROCaf'UlERS. " 
28, 
29; PI1OORAI1 CJ1(jANIZATION 
39; ======= ===--== 
31 -' 
32 -' nns USTI,... IS 1l\'GANlZED AS flLUIIS: 
:n i 

34 .: INTRODlJ:TlON AN> HfIRDWflRE OVERVIEW; 
3S ; Vfl'IAlll[ DEClm:TION fII) DEfINITION; 
36 .: !'MR .. ON S'I'S~ INITIAlIZATION; 
37 ; KE','f.lOI'lRI) COItI'IflNI) F'AR'""XR fII) ASSOCIATED TAfll5; 
38 .: IMf'lEIn'TATlIJNS OF frE PIWflRY COIIfIII)S; 

~ ; NITA flC('[SSING lJTlLIW ~.w.OOTIIl.S 1F...m TlRll..QOJT; 

48; KE\'BOAI<!J ~:r.IHUNG rfl) DISPlIl'" DF.IVIOO 5I.B.'OOTlr£; 
41; K['r'BOARD AN) DISPlnl,l INTERFACING UTIlIlIES; 
42 ; ~rrINES Arll IJTlUTV SlEROOTINES IfIICH INTCROCT III:.TIEEN If> fII) [/'. 

43 ; 
44; 
4S $[JECT 
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lOC OCJ LINE StdJRCE STf! IDIENT 

4(,; 

471; rrm:OOIJCTION AID HflRDIftRE. O','lRVIEJ. 
48 ,; ========== == ====== ===== 
49 .: 
50 ;fI-fE [MllA1OR DESIGN IJSES TIo(I MICROPROCESSORS. ONE PROCE5SOR COOROl.S 
51 .: S\"~ TEI'I STATUS, INTERPRETS I'IONITOR COI1IfWS, 11M) COIftJNICATES 
~ ; WITH THE (JIJTSIDE WORlD THROUGH l11E ON-IlOAI\'\) KEI'mJRl), DI~'ltlY, ~IAL 

53; INm~rACg, CONTROl SIGNf'olS. [TC. 
54 .: ~ S[CIJ() P!;'OCE5SOf.' IS USED TO ACTln..l Y 
~'5 .: E."XECUTE TilE IJ5lR'S PROGR~ UNDER THE CONTROL Of HE FIkST. 
56 ; TIlE5£. PROCESSORS In REItRRED TO 
~7 .: nROfJr..t-IOUT THIS 1"ROf.l.~ I1S THE I1ASTEI! P~5SOR Of') IliD EXECU110N 
58 : fWCESSOR (EP) RESrECTIVElY. 
59 .. 
9;1 ; THE f'ROGRflI'I IN THIS LImNG IS [,.<E.CU1ED b'\' HIE I'IfISTER f'ROCfSSOR 
61; AT Till E'.{1 Cf THIS LISTING Ar-'E Sl.Yr.m_ ~IOln 'I1INH1ONIlOR 0VERLA'l'S. 
62.: WIHCH TH[ EXECIJTION PROCESSOR EX[CUTES Wl-IEN INTERflCTlON BETWEEN llll: 
6J; 1WO PROCl5SORS IS I£CESSI1RY 
64 ; 
6~; TIHS PROGRllM I./RS WI1ITTEN USING A NUI'IEER OF I'IACROS TO I-fIN)l[lIil AlLOCATiON 
66 : fJF I'IPI) RESOURCES (WORKING REGISTERS, INTERNAL. RAM, ftNI) MP I'IONIYOR Ra1 
67 .: rOJ.:: CODE f:NO DATA 5TOI1~G[)' THESE MflCl..'O DEf INITIONS fIRE INClUOE.D IN A FILE. 
68: NAI'IE[! 'ALLOC. 1'1P.C ... Atf) I1RE f'RHlTED IN nas LIST Ilfi FOR REFERENCE. 
G9 ; IlNOTfIER SET OF MACROS IS USED TO SIMPlIFY THE flCCE5SING OF WlRIA£.:l.ES 
(lj: STORED IN INTERIflL RfII'I (flS (ff(l<.A:D TO WORKING RE.lil~ TE!<'$) BY USING R1 TO 
71 .: IM>IRECTL,{ fIDDRESS nE APPROnmm, PAM LOCATION HN NEC£5SRRY. 
72 .: n«OSE r!f'lROS ARE INCLlJOCD IN "I'IOI'COD. 1'IflC", fill) I1RE I1lSO PRINTED fEkE. 
13 ; COI'1PlEIT I..fIDITSTRNDING or nl:sr IflCROS IS I«)T REQUIRED TO l.H)[RSTRND TIlE 
74 ; I'IONTTOR rROI'ER. fllL LINES "'Bleil ACTUALLY PROOlICE. OBJECT UlOE flf'PEAR IN 
75; THt: LISTING mElr.. lPaNTED TWO SPPoCES fT«t! THE NORIfll TflBlUnION ctt.lIIlS. 
;'6 ; 11£ ACllR MONITOR PRifJRllM FIw. TltE E.l1LIllllOR IlEGINS AT flPP~IMATm' 
n .: SOliRCE LINE ~ 500. 
78: 
79 .: LINES GHlERflT[D 8\' MACRO E."XPANSION ARE F LflGG[D Il\' A I'lUS SIGN (0+") 

&'0: IMME.DIAffi'? FOlLOWIIf3 HIE SOURCE LINE. NJI'II:IER. 
131 i A NlII'KR OF LINES FROI1 TfIE vr.RIOOS MACRO DEFINITI~ WlIlCH 00 NOT 
32: PIIOf)IJCE Atr,' OO'][CT CODE ARE pm;ESs£!) 8'1' THE ASSEl'lBLER 
8J : liS THESE IKROS ARE EXPANDED. WIlEN THIS IS THE: CAs[' TIlESE LINES fIRE 
r.4 ; 9JPPP.ESSED rROIf THE LIST FILE AS A RESlll, m;: LINE NJ/IlERS AI\'E 
35 .: N01 ALWA',~ CONSECUTIVE WHERE r. MACRO IS BEING INVOKED. 
$6; 
8r; I«)T[: 
88; == 
S9; "scurr-LINE" REFERS TO TIl. OCCIlfll IUfll"RS ill T (F ~l;H INSTR1J(;TION. 
90; IlT TfE END or TIll L1STIIfi IS fIN nss::.l1fJl\' u..'OSS-REFEREt«:[ TAIIlE. ItI)IClHlNG 
91 .: TIlE SEQlENTIfll ~EE-UNE tUIIlEk (F filL INSTFN:ES IaRE. fff/ VARIABlE 
92; IS ()EFINED OR REFERENCED. )HIS WILL Sf; or GRlAT nSSISHlNCE IN 
9J .: L0CA1ING SPECIFIC ~.tAlROUTIt£S, ETC. IN TIlE L1STlI«i. 
94: 
95 .: MI'IONICS COP','RIGHT (C) 1976 INTEL CORPORATION 
%j 
97 $EJECT 
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LOC OOJ LINE SlUr,( !:TATEl'lENT 

98$ INCLIJOC(r:0:IUOC. I!AC) 
~ 99?R1 SET 0 

= 100 .: 
8990 = 101 ')RB9 EQlI tJ 
0001 = 102 '.'R01 EQlI 1 
IJI:t82 = te3 ?RAIl EIlI) 2 
0003 = 104 ',(;OO5T [00 3 
9004 = 1lJS ?A [00 4 ; ACCltU.JllG< VRRIAELl IWE 

= 106 ; 
= 197 , THE FOLLOWING INITIALIZE:S THE LINKED LIST POINTERS FOR 
= 108 ; THE REGISTER ALLOCATION AN) DErt.LOCf:TI()j ROOTlNES. 
= 199 ; 

8983 = 118 ?OOR2 SET 3 
Il894 = 111 ?f.19R3 SET 4 
888S = 112 ~J88R4 SE·' 5 
8996 = 113 ?S8R5 SET 6 
8087 = 114 ?a0R6 SET 7 
8998 = 115 ?BeF7 SET C 

= 116 ; 
8882 = 117 ?E8PNT SET 2 

= 11C ; 
0003 = 119 ?fl1R2 ~T 3 
8094 = 128 ?B1R3 SET 4 
888S = 121 ?B1R4 SET 5 
8986 = 122 ?C1R5 SET 6 
8087 = 123 'B1RG SET 7 
9998 = 124 ?!11k? SET S 

= 125 ; 
8882 = 126 ?B1PNT SET 2 

= 127 ; 
8888 = 128 0RGI'G8 SET 888H 
8199 = 129 1J:GPG1 SEl 108H 
9::'0e = 130 ORGPG2 SET 211911 
8388 =131~ 5[T Ml 
0489 = 132 0RGF'G4 ~T 4!l9H 
!l589 = 133 ~GPG5 SEl 588H 
8689 = 134 oo.lPG6 SET 689H 
0799 = 135 ~GPG7 SET 70011 

= 136 ; 
= 137 $EJ~CT 
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= 140 i 

= 141 ; 
START OF rl.LOCATION IfICROS 

= 142 ; ***:I"I:*.~"********-:*-***********'--***-********* 
= 14:? i 

= 144 ?RSfiIIE 
= 145 IF 
=146 

I'IflCRO !,\'I1IlOL, BANK, PNTIIfl. 
f'NTI/AL HI e 
l~~ 2 

= 147 EXIll'I 
= 14C ENDIF 
= 149 $ SAVE GEN 
= 1'50 !Nl'tIlOL. SET R&PNTIlf'.L 
= 151 f RESTORE 
= 152 ?B&E.:flNK&PNT Sl:.l ?B&BANK&R&rNTVAL 
= 1S:? EII>M 
= 154 ; 
= 155 ; 
= 15(; ?tll Ii)X SET 20H 
= 157 ; 
= 158 ?I'ISRYE 
= 159 $ 
= 160 
= 161 f 
= 162 ?I1IIi)X 
= 163 0011 
= 164 .' 
= 1C5 If.tOCK 

S'r'I'IOO.. EQIJ ~ 
RESTORE 
SET ?MIIi)Xi LENGTH 

IflCRO SYIIBIL LENGni 
EQlJ 3 = le6 ?&!.VI'1BOL. 

= 167 ?MSflVE S~mL LENGTH, i:?I1IIi)X 
= 1GC Era! 
= 169 i 

= 170 DECLARE MflCRO SYI9JI.., TYPE. 
= 171 ?&SYMIlOL SET ?&H'PE 
= 172 Ir ?&TYI'E EQ 2 
= 173 'Jl1SflYE SYMOOl., L i:?MINDX 
= 174 EXITI1 
= 175 CNDIF 
= 176 IF 
=177 
= 17C 
= 179 OOIF 
= 180 IF 
= 181 
= 182 
= 183 ENDIF' 
= 134 
= 1llS i 

= 186 $ 

')&H'PE EQ 9 
'RSAYE 5'm80L., 9, i:?eIIPN1 
EXITI1 

?&T"'PC EQ 1 
?~~ S"~,1,??B1PNT 

EXITI1 

EJECT 
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LOC OBJ LINE so.m STATElENT 

= 107 ; 
= 100 ; R(~ IfICro TO RESET TI£ INS1ROCTION LOCATION CO..tm:R 
= 10S ; TO THE FIkST FREE LOCATION ON TIlE FIRST PAGE IIOOllE WILL 
= 199 ; FIT WI1HI~ 
= 191 RE!»:G IIACF.O LOCflTl ON 
= 192 t.SfIIIE GEN 
= 193 ~ LOCATIIM 
= 194 $RESTORE 
= 195 EN>I'I 
= 1% ; 
= 197 ; COOEDLK I'IACRO TO rIND A PfIG( OF RIJI 
= 198; WHICII THIS BLOC!( or COOE WILL rn WITHIN 
= 199 COOCIILK IIflCRO LOOTH 
= 298 ?LooTIl SE'I LENGTH 
= 201 IF IlIGH(~LOOnH) ((;1 8 
= 202 R(ORG iroRGPGIl 
= 283 ?STfl;T 5£:.1 $ 

= 284 ~'XIT1'I 
= 2!.t5 E~I~ 
= 296 IF 
= 287 
= 28C ?Sl~T 
= 299 D:lT!! 
::; 210 ENDIr 
= 211 IF 
= 212 
= 213 ?ST~T 
= 214 EXIT!! 
= 215 ENDIF 
= 216 lr 
= 217 
= 21C ?$TART 
= 219 EXIT!! 
= 22000IF 
= 221 IF 
=222 
= 22'J ?START 
::; 224 EXIT1'I 
= 225 ENDIr 
= 22(; IF 
= 227 

ImiWlRGf'G1iL.£mTH-1) Ul 1 
REORG :roRGPG1 
:.I:T $ 

HIGH«J«;I'G2+LO«lTH-1) (Q 2 
REORG iroRtFG2 
SET $ 

HIGH(IROPG4+lLNGTII-i) CQ 4 
~:EORG iroFGPG4 
SET $ 

HIGH(0RQPG5+I.E.l«lTIH) EQ 5 
REORG ?ORGf'G5 
SET $ 

HIGH(IJ.'GP".J6+l.ENlTH-1) EQ (; 
R[ORG iroRGf'G6 

= 220 ?START SET 
= m EXIT!! 

$ 

= 2S0 ENDIF 
= 231 IF 
= 232 
= 233 ?STARl 
= 234 EXIT!! 
::; 23~ 0011, 
::; 236 IF 
= 237 
= 238 ?START 
= 239 EXITl'I 
= 240 E!l)IF 
= 241 

HIGH(a;:GPG7iLEIIlTH-1) EQ 7 
REORG ~7 
SET $ 

HIGH«(RGPG3+LE1«lTH·'1) EQ 3 
~ORG ~3 

SH $ 

; *** 1I6tJ'FICIENT sm:E FIR COOE ON ANY /'fa. *** 
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LOC OBJ LINE SOORCE STRTEIlENT 

= 242 EJI)I1 

= 243 ; [)HTASLK INSERTS ~TO PAGE 3 
= 244 DATRBLK I1ACro LEMHI I 
= 245 ?LEl«iTH SET LENGTH 
= 246 IF HIGH(ORGPGNEl«iTH-1) EQ 3 
= 247 REORG I!ORm'Gl 
= 248 ?START SET ~ 

= 249 EXITI'1 
= 259 [l()lF 
= 251 E~ 8 ; *** INSIFFICIENT SPOC£ FlJ: DflTfl BLOCK ~ Pfl£ :s *** 
=~O! ~ 
= ~3 ; ?SIZE PRINTS A LIt£ TO 11£ SIUCE rILE GIYING BLOCK SIZE. 
= 254 ; IN) LrDflTE!; APPROPRIATE ~ 
= 255 ?SIZE I'IACRO BLK.. rGE 
= 256 ~..JlYE Gt:N 
= 257 SIZE !:t"T BLK 
= 253 ; 
= 259 ;*****"'**_II-* .... 4I .. IIII .. II.IIIt •• II. __ IIII_ 

= 26!! IF ?Loonl L T SIZE 
= 261 ERROR 8 ; *** !;IZE EXCIIDS SPlICE IKCI([I) FOk BY COOEaLK 1I'n'O 
= 262 OOIF 
= 2C3 IF IflCiH($-1) Nr 11IGlI(?START> 
= 264 ERRIli' 8 ; *** COOE ~ DATA BLOCK RIl..LEJ) OYI:R POOE EKXHlfR'I' *** 
= 26S OOIF 
= 266 $RESTOR( 
=267~ SET $ 
= 268 U[iIIJ 
= 2(;9 ; SIZEClIK Cl£CKS SIZE OF PRECEDING BLOCK, PRINTS SIZE TO _ LS-I Flu.. 
= 278 S IZWIIC II1CRO 
= 271 ?SIZE ?'($-·?STRRT>, >:I-IIGll(?SlART> 
=272 ~ 

= 273 ; 
= 274 ; 
= 275 ; ~CE CODE SPACE fUOCATI~ 5U'I1PR1' SlTHEIDT 
= 276 RSCUCE IIOCRO 
= 277 ~ LIST GEN 
= 27C PGSlZE SET tm-'G8-888l ; rsYl5 L&I) ~ PAGE 8 
= 279 PGSIZE SET ~1-188H ; L'YTES USED ~ me 1 
= 289 PGSIZE !.£T a:.'GPG2-288H ; ll't'TES US£/) (II PAGE 2 
= 281 PGSlZE 5£1 ORGPG3-389H ; BYTES USED ~ PRGE 3 
= 282 f'GSIZE StT ~---488H ; flVTES lJ58) ~ PAGE 4 
= 283 PGSlZE. !;ET ~5--S89H ; b'VTES US£/) ~ PRGI: 5 
= 284 PGSIZE SET !mIG6--688H ; BYTE.S lJS£J) ~ I-1a (; 
= 285 PGSlZE 5£1 IRGPGN88H ; £lYTES lJSEI) ~ PfIGE 7 
= 286 $EJECT 
= 2(:7 $REST~ 
= 28S ENDI1 
= 289 $l:JECT 
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LOC OOJ LItE 

298 ; 
291 $ INCLUOC( :F0:1'KJPCOD.11AC) 

= 292 ; 
= 291 ;?I1RI1 I'IACRO F'~ GEI£RflIZII«i !I'COOE INSTROCTI~ 
= 294 ; 
= 295 ?FORM 
= 2% IF 
= 297 $ 
= 298 
= 299 
= 380 $ 
= 381 
= 3112 ENDIF 
= )83 IF 
= J84 $ 
= 105 
= 386 $ 

= 387 
= 108 [NI)IF 
= 199 IF 
= 110 $ 
= 311 
= 112 $ 
= 111 
= 314 ENDIF 
= 315 
= 116 ENDII 
= 117 ; 

I'IIUO (J'COOE, SI\'C 
?&SRC [Q 2 
SflYE GEN 

III't' RLISRC 
(I'CODE ft, @R1 

R£STIJIE 
EXIllI 

?&SRC EQ 0 ~ ?&SRC CQ 1 
SAVE GEM 

OPCOOE fl,$RC 
RESTIJlE 
EXIllI 

?&SRC EQ :s 
SfIYE GEM 

OPCOOE fl, I5RC 
RESTIJlE 
EXll" 

= 318 ; ?H912 IKRO F~ I£J£RfI.IZII«i IIMS .. ~ TI£ oct 10 A vtlUfIBL[ 
= 319?F0RII2 IKkO OES'I 
= 128 IF ?&DEST EQ 2 
= 321 $ SAY[ GEM 
= 322 troY RLIDEST 

IIRLA = 321 lIllY 
= 324 $ Ii'ESTlI!E 
= 32S [Xl 111 
= 326 ENDIF' 
= 327 IF 
= l2S $ 
=329 
= )l0 $ 

= 111 
= 132 OOIF' 

?&DEST E.Q 8 ~ ?&DEST EQ 1 
SIlYE GEM 

lIllY 
RESllJlE 
EXITM 

= m E.RRm! 1 
= 114 ENDIt 
= 115 ; 
= 136 ; ?FmC IflCRO Foo GD£RALIZII«i IIOYES FJ.'OIt TIE oct TO A YARIfflLE 
= 117 ; lIEN IT IS ~ THAT R1. <II- IfiDEI) fll'< IN>lRECT fl)l)R[5Sltli) 
= 318 ; 
= 319 ?FtRI'Il 
= 148 IF' 
= 141 $ 
= 142 
= 141 $ 
= 144 

IS Al.REfi)Y MSl T. 
PIFlCRO DEST 
?&DEST EQ 2 
SflYE GlN 
~y @R1,A 

I!EST(JI[ 
EXIl" 
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= 346 IF 
= 347 $ 
=348 

?&DEST EQ 0 OR ?&DEST lQ 1 
s,'lY£: (lEN 

= 349 $ 

= 350 
= 351 EN>Ir 
= 352 
= 153 ENDI1 
= 354 i 

I'IOV OCSl, A 
~f!;TORE 

EXm 

~ 1 

= 355 ;?F~ I'fttRO FOR GOGfl.IZII«l '1'KlY A, !IRe' INSTROCTIOO 
= J56?FCA'14 I1ACRO Sfo:C 
= 35'1 IF ?&SRC EQ 2 
= 358 $ !)WE GEN 
= 359 !'lOy R1, IS/<C 
= :u;e I'IOV A, 1R1 
= ~1 $ RES10RE 
= 362 EXIT" 
= l63 [:r~IF 
= 364 Ir 
= 365 $ 
= 366 
= 367 $ 
= 360 
= 369 IJI)IF 
= 370 IF 
= 371 $ 
= 372 
= 373 ~ 
= 374 
= 375 Ellm 
= 376 
= 377 END/! 
= 378 i 

?&SRC ~Q 9 OR ?&SRC EQ 1 
SAVE GEN 

I'IOV 
RESTORE 
eXITM 

?&SRC EQ 3 
SAY[ GtN 

I'KlY 
RESTORE 
EXIT!'! 

1 

= 379 ;?FCR1'15 IKRO FOR GENERfLIZII«l I'IOYING A COOSTANT INTO A YARIFaE 
= 300 ~ IR:kO OCST, CONST 
= 381 lF ?&DEST EQ 9 OR ?&DE!7T EQ 1 OR ?&0£.51' EQ 4 
= ~ $ SAVE. GEN 
= 303 I'IOY DEST I ICt1IST 
= 304 $ IlESTORE. 
= 385 r::xm 
= 3SG EN>IF 
= J!l7 IF 
= 300 ~ 
= 309 

?&OCST EQ 2 
SAYE GEN 

/lOY RL 1DE!7T 
= J98 
= 391 $ 
=392 
= 393 OOIF 
= 394 
= l'J5 EN>tI 
= 3% ; 

I'IOY 
RESTORE 
EXITl'I 

1 

= 397 ; ItIOY 
= 398 lIllY 
= m IF 

1IlOO GEI6'flLlZED IIOYE FR<»I !;RC TO OCST 
Ift:RO DEST I SRC 
?&SRC Eel 3 
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LOC OEJ LINE 

= 490 
= 491 
= 492 ~NI)IF 
= 403 IF 
= 494 
= 49S 
= 49C ENDlf" 
= 407 IF 
= 400 
= 4119 
= 419 ENDIr 
= 411 
= 412 
= 413 ENDM 

'1.llIRCE STATEMENT 

?FORm l1EST, ~'(; 
eXITM 

?&O£ST EQ 4 
?f"OOM1 I'IO'J, SRC 
EXITM 

?&SRC EQ 4 
?FORI'I2 OC!;T 
EXITI1 

?F0RtI1 I'IOV, SRC 
'IFORI'!2 ~S'l 

= 414 ; ~'l1INOP I'IlCRO 
= 41~ ?BlNOP ~RO 

GEtDfl.lZES ARIlIKTIC AN) LOGICIl. tFERATI!Jf.i 
OF'CODE, DEST, SRC 

= 416 IF -:'&I>E5T I:.Q 4 
= 411 ?r0l\'1'l1 OPCOOE., SRC 
= 413 EXITM 
= 419 [t(lIF 
= 429 Yr. ?~SRC [Q 4 
= 421 '>FORI11 OI'CQDE,DEST 
= 422 ?f.OkIC [)EST 
= 423 EXIT" 
= 424 HIDIF 
= 425 ?F0RI'I1 11OV, SkC 
= 426 ?F0RI'I1 OPCQDE, O£ST 
= 427 7F~I'G DEST 
= 428 EIIlI'I 
= 429 :MAOO MACRO fOR CiCNERALIZING ADD INSIRtX:l I~ 
= 439 MADD I1flCRO DEST, SRC 
= 431 ?BINOP ROO, DEST, SRC 
= 432 ENDM 
= 433 .: 
= 434 .: MAOOC ffICRO FOR GEt£Rftl.IZING liOOC INSTROCTI~ 
= 435 MflODC I'IACRO DEST,Sf<C 
= 436 ?IlINOP fOOC, ()I;ST, SRC 
= 437 EM>PI 
= 43t) ; 
= 439;MANL I'IACRO F~ GEIERPUZING Ilt. INSTRUCTI~ 
= 440 PlANt.. IfICRO DEST,SRC 
= 441 ?BINOP IINL, [lEST, SRC 
= 442 EN>!'! 
= 443 ; 
= 444 : MORL MflCRO rOR GENERALIZING 0Rl INSTh'llCTION 
= 445 I'IORL IflCRO l1E5T,SRC 
=446 ?SINOr ORL DEST, SRC 
= 447 ENDI! 
= 448 ; 
= 449 ; MX"," f'1fiCf...'O FOR GENERfUZING XRI... INSTJM:TION 
= 459 I'IXRl I'IACRO DEST,$RC 
= 451 ?SINOr XRL O£ST, SRC 
=452 ENDM 
= 453 ; 
= 454 ; I1XCH P!flCRO f'~ CENERfl.IZING XCH INSTRIX:TI~ 
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LOC ooJ LINE: SOORCE ~"TRTEIENl 

= 455 IIXCH 1flCR0 OCST,$RC 
= 456 ?BlNOP XCH,DEST,SRC 
= 457 ENm 
= 45S ; 
= 459 "ltflR',' I'IACRO ~Dm 
= 468 ?FORM IIOY,OCST 
= 461 $f".>AVE GEN 
= 462 IROI>E A 
= 461 $RESTORE 
= 464 ?Fcel1 OCST 
= 46S 00II 
= 466 ; 
= 467 KIt«: IfICRO DEST 
= 4G8 ?IJflRY INC,Dl:.ST 
= 46!1 ENDI'I 
= 478; 
= 471 !'IDEC IfICRO OC:Sl 
= 472 '?l.tRY DEC,DEST 
= 473 EJIiI'I 
= 474 ; 
= 475 I'PJJNZ I'IACRO DEST, fl)DR 

= 476 ?UNFIR'!' DEC,OCST 
= 477 $C...IM: GEN 
=478 JNZ flOOR 
= 479 ~STORE 
= 488 OOK 
= 481 ; 
= 4S2 IIRl. IKRO DEST 
= 4Sl ?IJflRY R\..,OCST 
= 484 ENDK 
= 4S5 ; 
= 4S6 I'IRR 11ACR0 DEST 
= 487 ?LNIR'I' RR,DEST 
= 4118 ENDI1 
= 489 ; 
= 490 I'Ii'RC 110:0 DEST 
= 491- ?\.MIRY kRe,DES'1 
= 492 ENDI1 
= 491 ; 
= 494 II1.C I'IACRO ~ST 

= 495 ?IJflRY RlC,DEST 
=496 ENDK 
= 497 ; 
= 498 $EJECT 
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LOC OOJ 

11818 
IJ828 

LINE SIUCE STATElEN., 

499 ; 
~;================================= 
~; 

582 ; 
~J;================================= 
5M;================================ 
595 i 

~; 
587 ; __ •• 111+11 .... .-. .. 11111 ......... 1111111111 ••• 

588 ; 
589 ; fUOCRTI~ II" IF 110 POrrS: 
518 ; 
511 i *-*-*****--******-**-*********-** 

512 i 

513 ; 
!l14 ; 
515 ; 
516 i 

BUS 
Pi 
P2 

517 f'I>IGIT EQIJ 
518 I'SEGIfI [00 
519 1'S[Gl0 URI 
528 Plrf'U1 EQU 
!)21 ; 

P7 
1'6 
P5 
P4 

; USEJ) ~ DIDlRECTl(NL IIlIlI\BS fIN) OOTA lRfHiFERS 
; USED AS ItI)JYIDtR. cafTRIl. OOTPUTS fIN) IIREfIK LOOIC 
; Hlfit-mlER IIlDRESS fIN) ~ ~ SElE(;11~ 

i USED TO EIfIBlE CIRf1Cl[RS fIN) STI\'OIlE RIllS (f' KE't'IUIID 
;USE.D TO TIn ~ HI Sl:GfENT!. OF CIJ:ROO1Y 8RIlEI) DIGIT 
i ~T r~ LIKR AU SEGl'ENTS 
; I'IRT USEJ) 10 ~ r~ KEY ClOSlJ<ES 

~ i .... 11111 .......... _****_._**.**_.1111111***** 

52J i 

524 ; IM>IYIDtR. PINS OF pan 1 USEJ) AS FOllOWS: 

526 .;_ttl ..... IIIII ........ IIIIIIIIIIIIIIIIIIIIII .... 111111 

':127 i 

~ UIlRfII EOO 88989881B ; Pi8 - HI EffIIlES IIREJI( ~ IlREfII( RfIt 00TPU1 SIIHl. 
529 ENllrl{ EOO 88IM8111B ; PH - HI EtRLES BI<EfI( ~ RD OR II! TO LIrI{ BV EP 
5}8 <lUI E: P11 & Pi8 BOTH III BfIBlES 
531 E:REfIK ~ fIfI' EP INSTROCTI~ CYClD 
5J2 EPSSTP EQU 1188881888 ; P12 - LO FIR:ES EP SS IIf'UT L(JI, 
5J"J HI OOTES IlROICPOIN1 ftIP-FUI' TO Er SS IIf'UT. 
S"J4 ClRBFF EOO 888M1I98C ; P1J - LO CI..ERRS IIREJI( FUP-Fl1F 
5J5 fN) amES II! CONlI\1l. 10 IIREfIKPOINT RIll. 
!lJ6 EPI&T EOO Il881888IIB ; P14 - HI RESETS Ef' 
5371D)OOT EOO 11818118088 ; Pi5 - LO IKN EP IS EXECUlIlIl USER PROOJdIII, 

5J8 HI II£N EP FROZEN OR RUIUIIl OYERUIYS. 
5J9 1TYWT EOO 8188888IIB i PiG - SERIII. OOTF'UT TO m' OR CRT 
548 i P17 ., tNI!!ED 
541 ; 
542 $EJECT 
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....•••••.•.• ··•·· .. · .... · ....... · .. ·r ............ .......... 

544 ; 
545 ; IN>IVIDlR. PINS (}' PORT 2 USE/) AS FOLLOI6: 
546 ; 

547 i *********************-********************************** 
54e i 

549 ; 
558 ; 
551 III EQU 
552 It1 f.QU 
5S3 If'llSEL Eoo 
~ 
555 EXPI'llN Eoo 
556 
557 ; 
558 ; 

8881111l91!a ; P24 .• I£I'IORY MTRIX ClJjTROI. PIN e 
001_ ; P'c!5 - 11EI'IOO't' I1flTRIX CON"I kOI.. PIN 1 
91_ ; P'.16 - HIGH lIEN PIP IN COOROl.. or COlftlN 1£" ARRAY, 

L<M If£N EP IN CONTROl.. 
18880088B ; F'27 - JIJftRED TO ~OOND FOR STf1N>ARI) 1'IONI1(J(, 

fL(.(iTING IKN EXPIlNSION IOfIHlR 1'RE!lEHT. 

559 ; IIIEN If' IN CONTROl OF 1fJO\' IIflTRIX 1'11-118 USED I1S rOl.L()I5: 
S68 ; 
561 ; It1 III I'lOO( 

562 ; e It PROGRflI'I RAI'1 ARRAY EPftlLED FOR RE.AD & WRITE 
563 ; iii 1 Dfll A RAI'I ftRRAY HflBUJ) rOR R£.RI) & If( ITE 
564 ; 1 X Uri( REGISTER 0fQ.E.D FOR READ, RIJI ARRfI'l'S D1SfflUJ). 
565 ; (NOTE: LIN( REGISTER fUfflS ENfflW) F~ IF 1iRm.~) 
566 ; 
567 ; liEN EP IN CONTROl. (f ~TRIX /I1-1't8 USED AS FOLLOWS: 
S60 ; 
569; 1'111'18 
578; ex 
571; 1 0 
572 ; 
573; 11 
574 ; 
~75 .; 
576 SEJtCT 

I'OOE 
r:.r ~"SI::N FHCI£S FRflt LIN( ~GI!.TER (USED 10 F~ (J'COOES) 

EP PSEN FETCI£S FRtlI ~~ RAI'I ARRAY, 
EP RD & IiR COOROI. DflTA RAI1 ARRAY. 
rr PSEN ITICI£S FRO!! F'ROGRAII RAI1 ~', 
J:.D & WR COOROl.. LIN!( REGIS TEI1. 
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LOC OBJ 

0017 

0010 

9001 

9003 

FfFr 

LII£ SOCRCE STflTElENl 

517 ; 

57S ; ***--****--*****-************-*-
579 ; 
588 ; ~..,~ CONSTANT DErJNITIIJf.i: 
581 ; 

~ ;**********-*-***--*--
583 ; 
584 OCClflFE 0flF.N0, CON$T ; lUlU: ~ OIGITS IN OISPLAY ftN) R!IIS CF KrYS 
~98 CHARNO EIIU r. 
599; 
688 DEa..~ NCOlS, CON5T 
614 trnL!; EQU 
615 ; 
616 DECL~ OEElIa, COOST 
639 DEllta [QU 
6:S1 ; 
(;32 DEClARE ()V!, I ZE, CONST 
646 OVSIzr EOO 
647 ; 
64S DEClfll"([ EI.flEN, CONST 
662 BlFLCN EQU 
66.s ; 

; LlSSER DII£N5ION OF KE\'BORRD IfITRIX 
4 

; NlKJER (J" socrsSlYE SCANS BEF~ las ClOSlJi1E f(;CEPTEO 
8 

; SIZI:. OF LllRlEl IIINHKJNITOR 0YERlA't' F~ E!' 
23 

.; LE~TII OF I£X FIlMlT XI'IIT IlJIFIR (1fIX RECORI> LENGTH) 
16 

664 .; **************'1:***_********--**-************ 
665 ; 
666 ; UTILITY CONSTANT DEClARflTIrIf.i 
6a ; 
668 ; ****-*-************ •••••••• ......-************ 
669 ; 
678 DEClARE ZERO, tllNST 
~ ZEkO Eoo 0 
~ DEClARE PlUS1, CONST 
699 PlUS1 EflU 1 
700 DECLARE PlUS3, CONSl 
"14 PLUS:; l:QlI :; 
715 OCClfn: M:GL COOST 
129 NEG! EOO -1 
739 .; 
731 $EJECT 
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LOC ooJ 

0907 

11003 

LINE !;OI,JRC( STRTOIENT 

732.: 

133 i ********** .... *********",*******:1:************-************ 
734 ; 
73':1 .: BfH( 0 REGISTEk ALLOCfITION: 
l3G .: 

737 i ****************************":*******************-****** 
738 .: 
m DIOCLm: LOATA, R89 
~C!+ LooTA $l T 
i'S6 DECLAAE KC',', ROO 
/69+ 1(£\' SET 
'1'13 DECLARE rntp, ~ 
laG+ IHf' S£T 
"198 OCClARE ClI<SIJII, R9f:l 
003+ CflKSltI st T 
007 OCClflRE DSPTIII', RIl0 
B29+ DSrTIIP SET 
824 OCCLARI: XPCQDE, RB0 

; DA1A IJSEI) BY LOGICft. fIDORl:.SSIt«! Wf)~n~ UTILITIES 
R2 

.: H!l.DS KEYCOOE REIIJHD FRCfI KI:O IIf'UT ROU1Il£, 
R) 

.: COlW1 ER llSE() AS AN IMJEX IN PARSER RruTINE 
R4 

.: CHECKSUII or DATA IlYTES TRANSIIITTED IN HEX FILE F~'IflT 
R!;) 

; TE~ ST~ FOR DISPLA't' rAlTERNS IN '()C'..RA(,'C' 

R6 
.: EXPANSI~ ~ITOR RruTINE CODE IURR 

8:a. XPCODE SET Ri' 
841 i 

842 .:*"'-*--*",*****-*--~* 
841.: 
844 .: [fINK 1 REGI!';TER fLLOCIlTION 
845.: 
846 .: _*************** ... ot __ **************_** 
847.: 
848 OCCLARE ROTPAT, RBi 
8G5+ R01PAT !.;ET 
869 OCCLfIRE ROTCNT, Rll1 
006+ ROTCNT SET 
~'90 DECLARE LfISTKY, R9i 
987+ LASTKY SET 
911 DECLARe CURDIG. RBi 
928+ C.m)IG SET 
932 DECIJ1RE mfiG, RBi 
949+ mnG SET 
953 
954 .: 

.: USED TO flOlD INPUT PATTERN BElt«! ~,()TAlli.l THkCllGH C" 
~ 

.: COlM'S N.KlEf< IF &ITS ROl ATUl 'fHROt.Gf cv 
R3 

.: InDS KEY POSITION IF LAST KEY DEPRESSION DE. mTED 
R4 

.: IlCtDS P~S ITION or II:Xl ClftACTER 1'0 BE D ISI-'l.fMD 
R5 

.: FLflG TO OEmT WIlEN ALL Kf: YS 1ft RIUASEf) 
R6 

.: (kEGIS1~ i' I«IT USE!) FOk PkIIIARY I'IONIT~) 

955 .: --***--'****-***-***************** 
956 $EJECT 
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LOC OBJ 

9928 

811:!1 

8822 

91123 

9924 

9925 

IlII2G 

9927 

8928 

9929 

992A 

992B 

992C 

11921) 

Il92E 

0921' 

8839 

8831 

ee32 

91133 

8834 

88J5 

883G 

eel7 

LII£ SOURCE STATEII.'NT 

'1'Sl i 

958 ; **********************************************"'*********-'** 
959 i 

!160 i DATA RAM ALLOCAl ION 
961 i 

962 i ***************_****-****1 •• 1111** 111I111111111111 
%3 ; 
964 OCCLME a:m:, RflI1 i STImlE IN If' F~ EF' f£CtK.lFIT~ 
969+ E.f'ACC EQU 32 
!.173 DECLARE EPf'SIt RAIl i ~ TIJ9iE IN IF rlJ< EP PRIDlfII STATUS lOll) 

970+ EPPSW EQU l3 
982 DECl.flRE EPTIIIR, RRI'I i ST~ IN If' m: Ef' TII'ERICOUNTEf< RlGISTER 
9C7+ EPTIII< EQIJ 34 
m DECLflRE EPR8, RAM ; STm:IGE IN I'll' F~ EP REGiSTER 9 IF BfIN( €I 
9%" Em) EI.lU J5 

1999 DECLARE EPf'Cl.O, kRl1 ;ST~ IN If' r~ UJI ME (F EP Pr«DfI! CWflER 
1995+ EF'PCLO EI.lU 36 
1999 DECl.II1E Ef'PCIU, RAIl ; STtmE IN If' ~ HIGH NIBBLE IF EP PRCmIIt CWfID: 
1914-1 Ef'PCIII EI.lU l7 
1918 DECUII'£ IflITLO, mt ; I'RRAI£TER 1 FIJ< SLRIAL LIN( DATA RATl !iEI£Rfl~ 
1923+ fIlITLO EQU 38 
1927 DECLfI.'E HeI THI, RAPt ; PIJ:f1I'IETER 2 F~ SERIAL LIN( DATA RATE GENERATIJ< 
1932+ IIlITHI EI.lU 39 
11136 Dl:CLARt:: DSF'TIIt RAI'I ; F'Am£TER f~ fIlTO-STEP fit) AUlG--IIREfI( SflItB«:IIfj rd'/ll: 
UMU DSPTIft EQU 49 
1945 OCCLII.'[ YERSNl, RAIl i ftONIT~ VERSION tUlBER 
1959+ YERSMl EQU 41 
1954 DECLARE ~GA, RAIl (lNJSEI) 

1959+ IlREGfl EOO 42 
1963 OCCLfft IH:GD, RAIl (lNJSEI) 

1960+ IfIEGB EI.lU 43 
1972 DECLARE IREGe, RAIl (IIU...ED) 
1977+ ~ EI.lU 44 
1881 DECl.fJ..'E Il!EGD, RAIl (lNJSEI) 

1986" 1f!E(I) EOO 45 
1998 Dl:CLflRL IREGE, RAIl (lNJSEI) 

1995" HREGE EOO 46 
1999 DECLARE IJ.'EGF, RAIl (lNJSEI) 

1194+ HREGF EOO 47 
1198 DECl.flRE SI1AI..O. RflI'I ; f'RilllR'1' CrmN> Sl ~TING I£I«lR\' fI)I)Rl5S (l(JI £NTE) 
1113+ Slft.O EQU 48 
1117 DECLARE SlflHI, RAIl ; Pl':IIIARY COI'IIIAtI.l STARTING ~ fm'E!I~ (Hl(1: lIvn:.) 
1122+ SIRlI EOO 49 
1126 DECLARE aflO, RAP! ; PRIm' catftt) OOING ~' ft>ORESS (LIJI EI'I'TE) 
1131+ I:ftALO ~oo 59 
11J5 DECLARE Elllil, RAIl i PRII1AR\' catIN) EM>ING IEIUY II>DRE.SS (HIGH 8'1'11> 
1149+ EIRII EQU 51 
1144 Dl:CLARE 1Ell.0, RAIl ; THIRD PARSl:R Pfl9£TER & I£X REcaID rooRESS (LIJI) 
114!H 1fJl.0 EQU 52 
1153 OCClllRE IlElfU, RIll i nlIRD PfRSER PfIi.'AIEl ER & If:.)( RECOW fl>DRESS (HIGH) 
1158·1 IIJIfI EOO ~3 
1162 Dt::CLARE BCODE, RflI'I ; rRIItlRV CMIIN) IUI9ER FR()I I'fIF:SER Tf18lES (8-0) 
1167+ BCOOE EQU ~ 
1171 DECLARE TYPE, RAIl ; f'lUIIIRY CrmN> ID>IrIERIlFTION (8-5) 
1176+ WPE EI.lU ~ 

All mnemonica copyrighted C) Inlei Corporation 1976. 
5-31 



•• w ~ .. v .. "" .. ut "UI,""'1I1 ,lnvtA t'IJll'tlt;l( U".A;I) iN ~1lN(j PFI1SER TABlES 
9939 1194-1 OPTION EQU 57 

1198 OCCLARE I£XTPL RAl'I ; ClIARACTER POSITION r~ DISf'LA'l' UTILn IES TO IflITE 11::<1 
993R 12934 IEXTPl EQU 58 

1~7 DECLARE KBDBUF, RAIl ; POSIlION (J' KEY DEBOl.N:ED BY SC~ING SUBROUl'I1I: 
99lS 12124 KBDBLr EQU ~9 

1216 DECLARE KEYLOC, RflI'I ; I NCREl'IENl'ED ns SUCCE!lS 1 YE KEY LOCATI ONS SCANNED 
983C 12214 KE\'I.OC EQU 68 

12'l5 OCCLARE If:EPTS, RAI'I ; KEEPS TRACK (J" soccr:SS I YE REw.i OF SAI'IE KL\'S TRI»<E 
9031) 12384 NREPTS LQIJ G1 

1234 DECLflRE fI<"...AYL RAI'I ; HaJ)S OCCIJU.AT~ VALUE OORIt«i SERVICE WJl III. 
1193£ 1239{' /lSflYE EQU 62 

1243 DECLARE RDELA'l', ~'" ; COl.tI1ER DECREI'I£NTB> 1oIIl.N AUTo-'STEP DlLA'l' 1N ~'OORE!lS 
99:n= 1248-1 RDELrt'.' EQ(J G3 

1252 DECLflRE STRTI1P, RAIl ; IP()EX POINTER For.: DI!lPLfiY CHflRfiCTEiI: STRINI.i ACCESSING 
8949 12)7+ STRTMP EQU 64 

1261 DECLARE Btf'CNl, RAIl ; L'OUNl (J' DATA Bms IN tlEX FORIf1T RECOO> fiUFFEF: 
l1li41 1266+ IllfCNT EQIJ 65 

1279 DECLRRE RECT'rt', RAIl ; T'rt'E OF to FotMll REro..'I> (9 OR 1) 
9942 1275+ RECTYP EQIJ &6 

1279 DECLARE B, RAIl ; lilT cruf1ER ~(J( ASCII !lEWl. 110 UTILITY St.mIUl If£S 
9943 1284+ B EQIJ f:( 

1288 DECLf"ft: REGe, Rf1'l ; CtIlRfICTER BEING SHIFT'll> DURING SEI!IAI.. 110 f'R(Q.!IS 
Il944 1293+ REGC EfaOU G8 

1297 DECLARE H, t\'AtI ; cn.NTER IN SOF1'IotAWE DELA'I DAm ~'flTE GENERATOR 
9045 1392'~ H EQU G!:l 

1386; 
1)87 I'IBLOCK ~GI'IflP, ClIflRt«l ; ReGISTER fiRRfIY FOR DISPLftY PATTERNS 
13114 SCGlllP EQIJ 79 
1314 i 

1315 ttllOCK O\IIJLf, OYSIZE ; U»·ORIU USER PROORAII DURING "INI-IIOHITOR CIVERI.ll'I'S 
1319+ 0Yru" lQU 78 
1322 i 

1323 1EL0CK HEXBUF,BtflEN ; ALLOCATE BLOC!( OF RAIl HlR IJ".L AS HEX ~D w:FER 
1327+ t lEXBUF EQU 191 
1338; 
1331 fEJECT 
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LOC OBJ LINE SIUCE STRTElENT 

1332 DflTfIlLJ( 48 
1337+ ~ 768 
1341 i IIMl.S TABlE OF W6TfIfT~ lOBE L(8)EJ) INTO II' INTERtR. kilt YfIUfflU:.S 
1342 ; AS PART OF SYSTEIt INITIfLIZATIf* PROCf:IlI.R:: 
1343 i 
1344i INITIfL Vfl.ll YARIRBLE TYPE 
1345i === = 

8389 ee 1346 INYILS: 00 0IIH iROTF'flT k'B1 
8381 911 1347 00 881i iROTCNT RB1 
8382 ee 1348 DB 0IIH iLflSTKY Ii'B1 
8383 IJS 1349 00 UIfIRI«) i ctRI)lG RBi 
8384 ee 1358 00 81111 ; KE'.'FlG RBi 
8385 ee 1351 DI:I 0IIH i{REG7) RBi 
DIG 00 1352 00 0IIH ilPACC f.1fI 
838781 1353 00 81M ;l/'PSW RIll 
8l1JS 00 1354 DB 0IIH iEf'TIItR mt 
8189 911 1355 00 8IIIi iEf'R8 RfII 
838A ee 1356 00 ., i EPPCLO RfIt 
9Ml88 1357 DB 0IIH iEPPCIU I\'AI'I 
8E 93 1J5C DEl 93H illHILO RfIt 
8380 84 1359 00 84M ; IflITHI RfIt 
8. 211 1368 00 28H iDSPTI" RfII 
83IIF 25 1361 DI:I 25H ; YERSt«l RfII 
8318 ee 1362 00 0IIH ill\'EM RfIt 
8311 ee 13Gl 00 ., ilM:OO RfIt 
8312 ee 1364 00 IMl ;tREOC RfII 
8ill ee 1365 00 9IIH ;IH:GD RIll 
8314 ee 1366 00 0IIH ilH:GE RfIt 
8315 88 1367 DEl .1 ;IIREGF RfIt 
8liG 88 1368 DB 0IIH ;~O RfII'I 
831788 1369 00 0IIH ;~I RRII 
8318 FF 1378 DB IIFFH iEffILO RfII 
831911f 1371 00 8Fl1 ;ElRU mt 
831f1 ee 1372 00 0IIH ;191..0 RfII 
8318 88 1373 00 0IIH ;'0111 RfIt 
831C 88 1374 DEl 8IIl ;BCOOE RfIt 
8310 84 1375 DEl 84': ; TYPE RfIt 
831E 81 1376 DB 8111 ;1UInt RfIt 
mr 88 1377 00 0IIH ;(JITIf* RIll 
8128 IJS 1378 00 Cl-1lRI«) iNEXTPl RfII 
8121 fF 1379 DEl tml iKBDllUF RfII'I 
8122 88 1388 DEl 0IIH ;KE\tOC RfII 
882l 1381 tIMI..S EQIJ f- INYfI..S 

1382 SIZEClIK 
882l 1385+ SIZE SET 35 

i3G6{j 

1387 .. j._IU ......... IIIII .. u ...... _.IIII .. u ....... _ 
1396 fEJECT 
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LOC OBJ LINE ~ $TATElENT 

B97 $ II«:LUDE ( : F8: PARSER. 1'IlD) 
=139S COOEBLK 45 
=148J+ ORG 8 
=1487 ; INIT INITIALIZES PROCES~ REGISTERS 
=1400 ; AN) RfII LOCATIONS lO DEFIlED YfLl.(5. 

8098 C5 =1489 INIT: SlL r<B8 
8801 BFOO =1418 I'IOV XI'COOE, 18 
888J 7401 =1411 CflL XPTE$T 
8005 27 =1412 eLf: A 
8886 31) =1413 IIOVI) f'SEGLO,fl 
8887 JE =1414 tm'I) fl<"...EGII, A 
8808 OO1A =1415 I'IOV RIj, I1AH ; S Tffrr AT kC1 (REG2) = RAIl LOC 1ffl 
888A B92J =1416 I'IOV RL ILl)! I«lYfLS 
88!IC I8l8 =1417 I'IOV R2, IL~ INYfl!. 
l18li: FA =1418 INITLP: I'IOV A,R2 
ooeF 8 =1419 IIlYPJ ItiA 
0018 A9 =1428 "lOY 1!R0, A 
001118 =1421 I~ R9 
8812 1A =1422 I~ k2 
OOB E98E =142J DJNZ Jd, INIlLP 
0015 55 =1424 STRT 1 
0016 744F =1~ CALL lPf.W 
0018 l:8BB =1426 I'IOV R9, ILI)!(OV1BAS+OYSIZE) 
8111A 74ffi =1427 aLL OYLOfID 
OO1C S4E5 =1428 CALL COPFIL 
001E B9J7 =1429 I'KlV Ri,ITYPE 
8828 11 =14J8 I~ I!R1 
8821 J4F2 =14J1 Cfti I~ 

882J S4E5 =14J2 au aJr'IL 
882S 99EF =14:n IN.. PL 1<I«lT EPRSEl) ; REI'I)V[ EF' R£SEl S llifL 
88278429 =14J4 JIF I'IAIN 

=14JS ; 
=14J6 SIZEOI< 

8829 =1439+ SIZE SH 41 
=1448~; 

=1441+; _**_**_* ........ 11 ............. __ ********* 
=1458 $EJECT 
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.LOC OOJ LINE SIUCE STATEIENT 

=1451 ; 
=1452 ; 
=1~3 ; ====--= -
=1~ ; 
=1455 ; 
=1456; II II II II II II 

=1457 ; ! LIST !!GOIRESET!! GO !!~! ! C !! I) !! E !! F ! 
=1458 ; 
=1459; 
=1468; 
=1461 ; 
=1462; 
=1463; 
=1464 ; 
=1465 ; 
=1466; 
=1467; 
=1468) 
=1469 ; 
=1478 ) 
=1471 ; 
=1472 ) 
=1473 ; 
=1474 ) 

II II II 

! !PROO BRK!!rROO 1f3I! !REGISTER! 
! Rim!! .••.• - I! -- !! ._- ! 

! !FVTO STP! !SIIIl STP!! I«l R ! 

! !DAm R! !DATA 1f3I!! 
! DN..(R) !! -- !! --- ! !CI..RIPREV! 

!!FVTO 1lQ(! !WITH ~!! 

II II II 

! FIll ! !1fRI) REG!! I£XT/. !! EM>I 
II II II 

=1475 ; 
=1476 $WEcr 
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II II II 

! 8 !! 9 !! A !! B ! 
II II II 

II II 11 

! 4 !! 5 !! 6 !! 7 ! 
11 11 II 

II II 11 

! 8 !! 1 !! 2 !! 3 ! 
II 11 II 



''''' rUUoUIUI'IU ~lM1lt~ IItltI<IUrt.!;, lUI III:. PfIi.'SEf( INTERPRETS 
=1479 ; YfU£S R£TI.RI£I) BY TI£ I<EWOfR) ~ING IIf'UT ROOTINE. 
=1488i HN TIl VARIOUS KEYS OF n£ KEYBOORD AIi:E PRESSED. 
=1481 i 

=1402 i 

=1483 i1([V0 EOO 08H YILt.[ RE1"IM£I) Fill ElICH KEY OF KE\'9BI) 1111 RIX 
=1484 i KE"1 EQU 91H 9\' m'BOflRD SCAtIIIII.I SUBROUTINE "KOOIN". 
=1485 iKEY2 EOO lI2H 
=14GG iKEY3 ~QU 83H .---.+ .... _+--_.+-.•.. + ~ .... --+"-'-i -.. _+_. + 
=1487 i KE"4 lOO 8411 !1C!1D!1E!1F! !8C!IID!IIE!IJ"! 
=14811 i KEY5 EW 8511 +--.. -+--. -i -- .. _+ .. -_.-t +---··+---··i ---•. -.-+ 
=1409 iKEY6 rQU 86H !1S!19!1A ' 1B! !88!89!IWl!8B! 
=1498 iKE\7 lOO 117H ~-.... -.---+-.. -.-..•.. + +--·--i-·-··+-·--+-·--+ 
=1491 iKEYS EOO 8SH ! 14 ! 15 ! 16 ! 17 ! ! 114 ! 115 ! 86 ! 87 ! 
=1492 jKE't'9 EQU 89H +_.-t--.-+--. +-_ .. + +----1--.-+---+-.-.-. 
=1493 i KEYfl EOO 8fIl ! 18 ! 11 ! 12 ! 13 ! ! 98 ! 111 ! 82 ! 83 ! 
=1494 iKEYC EOO 8BH i-··-.-· --+--+--.. -+ .. -._+---+-- -+---. 
=1495 jKEYC COO 8CH 
=1496 iKEYD EOO IIOH 
=1497 iKEYE Eoo IIEH 
=14S8 iKEYF EOO 8F"H 

9818 =1499 KEYFIL roo 18H i [FILL WlflfJI 
9812 =1588 KE't'NXT EOO 12H ; [IV(T/, I 
9813 =1581 KEVEN> EQU 13H i [001. I 
9814 =1582 KE\'REl Eoo 14H i [00IH.1m rotIAII) I 
9815 =1583 KEYPAT EQU 1SH i [AUTOOREfl< I'D) I F 101 I 
9816 =15114 r<r'r'm EOO 16H i [I)flTR ~' IUIIFIERI 
9817 =1585 KE''CLR EQU 1711 i [ (;lEARIPREY 1005 I 
9818 =1586 KE\'REC Eoo 1SH i [lROOD CCftR() I 
9819 =1507 KEYTRA EOO 1911 ; [AU1OSTtP IU)IFIER] 
981ft =1588 ~ EOO 11f1 i [PROORAIt I£IGY IUIIHER] 
9818 =1589 KEVREG EQU 1B1i ; [REGISTER 1'£IU'l' IGlUIER] 
981C =1518 KE'1tsT roo 1CH i [FaMlTTED DATA OOTPUT catIN) 1 
981D =1511 KGa!ES EQU 1DH i [GO FR01 RESET STATE catfN)] 

8II1E =1~12 KEYGO EOO 1EH ; [GO COItfIN)] 

981r =1513 KEvtIOO roo 1FH ; [t:XflI'III£/IO>IF" catfH) I 
8888 =1~14 KSETB EQU Il8H i [SET BREFmlINT ClftDI.lI 
!l«< =1515 KClRB EOO 8UI i[Cl~ flREAKPOINT WIfH)] 

=1516 i 

=1517 i 

l1li19 =1518 PBRK Eoo 191i ; [I'ROORAII BRCAKf'OINT I'EIU!'!' I'IIDIFIER] 
9815 =1~19 DBRK EQIJ 1SH i[DflTA BREAKPOINT I'IEIQY IIOOIFIER] 
9811 =1528 RINT roo 11H ; [lIARDfilE REGISl ER 1£IU't' I'D) IF IER 1 
II81B =1521 NOORK EQU 1DH ; [WIlHOUT ElREAKJ'OINTS I'IOOIrIER] 
8816 =1522 IoIlRK EOO 16H ; [WITH ~POINTS EtRllElI I'IIDIFIER I 
981A =1523 SING EQU tr.Ii ; [SInE 5TEP IO)IflER] 

=1524 i 

=1~ $EJECT 
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LOC OCJ 

8829 arM 
802B i'401 
B82I) 2381 
8II2F 3489 
1103114EC 
9033 ~B 
9934 D313 
11036 CG29 

11038 BC23 

803fl am 
993C 8199 

993£ 8937 
Il840 B108 
11042 FC 
11043 E3 
11044 B2BC 
8846 00 
1104"( C652 
11049 FC 
II84ft 9383 
II04C RC 
II04D 8936 
II04F 11 
IlII59 8442 

11052 B936 
8854 F'1 
11055 831D 
l1li57 3482 

LINE 

=1526 
=1531+ 
=1535 ; IfIIN 
=1536 ; 
=1537 ; I'IAIN2 
=1538 ; 

!nJRCE ZTRIDIENT 

COOEBLK168 
ORG 41 

OOTPUT JESSfIG[(C(MN)J'R(»f'T) 
Cf'lL It"ILlJYTt: (KEY) 
IF' TI£ KlV=lND GO TO tfflIN. 

=1539 IIflIN: PIJII XPCOOE,11 
Xl'TEST 
fl,11 
MUlL 
IIf'KE\' 

=1540 CALL 
=1541 PIJII 
=1542 CfU 
=154) Cf'lL 
=1544 IfIIN2: PIJII 
=1545 XRI.. 
=1546 JZ 
=1547 ; 

R,KEY 
A, 1KE\'l:M) 
IflIN 

=1548 ;FINI)(P FIM) OOT IF THL KEY P~SSED IS A LEGITIIfITE CQtRI) INITIRT~: 

=1549 ; ITlfI: =CTAB 
=1558 ; BCOOE: =T\'PE: =8 
=1551 ; IflILE CTRBOTJfl)09 /cTAB EXlfIUSTEDI 
=1552 ; IF CTfII<Il'If')=K£Y GOTO IfIIIfl ICOII1fN) OO'RY HUI> IN CTAB! 
=1553 ; ElSE 111f':=ITl'lF'+CO'l"AN.>-ENlR'LSIZI: 
=1554 ; BCODE: =!lCODE+1 
=1555; DI>IIIILE 
=155G; GOTO ERFCIR 
=1557 IIOY ITII', ICTIIl 
=1558 lIllY !!CODE, ZE:RO 
=1569+ I10Y R1,1BCOOE 
=1578+ IIOY €lR1,IZERO 
=1574 lIllY TYPE, Zl:RO 
=1585+ I10Y rd.,I'M'( 
=1586+ PIJII @R1,1m'O 
=15~ FItm': PIJII fl.ITIIP 
=1591 
=1592 
=1593 
=1594 
=1595 
=1596 
=1597 
=1598 
=1599 
=1688 
=1681; 
=1602; 
=1683 ; 
=1684; 
=1685 ; 
=1686; 
=1687 ; 
=16811 ; 
=168S IIRIIfl: 
=1G18·' 
=1619" 
=1623 
=1624 

11OYI"3 A,@f1 
J£I5 ~ 
XRI.. fl.KEY 
R IfIIIfl 
PIJII fl.ITIIP 
fI)I) fl.IW'SIZ 
PIJII ITlF,A 
PIJII RLIBCOOE 
It«: IR1 
JPIP FIII>OP 

rum.rr AZ5OOE(STRCOI'I(OCOOC» I*f'ROPf'T FOR TI£ CIB.'l::NT WIfIIII*I 
1:=1-+1 
IJ'TI!If:=l£tlm 
I :=I'~1 
tlLrE' ..f'IJ:fI'ETERS: =tEll ( I) 
1:=3 

fI, IlCOOl 
RLIBCOOE 
fi,IR1 

A,ISTRCOI'I 
OOTCLR 
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LOC (IlJ LINE s(ocE STnTEl'£NT 

8959 1C =1625 II«: ITIIP 
tIII5A FC =162G I!OV /tIlIf' 
9tI5E E3 =1627 PCYP3 ItlfI ; GEl InI(JI POINTER 

=1628 III«W OPTI(JI, A 
895C 1.'939 =1641+ lIlY RLIOPTI(JI 
885E Ai =1642+ lIlY IRi,A 
11851" 1C =1646 INC ITIfl 
0968 FC =1647 lIlY A.ITIIP 
118(;1 E3 =1648 1IOYP3 fl,1R ; Gl:i ~ If" f'flmE1tRS 

=1649 I'III)Y NKON.fI 
l1li62 B938 =1662+ I(N R1,1N.K(W 
9864 Ai =1663+ II)Y IR1,A 

=1667; 
=1668 ; f'ARRl£TER..BlfFER(8=):i) : =8 
=1669 ; 

BIl65 B986 =1G78 lIlY Ri,16 ; EACH I'fMt 1$ 2 If{) B 
8867 0039 =1671 lIlY Re, ISIft..O ; START (J' PfIRfI'I BtfFERS 
11969 El880 =1672 1lA11II: lIlY 1!R8, IIl8H 
II96B 18 =16"13 II«: Re 
886C E969 =1674 DJNZ ki,ltUIfl 
9IIGE 14EC =1675 CALL IIREY 

=1676 ; 
=1677; !fIILE KEYOtEII(OPTI~·T't'PE)[ G-8] 00 
=1G78; IF IIEI!(OPTI(JI+TYF'E)[7l=1 GOTO 1lA1M>1 
=1679; TVPE:=11I'PE+1 
=1G88 ; EN>NIlILE 
=1681 ; 
=1682 lIllY ITIt', OPTI(JI 

9979 8939 =1690+ lIlY Ri, I(J>TI(JI 
91172 F1 =1699+ lIN A.8R1 
91173 OC =1712+ lIlY InF,A 
99741C =1715 INC ITIt' 

=1716P1RINC1: lIllY A.ITIIP 
9975 FC =1732+ lIlY fI, ITIIP 
9976 E3 =1736 IUYP3 A,IA 
9977 97 =1737 Ci.R C 
11878 F7 =1738 RLC A 
11879 77 =1739 RR A ; STRIP BIT SEVEN INTO CII.'kY 
997A 00 =1748 XRL A.KEV 
997B C693 =1741 JZ PlRIII> 
9971> F687 =1742 JC 1fl1M>1 

=1743 IIINC noPE 
997f· L'937 =1748+ lIlY RLITYPE 
1J881 F1 =1749+ lIlY A.1R1 
11002 17 =1753+ II«: A 
1J883 Ai =1758+ lIlY IRLA 
1J884 1C =1761 II«: ITIIP 
8885 8475 =1762 JIIP PlRII«:1 

=1763 ; 
=1764 ; I'IOOIFIER ~ FIlH> 50 RESET T't'PE IN>EX TO DEFlU.T CIa (ZERO). 
=1765 ; 
=1766 PlRIII>1: III'IOY l\'PE, ZERO 

1J887 8937 =1771'+ lIlY Ri,ITVPE 
IJ889 Bi99 =1m+ I(N 1!IR1, IZERO 

=1782 lIllY A, OPTION 
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LOC OOJ 

II88B BS19 
8881) F1 
IJ88E E3 
II9Ef' 3484 
111M 849E 

Il893 B919 
8895 F1 
11896 E3 

Il897 8937 
8999 61 
II89R 3484 
II89C 14EC 

889E BC8II 
9IIfte 23J8 
IIIIA2 6C 
88A3 6C 
IlIIA4 fI8 
8IIA5 14C8 
1I9fl7 FGBIl 
811119 1C 
Il8AA B938 
88fK: F1 
IIIIfI) 87 
8fIAE R1 
.. : C6Sft 
IIIlB1 FB 
99B2 D113 
88B4 CQIfl 

88B6 1*C 
8IlII8 84A8 

Il8IlC BfI81 
IIIlIIE 249A 

LINE SO.RCE STRTEI'IENl 

=1791+ 1«)'1 Ri, IIJ'TIOO 
=1792+ I'IIY fl,1R1, 
=1796 IIIYPl fUR 
=1797 CALL IX11'G 
=1798 JIfI MItaJ 
=1799; 
=1888; au OOTPUTJ£SSI&(IO)lFIER) 
=1881 MItt>: lIllY fl,OPTIOO 
=1818+ I'IIY R1, IIJ'TIOO 
=1811+ I'IIY fI,@R1 

=1815 I«M'3 A,1!f\ 
=1816 IR>O fl,TYPE 
=1822+ I'IIY RL ITYI'E 
=1823+ ADO fl,1R1 
=1827 au IX11'G 
=1828 CfLL Itf'KE'I' 
=1029; 
=18J8 MItaJ: I'IIY IT"',18 
=1831 IIlIre1: I'IIY fl,ISIILO 
=1832 fI)I) A..ITfF 
=1833 fill) fl,ITfF 
=1834 I'KlY Re,A 
=1835 au IIf'fI)R 
=1816 JC Cl'l)INT 
=1837 III: Il'1F 
=1838 I'IIY f<1, INJI:OO 
=1839 lIlY fl,1!F.1. 
=184{t DEC A 
=1841 I'IIY 1R1,A 
=1842 JZ OOINT 
=1843 I'IIY fl,1<EY 
=1844 l<Rl. fl, IKE\OO 
=1845 JZ OOINT 
=1846 CALL 11ftE\' 
=1847 JIll MIIe1 
=1840; 
=1849 ;OOINT ENTER 11£ catIH) f'ROCES5(R WITH: 
=1858 ; BRSE-COOE.=TI£ MIN COftH) WI'E 
=1851 ; TYf'E .. 'SIJICIMIN) T'r'PE 
=1852 ; PARfl'ETER(1)=I"IRST ~ 
=1853 ; PAm£TER(2)=s(CIJI) ftlDRESS 
=1854 ; PmKTER(3)=DflTR 
=1855 OOINT: JIF IIFlEII 
=1856 ; 
=1857 ; I'ERR(R ~ EMnMEREJ) IN MIN Pfl\'SII«l kOOTIIE 
=1858 I'ERR(R: I'IIY LDATR.11 
=1859 JIf' ~ 
=1868 SIZECIIC 
=19C3+ SIZE SET 151 
=1864+; 
=1065+; 111111111111111111111111111111111111111111111111111111111111 

=1874 $EJECT 
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lI~j =1tAAt+ ORG 883 
=1884; 
=1885 ;***IIIIIIIt4********_,** .. tllll .. t******~"IIIIIIIII*** 

=188G; 
=1897 ; TfllLES F'~ m&R 
=11l8S; 
=1009 ; ***************** I I I I 1***.1 ***,,"*.********t .. t I I I I 11********* 
=1S98; 
=1091 ; TI£ CTAB TABLE CONTAINS (CtI'ISIZ> ENTRIES FCR Eoctl catHI). T1£ PlANING 
=1S92; (f" TI£ ENTRIES IS AS F'(lL~: 
=1893 ; 
=1894 ; ENTR\' 8. COItIfH) KE'1' TO INITIATE 
=1895; ENTR\' 1. POltfTER TO 11£ UST CF ~TI(l6 fFPlICABI.E 10 THIS catRf) 

=1896; ENTRY 2. IUIlCR I:F IU£RIC PfelETERS I\'[QUIREJ) fN liE. catRf) 

=1897 ; 
8823 =1~ CTfIll EQU $ IN) IlfFH 
8883 =1899 CtI'ISIZ EQU 3 

=1990; 
83231F =1981 00 1(£;''10), Lilf (FfABL 1 ; EXAlt 
8324 :sF = 
9325 81 = 
8326 1E =1982 DB KEYOO. Lilf ~rm3, 1 ;GO 
832749 = 
8320 81 = 
8329 18 =1993 DB KEYFIL. Lilf (I'TIm, 3 ;FILL 
832A 3F = 
832883 = 
832C 1C =1984 DB KtYLST, Lilf ~TABL 2 ;DlW 
8320 3F = 
832E 82 = 
932F 18 =1985 1)8 KEYREC, Lilf 1J'TmL 2 ;REC!e 
8338 3F = 
933182 = 
8332 14 =1986 DB KE'!'R[L, Lilf (Ff/1l1, 8 ir<E.l.!H> 

8333 3F = 
833488 = 
83".$5 IIC =1987 DB KSE'I S, Lilf 1J'TfIl2., 1 i SETtIRK 
8336 46 = 
8337 81 = 
8338 8C =1. DB KCLRB, Lilf OPT~ 1 iCLRBRl( 

8'S39 46 = 
83lA 81 = 
833E1 1D =1989 DB KGORES, Lilf ~TAB~, 8 i GO FR!»! I\'£SEl STATE 
833C 49 = 
9330 88 = 
833E Fr =1918 DB IIf'FH iESQF 

=1911 i 
=1912 $EJECT 
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LOC OOJ 

1133F 26 
11348 1R 
11341 16 
9342 18 
9343 11 
9344 19 
934~ 95 
9346 26 
934';1 1R 
934S 9E; 
8349 2C 
834R 18 
834B 1t; 
834C 1R 
9340 15 
Il34E 99 

LItE 5Il.f..'CE STRTOENT 

=1913 i 

=1914 i 

=1915 ; 
=1916 ; 

TI£ OPTItJl TRSlE GIVES TI£ Vfl:IOOS (fITl~ fl.WEI) F~ EfDI 
BIlSIC ctIIfN), AS FW-IJIS: 

=1917 ; 
=1918 : 
=191.9 ; 

BlTRY II. START II" TfB.E IE IQ)IFIER RESmISES. 
ENTRY 1f. fUlJEI) IQ)IrIER I(J;YSlm<ES amsP(N)IIIi TO OPTItJlS 11-5. 

=1928; 
=1921; 
=1922 IPTIIH.: DB 
=1923 DB 
= 
= 
= 
=1924 DB 
= 
=1925 OPTr02: 00 
=1926 00 
= 
=1927 OPTRS3: DB 
=1928 DB 
= 
= 
=1929 00 
= 
=1939 S IZECIIC 

I«lTE HilT TI£ LfIST BYTE IN 001 (fITItJl (J9f' IfIS BIT 
SEYEN SET TO III>ICRTE TI£ 00. 

STRGOC 
I«JBRI(, IIBRK. SIIii 

=1933+ SIZE~" 44 
=1934+; 
=19~; _i1 It ... .-.11111 1111111111111111111111111111111111 ..... 

=1944 tlJEeT 
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LOC OBJ LIt£ SIXRCE STATEI£NT 

=1945 CODEBI.K 139 
11199 =1955+ ~ ~ 

=1959 ; OOTUTL OOlPUT (»£ ~ FW< UTILIT't' DISPLAY Pmt'lS (LEFT MTIFILD) 
=1968 ; OCCIlIDIIil TO FICC cttlTENTS (8-:n. 
=1961 ; WTCLR CLEAr< DISPUlY AN) 00ll'UT ctfmTER SlRIIil ST~TIIil 
=1962 ; AT Tl-E ADDRESS POINTED TO iii BYTE HT OODRESS IN ACClIllAl~. 
=1963 ; 0IJnI<")j SlllROOTINE TO COP\' n STRIIil c.- ell PAm:RNS FRI»! WI TO TI£ 
=1964 ; DISPLAY R[GI~TERS. 
=1965 ; STRIIil SlJ.ECTED IS DETERIIlt£I) 8\' nee HN CfLLLD. 
=19(,6 ; ().I ENTERIIil OUTIISG, FICC CONTENTS liRE USED TO AOORESS A B\'TE IN A 
=1967 ; LOClI(lf TABLE ().I TI£ CIftENl Pf&: 111101 ctMAINS nE fOORESS ~ 
=19E;8 ; A STRIIil ~ SEGIENT PATTERN DATA 8\'lES TO lIE PRINlED rJITO Tii. 
=1969 ; DISF'LFI\'. 
=1979 ; TIE 00 ~ TIE STRIIil IS I11>ICftTED liEN em =1 
=1971 ; Cfl.LS sm:ooTII£ 'II>ISP' 
=1972 ; TO flCTIIlLLY EFFECT ~ITIIil INTO Tl-E DISPLAY REGImRS. 

918Il 9lli =197j OUTUTL: fllI) ft, ISTRUlL 
11182 94F1 =1974 OUTCLR: Cfl.L CLEAR 
9194 A3 =1975 OUTIISG: 11O'r'P fUR 

=1976 IftIV STRnf',A 
9105 B948 =19S9+ ~ RL 1S1RTII' 
9187 Ai =1~. PlOY IRLA 

=1$'94 PRNT2: /KJV A, ~TRTIF ; L(R) I£XT CHARACTER LOCRTl().l 
9188 fl948 =2883·' ~ Ri, ISTRTI'F 
8100 F1 =2fI84+ I()Y A, lIR1 
9188 A3 =2888 11OYf' A,@A ; LOAD BIT PAllERN IN)[R£CT 
918C F"217 =28119 JB7 PRNT1 
MIlE D4D8 =2918 CfIlL II)[SP ; OUTPUT TO NEXl OmK:1ER POSITI().I 

=2911 !'IINC STRTI'IP ; INW< POINTER 
9118 C948 =2916+ I()Y RLISTRTIF 
9112 F1 =2917+ ~ fl,@R1 

9113 17 =28214· INC A 
9114 Ai =2826+ I()Y IRLA 
9115 2488 =28'.!9 JIf' I'I\'NT2 
8117 C4D8 =2839 PRNT1: JI'F II)ISP ;001£ 

=2831 ; 
8819 =2832 STRUTL EQU LlIU 
9119 31 =2833 [)8 LOW(~) ; UTILITY 1B5AGE 8 AOORES~ 
MiA 37 =2834 DB LOW«()59Oj) ; Ul ILITV PESSIG: 1 FlU:ESS 
811B 3E =2835 DB LOW(DRlN) ; UTILIT't' I£SSIlE 2 fI>Df:ESS 
911C 44 =2836 00 LOW(DBPNl ) ; UTILI TV I1ESSRGE 3 AOORE5S 
IIB1D =2837 STRCOII EQU LOW • 
911f) 46 =28:ro 00 LOW(DID» ; IJRSIC CIJIRI) 8 RESPONSE ~S 
811E 49 =2839 DB LOW(OOO) ; IlASIC COIftlN) 1 RESPONSE ~S 
1111F" 48 =2848 [)8 LOW(DFILL) ; BASIC catfH) 2 fd:SP!J&: IV>DRESS 
812Il 4E =2941 DB LOW(DLST) ; IJfISIC mtRI) 3 RE~ fl)l)RE5S 
8121 51 =2942 00 LOW(Dm:) ; EASIC rutfH) 4 RESPCIfSE ADDRESS 
9122 54 =2943 DB LOW(DREL) ; BASIC rotRI) 5 I:ESPONSE fw<I:sS 
8123 57 =2944 DB LOW(OSS) ; BASIC CIJIRI) 6 RESI'ONSI: fl>Dr..'tSS 
912451! =2945 DB LOW(DCB) ; BASIC catIAII) "I REsm& ADDRESS 
9125 51) =2946 DB LOW(DCf() ; BftSIC catRI) 8 RESPONSE II>DRESS 
8826 =2847 5TRI£II EQU LOW $ 
9126 SF =2848 DB LOW(DPRIl.1O ; DflTR T't'PE III)IFI~R II RE~ fllDRESS 
912761 =204S [)8 LOW(DOAt£J1) ; Dffm TVPE III)IFIER 1 ~ fllDRI3S 
912S 63 =2858 DB L(6I(DRIO ; DATA lYrE III) IFIER 2 RESPONSE fllDRESS 
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LOC ooJ LINE ~ STRTEIENl 

8129 69 =2851 00 Lc.I(DINTRG) i DfllR 1Wl PQ)IFIER 3 RESPONSE fl)l)R[SS 
812fI 65 =2952 00 Lc.I(DPRIJRI() i DATA lWE PQ)1F1E.k 4 RCsru& ROORESS 
812S G7 =2953 00 Ll1I(OOfB.'10 iDflTR TYPE PQ)IFIER !I ~ ft.lDRlSS 
Il82C =2954 S'l k'GOC EQU Ll1I $ 
81:IC 6E =2955 00 Ll1I(DfDIRI() i EXECUTI~ IDlE. PQ)If I);R IJ 
912D 6{) =2956 00 Lc.I(DWBRf() i EXECUTI~ IDlE PQ)IrIER 1 
812E a: =2f1S7 D8 LfJI(OSS) i EXECUT1~ IQ)E PQ)IFI6: 2 
012f 72 =2958 00 LfJI([)flfI) ; E.XECUTI~ IQ)E IDHrIER 3 
8138 75 =2859 00 LfJI(DTR> i [x(CUTI~ IQ)E PQ)IFIER 4 

=2868 i 

=2961 ; UTILITY OOTPUT IlSSAI1:S 
=2862 ; 
=2963 DERR(R: 

8131 79 =2IJ64 00 81111I181B ; lEI 
8132 58 =2965 00 81811J11ge(j i 'R' 
813358 =2966 DB 818181181lC i 'R' 
8134 SC =2867 00 81911190f) i '0' 
8135 58 =2968 00 81819999B ; .~. 

ern; C9 =2969 00 11_ i··· .• 
=2879 DSGt«:W: 

813799 =2971 DB Il9Il9OO898 ;' . 
8138 76 =2972 00 811181198 i "H" 
8139 GO =2973 DB 81181181B ; ·S· 
813R 79 =2974 00 811111181D ; ·E· 
8138 49 =2975 00 8198I!999B j "_" 

813C 66 =2976 00 81199119£ ; "4' 
813D E7 =2977 00 111991118 ; ·9 .• (TIl) 

=2978 ~: 
81JE 99 =2979 DB 989IlIl999B ... , 
813f 49 =29£11 00 81_ ; "_, 

8149 58 =2981 00 81819999B ; "R" 
81411C =2882 00 9IJ811190f) i 'U' 
814254 =2883 00 81818190f) ; "N' 
814:S (:9 =2884 00 111l9981l9(j ; I •. • 

=2985 OO .... NT: 
8144 73 =2986 00 81119911B ; 'r" 
8145 B9 =2IIC7 00 181111181D i ·C .• 

=2988 ttJECT 
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=2999 ; PRIIIARV rotflN) RESPONSE STRING PATTERNS 
=2991 ; 
=2892 Df'IOI): 

9146 '19 =2893 00 911119918, 991.1111818, 111101991l ; "ECH. " 
9147 J9 = 
9148 F4 

=2994 000: 
9149 31) =2995 DB 891111918,110111888 i-GO .• 
914A DC = 

=2996 DrILL: 
0148 71 =2'697 DO 91118991B, 89118OO9E, 101111l89B ; or· Il. • 
014C 38 = 
9140 BS 

=2898 DLST: 
914E. :ro =2899 DB 891119898, 91191181B, 111119898 ; "LST. " 
914f 6D 
9158 F8 

=2189 DREC: 
9151 3E =2191 00 991.111198, 0111991.1E, 191119900 ; -lPL .• 
9152 7J 
9153 BS = 

=2192 DREl.: 
01.54 5E =219:S DB 919111198,919191098,191119898 ; -ON... ,. 
9155 54 = 
9156 B8 

=2194 DSE: 
91576D =2195 DB 911011818, 01.1111189(;, 11111189E ; "STB. " 
9158 78 = 
9159 FC = 

=21~ occ: 
9150 J9 =219i' 00 99111I191B, 991.119888, 1111111l9E ; "CLfI .• 
9158 J8 
915C FC = 

=2198 DGR: 
91511 JI) =2199 00 891111918, 119199898 j -(it • 

915E De = 
=2119 $EJECT 
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LOC OOJ LIlt: s(uc[ Sl'RTEI£NT 

=2111 ; 
=2112 ; I£IIIRY SPOCE 1D>1FIER IJ'TlOO RESPOOSE STRIf«jS: 
=2113 ; 
=2114 Df'RIIJI: 

8151= 73 =2115 DB 81118811B, 1181888IIB ; "PR. I 

8168 DB = 
=2116 DDRl£I'I: 

816151: =2117 00 11181111118, 11118111£1 ; "DA. I 

81E;2 F7 = 
=211C DRIt: 

816",$ 58 =2119 00 81811l8111lB.. 181111818 ; "Ra I 

8164 flI) = 
=2128 Df'ti'IIRI(: 

8165 73 =2121 DB 8111IIII11B.111.11188I! ; "po. I 

81GG rc = 
=2122 00fm: 

81G7 5E z212J DB 8181111118, 111111811B ; "00. I 

11160 FC = 
=2124 DINTRG: 

816976 =2125 DB 11111811111, 118188888 ; "flR. • 
81Q1 DB = 

=2126 ; 
=2127 ; II[SII(»& IESSIaS FlR GO C(N)ITI00 ID>IFI~. 
=212!) ; 

=2129 Df«IlRI(: 

816B 54 =2138 IlB 81818181lB, "",, II8S ; "til. I 

816C FC = 
z'1131 DIIlJ.'K: 

8160 7C =2132 DB 81111181lB, 11811J881lB ; IfIR. I 

81GE DB = 
=2133 DSS: 

81Cf ro =2134 DB 811811818,8111111810.111118888 ; "SST. I 

11178 ro = 
11171 Fe = 

=2135 DPA: 
8172 77 =2136 00 811111111C. 81111181lB, 11818IIfJIlB ; "II!R. I 

8173 7C = 
8174 DB = 

=2137 DTR: 
8115 77 =2138 00 81118111B,81181181B.11111881lB ; "AST. I 

81766D = 
8177 Fe = 

=2139 ; 
=2148 SIZECItc 

8878 =2143. SIZE SET 128 
=2144+; 
=2145+; 11111.1111111111111111111111141111111111111111111111111II UI 

=2154 SEJECT 
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LOC OOJ 

IIIIC8 97 
':1 R7 

IK2 8938 
99C4 r1 
9IlC5 C6D7 
99C7 FB 
IlIlC8 9207 
89CfI 28 
89CEl 47 
89CC 29 
99CO 38 
9IICE 18 
II8CF 38 
8IID9 3478 
88D2 14EC 
9IID4 97 
IJIII)5 94C7 

1lIJI)7 FB 
9IlDe D312 
9IlDA C6[~ 
IIIlOC FB 
IlIIOO D313 
IJIII)f" C6E.5 

811[1 BfI82 
8IIE3 24911 
8IIE5 C846 
H7 8983 
IJ9E9 B4F5 
811ED 83 

LII£ SIU!C[ STRIDENT 

=2155 COOEllI.J( 45 
=21(;8+ ~ 192 
=2164 ; IIf'II)R ItfIUT DATA INTO OO·BYTE PIRI£TER BtFFER IIf>ItRTED BY Re. 
=2165 ; RECEI~ fUEkIC I([Y5 rR(JI KE\mR) OOIL ',' ~ '. '. 
=2166 ; SHIFT INTO IIlDRESS BlITER; 
=2167 ; RE-1fl1lE DISPLAY. 
=2168 ; IF tIJII[I1 IF CUfSTfMS I£[J)(J) IS ZERO, tI) I£N PfI9El£RS ARE ALLIIED. 
=2169 ; 
=2178 IIf'OOJ!: CLR 
=2171 CPt. 
=2172 IIIW 
=21111+ lIlY 
=2182+ lIlY 
=2186 12 
=2187 Iff'fI)1: IllY 
=218!l JD4 
=21t'9 XCIi 
=2198 5IIIP 
=2191 XCIi 
=2192 )(()I) 

=219~ It«: 
=2194 XCII) 

=2195 CALL 
=2196 CALL 
=2197 CLR 
=2198 JtIP 
=2199 ; 

C 
C 
fl,tUI:OO 
RL~ 
fI,@R1 

ELSIf1 
fl,KEY 
ELSIF1 
fI,_ 

R 
fl,1!R8 
fI,_ 

Re 
fl,1RfI 
tI'DHlR 
IIf'KEY 
C 
Iff'fI)1 

=22811 ; ~If1 IF K[Y=',' ~ '. ' TI£N REllJlN. 
=2291 ; 
=2282 lLSIFl: lIlY 
=228l XRl 
=2284 12 
=2285 lIlY 
=2286 XRI.. 
=22117 JZ 
=2288 ; 

fl,KE\' 
fl,1KEYNXT 
ELSIF2 
fI, KE'I' 
R,IKEYDI) 
illIF2 

=2289 ; 
=22111 ; 

ELSE ooTO PEmR. 

=2'l11. lIlY 
=2212 .IfF 
=2213 ELSIF2: lIlY 
=2214 lIlY 
=2215 au 
=2216 RET 
=2217 SIZECHK 
=222Il+ SIZE SET 44 
=2221+; 

LDfITR,12 
~ 

R&1SElJR> 
RLI3 
DILfN( 

=2222+;_111111111I4IU .... tt4 .... UIIIIIII .......... ,111111111I 

=2231 $EJECT 
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LOC OOJ 

9178 

9178 893ft 
917A 0181 

917C F8 
9170 L1l 
917E 5l8F 
9188 ~ 
9182 D4I)8 

9184 F8 
9185 47 
9186 538f" 
9188 9692 
9100 D4I)8 

91fJC 2494 
918E 0403 
11198 FI! 
8191 47 
9192 D4D3 
9194 Fe 
Il195 0401 
919781 

LItE $W1CE STATElENT 

=22l2 COOEBl.K 35 
=2242+ ORG 376 
=2246 i I.J'I)fI)R lJ1)ffl[ fl)l)RBS FIELD 
=2247 i (LAST TIm ChmlCTERS IF DISPLAY) IIIlH Fl>DRESS BlJFEf( 
=2248 Lf'DfIlR: ItIlY t£XTPL PLUSl 
=2259+ I«JY RL II£XTPl. 
=2268+ IllY @RL Iftlb1 
=2264 i If:ITE ~ INTO I£XT TIf.'EE BlFFER LOCATIOOS. 
=2265 lRAD1: I'KlY fI, tJR8 
=2266 DEC k'0 
=22£7 IN. fI, I8rII 
=2268 JNZ ~I 
=2269 au 1ID1Sf' 
=2278 If]'!' PII tJR8 
=2271 SIR' A 
=2272 RtI. fI, I8rII 
=2271 JNZ DSPII1 
=2274 all 1ID1~ 

=2275 .]If> DSPlO 
=2276 DSPIfI: all Dsm::c 
=2277 DSPItID: I«JY fI, l'R0 
=2278 SIR' A 
=2279 D5Pt'I1: au. ~ 
=2288 DSPl.O: lIN A.. tJR8 
=2281 CfU DSPfICC 
=22C2 RET 
=2283 SIZECI" 
=22ll6+ SIZE SET 12 
=2287~i 

=2200+it""' .. ,I"".U ... UUU .... U .. UU .. U .. U ...... t_ 
=2297 $EJECT 
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0190 Bfl94 
919A BrIl2 
019C 7401 
919E 27 
9191" ()7 
91A9 FD 
91A1 ()317 
91Al CQ)(j 

91115 27 
9111(; 3499 
91R8 FA 
91119 ()41)3 

9100 B9JD 
81.AD BUF 
91AF 14EC 
11181 Fa 
9182 ()J1J 

IIUI4 9698 
II1B6 11429 

l12li2 B9J6 
11284 61 
11285 B3 

11286 !IF 
l12li7 211 
11'.!118 22 
l12li9 1A 
II2IIfl 11 
l12li8 16 
II2IIC 2C 
II28D 28 
II2IIE 2G 

11211 85 

"J.I.6o I I ~f\'JI'. I\Lrc.n I 
=2313 ; OOTPUT J£SSPa:(PERmlJ'Ra'f'T> 
=2314 ; ()JTPtJT(LI>ATA) 
=2315 ; C/U I1f>IJLBYTE(KEY) 
=2316 ; UNTIL KEY='CLErJ(I1'f..'EV1OOS' 
=2317 RERROR: WJV LlIATA, 14 
=2318 PERRfX<: ..w XF'COOE, 12 
=2319 t'fLL XPTEST 
=23211 CLR A 
=2321 ..w ~,A 

=2322 ..w A, KEY 
=2323 XRl It IKE\'CLR 
=2324 JZ E.1IR(R2 
=2325 CLR A 
=2326 CALL MUlL 
=2327 ..w It Ll>ATA 
=2328 CALL I>SPOCC 
=2329 ItKlV KBOOtF, I£G1 
=2348+ PlOY rd., IKIlOOlf 
=2341+ PlOY 1tR1, HG1 
=2345 CfU IIf'KEY 
=2346 ..w A, KEY 
=2347 Xl\'l A, IK(\'ENI) 

=2348 JNZ RERR(R 

=2349 ERROR2: JI'tP "UN 
=2358 S IZl:.CII( 
=2353+ SIZE SET 32 
=2354+; 
=2355"; __ *****-***************************,...._41·*****_ 
=2364 ; 
=2365 COOEIlLK 811 
=23811+ ORO 512 
=2l84 ; III'lI:11 III'lOENT catfN) 

=2385 IItPLE.": IIOY It ILOW(JIf'TI!1..) 
=2386 IIAOO A, BCOOE 
=2392" ..w R1, II:JCOO( 
=2393+ ROO A, IR1 
=2397 JIt>P f!fI 
=2398 ; 
=2399 Jl'f'TBL: 
=24811 DB 
=24111 DB 
=24112 DB 
=2483 DB 
=24114 00 
=2485 DE 
=2486 DB 
=2487 00 
=2488 00 
=2489; 
=24111 JTOI'IOO: JIf' 
=2411 ; 
=2412 JTtl!EC: CLR 

LOW(JToo» 
LOW(JTOOO) 
LOW(JTOF"IU 
LOW(JTILST) 
LOW(JTQR[C) 
UI/(JTIHL) 
LOW(CIl'ISBR) 
LOW(mIC8R) 
LOW(J~) 

EX/IIIN 

FII ; HI=9 ==> I£X F~T DATA I)UIf> 
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LOC OOJ 

82121:1472 
82148429 

8216 5497 
11218 8429 

821A 85 
II21B 95 
821C 9472 
821E 8429 

8222 ~5 
92248429 

9226 8461 

9228 Bfl98 
822A 442E 

922C 0081 
922E 2384 

8238 BS17 
Il2l2 61 
1I2l1 Ai 
8214 F488 
II2l6 FB 
8237 Dl13 
8239 C64D 
8238 14EC 

82lD 11938 
82lF 9191 
82418838 
824111888 

8245 B911 
8247 BUle 
8249 14C8 
8248 E614 
8241> 8429 

LII£ 

=2413 CALL fFII.[O 
=2414 JIt' /IIIN 
=2415 ; 
=2416 J111lEL: CAI..L IRXIN 
=2417 JIt' MIN 
=2418 ; 
=2419 JTr:LST: CLR Fe 
=2428 CP\.. Fe 
=2421 au !-FILEO 
=2422 JII' /IIIN 
=2423 ; 
=2424 JTOOO: JIt' EPIM 
=2425 ; 
=2426 J1'OFIL: CfU mFIL 
=2427 JIt' /IIIN 
=2420 ; 
=2429 JGORE!;: JII' ~ 
=2438 ; 
=2431 ; COlOR COIIPIAfI) TO CLEAR BREAKPOINTS 
=2432 CIKIlR: ~ LDATA.l8 
=2411 JIf' BRKFIL 
=2434 ; 
=2435 ; OJ!SBR ClJIIIN) TO SET IIRERKt1lINl S 
=2436 1nISCR: ~ LDftTA. 11 
=2437 IlRI(fIL: ~ A,14 
=2438 lfI)I).rYPIJ A 
=2448+ ~ RL ITYPE 
=2449+ 1m F\, IRi 
=2455+ ~ Ird.. A 
=2459 BRKNXT: CfU LSTtR: 
=2468 ~ A. KE" 
=2461 XRL It 11([',00 
=2462 ,r, EIRKDI) 

=2461 CfU IIREY 
=2464 PftJY II.IDIt f1.US1 
=2475+ ~ R1.1MJ1:(W 
=2476+ ~ @R1, IPlUS1 
=2488 ~ Re, ISIR.O 
=2481 lIlY @IR8, 18 
=2482 PftJY SIftIl, ZERO 
=2491. I«lY RL ISIfflI 
=2494+ I«lY 1Ri, IZERO 
=2498 CALL INPADR 
=2499 JNC BRKNXT 
=258B BRKEtI): JIfI /IIIN 
=2591 51 ZEClIK 
=25114. SIZE Sf T 79 
=2585+; 
=2586+;.11111111111111111111.41111111 .............. *** ... 11111 ... 11111 

=2515 $EJECT 
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LOC (IlJ LItE SIUC£ STRIDENT 

=2516 COOEBLK75 
824F =2531-1 11m S91 

=ZI35 ; ElRtIN ElRtII£llll)IFY IODY CIJIIN). 

=2536 ; DISPLRYS IEI01Y I1>DI\'ESS SPOCE OPTI!If. ~S WIJ.E, AND WIRENT OOTR. 
=25l7 ; REflI)S K['t9Rl) /II) INTERPRETS RESPaa. 
=2538 ; 
=25l9 ; oomJT JESSfU: ( OEIO:'I'..5PRCE..IFTIOO<SI'IfI)' =' (I)fITfLBVJ E» 

1124F 85 =2548 EXfII'IIN: ClR Fe 
=2541 EXfIII8: IftlII A, TVPE 

11258 1m? =2S:i8f IIJV RLITVPE 
8252 F1 =2551+ IIJV A.1R1 
Il253 8326 =ZI55 ROO A, ISTRIEI'I ; IFFSET FtR FIRST IEI01Y TWE STRIIil 
8255 3482 =2556 CIU OOTClR 
11257 B831 =ZftJl IIJV Re, lSIILD-t1 
11259 347C =255S CfU lfDfI)1 

II25B 2348 =2S59 IIJV R, 181118188IIB . ,-, 
I -

11251) D400 =Z168 CfU II)ISP 
II25F 14FC =25(;1 CIU LFETCH 
8261 FA =2562 IIJV A.LDRTA 
11262 47 =2563 SIll' A 
11263 1>403 =2564 CIU DSPOCC 
82G5 FR =25G5 IIJV A. LbATA 
11266 1>403 =2566 CIU I>SPOCC 

=l567 ; 
=2568 ; 
=25(;9 ; U"UT ..KEY(KEY) 
=2578 ; IF (1([\' IS 1«)1 IUERIC) 
=2571 ; IF" (KEV=KEVENI» 00 TO PfI!SER 
=2572 ; ELSm (KEY=KEYtIXD 
=2573 ; Ir«:REIENT <SIfI) 

=2574 ; GOTO ElRtIN 
=2575 ; ELSEIF (KEY=KEWREVIOOS) 
=2576 ; OCCRDENT (stIl) 

=2577 ; GOTO ElRtIN 
=2571: ; ELSE GOTO PEI\'ROi: 
=2579 ; 

II26C 14EC =2588 ClLL Itf'KEV 
=2581 IftlII A. KEY 

II26A FB =2597+ IIJV f:.KEY 
II26B 927B =2681 JB4 ElRt1 

=2682 ; 
=2683 ; fI'PENI) OOTfl IlIrn (lIMUS_<KlY» 
=2684 ; CIU LSTIR: 
=2G85 ; GOTO ElRtIN 
=2686 ; 

IJ2Q) FA =2687 IIJV A.LOOffi 
826E 47 =2688 SIR' A 
II26F 53F8 =2G89 IN. A.18F1II 
11271 B675 =2G18 JF8 ElDI5 
11273 27 =2Gll ClR A 
11274 95 =2612 m.. Fe 
11275 6B =2G13 1oXIII5: fI)I) A. KEY 
11276 /WI =2G14 111'1 LOOmR 
11277 F488 =2G1S CfU LSTORE 
11279 44S8 =2G1G JIf' D<fII8 
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LOC !BJ 

8278 1>313 
827D 9681 
~7F 8429 

82e1 FB 
8282 D312 
IJ284 968fI 
II28G 34F2 
8288 444F 
828A FIl 
112m D317 
8200 9693 
82Cf" 54f"4 
11291 444F 
8293111103 
8295 249f1 

8848 

LII£ SIUCE STRTDENT 

=2617 ; 
=2618 EXfII1: )(Rl fI, ICKE'1'B1» 
=2619 JNZ El<AIt2 
=2628 JIfl 'IUN 
=2621 ; 
=2622 EXAI!2: I'KlY fI, 1([',' 

=2623 )(Rl fI, IKE\'IOCT 
=2624 JNZ EXfII3 
=2625 au II«:SfIR 
=2626 JIF EXmIN 
=2627 EXfIII3: I'KlY fl,KEY 
=2628 )(Rl fI, 1KE'1'CLR 
=2629 JNZ El<IfI4 
=2G38 au DECSM 
=2631 JIfl EXAIIIN 
=2632 EXfII4: I'KlY LDATfI,l83H 
=2G33 JIF ~ 
=2634 SIZECII( 
=2637+ SIZE SET 72 
=2638+; 
=2639-1; 111111111111111111111111111111111111111111111111111111111 ... 

=2648 ; 
=2649 COOEBLJ( 4 
=2654+ IX<G 236 
=2658 Itf'IQ:;Y: au KBOIN RET\RNS KEY DEPRESSII* IN A 
=2659 I'KlY KEY, A 
=2668 RET 
=2661 SIZECIf< 
=2664.. 5IZI! SET 4 
=2665+; 
=2666+; 11111111111111111111111 .. ***11111111111111111111111111111111 

=2675 $EJECT 
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LOC OOJ 

8488 238;1 
8482 3488 

8484 B938 
8486 F1 
84879615 

IM89 B938 
848B r1 
84a: 8924 
848E Ai 

II48r £1931 
84U F1 
8412 B92S 
8414 Ai 
8415 FE 
841(; D312 
8418 C61F 
841R 2381 

841C om 
841£ Ai 

841F 0924 
ll421 F1 
8422 M 

8423 B921 
8425 F1 
8426 87 
8427 5387 
8429 E"t 
8421"i 8388 

842C B938 
842E Ai 
842F F4C3 

8431 B918 
8433 F1 

LItE 

2676 * 
=2fil7 
=2697+ 
=2791 ; EPRUN 
=2?82 ; 
=2783 ; 
=2794; 
=2785 ; 
=27lN) ; 
=2787; 
=278e ; 
=278!); 
=2718 ; 
=27U; 
=2712 EPRl.N: 
=2711 
=2714 
=2723. 
=2724+ 
=2720 
=2729 
=2745-1 
=2746. 
=2752+ 
=2753-1 
=2756 
=2m+ 
=2773. 
=2779,. 
=2i'88l' 

5(UC£ SlAT8£NT 

INCLOOE ( : F8: GOCOIIS. IQ) 

COOEU..K 218 
CRC 1824 

RUN ElU.RTIC* IU>E. 
R£l.1B Er WlTH SY5TEII STATUS fH) RELEASE. 
SEQlEa IS AS F"lLLIJIS: 
IF COPIfIII) IfIS TERIIINfiTED BY TIE 'I£l(T' KEY: 

SlM SIll INTO EP PC; 
5rn\'E Ef' PC INTO T(f'-OF -SlID( (RELRTIlt 10 Er fI!;W); 

PfiSS EP 1\'8; 
PASS EP PSIIi 
PASS EF' TII£R; 
PASS EP froK.lRTORi 

lIlY fl.l2 
!.1l.L OOTUTL 
Ift1Y ft, NlIK:C* 

lIlY RLIIlft:(W 
lIlY R,1Ri 

JHZ EPCC*T 
Ift)V E.PPQ.O, 5fR.O 

IIOY Ri,ISM.O 
lIlY R,1R1 
lIlY Ri,1EPPCLO 
lIlY @Ri,A 

ItKlY EPPCIU, S/fIIII 
lIlY RL ISIRlI 
lIlY IUR1 
lIlY ~IEPPCHI 

lIlY @R1,A 
=2783 1:J'CtWT: lIlY ft,I([',' 
=2784 XRL ft,1KEYNXT 
=2785 JZ EPCC*1 
=2(86 IIOY ft,181H ; STOCK IN: LEVEL DEI:P TO IOJ) USEr< SlARlIl«l ROORESS 
=2707 Ift)V lPPSW,A 
=~ lIlY RLIEPf'SW 
=2!l81. lIlY @Ri,A 
~ EPCON1: IKJV LDATft, EPf'ClO 
=2821+ IIOY RLIEPPCLO 
=2822+ lIlY ft,1R1 
=2835-1 lIlY LDATft,n 
=2f.llS lIllY A,EPPSW 
=2847+ lIlY RLIEPPSW 
=2848+ lIlY ft,1R1 
=2852 DEC A 
=2853 fN. ft,187H 
=2854 RI.. A 
=2CSS ROO ft, I8IIH 
=2856 lIllY SlR.O,A 
=2869+ lIlY RLISIR.O 
=2878+ lIlY IRLA 
=2874 CfU. EPSTCR 
=2075 "IN: SlR.D 
=2888+ lIlY ~ISIR.O 
=2001+ lIllY ft,1R1 
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LOC OOJ LIt£ !iWlCE STATEII.NT 

8434 17 =2885+ II«: R 
8435 ft1 =2898+ tIJY IRLR 

=2893 IIIW /t,EPPSN 
8436 11921 =2982+ tIJY RLIEPI'SII 
8438 F1 =2983+ tIJY /t,1!R1 
8419 53F8 =2'J87 IN. /t,18AII 

=2!.1811 ID.'l. /t,EPf'CHI 
843B~ =2914+ tIJY RL IEF'PDII 
8430 41 =2915t IR. /t,1!R1 
843E III =2919 tIJY LDfITfLR 
843F F4Cl =2928 au ~ 
8441 8IID1 =2921 EI'CNT: tIJY R8, IUII(OY2IIRS+OYSIZE) 
8443 746f1 =2922 au 0't'Uft) 

=292l IIIW /t,EPR8 
8445 B92l =29l2+ tIJY Rl,1[JIR8 
8447 F1 =2933+ tIJY /t,l!R1 
844C Fa =2'n7 au EPPfISS 

=29l8 IIIW /t,EPPSII 
844ft 11921 =29474 tIJY RLIEPPSI/ 
844C F1 =294&f- tIJY /t,1!R1 
844D Fa =2952 au EPPft5S 

=295l IIIW /t,EPTI~ 

844F B922 =2962+ tIJY RLIEPTI~ 

8451 F1 =2963+ tIJY /t,1!R1 
8452 Fa =2967 au EPrfISS 

=2968 IIIW /t,D'ID: 
8454 11928 =2'R7+ tIJY RLIEPfU 
8456 n =2!)78t tIJY /t,1!R1 
8457 Fa =2982 au E.PPfISS 
8459 898l =2983 IR. Pi. I888III811B 
84511 F40B =2984 au EPSTEP 
8451) 745ft =2985 au 0't'SIII' 
845F 846B =2986 JtP coo 

=2987 j 

=2988 j I:OID 00 FRIll R£SET CIJIIII) 

=298!J j R£SET PROC£SSII: 
=2998 j REUB> l.IIf IRER JIROIR IMES INTO f'ROIMf lEIDY 
=2991 j 

11461 2182 =2992 aIID: tIJY /t,12 
1M6ll488 =2!m au OOTUR. 
IM65 8918 =2994 IR. f'1, IEPRSE1 
IM67 745ft =2995 au 0't'SIII' 
IM69 99EF =2!J9fi IN. Pi. IOIlT EPRSET) 

=2!J97 j 

=2998 j 

=2999 JCOO SET II' BREfI( LOOle ~ fIIPROPRIRTE IIIEfI( aJl)ITICJ& 
=l8Il8 j DEPBl>lfIi 1If COfTENTS IF 'lW['. 
=l881 j 

=3812 coo: IIIW /t,lW[ 
IMQl BSl7 =3811+ tIJY RLITYPE 
84Q) F1 =l812t tIJY /t,1!R1 
MiE 8171 =l8Ui ADD /t, lUll GOTIl. 
8478 B3 =3817 JIIIP 1ft 

=3818 j 

84717C =l819 GtJTa.: DB l.IIf(CIDIl) 
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8473 88 
847476 
8475 88 

8476 99fl) 

1J478 8S81 
847ft 8482 

847C 99Ft 
847E 8482 

8482 8R28 
8484 9fEF 
IM86 99DF 
8488 F4F4 

848fI F4IIC 
IM8C F4fF 
848E 37 
848F F295 
8491 86S9 
8493 848fI 

8495 D488 
8497 84BJ 

8499 D488 

8498 8937 
8490 F1 
849E 83A1 
84fI8 BJ 

IMfl1 REi 
IMA2Ilfl 
IMfIlIlfl 
84fI4 III 
IMR5 IfI 

=J821 
=3822 
=3823 
=~; 

00 
DB 
DB 

=3825 CG1JIAT: 
=382G CG(IIJ: IN.. 
=J&:!7 114. 
=~ JW 
=3829 ; 
=3838 Imm: IN.. 
=38l1 JW 
=3832 ; 
=3fJ33 CGOTm: 
=3834 COO5S: IJ.'l 
=3835 ; 

LIII(CGOSS) 
LIII(C6(fAT) 
LIII(CG3TRfI) 

=3836 ; EPRIIM SE1 If' coon LOOIC TO IU USER'S PROORAPI. 
=38J7 ; F.'ELEII5E ~ TO RIfi 
=38J8 ; 
= 3819 EPRIIM: IJ.'l 
=3848 III. 
=3841 IN.. 
=3842 CfU 
=3843 ; 
=3844 ; 
=3845 ; 
=3846 EPRIId: CfU 
=3847 aLL 
=3848 CPL 
=3849 JB7 
=3858 JNI 
=3851 JW 
=38:l2 ; 

; DISfIEL[ EP LIII( REFEREraS. 
; SET II..l REFEREt«:ES TO RIll IIIRRY. 

=3853 ; EPRlIQ fI KEVSlRO<E IllS DETECTED IIfILE EP IllS RlMUr«J. 
=3854 ; BREIIC EXECU1 lilt 
=3855 ; PROCESS KEY5TRO<E. 
=3856 EPRtI6: CII..l STSRYE 
=3857 .Rf' EPRtHi 
=3858 ; 
=3859 ; EPRIIQ ,.. BfIILEI) IlREfI( aN>ITIIIf occm:m. 
=3868 ; BREIIC EJU.JlTIIIf 10)£, 

=3861 ; CllfTIIU: ~ItIi TO GO COIIftI) TYPE. 
=38&2 EPRtJQ: au STSfIYE 
=38G3 lIllY fI, T't'f'E 
=3872t IIJY RLllYPE 
=3873+ IIJY fI, IR1 
=3877 fI)I) fI, lUll CNTTII. 
=3878 JIFP @R 

=3879 ; 
=3888 CNTTIII..: DB 
=3881 DB 
=38112 DB 
=3883 DB 
=3884 DB 
=3885 ; 

LIJI(IlRKERR) 
LIII(EPRIIf;) 
LIJI(EmIfi) 
LIII(CNTTRR) 
LIJI(CNTTRR) 
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LOC IRJ 

84A6 IIfIIIB 
84A8 249ft 

84ffl B928 
84fIC F1 
84R) 94F2 
84fF F4IF 
84B1 F241 

84B3 14EC 
84B5 FB 
84B6 D313 
8488 961:7 
84IlA 14EC 
84BC FE 
84IJI) D312 
84BF 961:7 
84C1 2382 
84C3 3488 
84C5 8441 

IMC7 8433 

LItI: S(UCE STRTDENl" 

=3886 j ~ BREAKPOINT l.fITDl WAS 5E) TIIX&lIlf:ERKPOINlS lIlT DRILED. 
=3887 ; DISf'LRY IRDIHE ERI>.~ IES~ 
=3888 ERKERR: IIJ\I LOOm I8ElH 
=3839 JIf' fIERR(R 

=~; 

=3891 CNTTRR: fIllY 
= 111J8+ IIJ\I 
=31111+ IIJ\I 
=3185 Cfl.L 
= 31ef; Cfl.L 
=3187 JB7 ; B7 SET IND ICflTr:S til kEVSTRO<E. 
=3188 ; 
=3189 ; EPRIJfj Itf'UT<kEY), 
=3118 ; Ir kEY=END GO TO PfI&R, 

Irf'UT KEY, =3111 ; 
=3112 ; 
=l113 ; 
=3114 j 

IF KlYOt£XT 00 TO PfI&R. 
CONmIE IN SfIE IDlE. 

=3115 EPRIIfi: Cfl.L 
=3116 IIJ\I 
=3117 lCRL 
=3118 JNZ 
=3119 EPRIHi: Cfl.L 
=3128 IIJ\I 
=3121 lCRL 
=3122 JNZ 
=3123 IIJ\I 
=3124 Cfl.L 
=3125 .»fI 
=3126 ; 

IIREY 
A.m' 
A.IKEYEND 
EnE 
IIREY 
A.KrY 
A. IKE't'NKT 
EPRET 
A. 12 
OUTUTL 
EPCNT 

=3127 ; EPI>'ET MCUTION III)[ IS TO IE lIRIIItfITED. 
=3128 ; JlJF INlO PfIRSER TO INm'PRET m' IUEfI)Y DETECTED. 
=3129 EPRET:.»fI 'IUM2 
=3138 ; 
=3131 SI2ECII( 
=3134+ SIZE SET 281 
=3135+; 
=31J()+; 1111111 .... 1111111111111111 I II 111111 11111 II 111111 I 11111 11111 

=3145 tEJECT 
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LOC IBJ 

IJ58II 744F 
8582 2383 
8584 3488 
858E; 745/l 
8588 B88f 
85efl 746ft 
Il58C 8fI28 
85IE 2314 
851891 
8511 9fI)F 

8513 8983 
8515 F4DB 
8517 8fI28 
85199fU 
8518 8983 
8510 F4DB 

IIMF 88A5 
8521 746ft 
8523 F41)8 

~B928 

8527 Ai 
8528 F41)8 

852A B922 
Il52C Ai 
IJ52I) F 41)8 

852F BS21 
8511 Ai 
8532 r·41)8 

8534 8923 
8536 Ai 
~37 B8IIB 
8539 746ft 

~JB B921 
8530 Fl 
853E 87 
853F 5387 

LII£ SW!CE Sl'ATEI£NT 

=3146 CODEBLK 115 
=3171+ ORG 1288 
=3175 ; STSfIYE EP STATUS SAVE SUIROOTII£. 
=3176 ; F~ au TO LOC 81411; 
=3177 ; SAVE EP IU; 
=3178 ; ~ Er TIID; 
=1179 ; ~ EP PSW; 
=3188 i SfIYE EP Re; 
=3181 ; SR'f'E EP TlP-(J' -SlID: IN EP PC; 
=3182 ; kETlIIN. 
=3183 STSAVE: au 
=3184 !'lOY 
=3185 au 
=3186 CALL 
=3187 !'lOY 
=3188 au 
=l189 !RL. 
=3198 !'lOY 
=3191 I'IOYX 
=3192 ANL 
=l193 !RL. 
=3194 CALL 
=3195 ORL 
=3196 ANL 
=3197 !RL. 
=3198 CALL 
=3199 ; 

EPBRK 
A. 13 
wrun. 
0YSII1P 
Re, 1L1»I(OV8BAS+OYSIZE) 
0\IL(Jf) 
P2,I881_ 
A. 11411 
I!RLA 
P2.1NJT 881_ 
f'1, I88888811lI 
Ef'STEP 
P2.1881_ 
F'2, It«lT 88818Il88Il 
f'1, I(BIIRAIt ~ Et8..N() 

EPSTEP 

=3298 ; EXECUTION PROC£S5(J: IS NI»I AT LOCATICII _I INTERtR. III TH 
=3281 ; (RElUIN ~S+2) PUSI£D ON STIU. 
=3282 ; 
=1283 !'lOY Re, ILI»I(OY38fIS+lJYSIZE) 
=3284 CALL 0\IL(8) 

=3285 CALL EPt'RSS 
=3286 IIIOY EPID:,n 
=3219+ IIOY F.'L1EPfD: 
=1228+ !'lOY IRLA 
=3224 au EPPASS 
=3225 IIIOY EPTIIf<,A 
=3238+ !'lOY RLIEPTI~ 
=3239+ !'lOY IRi,A 
=3243 (;fI.l. EPPASS 
=3244 lIllY EPf'SII, A 
=3257+ !'lOY RL IEI'PSII 
=~ !'lOY IRLA 
=3262 CflL EJ'PflSS 
=3263 IIIOY EPRe,A 
=3276+ IIOY RLIEPRe 
=3277+ !'lOY IRLA 
=3281 ,.". Re, ILI»I(OY1BRS+OYSIZE) 
=3282 au 0\IL(8) 

=3283 IIIOY A, Ef'PSII 
=3292+ !'lOY RLIEf'PSII 
=3293+ !'lOY A,1rd, 
=3297 DEC A 
=3298 ANL A.187H 
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LOC OOJ Ll/£ SCUCE STAIDENT 

9541 E7 =3299 RI.. A 
95428380 =13811 fI)I) ftl0SH 

=3381 IftIY SllLO,A 
Il544 B918 =1114+ PIlY R1.ISIR.O 
854G Ai =1115+ PIlY IRLA 
9547 F4B7 =1119 CI1.L Ef'FET 
954993fE =D28 fI)I) A. 1-2 
954B M =1321 PIlY lJ)fIlft Ii 

=1122 IftIY EPPCLO,A 
IJ54C 0924 =33l5+ PIlY R1. IEPPClO 
954E Ai =3336+ PIlY I!RLA 
954f F40 =3349 Cfll EPSTIR 
9551 B918 =3141 PIlY RLISIR.O 
IIS53 11 =3142 I~ @R1 

9554 F4B7 =3141 CfI.L EPFET 
9556 M =3344 PIlY LDfITR, II 
9557 53F9 =3145 IN. ftl11118889B 
9559 2ft =3346 XCII fl.LDfITA 
955A 13FF' =1147 fI)DC ftl-1 
855C 538F =334B IN. A..188881.111B 

=3149 IftIY Ef'PCHI, A 
855E B925 =1362+ PIlY R1.IEPPCIfI 
956Il Ai =3163+ PIlY IRLII 
9561 4A =D67 IRl. A..LDfITA 
9562 AA =3368 PIlY LDfITA.. A 
Il56l F40 =3369 au. Ef'ST1R 
95G5 Il825 =3178 PIlY R8,KPPCHI 
W!:£i7 147C =D71 CfI.L 1f'DfI)1 
9569 2349 =3372 PIlY A. 181_ ; "-" ~ DISPlRY 
~D400 =D7l CfI.L II>ISP 
Il56D 8828 =3374 PIlY Re,1[PR:C 
956F 1499 =1375 Cfll D!1'tIID 
9571 C1 =3376 IiU 

=3377 SIZECII< 
11972 =3l88+ SIZE SU 114 

=DC1+; 
=3382+; 111111111111111111111111111111111111111111 111111 11111 1111111 

=1191 $EJECT 
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J,~\. ...... IT Iu., ......" 

IJIJI1I) =339l ctIRCR EQU IlDtI i(CR) 

88IIA =3394 amF EOO IlfII i<Lf) 

991fI =3395 CNTRlZ EOO 1RH imfTRll.-Z 
=3396 i 
=3397 COOEIIlI( 88 

8297 =3412+ mi 663 
=3416 i IRECIN I£l(fILE REOJID IIf'UT ROOTINE 

9297 l4CI) =3417 I-RECIN: CAlL CIflRIN 
11299 031A =3418 XRI.. A.ICNTRLZ 
829B C6E8 =3419 12 D(J£ 

829D 031A =3428 m A.1CNl'RLZ 
82!IF ODR =l421 XRI.. A.I(':') 
IJ2A1 9697 =3422 JNZ l-RECIN 

=10423 lIllY CN(5tJI, ZERO 
82Rl BD8II =3428+ IIJY O6ItIZERO 
82fI5 14f'8 =3432 CfLL BYTEIN 

=3411 lIllY IltFCNT,A 
82fl7 B941 =3446+ mv Rl, IBlf'CNT 
92fl9 Ai =3447+ I'IOY tIRl,A 
82f¥l 14f'8 =3451 CfI.L BYTEIN 

=3452 lIllY SN'II,A 
82fI: B9l1 =3465+ IIJY kLlSIIIII 
82fE Ai =3466+ IIJY IRl,A 
II2IF 14F8 =3478 CfI.L BYTEIN 

=3471 lIllY S/R.O,A 
82S1119l8 =3484+ IIJY RLISfR.O 
82B3 fI1 =l485t IIJY IRLA 
82B4 14F8 =14G9 CfI.L DVTEIN 

=3498 lIllY RCCTYP,A 
82B6 B942 =3581+ IIJY RLlREC1W 
Il2B8 Ai =3584+ IIJY IRLA 

=3588 i 
=3589 ; II)fITIN I£X DATA BYTE IN 
=l518 Il>ATIN: lIllY A.BtFCNT 

82S9 8941 =3519+ IIJY Rl,1IUtNT 
82IlB F1 =3529+ IIJY A,1Rl 
82BC cae =3524 12 R£CI)(It 

82BE 14F8 =3525 CfI.L BYTEIN 
82C8 lit =3526 IIJY I.DATfI, A 
92C1 F488 =3527 CfU ~ 
92C1l4f2 =3528 CfI.L INCSIfI 

=3529 IIlEC IltFCNT 
92C5 8941 =l5"'J4+ IIJY Rl,1BtFCNT 
82C7 F1 =l5l5+ mv A,1Rl 
92aI 87 =~ DEC A 
82C9 Ai =3544+ IIJY IRLA 
92CA 4489 =3547 JtI' II>fITIN 

=3548 i 
8::'CC 34CD =3549 RECIlOO: CfU ClfRIN 
92CE OllF =3558 XRI.. A.I('?') 
82D8 C6DB =l551 JZ CKSIOC 
82D2 Ol3F' =3552 m A. I('?') i SWITCH SOCK TO DATA DfIRfETER 
821)4 l48A =3553 CfI.L NIBIN2 i JOIN SL8<OO1 INE fIJO)V IN PROOlESS 
82D6 14F2 =~ CfI.L B'l'TEI1 iOInO 
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LOC OOJ 

82D8 FD 
82D9 96E1 

82E8 83 

Il2E1 rM: 
82E3 249ft 

88F8 34B8 
99F2 47 
8IJFl M 
1l8F4 34B8 

Il8FG 4A 
Il8F7 M 
Il8F8 Q) 

Il8F9 II) 

Il8FfI FA 
Il8F8 83 

8111(; E6C2 
81BE 8JF9 
81C8 E6C9 

LItE 

=~ 

=3556 
=3557 1lIIY 
=3573+ lIlY 
=3Sl7 JNZ 
=3578 CKSIDC: PIIN 
=3587+ lIlY 
=3500+ lIlY 
=3592 JZ 
=3593 ; 

fI, CII(5(JI 

fI, CII(5(JI 

CIICERR 
fl,R[CTW 

Rt,IREC1\'F' 
fURl 

IliECIN 

; (RESll T Fill tIlN- '?' ctIIIfICT[RS IS AS If 
; BYTEIN 1ft) CfUED. ) 

=3594 ; 1)(1£ I£X FILE ClllRECTLY RECEIYED 
=3595 1)(1£: RET 
=359G ; 
=3597 ; CIICERR DECKSUI EHRIIl IN IfIlUT RElDI) DETECTED 
=3598 CI«ERR: lIlY LDfITfI, I4ICH 
=3599 JIll f'l."IIRIIl 
=l688 SIZEDI{ 
=1681+ SIZE SET 78 
=l684+; 
=1685+; 111111111111111111111111111111111111111111111111111111111111 

=3614 ; 
=lG1S COOEBLK 12 
=l62&J 11m 248 
=3624 ; BYTEIN BYTE IfIlUT SIIlROOT INE. 
=lG25 ; RECEIVES 00 I£XIDECIIft. CIIIKTEI5 FRO! Tff: TII'E IfIlUT DEVICE 
=3Q6 ; fII) ASSEIIILES no INTO A SItIll BYTE (F DfITR. 
=lG27 BYTEIN: CALL NIBIN 
=lG28 BYTEI1: SIfF A 
=lG29 lIlY LllATfI, A 
=3638 CALL NIBIN 
=l6l1 IIR. LDfITfI, A 
=3648+ !R. fI, LDftTA 
=3668+ lIlY LllATfI, A 
=3664 fill) fI, CII(5(JI 

= l665 lIlY atCSUI. A 
=l6G6 lIlY fI, LDATA 
=3(,67 RET 
=lGG8 SI2ECtIC 
=3671+ SIZE SET 12 
=3G72+; 
=lG7li; 1111I1111111111111111111111111111111111111111111111111111111 

=3Ql2 ; 
=JQl1 COOEBLK ZI 
=lG93+ m> 448 
=3697 ; NIBIN RECEIVES A I£XIDECIIft. CINfICTEJ: fII) PROOOCES A IIISICEJ) I1:d BIT VfU£ 
=3698 ; IIJT[- ERRIIl amItli 00fI: TO VERIFY I£XIDECIIft. Vfl..II>ITY 
=3699 NIBIN: CALL DIIIUN 
=3788 NIBIN2: fill) fU-JfIt 
=l781 
=1782 
=1713 
=3784 

NIBIl 
fI, .. 7 
IISCD.'R 

;ACC=eF6-8FF ~ atM:TERS '1'-'9' 
; CIHIfICTER5 } '9' I'RO)OCE 0't'ERFUII 

; ~5 ~ CIflR;llRS 'A' -'~' 
; ERRIIl IF aRR:TER IIE11EEN '9' fII) 'A' 

=l785 ; 
=3786 ; 
=37FJl ; 

flCC::8FQHt5H FOR DRR:TERS 'I'-'F' 
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LOC OOJ 

81C2 8JF"A 
81C48318 

81C6 E6C9 
1I1C8 83 

81C9 EfI8A 
81CD 249f1 

81CD 

81(;1) 1>449 
81CF 537F 
81D1 83 

LIrE 

=3788 NIBB: 
=3789 
=3718 
=37U 
=3712 
=3713 ; 

S(6CE STATEIENT 

II)!) fl,H 
ADO fl, .11ll 

JM: ASCERR 
RET 

;fICC=eF1lIH!FFH FOR C!ftI<'OClERS '8'-'F' 
; IICC=89tHlfH FOR CIfIROCTlRS '8' -'F'; 
; OYElfL(II IF flIOYE IS TRI.E. 

=3714 ; ASCa'R ILLER I£XIDECIIR. OIIlOCTER kCCEIYED 
=3715 ASCERR: /'KlY LDfITA, I9fIf 
=3716 JMP PERROR 
=3717 SIZEOI< 
=3728i $IZE SET 21 
=3721-1; 
=3722.;******····1 •••••••••• *.****************.***********1 •••••• 41 
=3731 ; 
=3732; 
=3733 COOEBLK 5 
=~743+ ORO 461 
=3747 ;(}~IN ~TER Itf'Ul ROOm£. 
=3748 ; RECEnt$ 01£ ASCII ClflRACTER FroIll£ LOOICfl R£fI)ER DEVICE. 
=3749 CIHIIN: CfU CIN 
=~758 IN. fl,.7FH 
=3751 RET 
=3752 $IZEOI< 
=3755+ SIZE 5£T ~ 
=3756+; 
=3757+; __ .. ·1111 ........ 111111111111 ... 1111111 ... ******111111 
=3766 ; 
=3767 ; 
=~768 $EJECT 
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LOC OOJ 

~72 8931 
8574 F1 
8575 B9l5 
8577 fl1 

8570 B9J8 
857R F1 
857B B934 
~7D R1 

IJ582 14FC 
8584 FA 
85B5 fill 
IJ586 18 
8587 B4E2 
8589 E696 
858B 34F2 
IJ58I) F8 
IJ58E 83811 
1!1598 E682 
8592 D488 
8594 A472 

IJ596 D488 
8598 D6R7 
859A 341)2 

859C BIllE 
859E F8 
859F III 
85fIII CQI7 
II5A2 B48D 
85A4 18 
85fI5 A49E 
85R7 341)2 

85fI9 231A 
IJ5II) B4IID 
8511) 83 

LIt£ 

=3769 COOEBlJ( 1l1li 
=3794" IRi 1394 
=l798 ; !FILEO I£lC FILE 00TfIUT stIIROOTIt£ 
=3799 ; liEN ClUED WITH F8=8 00TPI1T IS STfIIlfB I£lC FILE FIIIIIT. 
=3888 ; lIEN CfI.l.EI) WIn: F8=1 00lf'UT IS rnMITTEI> DATR DIJF TO CRT. 
=3881 IFILEO: lIllY OU, StIIlI 
=3817+ I'IOY RL ISIRfI 
=3818+ I'IOY fl,1R1 
=3C24i I'IOY RL IISIII 
=3825+ I'IOY @R1, R 
=382C lIllY I£JI..O, SlR.O 
= J844+ I'IOY RL 151R.0 
=3845+ I'IOY It @R1 

=3851+ I'IOY Ri, 1lEJl..0 
=3852+ I'IOY IRL R 
=3855 lIllY ~ ZERO 
=38681- I'IOY ~.ZERO 
=3864 I'IOY R8,1JDIItF 
=3865 ; 
=38EiG ; LDB\'TE LIllO rEXT BYTE FfdII 1EIDl\' INTO I£lC IIIfFER 
=3867 LDDYTE: CIU LFETtH 
=3860 I'IOY It UlfITR 
=3869 I'IOY _ R 

=3878 It«: R8 
=JS71 CIU CIFtIIIS 
=3872 Jr«: BIlFIL 
=3873 C/U It«:SM 
=3874 I'IOY It R8 
=3875 fill) It I-(1ltFU:N+f£lBF) 

=3876 .It«: LDBVTE 
="3877 CRLL IllECO 
=3878 .HI' IFILEO 
=31179 ; 
=3888 ; BIlFIL EN> I£lC FILE TRfISIISSIIIf: 
=388:1 ; f'RINT OOT IIIFFER RR UIST IlRTR REcm> 
=3882 ; PRINT OOT CIIIEI) 'E:lI>-iJ--FILE' RECall) 

=38Ill ; Ii.'ElIAt 
=3884 EtIlrIL: CRLL 
=3885 JF8 
=38G6 CfLL 
=3887 I'IOY 
=J800 DI)Fl: I'IOY 
=l88S 11M' 
=3898 JZ 
=3B91 CRLL 
=3892 It«: 
=3893 .HI' 
=3894 1fI)(J£: CIU 
=3895 I'IOY 
=3896 CIU 
=3897 RET 
=3898 ; 

!lEO 
IfI)(J£ 

TCRLFO 
J:(J, '(LON EtFREC) 
1tR8 
ItIR 
Ifl)(I£ 

DIIRO 
R8 
1JIlf1 
TCRLFO 
ItICNTRLZ 
DIIRO 

=3899 ; EIFREC CIIIIfE1ER SrmMi RR CIIIEI) BIHIF-fILE REaR> r-. 
=3988 ; INTEl.. I£lC fiLE FlIMIT STfN)fI\'I). 

=3981 fIFE: DC ' :88IaJ881FF' 
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U;;JUII !IV =j~ DB " i 00 If' STRIMi COO[ BV1l 
=3g&1 SIZECII< 

8849 =l986-I SIZE SET 71 
=3g&7+i 
=l9884i***********"*** ................ "***1111111 111111 I 1'*** 

=1917 i 
=lS18 i 
=1919 COOEBLJ( 98 
=194~ (J.'G 1516 
=l95l i I-R:CO I£XIDECIIR. REaJ.'D OOTPUT sawa. 
=l954 i I£l( BlfFER fILRElI)\' L(8)fJ). 

8fi88 F8 =l955 IftCO: IUt' A,RI) 
8681 839B =l956 II)!) R, I-+ElCIIlf 

=l'JS7 IKlY BLFCNT,R 
8681 8941 =1978+ IUt' RLIEIlfCNT 
8685 Ai =1971~ lIlY 8:1, R 
8686 l402 =1975 CfU TCRLFO 
8G88 2128 =1976 IUt' R.I' , 
868A B4BD =l977 CfU CIfIRO 
86a: 9617 =1978 JFII FDlIfI1 
868E 2llA =l97!) IUt' R.I': ' 
8618 B480 =)988 CfU CIfIRO 

=3981 lIllY R.IltFCNT 
8612 8941 =l998+ IUt' RLIBlFCNT 
8614 F1 =3991+ !VI R.1Ii:1 
86151400 =l99S CfU ElYTEO 

=l996 FDlIfI1: IlOl R.IEItII 
8617 8915 =488S+ lIlY RLIIEItII 
8619 F1 =48116+ IUt' R.1!R1 
1161A l4DB =4818 CfLL B'1'TEO 

=4811 lIllY R.IEtl..O 
861C 8914 =482&t IUt' RLItEJl..O 
861£ F1 =4821+ I'IJY R.1!R1 
861F l4DB =482S CfU BYTEO 
8621 B628 =4826 Jf8 FDtIf>2 
862l 27 =4827 CLR A 
86241408 =4828 CfU BYTEO 
eE;2E; C42C =4829 JIll DflTO 
8G2a 23l1) =4818 FDtIf>2: lIlY R.I'=' 
862A B480 =4811 CfU aBO 

=48l2 iDATO DATA OOTPUT 
862C B86S =48ll DflTO: IUt' Re, lI'ElGllf' 
862E B6l2 =4814 DfIT01: JF8 FDlIfIS 
8618 C416 =48lS JIll fDlWl 
8612 2128 =48l6 FI.ltJFS: lIlY R.I' , 
8614 B4BD =4817 CfU CIfIRO 
8616 Fe =48l8 FDlIf'l: IUt' A,1Re 
8617 l4DB =48l9 au BYTEO 
eE;l9 18 =4848 ItC Re 

=4841 II>JNZ BtFCNT, DAT01 
86lA 8941 =4846+ IUt' RLIBtFCNl 
86lC F1 =48474 IUt' R.1!R1 
eE;lI) 87 =4851+ DEC A 
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LOC OOJ 

963E R1 
863F 962E 

8641 B648 

8643 FD 
8644 37 
8645 17 
II64G l400 
8648 83 

8849 

811)2 

811)2 238D 
81J)4 C4SI) 

Il1D6 2J8R 
8100 B4BI) 

8100 83 

8100 

81DB If: 
II10C 6D 
8100 II) 

81DE FA 
81DF 47 
81E8 B4CB 
81E2 FA 
818 II4B8 
81E5 8J 

8IlIIB 

81E6 

ME65J8F 
81E88Jr6 
81EA F6EF 
91I::C 833f1 
81EE 83 
81EF 8341 

LIt£ ~ SlATEI£NT 

=4856+ I'KIY IRLA 
=4868+ JNZ OOT01 
=4862 ; 
=48GJ ; ElMC Ell) REcm> BEIIIl ~ITTEJ) 
=4864 EIMC: Jr8 FOOf'4 
=4865 IftlY fl, CH(5lJI 

=4881+ I'KIY fl, CI«SlII 
=4885 CPt. A 
=48S6 I~ A 
=4887 CfI.L BVT[(J 

=48S8 FOOf'4: RET 
=4089 SIZECIf( 
=4892+ SIZE SET 73 
=4893+; 
=4894+; .......... 11111 ... 111111111111 .. 111111111111111111 .. 44.***** 

=4183 ; 
=4184 coomJ( 9 
=4114+ ORG 4G6 
=4118 ; TCRLfO TfFE (CRXLf) OOTPUT 
=4119 TCRLrO: I'KIY fl, ICIB!CR 
=4128 CfLL omJ 
=4121 I'KIY fl, ICIRLF 
=4122 Cfl.l. omJ 
=4123 RET 
=4124 SIZECII( 
=4127+ SIZE SET 9 
=4128+; 
=4129+; tlllllll ............. IIIIIIIIIIII .. 1111111I11111111I111I1111 

=4138 ; 
=4139 COOEllJ( 11 
=4149+ m«i 475 
=4153 ; B't'TEO BYTE OOTPUT 
=4154 B't'TEO: I'KIY LOOTA, A 
=4155 /Ill) A, CII(StJI 

=4156 I'KIY CIICSlIt A 
=4157 I'KIY A, LDRTA 
=4158 SIft> A 
=4159 CfLL NIOO 
=4168 I'KIY fl, LDfITA 
=4161 CALL NIBO 
=4162 RET 
=4163 SIZECII( 
=416E;+ SIZE SET 11 
=4167+; 
=4168+; 111111111111 .... 111111111.1111111111111111111111114411111 ... 

=4171 ; 
=4178 COOEBlK 12 
=4188+ ORG 486 
=4192 ; I£XASC IEXIDECllR. NIIlIJI..E TO ASCII CIIIIOCT£R mNERSION. 
=4193 IEXfISC: IN.. fl, I8f'H 
=4194 /Ill) fl, I( -18) 
=4195 JC IEXNIB 
=4196 /Ill) fl, 1(1&1·'8') 
=4197 RET 
=4198 IEXNIB: /Ill) fl, I( 'A') 
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LOC OOJ 

81F1 83 

84C9 8927 
84C8 F1 
84CC B945 
84CE Ai 

94CF B926 
9401 F1 
9402 A9 
9403 841>7 
94DS B998 
9407 ESD7 

94b9 8945 
84D8 F1 
840C 87 
9400 R1 
840C 96DS 
84£883 

8818 

LIIE SIlRCE STATEI£NT 

=4199 RET 
=4288 SIZEClI( 
=4283+ SIZE SET 12 
=4284+; 
=428S+;.41111***1* •• ****f •• 4 ••• 4 ••• ******.4.1 •••••• **************** 
=4214 ; 
=4215 ; 
=4216 DECUH: BITSO, ca6l 
=4238 BITSO EQU 11 
=4231 ; 
=4232 COOEBLK 38 
=4252+ ~ 1225 

; OOTA BITS FUT OOT <Ir«:L~It«l 00 SlIJ' BITS) 

=4256 ; II!DI..AY IR.F-BIT TIPE DELA'l' 
=4257 11lDLfIY: ItIIV H, IIlITHI 
=4273-1 IllY RL HITHI 
=4274+ IllY fl, IR1 
=4288+ IllY RL IH 
=4281+ IllY lIRL A 
=4284 ItIIV Ri, 1111 TLO 
=4388+ /lOY RL HITLO 
=4381+ IllY fl, 8.1 
=4314+ IllY RLA 
=4317 JIF HB01 
=4319 HB02: IllY Ri,18 
=4319 tm1: DJNZ RL HB01 
=4328 II)JNZ It 1IlD2 
=4325+ IllY RL IH 
=4326+ IllY fl, IR1 
=433&1 DEC A 
=4335-1 IllY 1R1, A 
=433f~ JNZ 1IlD2 
=4341 RET 
=4342 SIZECII< 
=4345+ SIZE SET 24 
=4346+; 
=4347+; 111111._**1111111 ....... 44+ ............... 44 .. 44 ... .. 

=4356; 
=4357 $EJECl 
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LOC OOJ LItE SIUCE SlRTEI£NT 

=4358 COOEa.K 48 
8SIIB =4383+ !lG 1467 

=4387 i NIBO IIISK fK:C TO tR<E I£X NIIIlI.£ TRfItSUIT[ TO ASCI I III) rutPUT 
85BB 34£6 =4388 NIIIO: Cfl.L I£XASC 

=4389 i 
=4398 i DIlRO aIfSIl.E OOTPUT SlDIOOTItE 
=4391 ; IIUTES TI£ CIJfTENTS IF TI£ fK:C TO TI£ CRT DISPUW SCREEN 
=4392 CIRO: lIllY REGC.A 

85BO B944 =4485+ lIlY RLIRElI: 
85BF Ai =448G+ lIlY IRLA 

=+418 lIllY B, BITSO ; SET IUI£R IF BITS TO BE TRfHiIIITTED 
85C8 8943 =4421+ lIlY RLIB 
85C2 BUlB =4422+ lIlY IRLIBITSO 
85C4 97 =4426 CLR C i CLEAR em!\' 
~ FEiCB =4427 COl: JC CO2 
II5C7 99BF =4428 ffI. PLlfm'rnwr 
Il5C9 A4CF =4429 JIll COl 
85CB 8948 =+438 CO2: !Ia. Pi,.mOOT 
tiD 118 =4431 10' i EVEN rut Till BFHDI I:lCECUl ION TIlES 
85CE 118 =+432 I«lP 
85CF 94C9 =+433 COl: Cfl.L IflDLfI\' 
851>1 94C9 =+434 Cfl.L IfJDI../IY 
8:5D3 97 =+435 CLR C iSET /HIT WILL EYENTUU\' BEalE A SlIP BIT 
851)4 A7 =+436 crt C 

=+437 II!RC REGC i r«JTfITE CIfIRII:TER RIIiIT Ot£ BIT, 
851)5 B944 =4442+ lIlY RLIREGC 
1151)7 F1 =4443+ lIlY A.1R1 
IJ5D8 67 =4447~ RRC A 
1151)9 Ai =4452+ lIlY IRLA 

=+455 i \ IIlYI~ f£lCT bATR BIT INTO CARRY 
=445fi If)JNZ B.COl ; aECK IF aRR:TER (III) SlIP BmS» DOtE 

II5DA 8M3 =4461+ lIlY ta.1B 
II5DC rl =4462+ lIlY A.1!R1 
II5DD W7 =+466+ DEC A 
II5DE Ai =+471+ lIlY IRLA 
II5DF 96C5 =+475+ JNZ COl 
85E1 8J =+477 RET 

=+478 SI2ECtIC 
Il827 =4481+ SIZE SU J9 

=4482+; 
=+483+; 111111111111111111111111111111111111111111111111111111111111 

=+492 i 

=+493 COOEa.K 47 
8649 =4523+ ORO 1689 

=4527 iCIN CONSa. IIf'UT SlIROOlItE WAITS F~ Ft /CEYSTRa<E III) 
=4528 i RETll'NS WITH 8 BITS IN REG ACe. 

8649 B943 =4529 CIN: lIlY ta.18 
8G4B B18B =45J8 lIlY IRLIG i DATA BITS lOBE READ 
864D 4G4D =45J1 CIe: JNT1 CIe 
864F 4G4D =4532 JNT1 CIe 
8&51 5651 =45JJ CI1: JT1 CI1 
865J 5G51 =4534 JT1 Cli 
8655 94C9 =45J5 Cfl.L 1IlDI.II\' 
8G57 5651 =4536 JT1 CI1 
8659 94C!) =4537 CI2: au IIWW 
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- .-_ .... ..... _ .. - -,-
865F 97 =4548 a.R C ; DRTfl BIT IN c\' 
86(,8 C465 =4541 JIF CI4 
Il662 97 =4542 C13: CLR C 
8663 A7 =4543 t.'Pl. C 
8664 IJ8 =4544 10' i EVEN OOT sm«:H MCUlI(w TIlES 
IKi65 IJ8 =4545 C14: 10' 
8666 IJ8 =4546 10' 
QE;67 IJ8 =4547 10' 

=4548 IIRRC lim: 
8G68 B944 =4553+ lIlY RLIREGC 
86GR F1 =4554+ lIlY IUR1 
8f.QI 67 ~ RRC A 
1m: Ai =4563+ lIlY IRLA 

a4566 II)JNZ 8,C12 
IJ66I) 8943 =4571+ lIlY RUB 
IIEi6F F1 =4572+ lIlY rURi 
86711 87 =4576+ DEC A 
8671 Ai =4581+ lIlY @R1,A 
8672 9659 =4585+ JNZ CI2 

=4587 IIKIY IUElle 
8674 B944 =4596+ lIlY RLIREGC 
8676 F1 =4597+ lIlY A,@R1 
8677 83 =4681 RET i ClllKTER CIIf'lElE 

=4682 SIZEOIC 
IIII2F =4685+ SIZE SET 47 

=468G+; 
=4687~i 111111111111111111111111111111111111111111111111111111111111 

=4G16 $EJECT 
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LOC (IIJ 

I2EI B934 
82E7 F1 
82ES RA 
82E9 F488 
82EB B4E2 
82ED E6FJ 
82EF J4F2 
12F144E9 
82FJ 83 

8IIFC D478 
8erE ffI 
8IFF 83 

8678 B937 
867fI F1 
8678 837E 
IJ67I) 83 

ern: 84 
86i'F 98 
8688 9C 
8681 fI9 
8682 B1 
8683 B1 

8684 8931 
8686 F1 
86879698 

LII£ !'"4m SlflTDENT 

4617 $ ItIl.LU:( :f8:1EIIIEr. 10» 
=4618 COOEBLK 15 
=4633+ IRl 741 
=4637 ; IXIFIL C(IIftI) TO rILL IIlDRESS SPfU: GElIEEN SIll III) Ell! NIlH IlfITfI 
=4638 ; IN LIlt BYTE If lEft. 
=4639 CM"IL: 1lIIY LDfITA.IEII..O 
=4655-1. lIlY RLIlEJl.O 
=4656+ lIlY A.I!R1 
=4669+ lIlY LDfIl A. A 
=4672 LFILL: au LSTIH 
=4673 au ~ 
=4674 Jt«: LFILL1 
=4675 au IrcstII 
=467f; JtF LFILL 
=4677 LFILL1: RET 
=4678 SIZECIt{ 
=4681+ SIZE SET 15 

=4683+; ...... """"""",,11 1111111111111111111111111111111111111 

=4692 ; 
=469l COOEBLK 4 
=4698+ IRl 252 
=4782 ; Ll-ETCH FETClES COfTENTS If' LOOICII.. IEI'IRV fIDDkESS DETERltIte ElY 
=4783 ; (TYPE>. <SIRII). & <SIR.(» INTO <LDfITfI). 

=4784 LFETCH: au IFETCH 
=4785 lIlY l.OfITA, R 
=4786 RET 
=4787 SIZECIIC 
=4718+ SIZE SET 4 
=4711~; 

=4712"; 1I1111111111111111111111111111111111111111111111111111111111 

=4721; 
=4722 COOEBLK 75 
=4752+ IRl 1656 
=4756; 
=4757 ; IFETCH LOOICII.. FUCH sta'OOTII£ 
=4758 ; FETCHS COfTENTS If' YllRIOOS IEDY SPfICES TO II:c. 
=4759 IFETCH: lIllY A. T\'PE 
=4768+ lIlY RL ITWE 
=4769+ lIlY A.IR1 
=4m fI)I) A.ILIII LFElIIL 
=4774 JIf'P 1ft 
=4775; 
=4776LFEl11L:DB 
=4m DB 
=4778 DB 
=477<J DB 
=4788 DB 
=4781 DB 
=4782; 
=4783 LFEPIf: lIllY 
=4792+ lIlY 
=4793+ lIlY 
=4797 JNZ 
=4798 lIllY 

LIII LFEPIf 
LIlt LfEDII 
LIII LFEREG 
LIII LFEINT 
LIII LFEBRK 
LIlt l.fEIIRK 

A.SIRII 
RLIStRII 
A.I!R1 

LfEDII 
f!,!M..O 
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LOC OOJ LIft: S(UCE STRTEIENT 

11689 8938 =4887+ lIlY RLISIILO 
Il6OO Fl =4888+ lIlY fl,1Rl 
868C 83E9 =4812 fill) fl,I-OYSIZE 
868E F698 =4813 JC I..FEDII 

=4814 ItI)Y fl,SlR.O 
8698 B938 =4823+ lIlY RLISIfLO 
8692 Fl =4824+ lIlY fl,1!R1 
em 834E =482C fill) fI, IOYIlt.f' 
11695 fl9 =4829 lIlY RLR 
8696 Fl =4838 lIlY fl,1!R1 
869783 =4831 II.U 
8698 94E1 =4832 LFEDI'I: au lPGSEI.. 
869R tl1 =483J IIlYX fl,1!R1 
8698 83 =4834 1I'lT 

=4835 ; 
=4836 1.fER[C: ItI)Y fl,SlR.O 

869C B938 =4845+ lIlY Id..ISIIfLO 
~F1 =4846+ lIlY fl,1Rl 
8G9F' 537F =4858 IN.. ; CIECK If LIII 7 flITS =8 
86R1 C6fl5 =4851 12 
86fI3 E487 =4852 JIF 

=4853 ; 
=4854 LFER8: ItI)Y fl,EPR8 

86fI5 8923 =4863+ lIlY RLIEPR8 
86R7 Fl =4864+ lIlY fl,1Rl 
86R8 83 =4868 RET 

=4869 ; 
=4878 LfEINT: ItI)Y R,SlR.O 

IlQI9 B938 =4879i lIlY RLISIR.O 
8EifII Fl =488tt lIlY f',,1!R1 
86R: 8328 =4884 fill) fl,1EPfI:C 
IlQE A9 =4885 lIlY RLR 
86fF Fl =4886 lIlY R,1Rl 
86B8 83 =4887 RET 

=4880 ; 
=4889 ; LFEIlRK LOOICII.. FETat IF SREfI(-POINT DfITR 

86B1 94E1 =4898 LfEBRI(: CfI.L LPGSEL 
II6B3 'BF7 =4S91 lit. PL It«lT 8IIII818lI8B 
86B5 898S =4B92 (Ill PL 1811881_ 
8687 99fI) =4893 lit. f'L It«lT 11l1lil1li81618 
86B9 8981 =4894 !I\'L 
86IIB 81 =4895 IIlYX 
II6BC 2381 =4896 lIlY 
II6SE 86C1 =4897 JNI 
86C8 27 =4S98 CLR 
86C183 =4S99 LfEIIR1: RET 

=49118 SIZEOIC 
II84R =4983+ SIZE SET 74 

=4984+; 
=4985+; III 1111 I I11111 I I 1111 I I I III II 1111111 I I III I I I II I I I I I11I I II I11I 

=4914 tEJECT 
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LOC IIlJ LIt£ StUCE STRTEfENT 

=4915 COOIlILK 85 
87811 =4958t ORG 1792 

=4954; 
=4955 ; LSTtJ:E LOOICII.. STIR: SIIIROOT It£ 
=4956; STIHS c.'OOOOS (J LDATf1 INTO ','MIllIS l£1li\' SPfUS. 
=4957 L5T1H: lIllY f\.TYPE 

87811 8917 =4966+ lIlY RLITYPt 
8782 F1 =49Q+ lIlY fUR1 
878111386 =4971 fill) II. ILlII LSTl8.. 
8785 B3 =4972 JffP III 

=4971 ; 
8786 lit =4974 LSTTIlI..: DB Lilt I.STPII 
11787 21 =4975 DB LIII I.STDft 
11788 26 =4976 DB Lilt LSTREG 
8789 14 =4977 DB Lilt LSTIHI 
8'18ft lD =4978 DB Lilt LSTBRK 
8788 31) =4979 DB Lilt LS1lIRK 

=4988; 
=4981 1.5TPIt: lIllY II. SIftII 

8711C1I9l1 =4998+ lIlY RL ISIftII 
8711E F1 =4991+ lIlY f1,1R1 
878F 9621 =4995 JNZ LSTDfI 

=4996 lIllY fI,SlR.O 
8711 B938 =5885t lIlY RLISIR.O 
8713 F1 =5IIIl6+ lIlY f1,1R1 
87148lE9 =5818 fI)I) f1,I-OYSIZE 
8716 F621 =5811 JC LSTDfI 

=5812 lIllY f1,S/ILO 
8718 B938 -5821+ lIlY RLISIR.O 
871ft F1 =5822+ lIlY f1,1R1 
8118 834E =5826 fill) f1,1(MU' 
II71D R9 =5IIl7 lIlY RLA 
871£ FA =5828 lIlY f1,LDRTA 
871F A1 =5829 lIlY IIRLA 
8728 B3 =5838 RET 

=58l1 ; 
8721 94E1 =5832 1.STDft: CfU LPGSEL 
1172l rA =5811 lIlY fI,LDfITA 
872491 =58l4 11M( IRLA 
8725 8l =5835 RET 

=5836 ; 
=58l7 LSTREG: lIllY fI,SlR.O 

8726 B938 =5846+ lIlY ~ISIR.O 

8728 F1 ~7+ lIlY f1,1R1 
8729 5'J7F =5851 IN. ; a£CK IF Lilt IJ:DER flITS • 8 
8728 CQF =5852 JZ 
8721) E4C3 =585l .nF 

=5854 ; 
=5855 l5TR8: lIllY EPR8, LDflTA 

872F FA =587ftt lIlY f1,LDflTA 
eTJe B92l =5884+ lIlY RLIEI'R8 
em A1 =5885+ lIlY IIRLA 
8m B3 =5888 RET 

=58119 ; 
=5898 LSTINT: lIllY fI,SlR.O 

All mnemonics copyrighted «> Intel Corporation 1978. 
5-69 



8fJO '·1 

8m 8328 
em A9 
87JA III 
8738 Ai 
873C 83 

8731> 94£1 
873F FA 
8748 1246 
8742 8981 
8744 E448 
8746 99FE 
8748 99F7 
874A 81 
8748 8988 
8740 83 

84E1 8937 
II4E3 f1 
84E4 5381 
84E6 47 

84E7 B931 
IHE9 41 
84EtI 4348 
84EC 3A 

84EJ) B938 
84EF F1 
W8 A9 
84F1 83 

=:nIJIt+ 
=5184 
=5185 
=5186 
=5187 
=5188 
=5189 ; 

IUR1 
A.IEM:C 
RLA 
A.LDATA 
I!RLA 

=5118 ; LSTBRK LOOICII.. S~ IF BREIIK-POINT DATA 
=5W LSTBRK: au LPGSEL 
=5112 lIllY fI, LDfITA 
=5113 JB8 LSTW. 
=5114 IR. PL I888IIIl881B 
=5115 J\'F LSTBR2 
=5116 LSTBR1: IN.. PL IfII r 8II8Il8Il81B 
=5117 LSTBR2: IN.. 11., If«lT IlIl8818IJ8B 
=5118 11M< A.IR1 
=5119 (RL PL 1888818888 
=5128 RET 
=5121 SIZECH< 
=5124+ SIZE SET 78 
=5125+; 

=5126+; .... """"""""""""""""1"",."""",,,11111 
=5135; 
=5136 COOEBLK 17 
=515G+ ml 1249 
=5168 ; LPGSEl. LOOICII. PAGE SEl..£CT. 
=5161 ; SETS lP ~T 2 TO IIlDRESS IFf'RCJ'RIATE BYTE IF Rf'IIIlLOCK. 
=5162 LPGSEI..:!'IIlY A. TVPE 
=5171. IIOY RL IT\'PE 
=5172+ IIOY A.IR1 
=5176 IN.. A.I88Il88II81B ; IIRSI( IFf DftTA TYPE SELECTOR BIT 
=5177 SIIF A 
=5178 lUI.. A. SIRII 
=5104. IIOY RL 1SIIIl1 
=5185+ IR. A. @R1 

=5109 IR. A.III1888fIIl8B 
=5198 OOTL P2, A 
=5191 !'lIlY A. SlR.O 
~ IIOY RL 1StIL0 
=5281+ IIOY A.IR1 
=5285 IIOY RL A 
=5286 RET 
=5287 SIZECH< 
=5218+ SIZE SET 17 
=5211.; 
=5212+; II III I I I I I II I I I II III I I II I II II I II III II I I I I III I I I I III I I I I II I I I 
=5221 ; 
=5222 $tJECT 
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LOC OOJ 

81F2 B938 
81F411 
81F5 Fl 
81F696FC 
81F8 19 
81F9 Fl 
81FA 17 
81FB 31 
81F'C 83 

lI2F4 

lI2F4 8938 
lI2F6 fl 
lI2F7 87 
lI2F8 21 
lI2F9 96Ff 
82FB is 
lI2FC Fl 
lI2FD 87 
II2FE 31 
lI2FF 83 

85E2 

85E2 8938 
85E4 Fl 
85E5 37 

&6 B932 
85E8 61 

85E9 B931 
till Fl 
85EC 37 

LII£ SIUCE STRTDENT 

=5223 COOEIlK 11 
=52IS+ (J.'G 498 
=5237 ; Ir«:SIIR It«:REIENT STfIrrItil IEJUY fI)I)R£SS I0Il). 

=5238 Ir«:SIIR: IIJY RL IStR.O 
=5239 INlI: 1M: I!R1 
=52411 IIJY ItI!R1 
=5241 JNZ 11011 
=5242 1M: R1 
=5243 IIJY ItI!R1 
=5244 1M: A 
=5245 IU:II) ItI!R1 
~ Ir«:N1: RET 
=5247 SIZECIIC 
=5258t SIZE SET 11 
=5251+; 
=5252+; 111111111111111111111111111111111111111111111111111111111111 

=5261 ; 
=5262 COOEIILK 12 
=15'07. ~ 756 
=52Il1 i DECSIII DECREI£NT stfI ~. 
=52S2 DECstfI: IIJY RL ISIIILO 
=5283 IIJY fI, I!R1 
=52a4 DEC A 
~ XCII ItI!R1 
=5286 JNZ DECSIU 
=5287 1M: R1 
=5288 IIJY R.1!R1 
=5289 IE A 
=52!l8 )01) II, I!R1 
=5291 DECSIU: RET 
=5292 SIZWIC 
=5295-t SIZE SET 12 
=529(i+i 

=5297·t; II 111111 111111 I I I I Iitl I I I 1111 I I I I II I1111 111111 I I 111111 I I I ... 

=5386 i 

=5387 COOEIILK 15 
=5ll2+ ~ 1586 
=5336 ; CIf'IIIS aJFfH I£IUY IIlbRESSES 
=5337 ; COFIIE SIll BVTES WITH Btl BVTES TO DETEIIIU£ REUlTI't'E IRJUlUlE. 
=5338 ; RET1IINS WITH CNIRY=1 IFF <SIll> >= <EJIR). 

=53l9 i IS ClUED ff1ER OCTIIIf IllS lEER f'ERFIIftI) IIf <SIll) TO DETERftIr£ IF 
:5348 i TRSK IS aJIIl..ETEI): 

=5341 i IF CY=8 no <SIll> >= <EJIR) -) lERNlfIITE TASK. 
=5342 ; IF CY=1 no <SIll> < (EIII) -) 1M: stfI III) REPDIT. 
=5343 CIfIIIIS: 1lIIY fI, stfILO 
=5352+ IIJY RL I5tR.O 
=5353+ IIJY ItI!R1 
=5l57 CPt. R 
=535C IR)I) It DR.O 
=5364. IIJY RL IDR.O 
=5365+ fill) ItI!R1 
=5l69 lIllY It Slllfl 
=5".s78+ IIJY RL ISIIIII 
=5379t IIJY fI, I!R1 
=538l CPt. R 
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LOC OOJ 

IJ5EI) BS3l 
85EF' 71 
85F8 83 

LIrE SUC£ STfllEIEHT 

=53S4 IfI)I)C 

=5398+ lIlY 
=5391+ fI)I)C 

=5395 CIf'RIJ': RET 
=5396 SlZEDIC 

ItElRiI 
RLIEIftlI 
/l,~ 

=5399+ SIZE 5[T 15 
=5488+; 
=5481+; 111111111111111111111111111111111111111111111111111111111111 

=5418 $EJECT 
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LOC OOJ 

874£ 

874£ D5 

874F B93E 
8~1 R1 
875223f8 
8754 62 
8755 27 
8756 3E 
8757 3D 
8758 FD 
8759 87 
875A 3f 
8758 IIC 
875C RR 

8750 FD 
875E. 87 
875r 8346 
8761 AS 
8762 F8 
8763 3D 
8764 47 
8765 3E 

87G8 rA 
8769 6'i' 
8'i'6R If! 
8768 F68B 
8761) BElli 

876F B93C 
8771 F1 

LIt£ 

:;411 $ 
=5412 
=5447+ 

5lOCE STRTDENT 

It«:l.tI)[(:F8:KOO.Im) 
COOEBI.K1I18 

(lG 1878 
=5451 ; 
=5452 ; 
=5453 ; 
=5454 TIINT: 
=5455 

KE\o'BOR) RtI) DISPLAY PROCESSINi ROOTIt£ 
ClUE]) f'ERIOOIaI.L\' IKN KIll) III) DISPLAY ARE TO BE fLIVE. 

=5468+ 
=5469+ 
=5473 

sa RBi 
lIllY R5R'fE, A 

IKIY RLIRSIM. 
IKIY IRLA 

lIlY fI, .<-i8H) 
=5474 lIlY T. A ; REl..tR> TIPS INTEkYfl. 
=5475 a.R R 
=5476 IIlYD PSElJII. R ; IIUTE WIN( I'fITTERN TO 5EG DRIVERS 
=5477 IIlYD PSEa.O. A 
=5478 lIlY fI, em> IG 
=5479 DEC A 
=5488 IIlYD POIGIT. A ; Et£RG12E CRR:TER 
=5481 IIlYD A.. PIIf'UT ; Un> ANY SNITCH CL.OStI!ES 
=5402 
=548l 
=5484 
=5485 
=5486 
=5487 
=5488 
=5489 
=5498 
=5491 
=5492 ; 

lIlY ROTPfIT. A 

lIlY fI, em> IG 
DEC A 
ft)I) fI, ISEIJfII 
lIlY R&A 
lIlY A •• 
IIlYD PSm.0. A 
SNAP A 
IIlYD PSEGlI. R 

; illITE !EXT !EKNT PATTERN 

; ft)I) em> IG D 1SPUK;IENT TO BASE 

; LtR> ACe WI I£XT SEGIENT PAnERN 
; ElfIU II'PRIFRIRTE 5[1Kfm 

=549l ; ................ ** •• 1 I I I I I I III II U • I II I I I I I I II I I II I I I I II II I 

=5494 ; TI£ !EXT CIfIIKTER IS 101 BEINi DISPlJIYEI). 
=5495 ; TIE KEYBtRII) SCAN ROOTIt£ IS INTEGI6ITE]) INTO TI£ DISPLAY SCM 
=5496 ; WITH TIE CIRNT RON ErDGIZED. om< IF nm ARE fIN IIfIUTS. 
=5497 ; .......... IIIU_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

=5498 ; 
=5499 ; ROTATE BITS TJ«Wif TI£ r:i IIflLE IIGEI£NTINi KE\tOC. 
=55Il8 ; 
=5581 lIlY 
=55112 NXTLOC: I8C 
=5514+ IKIY 
=5518+ RRC 
=5529+ lIlY 
=5532 JC 
=55ll lIlY 
=55l4 
=55l5 ; 

ROTCNT .1t«Xl.S 
ROTPAT 

fl,ROTPflT 
A 
ROTPfIT.R 

SCM5 
KE\fLG.11 

; IK BIT IN r:i INDICATES KEY 1«)1 ~ 
; IRK TIfIT AT WIST H KE\, IllS DETECTED 
; \ IN TI£ CIRNT SCAN 

=55l6 ; .. 111111111111111111111111111111111111111111111111111111111 

~17 ; A KI:\'STROKE IllS DETECTED F~ TI£ CtJ(AENT CQ..lIfi ITS 
=5S"J8 ; POSITION IS IN REGISTER KEYLOC. SH: IF SfI£ KEY SEN5[J) UlST C\'CI..E. 
=55l9 ; ... 1$ ............... 11111111 ..... 11111111111111111111111111 

=5548 ; 
=5541 
=55511+ 
=5551+ 

lIllY 
lIlY 
lIlY 
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8773 DC 
8774 C67C 

8776 B9JI) 

8778 8186 
877R E488 

877C B9JI) 

877E F1 
8TtF C688 
8781 87 

8782 B93I) 

8784 Ai 
87tl5 9688 

8787 FC 
8700 8938 
878R fl1 

8788 893C 
878D 11 
878E EC68 
8798 EDR8 
8792 B088 

8794 B93C 
8i'968199 
8?9S FE 
8799 9G9I) 

8798 BCFF 
9790 8[88 

=5556 
=55l 
=5558 ; 

)(Rl 

JZ 

=5559 ; _ .. _ttl I I III III 11111111111111111 11111111111111 11111111. 

=5568 ; A DIFFERENT KEY IllS R£AI) lit THIS CYCI.£ nRf lit TI£ PREVIWS C\'CL.E. 
=5561 ; SET tliEPTS TO Ttl: IlEJIWI:[ PfRAI£TER F~ A I£W CWfTIl(Mt. 

=5562 ; ....... ttllllllll ...... 1111111111111 1I111 ... IIIIIIIttt"t*t*. 

=5563 ; 
=5564 
~ 

=5566 
=55(;l ; 

RLINREPTS 
IRLIG 
SCfHi 

=5568 ;ttlllllllllllll .... II I' '.I-*ttIIIII .... ******IIIII .. U.11111 

=5569 ; SfIE KEV IllS DETECTED lS lit Pli.'EVIOOS CYCl£ 
=5578 ; LOll( AT tI.'EPTS: IF ALREIIIW ZERI1 00 rmHIIIi 
=5571 ; ELSE DECRElENT tR:PTS. 
=5572 ; IF THIS RESlL TS IN ZERO, I'IIYE LflSTKY INTO KOOtltF. 
=5573 ; _ .... I 1111111 11111111 111111111111 11111 .... 111111111111111 

=5574 ; 
=557'5 SCfIO: Ift)Y 

=5584+ II)Y 

=5585+ II)Y 

=5589 JZ 
=5599 DEC 
=5591 IIIIIJ 
=5QM+ 

=5685-t 
=5689 
=5619 
=5633+ 
=56l9+ 
=5648+ 
=5643 ; 

IKIY 
II)Y 

JNZ 
Ift)Y 

II)Y 

II)Y 

II)Y 

=5644 SC/W5: II)Y 

=5645 It«: 
=5646 DJNZ 
=5647 DJNZ 
=5648 IKIY 
=5649 ; 

KBDIlIF, LfISTKY 
fl.LASTKY 
RLII<BDCIF 
IRLA 

Ri,1KEYLOC 
I!R1 
ROTCNT, NXTLOC 
WID IG. TIR£T1 
WIDIG.1CIfRIl 

; IF flREfX)\' ZERO 
; Irt>ICATE (J£ IGE SOCCESIYE KE.Y DETECTIIIt 

; IF DECREIENT I)(£S 001 RESII.. T IN ZERO 
; TO 10K 1£11 KEY CLOC..3.'E 

=5658 ) •• IIIIII_ttlllllllllllllllll**._ ........ __ _ 

=5651 ; 
=5652 ; 

TJ£ FIllIlfINl CODE SEIJENT IS USED FN UE KEYBIflRI) sa.INl mJTIII:. 
IT IS EXECUTED IN.. \' AFT£.R R REFRESH SEIlEt«:E IS CM'l.ETED 

=5653 ;** .... _ .. 11 111111111111 IIltllll '"111111111 Itlllllllll ••• 

=5654 ; 
=~ 

=5666-t 
=5667+ 
=5G71 
=5G72 
=5673 
=5678+ 
=5682 !!CfHl: 
=5683 ; 

KE'I\.OC, ZERO 
RLIKEYLOC 
@RLIZERO 

fl.KEYFLG 
SCfWB 
LASTKY, I£G1 

LASlKV, 1f£G1 
KEYFLG.18 

; J\JF IF fIW kEYS IGE DHEClED 
; CIIHiE <LASTK\') II£N 00 KEYS ARE fOjN 

=5G84 ;_ ... ·111111 __ .... ****1111111111111111 .... 11111111 .. 
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LOC OBJ 

8791= B93F 
07A1 F1 
07A2 CGil8 
07A4 07 

87A5 B93F 
07A7 Ai 

0?flS B93E 
87AA F1 
07AB 93 

0711C 1G4E 
87fE 83 

0861 

LItE SOURCE STATEI'IENT 

=5685 ; 
=56S6 ; KOOIDISP RETURN CODE- RESTORES SYSTE" STATUS. 
=5607 I'II'IOY A, RDELR\' 
=5696'1 I'IOV RL IRDELFlY 
=5697+ I'IOY A, @R1 
=5781 JZ TIRET1 
=5702 DEC A 
=5703 MI'IOY kOCLAY, A 
=5716f I'IOY RL IIRDELA\' 
=5?17+ I'IOV @RLR 
=5721 TIREr!: i'II'IOY A, ASfI~ 
=573&1 MO\I R1.. IfIC'..AYE 
=5731+ IIOY A, @R1 

=5735 RETR 
=5736 ; 
=5737 ; 
=5738 ; TOFPOI.. TIllER O\lEllFLOW POLL I NG SUElROUTINE. 
=5739 ; CfLLED REPEATEDLY FR~ WHEREVER KOOIDISP I'IUST BE FtLIYE. 
=5740 ; MONITORS Tli: mER OVERFLOW FLAG (Ton AND CfLLS SERVICE 
=5741 ; ROUT INE ""iEN APPROPRIATE. 
=5742 TOFPOL: JTF TIINT 
=5743 RET 
=5744 SIZECHK 
=5747+ SIZE SET 97 

=5749+; ":*******************'1''***************************'':''''''********* 
=5758 $EJECT 
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LOC OOJ 

96C2 1lF93 
06C4 7401 
06C6 F4AC 

eE;C8 8931:: 
96CfI Fl 
96C8 F2C6 
Il6CI) 27 
96C£ 3E 
96CF 31) 

0C00 "37 
86M 21 
061)2 83 

85Fl 

85Fl B846 
95F3 B988 
tiS 11988 
95f7 18 
95F8 E9F5 

!l5FR Il93A 
WC B1fI8 
Il5FE 81 

961>1 

961)3 530F 
96£>593EF 
961>7 A3 

9600 IE 

LINE 

=5759 
=5r09+ 
=5791 ; 
=5794 ; 1(81) IN 
=5795; 
=5796; 
=5797; 
=5798 ; 
=5799 KBOIN: 
=5899 
=5381 KDI) 11: 
=5002 
=5S11~ 

=5812+ 
=5816 
=5817 
=".Al18 
=5S19 
=5829 
=5S21 
=5822 

SOlRCE STRTEI1ENT 

troEBLK 17 
ORG 1730 

KE't'BOARll IhfUT SlIIROUTII£. 
RETlRNS ON.. Y fTT[R R /£II KE\'51 Ra(E IIfIS BUN Of. TECTEO IN) DEBWaJ). 
VALUE OF KEY POSITION IN !lIITCH ItlTRIX IS 
RETURN£l) IN THE IlCCUIUllTIR 
DI~ CHARACTER tOI ON BU~ El:FORE RETlI1NING. 
lIlY XI'(;OO[, Il 
CALl. XPTEST 
CALL TtmII.. 
m:JV fI, KCOOUF 

I'IOV RL IKIlOOtF" 
/'lOY IURl 

JE7 KllDI1 
ClR A 
I'IO'v'I> F~GHI,A 

11M) PSEGLO, R 
CPt. A 
XCH IHRI 
RET 

=5S21 SIZECIf: 
=S82G+ SIZE SET 17 
=5027+; 
=5!)28+; __ **.C .... I ................... c ...... c .......... .... 

=5837 ; 
=58l8 COOEEIlJ( 1~ 

=5863+ ORG 1521 
=5S67 ; CLEAR IIUTES 'BLflN(' Cl-IlRfICTERS INTO ILl DISPLAY R£GISTERS. 
=5868 ; RETlRNS WInI NEXTPI.. SET TO LEFTI'KlST CI-/flRACTER POSIl ION 
=5869 ; DOES lilT AFFECT nee OR CY. 
=5879 CLEAR: lIlY Re, I$EIifII 
=5871 lIlY RL 1OB.m 
=5Sn DIlLIN(: IIOV 8119, 19 ; STORE TI£ BLfII( (;00[ 

=5871 INC R9 ; POINT TO NEXT Clll9:TER TO 1~ LEFT 
=5874 DJNZ RL DBI..flN( 

=5875 lIllY NEXTf'L Cl-mtl 
=5886+ lIlY RL INEXTPL 
=5007+ lIlY I!RL ICIfIRt«) 

=5891 RET 
=5S92 SIZECIf: 
=5895-1 SIZE SET 14 
=58%+; 
=5897+;*******'**'*****IIIIIII'C*,********"******,***""'I~~ 

=5986 ; 
=5997 COOCEI.K 44 
=5917+ ORG 1747 
=5941 ; DSPR:C DISPLAY YfLlI: OF UII NIS8lE If fa 
=5942 DSPOCC: IN. It I8FH 
=5S41 fill) It IOOPATS 
=5944 11M' It @II 

=5945 ; II)ISP IIUTES BIT F'fIlTERN tOI IN OCC INTO NEXT UfM::TER POSITION 
=5946 ; OF TIE DISPUIY (NEXTI'D. INCREIENlS NOOPL. 
=5947 ; RE5Il..TS IN OI5Pl.R'I' BEIIIi FILlED LEFT TO RIIHI", lIEN R£STI1!TIIIi 
=594G 11)151': lIlY OSPTIIP, R 
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LOC OBJ 

0Gl>9 1lF04 
9600 7401 

Il6OO 893ft 
86DF Fl 
1:l6E08345 
86£2 R9 
86E3 FE 
06£4 Al 

116E5 893A 
861:7 F'1 
86ES 07 
96E9 Ai 
96EA 96EE 
0GEC 0108 
II6EE 83 

I18EF 

86EF 3F 
86F0 IIG 
86F158 
86F2 4F 
86F3 G6 
86f'4 6D 
86F'5 7\) 

86F'6 87 
8GF77F 
86F'8 61 
86F9 77 
86F'A 7C 
86rB 39 
86FC 5E 
86FD 79 
Il6FE 71 

8II2C 

84F2 B93F 
84F4 Ai 

LINE SOIJ'o.'CE STRTEI'ENT 

=5~9 MOV xrCOOE,14 
=5950 CflLL Xf'TEST 
=5951 1tIO't' A,NEl(TPL 
=5969+ I'IO't' R1,IND(TPL 
=5961+ !'tOV A,1R1 
=5965 ADD A, ISEGI1RP··l 
=5966 I'IO't' Ri,A 
=5967 MOV A,DSPll'1P 
=5968 I'IO't' IRl,A 
=5969 I'I>JNZ 1£XTPl., lID ISP1 
=5974+ tIO\I RLII£XTPL 
=5975+ /tOY A,1F:1 
=5979+ DEC A 
=5984+ I'IO't' @R1,A 
=5988+ JNZ IIDISP1 
=5998 I'IO't' 8R:L ICHARI«) 
=5991 Ii) I SP1: RET 
=5992 ; 
=5993 ; DGPAT$ IS TH[ BASE FOR THE TA8U:: (J' $EGIIENT PATruNS FOR I£X DIGITS. 
=5994 ; 1m THE FULL HEX SET (IH) IS INCLLOO>. 
=5995 ; 
=5996 OOPAT$ [QU $ fill) 0FFH 
=5997 ; 
=5998 ; FORI'IfIT IS PGFEDCBA IN STANDARD SE't'EN··5lClENT ENCOOII«i cttM:NTI(14 
=5999 ; HRE P REPRESOfTS THE OCCIIR. POINT 
=6098 DB 1181111118 ; SEGl£NT PATTERN FOR DIGIT '0' 
=6881 DB 11880811110 ; SEGI£NT PATTERN FOR DIGIT '1' 
=6892 DB 811111811B ; SEGIENT PATlERN FOR DIGIT '2' 
=6883 DB 81081111D ; SEGIENT PATTERN HJR DIGIT '3' 
=6894 00 8111191188 ; SE.G/'£NT PATTERN FOR DIGIT ' 4' 
=6885 00 811011018 ; SEGlENT PATTERN FOR DIGIT ' 5' 
=QI86 DB 811111818 ; SEGIENT PflTIERN FOR DIGl T '6' 
=6887 DB 1188881118 ; SE.GI£NT PATTERN FOR DIIiIT '7' 
=68118 [)(j 811111118 ; SEGl'lENT PATTERN FOR DIGIT'S' 
=6Il99 DB 8111181118 ; SEGl'ENT PATTERN FOR DIGIT '9' 
=6818 00 811181118 ; SEGI1ENT PATTERN FOR DIGIT 'A' 
=6811 DB 81111181lB ; SlIKNT PATTERN FOR DIGIT '9' 
=6812 I)I:j 881118818 ; SEGIt:NT PATTERN FOR DIGIT 'c' 
=6813 DB 818111188 ; SEGl'lENT PATTERN FOR DWIl 'D' 
=6814 DB 811118818 ; SEGI1ENT PATTERN FOk DIGIT 'E' 
=6815 00 81118881B ; !lEGlENT PflTTERN FOR DIGIT 'F' 
=6816 $IZECN< 
=6819+ SIZE. SET 44 
=Qi2&+; 

=6821+; ****************************** I I I I 1*********** .... ********** 
=G838 ; 
=6831 
=6851+ 
=6855 ; OCI.AY 
=6856 ; 
=6857 ; 
=6858 ; 
=G859 DELAY: 
=6872+ 
=6873+ 

COOEBLK 12 
ORO 1266 

SlIBRWTIt£ IfIITS FOR TIE NlJIlER (f' ctIFLETE 
DISPLAY SCANS CORRESPONDING TO TIE ACe ClllTENTS. 
USED WITH CRlJI)[ IURl INTtRfRCES- AS liEN Of'ERfll'OR SI«lll.D SEE 
SOlIE DISPLAY CIR«lE IIIILI:. IT IS CHANGIIG 
IftlV RDELAY, It 

PlOY RL 1RDEUrr' 
IIOV IR:LA 
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if4t ( tI93F 
IMF9 F1 
IMFA 96P.i 
84FC 83 

88IIB 

87fF 8F85 
87B1 7401 

87Bl B9lB 
87B5 F1 
81B6 81 

=6118(+ I'IIY RL IROCI.A\' 
=6888+ I'IIY f!,1!R1 
=6892 JNZ 0Cl.AY1 
=6891 RET 
=6894 SIZEDI< 
=6897+ SIZE SET 11 
=6898+; 
=6899+;~_UttU.II"IIIIIIIIIIIItIIIIIIItIIIIIIIIIIIIIIIII". 

=6188; 
=6189 COOIlIIJ( 8 
=6144+ II!G 1967 
=6148 ;KBDI'OL pw. STATUS IF KE\'BOfR) IIf'UT ROOT 11£. 
=6149 ; RETUI\'N WillI OCC BIT 7 = 8 IF mme IIf'UT IllS BEEN R£CEIYED. 
=6158 KIIDP(l.: I'IIY XI'COO[, 15 
=6151 Cfll XPTEST 
=6152 lIllY It KlIOOlF 
=6161.. I'IIY RL IKBDIIIF 
=61t2.. I'IIY IbI!R1 
=6166 R£l. 
=6167 SIZEDI< 
=6178+ SIZE SET 8 
=6171+; 
=61n .. ; 111111114~ .. tt 111111 .................... 11111***** 

=6181 $EJECT 
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LOC OOJ 

11787 

117878938 
11789 F1 
II7BA F400 
II7BC 23SII 
1171£ F4D8 
1I7CII F4D8 
II7C2 83 

117C3 

117C3 rn 
117C4 F4D8 

117C6 89311 
fi'C8 F1 
117C9 5371" 
117CB F4D8 
II7CO F4D8 
II7CF 83 

LIfE 

6182 $ 
=6183 
=G218+ 

ItnlllE( :FII:LINKItOO) 
COOEIlLK 15 
~ 1975 

=6222 ; EPFET FETCH MTR BYTE FR(»I Il' INTERrR. RAI'I ADI)RE<"..sED BY SlRO. 
=6223 EPFET: 1tKlY. A. SlRO 
=6232+ !'lOY RL ISIft.O 
=6233+ I'IOY fl, 1R1 
=6237 CALL EPrASS 
=Q38 lIlY A. I1I111111191111B 
=6239 CflL EPPfISS 
=6248 CIU EF'PfISS 
=6241 RET 
=G242 SIZECH< 
=6245+ SIZE!ET 12 
=6246+; 
=6247+; 111111 ............... *1111111******.111111111111111111111111111 .. 

=Q56 ; 

=6257 COOEBLK 15 
=6292~ ORG 1987 
=6296 ; EPST~ STORE DATA IN LDATIl IN EP INTERrR. RAIl AT (!M..O) 
:Q!J1 EPSTOR: lIlY A. LDfITfl 
=6298 CIU EPI'ASS 
=6299 ItKlY A. SIft.O 
=63118+ lIlY RL ISIR.O 
=6389+ lIlY fl.1R1 
=6313 IN. A.1811lli11D 
=6314 CIU EPPflSS 
=6315 CIU £:PPRSS 
=6316 RET 
=6317 SIZEClI< 
=63211+ SIZE SU 13 
=6321+; 
=6322+; ******* ...... ******-**************************************** 
=6331 $EJECT 
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LOC OOJ 

871)8 Sfl38 
8702 !n 
870399FE 
87DS 8982 
8707 F4DB 
8709 81 
87Of1 83 

88IIB 

871)8 F4F'4 
87DO B98R 
87Df' 86F1 
87E1 E90f 
87E3 8918 
81£5 744F' 
81£7 Il8flB 
87E9 746A 
87EB !I9EF 
87ED BfIIIE 
87EF 24911 
1f1F1 744F 
87F'3 83 

8819 

LINE !lJlRCE 51 ATDENT 

=6332 ; 
=6333 ; 

TI£ ra..LOWING UTILITIES INVIl.YE INTERClfHiES BETIEEN TI£ If' IN) EP. 

=6334 COOEBIJ( 11 
=6369-+ ~ 2888 
=6373 ; EPPfISS PASSES fl SIIRE Pfr<AI£TER BYTE TO TI£ Ef' TI-R(Wl TI£ LlI.e 
=6374 ; WRITE TI£ carrENTS IF TI£ ACe TO TIl: LIN(; 
=6)75 ; RELEASE TIE EP; 
=6376 ; REf!) TI£ LIN( INTO THE ACe; 
=6377 ; RETl.IM 
=6378 EPPfISS: m. 
=6319 11M( 

=63S8 IK.. 
=6381 IR. 
=6382 CfU 
=6383 11M( 

=Q84 RET 
=63S5 SIZEOII( 

P2.1881188888 
IRLA 
PL II«IT ENlRP.II 
f'LIEt8.N( 
~f'SlEP 
A.1Rl 

=6388~. SIZE SET 11 

; ENABLE LIN( WRITES. 
; limE oct 10 LIN(. 
; 1>I!iIIU. IIREfI<POINTS. 
; SET TO BREAK ON LIN( R£fERf:NCE. 

=6398+; ****** ..................... 1011 **",*1 t t t t t .... t t ttl II I It It ......... . 

=6399 ; 
=64811 COOEBLK ~ 
=6435+ ~ 2811 
=6439 ; [PSTD' REl.EAS£S Ef' TO Rm IN PRESENT pg)( lM"IL AN fYfTICIPAHJ) 
=6448 ; IfJ.'DIfi.'E BREfI( ~ 

=6441 ; (DtE TO SIIO..E. STEPPING, LIN( IFCOOE FETCH, ~ LIN( DATA FETCH. ) 
=6442 ; IIJST 0CClR WITHIN fI FINITE MIllER IF C\'CI..£S «48 If' CYCLES) 
=6443 ; ~ IfITCtI)OO TIlER WILL ASstIE A catt.NICATI1J6 ERmI 
=6444 ; BI:TIEN TIE If' fH) £P. 
=6445 EPSTEP: CfU EPREL 
=6446 I'KlY RL ~ 
=6447 EPSTEl: JNI EPSTE2 
=6448 DJNZ Rl, EPSTE1 
=G449 IR. PL IEPRSET 
=6458 CfU EPBJ..'K 
=6451 I'KlY RII, 1I..1II(0YlBfIS.OVS1ZE) 
=6452 au OYLIR> 
=6453 IK.. PL II«IT EPRSET 
=6454 I'KlY LDATA. I8EH 
=G455 JI'F ~ 
=6456 ~: CALL B1I:K 
=6457 RET 
=6458 SIZECHK 
=6461. SIZE SET 25 

=6463+; .1 II I I III I I I I II ......... I I I I I I * I I I U.I I I I I I I II II I II I I I I I II I I I I 

=6472 ; 
=6473 ; 
=6474 $EJECT 
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LlX: OOJ 

87F4 

87F49W7 
87F68988 
87F8 !lfB" 
87FR 8984 
87Ft 83 

8M 

8l5fI 

8l5fI B865 
835C 8917 
835E 2348 
8168 3ft 
8361 C8 
8362 C9 
8l6l 8:1 
8364 28 
8165 91 
8166 F'9 
8367 5661 
8369 83 

LItE 

=6475 
=651&1-

s(u!c[ STflTEIENT 

COOEBlJ( 9 
IRl 28lG 

-6514 ; EPREI.. 
=6515 ; 
=fi:)16 ; 

=6517 ; 
=6518 ; 
=6519 EPREl.: 
=6528 

RELEASES EI' TO IU IN PRESENT IIOOt 
Sl:QtIXE IS AS RI.l.IIIS: 

=6521 
=6522 
=6523 
=6524 
=6527+ SIZE 
=6528+; 

PUT IEJO\' fJ:RAV IN EP IDlE; 
RAISE /SSTEP; 
RETtJN. 
IN. 
IA. 
IN. 
IR. 
RET 
SIZEtIIC 
SET 9 

; I1EAR IIi'£JI( r IF. 
; RE-DRILE BREIIK F IF. 
; ErfIIILE Ef' aJfTRIl. IF 1£11 ARRAY 
; FREE EP TO 1M OOIL 1lREfI(. 

=6529+; 111111111111111111111111111111111111111111111111111111111111 

~; 

=6539 ; 
0:6548 
=6588+ 

COOEBlJ( 11 
IRl 847 

REGAIN CIIfTRIl. IF IEID'l' IBRY FilM EP. 
DRCF ISSlEP; 

=6508 ; 
or6589 EPEIRIC: 
=65S8 
=6591 
=6592 
=659l 
=6594 

WRIT J8 USECS. ; 
PUT lEIDY fIIRJI\' IN If' IDlE; 
RETIb 
IN. 
IA. 
II)Y 

DJNZ 
IR. 
REl 

=6595 !iIZEOIC 
~ SIZE SlT 11 

; rRE.E2E EIllfITION ~. 
; SIGrR. Ef' IS NOT RtNfINl USER COO[. 

; DEl.IrI' ~ EP TO FINISH INSTROCTION. 
; SEIZE CONTf«l. CF 11.11 fIiRfIV. 

=«1181-; I I I 1111 II III I I I I 1111 I I I I I II I I I I III I I 1111 II I II II I I 11111 111111 

=6689 ; 
=6618 ; 
=6611 COOEBlJ( 16 
=6651+ II<G G58 
=6655 ; 0YSIIfI 0't'ERl..RY SlIP. 
=665(; ; SIII'S BLOCK IF DfI1 lIMES (USER'S PIUJifII) IIETIIEEN '" RfII & EP PIt 
=6657 0YSIIfI: II)Y R8,IOWIF+0Y5IZE 
:r6658 II)Y RL IOYSIZE 
=6659 II)Y II. I8188II8IIIIB 
=6G68 OOTL P2.. A 
=6661 0YSII1: DEC R8 
=Qi62 DEC R1 
=6663 IIMC II. @R1 

=66G4 XCH R.@R8 
=6665 IIMC @R1,A 
=6666 II)Y fI, R1 
=6667 JNZ 0YSII1 
=Will RET 
=6669 SIZECtI( 
=6672+ SIZE SET 16 
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836R B917 
836C 2348 
836E JfI 
836F C8 
8378 C9 
8371 F8 
8372 E3 
8373 91 
8374 rSl 
8375 !iIG6r 
8377 83 

-og1~T .................. ******************""'11111111111111111111 

=6603 ; 
=6684 
=6724+ 

COOEBLJ( 14 
IJ:G 874 

=6728 ; IM.I8> OYERUI'I' LOfI). 

=072!iI ; IIlYES Ill.OCK CF DflTIIl'ITES (flSSEJIllEI) SIUCE) FRIll PG3 10 (}' PIt 
=6738 ; TIF CF DRTA EILOCK UJOO) fill) BLOCK LEI«lTH DETERI'lItf:I) BY R8 IN) R1. 
=6731IM.I8>: lIlY RL IOYSIZE 
=67.l2 lIN A.1818888IIIIf) 
=G733 OOTL f'2. A 
=6734 MOl: DEC R8 
=6735 DEC Rio 
=673G lIlY A. R8 
=fill7 1KlYP3 A.1fI 
=6738 IIlYX IRL A 
=673!iI lIlY n. R1 
=6748 JN2 111..01 
=6741 RET 
=6742 SlZECHK 
=6745+ SIZE SET 14 
=6746+; 
=6747+; 1111111111 .. **** ... 1411111111$$$11111111111111111111111111111 

=6756 $EJECT 
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LOC OOJ 

8378 

8378 
8378 
8378 1489 
8l7R 88 

8178 
8178 1489 
8371) 88 
837E 88 

837F 
837F 1489 
8381 88 
8382 88 
8383 88 
8384 88 
83S5 (18 

8386 88 
8387 88 
8388 88 
8389 88 
838FI 88 
838B 88 

SW!CE STRTDENT 

:(ilS7 ; 

~;===-=-=============-== 
=6759 ; 
::(;768; 

=6761 ; 
""62 ; 
=676l1 

11£ R5T CE 1HIS ID>U.E atmIIN5 1lE "INI-IOU~ IfIICH OYERI..A'l' 
TI£ El'WlTIIW PROCES5(I( PIi:IXMt Rm 10 GIVE 11£ 
IIfISTER PROCES5ai: FICl.'ESS 10 INIERIR. REGISTERS /II) RRIt 01- TIE Ef'. 

~7~;==-============r=====-=-====_ 
=Q65 ; 
=Q66 
=6771. 
=6775 ; 
=677f, ; OY&­
=fim; 
=6778 ; 
=(i779 ; 

~788; 

=6781 ; 
~; 

=QS3 0Y8BRS 
=67S4 IRl 
=6785 
::(;786 
=6787 ; 
=6788 IRl 
::(;789 
=6798 
=6791 
=6792 ; 
=6793 IRl 
=6"1'94 
=6795 
=6796 
=fil97 
=6798 
=6"(99 
=6888 
=QI81 

=6882 
=6883 
=6884 
=6885 
=6886 ; 
=GOO7 IRl 
=6888 
=G889 ; 

DflTfEU( 22 
IRl 8Il8 

OVERLAY 10 IlREII( EP ElEUlIlW IN) JtIF TO LOCATIIW 8II9H. 
LOCfITIIW Il89H REfDEI) WITH TIF-(F-STfI:I( = RE1Ui'N 1IlORESS+2 
DtE TO FO!CEJ) "au I DtIIINl IfIICH PC IllS IIODUTED. 
LOC$ 88lH & 887H au lIIl9H TO SII'I.UTE ~ ClN>ITIIW 
IF IIREfI( 0CCtIIS DtIIINl INlI:RIVT CVCLE. 
SlU!CE COOE FIR "INI··lOmlR 0YERlAYEI) OYER LOW ORDER PROOHfIt RAIl. 

$ 

1MIIlfIS+887H 
CflLL 8891-1 
10' 
10' 
10' 
10' 
fU' 
IfF 
10' 
10' 
IfF 
10' 
10' 

=681Il SI4::ECII< 
=6813. SIZE SET 22 
=6814+; 
=6815+; 111111111111111111111111111111111111111111111111111111111111 

=QI24 SEJECT 
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LOC raJ 

8lSE 

9lSE 
93SE 
8lSE 8488 
9399 99 

9391 
9391 83 
8m 99 
9J9J 99 
9394 99 

9395 
9395 83 
9J9G 99 

9397 
839798 
9398 42 
8m 98 
8J9A C7 
9398 7611 
8J9I) 5JF7 
9311 
8J9F 98 
9JA1l CS 
83A1 Fe 
93112 IM89 

LIfE 

=6825 
=Ei8J9+ 
=6834 ; 
=Ei835 ; 00-
=6CJ6 ; 
=Ei837 ; 
=Ei838 ; 
=6839 ; 
=6849 0YJ8fIS 
=6841 II1G 
=6842 
=6843 
=Ei844 ; 
=6845 II1G 
=Ei846 
=6847 
=6C48 
=6849 
=6858 ; 
=6851 ~ 
=Ei852 
=Ei85J 
=G854 ; 
=Ei855 II1G 
=Ei856 
=Ei857 
=Ei858 
=al59 
=6868 
:(;861 

=Ei862 0YJ81 
=686J 
=Ei864 
=6865 
=GI66 
=6867 ; 

SfJm STATEI'ENT 

DATfIlLK 22 
II1G 919 

tM:RUI'!' TO SAVE STATUS DflTA fflER BREAK. 
ACe, TlI£Rl(;()lJflER. PSW (IlITH W, & m. LOC 8 PASSED SEQl(NllfUY 
10 tI'. 
S!lRCE COO[ F~ "INI-fOm~ OYERI.A\'EJ) IMR LOll m>ER PROORfII RfIt. 

EIll $ 

0YJ8fIS 
Jlf' Il9IIH 
to' 

OYJ8RS+889H 
ItOYX 1f:II, A 
lIlY A, T 
ItOYX @R8,A 
lIlY fl,F'SII 
JF1 OYJ81 
fit. It 1111181118 
EIll $- (LOll OYJOAS) 
ItOYX @R8,R 
SEI.. RB0 
lIlY fI, R8 
JIF 989H 

=G868 SIZEOI( 
9916 =6871+ SIZE SET 22 

=6872+; 
=6873+;"'**** __ • __ ... _ ••••••••••••• 11111 •• 111111**** 

=6882 $EJECT 
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LOC IEJ LIII. 5IlRCE STRTEI£NT 

=688l DATIIILK 22 
83A4 =6888+ II!G 912 

=6892 ; 
=am ;0'11- IMRLAY 1 10 GIVE IF fUESS 10 Ef' RfII LOCS. 81H-7FH. 
=6894 ; SW«:E COOE F~ "INHDUT~ OYERlRYED OVER LIII ~ PROORfJI Rffl 
=6895 ; 

83A4 =6896 OV1BRS EQU $ 
=6897 ; 

83A4 848R =61198 JIF 0IJ1B1 
83A6 88 =6899 lIP 

=6988 ; 
83A7 =69811J:G 0Y100!i+883H 
83A7 S3 =6982 J:ET 
83A8 88 =6983 lIP 
831t9 88 =6984 lIP 
83M 88 =6985 lIP 

=6986; 
83fII =6987 II!G 0Y1SAS+887H 
83fIB 81 =6988 RET 
8lRC 88 =G989 lIP 

=6918; 
8l11) =69111J:G 0Y1IlfIS+889H 
8lII) s* =6912 IWI< @R8,R 

=6913 ; 
88IIfI =6914 0Y1B1 EQU $-0Y18AS 

=6915 ; 
8lRE 88 =6916 IWI< fl,@R8 
83fF R8 =6917 !tOY R8,R 
8188 88 =6918 II)YX fl,@R8 
8lB1 F213 =6919 JB7 0Y1B2 
8lBl 28 =6928 ICCH fl,Re 
8384 Ail =6921 !tOY IR8.A 
8185 8489 =6922 JIF 889H 

=6923; 
8l1l =6924 0Y182 EQU Hili 0Y1SAS 

=6925 ; 
8381 F8 =6926 !tOY fl,@R8 
8lII8 IH89 ~ JIF 889H 

=6928 ; 
=6929 SlZECHC 

8816 =69l2-t SIZE S[T 22 
=6933+; 
=6934+; 11111111111 •• 1****** .. 111 ... 1111111111111111111111111111 .... 

=6941 $EJECT 
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83BfI 
838ft 
83BfI 8488 
83BC 88 

83C1 
83C1 83 
83C2 88 

IrJCJ 
8JC3 98 

83C4 88 
83C5 118 
8lC6 88 
83C7 D7 
83C8 R5 
83C9 B5 
83CR 7213 
83CC AS 

83CI) 88 
8lCE 62 
8Ja S8 
8JIl8 9J 

8817 

=6949t 
=6953 ; 
=6954 ;fN2-
=6955 ; 
=6956 ; 
:(J15l 0Y2IIAS 
=6958 IRi 
=6959 

0YERLfIY TO RESTII!E EP STATUS SAYED (If BREAK III) RESIlE USER'S PRWm 
snm COO[ F~ NINI-IOUTIJ: 0't'ERI..A\'ED OYER UII ImR PROORIII RIll 

=6968 
=6561 ; 
=6962 IRi 
=696J 
=6964 
=69G5 
=6966 
=(,9(;7 ; 

=6S68 IRi 
=6969 
=6978 
=6971 ; 
=6972 mi 
=697l 
=6974 ; 
=6975 
=6976 
=fJR7 
=(,978 

=6979 
=6988 
=69S1 
=6982 
=6983 ; 
=69C4 0V2B1 
=G985 ; 

11M( 

II)Y 

11M( 

II)Y 

CLR 
at. 
JB3 
CLR 

EQU 

=6986 11M( 

=6987 II)Y 

=6988 11M( 

=6989 RETR 
=6998 SIZED" 

f1,1R8 
Re.A 
f1,1R8 
F'SW. A 
F1 
F1 
fN2S1 
F1 

$-UII 0Y2IIAS 

=6993+ SIZE SET 23 

=6995+;'" 11111111111111 .... 111 It 11111111111111111111111111111111111 

=7884 $EJECT 

All mnemonic. copyrighted @ Intel Corporation 1 g76. 
5-86 



LOC IIIJ 

8301 
8301 mae 
83D11IfI 
8lI>4 9R7F 
83Il6 F2D9 
83D8 8l 
831)!) F5 
II3IlfI 8488 

83IlC 
8lOC 284l2!Jl1 
8lE8 :m7l928 
83E4 494£5445 
8lE8 4C 

LIt£ so.m STRIDENT 

7885 ; 
788fi COOEBLK 11 
7846+ om '!Jl7 
7858 lIPTEST: IR. f'2, I&8H 
7851 IN R.P2 
7852 fR. f'2, 1(1)1' 1l8H) 
785l JB7 $+1 
7854 RE.T 
7855 SEl. 1m 
7856 JIF 888H 
7f/S7 SI2ECIIC 
71168+ SIZE SET 11 
7861+; 
7862+; .... 1111 ........... 1111111111111111111111111111111111111111I 

7871 ; 
7f72 
7112+ 
7116 

COOEBLK 13 
~ 988 

DB ' (C)1979 INTa' 

7117 SI2ECIIC 
7121t SIZE SET 13 
7121,.; 
7122+; 111111111111111111111111111111111111111111111111111111111111 

7131 ; 
7132 ; 
7113 RSWlCE 
7135+ PGSIZE SET 1RJIG&-88IIH ; BYTES USED a. I'fWiE II 
71l6f PGSIZE SET 1I9'G1-18IH ; BYTES USED a. Pfa 1 
7137+ PGSI2E SET £m'G2-28IlIl ; 8'{f[5 IJSEI) a. PRE 2 
7138+ PGSIZE SET 1m'Gl--38IIH ; BYTES usm a. PAIl: 1 
71l9+ PGSlZE SET IRI'G4-48IIH ; BYTES USED a. PRE 4 
7148+ PGSIZE SET IRJ'G5-5IIIIH ; BYlES USED CIt PAIl: 5 
7141+ PGSIZE SET 1m'G6-68IIH ; BYTES USED a. IW£ 6 
7142+ PGSIZE SET 1m'G7-78IIi ; BYTES USED a. IW£ 7 
7141+SEJECT 
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LOC IBJ LIrE S(UCE STRm£NT 

7145 ; III I It II I I I III I I I I I I I I I IIU .. III I I I I I I I I I I I I III I II I I I II III II 

7146 ; 
7147 ; rILL ILL lNJSEI) IEIU\' LOCfI rIlI6 wn H I«J' (fCOO[S 

7148 ; 
7149 ; 11111111111 un 1IIIIIIIIIItflllllllllllllllllllllllllllllili 

7158 ; 
7151 &N 
7158 ; 

WI) 7168 II!G IRFG1 
71G1 REPT (2M! - tm'Gl) 
i'162 1)8 8 
7163 EN)!! 

81FI) 88 7164+ 1)8 8 
81FE 88 7165+ 1)8 II 
81FF 88 7166+ 1)8 8 

71G8 ; 
7175 ; 

83E9 7177 II!G tm'G3 
7178 REPT (488H - mJIGl) 
7179 1)8 8 
7188 EN)!! 

83[988 7181+ 00 
83ER 88 7i82't 1)8 

83EB 88 7183+ 1)8 

83EC 88 7184+ 1)8 

83EJ) 88 7185t 1)8 

8'"JEE 88 7186+ 1)8 

illEr 88 7187+ 1)8 

83F"8 88 7188{' DB 
83F1 88 7189+ DB 
83F2 88 7198+ DB 
83F3 88 7191+ 1)8 

83F488 7192+ 1)8 

83F5 88 7193+ 00 
83F688 7194+ 1)8 

83F7 88 7195+ DB 
U888 7196+ 1)8 

83F9 88 7197+ 00 
83f1I 88 71!18+ 1)8 

83FB 88 7199+ 1)8 

83FC 88 7288+ 1)8 

83fI) 88 7281+ 00 
83FE 88 7282+ 1)8 

8lFF 88 7283+ 1)8 

7285 ; 
84FJ) 7287 II!G IJUIG4 

7288 REPT (5811! - 1RlPG4) 
7289 DB 8 
7218 EN)!! 

84FJ) 88 7211+ 1)8 8 
84FE 88 7212+ DB 8 
84FF 88 7213+ 1)8 8 

7215 ; 
8SFF 7217 II!G IJU'G5 

72111 REPT (68111 - 1I!GPG5) 
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LOC m.J LII£ SIUCE STRTEIEHT 

721.9 00 8 
7228 ENlI'I 

85FF 88 7221+ DB 8 
7223 ; 

86fT 7225 IRQ ~ 
7226 REPT (788H - 1J9'Q6) 

7227 DEI 8 
7228 ENlI'I 

86fT 88 7229t 00 8 
7211 ; 

87fI) 7213 IRG 1RlPG7 
7234 REPT (888H - 1RlPG7> 
7235 DB 8 
7236 ENlI'I 

87FO 88 7217+ 00 8 
87FE 88 72J&t DB 8 
87FF 88 7239+ DB 8 

7241 ; 
7242.EJECT 

All mnemonic. copyrighted C) Intel Corporation 1978. 
5-89 



L!.11IKl :!u~ 5117. 
LSTBRK 4978 4979 5111. 
lSTDI'I 4975 4995 5811 58321 
LS1INT 4977 58981 
LSTII!E 2459 2615 ~7 4672 4957. 
LSTf'It 4974 4981. 
LSTR9 ~ ~ 
LSTREG 4976 5837. 
lSTTBI.. 4971 49741 
I'll) 551. 
111 5521 
ifill) 4381 1816 2386 2438 5358 
IRIOC 4351 5la4 
IIRIN 1434 15J91 1546 2349 2414 2417 2422 2427 2588 2628 
IIRIN2 15441 J129 
IIRltfI 1594 16891 
IIRIIII 16721 1674 
IIRID 1798 18381 
IIRIIII1 1831. 1847 
IIRIIQ 17161 1762 
IIRIM> 1741 1881. 
IIRIM>1 1742 176U 
11K. 4481 
ID.OCK 1651 1387 1315 132J 
IIlEC 471. ~ 
If)JNZ 4751 4841 4328 4456 4566 5969 
IEItII 11581 J824 4895 
I£ILO 11491 3851 4828 4655 
IERR(R 1592 1G581 
"It«: 46"11 1743 2811 2875 
111.01 67J4I 6748 
lIllY J98I 1558 1574 1689 1628 1649 1682 1716 17G6 1782 1881 1976 1994 21n :1248 :a29 

2464 2482 2541 2581 2714 272S 2756 2m 2885 28J8 2856 2893 292J 2938 2953 296C 
J892 J863 3891 J28& J225 J244 J26J 3283 3381 3322 sJ49 J42J 3433 J452 3471 3498 
3518 ~ J578 3881 J828 J855 J957 J981 3996 4811 4865 4257 4284 4392 4418 4587 
4639 4759 4783 4798 4814 4836 4854 4878 4957 4981 499G 5812 58J7 5855 5898 ~1f,;l 

5191 ~43 5169 5455 5541 5575 ~ 5618 5655 ~3 5687 5783 5n1 5882 5875 m1 
6859 [,878 6152 622J 6299 

IQ)OOT 537. 3841 6598 
IIR. 4451 ~ 3631 5178 
!'Am 5531 
IIRl 4821 
IIRlC 4941 
IIlR 4861 
IBC 4981 4437 4548 5582 
IIXCII 4551 
II)(Rl 4581 
rm.s 6141 5581 
t£G1 7291 2341 5678 
tt:XTPl 12831 225J 2'.t59 58C8 5886 5968 5974 
NIBB 3782 J78BI 
NIBIN J627 J6J8 36991 
NIBIN2 J55J J788I 
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MIllO 4159 4161 43801 
t«IIRI( 15211 1928 
t«Ml.5 1J811 1416 
HPTS 12381 5564 5584 5684 
~11851 1662 1838 2181 2469 2475 2723 
tI<Tl.OC 55821 5646 
IFTIIB1 1981 1983 1984 1985 1986 19221 
IFTfII2 1987 1988 19251 
IPTfm 1982 1989 19271 
IFTIII4 11941 1641 1698 1791 1818 
IJUIG8 1281 1. 1. 14491 1528 1529 18731 1947 2157 2158 22381 2214 2188 2JQ 2518 :di51 

2652 26741 2679 1148 3m 3617 l61S l6S11 l685 3735 l771 3921 4196 4141 4188 4214 
4368 4495 4G28 4695 4696 47281 4724 4917 5138 ~ ~ S389 5414 !l761 5848 !1989 
G8ll 6111 6185 6259 6116 6482 6477 6542 6613 6686 7888 7874 71l!I 7152 7U3 

IJDIG1 1291 1952 1m 215lI 2239 2248 2ZI6I 2J85 2186 23631 2172 252l 2684 3153 34M 1£98 
l691 l7J8I 3748 3741 37651 l776 3926 4111 4112 41371 4146 4147 41761 4185 4186 421lI 
4219 4365 45811 4625 4n9 4922 :)143 ~ 5211 !12681 5269 5314 5419 5766 5045 :i914 
6818 6116 6198 6264 6341 6487 (,482 G547 6618 6691 ml 7879 7136 7159 7168 

IJQIG2 1381 2177 2178 25141 2528 2529 26471 2689 l158 l489 3418 361lI 3781 3931 4244 4378 
4585 4638 4611 46911 4714 4927 5148 5274 5275 5J85I 5119 ~ !l771 5858 !1919 6843 
6121 6195 6269 6146 6412 6487 6552 662l 669G 781lI 78114 i'137 7169 7178 

IRJIGl 1311 1334 1315 13951 1877 11178 19431 6'5l7 6578 6f.8SI 6648 6649 66821 6721 6722 67551 
6768 67(JJ 682lI 6fJZl 682S 6SS11 6885 6886 G942I 6946 6947 788lI 7843 7844 78781 7189 
7118 71381 7138 7176 7177 

IUG4 1321 2694 2695 11441 116l l786 3936 4249 4258 43551 4375 4518 4739 4932 :)153 !d54 
52281 5324 5429 5776 5855 5924 684S 6849 611171 6126 62l1li 6274 6351 6417 6492 6557 
6628 67111 782l 7889 7119 72116 72117 

IJ.'GPG5 1331 3168 l169 33981 3791 l792 39161 3941 4388 4381 4491. 451!1 4744 4937 :u29 me 
54891 5434 57S1 58611 5861 59851 5929 Gill 62115 6279 6156 6422 6497 6562 6633 67116 
71128 7894 7148 7216 7217 

09IG6 1341 1946 3947 411121 4528 4~ 46151 4749 47511 49111 4942 5439 ~786 ~787 !I8l6I 5934 
5915 611291 6136 62111 6284 6361 6427 65112 6567 6638 6"111 78ll i'899 7141 7224 n25 

(RiIG7 1351 4947 4948 51341 5444 5445 ~757' 6141 6142 61_ 6215 6216 62551 6289 62!lII 633111 
6166 6367 63981 6432 6433 6471. 65117 6588 65371 6572 G643 6716 7818 71114 7142 7232 
723l 

00TIl.R 1624 19741 2556 
OOTIISG 1797 1827 19751 
00TUTl1542 1971I 2126 2713 2993 3124 3185 
0¥IIfIfI5 3187 67831 6784 67S8 6793 6887 
0Y1B1 68911 69141 
0Y1B2 6919 6!1241 
0II1SRS 1426 l281 6451 68961 69111 6987 6911 6914 6924 
0Y2B1 6981 69841 
0Y2IIfIS 2!121 69571 6958 6962 6968 6972 6SS4 
0YlB1 6868 68621 
0Y3BfIS l2II3 68481 6841 6S45 6851 6S55 Q)62 

0YBtF 13191 4828 51126 fiCS7 

0YI..(8) 1427 2!122 3188 l2II4 l2S2 6452 67l1. 
OYSIZE 6461 D21 1426 2!121 3187 32113 l281 4812 *" 6451 6CJ7 665C 6711 
0YSII1 6661. 6li67 
OYSIII' 2985 2995 3iSE; 66571 
PBIi'J( 15181 1924 
PDIGIT 517. 54811 
f'ERID 1859 2212 211C1 2633 38119 l599 3716 6455 
PGSI2E 71l5I 71361 7137. 71381 71391 714111 71411 71421 
PIIfIUT 52111 54S1 
PlUS1 6991 2476 
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PLUSl 7141 2268 
PANTl 2889 28381 
PANT2 19941 2829 
PSEGHl 5181 1414 5476 54~ 5818 
PSm..O 5191 1413 5477 54S9 5819 
RDELRY 12481 5696 5716 6872 G807 
RECIltW 3524 35491 
RECTYP 12751 3583 3587 
REOC 1293. 4485 4442 4553 4596 
~ ~. 1335 1481 1529 1878 1948 1953 2158 223S 2248 2M 2396 2368 2m 23i'8 2519 

2524 ~ 2G52 2688 2685 2698 2695 ~149 3154 3159 3164 3169 3488 3485 3418 3618 
3686 3m 3736 3741 3m 3m 3782 3787 3792 3922 :r:J27 3932 3937 3942 3947 41117 
4112 4142 4147 4181 4186 4235 4248 4245 4258 4361 4366 4371 4376 4381 4496 4581 
4586 4511 4516 4521 4621 4626 4631 4696 4725 4738 4735 4748 47~ 4758 4~1I 4923 
4928 4933 4938 4943 4948 5139 5144 5149 5154 5226 :i231 5265 5278 ~75 ~318 5"j15 
5328 5325 5338 5415 5428 5425 5438 5435 5448 5445 5762 5767 5772 5771 5782 578'( 
5841 5846 5tl51 5856 5861 5918 5915 5928 5925 5938 5935 f.834 68"J9 6844 6849 6112 
6117 6122 6127 6132 6137 6142 6186 6~ 6196 6281 6286 6211 6216 6268 6265 6278 
6275 6288 6285 6298 6337 6342 6347 6352 6357 6'362 6367 6483 6488 64U 64111 642J 
6428 6433 6478 64S3 648S 6493 64gs 6583 6588 6M3 6548 6553 6558 G563 6568 ~73 
6578 6614 6619 6624 6G29 6634 6639 6644 6649 G6S7 6692 6697 67(12 6787 6712 6717 
6722 6769 602S 6886 6947 7889 7814 7819 7824 7829 78~ 7819 7844 i'875 7M 7885 
7898 7895 7188 7185 7118 

~ 2317. 234S 
RINT 15281 1923 
ROTCNl S86I 5581 5646 
ROTPAT 0651 5482 5587 5514 5529 
RSIUC 2761 7133 
SCOO 5557 55751 
~ 5532 5566 5589 S689 56441 
SCfNI 5672 56821 
5[GfIF 1311. 2213 5486 5878 5965 
SIIIJ 1~ 1925 
SIZE 13851 1388 14391 1442 1S63I 1S66 19331 1936 2143. 2146 22281 2223 22861 2289 23531 2356 

25841 2587 2637. 2648 26641 2667 ID4I 3137 33881 33113 36831 3686 3671. 3674 37281 3723 
37551 3758 39861 3989 48921 4895 4127. 4138 41661 4169 42831 4286 43451 4348 4481. 4484 
46851 468S 4681. 4684 471. 4713 49831 4986 51241 5127 521. 5213 52581 ~ !12951 5298 
53991 5482 5747. 5758 58261 5829 58951 589S 68191 61122 6897. 6188 61781 6173 62451 6248 
63281 6323 63881 6M 6461. G464 6527. 6538 65_ 6681 66721 6675 67451 6748 68131 6816 
6871. 6874 69321 6935 &9931 6996 78681 7863 71281 7123 

SIZECH 2781 1382 1436 1868 1938 2148 2217 2283 2358 2581 2634 2661 3131 3377 3688 3668 
3717 3752 3983 48S9 4124 4163 4288 4342 4478 4682 467S 4787 4988 5121 5287 5247 
5292 5396 5744 5823 5892 6816 6894 6167 (;242 6317 6385 6458 6524 6595 G669 6742 
6818 6868 6929 69ge 7857 7117 

glllI 11221 24S7 2493 2772 3465 3817 4792 4998 5184 5378 
SlR.O 11131 1671 1SJ1 24811 2557 2745 2869 2S88 ll14 3341 34114 3844 41187 4823 4845 4879 

5885 5821 5846 5899 5288 5238 5282 5352 6232 6388 
STRCIII 1623 28371 
STRW: 1927 28541 
STRIEJI 1922 1925 2847. 2555 
STRTIfI 1257. 1989 2883 2816 
STRUTl1973 28321 
STSfI't'E 385G 3862 31831 
TCRLFO 3886 3094 3975 41191 
TIINT 54541 5742 
TIRETl 5647 5781 5721. 
TlFPIl. 3846 57421 5S81 6877 
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mwr 5391 4428 4438 
1WE 11761 1429 1579 1585 1748 1771 1m 1822 2448 25 3811 3872 4~ 4966 5171 
IFIlff)1 22651 2558 l371 
IFDItlR 2195 22481 
VERSr«I 18581 
IIIRK 15221 1928 
II)lSP 2818 2838 2269 2274 2568 3373 59481 
II>ISPt 5988 59911 
lCPCOOE 8371 1418 1539 2J18 5799 5949 ~ 
lO'TEST 1411 1548 2319 5888 5958 6151 ~ 
ZERO 6841 1578 1586 1778 2494 3428 3a68 5667 

CROSS REFEREl«:E CORETE 
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BVTEIl 3554 36281 
BVrEIN 3432 3451 3478 3489 3525 3627. 
IIYTEO 3m 481S 4825 4828 4839 4887 41541 
COO 2986 38821 
CGIHJ 3819 38381 
CGmIT 3822 38251 
CGOSS 3821 30341 
CGOTRfI 3823 3833. 
CGOIII 3B29 30261 
0fIRCR 3393. 4119 
ClflRIN 3417 3549 3699 37491 
CIfA.F :m4I 4121 
CIRI«) 5981 1313 1349 1379 564S 5871 5OS7 5999 
CIfIRO lS91 389G 3977 1980 4831 4837 4128 4122 4m. 
CH<ERf( 3Sl7 35981 
Cll(SUI 883. 3428 3566 3573 3U4 3665 38611 4874 48S1 4155 4156 
CIS 4531. 4531 4532 
CIl 45331 4533 4534 4536 
CI2 4537. 4585 
CI3 4519 45421 
CI4 4541 45451 
eIN 3749 45291 
CI(SID( 3551 l57S1 
I:l.EM 1974 5871'11 
CLRBFr 5341 (;519 6520 
Cl'l>INT 1836 1842 1S45 U:SS. 
CIFIIlS 3871 4673 53431 
CIf'RET 53951 
CNTRL.Z 31951 3418 3428 3895 
CNTTBI.. 3877 38S8I 
CNTTRR 3883 3884 3891. 
C01 4427. 4475 
CO2 4427 44381 
C03 4429 4433. 
COOEBI.. 1.991 1398 1526 1945 2155 2232 229S 2365 2516 2649 2m 3146 3397 :s61!1 3683 3733 

J769 3919 4184 4139 4178 4232 4358 4493 4618 4693 4722 4915 5U6 5223 S262 ~7 

5412 5759 5C38 5987 6831 6189 6183 6257 6334 6488 6475 6548 6611 6684 7886 7872 
caaR 2487 24321 
CM'IL 1428 1432 2426 46391 
COOJR 2429 29921 
CIIISElR 2486 24361 
InISIZ 1596 1S991 
CTfIB 1557 1a981 
ClA)IG 9281 5478 5484 5647 5648 
DflTABl. 2441 1332 1875 6766 6825 G883 6944 
DflTO 4829 48331 
DflT01 48341 4868 
DBLfN( 2215 58721 5874 
DBPNT 2836 28851 
DBRK 15191 1924 
OCB 2045 218G1 
00fIBRI( 2853 21221 
00fIEII 2849 21161 
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DI:lKE 6381 
DECl./I! 1781 584 688 616 632 648 678 685 788 715 739 756 m 798 887 824 

848 869 898 911 932 964 973 982 991 18811 1889 1818 1827 183fi 1845 1854 
1863 1872 1881 1898 1899 1.188 1117 1126 1135 1144 1153 11G2 1171 1188 1189 1198 
1287 1216 1225 1214 1241 1252 1261 1278 1279 1288 1297 4216 

DE.CSfI1 5286 5291. 
DECSIII 2618 52S2I 
D8.fIY 1185 68591 
OCLA'I'1 6877. 6892 
~ 2813 20611 
DFILl 2848 28961 
DGO 2819 28941 
DIJIRTS 5941 5!I9fiI 
DGR 2846 21881 
OINTRG 2851 21241 
DlSl 2841 2MI 
DID) 2818 28921 
DtDlRI( 2855 21291 
I)(J£ 1419 35951 
DPft 2858 21l5I 
DPRIIRK 2852 21281 
DmEII 2848 21141 
DR£C 2842 211181 
DRQ. 2843 21821 
DRIt 2858 211111 
DRIJf 2835 287SI 
DSB 2844 21841 
DSaOf 2814 28781 
DSPfU 2216 2279 22Il1 2328 2564 2566 59421 
DSf'HI 2268 22761 
DSPlO 2275 22881 
DSf'IU 2271 22791 
~IO 2Z77I 1175 
DSPTI" 1841. 3188 
DSPlIf' 8281 5948 5967 
DSS 2857 21llI 
OTR 2859 2117. 
DIRK 2856 2111. 
8.SIFl2186 2188 22821 
8.SIF22284 2287 22131 
DIIIII 11481 5198 
ElR.O 1131. 5164 
DtJLN( 52!.11 1197 Gl81 
DflRAII S28I l197 6388 
ENlfl 38881 1893 
ENlfIL 1072 3S84I 
ENlREC 48641 
ElfREC 1887 1981. 
EF'OCC 9691 2977 l219 1174 48S4 5184 
f:PDi.'K 1425 1183 6458 6456 65891 
EPOO' 29211 3187 l125 
EJIC31 2785 ~ 
EPCOO' 2728 278lI 
EPF£T ll19 1141 4852 62231 
EPPASS 2917 2952 29(;7 2982 l285 1224 :s243 :S262 6'.a7 6239 6248 6298 fa14 rus 6l78I 
EPPafI 18141 2779 2914 l3G2 :me 
EPPCI.O 18IJ5I 2752 2821 ll35 
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EPPSN 9781 2888 2847 2982 2!H7 325'( l292 
EPR8 9961 2932 3276 4S63 5884 
Y'REl 3842 6445 65191 
EPf.'ET 311S 3122 lWI 
EF'RSET 5361 1433 2994 2996 644S 645l 
EPRt.W 2424 2'(121 
Ef'RtIf1 l846I 3851 
EPR\IQ 3858 l862I 
EPRIJG 3849 38561 
EPRIM4 3828 1II11 lIIl91 
EPRlKi 3857 31151 
EPIM6 3881 l882 31191 
EPSSTP 5l2I 
EPSTE1 6447' 6448 
EPSTE2 6447 645GI 
U'STEP 2984 3194 IDS 63C2 64451 
~2874 2928 3148 3369 595l 6297' 
EPTIIIR 987' 29G2 3238 
~ 740 765 782 m 816 833 lI61 882 983 924 94!1 
~2324 23491 
EXfIIII 2541' 2616 
EXfII1 2681 26181 
EXRIt2 2619 26221 
ElCIII3 2624 2627' 
EXfII4 2629 26321 
EXIIt5 2618 26UI 
EXIIIIN 2418 25481 2626 2631 
E)GIO ~ 

F'DtIF1 397S 1996I 
fDt1F2 4826 48381 
FDtIPl 4835 48381 
FDlIf'4 4864 48881 
FDlfII5 4834 48l6I 
FItW' 15981 1688 
GOl1Il lII16 3819t 
H 13821 42S8 4325 
IB>1 4117 43191 4319 
IE02 43181 4339 
1IJDLfI\' 4257' 4433 4434 4535 4537 4538 
leITHI 18l2I 4273 
teITlO 18231 4188 
II)fITIN 35181 3547 
1EXRSC41931 4388 
I£l8f 1327' )864 3875 3956 4833 
IElCNIB 4195 41981 
IFI)(I£ 3885 3898 l894I 
IFILEO 2413 2421 3S81' 387S 
IlEIN 2416 34171 3422 3592 
!lEO l877 3884 1955I 
II!EGR 18591 
IIiDB 18681 
lEG; 18771 
11m) 18861 
lEE 18951 
IEJ- 11841 
IIf'l.EJI 1855 23851 
Ir«:SIII 1431 2625 3528 3873 4675 52381 
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ltD! 52391 
1r«:N1 5241 52461 
INIT 14891 
INITlP 14181 1423 
ItfIfI)1 2187. 2198 
ItfIfIlR 1835 21781 2498 
IIfIICEY 1543 1675 1828 1846 2196 2345 2463 2588 26581 l115 3119 
IIMLS 1l46I 1181 1417 
ITIP ~ 1557 1598 1595 1597 1625 1626 1fA6 1647 1~ 1712 1715 1725 1712 1761 1838 

1812 1833 1837 
JIDES 24fI8 24291 
JII'TBl 2185 2l99I 
J1IJ"IL 2482 242U 
JTIQ) 2481 24241 
JlILST 2483 24191 
.JTtlQ) 2488 24181 
JTlIlEC 2484 24121 
JTII!EI... 2485 24161 
KIIDfiIF 12121 2114 2348 5619 5e11 6161 
KBI) 11 5Il81. 5816 
KBl)IN 2658 57991 
KIlOPIl. 3847 3196 61581 
KCI..RB 15151 1988 
KEY 7691 1544 1593 1748 1843 21C7 2282 2285 2122 2146 2468 2598 2597 261l 26:Q 2627 

2659 278l 3116 J128 
KEYCLR 15851 2m 2628 
KEYDfI 15841 1923 1926 
KE\BI) 1581. 1545 1844 2286 2347 2461 2618 3117 
KEWIL 14991 1981 
KEYFLG 9491 55ll 5671 5682 
KE\'OO 15121 1982 
KE\tOC 1221. 5558 5644 5668 S666 
KEYLST 15181 ~ 
KE\U 151J1 1981 
KE\'NXl 15881 228J 2623 2784 l121 
KE'I'PAT 158J1 1929 
KEWII 15881 1923 1926 
mm: 15961 1985 
KEYREfj 1fM9I 1921 
KEYRI:l 15821 1986 
KEYTRA 1587. 192!) 

KlDES 1511. 1989 
KSETB 15141 1987 
UISm' 987. 5555 555G 5Q6 5633 ~ 
LDfITR 7521 1858 2211 2317 232"1 2412 2436 2562 2565 2687 2614 2632 2828 28lS 2919 3888 

ll21 T.s44 ll46 3367 ll68 lS26 )5S8 3629 3641 3648 3668 l666 3715 3868 4154 4157 
4168 4662 4669 4785 5828 59J3 58i'1 5878 5196 5112 6297 6454 

LDBYTE 3867. J876 
LFEBR1 4897 48991 
LFEBRK 4788 4?81 48981 
I.f[J)fI 4m 4797 481l 48l2I 
LfEINT 4779 48781 
l.FEPIf 4776 4783. 
LFD8 4851 48541 
LfEREG 4778 4S36I 
LfElIIL 4m 47761 
LFETCH 2561 3867 47841 
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smJTl 8819 
IJ'Dro1 917C ZERO _ 

STSfM: 9599 
If'I>RlR 9178 

TCRLFO 811)2 
YERSJI) 8829 

ASSEJtJI.. V OJFU. TE, If) E~ 
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TIlNT 8(,4E 
IIIRK 8816 

'llRET1 87f18 
II)lSP 86D8 

5-98 

_ .... _ VV50V JI'''Llt uuc.o ;)11\1,..- """" 

HFPOC. 87fK: 
11)lSP1 96EE 

n'r'OOT 0048 
XPCOOE 8887 

l\'PE 8837 
XPlm 83D1 



ISIS-II A5SEJILER SWIn. CROSS REFEIi.'D«L Y2. 1 Na 1 

?A 1851 1614 1629 1637 1650 1658 1721 1787 18146 1818 1977 1985 1.999 2177 2388 2444 
2546 2586 2719 2788 2796 2843 2857 2S65 289S 2918 2m 2943 2958 29i'3 3887 )868 

3896 '3287 3215 3226 3234 3245 325l 3264 3272 3288 3382 3318 3323 3331 ~3511 3358 
3434 3442 3453 3461 3472 3489 3491 3499 ~5 3562 3583 363'1 ~ 3966 3986 4881 
4816 4878 4393 4481 4592 4764 4788 4883 4819 4841 4859 4875 4962 4986 5881 ~7 

5842 5Il95 5167 5188 5196 5348 5368 5374 5386 54~ ~ 5546 ~ ~92 :Q9 5692 
5784 5712 5726 5887 5956 6868 686S 6883 6157 6228 6384 

?fISIM: 12351 5468 5466 5722 5728 
?B 12881 4413 4413 4413 4419 4459 4469 4569 4579 
?ll8f'NT 117. 746 7541 763 771. 788 7881 797 8851 814 8221 831 8391 
?B8R2 1181 754 
?B8R3 111. 771 
?B8R4 1121 788 
?II8R5 1131 C85 
?BI!R6 1141 S22 
?B8R7 1151 839 
?S1PNT 1261 859 867. sse OOSI 981 9891 9'.Q 9381 943 951. 
?B1R2 1191 867 
?B1R3 1281 888 
?B1R4 121. 989 
?B1R5 1221 938 
?B1R6 1231 951 
?B1R7 1241 
?BCOOE liEi3. 1561 1561 1561 1567 1618 1616 2398 
?SItIl' 4151 1817 2387 2439 2989 3632 5179 5359 5385 
?SITSO 4217. 4411 
?BtFCH 1262. 3438 3444 3511 3517 3532 3542 3962 3968 39S2 3980 4844 4854 
?BtFLE 6491 
?OfI1N 5851 5876 
?CH(SU 791. 3426 3426 3426 J558 3564 3571 3571 Je5S 385S 3858 4866 4872 4879 4879 
?m6T 1841 585 586 598 594 681 682 686 618 617 618 622 626 633 634 638 

642 649 65il 654 65S 671 672 676 688 686 6(j7 6Y1 695 781 782 786 
718 716 717 721 725 4217 4218 4222 4226 

?CtJ:DI 9121 
?IlEEI«: 617. 
?DSPTI 18"S7' 3892 J898 
?OSPTJt 8881 
?EtRlI ill6I 53S8 
?DR.O 1127. 5362 
?EPOCC 9651 2969 2975 3211 3217 
?El'PCH18181 2761 2m 2912 3354 3368 
?EPPCl 1881. 2734 2758 2896 2814 2{;19 3327 3333 
?EPPSN 9741 Zl92 2798 2839 2845 2894 2988 2939 2945 3249 3255 3284 3298 
?EPR8 9921 2924 2938 3268 3274 4855 4861 :,e68 5982 
?EPTI" 9831 29:)4 2968 3238 3236 
?FIIIIt1 2951 1Q5 1634 1655 1688 1695 1722 1745 1i'OO 1887 1819 1982 28118 m3 2178 2)89 

2441 2445 2547 2587 2728 2735 2742 2762 2769 2793 2811 2S18 2fl44 2862 2fIfI 2899 
2911 2929 2944 2959 2974 38IIa 3869 3897 3212 3231 3258 3269 3289 3387 3328 3355 
~39 3458 3477 3496 3516 3531 3563 3504 3634 3638 3887 3814 3834 )841 3963 398i' 
4882 4817 4843 4871 4263 4278 4298 4297 4322 4398 4439 4458 4558 4568 4593 4645 
4652 4765 4789 4884 4828 4842 4868 4876 4963 4987 5882 581a 5843 5861 5868 :i896 
5168 5181 5197 ~349 5361 5375 5387 5461 5584 5547 ~ 5597 :xi16 5623 :xi93 57119 
5727 5888 5957 5971 6865 68C4 Gl5S G229 6385 

?F1Rt2 3191 1638 1659 1692 1782 1986 2739 2749 2766 2776 2797 2815 2a:!5 2866 3216 3235 
3254 3273 3311 3332 3359 3443 3462 3481 3588 3811 :nJ21 3830 J848 3967 426"( 4277 
4294 4384 4482 4649 4659 5865 5881 5465 5681 5628 5636 5713 6869 

?r1e3 3391 1755 2823 2452 2887 3541 3651 4853 4332 4449 4468 4568 45"18 5528 5981 
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?F1J.'tI4 3561 
?F1RIfl 3S8I 15G9 1576 16U 1638 1651 1G84 1jt18 1~ 1784 1S83 1978 ~ 2174 2258 2331 

2466 2484 2543 2583 2716 2731 me 2789 2887 2848 285EI 2895 2925 2948 2955 2m 
3884 3865 3893 328C 3227 3246 3265 3285 3383 3324 l3S1 3425 34~ 3454 3473 :s492 
3512 3559 3588 388l 3838 3857 3959 3983 :me 4813 4867 4259 4286 4394 4412 4!i89 
4641 4761 4785 488IJ 4816 4S38 4856 4872 4959 4983 4998 5814 5839 5857 5892 M64 
5193 ~"345 ~371 5457 ~3 5577 5593 5612 5(;57 ~75 5689 5785 5723 5e84 'im 5953 
6861 68S8 6154 6225 6381 

?Ii 12981 4262 4278 4323 4331 
?MIITH 18281 4258 4266 4271 
'?\lUll 18191 4285 4293 4298 
?I£m/ 13241 
?!EGA 18551 
?lEm 18641 
'?tII'[OC 19"/31 
?!lim) 18821 
?l1IEIE 111911 
?lft1F U88I 
?ITIF 7741 1687 1783 1719 1719 1717 1723 1739 1738 
?ICBI)W 12881 2332 2332 2332 2338 ~15 5637 5883 5889 6153 6159 
?KEY 7571 2582 2588 2595 2595 
?I<EYFl 9331 
?KEVlO 12171 5542 5549 5658 ~ 5658 5Ei64 
?lRSTK 891. !i6U 5m 5624 5631 5631 5676 :3676 5676 
?lDfITR 7491 2819 2826 2833 2833 3633 3639 3646 3646 )652 3658 3658 4644 4669 4667 4667 

5856 5864 5869 5976 5976 
?LENrr 13331 1388 13991 1442 1527. 1866 18761 1936 194GI 2146 21561 2223 m3. 2289 22991 2156 

23661 2597 ~171 264Il 26591 260l 267SI 3137 31471 3383 33981 3696 36161 )674 36941 va 
37341 3758 37781 3989 39'1!!91 4995 41951 4138 41401 4169 41791 4296 4233. 4348 4J:)91 4484 
44941 4698 46191 4684 46941 4713 47231 4996 49161 5127 51371 23 !i224I 5253 5263t 5298 
53801 5482 54131 5759 57681 5829 58391 58!l8 598SI 6822 69321 61118 6U8I 6173 61841 6248 
62581 6323 6J35I 6391 64911 6464 64761 6538 65411 6A1 66121 6675 66851 674f1 ()7671 6816 
68261 6874 68841 6935 6S451 699G 78971 't'863 ~ 7123 

?IIJIII U54I 3886 3822 3997 4993 
?fEIt.O U451 3833 3849 4912 4918 4649 4648 4653 
?!IIII»( 1561 9()7 971. 971 976 9881 989 985 9S9I 989 994 9981 998 1883 18871 11187 

1812 18161 1916 1921 1Il25I 1925 1838 19341 1834 1939 19431 1943 1945 18521 1852 1~7 

1961. 1961 1966 19791 1878 1975 18791 18~ 1884 18B8I 18118 1893 18971 1897 WI2 U86I 
U96 1Ui Ui51 illS 1128 U241 U24 1129 11331 1133 U38 U42I U42 U47 U51. U51 
U56 U68I U68 1165 U69I U69 U74 U78I U78 U83 U871 US? 1192 11961 1196 1281 
12851 1285 1218 12141 1214 1219 122lI 1223 1228 1ZS2I 1232 1237 12411 1241 1246 12581 
1258 1255 12591 1259 1264 12681 1268 1273 i2171 1277 1282 12861 1286 1291 msI 1295 
1388 13841 1384 138<J 13131 1313 U17 1321. 1321 1325 13291 1329 

'!tISAYE 1581 587 693 619 635 651 673 688 783 718 742 759 m 793 818 827 
851 872 893 914 935 9()7 976 985 994 1883 1812 1821 1838 1939 1948 1857 

1966 1875 1884 1893 UII2 uu 1128 1129 1138 U47 U56 ~ U74 U83 1m 1281 
1218 1219 1228 1237 1246 1255 1264 1273 1282 1291 1:8 1389 1317 1325 4219 

?tD1S 6811 
?f£G1 7161 2138 5674 
?r£XTP 11991 2251 2251 2251 2ZS7 587S 5870 5tl78 5884 ~ ~ 5972 :,9(12 

?ffeT 12261 5576 ~ 55S6 5682 
?tUI:O U811 1654 1668 2173 2179 24ti7 24(;7 24ti7 2473 2715 2721 
?WTIO 11981 1633 1639 1683 1691 1696 1(83 1789 1882 1888 
?OYBlf 13161 
?OYSIZ 6331 
?f'I..IlS1 6861 2465 
?Pl.US3 7811 2249 
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?R1 991 4289 4385 4312 4312 
?RIll 1831 9(;5 96(; 974 975 983 904 992 993 18111 1882 1818 1811 1819 1828 1828 

11129 1837 1838 1846 1847 1855 1856 18ti4 1865 1873 1874 lf182 1883 11191 1892 1188 
1181 1189 1118 111S 1119 1127 1128 1136 1137 1145 1146 1154 1155 1163 1164 l1n 
1173 1181 1182 1198 1191 1199 1288 12tI8 1299 1217 1218 1226 1227 12J5 1236 1244 
1245 1253 1254 1262 1263 1271 12n 1288 1281 12(j9 1298 1298 ~ 

?RB8 181. 748 741 745 757 758 762 774 715 "(79 791 m 796 888 889 8U 
825 826 838 

?R81 1821 849 S58 S54 858 878 871 875 879 1191 892 896 988 912 913 917 
921 913 934 938 942 

?RDEI..Jl 12441 5688 5694 5788 :)714 6864 6878 6879 (,8G5 

?RECT't' 1271. 3495 3581 3579 3585 
?It.'EGC 12891 4397 4483 4448 4458 4551 4561 4508 4594 
?ROTCN 8781 
?ROTPfI 84!)1 5585 5512 5:)12 5521 5527 5527 
?RSAYE 1441 591 595 687 611 623 627 639 643 655 6:)9 677 681 692 696 "(fil 

711 712 nG 746 7Gl 7C8 797 814 831 855 859 876 888 W:J7 981 S18 
922 939 943 4223 4227 

?SEW 13881 
?SIZE 2551 1383 1437 1861 1931 2141 2'a8 22G4 2351 2582 2635 2662 3132 3378 3681 l669 

3718 37S3 3984 4898 4125 4164 4281 4)43 4479 46IfJ 4679 4788 49ti 5122 !)288 5240 
5293 5397 5745 5824 5tI93 6817 6895 6168 6243 6318 6386 6459 6525 6!196 6678 6743 
6811 6869 6938 6991 7858 7118 

?StRfI 11181 2405 2485 2485 2491 2757 2765 2778 )457 )463 3S82 )8111 3815 4784 4798 4982 
4988 5182 5378 5376 

?SIft.O 11891 2738 2738 2743 2861 2867 2878 2888 3386 3312 3476 3482 3829 J837 3842 4799 
4885 4815 4821 4837 4843 4871 4871 4997 5883 5813 5819 5838 5844 ::i891 5flI!f1 5192 
5198 5344 5358 6224 6238 6388 6386 

?STIllT 13391 1383 138l 1391 14851 1437 1437 1445 15331 1861 1861 1869 18821 19"51 ~31 1939 
19571 2141 2141 2149 21621 2218 2218 2226 22441 22G4 2284 2292 23181 2351 2351 2)59 

23821 2582 2582 2518 25331 2635 2635 2643 26561 2662 2662 2678 26991 3132 31)2 3148 
31731 3378 l378 3386 34141 3681 3681 :sfo89 J622I 3669 3669 '1677 3mI :rt18 3i'18 "ffib 
37451 3753 3753 3761 37961 3994 3994 3912 3951. 4898 4898 4898 41161 4125 4125 4133 
4151. 4164 4164 41n 41981 4281 4281 4289 42541 4343 4343 4351 43851 4479 44i'9 4487 
45251 4683 4683 4611 46351 4679 4679 4687 47881 4788 4788 4716 47541 4981. 49ti 4989 
49521 5122 5122 5138 51581 5288 5288 5216 :i235I 5248 5248 5256 52791 5293 :03 :rJ81 
53341 5397 5397 5485 54491 5745 5745 5753 :)791' 5824 :)824 5812 58651 5893 ~3 5981 
59391 6817 6817 6825 68531 6895 6895 6183 61461 6168 6168 6176 62281 6243 6243 6251 
62941 6"j18 G318 6326 6371. 6386 G386 6394 64371 6459 6459 6467 65121 G525 6525 6533 
65821 6596 6596 6684 66531 6678 6678 6678 6nG1 6743 6"(43 6751 67731 6811 6811 6819 
68321 6869 6869 6877 68981 6938 6938 6938 6951. 6991 6991 699!.1 78481 7858 7858 j1)66 

71141 7118 7118 7126 
?STRTIt 12531 19f11 1987 1995 2881 2814 2824 
?T't'f'E 11721 1577 1:)77 1:)77 1583 1746 1756 1769 1769 1769 1775 1828 2448 2446 2453 2542 

2548 388l 3889 3864 3878 4768 4766 4958 4964 :d63 5169 
?tJfIRY 4591 1744 2812 2876 3538 4842 4321 4438 445"1 «149 4567 558l 5978 
'MRSN 18461 
?lCPCOO 8251 
nERO 671. 1559 1575 1767 2483 3424 3856 56::16 
fFETCH 4784 47S91 
ASRYE 12391 5468 5738 
fISCERR l784 l711 37151 
8 12841 4415 4421 4461 4529 4:)71 
BCOOE 1167. 1563 1569 1598 1618 2392 
BITSO 42381 4422 
8RKEtI) 2462 25881 
IIRKERR l888 :$8IICI 
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LOC IBJ LIrE so.m STIlTEl£NT 

7243 EN> 

US&: S\'I8l..S 
?A l1li84 ?ASAYE 81182 ?S 81182 ?S8F'NT 88IJS ~ 8883 ?B8k3 l1li84 ?68R4 8885 ?Bw.I 8M 
?B8R6 8887 ?SIRi' 8888 ?81PNT 8887 ?B1R2 8883 ?B1R3 l1li84 ?B1k4 8885 ?B1R5 8886 ?B1R6 8887 
?B1R7 8888 ?IICOOE 81182 ?IUIIJI 11822 ?SITSO 8883 ?£gCH 8882 ?IllFlE iI883 ?CIIIRN 8883 

?QI(5U -?Ca6T 8883 ?CIR>I 81181 ?DEK 8883 ?DSI'TI 81182 ?DSPT1188IIIl ?ElR1I fI882 ?Elft.O fI882 ?EPfU IMI2 
?EPPCH 81182 ?EPPCL 81182 ?EPPSW 9Il92 ?IJIR8 M2 ?EPTI" 8IIIl2 ?FmI'II1 9816 '!FIJ!J12 8818 ?FIRU IlII1fl 
?FIRM 881C ?FIRI5 1181£ ?H 81182 ?llJ1l H 81182 ?llJ1TL 8IIIl2 ?IIJ9J 8883 ?1~GfI Il882 ?ll.'EGB 81182 
?flO: 81182 ?\Ii'EfI) Il882 ?tf.'[II: Il882 ?I-REGF 81182 

?ITIfI _ 
?KBDIlI IlII82 ?Kt:\' 88118 ?kC\fL 81181 

':1CEVlO Il882 ?UISTK 81181 ?\.OfITA Il8IJ8, '/U:tliT 88IlI) ?fEIIIl 81182 ?IEJI.O 81182 ?!tIll»( 11875 '!ItSfIYE 81181 
?fIllS 8883 ?t£G1 M3 ?f£XTP l1li82 ?N!EPT 81182 ?tIK:O fI882 ?tf'T10 8882 ?OYEU M3 ?OY!iIZ 88IU 
?PI.US1 8883 ?PLUS3 8883 ?R1 11888 ?RIll l1li82 ?RB8 11888 ';IRB1 81181 ?RDEU1 8882 ?REClY 81182 
?REOC 81182 ?ROTCN 81181 ?ROTPA 81181 

?RSAYE _ 
?!mil 8883 ?SIZE 8IlIlE :J5IR1I fI882 ?SIft.O 8882 

~83OC ?STR~ 81182 ?TYPE 81182 ?I.HI!Y 882A ?YERSN 8882 ?XPCro 88118 ?ZERO 8883 fFETCH 11678 
ASRYE 883E RSCERR 81C9 El 8843 BCOOE Il836 Ell TSO 8M IIRI(EJI) 824D IIRI<ERR IMA6 BRKFIL 822E 
IIRJ(N)(T 11234 EIl.FOO 8841 BtftEN 8818 BYTEI1 .. 2 BYTEIN .. 8 ElYTEO 81DB eGO EI46B CGIHI 847C 
CGIJIfIT 8476 C60SS 8489 COOTRfI IM88 CGIMI (1476 IHIRa: 88IlI) ctfIRlN 81CI) CIRLf Il88fI CIBNO II8IJ8 
CIIIRO 85IID ctICERR 82E1 CN<StII 8885 CI8 11641) CI1 8651 Cl2 8659 CI3 8662 CI4 8665 
CIN 8649 tK9IIJ( 82LlB CL£fR 85F1 IUIIFF" 8888 CIt) INT IlEA af1Ri 85E2 (.;IIfR£l lI5F8 CNl'RLZ 8Q1fl 

CNTTBI. 84A1 CNTTRR 84flfI COl 85C5 CO2 85CEl C03 escr COOEBL 8886 waR 8228 CMIL ff2E5 
CIIID 8461 COI5BR 822C InISIZ 8883 CTAB 8823 ClR>IG 8885 DfITfIl. II0IlC DRTO 862C DRT01 862E 
DflIIt( Il5F5 DBPNT 11144 DmC 8815 DCB 815fI DOIBK 8167 00fIEII 81Q DEIKE 8Il8C OCCL.II! 81183 
DECSft1 II2f"F DECStII 82F4 DELfI'l' 84F2 DELA'l'1 84F5 ~8131 DFILL 8148 000 8149 DlJ'ATS II8EF 
18 8151> DINTRG 8169 DLST 814£ DIQ) fI146 Dt«IlRK 8168 I)(J£ 82E8 DPR 8172 Df'RllRI( 8165 
DPRI£I'I 815F DREC 8151 DREL 8154 DRtI 8163 DIM 813E DSEl IIU7 DSGIO 8137 DSfft:C 8603 
I)gIHI 818E DSf'lO 8194 DSPIt1 m2 DSPfIID 81SI8 DSPTI" 8828 DSPTIfI 8886 DS5 ew: D1R 81'/5 
DI8IK 816D ELSIF1 81)7 ELSIr2 Il8E5 EIftII 8833 ElfLO Il832 EtIIJI( 81182 DIIRAII 81181 ENDF1 859E 
ENDFIL 8596 ENlREC 8641 EInEC 851£ EPFK:C 8828 EPQ!K 834F EPCNT 8441 EroIl1 8411- EPCOO 841~ 
EPrET 8787 EPPASS 87D8 EPPQII 11825 EPf'CLO 8824 Ef'PSN Il821 EPR8 8823 EPREl.. 87f4 a-RET fI4C7 
EPRSET 8818 ~ 84Il8 EPRlIt1 848A EPRIJQ 8499 EPIaIG 8495 ~8482 E.f'RIM5 84(jJ EPIM6 848A 
EPSSTP l1li84 EPSru 87DF EP!, TE2 87F1 EPSTEP 8?DB Ef'STtII 87C3 EPTlfIR 11822 ERRaa 81B6 £XfII8 11258 
EXIIU 827B EXfII2 II2S1 ElRI3 II28R EXfII4 8293 I:XfII5 8275 EXIIIIN 824F El!AOI 8888 FDIIIP1 8617 
FDtIF2 8fi28 FDtIf'3 8G36 FDlIF4 II64S FDtIf'5 8632 FIll)(}' Il842 GOTIlL 8471 H Il845 Il101 8407 
IB)2 84D5 IIIDLfIY 84C9 fllTHI 8827 flITlO 11826 IIlfITIN 82(j9 I£XfISC 81E6 tEl<BlF M5 HEXNIB 81EF 
IIFJ)(J£ til7 HFILEO 8572 !KeIN 8297 IECO II6Il8 fREGA 882fI !lUll 882B Mil: II82C 1Ii:E(jI) IJ82I) 

I&GE Il82E IR:GF fI82F IIFLEIt 82Il8 ItCSIII II1F2 INCN 81F4 IIGS. 81FC INIT 11888 INI TLP Il8IE 
IIN)1I11V ItfIFI)R 88C8 11fIKE\' IlIIEC IIMI.S 8388 lnF 8884 JCa[S 8226 JIf'TBl. 81!86 JTOFIL 8222 
JTOOO 8228 JTrLST 821A JTtftI) 828F JTtllEC 8211 JTtIIEI.. 8216 KalBlF 8B3B KBOI1 86C6 KBOIN II6C2 
ICIlOP(L 87fIF' KCU'8 II0IlC KEY 8883 KEYCLR 8817 KE'f'DtI 8816 KE\'END 8813 KEYFIL 881(1 KEYflG Il8II6 
KlYGO 1181£ I([\toc IJ83(; KE'rtST 881C Kl: \'fQ) 881F ICEYJ«I 8812 I([\'PAT 88U 1([\," 881fI KEYREI; 8818 
ICE't'REG 881B ICEYREI.. 8814 KI:'YTRfI 8819 KtDES 881D KSETB II88B LfISTKY l1li84 LDfITR 8882 LOOYTE 8582 
LFEBR1 II6C1 LFEBRK II6El1 LfEDtI 8698 LFEINT 86R9 LfEPII 8684 LFER8 II6A5 LFEREG II69C LFElfi. 86i'E 
LFETCH 8IlFC LFILL 82E9 LFILL1 82F3 LI'GSEl. 84E1 LSTBR1 8746 LSTBR2 8748 LSTBRK 87)1) ~l1)ft 11721 
LSlINT 87.14 LSTtIIE 8788 LSTF'It 878C 15TRe 872F LSTREG 87"di ~T1BL 878G "' 11818 M Il828 
IIfI)I) 8824 IRlOC 11825 IIIIN 882!) 1II1M2 883J 1111111 11852 1111111 81169 1II1f118 Il89E IIIINB1 Il8AII 
IIIINCl 11875 IIIItt) Il893 111111>1 11887 IRI.. Il826 I'Il.OCK 8882 IIIEC II82C ~ 882D PEltIl em 
IEII.O 8834 I£RR(R 8IIIlC "III: Il820 Il1.01 836F 1lIIY Il828 IIMJT Il828 lUI.. 11827 IFUSEL Il848 
IIRL Il82E IIRLC Il831 In Il82F IIIRC IJ838 IC<CH 882!) IIXRL 8828 NCIl.S l1li84 ttil1 m"F 
r£XTPL. 8831i NIBI3 81C2 NIBIN 81B8 NIB 1M2 81BA NIBO 85BB lURK 8IiI18 IIlYfI..S l1li23 RPTS 81130 
IUI:Ut Il838 NXTLOC 8768 II'Tfm 833F' ~Tf112 8346 1FTRB3 8349 Cl'TION Il839 tIIIJIG8 8188 IJUIG1 fI1FD 
IJQIG2 83Il8 tIIfJIG3 8B tIIGPG4 84fD IJUIG5 85FF tIIGPG6 II6FF tIIGPG7 87FD OOTCLR 11182 0tmISG 8184 
WTUTl. 8188 0Y8BRS 8378 0Y1D1 IJ8(IfI 0Y182 8313 0Y1BfIS 83A4 0't':M 8313 0Y28AS 83l1li 0YlfI1 8311 
0Y3IIRS 83SE 0YIltF 884E 0Yl(R) 836ft OYSIZE 8817 0YSW1 8361 OYSIII' 8lSA PBRK 8819 POIGIT 81& 
f'ERR(I: 819ft PGSI2E 8IlFD PIrf'UT II88B PlUS1 81181 PLUS3 8883 f'RHTl 811(' I'II'NT2 8188 PSEGHI IIIIID 
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APPENDIX C 

COMMAND SUMMARY 

The following is a summary of the commands im­
plemented by the HSE-49 emulator monitor. Within each 
command group, tokens in each column indicate op· 
tions the user has when invoking those commands. 

Tokens In square brackets indicate dedicated keys on 
the keyboard (some keys having shared functions); 
angle brackets enclose hex digit strings used to specify 
an address or data parameter. Parameters In paren· 
theses are optional, with the effects explained above. 
The notation used is as follows: 

<SMA> - Starting Memory Address lor block command, 
<EMA> - Ending Memory Address lor block command, 
<LOC> - LOcation lor Individual accesses, 
<DATA> - DATA byte. 

Asterisks (*) indicate the default condition for each 
command; thus that token Is optional and serves to 
regularize the command syntax. 

Program/data entry and verification commands: 

[EXAMI [PROG MEMI· <LOC> [,I [NEXn 
[DATA MEM] IPREV] 
[REGISTERI I.] 
IHWRE REG] 
[PROG BRK] 
[DATA BRK] 

Program/data initialization commands: 

[FILL] [PROG MEM]· <SMA> [,I <EMA> [,I <DATA> [.] 
[DATA MEM] 
[REGISTER] 
[HWRE REG] 
[PROG BRK] 
[DATA BRKJ 

Intellec· development system or TTY interface com· 
mands (for transferring HEX format flies): 

[UPLOADJ [PROG MEMJ· <SMA> [,I <EMA> [.J 
[DATA MEMJ 
[REGISTERJ 
[HWRE REG] 
[PROG BRKJ 
[DATA BRK] 

[DNLOADJ [PROG MEM]· [.J 
[DATA MEMJ 
[REGISTER] 
[HWRE REGJ 
[PROG BRK] 
[DATA BRK] 

Formatted data dump to TTY or CRT: 

[LISn [PROG MEMJ· <SMA> [,J <EMA> [.J 
[DATA MEMJ 
[REGISTERJ 
[HWRE REGJ 
[PROG BRKJ 
[DATA BRKJ 

All mnemonics copyrlghted© Intel Corporation 1978. 

Program execution commands: 

[GOJ [NO BREAK]· «SMA» [.J 
[WI BREAK] [,J 
[SING STPj 
[AUTO BRK] 
[AUTOSTPj 

[Go/RSn [NO BREAKJ· [.J 
[W/BREAKJ 
[SING STPj 
[AUTO BRKJ 
[AUTOSTPj 

Breakpoint setting and clearing: 

[SET BRKJ [PROG MEMJ· <LOC> a,] <LOC> ... ) [.J 
[DATA MEMJ 

[CLR BRKJ [PROG MEMJ· <LOC> ([,J <LOC> ... ) [.J 
[DATA MEMJ 

APPENDIX D 
ERROR MESSAGES 

The following error message codes are used by the 
monitor software to report an operator or hardware er· 
ror. Errors may be cleared by pressing [CLRlPREV] or 
[END/.]. ThB format used for reporting errors is 
"Error- .n" where "n" is a hex digit. 

Operator Errors 

1. Illegal command initiator. 

2. Illegal command modifier or parameter digit. 

3. Illegal terminator for Examine command. 

4. Illegal attempt to clear Error mode. 

5-9. Not used. 

Hardware Error. 

A. ASCII error - non-hex digit encountered In data 
field of hex format record. 

B. Breakpoint error. Break logic activated though break­
points not enabled. 

C. Hex format record checksum error. Note - the 
checksum will not be verified if the first character of 
the checksum field Is a question mark ("7") rather 
than a hexldecimal digit. This allows object flies to 
be patched using the ISIS text editor without the 
necessity of manually recomputing the checksum 
value. 

D. Not used. 

E. Execution processor failed to respond to a command 
or parameter passed to It by the master processor. 
EP automatically reset. EP internal status may be 
lost. Program memory not affected. 

F. Not used. 
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Microcontroller includes a-d converter 
for lowest-cost analog interfacing 

Adding hardware for analog-to-digital conversion 
to a single-chip microcomputer cuts interface software 

and component count for high-volume control applications 

by w. Check, E. Cheng, G. Hill, M. Hollen, and J. Miller, In/eiCorp .• San/a CIsrB. CsIif. 

o Microcomputers' plunging size and cost are creating 
a rising new market: low-cost controllers that end up in 
automobiles, appliances, and consumer products. Now 
that the technology is available to integrate a high­
performance 8-bit analog-ta-digital converter and a 
microcomputer on a single chip, the tremendous need for 

2-K-BY-B-BIT 
READ-ONLY­
MEMORY 

.. ZERO­
CROSSING 

DETECTION 
UNIT 

&4-BY-8-BIT 
RANDOM-ACCESS 

MEMORY 

low-cost analog interfacing has hastened the develop­
ment of just such a device: the 8022. By integrating the 
a-d converter and other useful features, the chip achieves 
the minimum system cost possible for high-volume 
controller applications involving analog signals. 

The heart of the 8022 is the 8021 general-purpose 

ANALOG 
LADDER REFERENCE 
VOLTAGE 

AN.} ANALOG 
---t--AN, INPUTS 

REFERENCE 
.... -+--VOLTAGE 

Vth 

81NPUT/OUTPUT 
LINES WITH 
COMPARATOR 
INPUTS 

TEST PIN 
T. 

8\10 
LINES 

81/0 
LINES 

1. All --.... The first slngle-chip microcomputer with a built-In 8-bit analog-to-digital converter is Intel's 8022. Around a foundation of the 
8021. the chip packs severalleatures that·suit it to control applications: two multiplexed analog inputs. a zero-crosslng detector. two 7-mA 
digital outputs that are part of Port 1. and a total ot 26 digital inputl output lines, eight of which have voItage-comparator inputs. 
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Z. The comrertw. The 8022's a-d converter uses successive approximation. A multiplexer selects either of two inputs, which is sampled and 
held. The successive-approximation register holds a byte that taps 011 a voltage trom a 256-resistor divider through decoding logic. Input is 
compared with tapped voltage; when the two are equal, the held byte is sent to the conversion-result register. 

microcomputer with built-in read-only and random­
access memories, which go a long way since many func­
tions are carried out in hardware or require minimal 
software. The 8021 's modular design facilitates its use as 
a cornerstone for more highly integrated designs like the 
8022. This new design, like the 8021, is a member of the 
MCS-48 family of single-chip microcomputers, and its 
on-chip a-d converter makes the family even more useful 
in such high-volume, cost-sensitive application areas as 
household appliances. 

A microcomputer pi_ 

Operating on a single + 5-volt power supply, the 8022 
contains all the functions necessary for digital process­
ing, plus digital or analog control. On the chip, as 
diagrammed in Fig. I, are 2 kilobytes of ROM, 64 bytes 
of RAM, an 8-bit central processor with more than 70 
instructions (a subset of the higher-performance 8048), 
an internal timer/event counter, a clock and oscillator, 
the 8-bit a-d converter with two analog inputs, and 26 
digital input/output lines. 

All parts of the a-d converter are integrated onto the 
chip-no external components are required. Conversion 
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is performed entirely with hardware by a successive­
approximation technique and takes 40 microseconds to 
complete. The only software is three single-byte instruc­
tions: select analog-input 0 (SEL ANO), select analog­
input I (SELANI), and read the analog-to-digital conver­
sion result (RAD). 

Flexible I/O Ii .... 

The 26 digital input/output lines ~re organized into 
three 8-bit general-purpose ports and two test pins, To 
and T •. The three ports are quasi-bidirectional-each 
line can be programmed for input or output. Adding to 
the flexibility is an optional mask operation ·that elimi­
nates the pull-up resistor for the metal-oxide-semicon­
ductor drive transistor on each line, creating an open­
drain output. The open drains are useful in driving 
analog circuits and for certain loads such as keyboards. 

Port 0 also has variable-threshold voltage-comparator 
inputs with a common reference pin (V .. ). This setup can 
accommodate such input situations as high noise 
margins, low-voltage (IO-to-I5-v) touch switching, and 
expansion of the analog inputs. Two input/output pins 
(Plo and PI.) provide for high-current drive; each sinks 

6-4 



HIGH VOLTAGE 
ORIVER (10 - 30 VI 

TOUCH PAO 

IOZ2 

p. 
>----+--1 t---r-i I--Ir--------=-+-........ --t 

5pF I 5pF 

I 
...L BOOY 
T CAPACITANCE 

~ 
P, 

3. ~ touch. Because port 0 has variable-threshold comparator inputs on each of its eight Ones, new input configurations are 

possible, such as this low-voltage touch switch. Touching the panel momentarily pulls down the comparator input. The high-voftage driver, 

which may be a single transistor or part of a hex driver, then recharges the panel. The port is read by the microcomputer as is any other. 

7 milliamperes. more than four times the 1.6-mA load of 
standard transistor-transistor-logic outputs. In many 
applications of the 8022, 7 rnA can eliminate the need for 
discrete drive transistors. 

The lower half of port 2. in addition to serving as 
general input/output, may be hooked up as a bus for 
attaching 110 expander units, such as the 8243. or 
discrete TIL parts for low-cost 1/0 expansion. Operations 
of the 8243 are synchronized by the port-expander 
strobe pin. a feature that is especially useful for 
input/output expansions designed with standard tran­
sistor-transistor logic gates. 

The two test-pin inputs can be tested directly with two 
conditional-branch instructions. T. can interrupt the 
system. while T. also can detect the zero crossing of ac 
signals-a plus when it comes to firing triaes for phase 
control of motors. 

The .-11 converter 

The 8022's a-d converter has two multiplexed input 
channels. Channel selection by either the SEL ANO or SEL 
ANI restarts the conversion sequence. A valid digital 
value can be read with the RAD instruction during the 
fourth instruction cycle after a select instruction. 
Conversions occur continuously. and RAD may be 
executed at any time with confidence that the sample is 
no more than 40 I'S old. Typical software for reading two 
sequential a-d conversions would be: 

SELANO 
MOVRO.#24 
RAD 
MOV@RO,A 
INCRO 
RAD 
MOV@RO,A 

Starts conversion 
Setup memory pointer 
First conversion to accumulator 
Store first value 
Ready for next conversion 
Second conversion to accumulator 
Store second value 

As shown in Fig. 2. the conversion hardware itself has 

three parts: a series string of resistors. a voltage compar­
ator. and successive-approximation logic. The string of 
256 resistors divides the voltage between V. and V DLI 

(the reference pin) into 256 voltage steps. This configu­
ration gives the converter inherent monotonicity. Decode 
logic selects the appropriate tap and transfers that 
voltage to the comparator block. 

The conversion logic 

The comparator amplifies the difference between the 
analog input and the voltage tap. This difference is 
presented to the successive-approximation logic. Eight 
comparisons result in a fully converted byte being trans­
ferred to the conversion-result register. All comparisons 
are performed automatically by on-chip hardware; 
executing the RAD instruction moves the contents of the 
CRR to the accumulator. 

Novel circuit design (see "The a-d converter: how it 
was done," p. 27) gives the converter 8-bit resolution 
over the full input range of Vaa to V""' This capability 
simplifies direct connection to sensors, reduces software, 
and provides fast, 40-microsecond conversions. The sep­
arate power-supply pins complete the analog block and 
keep the converter isolated from digital-noise sources. 
The inetruction HI 

To conserve memory and maximize throughput, most 
instructions in the 8022 are single-byte and single-cycle; 
no instructions are longer than 2-byte, two-cycle. The 
cycle time is 10 1'5. 

The overall efficiency of the instruction set is 
enhanced for control applications by the extensive condi­
tional-branch logic that has been built into the micropro­
cessor. For example, the instruction to decrement a 
register and jump if not zero (DJNZ) allows loops to be 
formed in one 2-byte instruction. Similarly, the instruc­
tion to move to the accumulator from the current page 
(MOVP A. @ A) allows table look-up for constants or 
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display formatting with just a single 2-byte instruction. 
The 64-byte RAM integrates the hardware stack and 

data memory. The first eight memory locations are 
designated as working registers and are addressable by 
any of the II direct-register instructions. Besides 
increasing the variety of operations that can be 
performed on data in memory, this approach further 
reduces the number of instruction bytes required for 
processing. Working registers 0 and I also may be used 
as pointers to indirectly address all locations in memory, 
using the indirect-register instructions. 

The next 16 bytes of RAM may be used as the address 
stack to enable the processor to keep track of the return 
addresses generated from call instructions and to handle 
interrupts. Since each address is II bits long, 2 bytes are 
needed to store each address. Thus, the 16 bytes of 
address stack allow a total of altogether eight levels of 
subroutine nesting. 

A 3-bit stack pointer supplies the locations that are 
loaded with the next return address generated. This 
stack pointer is incremented when a return address is 
stored and decremented when an address is fetched 
during a return. If an application does not require all 
eight levels of subroutine nesting, the free portion of the 
address stack may be used as standard RAM. 

Other on-chip features 

The 8022 contains its own clock and oscillator 
circuitry and requires only an external timing control 
element to generate all internal timing signals. For 
highly cost-sensitive applications an inductor may be 
used as this element. If a more precise clock is required, 
the designer may specify a crystal or external clock for 
the application. 

To further reduce the user's system cost and to permit 
use of the chip in noisy environments, the power-supply 
tolerance has been increased, permitting a range from 
4.5 to 6.5 v. Less filtering and regulation is necessary, 
therefore, and the microcomputer's immunity to noisy 
power supplies is greater, as well. 

The programmable 8-bit timer/event counter accu­
rately monitors elapsed time, avoiding the software over­
head of timing loops. Once it has been loaded with the 
contents of the accumulator, its divide-by-32 prescaler is 
incremented for each system clock cycle and at prescaler 
overflow. A timer flag is set at overflow. Once activated, 
it can be tested by a conditional-branch instruction to 
generate an interrupt. Total count capacity is 8,192 
instruction cycles or 81.9 milliseconds, for the 10-1&5 
cycle time. 

The timer may also be used as an event counter where 
the test pin T, serves as a counter input. Upon command, 
the chip will respond to a low-to-high transition on the 
pin by incrementing its timer. 

ComPllr.tor input. 

The input/output port 0 of the 8022 has several prop­
erties that ease analog interfacing problems. Two of 
these features are moderate-gain voltage comparators 
and pull-up resistors on each line that either may serve 
as standard TTL outputs or may be masked out to give 
open-drain outputs. 
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llJO.mVOFFSET 

... :z.r.cr-Ing deIector. Useful in timing the firing of triacs for ac 

phase control of appliances or getting a real-time clock. the 8022's 
T. test pin detects the crossing of a waveform·s de level by its rising 
edge. One hundred millivolts of hysteresiS prevents chattering. and 

the ac frequency is limited to 1 kilohertz. 

The comparators are especially handy for troublesome 
inputs. The comparator at each pin accurately compares 
that line to the threshold-voltage reference pin, V th, 

within about 100 millivolts in the range from V. to 
V".I2. Allowed to float, Vth will bias itself to the digital 
switch point of the other ports, and port 0 then behaves 
as a set of conventional digital inputs. 

However, the switch point can be both tightly 
controlled and adjusted by specially biasing Vth• Uses for 
this would include high-noise-margin inputs (up to 
V".I2), unusual logic-level inputs as from a diode­
isolated keyboard, analog-channel extension, and direct 
interfacing of capacitive touch panels. The comparator 
action is automatic, and the port is read just as is any 
other port. 

Three .... nt.g .. 

Since the on-chip comparators allow small voltage 
changes to be detected, a cost-effective and safe touch 
panel can be built. Many appliances using touch panels 
have as much as 100 volts at the panel, albeit with 
extremely low power. The comparators in the 8022, 
however, permit appliance touch panels to he operated in 
the 10-to-I5-v range. 

The advantages of a low-voltage touch panel are three. 
First, it costs less to generate and switch the lower 
voltage. Then, since the keyboard operates at below 30 v, 
it is an Underwriters Laboratories' class II system, 
which can sharply cut the time required for approval. 
Finally, the possible product-liability problems asso­
ciated with high-voltage operation disappear. 

Simplified capacitive touch-panel operation is shown 
in Fig. 3. Contact with the panel drives both the voltage 
buffer and input to ground. When port 0 is read, a 0 on 
any line indicates a touched switch. The microcomputer 
drives the voltage buffer to recharge the panel. Matrix 
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DISPLAY 

120V 60Hz 

I. Oven _troller. The use 01 the 8022 is demonstrated In this controller lor e combination microwave and conventional oven, The chip 
needs no assistance in figuring temperatures trom thermistors connected to its analog inputs. reading inputs trom a touch panel, detecting 
zero-crossing 01 ac lor firing triaes and gating clocks and timers, direct-driving an alarm, and storing cooking-time instructions, 

switch panels may also be sensed by the comparators. 
Each pin on port 0 mayor may not have an internal 

pull-up resistor: the option is chosen during selection of 
the ROM program code, If a resistor is left out for a given 
pin, the output appears as a true open drain for the range 
V. to V ce. There is no temporary low-impedance drive to 
V ce, as is the case with the remaining quasi-bidirectional 
ports. With open drains, accurate output waveforms can 
be generated, and operational amplifiers can be driven 
directly, for example. 

The zero-croulng detector 

Although the T, test pin on the 8022 may be driven 
directly by a digital input, it has special circuitry to 
detect an ac signal crossing its average direct-current 
level. The signal required for the zero-cross detection 
mode must be 2 to 4 Y peak to peak and have a 
maximum frequency of I kilohertz. It couples to T, 
through an external capacitor. 

Figure 4 shows the waveforms for zero-crossing detec­
tion. The internal digital state of T, is sensed as a 0, until 
the wave's rising edge crosses the average dc level, when 
it becomes a I. The digital transition takes place within a 
5· phase from the zero point. The digital level then 
remains at I until the input goes approximately 100 my 

below the zero point on the falling edge. The lOO-mY 
hysteresis keeps noise from causing chattering of the 
internal signal. 

The zero-crossing detection capability allows the 
applications designer to make the 60-hertz power signal 
the basis for system timing. All timing routines, 
including time of day, can be implemented with the 
signal and just a few conditional jump instructions. 

Moreover, since T, is also an input to the external 
event counter, the detection feature may be combined 
with this counter to interrupt processing at the critical 
zero-crossing point. Thus the user can trigger phase­
sensitive devices, such as triacs and silicon-controlled 
rectifiers, and use the 8022 in such applications as shaft­
angle measurement and speed control of motors­
anywhere that the zero crossing of a waveform provides 
timing information. 

An oven controller 

The 8022's high level of functional integration 
provides a single-chip solution to sophisticated, high­
volume controller applications that have required rela­
tively expensive multichip designs. An example is a 
controller (Fig. 5) for a stove with a combined micro­
wave and conventional oven' and range-top burners. 
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The a-d converter: how It was done 
The drive to increase the density of large-scale integration 
leads to continually improving control of small geometries. 
In fact. self-aligned silicon-gate processes now allow 
arrays of identical resistors and access transistors to be 
almost as densely packed as memory arrays. 

The resistive ladder on the 8022 is a string of 256 
matched diffusion resistors with access gates to each tap. 
Process geometry and resistivity control matches these 
within 8-blt accuracy without trimming or special process­
ing. Any mismatched resistors simply expand or contract 
the voltage between taps. Even shorted resistors cannot 
cause nonmonotonic voltage outputs. 

Design of the voltage comparator requires offset 
voltages smaller than could be expected from the stan­
dard memory/microprocessor process. So a chopper­
stabilized design is used to compensate for offset inher­
ently. Similariy. the low supply voltage of 4.5 to 6.5 volts 
does not allow sulficient gain or operating range from a 
differential stage. Thus a slngle-anded approach is used to 
increase gain. Carefully devised circuit tricks are enough 

VOLTAGE 

RESISTOR 
LADDER 

to convert this stage into a differential comparator. 
As shown. the basic gain stage is a logic element biased 

into Its linear-gain region. Biasing is done while the Input 
voltage is forced to the other side of the sample capacitor. 
When the bias gate is turned off and the ladder voltage Is 
selected. the stage essentially amplifies the difference 
between the two voltage levels. 

A string of these stages forms the comparator block. 
The input voltage has no effect on the amplifier bias point 
and therefore will not affect gain. This allows comparison 
down to voltages as low as v_. 

Comparison with v"" was made possible by judicious 
use of bootstrap circuitry. To limit bootstrap drivers. the 
voltage comparison actually occurs at half this external 
level. This allows all ladder select voltages to be simply V. 
or V.... Both resistive and capacitive dividers are used to 
drop the two comparison voltages to their internal level. 

Finally. the capacitors inherent in the amplifier become 
the sample-and-hold mechanism that allows only one 
voltage sample to be taken per conversion. 
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V
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Twenty keys enter timing and cooking instructions, and 
a four-digit· display shows cooking time, temperature, 
and the time of day. Two temperature-sensing thermis­
tors are employed, one for standard usc and the other for 
microwave usc. 

While such a system could be controlled by a conven­
tional 4-bit or 8-bit microcomputer, external circuitry 
would be required to interface the keyboard, convert the 
analog signals to digital data, drive an audio alarm, and 
determine the zero-crossing point of the 60-HZ power 
wave for timing functions and magnetron control. The 
8022 reduces this multichip system to a single chip. The 
computer-plus-converter chip can save the oven maker 
upwards of several dollars in parts costs. 

In this application, the 8022 program memory stores 
all control programs, cooking and power-cycling algo­
rithms, and timing routines. Its 2-kilobyte ROM is large 
enough to provide for easy expansion of oven features 
and product differentiation. The on-chip RAM stores 
temperatures, power-level and timing settings, and all 
intermediate computational results. 

The analog signals from the C(lnventional temperature 
sensor and the microwave meat probe feed directly into 
the two analog inputs on the 8022 without any additional 
circuitry. What's more, the chip's 8-bit a-d converter 
gives more accurate temperature sensing than most 
existing discrete configurations. 

The keyboard interfaces directly to the device through 
port O. The keyboard in this application can be either a 
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capacitive touch panel or a conventional switch type, 
since the 8022 directly interfaces either. . 

The T, pin in the zero-crossing detection mode estab­
lishes an accurate time base for all timing routines, 
including cooking cycles, presetting functions, and time 
of day. To accomplish this, the chip detects a zero 
crossing using the two conditional-jump instructions 
associated with T,: JT! and JNT!. Then it increments a 
register in data memory, effectively keeping track of 
elapsed time. Using this technique, a time-of-day routine 
can be writtell for most applications in less than 30 bytes 
of code. 

Control of .... m ..... ron 
The zero-crossing detection capability also efficiently 

controls the microwave's magnetron. To minimize 
current surges through the system, the magnetron should 
be fired at the peak of the ac wave (90·). To achieve this 
performance, the 8022 detects the zero crossing point 
with its T, pin and delays the 90· phase shift with the 
internal timer. 

The high-current drive pins, PI. and PI .. are tied 
together to directly drive a piezoelectric alarm, which 
requires 10 to IS mA of current: The remaining 110 lines 
are used to drive the display and status indicators, to 
monitor the door interlock, and to control the triaes that 
switch the burner and oven heating elements. The 
internal timer controls the refreshing of the displays and 
the scanning of the keyboard. 0 
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Microcomputer's on-chip functions 
ease users' programming chores 

The one-chip 8022 includes hardware, such as an a-d converter, 
that combines with the instruction set for easy development of routines 

by William F. Ittner and Jeffrey A. Miller, InIBlCorp .. SanlsCls,.. Calli. 

o A single-chip microcomputer that incorporates ana­
log-to-digital conversion, comparator inputs, and ac 
zero-crossing detection is a strong candidate for low­
cost, high-volume applications. Moreover, to maintain its 
front-runner position, the new 8022 has been designed 
for ease of programming: many common routines are 
invisible to the user because they are performed in 
on-chip hardware. 

The 8022's instruction set, in conjunction with its 
hardware features, affords programming ease in the 
development of routines for translating analog signal 
levels, monitoring temperatures, reading capacitive­
touch-panel inputs, controlling phase-sensitive thyristors, 
and calculating the time of day. For example, perform­
ing an a-d conversion requires software only to select the 
appropriate analog input; the actual conversion is 
performed entirely in hardware. This leaves room in the 
program memory for additional system functions. 
Furthermore, the instruction set accommodates bit 
handling, binary and binary-coded-decimal arithmetic, 
and direct table look-up, and it has extensive facilities 
for input selection and input-based program jumps. 

The 8022 [Electronics, May 25, p. 122] is the first 
general-purpose single-chip microcomputer to offer an 
on-chip a-d converter. While retaining the 8-bit central 
processing unit, 64 bytes of random-access memory, 
clock, zero-crossing detection, and timer/event counter 
featured in its 8021 predecessor, the new chip doubles 
the read-only memory to 2 kilobytes and provides 
comparator inputs on eight input/output lines, five more 
digital I/O lines (including an extra test pin), full inter­
rupt capability, and two 8-bit a-d input channels. Such a 
decrease in system component count cannot help but 
minimize cost and increase reliability. 

E •• y .-cI cony.relon 
The 8022's a-d converter has two multiplexed chan­

nels, selectable with the SEL ANO (select analog input 0) 
or SEL ANI (select analog input 1) instructions. Built-in 
successive-approximation hardware accomplishes the 
conversion. The select instructions and the RAD 
command (read a-d conversion result) are the only soft­
ware instructions necessary. The select instructions 
restart the continuously occurring conversion process, 
but do not affect the conversion-result register. The new 
valid digital value can be read from the CRR during the 

fourth cycle after a select instruction and every fourth 
instruction cycle thereafter. 

An application that points up the advantages of this 
easy-to-use on-chip converter is monitoring temperature 
in an oven controller. The temperature is sensed by a 
thermistor probe located in the oven (Fig. 1). In such a 
system, noisy analog signals are apt to prevail, obscuring 
the readings. But since so few instructions are needed for 
each sampling, a software filtering technique can be 
added at little expense for increased accuracy. One soft­
ware filtering method is to average each reading with the 
previous samples: 

SELANO 
MOVRO,#30 

RAD 
ADDA,@RO 

RRCA 
MOV@RO,A 

;Start conversion 
;Point to storage location of previous 
a-d sample average 
;Read second sample result 
;Add last sample to new sample 
;Divide by 2 
;Store new average 

Excessive noise may require averaging of many read­
ings taken over a short period of time. Program 1 
illustrates a method of computing the average of 16 
readings, In such averaging, it is necessary to select the 

...... ------4 ANALOG·INPUT 0 

8022 
MICROPROCESSOR 

1. Talk about aim,... To sense temperature with the 8022, all that Is 
needed Is a thermistor pulled up to the supply. Simpler yet are the 
Instructions to sense the voltage divider's potential: select analog 

input 0 (SEL AN.), and read conversion-result register (RAD). 
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l'Il(H,H!Hvl 1 lb CONSE{ UTIVE HF ~'\OINLS 
(IF SI-\rl.1E f\f\,:U O(~ INPUT 

MOV IM,IOO .... tamp. MSB ,_It rovimr 
MOIl RO,m lItuppoinw 
MOY eAQ,1OO _.-It,agimr 
IIU ANO "'ect a start ~on 
tIDV R2,#18 16 .......... 

LOOP: !lAD ,eod, .. ult 
ADO A..IIO LSB 
MOV tHIC),p. 

__ LSB 

CLR A 
ADOC A.R4 MSB add corry to R4 
MOV R4,A 

__ MSB 

DJNZ R2,LOOP next reading 
SWAP A MSB intoMSN 
XCH A, tiRO 
SWAP A divide by 16 
XCHD A, tIRO location 26 in 

RAM now contains 
the 8Y8nIge velue 
Qf 16 conversions 
over a period of 
1.44 msec 

appropriate analog channel only once. Thereafter, a new 
conversion result is available every four instruction 
cycles. 

Often noise on the analog input is due to 60-hertz ac 
pickup. To minimize this interference, analog signals 
should be synchronized with the line voltage, accom­
plished in the 8022 by the on-board zero-crossing­
detection circuitry. The combination of line synchroniza­
tion with simple filtration renders digital values imper­
vious to line-generated noise. 

Signal averaging may be used for more than noise 
filtering. Since it can be applied to either channel I or 
channel 0 (whichever is selected with a SEL ANX instruc­
tion), each channel may monitor different functions in 
one system, such as temperature and pressure in a 
process-control application. The fast a-d conversion time 
permits rapid switching between the two channels. 

A similar software technique permits measuring the 
same variable in two different locations and comparing 
the two results, as in checking the internal and external 
temperatures in an automotive climate-control applica­
tion. Program 2 shows the coding that is required to 
perform a magnitude comparison between the two 
analog channels. The time elapsed between channel 
switching is a mere 50 microseconds. 

ComPlirator input. 

To ease interfacing with devices presenting trouble­
some 1/0 links, the 8022's port 0 incorporates compara­
tor inputs controlled by a common voltage-reference pin 
and an option of a pull-up resistor or an open-drain 
output. Each of port O's eight pins has a moderate-gain 
voltage comparator, which compares to a common refer­
ence pin (V'b) with ± lOO-millivolt accuracy, within a 
analog reference voltage range of V.. to V",I2. The 
biased V .. pin will ensure a tightly controlled switching 
point. 

A typical use for port 0 is in the interfacing with the 
capacitive touch panels on microwave ovens and other 
new appliances. A touch-panel switch consists of two 
capacitors in series. One lead is attached to a high-

PHOLR!U\17 r\lA(JNITlJDl COr\lPARISON nOUllNI 

SEL AND start conversion 
MOV RO, #24 set up pointer 
RAD ra.d conversion result 
SEL ANI start other conversion 
CPL A 
INC A 
MeV IiIRO, A save first conversion 
RAD read second conversion 

ADD A,IiIRO add fint conversion 
A equals the differential 
in ones complement 

JZ EaUAL ANO = ANI 
JC LESTHN ANO<ANl 

ANO>ANl 

voltage buffer (10 to 30 volts). The other is attached to 
the port 0 sense input. As a finger touches the common 
point, the drive signal is shunted by body capacitance, 
attenuating the signal reaching the input. 

Low-voltage touch-panel operation (less than 30 v) is 
possible, since the comparators allow small voltage 
changes to be detected. Most of the present touch-panel 
designs require a 50-to-\ OO-v drive on the touch panel. 

Capacitive touch panels can be multiplexed in the 
same manner as can mechanical keyboards (Fig. 2). The 
vacuum fluorescent display and the touch panel are 
integrated to optimize hardware through shared high­
voltage buffers. 

Program 3 lists the software that is necessary to 
refresh the display and scan the touch-panel matrix. This 
routine could be adapted to serve as part of a timer/in­
terrupt scheme that would generate an interrupt at 
precise intervals for a flicker-free display. Another 
portion of the software would check for any touched 
input pads, test for valid entry, and enter key-depression 
codes into the main program. 

Correcting pad imbalance 

A common problem with capacitive touch panels is 
their imbalance. Layout process, aging, and surface 
impurities all cause the capacitance to vary from touch 
pad to touch pad, resulting in a family of curves (Fig. 
3a) of voltage levels from each column of touch pads 
reaching the sense inputs. As the curves show, if thresh­
old voltage V'bJ alone were used, one column would 
always appear touched; if V'h2 were used exclusively, 
three of the columns would never appear touched. 

To compensate for such varying capacitance levels, 
the on-chip analog-input circuit may be used to allow 
multiple input voltage levels. Figure 3b depicts the 8022 
version of such a circuit. ANO and V'b are tied together 
with a capacitor to line 0 of port O. The pull-up resistor 
option is used on line 0 to provide an RC timing network 
connected to ANO, V'h, and POo. The remaining seven 
lines of port 0 are the sense lines for the touch panel and 
use the open-drain-cutput option. 

Handling the different voltage levels would begin with 
initializing the data by plotting the family of curves with 
the ANO input. This is done by writing a 0 to POo 
(grounding POo) which initializes V'h to 0 v. A logic I is 
then written to POo, which begins to pull the RC network 
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(ACCESS TO ANALDG­
CONVERTER SUPPLY FOR 
EXTERNAL FILTERING) 

HIGH· 
VOLtAGE 
DRIVERS 

4-BY-4 CAPACITIVE-TOUCHPANEL MATRIX 

DODD 
DODO 
DODD 

~DD·DD 

8888 
VACUUM FLUORESCENT DISPLAY 

I. IIIIIIIpIued touoII ....... A capacitive touch panel and high-voltage display may be combined In much the same way as a mechanical 
keyboard and Ilght-emllllng-d1ode array. To save hardware. an obvious choice Is to share the high-voltage drivers. 

ClR A 
OUTl Pt. A 
OUTl po. A 

MOV A._H 
OUTl po. A 
ORl A. 113 
OUTl po. A 
IN A. PO 
MOV 1M. A 
MOV ... UD' .... ' 
MOV A.R3 
OUTL 1'0, A 

LOOP: RLC A 
INC 110 
JNC LOOP 
MOV "' .. OUTl PI,A 

toward 5 v. As V", ramps upward, the sense lines are 
monitored for input changes, which will go from I to 0 as 
the not-touched voltage curve for each input is inter­
sected. As the changes occur, the a-d value for each 
sense line can be read and stored. 

Thus the threshold reference voltage for each sense 
line can be determined by establishing the not-touched 
voltage levels and by placing the threshold reference 
voltage below this level. As each row of the keyboard is 

_oH ...... drIwrI 
_oH_drIwrI ............. 
endlnllillal_ kIput ......... ............. _ ................. _ ....... 
.... - ...... --...... RAliIDIIIIIiaR .... '" 7 ........... 
.................... A 1iIND_"'" 
_ ... t ............ -wr 

-dlglC ......... 
IaopUlllll-wr 
..... ....... 1tM1 ............. 

scanned, the RC network is initialized to 0 v and ramps 
upward, varying the V", level. The a-d converter moni­
tors this level looking for the calculated threshold points. 
As the points are intersected, the corresponding sense 
inputs are read, with a 0 indicating a touched input and 
a I indicating a not-touched input. Thus, a multiplexed 
capacitive touch panel can be scanned and balanced 
without adding external components to the inputs. 

For systems requiring more than two analog inputs to 
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V,h, 

V,h2 

(I) 

TOUCH PANEL 

.,--, ________ COLUMN A 

'_-+-,------ COLUMN B 

_--+-+-r----- COLUMN C 

~ ___ ~~+-"T" ___ COLUMN 0 

__ NOTTOUCHED 
____ TOUCHED 

TIMEI/ls) 

(b) 

TOUCH-PANEL 
COLUMNS 

AN. 
1022 

a. .. '-' .... Dissimilar pad capacitances are represented by the curves In (a), With a fixed reference (V"' or V ... ). false sensing will occur. 
Individual thresholds can be determined using (b): a rising edge Is placed on POo through software; ANO is then read until switching. 

NINDEG Eau 13 

LOC7: XCH A.R7 
INC A 
JNZ NINETY 
MOV A._NINDEG 
MOV T.A 
STRT T 
XCH A.R7 
RETI 

NINETY: 

IN A. PI 
MOV A._ll101111B 
OUTL Pl,A 

MOV A.;\IOFFH 
MOV T.A 
STRT CNT 
XCH A.R7 
RETI 

the 8022, port O's comparator may be reconfigured to 
permit forming of pseudo-analog inputs from variable­
threshold digital inputs. The hardware configuration can 
be identical to that of Fig, 3b. In this scheme, sense 
inputs act as additional analog inputs of less accuracy 
than ANO and ANI (about 6 bits). 

The sequence for implementing the extension is essen­
tially the same found in the variable-threshold touch 
panel. As V .. ramps upward, a port 0 bit is monitored for 
a change from I to O. At the change, ANO is read, 

13x32xl0 UIIC· 4.160M mile 

_ "" Ind gee flag byte 

i. It llrO ero .. or 90 deg. 

zerocroa'· 
.t up for ninety __ interrupt 

100d R7 with non·FF number 
and restore A" 

.t P1410w (TRIAC PORT! 

Itt up for zero cro. Interrupt 
next timeU 

IoId FF into R7 and -.. "" 

corresponding to the value of the analog input into port 0 
(with some error due to the time lag, which can be 
subtracted). This configuration can be utilized when it is 
possible to trade off' accuracy for cost improvements; one 
analog input with 8-bit accuracy and seven analog inputs 
with 6-bit accuracy. Such may be the case in a range 
controller that moniton temperature in two ovens, a 
meat probe, and two of the four burnen, all to an 
accuracy within 10"F. 

To establish a reliable time base and to switch ac 
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LOOP: 

DONE: 

TABLE: 

ORG 
MOV 
MOV 

MOV 
MOV 

INC 
MOV 
ADD 
OA 
MOV 
MOV 
MOVP 
XRL 
INC 
JNZ 
XCH 
ANL 
JZ 
MOV 

RETI 

DB 
DB 
DB 

7 
A,#OFFIof 
T,A 

RO, #TIMEO - 1 
R1,#TABLE 

RO 
A,ORO 
A,#1 
A 
ORO,A 
A, RI 
A,OA 
A,ORO 
R1 
DONE 
A,ORO 
A,#1 
LOOP 
ORO,A 

BOH 
BOH 
13 H 

loads, the 8022 has circuitry built into the T 1 pin to 
detect an ac signal crossing its average dc level. The 
switching is at predetermined points of the sine wave to 
reduce inrush currents or radio-frequency interference. 

Zero-croeelng detection 

There are seyeral methods by which software can 
monitor the input. The simplest method involves the 
jump instructions JT, and JNT" which correspond to 
jump on T, high, and jump on T, low, respectively. The 
rising edge of the T, input is the most accurate: the 
falling edge contains 100 mv of hysteresis to increase 
noise margin. The two jump instructions can be used 
back to back to find this zero-crossing point: 

HEREI: JTI HEREI ;Wait here if line high 
HERE2: JNTlHERE2 ;Wait here if line low 

; Zero cross 

To reduce loop time, the T, pin may also be coupled to 
the event counter. The start-counting instruction couples 
the rising edge into the 8022's internal 8-bit timer. With 
each rising edge, the timer increments by one, and when 
it increments from FF Hex to 00, an overflow flag is set. 
If the interrupt line is activated, an interrupt vector at 
location 7 will occur. Since the timer may be preloaded 
with any value, it is possible to cause an interrupt to 
occur on the next zero crossing rather than waiting in the 
jump loop. 

The following routine will initialize the timer to 
accomplish this. All other processing may be performed 

T1 timer interrupt _ 
initialize timer 

TIMEO· LSB of tlmer"'­
LSB of ROM look-up 

point to next bytl 
retrieve BCD bytl 
Incrlmlnt 
decimalldjUit 
restor. BCD bytl 
lISt for carry 
using tlble .. try 
and" 
bump po4ntor 
no carry, wait for _ tick 
carry, let digit pair to OD 
_ owrflow houn? 
no, increment next byto 
YH, oat houn to 1 

sixtieth 
minut .. 
houn use 25 for 24 hour operecion 

while waiting for the zero crossing. The timer could be 
reloaded with FF Hex during the interrupt routine to 
generate an interrupt on each zero crossing. 

MOVA.#OFFH 
MOVT.A 
STRTCNT 
EN TCNTI 

;Full count into accumulator 
;Load timer 
;T, pin is source to timer 
;Enable timer interrupt 

Of course, the zero crossing is not always the best 
point to gate a control device. For example, an applica­
tion involving a highly inductive device such as a magne­
tron transformer will produce inrush currents that are at 
their maximum at the zero-crossing point. 

Lowlnrueh 

To minimize inrush in such a system, the triac is 
turned on at a 90· phase angle in the 60-HZ sine wave. 
Program 4 provides the software necessary to accomplish 
this task. The timer detects the zero-crossing point and 
times out to the 90· point, where the leading current will 
just be at a minimum. An interrupt occurs at both the 
zero and 90· points to prevent interference with normal 
processing. Both interrupts use the same interrupt vector 
location. Software determines the source of the interrupt 
and acts accordingly. 

Another use of the T, input is generating the timing 
base for a time-of-day routine. The software implement­
ing this routine is in program 5. The time parameters 
listed in the accompanying data table could be modified 
to accommodate either 12- or 24-hour operation. 0 
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Figure 1. Pin ConflgureUon 

INTRODUCTION 

Taking advantage ofthe latest advances in silicon technol­
ogy, Intel has developed a complete control system on a 
chip, the 8022, the first 8-bit microcomputer with an AID 
converter on-chip. Whereas in the past microcomputers 
relied on external circuits for analog interfacing, it is now 
possible to build a one chip control system with analog 
interfacing, digital interfacing, and computer processing 
capabilities. Tackling the high volume, low cost controller 
market, the Intel 8022 microcomputer fits cost and space 
sensitive applications such as automobiles, appliances, 
and consumer products previously dominated by elec­
tromechanical controls. Its use, however, is not confined 
only to these applications. In medium volume applica­
tions, the 8022 provides the system designer with a simpli­
fied solution to many control problems. No longer is it 
necessary to expend valuable engineering time designing 
wheel spokes and axles; the whole cart is available. 

This note is Intended to answer some design questions 
concerning the 8022 and to suggest to the reader possible 
applications and system configurations. The reader 
should refer to the 8022 Data Sheet for electrical spec­
ifications and details. It is also suggested that the reader 
consult with the MCS-48 User's Manual (July 1978 or later) 
for a complete description of the entire MCS-48 family of 
microprocessors of which the 8022 is the newest member. 

The note is divided into two main sections. The first is a 
product description of the 8022, including a detailed 
discussion of the main features, their characteristics and 
how to use them, The second section discusses several 
possible applications, their configurations and design 
considerations. 

Vee Vss 

PORTO 

XTAL 
THRESHOLD 
REFERENCE 

PORTO 

PORT 1 

TEST 1 

PORT 2 

AID 
REFERENCE 

ADDRESS 
AND LATCH 

ENABLE 

AN1 PORT 
EXPANDER 
STROBE 

AID AID SUBSTRATE 
Vee Vss 

Figure 2. logic Symbol 

Product Overview 

The heart of the 8022 is the Intel 8021, a general purpose 
single chip microcomputer, which is a lower performance, 
lower cost version of the 8048. Added to this central core 
are interrupts, additional 1/0, and linear functions. Like 
the 8021, the 8022 is designed to operate over a power 
supply range of 4.5 to 6.5 volts. 

The 8022 instruction set contains over 70 instructions and 
is a subset of the 8048 instruction set. To conserve memo­
ry and maximize throughput, most instructions are single­
byte, single-cycle. No instructions are longer than two­
byte, two-cycle. The instruction cycle time is 10 
microseconds at a 3MHz clock rate. Extensive conditional 
branch logic Is built into the processor to increase the 
overall efficiency of the instruction set for control applica­
tions. As examples, the DJNZ instruction (decrement 
register and jump If not zero) allows loops to be formed in 
just one instruction and the MOVP A, @A allows single 
instruction table look-up of constants from program stor­
age. Program storage in the 8022 consists of 2048 eight bit 
bytes of mask programmable ROM. 

Hardware stack and data memory are integrated in the 64 
byte RAM to enhance processing flexibility and memory 
utilization. The first eight RAM locations are deSignated as 
working registers and are directly addressable by any of 
the 11 direct register instructions. Besides increasing the 
variety of operations that can be performed on data in 
memory, this approach further reduces the number of 
instruction bytes required for processing. In addition to 
being used as working registers, Registers 0 and 1 can be 
used as Pointer registers to iridirectly address all locations 
in memory using the indirect register instructions. 
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Figure 3. 8022 Block Diagram 

The next 16 bytes of RAM may be used as the address 
stack to enable the processor to keep track of the return 
addresses generated from instructions and in handling 
interrupts. Since two bytes are needed to store each 
address, the 16 bytes of address stack allow up to a total of 
eight levels of subroutine nesting, A 3-bit stack pOinter 
supplies the address of the locations to be loaded with the 
next return address generated. This stack pOinter is incre­
mented when a return address is stored and decremented 
when an address is fetched during a subroutine or inter­
rupt return. If all eight levels of subroutine nesting are 
not required by an application, the unused portion of 
the address stack may be used as standard RAM. 

The 8022 has an extremely flexible and powerful I/O 
structure. The 26 digital I/O lines are configured into three 
8-bit general-purpose ports and two test pins, TO and T1. 
All three ports are quasi-bidirectional, meaning all lines 
are useable as inputs or outputs on a line-by-line basis 
under software control. 

To increase the user's flexibility, any line of PortO can also 
be designated an open drain output by removing the 
pullup device present on the line via mask option. This is 
useful in driving analog circuits and interfacing to high 
impedance digital 110, In addition to the open drain 
option, Port 0 has voltage comparator inputs with a com­
mon reference pin (VTH), In appliance control and other 
applications, this allows direct glass touch panel interfac­
ing with relatively low voltage (1Q-15V) drive, thus limiting 
product liablility problems and easing U,L. approval, The 
Port 0 comparator inputs are also generally useful in many 
other ways from expanding analog inputs to maximizing 
margin on noisy signals. 

To further increase user flexibility and reduce system cost, 
two 1/0 pins (P10 and P111 have been designated as high 
current drive pins with the ability to sink 7ma each, instead 
of the standard TTL load of 1.6ma. This can eliminate the 
need for discrete drive transistors in many applications. 
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figure 4. Adding an I/O Expander to the 8022 

The lower half of Port 2, in addition to serving as a general­
purpose I/O port, is used as a "bus" for attaching the Intel 
8243 I/O expander units. The Port Expander Strobe is 
used in conjunction with Port 2 to synchronize the 8243 
operations. Figure 4 shows such a configuration. 

Note that the quasi-bidirectional structure and the Port 2 
expansion bus are consistent with all MCS-48 products 
and are fully described in the MCS-48 User's Manual. 

Frequently in control applications, the state of one or two 
signals must be monitored so that a fast response can be 
accomplished. The 8022's two test pins offer this capabili­
ty. Both test pins, TO and T1, are directly testable via two 
conditional branch instructions. The TO pin can also cause 
an interrupt. The T1 pin, in addition to being directly 
testable, has the ability to detect the zero crossing of 
slowly moving AC inputs. This is useful in controlling 
5O/60Hz power. It also enables the 8022 to precisely 
control phase sensitive devices, such as triacs and SCRs. 
Again external circuitry is reduced. 

The 8022 contains its own clock and oscillator circuitry 
and requires only an external timing control element to 
generate all internal timing signals. An inductor, a crystal, 
or an external clock may be used as the timing control 
device. 

The programmable 8-bit timer/event counter enables the 
user to accurately monitor elapsed time by providing a 
hardware replacement for software overhead such as 
timing loops. Total count capacity is 8192 instruction 
cycles or 81.9 msec at a 10 microsecond cycle time. The 
timer may also be used as an event counter where the Test. 

1 input serves as a counter input. After a STRT CNT 
command, low to high transitions on the T1 pin will cause 
the timer/counter to be incremented. When the timer 
counter overflows (FFH to 00), the timer flag will be set and 
an interrupt generated if enabled. 

The analog to digital converter is designed tosimplify and 
cost reduce interfacing to analog sources. All parts of the 
converter are integrated onto the chip, with the exception 
of the voltage reference. Conversion is completely hard­
ware controlled using a successive approximation tech­
nique and occurs in four instruction cycles or 40 micro­
seconds. Three single byte instructions, SEL ANO (select 
analog input 0), SEL ANl (select analog input 1), and RAD 
(read AID conversion result) are added to the 8021 instruc­
tion set to allow the programmer to interface to the 
converter conveniently. 

Product Features 

This next section will delve deeper into some of the 
functions which comprise the 8022 architecture. Chip 
architecture will be discussed along with deSign consider­
ations, software routines, and hardware configurations. 
The specific items covered are CPU timing, the Timer/ 
Counter, the TEST and Interrupt inputs, Zero Cross 
detection, the AID converter, and the Port 0 comparlltor 
inputs. 

System Clock 

One ofthe first considerations in the system design is what 
frequency source should be used. The on-board oscillator 
can use a variety of elements to determine system fre-
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quency. Depending on the accuracy needed, the element 
can be an inductor and capacitor, or a crystal and resistor. 
If necessary, the oscillator inputs can also be driven by an 
external source. 

It should be noted that the values given in this section are 
approximate values based on a sampling of parts. In no 
case are these to be interpreted as guaranteed spec­
ifications. They are here as an aid in system design. 
Consult the final Data sheet or contact Intel direct if more 
information is needed for a critical design. 

Inductor Mode 

Figure S shows the proper configuration for the inductor 
mode. A parallel capacitor of 20 to SOpf is recommended 
for best frequency tolerance. 

Xl 
r---~------~---,­

I 
I 
I 

=;:' eStray 
I 

X2 I 
L---'----=t----.l_ 

Figure 5. 

Table 1 shows the effects of changes in parameters based 
on a sampling of parts. Part to part input capacitance 
differences (Cstray) will effect the tolerance. A less than 
0.2% part to part tolerance can be expected with a parallel 
capacitance of SOpf. (see fig. #S1. An additional O.S% 
variation comes about when only 20pf is used in the tank 
circuit. This is because the stray capacitance in the 8022 
and the PCB becomes a larger proportion of the total 
capacitance. 

Vcc= 4.Sv S.Sv 6.Sv 
f= ;to.2% 0 ",0.2% 

Temp = -40°C 2SoC 85°C 
f= :!:O.6% 0 ",0.6% 

Table 1. Inductor Mode 

To determine the inductance and capacitance required for 
a given frequency, the equation 

f = 1 
27TVCC-

can be used. Due to the effects of stray capaCitance the 
calculated frequency may be slightly high. It should be 
noted that the tolerances given in Table 1 do not include 
the tolerances of the inductor and capacitor used in the 
system. Mathematical analysis of the above equation will 
show that the frequency will change roughly proportional 
to the tolerances of Land C on a worst case situation. That 
is if both Land Care ±S% parts, the frequency will vary 
approximately ±5%. 

Crystal Mode 

Figure 6 shows the proper installation of a crystal. A one 
meg-ohm parallel resistor is required for operation with an 
8021 or 8022. Application note AP-3S "CRYSTALS: Spec­
ifications for Intel Components" should be consulted for 
information on using and specifying crystals. 

A 20pf capaCitor is optional, but recommended, on X2. It 
has been found that using the capacitor increases the 
immunity of the microcomputer to line transient noise or 
spurious signals which may find their way into the system. 

Figure 6. 

Which One? 

C, is an optional 
20pf capacitor 

Which timing source to use is dependent on several 
factors. In most applications cost is of primary impor­
tance. The lowest cost device, but one which still gets the 
job accomplished, is the logical choice. Selecting the 
device which gets the job accomplished is the next task. 

A Case Study 

To exemplify the design tradeoffs in chOOSing a timing 
element consider the detection of 50Hz or 60Hz line 
frequency as may be needed in many consumer products 
being sold in the U.S. and overseas. Traditionally two 
products are produced, one for the U.S. market and one 
for the overseas market. A jumper selection to tell the 
processor which frequency'Source is being used is the 
only difference. This costs one I/O pin plus the costs of 
insertion and inventorying two products. All of these costs 
can be saved by allowing the processor to compute which 
frequency is coming in on the T1 pin. Figure 7 lists the 
software which could be used during a power-up routine 
to determine whether SOHz or 60Hz timing should be used. 

The timer is used to time the interval of one line cycle. If 
everything were perfectly accurate, one count would 
equalSOHz while another count would equal 60 Hz, but it's 
not. The power company frequency may shift slightly, plus 
the 8022 oscillator may drift as discussed earlier. The 
maximum allowjlble oscillator change must be calculated 
from the input source. Assuming the power companies 
may drift ±2 cycles, then the processor must be able to 
detect a difference of 58Hz-S2Hz = 6Hz or less than 10.3% 
change. This means that the oscillator frequency itself 
cannot change more than 10.3% or ±5.15%. The crystal 
would definitely work but may be overkill. The Inductor/ 
capaCitor combination could be the most economical 
solution. 
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The equation 

1X30X32 
T 

= count 

Timer/Counter 

where LF = line freq, 
f = osc. freq. 

will give the value of the time at the end of one line cycle. 
Plugging in the values for an oscillator of 3MHz ±5% and a 
±2 cycle deviation in line freqency, the counter will yield 
counts of: 

An 8-bit interval timer/counter is available to enable the 
user to keep track of time elapsed or number of events 
occured while normal program execution and flow conti­
nues. The Auto 50/60Hz detection routine previously 
discussed is one of many possible applications of the 
timer/counter. 

The timer/counter consists of a divide by 32 prescaler 
(only used in the timer mode) and an eight bit main timer. 
The STRT T command clears the prescaler and thereafter 
it increments once each 30 input clocks (once each single 
cycle instruction, twice each double cycle instructionl. At 
the (11111) to (OOOOOltransition the timer is incremented. A 
timer overflow from (FFH) to (DOH) will set the timer flag 
along with the timer interrupt, if enabled (see belowl. A 
conditional branch instruction (JTF) is available fortesting 

47-56 = 60Hz 
57-68 = 50Hz 

Inductor and capacitor components could be picked to 
yield the required tolerance, saving the costs previously 
mentioned. 

Lex: OOJ 

0000 27 
0001 0414 

0014 

0014 5614 

0016 4616 
0018 62 
0019 55 

00lA 561A 

001C 461C 
001E 65 
001F 42 
0020 0301 
0022 E62C 
0024 03F6 
0026 E62C 
0028 03F4 
002A F62C 

LINE 

1 
2 
3 , 

~ fwRuP: 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 • 
17 ' 
18 ~ET: 
19 
20 L:mr.a¥: 
21 
22 
23 
24 LINEHI: 
25 
26 RISEJ:X;: 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 HZ50: 
37 
38 HZ60: 
39 
40 ORANGE: 
41 
42 
43 
44 
45 

!DURCE STATEMENT 
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A~#-47 
ORANGE 
ALi-H) 
Hz60 
A,#-12 
ORANGE 

Figure 7. 
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i ERROR-NOT WITHIN RANGE 

i SET 50HZ FLAG 

i SET 60HZ FLAG 

i LINE FREQUENCY ABNORMAL TRY AGAIN 

All mnemonics copyrighted @ Intel Corporation 1976. 
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this flag, the flag being reset each test. This instruction 
must also be used to initialize the timer overflow flag after 
a RESET, as RESET does not perform this function. Total 
count capacity for the timer is 25 X 28 =8192 or 81.9 ms at a 
10 micro second cycle time. Contents of the timer are 
moved to the accumulator by the MOV A,T instruction 
without disturbing the counting process. Conversely, the 
MOV T,A instruction load~ the timer with the contents of 
the accumulator. Notice that the 8-bit timer can be read 
from and written to. The prescaler, however, can not. It is a 
separate 5-bit counter which is cleared only by a STRT T 
command. 

The timer may also be used as an event counter. After a 
STRT CNT command the 8022 will respond to low-to-high 
transitions on the Test 1 pin by incrementing the timer. 
Transitions can occur no faster than once each three 
instruction cycles (every 30 microseconds when using a 3 
MHz clockl-there is no minimum frequency. In this mode 
the prescaler is not used. The timer will contain the 
number of positive transitions occuring on Tl since a 
STRT CNT command. 

The timer and event counter functions are mutually exclu­
sive. Counting or timing may be started (STRT CNT, STRT 
Tl or stopped (STOP TCNTl under program control. 

The T1 pin, besides being an inputto the counter, can also 
function as a testable input, detect the zero crossing of an 
AC Signal, and interrupt processing. These functions, as 
well as those of the Test 0 pin and the interrupt structure, 
will be discussed in the next section. 

Test And Interrupt Inputs 

In addition to the 24 general purpose I/O lines which 
comprise ports 0, 1, and 2, the 8022 has two special inputs, 
TO and Tl, which are testable via conditional jump instruc­
tions. These pins allow inputs to cause program branches 
without the necessity to load an input port- into the accu­
mulator. The instructions JTO, JNTO, JT1, JNTl will cause 
program flow to be modified depending on the state ofthe 
TO or T1 pin. For instance, JTO will cause a jump to the 
specified address if the TO pin is high (a 1 levell. Converse­
ly, JNTO will jump if TO is low (a 0 levell. If the jump does 
not occur, program flow continues with the next instruc­
tion. 

The Test 0 pin serves as an external interrupt input as well 
as a testable input. An interrupt sequence is initiated by 
applying a low "0" level input to the TO pin when the 
external interrupt is enabled (EN )). The interrupt is level 
triggered and active lowto allow "WIRE ORING" of several 
interrupt sources at the input pin. When an interrupt is 
detected it causes a "call to subroutine" to location 3 in 
program memory as soon as all other cycles ofthe current 
instruction are complete. At this time, the program coun­
ter contents are saved in the program counter stack, but 
the remaining status of the processor is not. 

Unlike the 8048, the 8022 does not contain a program 
status word. Thus, when appropriate, the carry and auxili-

ary carry flags must be saved by the software, as must be 
the accumulator. The routine shown below saves the 
accumulator and the carry flags. 

Instructions 

MOV RS,A 
CLRA 
DAA 
MOV R7,A 

Comments 

;save accumulator in register S 
;clear accumulator 
;convert carry flags into sixes 
;save representation of carry flags 

The end of an interrupt service subroutine is marked by 
the execution of a Return from Interrupt instruction 
(RET)). Prior to returning from the interrupt subroutine 
however, the status ofthe accumulator and the carry flags 
must be restored. The following routine restores the status 
of the accumulator and the carry flags, which were previ­
ously saved by the above program segment. 

Instructions 

MOVA,R7 
ADD A,#OAAH 

MOVA,RS 
RETI 

Comments 

;restore carry flags status to 
;accumulator and seVclear 
;carry flags 
;restore accumulator 
;return from interrupt 

An interrupt or CALL to a subroutine causes the contents 
of the program counter to be stored in one of the eight 
register pairs of the Program Counter Stack. During a 
CALL instruction the program counter, when saved, 
pOints to the second byte of the CALL instruction (or the 
return address minus one). The stack contents are then 
incremented before being loaded into the program 
counter during a return (RET) from subroutine. During an 
interrupt the program counter, when saved, points directly 
to the return address. Thus, during a return (RET)) from 
interrupt, the stack contents are not incremented but 
loaded directly into the program counter. This difference 
makes it imperative to use only RETI's to return from 
interrupts, and RET's to return from subroutines. 

The interrupt system is single level in that once an inter­
rupt ill detected all further interrupt requests are ignored 
until execution of a RETI re-enables the interrupt input 
logic. This sequence holds true also for an internal inter­
rupt generated by timer overflow. If an external interrupt 
and an internal timer/counter generated interrupt are 
detected at the same time, the external source will be 
recognized first, if enabled. The timer/counter interrupt 
will be recognized, if enabled, after the return (RETII from 
the external interrupt. Timer/counter generated internal 
interrupts and TO generated external interrupts have sep­
arate vector locations. The external interrupt will vector 
to location 3, whereas an internal interrupt will vector to 
location 7. 

If needed, a second external interrupt can be created by 
enabling the timer/counter interrupt (EN TCNTIl, loading 
FFH into the counter (one less than terminal count) and 
enabling the event counter mode (STRT CNT). A low-to­
high transition on the Tl input will then cause an interrupt 
vector to location 7. 
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Zero Cross Detect 

The Test 1 pin, in addition to being a testable input and a 
counter input, also serves one other important function. It 
can be used to detect the zero crossing point of slow 
moving AC Signals. Execution of the STRT CNT instruc­
tion puts the T1 pin in the counter input mode by connect­
ing T1 to the counter and enabling the counter. Subse­
quent low-to-high transitions on T1 will cause the counter 
to increment. Note that this operation differs from the rest 
of the MCS-48 devices, which increment the counter on 
high-to-Iow transitions. This change was made on the 
8022 to take advantage of the accuracy of the rising edge 
detection on the zero cross circuitry. 

When driven directly, this pin responds as a normal digital 
input. To utilize the zero cross detection mode, an AC 
signal of approximately 1-3 VAC p-p magnitude and a 
maximum frequency of 1 kHz is coupled through an exter-

JTF 
~ECUTED-----------+--~ 

TIMER 
OVERFLOW __________ --<l ___ ~ 

s 

R 

S 

a 
TIMER 
FLAG 

a 
TIMER 

OVERFLOW 

TIMER INT 
RECOGNIZED 
~ECUTED 

RESET 

EN TCNTI 

FF 
R 

~ECUTED -----------~S a 
TIMER 

INT 
DIS TCNTI ENABLE 
~ECUTED ------IIr-""'J ___ --tR a 

RESET 

Tlf/iNT O------------iD 
PIN 

INT 
FF 

nal capacitor (1 microfarad) to the T1 pin. The internal 
digital state is sensed as a zero until the rising edge 
crosses the DC average level, when it becomes a one. This 
is accomplished by the self-biasing high gain amplifier 
which is included in the T1 input. This circuit biases the T1 
input exactly at its switching point, such that a small 
change will cause a digital transition to occur. This digital 
transition takes place within 5 degrees of the zero point. 

The digital value of T1 remains a one until the falling edge 
of the AC input drops approximately 100mV below the 
switching point of the rising edge (100mV below the zero 
point, if the digital transition occured exactly at the zero 
pointl. The 100 mV offset is created by hysterisis and 
eliminates chattering of the internal signal caused by 
external noise. 

The accuracy of the zero crossing will be a function of the 
capacitor used (see Fig. 10l. On critical systems the 
capacitor can be adjusted to improve overall accuracy. 

INTERRUPT 
CALL 

EXECUTED 

CLR 
.---------~D a 

...... -LJ..------.S 
INTERRUPT 

IN 
PROGRESS 

R FF 

RETR 
~ECUTED 

EXTERNAL 
INTERRUPT 

RECOGNIZED 

TIMER 
INTERRUPT 

RECOGNIZED 

Qt-----tr-, 
CLK 

EN I 
01--;::::=::_ .... 

~ECUTED ---------is a 

DIS I 
~ECUTED 

RESET _-L./-~R 

INT 
ENABLE 

1. WHEN INTERRUPT IN PROGRESS III IS SET ALL FURTHER 
INTERRUPTS ARE LOCKED OUT INDEPENDENT OF STATE 
OF EITHER INTERRUPT ENABLE III. 

2. WHILE TIMER INTERRUPTS ARE DISABLED TIMER 
OVERFLOW III WILL NOT STORE ANY OVERFLOW THAT 
OCCURS. TIMER FLAG WILL BE SET, HOWEVER. 

Figure 8. Interrupt Logic 
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1 
1-3 VAC 

ACSOURCE----~~----------~~~------~~---

~~ 
INTERPRETATION I 

I 
I 
I 

~~= ~11------'Gr-----1I>----t>--TO T1/EVENT COUNTER 

Figure 9. Zero Cross Detection 

The phase angle at the T1 input can be expressed as 

E)=arctan Xc 
R 

where Xc= __ 1_ 
2nfC 

R=150KO (see fig. 10l 

Solving the equation using the recommended one micro­
farad capacitor and 60Hz 

=2652.6 

E)=arctan 2652.6 
150KO 

=-1.010 

shows the voltage at the pin slightly leading the true AC 
voltage. Internally the circuit adds up to another five 
degrees before the processor can detect that a zero 
crossing occured. Software can also add several degrees 
before outputing a signal. To compensate for all of this 
delay, a smaller capacitor could be chosen to give a -5 
degree shift in hardware before the processor. 

The zero cross detection capability allows the user to 
make the 50/60 Hz power signal the basis for his system 
timing. All timing routines, including time-of-day, can be 
implemented using the zero cross detection capability of 
T1 and its conditional jump instructions. In addition, the 
zero cross detection feature can be used in conjunction 
with the timer interrupt, as discussed earlier, to interrupt 
processing at the zero voltage point. This enables the user 
to control voltage phase sensitive devices such as triacs 
and SCRs, and to use the 8022 in applications such as 
shaft speed and angle measurement. 

I 
I 

I I 
I I 
I AC GND I L ____________ -' 

Figure 10. AC Equivalent of Zero Cross Input 

Analog To Digital Converter 

The T1 zero cross function is only one of the linear 
functions incorporated into the 8022 architecture. The 
most noted linear function is that of a complete analog to 
digital converter. 

The analog to digital converter is a complete successive 
approximation converter with two multiplexed input chan­
nels. Either channel is selected by software with the SEL 
ANO or SEL AN1 instruction. These instructions also 
restart the conversion sequences. A valid digital value can 
be read with the RAD (read A/OJ instruction during the 
fourth instruction cycle following a select instruction. 
Conversions occur continuously, and RAD may be exe­
cuted at any time with confidence that the sample is no 
more than 40 microseconds old. 

The converter hardware has three parts as shown in Figure 
11, a series string of resistors, a voltage comparator, and 
successive approximation logic. A series string of 256 
matched resistors divides the voltage between AVss and 
VAREF (the reference pin) into 256 voltage steps. This 
configuration gives the converter its inherent monoton­
icity. 

The voltage tap on the series resistor string is selected by 
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the resistor ladder decoder. This decoder is driven by the 
8-bit successive approximation register (SAR). Each bit of 
the SAR is set in succession MSB to LSB and a voltage 
comparison between the selected resistor ladder voltage 
and the analog input voltage is performed after the setting 
of each bit. The result of each comparison determines 
whether the particular bit will remain set or be reset. All 

v .... 
,------T----, 

I t-----..., 
RI2 I 

RESlsnVE I 
LADDER I 

R 

, , 
I 

I TAP I 
ECODERI 

I 

! I 
I I 
: I 
, I 
I I 
i I 

I RI2 t 1 
L ______ .1. __ ....J B 

El---
Figure 11. Analog to Digital Converter Block Diagram 

comparisons are performed automatically by the on-Chip 
AID hardware. At the end of eight comparisons the SAR 
contains a valid digital representation of the analog volt­
age. This result is then latched into the conversion result 
registor (CRRl. The RAD instruction can then load the 
conversion result from the CRR to the accumulator. 

To insure maximum accuracy from the AID converter, 
separate power supply pins (Avcc and Avss) and a sub­
strate pin (SUBST> have been provided. Unless there is 
excessive noise on the digital power supply, both Vcc and 
Avcc can be tied together and still maintain maximum 
accuracy. Figure 12 shows a typical analog configuration 
for sensing temperature in two thermistors. The substrate 
has both low frequency and high frequency bypass for 
noise immunity. The power supply pins (Vcc, Avcc) are 
bypassed with a .01 microfarad capacitor close to the chip. 
All other analog signals are bypassed with .001 microfarad 
capacitors for added noise rejection. (See also Software 
Noise Rejection) 

As figure 11 shows, V AREF is connected to the top of the 
resistive ladder. When the selected analog channel is 
equal to or greater than VAREF the conversion result will 
equal 255 decimal (FF hexadecimal!. The VAREF voltage 
can be generated in a number of ways depending on the 

+V +V 

~-----r-----.------------~ANO 

~----+----.--------~AN1 

Vee 
+V Avee 

+V 
Vss 

Avss 

VAREF 

r---.-----~SUBST 

Figure 12. Typical Analog Schematic 

system. It could be connected directly to Vcc giving a AID 
range of GND to Vcc, or a simple resistor divider could be 
used to balance the reference voltage with the analog 
signals as in Figure 12.ln calculating the impedance ofthe 
divider, the ladder impedance must be considered (see 
Figure 13). The total impedance of the ladder ranges from 
approximately 15K to 20K. This includes part to part 
differences and variance as a function of temperature. The 
resistor impedance should be chosen such that the 15K 
ohm parallel resistance is a small percentage of the divider 
impedance. 

I nput impedance of the converter can also be an important 

+V 

VAREF 

Rt = 15k - 20kn 

Figure 13. Ladder Impedance 
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factor. Figure 14 is an equivalent circuit of an analog input. 
Capacitance C1 is package capacitance which may range 
from 1pf to 3pf. Capacitance C2 is the sample and hold 
capacitance of 1.2pf to 1.4pf. This capacitance is only 
connected into the circuit by the sample and hold switch. 
The switch is closed for 0.3 tcy every four instruction 
cycles. Resistor R1 is package leakage which is approxi­
mately 2.5-5.0M ohms. 

Software Noise Rejection 

Figure 14. Analog Input Equivalent Circuit 

Noise can be a problem in any system. Capacitors can be 
used to filter the noise but may notfilter all of it. Capacitors 
also add cost to the system but can be eliminated by 
software filtering. One technique is simply to average two 
readings: 

VIN1 + VIN2 - VOUT 
2 

or keep a running average by averaging each reading with 
the previous average: 

SEL ANO 
MOV RO,#30 
RAD 
ADD A,@RO 
RRCA 
MOV@RO,A 

;Start conversion 
;Point to storage location 
;Read current AID sample 
;Add current sample to previous average 
;Divide by two 
;Store new average 

This method will eliminate small fluctuations in the input 
voltage and reduce the effect of large fluctuations. Often, 
however, noise may be more severe. Excessive noise may 
require averaging of many readings taken over a short 
period of time. 

VIN1 + VIN2 + ... + VIN16 = VOUT 
16 

Figure 15 lists the software required to average 16 suc­
cessive AID samples, as the above equation suggests. In 
such averaging, it is necessary to select the appropriate 
channel only once. Thereafter, a new conversion result is 
available every four instruction cycles. 

Still another type of filtering is "exponential averaging." 
Similar to the running average method, current readings 
are averaged with the previous average. 

VIN - Voldavg + Voldavg = Vavg 
K 

Where Vavg = current average 
Voldavg = previous average 

Yin = current reading 
K = constant 

This method has the advantage of large signal to noise 
ratios, but has slower dynamic response. In many sys­
tems, especially those involving temperature measure­
ment, dynamic response is not a problem. Signal noise will 
be of a much higher frequency than any change in temper­
ature. The constant, K, can be chosen to yield any desired 
signal to noise ratio. The larger the constant, the higher 
the ratio. The lower the constant, the higher the dynamic 
response. 

To increase the effectiveness in reducing line generated 
noise, any of the above methods should be synchronized 
to the line frequency. As previously discussed, an inter­
rupt can be generated when the 50Hz or60Hz line frequen­
cy crosses AC zero. The AID filtering routine should be 
part of the interrupt routine. Reading of the AID will then 
occur at the same pOint of each line cycle, thus ignoring 
any line generated fluctuations in the analog inputs. 

LOC cru LINE 
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48 
49 
50 ; 

SOURCE STATEMENT 

002C OC00 
002E BBIA 
00,0 B000 
00,2 85 
00" BAl" 
00,5 80 
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00,9 7C 
"",A N:. 00,B EA,5 
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"0,F 47 
0040 ," 

51 AVGHi: 
52 
5, 
54 
55 
56 
57 IroP: 
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59 
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6, 
64 
65 
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67 
68 
69 
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72 
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Figure 15. 
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Pori 0 Comparator Inputs 

Intel, in its commitment to add analog features to micro­
computers, did not stop with AID conversion and zero 
cross detection. Also added to the 8022 were eight com­
parators for easing the interface to non-digital inputs. 

Pori 0 has been modified from the standard quasi­
bidirectional structure to allow an optional open drain 
configuration with comparator inputs. The low impedance 
pull up device has been eliminated and the high imped­
ance pullup is optional. Thus, the user can choose via a 
mask programmable selection each line of Port 0 to be 
either quasi-bidirectional with a high impedance or true 
open-drain. The open drain configuration allows the line 
to sink current through the low impedance pulldown 
device or to float in the high output state. More important­
ly, the open drain configuration makes Port 0 very easy to 
drive when it is used as inputs. The input circuitry for each 
line of Port 0 includes a voltage comparator which ampli­
fies the voltage difference between the input port line and 
the Port 0 threshold reference pin (VTH). The voltage gain 
of the comparator Is sufficient to sense a 100mV input 
differential within the range Vss to Vcc/2. 

If VTH is allowed to float, it will bias itself to the digital 
switch point of the other ports, and Port 0 behaves as a set 
of normal digital inputs. However, by biasing VTH, the 
switch point can be both tightly controlled and adjusted. 

8 
19 } TEST PINS 

9 Vth 

4 VArer 

6 ANO 

5 AN1 

PO 

18 8022 
ALE MICROCOMPUTER 

37 PROG 

24 RESET 

33 0 
34 1 

35 2 

38 3 

38 4 

39 5 

8 

P2 Pl 

0 10 

1 11 

2 12 

3 13 

4 14 

5 15 

Common uses for this would include unusual logic level 
inputs as from a diode isolated keyboard, analog channel 
expansion, and direct capacitive touchpanel interface. 
The comparator action is automatic and the port is read 
just as any other port. 

A typical use for Port 0 is in the interfaCing with capacitive 
touch panels on microwave ovens and other new appli­
ances. A touch-panel switch consists of two capacitors in 
series. One lead is attached to a high voltage buffer (10 to 
30 volts). The other is attached to the Port 0 sense input. As 
a finger touches the common paint, the drive signal is 
shunted by body capacitance, attenuating the Signal 
reaching the input. 

Low-voltage touch-panel operation lIess than 30VI is 
possible, since the comparators allow small voltage 
changes to be detected. Most of the present touch-panel 
designs require a 5O-100V drive on the touch panel. 

Capacitive touch panels can be multiplexed in the same 
manner as mechanical keyboards (Fig. 161. The vacuum 
flourescent display and the touch panel drivers are inte­
grated to optimize hardware through shared high voltage 
buffers. 

Figure 17 lists the software necessary to refresh the 
display and scan the touch-panel matrix. This routine 
could be adapted to serve as part of a timer/interrupt 

4-BY-4 CAPACITIVE-TOUCH PANEL MATRIX 

DODD 
DODD 
DODD 
DODD 

HIGH­
VOLTAGE 
DRIVERS 

(ACCESS TO ANALOG­
CONVERTER SUPPLY FOR 
EXTERNAL FIL TERINGI 

Figure 16. Typical Kayboard/Dlsplay Schematic 
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Figure 17. 

scheme that would generate an interrupt at precise inter­
vals for a flicker-free display. Another portion of the soft­
ware would check for any touched input pads, testfor valid 
entry, and enter key-depression codes into the main pro­
gram. 

Correcting Pad Imbalance 

A common problem with capacitive touch panels is their 
imbalance. Layout, process, aging, and surface impurities 
all cause the capacitance to vary from touch pad to touch 
pad, resulting in a family of curves (Fig. 18) of voltage 
levels from each column of touch pads reaching the sense 
inputs. As the curves show, ifthreshold voltage Vthl alone 
were used, one column would always appear touched; if 
Vth2 were used exclusively three of the columns would 
never appear touched. 

To compensate for such varying capacitance levels, the 
on-chip analog input circuit may be used to allow multiple 
input voltage levels. Figure 19 depicts the 8022 version of 
such a circuit. ANO and VTH, are tied together with a 
capacitor to line 0 of Port O. The pull-up resistor and 
capacitor are used on line 0 to provide an RC timing 
network connected to ANO, VTH, and POO. The remaining 
seven lines of Port 0 are the sense lines for the touch panel 
and use the open drain output option . 

VOLTAGE ._-....--------COLuMN A 

· __ --~-~-------COLUMNB 

Vth1 
__ --+--+-r-------COLUMN C 

L~.;;;.~---I__+"""T---- COLUMN D 

Vth2 

-- NOT TOUCHED 
- - - - TOUCHED 

Figure 18. 

All mnemonics copyrighted @ Intel Corporation 1976. 

Handling the different voltage levels would begin with 
initializing the data by plotting the family of curves with the 
ANO input. This is done by writing a 0 to POO (grounding 
POO) which initializes VTH to Ov. A logiC 1 is then written to 
POO, which begins to pull the RC network toward 5 v. As 
VTH ramps upward, the sense lines are monitored for input 
changes, which will go from 1 to 0 as the not-touched 
voltage curve for each input is intersected. As the changes 
occur, the AID value for each input is intersected. As the 
changes occur, the AID value for each sense line can be 
read and stored. Thus the threshold reference voltage for 
each sense line can be determined by establishing the not 
touched voltage levels and by placing the threshold refer­
ence voltage below this level. As each row of the keyboard 
is scanned, the RC network is initialized to 0 vand ramps 
upward, varying the VTH level. The AID converter monitors 
this level looking for the calculated threshold pOints. As 

TOUCH-PANEL 
COLUMNS 

vee 

ANO 

Figure 19. 

8022 
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the pOints are intersected, the corresponding sense inputs 
are read, with a 0 indicating a touched input and a 1 
indicating a not-touched input. Thus, a multiplexed ca­
pacitive touch panel can be scanned and balanced without 
adding external components to the inputs. 

For systems requiring more than two analog inputs to the 
8022, Port 0 comparator inputs may be reconfigured to 
permit formation of pseudo-analog inputs from variable 
threshold digital inputs. The hardware configuration can 
be identical to that of Fig. 19. In this scheme, sense inputs 
act as additional analog inputs of less accuracy than ANO 
and AN1 (about 6 bits). 

The sequence for implementing the extension is essential­
ly the same found in the variable-threshold touch panel. 
As VTH ramps upward, a Port 0 bit is monitored for a 
change from 1 to o. At the change, ANO is read corre­
sponding to the value of the analog input into Port 0 (with 
some error due to the time lag, which can be subtracted), 
This configuration can be utilized when it is possible to 
trade off accuracy for such cost improvements: one anal­
og input with 8-bit accuracy and seven analog inputs with 
6-bit accuracy. Such may be the case in a range controller 
that monitors temperature in two ovens, a meat probe, and 
two of the four burners, all to an accuracy within 10°F. 

Application Ideas 

This section will discuss some possible applications of the 
8022. These applications are discussed in general terms 
and are believed to be feasible applications of the 8022. 
None of these applications, however, have been built and 
checked out. 

Power Supply Controller 

The three terminal voltage regulator, with its built-in 
current limiting and overload protection, has vastly simpli­
fied the task of designing small power supplies. Power 
supplies for large systems, with requirements for brown 
out protection, power fail warnings, etc., have not yet 
yielded to the design simplicity of the integrated voltage 
regulator. The combination of an 8022 microcomputer 
and these same regulators, however, may make it feasible 
to simplify these larger power supply systems. 

There are several requirements of larger power supplies 
which have to be met outside of the regulation itself. 
Typical of these are: 

1. Sequencing the turn on and shut down of several 
supplies. 

2. Providing an early warning to the system that 
power is failing. 

3. The ability to hold the system in a reset state during 
power supply sequencing. 

4. Generation of a line frequency clock to the sys­
tem. 

5. Provisions for remote start up and shut down. 
6. Sufficient energy storage to keep the system run­

ning long enough to provide an orderly shut down. 
7. High efficiencies to minimize power requirements 

and heat dissipation. 
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These requirements can be met by a combination of raw 
DC supply, multiple three-terminal regulators, and an 
8022 microcomputer. Figure 20 shows a raw supply which 
is capable of generating DC voltages suitable for regula­
tion to five, plus twelve, and minus twelve voltages. (These 
are arbitrary, but common voltages). In addition, a sepa­
rate winding is provided which generates a five-volt supply 
which will be used to supply power to the 8022 itself. The 
normal rectifiers in the RAWS and RAW12 supplies are 
replaced by silicon controlled rectifiers which will be 
phase angle controlled by the 8022. 

Figure 21 shows the connections to the 8022. The RAWS 
and RAW12 supplies are applied to simple voltage dividers 
which feed the analog inputs of the 8022. The signal 

~...--+------!2>k---5~. ----I f---~ RAWS 

~ ~,------+",-,~~vcc" 
L.~~~~~-+~~~-COM22 

... ~_~-f:>I<::--~~_~_~~-AAW12 

L-~(}---<O~~----~-~-RAWNEG 

Figure 20. 

LlNEFREQ is taken from a convenient winding of a trans­
former, divided down, and applied to the zero cross input 
of the 8022. A strap is provided to configure the unit for 
50/60 Hz operation. In addition to being connected to the 
basic power supply, the 8022 is also connected to the 
system receiving the power. The onloff switch becomes 
an input to the 8022. The 8022 provides outputs for a 10Hz 
interrupt, a power fail interrupt, coldlwarm indicator and 
system reset. 

The 8022 can perform many of the functions normally 
done by hardware sequencers in the power supply. On 
power-up, it can hold off the three main supplies until the 
main supply is firmly established. This prevents the sys­
tem from responding to short power restorations which 
frequently occur during power outages. Having deter­
mined that it is safe to power up the system, the 8022 can 
assert the reset signal and the cold start signal. The cold 
start indication tells the system that power was interrupted 
at the mains rather than by the OFF switch-a useful 
function if any amount of battery backed up RAM exists in 
the system. Having set up these Signals, the 8022 waits for 



VCC22 

LlNEFAEQl ON 

60/50~ 
OFF 

C FIVE -----I 
8022 

10HZ INT 

RAW 5 ...J\/VI,.,-.-----iANO 

PFINT 

C TWELVE -----I RESET 

RAW 12...J\N\ie-----IAN1 COLDIWARM 

CNEG ------i GND 
...-;.;.;;...----"" 

Note: Buffers on CFIVE, 
CTWELVE, CNEG 
not shown for clarity 

COM22------------~ 

Figure 21. 

a zero crossing (to minimize inrush) and then turns on the 
SCRs for the three supplies one at a time (again to mini­
mize inrush>. Any sequencing of the three supplies that is 
required by the system can also be allowed for. After some 
programmable time delay, the reset signal can be released 
and the system allowed to start operation. 

During normal operation the 8022 can monitor the two 
major raw supplies and use phase angle control of the 
SCRs to regulate them. The regulation would be used to 
ensure that the three terminal regulators had minimum 
input voltage requirements met under all line voltage 
variations while at the same time minimizing the voltage 
drop across them. This increases the efficiency of the 
power supply and allows it to be capable of handling 
brown outs without dissipating excessive power in the 
regulators. 

The line frequency input is used not only for the basis for 
the phase angle control, but also for two other functions; 
power fail detect and generation of the 10 Hz interrupt. 
The 10Hz interrupt can be generated by Simply dividing 
the power line frequency by 5 for 50 Hz and 6 for 60 Hz 
operation. Performing this division in the power supply 
itself allows the system to be run on 50 or 60 cycle power 
with no change external to the power supply. In some 
situations it should even be possible to have the power 
supply adapt to either of these inputs by measuring the 
period of the incoming power on startup (see section 
"Which One?"). This would be an easy function to incor­
porate in the software and would require no additional 
hardware since provision is already made for zero cross 
detect. 

Power fail detection can be done by running the timer 
while waiting for the line to zero cross. If an excessive time 
elapses it can be assumed that the power has failed and 
the power fail interrupt asserted. Note that this will detect 
total power failure but not a dip in the line voltage below 
the specifications of the power supply. This condition can 
be detected by keeping track of the phase angle that is 
required to maintain the RAW supplies at the proper level. 
If the SCR's have to be turned on for too high a portion of 
the total line cycle it is an indication of a brown-out 
condition and the powerfail interrupt should be generated. 
Whenever the powerfail interrupt is generated the 8022 
should turn on the SCRs continuously to ensure maximum 
possible energy storage in the filter capaCitors. After 
generation of the powerfail interrupt, the 8022 can again 
delay (depending, of course, on the energy storage of the 
power supply) and then assert reset. Once reset is asserted 
the SCRs are turned off, and left off, until the supplies have 
dropped down to a point which guarantees that any reset 
circuitry residing outside ofthe power supply will see a full 
power transition when power is reapplied. If the power is 
shut down by the 8022 in response to the on/off switch, the 
sequence would be similarexceptthatthe cold/warm start 
signal would indicate a warm start. 

The above discussion should make it clear that the 8022 
would make the task of designing a power supply system 
far easier, particularly for those designers more familiar 
with digital than analog design. If, in addition, the 8022 
supply were put on a battery back-up, it would be possible 
to add many features to the system at virtually zero cost. 
The 8022 could be programmed to become the system 
clock and send, perhaps in serial ASCII, the time of day 

8-16 



and the date to the main system on demand or periodical­
ly. This function would require that a crystal be used as a 
timing reference to the 8022 so that the power supply 
could stili track real time even If the incoming power fails. 
Other possibilities would have the system shut down 
unless some external event required its attention, or the 
incorporation of system diagnostic checks within the code 
of the 8022. The comparator Inputs on PORT 0 of the 8022 
would even allow some capability of parametric testing as 
part of these diagnostics. The possibilities bring a new 
dimension to the term "Programmable Power Supply". 

DC Motor Control 

Figure 22 shows the 8022 used to control the speed of a 
permanent magnet DC motor. A seven segment display 
and keyboard are provided which allow the user to enter 
the parameters required by the control algorithm. The 
display is also used to display the speed of the motor 
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during operation. Other data (for example root mean 
squared error) could also be displayed upon demand. The 
motor is driven by a constant frequency pulse width 
modulated signal which is generated programatically. 
Port 11 (which is one of the two high current outputs) is 
used to drive a photoisolator which provides level shifting 
as well as isolation. The circuit shown allows both the 
speed and torque of the motor to be measured for use by 
the control algorithm. The torque generated by a PM DC 
motor is proportional to the armature current. This cur­
ent, and hence the torque, can be measured by reading the 
voltage drop across the shunt resistor. The voltage gener­
ated across the motor is the sum of the IR drop in the 
armature and a term which is proportional to the angular 
speed of the motor. The armature current is already known 
from the torque measurement, so the speed can easily be 
determined from the two analog measurements shown. 
The DC resistance of the armature, the speed constant. 
and torque constant would, of course, have to be known or 
entered by the operator. 

+VMOTOR 

+5 

.......... 

':' 

Vee 

Figure 22. DC Motor Control 
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Figure 23. Automotive Dashboard 
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Darkroom Timer 

A darkroom timer based on the 8022 is shown in Figure 24. 
In addition to the keyboard and display this diagram 
incorporates drive to two TRIACs, an input to monitor the 
line frequency crossings, and two analog measurements. 
The analog inputs are used to monitor and display the 
temperature of the chemical bath and the light output of 
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the enlarger, both of which can be controlled by the 
microcomputer. The 8022 could be used to run several 
timers concurrently while also maintaining the tempera­
ture of the chemical bath at the required level. Several 
uncommited 1/0 pins are available for additional func­
tions. 

r50/60Hz 

,.".. 50/60 Hz 

...y 

+Vcc 

R1 R2 

PHOTO 
THERMISTOR CELL 

Figure 24. Darkroom Timer/Control 

Conclusions 

This application note has introduced the reader to the Intel 
8022 microcomputer. It has described the main features of 
the 8022 and discussed some ofthe design considerations 
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encountered in designing with the 8022. 

The reader has also been exposed to several possible 
applications which show the versatility and cost effective­
ness of a microcomputer with on-board analog features. 
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INTRODUCTION 

Since the introduction in 1974 of the second generation 
of microprocessors, such as the 8080, a wide range of 
peripheral interface devices have appeared. At first, 
these devices solved application problems of a general 
nature; i.e., parallel interface (8255), serial interface 
(8251), timing (8253), interrupt control (8259). However, 
as the speed and density of LSI technology increased, 
more and more intelligence was incorporated into the 
peripheral devices. This allowed more specific applica· 
tion problems to be solved, such as floppy disk control 
(8271), CRT control (8275), and data link control (8273). 
The advantage to the system designer of this increased 
peripheral device intelligence is that many of the periph· 
eral control tasks are now handled externally to the 
main processor in the peripheral hardware rather than 
internally in the main processor software. This reduced 
main processor overhead results In increased system 
throughput and reduced software complexity. 

In spite of the number of peripheral devices available, 
the pervasiveness of the microprocessor has been such 
that there is still a large number ·of peripheral control 
applications not yet satisfied by dedicated LSI. Compli· 
catlng this problem is the fact that new applications are 
emerging faster than the manufacturers can react in 
developing new, dedicated peripheral controllers. To 
address this problem, a new mlcrocomputer·based Uni· 

versal Peripheral Interface (UPI-41A) device was 
developed. 

In essence, the UPI-41A acts as a slave processor to the 
main system CPU. The UPI contains Its own processor, 
memory, and 110, and is completely user programmable; 
that Is, the entire peripheral control algorithm can be 

. programmed locally in the UPI, instead of taxing the 
master processor's main memory. This distributed proc­
eSSing concept allows the UPI to handle the real-time 
tasks such as encoding keyboards, controlling printers, 
or multiplexing displays, while the main processor is 
handling non-real-time dependent tasks such as buffer 
management or arithmetic. The UPI relies on the master 
only for Initialization, elementary commands, and data 
transfers. This technique results in an overall Increase 
in system efficiency since both processors - the mas­
ter CPU and the slave UPI - are working in parallel. 

This application note presents three UPI-41A applica· 
tions which are roughly divided into two groups: applica­
tions whose complexity and UPI code space require­
ments allow them to either stand alone or be Incorpo­
rated as Just one task in a "multi-tasking" UPI, and appli­
cations which are complete UPI applications in them· 
selves. Applications in the first group are a simple LED 
display and sensor matrix controllers. A combination 
serial/parallel 110 device is an application in the second 
group. Each application illustrates different UPI conflg-

UPI·41 Vs. UPI·41A 

The UPI-41A is an enhanced version of the UPI-41.lt incorporates several architectural features not found on the 
"non-A" device: 

• Separate Data In and Data Out data bus buffer registers 

• User-definable STATUS register bits 

• Programmable master Interrupts for the OBF and IBF flags 

• Programmable DMA Interface to external DMA controller. 

The separate Data In (DBBIN) and Data Out (DBBOUn registers greatly simplify the master/UPI protocol com­
pared to the UPI-41. The master need only check IBF before writing to DBBIN and OBF before reading DBBOUT. 
No data bus buffer lock-out is required. 

The most significant nibble of the STATUS register, undefined in the UPI-41, is user-definable in UPI-41A. It may 
be loaded directly from the most significant nibble of the Accumulator (MOV STS, A). These extra four STATUS 
bits are useful for transferring additional status information to the master. This application note uses this 
feature extensively. 

A new instrUction, EN FLAGS, allows OBF and IBF to be reflected on Port 2 bit 4 and Port 2 bit 5 respectively. 
This feature enables interrupt-driven data transfers when these pins are interrupt sources to the master. 

By executing an EN DMA Instruction Port 2 bit 6 becomes a DRO (DMA Request) output and Port 2 bit 7 becomes 
DACK (DMA Acknowledge). Setting DRO requests a DMA cycle to an external DMA controller. When the cycle is 
granted, the DMA controller returns DACK plus either RD (Read) or WR (Write). DACK automatically forces CS 
and AO low internally and clears DRO. This selects the appropriate data buffer register (DBBOUT for DACK and 
RD, DBBIN for DACK and WR) for the DMA transfer. 

Like the "non-A", the UPI-41A Is available in both ROM (8041A) and EPROM (8741A) Program Memory versions. 
This application note deals exclusively with the UPI-41A since the applications use the "A"s enhanced features. 
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urations and features. However, before the application 
details are presented, a section on the UPl/master proto· 
col requirements Is Included. These protocol require· 
ments are key to UPI software development. It Is sug· 
gested that the reader not already familiar with the 
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architecture and instruction set of the UPI·41 A read the 
"Intel UPI-41 User's Manual" before proceeding with 
this document. For convenience, the UPI block diagram 
and Instruction set summary are reproduced in Figures 
1 and 2. 
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UPIINSTRUCTION SET 
Mnemonic 

ACCUMULATOR 
ADD A.Rr 
ADD A.@Rr 
ADD Udata 
ADDC A.Rr 
ADDC A.@Rr 
ADDC A •• data 
ANL A.Rr 
ANL A.@Rr 
ANL Udata 
DRL A.Rr 
ORL A.@Rr 
ORL A .• data 
XRL A.Rr 
XRL A.@Rr 
XRl A .• data 
INC A 
DEC A 
CLR A 
CPl A 
DA A 
SWAP A 
RL A 
RlC A 
RR A 
RRC A 

INPUT /OUTPUT 
IN A.Pp 
OUTl Pp.A 
ANl Pp .• dala 

DeRriptlon Byln Cycl •• 

Add register to A I 
Add data memory 10 A I 
Add Immediate 10 A 2 
Add immed. 10 A with carry I 
Add immed. to A with carry I 
Add immed. to A with carry 2 
AND regisler 10 A I 
AND dala memory 10 A I 
AND immediale 10 A 2 
OR reglsler 10 A I 
OR dala memory 10 A 
OR immediate 10 A 
Exclusive OR reglsler 10 A 
Exclusive OR data memory 10 A 
Exclusive OR Immedlale 10 A 
Incremenl A 
Oecremenl A 
Clear A 
Complemenl A 
Decimal AdluSI A 
Swap digits of A 
ROlale A lell 
ROlale A lelllhrough carry 
ROlale A righl 
Rolale A "ghl Ihrough carry 

Inpul port 10 A 
Oulpul A 10 pori 
AND Immediale 10 port 

ORl Pp .• data 
IN A.OBB 
OUT DBB.A 
MOVO A.Pp 
MOVO Pp.A 
ANlO Pp.A 
ORlD Pp.A 

DATA MOVES 

OR Immedlale 10 pori 
Inpul OBB 10 A. clea, IBF 
Oufput A to OBB. sel OBF 
Inpul Expander port 10 A 
Outpul A 10 Expander pori 
AND A to Expande, pori 
OR A to Expander pori 

MOV A.Rr Move reg Isler 10 A 
MOV A.@Rr Move dala memory to A 
MOV A .• data Move Immediate to A 
MOV Rr.A Move A to register 
MOV @Rr.A Move A to dala memory 
MOV Rr..data Move Immediate to reglsler 
MOV @Rr .• data Move Immediale 10 data memory 
MOV A.PSW Move PSW to A 
MOV PSW.A Move A to PSW 
XCH A.Rr Exchange A and register 
XCH A.@Rr Exchange A and data memory 
XCHO A.@Rr Exchange digit 01 A and reglsler 
MOVP A.@A Move 10 A from current page 
MOVP3. A.@A Move to A from page 3 

TIMER/COUIlTER 
MOV A.T Read Timer fCounter 
MOV T.A Load Timer fCountp, 
STRT T Start Time, 
STRT CNT Sta,t Counter 
STOP TCNT Stop TimerfCounter 
EN TCNTI Enlble Timer fCcunter Interrupt 
DIS TCNTI Disable Timer fCounter Interrupt 

I 
I 
2 
t 
I 
2 
2 

-- -.tpI1an B,... C ...... 

__ Ie 

-pilon 

CONTROL CLR F. CI .. rF. Ftag 
EN DMA Enable DMA H __ LI_ CPLF. Complement F. Flag 
EN I Enable IBF Interrupt MOVSTS, A Ai.-A7 to Bltl 4-7 01 StatUI 
DIS I DI_e IBF Interrupt 
EN FLAGS E_ Muter InterruptI 
SEL RBO Select reglatlr bank 0 BRANCH 
SEL RB. Select reglater bank • 
NOP No Operation 

JMPaddr Jump unconditional 
JMPP OA Jump Indirect 

REGISTERS DJNZ R,addr Decrement regiater and skip 

INCRr Increment register 
INC ORr Increment data memory 
DEC Rr Decrement register 

JC addr Jump on Carry = 1 
JNC addr Jump on Carry = 0 
JZaddr Jump on A Zero 
JNZadd, Jump on A not Zero 

SUBROUTINE JTO addr Jump on TO=. 
CALLaddr Jump to subroutine JNTO addr Jump on TO=O 
RET Return Jrt addr Jump on T1 = 1 

RETR Return and restor. statuI JNT. addr Jump on T. =0 

FLAGS 
JFO add, Jump on FO Flag = t 
JF. add, Jump on F1 Flag = 1 

CLRC ClearCerry JTF addr Jump on Timer Flag = 1, Clear Flag 
CPLC Complement Carry JNIBF addr Jump on IBF Flag=O 
CLR FO Clear Flag 0 JOBF addr Jump on OBF Flag = • 
CPLFO Complement Flag 0 JBb addr Jump on Accumulator Bit 

Figure 2. UPI-41A In.tructlon Sat SumllMlry 

UPIIMASTER PROTOCOL 

As In most closely coupled multiprocessor systems, the 
various processors communicate via a shared resource. 
This shared resource is typically specific locations In 
RAM or In reglBters through which status and data are 
passed. In the case of a master processor and a UPI· 
41 A, the shared resource is 3 separate, master· 
addressable, registers internal to the UPI. These 
registers are the STATUS register (STATUS), the Data 
Bus Buffer Input register (DBBIN), and the Data Bus Out· 
put register (DBBOUn, [Data Bus Buffer direction Is 
relative to the UPI]. To illustrale this register Interface, 
consider the 808SA/UPI system in Figure 3, 

Figure 3, Rllllialer Interlec. 
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Looking Into the UPI from the 8085A, the 8085A sees 
only the three registers mentioned above. If the 8OS5A 
wishes to issue a command to the UPI, It does so by 
writing the command to the DBBIN register according to 
the decoding of Figure 4. Data for the UPI is also passed 
via the DBBIN register. (The UPI differentiates com· 
mands and data by examining the AO pin. Just how this 
is done is covered shortly.) Data from the UPI for the 
8085A Is passed in the DBBOUT register. The 8085A may 
Interrogate the UPl's status by reading the UPl's 
STATUS register. Four bits of the STATUS register act 
as flags and are used to handshake data and commands 
Into and out of the UPI. The STATUS register format Is 
shown In Figure 5. 

Bit 0 Is OBF (Output Buffer Full). This flag indicates to 
the master when the UPI has placed data In the DBBOUT 
register. OBF Is set when the UPI writes to DBBOUT and 
is reset when the master reads DBBOUT. The master 
finds meaningful data In the DBBOUT register only 
when OBF Is set. 

The Input Buffer Full (IBF) flag is bit 1. The UPI uses this 
flag as an Indicator that the master has written to the 
DBBIN register. The master uses IBF to Indicate when 
the UPI has accepted a particular command or data byte. 
The master should examine IBF before outputting 
anything to the UPI. IBF Is set when the master writes to 
DBBIN and Is reset when the UPI reads DBBIN. The 
master must wait untillBF=O before writing new data 
or commands to DBBIN. Conversely, the UPI must en· 
sure IBF = 1 before reading DBBIN. 

The third STATUS register bit is FO (Flag 0). This Is gen­
eral purpose flag that the UPI can set, reset, and test. It 
Is typically used to Indicate a UPI error or busy condition 
to the master. 

Flag 1 (F1) Is the final dedicated STATUS bit. Like FO the 
UPI can set, reset, and test this flag. However, In addl· 
tion, F1 reflects the state of the AO pin whenever the 
master writes to the DBBIN register. The UPI uses this 
flag to delineate between master command and data 
writes to DBBIN. 

Ci Aa RD WI! REGISTER 
a a a 1 READ DaaOUT 
0 1 a 1 READ STATUS 
0 a 1 0 WRITE DaalN (DATA) 
0 1 1 a WRITE DBBIN (COMMAND) 
1 X X X NO ACTION 

Figure 4. Reglater Decoding 

STATUS REGISTER 

17 1 • i 5 14 13 I 2 11~ 
I I 1 I I I OIF - DBBOUT FULL 

l __ ~~===IBF - DBBIN FULL Fa - FLAG a 
F1 - FLAG 1 
USER DEFINED 

Figure 5. Status Register Format 
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The remaining four STATUS register bits are user defln· 
able. Typical uses of these bits are as status Indicators 
for Individual tasks In a multitasking UPI or as UPI gen· 
erated interrupt status. These bits find a wide variety of 
uses In the upcoming applications. 

Looking into the 8085A from the UPI, the UPI sees the 
two DBB registers plus the IBF, OBF, and F1 flags. The 
UPI can write from Its accumulator to DBBOUT or read 
DBBIN Into the accumulator. The UPI cannot read OBF, 
IBF, or F1 directly, but these flags may be tested using 
conditional jump Instructions. The UPI should make 
sure that OBF Is reset before writing new data Into 
DBBOUT to ensure that the master has read previous 
DBBOUT ciata. IBF should also be tested before reading 
DBBIN since DBBIN data Is valid only when IBF is set. 
As was mentioned earlier, the UPI uses F1 to differenti· 
ate between command and data contents in DBBIN 
when IBF is set. The UPI may also write the upper 4-bits 
of its accumulator to the upper 4-bits of the STATUS reg· 
ister. These bits are thus user definable. 

The UPI can test the flags at any time during its internal 
program execution. It essentially "polls" the STATUS 
register for changes. If faster response Is needed to 
master commands and data, the UPl's Internal Interrupt 
structure can be used. If IBF interrupts are enabled, a 
master write to DBBIN (either command or data) sets 
IBF which generates an internal CALL to location 03H in 
program memory. At this point, working register con· 
tents can be saved using bank switching, the accumu· 
lator saved In a spare working register, and the DBBIN 
register read and serviced. The Interrupt logic for the 
IBF interrupt Is shown in Figure 6. A few observations 
concerning this logic are appropriate. Note that if the 
master writes to DBBIN while the UPI Is stili servicing 
the last IBF interrupt (a Return (RETR) Instruction has 
not been executed), the IBF Interrupt Pending line Is 
made high which causes a new CALL to 03H as soon as 
the first RETR is executed. No EN I (Enable Interrupt) In· 
structlon Is needed to rearm the Interrupt logic as Is 
needed in an 8080 or 8085A system; the RETR performs 
this function. Also note that executing a DIS I to disable 
further IBF interrupts does not clear a pending interrupt. 
Only a CALL to location 03H or RESET clears a pending 
IBF interrupt. 

Keeping in mind that the actual masterlUPI protocol is 
dependent on the application, probably the best way to 
Illustrate correct protocol is by example. Let's consider 
using the UPI as a simple parallel 1/0 device. (This Is a 
trivial application but It embodies all of the important 
protocol considerations.) Since the UPI may be either 
Interrupt or non-Interrupt driven internally, both cases 
are considered. 

Let's take the easiest configuration first; using the UPI 
Port 1 as an 8-bit output port. From the UPl's polnt-of· 
view, this is an input-only application since all that Is 
required Is that the UPI input data from the master. 
Once the master writes data to the UPI, the UPI reads 
the DBBIN register and transfers the data to Port 1. No 
testing for commands vs data Is needed since the UPI 
"knows" it only performs one task - no commands are 
needed. 



FORCE TIMER/COUNTER 
OVERFLOW S Q..----., Q INTERRUPT 

RESET 
DIS TCNTI 
EXECUTED 

QI-----~ 

TIMER 
INTERRUPT 

ENABLE 

TIMER INTERRUPT 
CALL EXECUTED 

Wii 

CS 
RESET 

IBF INTERRUPT 
CALL EXECUTED 

+5V 

ENI 
EXECUTED 

RESET 
DIS I 

EXECUTED 

R 

TIMER 
INTERRUPT 
REQUEST 

S Q 

IBF INTERRUPT 
ENABLE 

INTERRUPT 
IN PROGRESS 

I·SHOT 
CALL 

Figure 8. UPI-41A Intenupt Structure 

Non-interrupt driven UPI software is shown in Figure 7A 
while Figure 7B shows interrupt based software. For 
Figure 7A, the UPI simply waits until it sees IBF go high 
indicating the master has written a data byte to DBBIN. 
The UPI then reads DBBIN, transfers it to Port 1, and 
returns to waiting for the next data. For the Interrupt­
driven UPI, Figure 7B, once the EN I instruction is exe­
cuted, the UPI simply walts for the IBF interrupt before 
handling the data. The UPI could handle other tasks dur­
ing this waiting time. When the master writes the data to 
DBBIN, an IBF Interrupt is generated which performs a 
CALL to location 03H. At this point the UPI reads DBBIN 
(no testing of IBF is needed since an IBF Interrupt 
implies that IBF is set), transfers the data to Port 1, and 
executes an RETR which returns program flow to the 
main program. 

Software for the master 8085A is included in Figure 7C. 
The only requirement for the master to output data to 
the UPI is that It check the UPI to be sure the previous 
data had been taken before writing new data. To accom­
plish this the master simply reads the STATUS register 
looking for IBF = 0 before writing the next data. 

: UPIINPUT ONLY EXAMPLE· PORT 1 USED AS OUTPUT PORT 
UPI POllS IBF FOR DATA 

RESET: JNIBF 
IN 
OUTl 
JMP 

RESET 
A. DBB 
Pl.A 
RESET 

: WAIT ON IBF FOR INPUT 
: INPUT THERE. SO READ IT 
: TRANSFER DATA TO PORT 1 
: GO WAIT FOR NEXT DATA 

Figure 7A. Single Output Part Example - Polling 
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; UPI INPUT ONLY EXAMPLE· PORT 1 USED AS OUTPUT PORT 
DATA INPUT IS INTERRUPT·DRIVEN ON IBF 

RESET: 

IBFINT: 

EN 
JMP 
IN 
OUTL 
RETR 

I 
RESET + 1 
A.DBB 
Pl.A 

: ENABLE IBF INTERRUPTS 
: lOOP WAITING FOR INPUT 
: REAO DATA FROM DBBIN 
: TRANSFER DATA TO PORT 1 
: RETURN WITH RESTORE 

Flgue 7B. Single Output Part Example - Interrupt 

; 8085 SOFTWARE FOR UPIINPUT.()NLY EXAMPLE 
DATA FOR OUTPUT IS PASSED IN REG. C 

UPIOUT: IN STATUS 
ANI IBF 
JNZ UPIOUT 
MOV A.C 
OUT DBBIN 
RET 

: READ UPI STATUS 
: LOOK AT IBF 
: WAIT FOR IBF=. 
: GET DATA FROM C 
: OUTPUT DATA TO DBBIN 
: DONE. RETURN 

Figure 7C. 8085A Code for Single Output Part Example 

Figure 8A illustrates the case where UPI Port 2 is used 
as an 8-bit input port. This configuration is termed UPI 
output-only as the master does not write (input) to the 
UPI but simply reads either the STATUS or the DBBOUT 
registers. In this example only the OBF flag is used. 
OBF signals the master that the UPI has placed new 
port data in DBBOUT. The UPlloops testing OBF. When 
OBF is clear, the master has read the previous data and 
UPI then reads its input port (Port 2) and places this data 
in DBBOUT. It then waits on OBF until the master reads 



DBBOUT before reading the Input port again. When the 
master wishes to read the input port data, Figure 8B, it 
simply checks for OBF being set in the STATUS register 
before reading DBBOUT. While this technique il­
lustrates proper protocol, it should be noted that it is 
not meant to be a good method of using the UPI as an In­
put port since the master would never get the newest 
status of the port. 

The above examples can easily be combined. Figure 9 
shows UPI software to use Port 1 as an output port 
simultaneously with Port 2 as an input port. The pro· 
gram starts with the UPI checking IBF to see if the 
master has written data destined for the output port into 
DBBIN. If IBF is set, the UPI reads DBBIN and transfers 
the data to the output port (Port 1). If IBF is not set or 
once the data is transferred to the output port If it was, 
OBF is tested. If OBF is reset (indicating the master has 
read DBBOUn, the Input port (Port 2) is read and trans­
ferred to DBBOUT. If OBF is set, the master has yet to 
read DBBOUT so the program just loops back to test 
IBF. 

; UPI OUTPUT ONLY EXAMPLE· PORT 2 USED AS INPUT PORT 
PORT DATA IS AVAILABLE IN DBBOUT 

RESET: JOBF 
IN 
OUT 
JMP 

RESET 
A. P2 
DBB.A 
RESET 

; LOOP IF OBF =. (DATA NOT READ) 
; DBBOUT CLEAR. READ PORT 
; TRANSFER PORT DATA TO DBBOUT 
; WAIT FOR MASTER TO READ DATA 

Figure 8A. Single Input Pori Example 

; 8085 SOFTWARE FOR UPI OUTPUT·ONLY EXAMPLE 
INPUT DATA RETURNED IN REG. A 

UPIIN: IN 
ANI 
JZ 
IN 
RET 

STATUS 
OBF 
UPIIN 
DBBOUT 

; READ UPI STATUS 
; LOOK AT OBF 
; WAITUNTILOBF=. 
; READ DBBOUT 
; RETURN WITH DATA IN A 

Figure 8B. 8085A Single Input Pori Code 

;UPI INPUTIOUTPUT EXAMPLE - PORT. OUTPUT, PORT 2 INPUT 

RESET: 

OUT.: 

JNIBF 
IN 
OUTL 
JOBF 
IN 
OUT 
JMP 

OUT. 
A,DBB 
P',A 
RESET 
A,P2 
DBB,A 
RESET 

; IF IBF = 0, DO OUTPUT 
; IF IBF =', READ DBBIN 
; TRANSFER DATA TO PORT 1 
; IF OBF = I, GO TEST IBF 
; IF OBF = 0, READ PORT 2 
; TRANSFER PORT DATA TO DBBOUT 
; GO CHECK FOR INPUT 

Figure 9. Combination Output/Input PorI Example 

9-8 

The master software is identical to the separate input! 
output examples; the master must test IBF and OBF 
before writing output port data Into DBBIN or before 
reading input port data from DBBOUT respectively. 

In all of the three examples above, the UPI treats infor­
mation from the master solely as data. There has been 
no need to check if DBBIN information is a command 
rather than data since the applications do not require 
commands. But what if both Port 1 and 2 were used as 
output ports? The UPI needs to know Into which port to 
put the data. Let's use a command to select which port. 

Recall that both commands and data pass through 
DBBIN. The state of the AO pin at the time of the write to 
DBBIN is used to distinguish commands from data. By 
convention, DBBIN writes with AO = 0 are for data, and 
those with AO= 1 are commands. When DBBIN is writ­
ten into, F1 (Flag 1) is set to the state of AO. The UPI 
tests F1 to determine if the information in the DBBIN 
register is data or a command. 

For the case of two output ports, let's assume that the 
master selects the desired port with a command prior to 
writing the data. (We could just use F1 as a port select 
but that would not illustrate the subtle differences 
between commands and data.) Let's define the port 
select commands such that bit 1 = 1 If the next data Is 
for Port 1 (Write Port 1 = 0000 0010) and bit 2 = 1 If the 
next data is for Port 2 (Write Port 2 = 0000 0100). (The 
number of the set bit selects the port.) Any other bits are 
ignored. This assignment is completely arbitrary; we 
could use any command structure, but this one has the 
advantage of being simple. 

Note that the UPI must "remember" from DBBIN write 
to write which port has been selected. Let's use FO (Flag 
0) for this purpose. If a Write Port 1 command Is 
received, FO Is reset. If the command Is Write Port 2, FO 
Is set. When the UPI finds data In DBBIN, FO is Interro­
gated and the data is loaded into the previously selected 
port. The UPI software is shown in Figure 10A. 

; UPI DUAL OUTPUT PORT EXAMPLE· BOTH PORT 1 AND 2 OUTPUTS 
COMMAND SELECTS DESIRED PORT 

RESET: 

PORT2: 

CMD: 

PT1: 

PT2: 

WRITE PORT 1 - 0000 0010 (02H) 
WRITE PORT 2 - 0000 0100 (04H) 

FLAG 0 USED TO REMEMBER WHICH PORT WAS SELECTED 
BY LAST COMMAND. 

JNIBF 
IN 
JFl 
JFO 
OUTL 
JMP 
OUTL 
JMP 
JBl 
JB2 
JMP 
CLR 
JMP 
CLR 
CPL 
JMP 

RESET ; WAIT FOR MASTER INPUT 
A. DBB ; READ INPUT 
CMD ; IF Fl = 1. COMMAND INPUT 
PORT2 ; INPUT IS DATA, TEST FO 
PI, A .• ; FO=O, so OUTPUT TO PORT 1 
RESET ; WAIT FOR NEXT INPUT 
P2. A ; FO = I, so OUTPUT TO PORT 2 
RESET ; WAIT FOR NEXT INPUT 
PTI ; TEST COMMAND BITS (BIT 1) 
PT2 ; TEST BIT 2 
RESET ; NEITHER BIT SET, WAIT FOR INPUT 
FO ; PORT 1 SELECTED, CLEAR FO 
RESET ; WAIT FOR INPUT 
FO ; PORT 2 SELECTED, SET FO 
FO 
RESET ; WAIT FOR INPUT 

Figure 1OA. Dual Output Pori Exampla 



Initially, the UPI simply walts until IBF is set Indicating 
the master has written Into DBBIN. Once IBF is set, 
DBBIN is read and F1 Is tested for a command. If F1 = 1, 
the DBBIN byte is a command. Assuming a command, 
bit 1 Is tested to see If the command selected port 1. If 
so, FO Is cleared and the program returns to walt for the 
data. If bit 1 = 0, bit 2 is tested. If bit 2 is set, Port 2 is 
selected so FO Is set. The program then loops back wait­
Ing for the next master Input. This Input Is the desired 
port data. If bit 2 was not set, FO Is not changed and no 
action Is taken. 

When IBF = 1 Is again detected, the input is again tested 
for command or data. Since It is necesarlly data, DBBIN 
Is read and FO Is tested to determine which port was pre­
viously selected. The data is then output to that port, 
following which the program waits for the next input. 
Note that since FO still selects the previous port, the 
next Input could be more data for that port. The port 
selection command could be thought of as a port select 
flip-flop control; once a selection is made, data may be 
repeatedly written to that port until the other port Is 
selected. Master software, Figure 10B, simply must 
check IBF before writing either a command or data to 
DBBIN. Otherwise, the master software Is straight­
forward. 

For the sake of completeness, UPI software for imple­
menting two input ports is given In Figure 11. This case 
is simpler than the dual output case since the UPI can 
assume that all writes to DBBIN are port selection com­
mands so no command/data testing is required. Once 
the Port Read command Is input, the selected port is 
read and the port data Is placed in DBBOUT. Note that In 
this case FO Is used as a UPI error Indicator. If the 
master happened to issue an invalid command (a com­
mand without either bit 1 or 2 set), FO Is set to notify the 
master that the UPI did not know how to interpret the 
command. FO is also set If the master commanded a 
port read before it had read DBBOUT from the previous 
command. The UPI simply tests OBF just prior to 
loading DBBOUT and if OBF = 1, FO Is set to Indicate the 
error. 

All of the above examples are, In themselves, rather triv­
ial applications of the UPI although they could easily be 
incorporated as one of several tasks in a UPI handling 
multiple small tasks. We have covered them primarily to 
introduce the UPI concept and to Illustrate some 
master/UPI protocol. Before moving on to more realistic 
UPI applications, let's discuss two UPI features that do 
not directly relate to the master/UPI protocol but greatly 
enhance the UPI's data transfer capability. 

In addition to the OBF and IBF bits in the STATUS reg­
ister, these flags can also be made available directly on 
two port pins. These port pins can then be used as Inter­
rupt sources to the master. By executing an EN FLAGS 
instruction, Port 2 pin 4 reflects the condition of OBF 
and Port 2 pin 5 reflects the Inverted condition of IBF 
(mF). These dedicated outputs can then be enabled or 
disabled via their respective port bit values; i.e., P24 
reflects OBF as long as an Instruction Is executed 
which sets P24 (I.e. ORL P2,#10H). The same action 
applies to the iBF output except P25 is used. Thus P24 
may serve as a DATA AVAILABLE interrupt output. Like-
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wise for P25 as a READY-TO-ACCEPT-DATA Interrupt. 
This greatly simplifies interrupt-driven master-slave 
data transfers. 

: 8085 SOFTWARE FOR DUAL OUTPUT PORT EXAMPLE 
; THIS ROUTINE WRITES DATA IN REG. C TO PORT 1 
; (SAME ROUTINE FOR PORT 2 • JUST CHANGE COMMAND) 

PORT1: IN STATUS ; READ UPI STATUS 
ANI ISF ; LOOK AT ISF 
JNZ PORT1 ; WAIT UNTIL ISF = 0 
MVI A.000000l0S ; LOAD WRITE PORT1 CMD 
OUT UPICMD ; OUTPUT TO UPI COMMAND PORT 

Pl: IN STATUS ; READ UPI STATUS AGAIN 
ANI ISF ; LOOK AT ISF 
JNZ Pl ; WAIT UNTIL COMMAND ACCEPTED 
MOV A. C ; GET DATA FROM C 
OUT DBSIN ; OUTPUT TO DBBIN 
RET ; DONE. RETURN 

Figura lOB. 808SA Dual Output Port Example Code 

: UPI DUAL INPUT PORT EXAMPLE· BOTH PORT 1 AND 2 INPUTS 
COMMAND SELECTS WHICH PORT IS TO BE READ 
FLAG D USED AS ERROR FLAG 

RESET: 

ERROR: 

PT1: 

PT2: 

JNIBF 
CLR 
IN 
JBl 
JB2 
CPL 
JMP 
IN 
JOBF 
OUT 
JMP 
IN 
JOBF 
OUT 
JMP 

RESET 
FD 
A, DBB 
PT1 
PT2 
FO 
RESET 
A.Pl 
ERROR 
DSB.A 
RESET 
A. P2 
ERROR 
DBB.A 
RESET 

; WAIT FOR INPUT 
; CLEAR ERROR FLAG 
; READ INPUT (COMMAND) 
; TEST BIT 1 (PORT1) 
; TEST BIT 2 (PORT2) 
; ERROR· COMPLEMENT FO 
; WAIT FOR INPUT 
; READ PORT 1 
; TEST O~F BEFORE LOADING DB BOUT 
; LOAD PORTI DATA INTO DB BOUT 
; WAIT FOR INPUT 
; READ PORT 2 
; TEST OBF BEFORE LOADING DBSOUT 
; LOAD PORT2 DATA INTO DBBOUT 
; WAIT FOR INPUT 

Figura 11. Dual Input Port Example 

The UPI also supports a DMA transfer interface. If an EN 
DMA instruction is executed, Port 2 pin 6 becomes a 
DMA Request (DRO) output and P27 becomes a high im­
pedance DMA Acknowledge (DACK) Input. Any Instruc­
tion which would normally set P26 now sets DRO. DRO 
is cleared when DACK is low and either RD or WR Is low. 
When DACK Is low, CS and AO are forced low Internally 
which allows data bus transfers between DBBOUT or 
DBBIN to occur, depending upon whether WR or RD Is 
true. Of course, the function requires the use of an 
external DMA controller. 

Now that we have discussed the aspects of the UPI pro­
tocol and data transfer Interfaces, let's move on to the 
actual applications. 

EXAMPLE APPLICATIONS 

Each of the following three sections present the hard­
ware and software details of a UPI application. Each 
application utilizes one of the protocols mentioned in 
the last section. The first example Is a simple 6-dlglt 
LED display controller. This application requires only 
that the UPI perform Input operations from the DBBIN; 
DBBOUT is not used. The reverse is true for the second 



application: a sensor matrix controller. The final applica· 
tion involves both DBBOUT and DBBIN operations: a 
combination serial/parallel I/O device. 

The core master processor system with which these 
applications were developed is the iSBC 80130 single 
board computer. This board provides an especially con· 
venient UPI environment since it contains a dedicated 
socket specifically Interfaced for the UPI-41 A. The 80130 
uses the 8085A as the master processor. The I/O and 
peripheral compliment on the 80130 include 12 vectored 
priority interrupts (8 on an 8259 Programmable Interrupt 
Controller and 4 on the 8085A itself), an 8253 Program· 
mabie Interval Timer supplying three 16-bit program­
mable timers (one Is dedicated as a programmable baud 
rate generator), a high speed serial channel provided by 
a 8251 Programmable USART, and 24 parallel I/O lines 
Implemented with an 8255A Programmable Parallel 
Interface. The memory compliment contains 16K bytes 
of RAM using 211716K bit Dynamic RAMs and the 8202 
Dynamic RAM Controller, and up to 8K bytes of 

ROM/EPROM with sockets compatible with 2716, 2758, 
or 2332 devices. The 6OI3O's RAM uses a dual port 
architecture. That Is, the memory can be considered a 
global system resource, accessible from the on·board 
8085A as well as from remote CPUs and other devices 
via the MULTI BUS. The 60130 contains MULTI BUS con· 
trol logic which allows up to 16 6OI3Os or other bus 
masters to share the same system bus. (More detailed 
information on the iSBC 80/30 and other iSBC products 
may be found in the latest Intel Systems Data Catalog.) 

A block diagram of the iSBC 80/30 is shown in Figure 12. 
Details of the UPllnterface are shown in Figure 13. This 
interface decodes the UPI registers in the following 
format: 

........ FM ,-

RegIa-
Read STATUS 

Write OBBIN (command) 
Reed OBBOUT (data) 
Write OBBIN (data) 

.­IlEQlllllTUIIEII 

__ tID 

-.. 
......... II&E 
PAllALLlLIO .-

Operallona 

IN ESH 
OUTE5H 

IN E4H 
OUTE4H 

2 INTERRUPt' 
REaU.tuNES 

Flgu .. 12. ISBC 80/30 Black DIIIIIf'IIIII 
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Figure 13. UPI Inlerl_ an ISBC 80/30 

8-0lglt Multiplexed LED Display 

The traditional method of interfacing an LED display 
with a microprocessor is to use a data latch along with a 
BDC-to-7-segment decoder for each digit of the display. 
Thus two ICs, seven current limiting resistors, and 
about 45 connections are required for each digit. These 
requirements are, of course, multiplied by the total num­
ber of digits desired. The obvious disadvantages of this 
method are high parts count and high power dissipation 
since each digit is "ON" continuously. Instead, a 
scheme of time multiplexing the display can be used to 
decrease both parts count and power dissipation. 

Display multiplexing basically involves connecting the 
same segment (a, b, c, d, e, f, or g) of each digit in paral­
lel and driving the common digit element (anode or cath­
ode) of each digit separately. This Is shown schematic­
ally in Figure 14. The various digits of the display are not 
all on at once; rather, only one digit at a time is ener­
gized. As each digit Is energized, the appropriate seg­
ments for that digit are turned on. Each digit Is enabled 
in this way, in sequence, at a rate fast enough to ensure 
that each digit appears to be "ON" continuously. This 
implies that the display must be "refreshed" at periodiC 
intervals to keep the digits flicker-free. If the CPU had to 
handle this task, It would have to suspend normal proc­
essing, go update the display, and then return to its nor-
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mal flow. This extra burden is ideally handled by a UPI. 
The master CPU could simply give characters to the UPI 
and let the UPI do the actual segment decoding, display 
multiplexing, and refreshing. 

+sv 

• 1mb 
·e· BBB 

d 

Figure 14. LED Muillplexing 



As an example of this technique, Figure 15 shows the 
UPI controlling an a·digit LED display. All digit seg· 
ments are connected in parallel and are driven through 
segment drivers by the UPI's Port 1. The lower 3 bits of 
Port 2 are inputs to a 3-to-8 decoder which selects an 
individual digit through a digit driver. A fourth Port 2 line 
is used as a decoder enable input. The remaining Port 2 
lines plus the TO and T1 inputs are available for other 
tasks. 

Internally, the UPI uses the counter/timer in the interval 
timer mode to define the interval between display 
refreshes. Once the timer is loaded with the desired 
interval and started, the UPI is free to handle other 
tasks. It is only when a timer overflow interrupt occurs 
that the UPI handles the short display multiplexing rou· 
tine. The display multiplexing can be considered a back· 
ground task which is entirely interrupt·driven. The 
amount of time spent multiplexing is such that there is 
ample time to handle a non·timer task In the UPI fore· 
ground. (We'll discuss this timing shortly.) 

When a timer interrupt occurs, the UPI turns off all 
digits via the decoder enable. The next digit's segment 
contents are retrieved from the internal data memory 
and output via Port 1 to the segment drivers. Finally, the 
next digit's location is placed on Port 2 (P20-P22) and 
the decoder enabled. This displays the digit's segment 
information until the next interrupt. The timer Is then 
restarted for the next Interval. This process continues 
repeatedly for each digit In sequence. 

As a prelude to discussing the UPI software, let's exam· 
Ine the Internal data memory structure used In this 
application, Figure 16. This application requires only 14 
of the 64 total data memory locations. The top eight 
locations are dedicated to the Display Map; one location 
for each digit. These locations contain the segment and 
decimal point information for each character. Just how 
characters are loaded Into this section of memory Is 
covered shortly. Register R7 of Register Bank 1 Is used 

+5V 

as the temporary Accumulator store during the interrupt 
service routines. Register R3 stores the digit number of 
the next digit to be displayed. R2 Is a temporary storage 
register for characters during the character input 
routine. RO Is the offset pOinter pointing to the Display 
Map location of the next digit. That makes 12 locations 
so far. The remaining two locations are the two stack 
locations required to store the return address plus 
status during the timer and input Interrupt service rou· 
tlnes,'The remaining unused locations, all of Register 
Bank 0, 14 bytes of stack, 4 In Register Bank 1, and 24 
general purpose RAM locations, are all available for use 
by any foreground task. 

13 

31 

24 
23 

DISPLAY MAP 
Ix. 

USER RAM 
240' 

(NOT USED) 

ACCUMULATOR STORE 

NOT USED 

NOT USED 

NOT USED 

DIOIT COUNTER 

TEMPORARY STORE 

NOT USED 

DISPLAY MAP POINTER 

STACK 
18_ 8 

UNUSED 
•• a 

R7 

Re 

AS 

R4 

R3 

R2 

Rl 

RO 

REOISTER 
BANK I 

REOISTER 
BANKO 

Figure 18. LED DI.pley Controller Dete Memory Allocellon 
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Figure 15. UPI ControllllCl .. Digit LED DI.pley 
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The UPI software consists of only three short routines. 
One, INIT, is used strictly during initialization. DISPLA 
is the multiplexing routine called at a timer interrupt. 
INPUT is the character input handler called at an IBF 
interrupt. The flow charts for these routines are shown 
in Figures 17A thru 17C. 

INIT 

INITIALIZE 
REGISTERS 

TURN OFF ALL 
DRIVERS 

FILL DISPLAY MAP WITH 
BLANK CHARACTERS 

CLEAR DIGiT COUNTER 

LOAD AND START 
nMER 

ENABLE TIMER AND 
IBF INTERRUPTS 

WAIT LOOP OR 
FOREGROUND TASK CODE 

figura 17A. INIT Routine Flaw 

INPUT 

SWITCH TO RB1 
SAVE ACCUMULATOR 

READ AND SAVE DBBIN 

ISOLATE DIGIT SELECT 

RESTORE ACCUMULATOR 

RETURN 

FIgura 178. INPUT RoutI ... Flaw 

DISPLA 

SWITCH TO Ril1 
SAVE ACCUMULATOR 

TURN OFF ALL DIGIT 
DRIVERS 

UPDATE DISPLAY 
MAP POINTER 

GET SEGMENT INFO 
FROM DISPLAY MAP 

OUTPUT TO SEGMENT 
DRIVERS 

TURN ON DIGIT 
DRIVER 

RETURN 

Figura 17C. DISPLA Routl ... Flaw 

INIT initializes the UPI by simply turning off all segment 
and digit drivers, filling the Display Map with blank char· 
acters, loading and starting the timer, and enabling both 
timer and IBF interrupts. Although the flow chart shows 
the program looping at this pOint, it is here that the code 
for any foreground task is inserted. The only restrictions 
on this foreground task are that it not use 110 lines dedi· 
cated to the display and that it not require dedicated use 
of the timer. It could share the timer if precautions are 
taken to ensure that the display will stili be refreshed at 
the required interval. 

The INPUT routine handles the character input. It is 
called when an IBF Interrupt occurs. After the usual 
swapping of register banks and saving of the accumu· 
lator, DBBIN is read and stored in register R2. DBBIN 
contains the Display Data Word. The format for this 
word, Figure 18, has two fields: Digit Select and Char· 
acter Select. The Digit Select field selects the digit num­
ber into which the character from the Character Select 
field is placed. Notice that the character set Is not lim­
ited strictly to numerics, some alphanumeric capability 
is provided. Once DBBIN is read, the offset for the 
selected digit is computed and placed in the Display 
Map Pointer RO. Next the segment information for the 
selected character is found through a look-up table 
starting in page 3 of the program memory. This segment 
information is then stored at the location pointed at by 
the Display Map Pointer. If the Character Select field 
specified a decimal point, the segme"nt correponding 
the decimal point is ANDed into the present segment 
information for that digit. After the accumulator is 
restored, execution Is returned to the main program. 
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DISPLAY DATA WORD 
7 • 5 4 3 2 1 0 

I 
DIGIT SELECT 

7 • I DIGIT 
0 0 0 1 
0 0 1 2 
0 1 0 a 
0 1 1 4 
1 0 0 I 
1 0 1 • 1 1 0 7 
1 1 1 • 

CHARACTER SELECT 
4 a 2 1 0 CHAR 

o 0 0 0 Q 
o 0 0 1 I 
o 0 1 0 i! 
o 0 1 1 3 
0 1 0 0 • o 1 0 1 5 
o 1 1 0 & 
o 1 1 1 , 
1 0 0 0 8 
1 0 0 1 q 

1 0 1 0 R 
1 0 1 1 b 
1 1 0 0 C 
1 1 0 1 II 
1 1 1 0 E 
1 1 1 1 F 

1 o 0 0 0 · 1 o 0 0 1 G 
1 o 0 1 0 H 
1 o 0 1 1 
1 0 1 0 0 J 
1 0 1 0 1 L 
1 0 1 1 0 " 1 0 1 1 1 · 1 1 0 0 0 P 
1 1 0 0 1 , 
1 1 0 1 0 t 
1 1 0 1 1 U 
1 1 1 0 0 ~ 
1 1 1 0 1 -
1 1 1 1 0 
1 1 1 1 1 blink 

Figure 18. LED Dllpll, Controller Dllpll, Da .. Word Format 

The DISPLA routine simply Implements the multiplexing 
actions described earlier. It Is called whenever a timer 
Interrupt occurs. After saving pre-Interrupt status by 
switching register banks and storing the Accumulator, 
all digit drivers are turned off. The Display Map Pointer 
Is then updated using the Current Digit Register to point 
at that digit's segment Information In the Display Map. 
This Information Is output to Port 1; the segment 
drivers. The number of the current digit, R3, Is then sent 
to the digit select decoder and the decoder Is enabled. 
This turns on the current digit. The digit counter Is 
Incremented and tested to see If all eight digits have 
been refreshed. If so, the digit counter Is reset to zero. If 
not, nothing Is done. Finally, the timer Is loaded and 
restarted, the Accumulator Is restored, and the routine 
returns execution to the main program. Thus DISPLA 
refreshes one digit each time It Is CALLed by the timer 
Interrupt. The digit remains on until the next time 
DISPLA Is executed. 

The UPI software listing Is Included as Appendix A1. 
Appendix A2 shows the 8085A test routine used to dis­
play the contents of a display buffer on the display. The 

8085A software takes care of the display digit number­
Ing. Since the application Is Input-only for the UPI, the 
only protocol required Is that the master must test IBF 
before writing a Display Data Word Into DBBIN. 

On the ISBC 80/30, the UPI frequency is at 5.5296 MHz. 
To obtain a flicker-free display, the whole display must 
be refreshed at a rate of 50 Hz or greater. If we assume a 
50 Hz refresh rate and an 8-dlglt display, this means the 
DISPLA routine must be CALLed 50 x 8 or 400 tlmesl 
sec. This translates, using the timer interval of 87 ,.s at 
5.5296 MHz, to a timer count of 227. (Recall from the 
UPI-41 User's Manual that the timer is an "8-blt up­
counter".) Hence the TIME equate of 2270 In the UPI 
listing. Obviously, different frequency sources or 
display lengths would require that this equate be 
modified. 

With the UPI running at 5.5296 MHz, the instruction 
cycle time Is 2.713 ,.,s. The DISPLA routine requires 28 
Instruction cycles, therefore, the routine executes In 76 
,.,s. Since DISPLA Is CALLed 400 times/sec, the total 
time spent refreshing the display during one second is 
then 30 ms or 3% of the total UPI time. This leaves 
97.0% for any foreground tasks that could be added. 

While the basic UPI software Is useful just as It stands, 
there are several enhancements that could be incor­
porated depending on the application. Auto­
incrementing of the digit location could be added to the 
input routine to alleviate the need for the master to keep 
track of digit numbers. This could be (optionally) either 
right-handed or left-handed entry a la TI or HP 
calculators. The character set could be easily modified 
by simply changing the lookup table. The display could 
be expanded to 16 digits at the expense of one addi­
tional Port 2 digit select line, the replacement of the 
3-to-8 decoder with a 4-to-16 decoder, and 8 more 
Display Map locations. 

Now let's move on to a slightly more complex applica­
tion that Is UPI output-only - a sensor matrix con­
troller. 

San80r Matrix Controllar 

Quite often a microprocessor system is called upon to 
read the status of a large number of simple SPST 
switches or sensors. This Is especially true In a process 
or industrial control environment. Alarm systems are 
also good examples of systems with a large sensor pop­
ulation. If the number of sensors Is small, It might ba 
reasonable to dedicate a single Input port pin for each 
sensor. However, as the number of sensors Increase, 
this technique becomes very wasteful. A beUer arrange­
ment Is to configure the sensors In a matrix organiza­
tion like that shown In Figure 19. This arrangement of 16 
sensors requires only 4 Input and 4 output lines; half the 
number needed if dedicated inputs were used. The line 
saving becomes even more substantial as the number of 
sensors increases. 

In Figure 19, the basic operation of the matrix involves 
scanning Individual row select lines In sequence while 
reading the column return lines. The state of any par­
ticular sensor can then ba determined by decoding the 
row and column information. The typical configuration 
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pulls up the column return lines and the selected row Is 
held low. Deselected rows are held high. Thus a return 
line remains high for an open sensor on the selected 
row and Is pulled low for a closed sensor. Diode Isola­
tion is used to prevent a phantom closure which would 
occur when a sensor Is closed on a selected row and 
there are two or more closures on a deselected row. Ger­
manium diodes are used to provide greater noise margin 
at the return line Input. 

If the main processor was required to control such a 
matrix It would periodically have to output at the row 
port and then read the column return port. The proc­
essor would need to maintain In memory a map of the 
previous state of the matrix. A comparison of the new 
return Information to the old Information would then be 
made to determine whether a sensor change had 
occurred. Any changes would be processed as needed. 
A row counter and matrix map pOinter also require main­
tenance each scan. Since in most applications sensors 
change very slowly compared to most processing 
actions, the processor probably would scan the rows 
only periodically with other tasks being processed 
between scans. 

Rather than require the processor to handle the rather 
mundane tasks of scanning, comparing, and decoding 
the matrix, why not use a dedicated processor? The UPI 
Is perfect. 

ROW 
SELECT 

LINES 

COLUMN RETURN LINES 

3 +v 2 +v 1 +v 

Flgu .. II. 4 x 4 Sene« Mlltrlx 

Figure 20 shows a UPI configuration for controlling up 
to 128 sensors arranged In a 16x8 matrix. The 4-to-16 
line decoder Is used as the row selector to save port 
pins and provides the expansion to 128 sensors over the 
maximum of 64 sensors If the port had been used 
directly. It also helps Increase the port drive capability. 
The column return lines go directly Into Port 1. Features 
of this design Include complete matrix management. As 
the UPI scans the matrix It compares Its present status 
to the previous scan. If any change Is detected, the loca­
tion of the change Is decoded and loaded, along with the 
sensor's present state, Into DBBOUT. This byte Is called 
a Change Word. The Master processor has only to read 
one byte to determine the status and coordinate of a 
changed sensor. If the master had not read a previous 
Change Word In DBBOUT (OBF = 1) before a new sensor 
change Is detected, the new Change Word Is loaded Into 
an Internal FIFO. This FIFO buffers up to 40 changes 
before It fills. The status of the FIFO and OBF Is made 
available to the master either by polling the UPI STATUS 
register, Figure 21A, or as Interrupt sources on port pins 
P24 and P25 respectively, Figure 20. The FIFO NOT 
EMPTY pin and bit are true as long as there are changes 
not yet read in the FIFO. As long as the FIFO Is not emp­
ty, the UPI monitors OBF and loads new Change Words 
from the FIFO Into DB BOUT. Thus, the UPI provides 
complete FIFO management. 
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J1. ...l\ D7 

"DO 
PORT 1 Ie RETURN LINES 

C!I 

iili UPI ... 1A 

WI! 
74154 

AO P23 -D 

FIFO NOT 18.8 
EMPTY 1 18 SENSOR 

P24 P21-B 0 MATRIX 
OBF P25 P20 - A 

Gl G2 

--, "~ 

.¢. .¢. SELECT LINES 

Flllu .. 20. 128 Sen.or Matrix Controller 

STATUS REGISTER 

17TS1 4 13121 t4J 
II I L-.:::: ~':f - CHANGE WORD READY (P25) 

l_J~~'~~~Fl } NOTUSED FO 
FIFO NOT EMPTY (P24) 
NOT USED 

Flgu .. 21A. s ... _ Matrix Statu. AIIII.ler Fonnat 

DIBOUT REGISTER - CHANGE WORD 

17181514181211101 I I I I I I I I 
SENSOR COORDINATE 

SENSOR STATE 
O.CLOSED 
I-OPEN 

Flgu .. 21 B. Sen.or Matrix Change Word Format 



Internally, the matrix scanning software is programmed 
to run as a foreground task. This allows the timer/ 
counter to be used by any background task although the 
hardware configuration leaves only 2 inputs (TO and T1) 
plus 2 I/O port pins available. Also, to add a background 
task, the FIFO would have to be made smaller to accom­
modate the needed register and data memory space. (It 
would be possible however to turn the table here and 
make the scanning software timer/counter interrupt­
driven where the timer times the scan interval.) 

The data memory organization for this application is 
shown in Figure 22. The upper 16 bytes form the Matrix 
Map and store the sensor states from the previous scan; 
one bit for each sensor. The Change Word FIFO occu­
pies the next 40 locations. (The top and bottom 
addresses of this FIFO are treated as equate variables in 
the program so that the FIFO size may easily be 
changed to accommodate the register needs of other 
tasks.) Register RO serves as a pOinter into the matrix 
map area for comparisons and updates of the sensor 
status. R1 is a general FIFO pOinter. The FIFO is imple­
mented as a circular buffer with In and Out pointer reg­
isters which are stored in R4 and RS respectively. These 
registers are moved into FIFO pointer R1 for actual 
transfers into or out of the FIFO. R2 is the Row Select 
Counter. It stores the number of the row being scanned. 

63 

48 
47 

8 
7 

MATRIX MAP 
16)( 8 

FIFO 
40 _8 

COMPARE RESULT 

CHANGE WORD STORE 

FIFO OUT 

FIFO IN 

COLUMN COUNTER 

SCAN ROW SELECT 

FIFO POINTER 

MATRIX MAP POINTER 

R7 

RS 

RS 

R4 

R3 

R2 

Rl 

RO 

Figure 22. Sensor Matrix Data MemOJY Map 

Register R3 is the Column Counter. This counter is nor­
mally set to OOH; however, when a change is detected 
somewhere in a particular row, it is used to inspect each 
sensor status bit individually for a change. When a 
changed sensor bit is found, the Row Select Counter 
and Column Counter are combined to give the sensor's 
matrix coordinate. This coordinate is temporarily stored 
in the Change Word Store, register R6. Register R7 is 
the Compare Result. As each row is scanned, the return 
information is Exclusive-OR'd with the return informa­
tion from the previous scan of that row. The resuit of 
this operation is stored in R7. If R7 is zero, there have 
been no changes on that row. A non-zero result in­
dicates at least one changed sensor. 

The basic program operation is shown in the flow chart 
of Figure 23. At RESET, the software initializes the work­
ing registers, the ports, and clears the STATUS register. 
To get a starting pOint from which to perform the sensor 
comparisons, the current status of the matrix is read 
and stored in the Matrix Map. At this pOint, the UPI 
begins looking for changed sensors starting with the 
first row. 

Before delving further into the flow, let's pause to 
describe the generai format of the operation. The UPI 
scans the matrix one row at a time. If no changes are 
detected on a particular row, the UPI simply moves to 
the next row after checking the status of DBBOUT and 
the FIFO. If a change is detected, the UPI must check 
each bit (sensor) within the row to determine the actuai 
sensor location. (More than one sensor on the scanned 
row could have changed.) Rather than test all 8 bits of 
the row before checking the DBBOUT and FIFO 
status again, the UPI performs the status check in 
between each of the bit tests. This ensures the fastest 
response to the master reading previous Change Words 
from DBBOUT and the FIFO. 

With this general overview in mind, let's go first thru the 
flow chart assuming we are scanning a row where no 
changes have occurred. Starting at the Scan-and­
Compare section, the UPI first checks If the entire 
matrix has been scanned. If it has, the various pointers 
are reset. If not, the address of the next row Is piaced on 
Port 20 thru 23. This selects the desired row. The state 
of the row is then read on Port 1; the column return 
lines. This present state is compared to the previous 
state by retrieving the previous state from the matrix 
map and performing an Exclusive-OR with the present 
state. Since we are assuming that no change has oc­
curred, the result is zero. No coordinate decoding is 
needed and the flow branches to the FIFO-DBBOUT 
Management section. 

The FIFO-DBBOUT Management section simply main­
tains the FIFO and loads DBBOUT whenever Change 
Words are present In the FIFO and DBBOUT is clear 
(OBF = 0). The section first tests if the FIFO is full. (If we 
assume our "no-change" row is the first row scanned, 
the FIFO obviously would not be full.) If it is, the UPI 
waits until OBF = 0, at which point the next Change 
Word is retrieved from the FIFO and placed in DBBOUT. 
This "unfills" the FIFO making room for more Change 
Words. At this point, the Column Counter, R3, is 
checked. For rows with no changes, the Column 
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I 
INITIALIZATION 

SCAN AND 
COMPARE 

CHANGE WORD 
ENCODING 

FIF()'DBBOUT 
MANAGEMENT 

INITIALIZE UPI-41A 
REGISTERS, PORTS AND INTERRUPTS 

Flgu .. 23. Sensor Matrix Contnlll •• Flow Chart 

Counter is always zero so the test simply falls through. 
(We cover the case for changes shortly.) Now the FIFO 
is tested for being empty. If It is, there is no sense in any 
further tests so the flow simply goes back up to scan 
the next row. If the FIFO is not empty, DB BOUT is tested 
again through OBF. If a Change Word is in DBBOUT 
waiting for the master to read it, nothing can be done 
and the flow likewise branches up for the next row. 
However, if the DBBOUT Is free and remembering that 
the previous test showed that the FIFO was not empty, 
DBBOUT Is loaded with the next Change Word and the 
last two conditional tests repeat. 

Now let's assume the next row contains several 
changed sensors. Like before, the row Is selected, the 
return lines read, and the sensor status compared to the 
previous scan. Since changes have occurred, the Exclu­
sive-OR result Is now non-zero. Any 1s in the result 
reflect the positions of the changed sensors. This non· 
zero result is stored In the Compare Result register, R7. 
At this pOint, the Column Counter is preset to 8. To 
determine the changed sensors' locations, the Compare 
Result register is shifted bit-by-bit to the left while de­
crementing the Column Counter. After each shift, bit 7 
of the result is tested. If it is a one, a changed sensor 
has been found. The Column Counter then reflected the 
sensor's matrix column position while the Scan Row 
Select register holds it row position. These registers are 
then combined In R6, the Change Word Store, to form 
the sensor's matrix coordinate section of the Change 
Word. The 8th bit of the Change Word Store Is coded 
with the sensor's present state (Figure 21). This byte 
forms the complete Change Word. It is loaded into the 
next available FIFO position. If bit 7 of the Compare 
Result had been a zero, that particular sensor had not 
changed and the coordinate decoding is not performed. 

In between each shift, test, and coordinate encode (if 
necessary), the FIFO-DBBOUT Management is per­
formed. It is the Column Counter test within this section 
that routes the flow back up to the Change Word En­
coding section if the entire Compare Result (row) has 
not been shifted and tested. 

The FIFO Is implemented as a circular buffer with IN 
and OUT pointers (R4 and R5 respectively). The opera­
tions of the FIFO is best understood using an example, 
Figure 24. This series of figures show how the FIFO, 
DBBOUT, and OBF interact as changes are detected and 
Change Words are read by the master. The letters cor­
respond to sequential Change Words being loaded Into 
the FIFO. Note that the figures show only a 4 x 8 FIFO 
however, the principles are the same in the 40 x 8 FIFO. 

Figure 24A shows the condition where no Change 
Words have been loaded into the FIFO or DBBOUT. In 
Figure 24B a change, "An, has been detected, decoded, 
and loaded into the FIFO at the location equal to the 
value of the FIFO-IN pointer. The FIFO-IN pOinter is then 
incremented and the FIFO-OUT pOinter is reset to the 
bottom of the FIFO since it had reached the FIFO top. 
Now that a Change Word is In the FIFO, OBF is checked 
to see if DBBOUT is empty. Because OBF = 0, DBBOUT 
is empty and the Change Word is loaded from the FIFO 
location pOinted at by the FIFO-OUT pointer. This Is 
shown In Figure 24C. Loading DBBOUT automatically 
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_ •• _ •• " ...... ...., .... 1..01 IIIIClIlI IUClU UJ lilt: IIIi::U:iltn resetting 
OBF. This allows the next Change Word to be loaded in­
to OBBOUT. Note that each time the FIFO is loaded, the 
FIFO-IN pointer increments. Each time OBBOUT is read 
the FIFO-OUT pointer increments unless there are no 
more Change Words in the FIFO. Both pOinters wrap­
around to the bottom once they reach the FIFO top. The 
remaining figures show more Change Words being 
loaded into the FIFO. When the entire FIFO fills and 
OBBOUT can not be loaded (OBF = 1), scanning stops 
until the master reads OBBOUT making room for more 
Change Words. 

AI 

~1t .. "{f 0 EJ C 
OIF 

I xOlFI OUT • 0 
DBBOUT FIFO DBBOUT FIFO 

FIFO EMPTY (MASTER READS CHANGE A 
01lI0II1) FINALLY READ 

III 0) -1[-0 [2J OUT C 

OIF ]}- 08F 

0 OUT " ~ 
OIBOUT FIFO OIBOUT FIFO 

CHANGE A DETECTED CHANGE B LOADED 
INTODBBOUT 

CI HI 

~~ [2J [2J 
OIF H .. 08F 

0 OUT ~ -IN 

D880UT FIFO D880UT FIFO 
CHANGE A LOADED INTO DIIBOUT. CHANGE D DETECTED 

FIFO EMPTY 

.~ H" ~ [2J OUT C 

OBF B 08F 
E -IN o OUT 0 

DBBour FIFO DlBOUT FIFO 
CHANGE B DETECTED CHANGE E DETECTED 

EI J) 

~~ {f [2J 
OUT : 

[2J 
OBF 08F 

0 ~ 
D880UT FIFO DI80UT FIFO 

CHAJICIE C DETECTED CHANGE F DETECTED. FIFO FULL. 
SCANNING STOPPED UNnL B IS READ 

Figure 24A.J. FIFO Operetlon Example 
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Interrupt Simply reflects OBF and is handled automatic­
ally by the UPI since an EN FLAGS instruction is exe­
cuted during initialization. The FIFO NOT EMPTY inter­
rupt is generated and cleared as appropriate, each pass 
through the FIFO management code. 

No debouncing is provided although it could be added. 
Rather, the scan time is left as an equate variable so that 
it could be varied to account for both debounce time and 
expected sensor change rates. The minimum scan time 
for this application is 2 msec when using a 6 MHz clock. 
Since the matrix controller is coded as a foreground 
task, scan time Simply uses a software delay loop. 

The UPI software is included as Appendix B1. Appendix 
B2 is 8085A test software which builds a Change Word 
buffer starting at BUFSRT. This software simply polls 
the STATUS register looking for Change Word Ready to 
go true. OBBOUT is then read and loaded into the buffer. 
Now let's move on to an application which combines 
both the foreground and background concepts. 

Combination 110 Device 

The final UPI application was designed especially to add 
additional serial and parallel 1/0 ports to the iSBC 80/30. 
This UPI simulates a full-duplex UART (Universal Asyn­
chronous Receiver/Transmitter) combined with an 8-bit 
parallel 1/0 port. Features of the UART include: software 
selectable baud rates (110, 300, 600, or 1200 baud), 
double buffering for both the transmitter and receiver, 
and receiver testing for false state bit, framing, and over­
run errors. For parallel 1/0, one 8-bit port is program­
mable for either input or output. The output port is 
statically latched and the input port is sampled. 

Figure 25 shows the interface of this combination 1/0 
device to the dedicated UPI socket on the iSBC 80/30. 
The only external requirement is a 76.8 kHz source 
which serves as the baud'rate standard. The internal 
baud rates are generated as multiples of this external 
clock. This clock is obtained from one of the 8253 
counters. Otherwise, an RS-232 driver and receiver 
already available for UPI use in serial 1/0 applications. 
Sockets are also provided for termination of the parallel 
port. 

T"NT 
08F 

P23 ... PH 

Tl 

PARALLEL PORT 

T.D 

R.D 

TICK SAMPLE 

EXT. CLOCK (71.1 kHz) 
FROM 1253 

Figure 25. Combination UO Device 



There are three commands for this application. Their for­
mat is shown in Figure 26. The CONFIGURE command 
specifies the serial baud rate and the parallel 110 direc­
tion. Normally this command is issued once during sys­
tem initialization. The 1/0 command causes a parallel 1/0 
operation to be performed. If the parallel port direction 
is output, the UPI expects the data byte immediately 
following an 1/0 command to be data for the output port. 
If the port is In the Input direction, an 1/0 command 
causes the port to be read and the data placed In 
DBBOUT. The RESET ERROR command resets the 
serial receiver error bits in the STATUS register. 

The STATUS register format is shown in Figure 27. 
Looking at each bit, bit 0 (OBF) is the DATA AVAILABLE 
flag. It is set whenever the UPI places data into 
DBBOUT. Since the data may come from either the 
receiver or the parallel input port, the FO and F1 flags 
(bits 2 and 3) code the source. Thus, when the master 
finds OBF set, it must decode FO and Fl to determine 
the source. 

Bit 1 (IBF) functions as a busy bit. When IBF is set, no 
writes to DBBIN are allowed. Bit 5 Is the TxlNT (Trans­
mitter Interrupt) bit. It is asserted whenever the trans­
mitter buffer register Is empty. The master uses this bit 
to determine when the transmitter is ready to accept a 
data character. 

COMMAND FORMAT 

7181514131211101 

I 7 

CONFIGURE COMMAND 

o ABC D P A - 1200 BAUD SELECT 

8 

B - 800 BAUD SELECT 
C - 300 BAUD SELECT 
o - 110 BAUD SELECT 
P - PARALLEL YO DIRECTION 

O-INPUT 
1-OUTPUT 

o 0 0 0 0 0 UOCOMMAND 

o 0 0 0 0 RESET ERROR COMMAND 

5 4 

STATUS FORMAT 

3[ 2 _L I [ 0 I 
OBF - DATA AVAILABLE 
BF - BUSY II ~~ o 

F 1 
NOT USED 
T 
F 

x INTERRUPT 
RAMING ERROR 

OVERRUN ERROR 

~ F1 OPERATION (laF = I) 

o NO OPERATION 
1 PARALLEL UO DATA 
o SERIAL UO DATA 
I COMMAND ERROR 

Figure 27. STATUS Register Format 
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Bits 6 and 7 are receiver error flags. The framing error 
flag, bit 6, Is set whenever a character is received with 
an Invalid stop bit. Bit 7, overrun error, Is set If a charac­
ter is received before the master has read a previous 
character. If an overrun occurs, the previous character Is 
overwritten and lost. Once an error occurs, the error flag 
remains set until reset by a RESET ERROR command. A 
set error flag does not inhibit receiver operation 
however. 

Figure 28 shows the port pin definition for this applica­
tion. Port 1 Is the parallel 1/0 port. The UART uses Port 2 
and the Test inputs. P20 is the transmitter data out pin. 
It is set for a mark and reset for a space. P23 is a trans­
mitter interrupt output. This pin has the same timing as 
the TxlNT bit in the STATUS register. It is normally used 
in Interrupt-driven systems to interrupt the master proc­
essor when the transmitter is ready to accept a new data 
character. 

The OBF flag is brought out on P24 as a master interrupt 
when data is available in DBBOUT. P26 is a diagnostic 
pin which pulses at four times the selected baud rate. 
(More about this pin later.) The receiver data input uses 
the TO input. One of the Port 2 pins could have been 
used, however, the software can test the TO In one in­
struction without first reading a port. 

The T1 input is the baud rate external source. The UART 
divides this input to determine the timing needed for the 
selected baud rate. The input is a non-synchronous 76.8 
kHz source. 

Internally, when the CONFIGURE command is received 
and the selected baud rate is determined, the internal 
timerlcounter is loaded with a baud rate constant and 
started in the event counter mode. Timerlcounter inter­
rupts are then enabled. The baud rate constant is 
selected to provide a counter interrupt at four times the 
desired baud rate. At each interrupt, both the transmit­
ter and receiver are handled. Between interrupts, any 
new commands and data are recognized and executed. 

PORT PIN DEFINmON 

PORT BIT FUNCTION 

0-7 PARALLEL 110 

0 T. DATA 
I NOT USED 
2 NOT USED 
3 Tx INTERRUPT 
4 oaF INTERRUPT 
5 NOT USED 
8 NOT USED (fICK SAMPLE) 
7 NOT USED 

TO Ax DATA 

T1 EXTERNAL CLOCK (78.8 kHz) 

Figure 28. Combination UO Port Definition 



As a prelude to discussing the flow charts, Figure 29 
shows the register definition. Register Bank 0 serves 
the UART receiver and parallel 110 while Register Bank 1 
handles the UART transmitter and commands. Looking 
at RBO first, R3 is the receiver status register, RxSTS. 
Reflected In the bits of this register is the current 
receiver status in sequential order. Figure 30 shows this 
bit definition. Bit 0 is the Rx flag. It is set whenever a 
possible start bit is received. Bit 1 signifies that the 
start bit is good and character construction should 
begin with the next received bit. Bit 1 is the Good Start 
flag. Bit 2 is the Byte Finished flag. When all data bits of 
a character are received, this flag is set. When all the 
bits, data and stop bits are received, the assembled 
character is loaded Into the holding register (R4 in 
Figure 29) bit 3, the Data Ready flag, is set. The fore­
ground routine which looks for commands and data con­
tinuously, looks at this bit to determine when the 
receiver has received a character. Bits 4 and 5 signify 
any error conditions for a particular character. 

The parallel 1/0 port software uses bits 6 and 7. Bit 6 
codes the 1/0 direction specified by the last CON­
FIGURE command. Bit 7 is set whenever an 1/0 com­
mand is received. The foreground routine tests this bit 
to determine when an 1/0 operation has been requested 
by the master. 

As was mentioned, R4 is the receiver holding register. 
Assembled characters are held in this register until the 
foreground routine finds DBBOUT free, at which time 
the data is transferred from R4 to DBBOUT. R5 is the 
receiver tick counter. Recall that counter Interrupts oc­
cur at four times the baud rate. Therefore, once a start 
bit is found, the receiver only needs to look at the data 
every four interrupts or tick counts. R5 holds the current 
tick count. 

83 

32 

31 

30 

29 

28 

71 

26 

25 

2. 

23 

USER RAM 
(NOT USED) 

AC TEMP. STORE R7 

COMMAND STORE RI 

Ta STATUS-TaSTS R5 

Ta BUFFER R. REGISTER 

Ta SERIALIZER R3 BANK 1 

Ta TICK COUNTER R2 

BAUD RATE CONSTANT Rl 

NOT USED RO 

STACK 
(ONE LEVEL USED, 

STATUS STORE R7 

Ra DESERIALIZER RI 

Ra TICK COUNTER RS 

Ra HOLDING R4 REGISTER 

Ra STATUS-RaSTS R3 BANKO 

NOT USED R2 

NOT USED Rl 

NOT USED RO 

Figure 28. Combination UO Register Mep 

7 6 5 4 

RaSTS FORMAT 

3 2 1 o I 

II~: Ra FLAG - POSSIBLE START BIT 
START FLAG - GOOD START BIT 
BYTE FINISHED FLAG 
DATA READY FLAG 
FRAMING ERROR 
OVERRUN ERROR 
UO DIRECTION 
UO FLAG 

Figure 30. RxSTS Reglater 

R6 is the receiver de·serializing register. Data char· 
acters are assembled in this register. R6 is preset to BOH 
when a good start bit is received. As each bit is sampled 
every four timer ticks, they are rotated into the leftmost 
bit of R6. The software knows the character assembly is 
complete when the original preset bit rotates into the 
carry. 
An image of the upper 4 bits of the STATUS register is 
stored in R7. These bits are the TxlNT, Framing and 
Overrun bits. This image is needed since the UPI may 
load the upper 4 STATUS register bits from its accumu­
lator; however, It cannot read STATUS directly. 

In Register Bank 1 (Figure 29), R1 holds the baud rate 
constant which is found from decoding the baud rate 
select bits of the CONFIGURE command. The counter Is 
reloaded with this constant every timer tick. Like the 
receiver, the transmitter only needs to update the trans­
mitter output every four ticks. R2 holds the transmitter 
tick count. The value of R2 d.etermines which portion of 
the data Is being transmitted; start bit, data bits, or stop 
bit. The transmit serializer is R3. R3 holds the data char­
acter as each character bit is transmitted. 

R4 is the transmitter holding register. It provides the 
double buffering for the transmitter. While transmitting 
one character, it is possible to load the next character 
into R4 via DBBIN. The TxlNT bit in STATUS and pin on 
Port 2 reflect the "fullness" of R4. If the holding register 
is empty, the interrupt bit and pin are set. They are reset 
when the master writes a new data byte for the trans­
mitter into DBBIN. The transmitter Status register (Tx· 
STS) is R5. Like RxSTS, TxSTS contains flag bits which 
indicate the current state of the transmitter. This flag bit 
format is shown in Figure 31. 

TxSTS bit 0 is the Tx flag. It is set whenever the trans­
mitter is transmitting a character. It is set from the 
beginning of the start bit until the end of the stop bit. Bit 
1 is the Tx Request flag. This bit Is set by the foreground 
routine when it transfers a new character from DBBIN to 
the Tx Holding register, R4. The transmitter software 
uses this flag to tell if new data is available. It is reset 
when the transmitter transfers the character from the 
holding register to the serializer. 

Bit 2 is the Plpelined Tx Data Bit. The transmitter uses a 
pipelining technique which sets up the next output level 
in bit 2 after processing the current timer tick. The out­
put level is always changed at the same pOint after a 
timer tick interrupt. This technique ensures that no bit 
timing distortion results from different length process­
Ing paths through the receiver and transmitter routines. 
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T.STS FORMAT 

... 1 ---1-,-.... 1 ....JI l~I=:==T' FLAG - TRANSMmlNG REQUEST FLAG 
PIPELINEO DATA BIT 
START BIT FLAG 

'---------NOT USED 

Figure 31. TxSTS Register 

Bit 3 of TxSTS Is the Start Bit flag. It is set by the 
transmitter when the start bit space is set up In the Pipe­
lined Data Bit. This allows the transmitter to differen­
tiate between the start bit and data bits on following 
timer ticks. 

( INIT 

The flow charts for this application are shown in Figures 
32A-F. At reset, the INIT routine Is executed which In· 
itializes the registers and port pins. After initialization, 
IBF and OBF are tested in MNLOOP. These flags are 
tested continually In this loop. If IBF Is set, F1 Is tested 
for command or data and execution is transferred to the 
appropriate routine (CMD or DATA). If IBF=O, OBF Is 
checked. If OBF = 0 (DBBOUT Is free), the Rx Data Ready 
and 1/0 flags in RxSTS are tested. If Rx Data Ready is 
set, the received data is retrieved from the Rx Holding 
register and transferred to DBBOUT. Any error flags 
associated with that data are also transferred to 
STATUS. If the 1/0 flag is set and the 1/0 direction is In­
put, Port 1 Is read and the data transferred to DBBOUT. 
In either case, FO and F1 are set to indicate the data 
source. 

If IBF Is set by a command write to DBBIN, CMD reads 
the command and decodes the desired operation. If an 

) 

SET FRAMING 
ERROR IN STATUS 

SET OVERRUN 
ERROR IN STATUS 

Figure 32A. INIT Flow Chart 
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SET 110 
FLAG 

RESET Rx ERROR 
BITS IN STATUS 

L-____ .'-----_( MNLPI IN INIT ) 

Flgurw 32B. CMO FI_ Chart 

110 operation is specified, the 110 flag is set to Indicate 
to the MNLOOP and DATA routines that an I/O operation 
is to be performed. If the command is a CONFIGURE 
command, the constant for the selected baud rate Is 
loaded Into both Baud Rate Constant register and the 
timer/counter. The timer/counter Is started In the event 
counter mode and timer/counter Interrupts are enabled. 
In addition, the I/O port is initialized to all 1's if the I/O 
direction bit specifies an Input port. If the command is a 
RESET ERROR command, the two error flags In STATUS 
are cleared. 

If the IBF flag Is set by a data write, the DATA routine 
reads DBBIN and places the data In the appropriate 
place. If the 110 flag is set, the data is for the output port 
so the port Is loaded. If the I/O flag Is reset, the data Is 
for the UART transmitter. Data for the transmitter resets 
the TxlNT bit and pin plus sets the Tx Request flag In 
TxSTS. The data Is transferred to the Tx Holding 
register, R4. 

Once a CONFIGURE command Is received and the 
counter started, timer/counter Interrupts start occurring 
at four times the selected baud rate. These Interrupts 
cause a vector to the TIMINT routine, Figure 320. A 76.6 
kHz counter Input provides a 13.02 ,..s counter resolu· 
tlon. Since It requires several UPI instruction cycles to 
reload the counter, the counter Is set to two counts less 
than the desired baud rate and the counter Is reloaded In 
TIMINT synchronous with the second low.golng transl· 
tion after the interrupt. Once the counter Is reloaded, an 
output port (P26) is toggled to give an external indica· 
tlon of Internal counter interval. This Is a helpful dlag· 
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nostlc feature. After the tick sample output, the pipe· 
lined transmitter data In TxSTS Is output to the TxD pin. 
Although this occurs every timer tick, the plpelined data 
Is changed only every fourth tick. 

( DATA) 

Flgurw 32C. Oa'a Flow Chart 



( TIMINT ) 

SWITCH REGISTER BANK 
SAVE ACCUIIULATOR 

GET COUNTER CONSTANT 

WAIT UNTIL EXTERNAL 
COUNTER GOES LOW 

LOAD COUNTER 

Figure 320. TIMINT Flow Chart 

The receiver is now handled, Figure 32E. The RX flag in 
RxSTS is examined to see if the receiver is currently In 
the process of receiving a character. If it is not, the RxD 
input is tested for a space condition which might in­
dicate a possible start bit. If the input is a mark, no start 
bit Is possible and execution branches to the transmit· 
ter flow, XMIT. If the input is a space, the Rx flag is set 
before proceeding with XMIT. 

If the Rx flag is found set when entering RCV, the 
receiver Is In the process of receiving a character. If so, 
the Start Bit flag is then tested to determine If a good 
start bit so the Start Bit flag is set, the Rx Tick Counter 
is initialized to four, and the Rx De-serializer initialized 
to BOH. A mark indicates a bad start bit so the Rx flag is 
reset to abort the reception. 
start bit so the Start Bit flag is set, the Rx tick counter Is 
initialized to four, and the Rx deserializer initialized to 
SOH. A mark indicates a bad start bit so the Rx flag is 
reset to abort the reception. 

If the Start Bit flag is set, the program is somewhere in 
the middle of the received character. Since the data 
should be sampled every fourth timer tick, the Tick 
Counter is decremented and tested for zero. If non·zero 
no sample is needed and execution continues with 

) 

DIT 

Flgu .. 32E. RCV Flow Chart 
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XMIT. If zero, the tick counter is reset to four. Now the 
Byte Finished flag is tested to determine If the data 
sample is a data or stop bit. If reset, the sample Is a data 
bit. The sample Is done and the new bit rotated into the 
Rx deserializer. If this rotate sets the carry, that data bit 
was the last so the Byte Finished flag is set. If the carry 
is reset, the data bit is not the last so execution simply 
continues with XMIT. 

Had the Byte Finished flag been set, this sample is for 
the stop bit. The RxD input is tested and if a space, the 
Framing Error flag is set. Otherwise, it is reset. Next, the 
Rx Data Ready flag is tested. If it is set, the master has 
not read the previous character so the Overrun Error flag 
is set. Then the Rx Data Ready flag is set and the reo 
ceived data character Is transferred into the Rx Holding 
register. The Rx, Start Bit, and Byte Finished flags are 
reset to get ready for the next character. 

( 

Execution of the transmitter routine, XMIT, follows the 
receiver, Figure 32F. The transmitter starts by checking 
the Start Bit flag in TxSTS. Recall that the actual trans­
mit data is output at the beginning of the timer routine. 
The Start Bit flag indicates whether the current timer 
tick interrupt started the start bit. If it is set, the pipe­
lined data output earlier in the routine was the start of 
the start bit so the flag Is reset and the Tx tick counter is 
initialized. Nothing else is done this timer tick so the 
routine returns to the foreground. 

If the Start Bit flag Is reset, the Tx tick counter is incre­
mented and tested. The test is performed module 4. If 
the counter mod 4 Is not zero, it has not been four ticks 
since the transmitter was handled last so the routine 
simply returns. If the counter mod 4 is zero, it is time to 
handle the transmitter and the Tx flag is tested. 

XMIT ) 

( 

) 

AETA ) 

AETA 

MARK TO PIPELINED 
DATA FLAG (STOP) 

AETA 

) 

Figure 32F. XMIT Flow Chert 
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The Tx flag indicates whether the transmitter Is active. If 
the transmitter is inactive, no character Is currently 
being transmitted so the Tx Request flag is tested to 
see if a new character Is waiting in the Tx buffer. If no 
character is waiting (Tx Request Flag = 0), the Tx Inter­
rupt pin and bit are set before returning to the fore­
ground. If there is a character waiting, It is retrieved 
from the buffer and placed in the Tx serializer. The Tx 
Request flag is reset while the Tx and Start Bit flags are 
set. A space Is placed In the Tx Plpelined Data bit so a 
start bit will be output on the next tick. Since the Tx buf­
fer is now empty, the Tx interrupt bit and pin are set to 
Indicate the availability of the buffer to the master. The 
routine then returns to the foreground. 

If the tick counter mod 4 Is zero and the Tx flag indicates 
the transmitter is In the middle of a character, the tick 
counter is checked to see what transmitter operation is 
needed. If the counter is 28H (400); all data bits plus the 
stop bits are complete. The character is therefore done 
and the Tx flag is reset. If the counter is 24H (360), the 
data bits are complete and the next output should be a 
mark for the stop bit so a mark is loaded into the Tx 
Pipelined Data bit. 

If neither of the above conditions are met for the 
counter, the transmitter is some place in the data field, 
so the next data bit Is rotated out of the Tx serializer into 
the Plpelined Data bit. The next tick outputs this bit. 

At this pOint the program execution is returned to the 
foreground. 

That completes the discussion of the combination 110 
device flow charts. The UPI software listing is shown in 
Appendix C1. Appendix C2 is example 8085A driver soft­
ware. 

Several observations concerning the drivers are appro­
priate. Notice that since the receiver and input port of 
the UPI use the OBF flag and interrupt output, the inter­
rupt and flag are cleared when the master reads 
DBBOUT. This is not true for the transmitter. There is 
always some time after a master write of new transmit­
ter data before the transmitter interrupt bit and pin are 
cleared. Thus in an interrupt-driven system, edge­
sensitive interrupts should be used. For polled-systems, 
the software must wait after writing new data for IBF = 0 
before re-examining the Tx Interrupt flag in STATUS. 

Notice that this application uses none of the user Data 
Memory above Register Bank 1 and only 361 bytes of 
Program Memory. This leaves the door open for many 
improvements. Improvements that come to mind are in­
creased buffering of the transmit or received data, 
modem control pins, and parallel port handshaking in­
puts. 

This completes our discussion of specific UPI applica­
tions. Before concluding, let's look briefly at two debug 
techniques used during the development of these ap­
plications that you might find useful in your own 
designs. 

DEBUG TECHNIQUES 

Since the UPI is essentially a single-chip microcom­
puter, the classical data, address, and control buses are 

not available to the outside world during normal opera­
tion. This fact normally makes debugging a UPI design 
difficult; however, certain "tricks" can be included in 
the UPI software to ease this task. 

If a UPI is handling multiple tasks, it is usually easier to 
code and debug each task individually. This is fairly 
standard procedure. Since each task usually utilizes 
only a subset of the total number of 110 pins, coding only 
one task leaves some 110 pins free. Port output instruc­
tions can then be added in the task code being 
debugged which toggle these unused pins to determine 
which section of task code is being executed at any par­
ticular time. The task can also be made to "wait" at var­
ious pOints by using an extra pin as an input and adding 
code to loop until a particular input condition is met. 

One example of using an extra pin as an output is 
included in the combination serial/parallel device code. 
During initial development the receiver was not receiv­
ing characters correctly. Since this could be caused by 
incorrect sampling, three lines of code were added to 
toggle bit 6 of Port 2 at each tick of the sample clock. 
This code is at lines 184 and 185 of the listing. Thus by 
looking at the location of the tick sample pulse with 
respect to the received bit, the UPI sampling Interval can 
be observed. The tick sample time was incorrect and the 
code was modified accordingly. Similar techniques 
could be applied at other locations in the program. 

The EPROM version of the UPI (8741A) also contains 
another feature to aid in debug: the capability to Single 
step thru a program. The user may step thru the program 
instruction-by-Instruction. The address of the next in­
struction to be fetched is available on Port 1 and the 
lower 2 bits of Port 2. Figure 33 shows the timing used 
in the discussion below. When the Single Step input, 
SS, is brought low, the internal processor responds by 
stopping during the fetch portion of the next instruc­
tion. This action is acknowledged by the processor rais­
ing the SYNC output. The address of the instruction to 
be fetched is then placed on the port pins. This state 
may be held indefinitely. To step to the next instruction, 
SS is raised high, which causes SYNC to go low, which 
is then used to return SS low. This allows the processor 
to advance to the next instruction. If SS is left high, the 
processor continues to execute at normal speed until 
SS goes low. 

SYNC~ 
B ~~ ________ ~ 

I 

PORTS:==JElRTDATAVALI~: C 
1- -~~~~~NG _L STOPPED- __ I_ACTIVE-
~RUCTIO~ ~ 

Figure 33. Single Step Timing 
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tne UPI executes normally. When switched to STOP, the 
preset Is removed and the next low-going transition of 
SYNC causes the 7474 to clear, lowering SS. While 
SYNC Is low, the port data Is valid and the current 
Instruction Is executing. Low SYNC Is also used to ena­
ble the trl-state buffers when the ports are used as 
Inputs. When execution Is complete, SYNC goes high. 
This transition latches the valid port data In the 
74LS374s. SYNC going high also signifies that the 
address of the next Instruction will appear on the port 
pins. This state can be held Indefinitely with the address 
data displayed on the LEOs. 

When the S2 is depressed, the 7474 Is set which causes 
SS to go high. This allows the processor to fetch and 
execute the Instruction whose address was displayed. 
SYNC .2£>ing low during execution, clears the 7474 low­
ering SS. Thus the processor again stops when exe­
cution Is complete and the next fetch Is started. 

All UPI functions continue to operate while single step­
ping (the processor Is actuailly executing NOPs Inter­
nally while stopped). Both IBF and timer/counter Inter­
rupts can be serviced. The only change is that the Inter­
val timer is prescaled on single stepped Instructions 
and, of course, will not Indicate the correct intervals In 
real time. The total number of Instructions which would 
have been executed during a given Interval Is the same 
however. 

+& +& 

D 

7400 
UPI-41A 

SYNC 

I _ .... - .0.- F 0.& i"lf .. -wvr"'1"1ua ,u uau'l-

mine when to run and stop. If you would like to step thru 
a particular section of code, an extra port pin could 
replace switch S1. Extra instructions would then be 
added to lower the port when entering the code section 
and raise the port when exiting the section. The program 
would then stop when that section of code is reached 
allowing it to be stepped through. At the end of the sec­
tion, the program would execute at normal speed. 

CONCLUSION 

Well, that's It. Machine readable (floppy disk or paper 
tape) source listings of UPI software for these applica­
tions are available In Inslte, the Intel library of user­
donated programs. Also available In Insite are the 
source listings for some of Intel's pre-programmed UPI 
products. These products are: 

• 8278 Keyboard Display Controller 
• 8295 Dot Matrix Printer Controller. 

Other pre-programmed UPls are the 8294 Data Encryp­
tion Unit and the 8292 GPIB (lEEE-488) Controller. 

For information about Insite, write to: 

P21 

Pl0 

Inslte 
Intel Corp. 
3065 Bowers Ave. 
Santa Clara, Ca 95051 

74LS374 

2D 20 

1D 1Q 

8D 8Q 

74LS374 

• I OF 10 PORT · UNEB 

'" lD 10 

+5 

LATCHED 
PORT 
DATA 

Figure 34. Single Step External Circuitry 
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APPENDIX A1 

ISIS-II 1!CS-48I1J>I-41 /R:RO ASSEllll..ER. Y2. 8 

LOC ImJ SEQ SW1CE STATEIENT 

1 ; -..-.-. ................. ____ __ 

2 ; • ~I-41 8-DIGIT lED DISPUIY COOROLLER • 
3 ; _..-.-. .................. 1 I I III 1.1 I I I I I I I I I 

4 ; 
5 ; 
6 ; 
7 ; THIS PRO(JlfIt USES TIE ~I-41 AS A LEI) DISPUIY COOROLLER 
8 ; IIfICH SCfRj IN> REFRESI£S EIGHl SEYEN-SEGIENT LED DISPLAYS. 
9 ; TIE OII1.fK:TERS H DEFII£I) BY IhfUT Fmt A /lISTER CPU IN TIE 

18 ; FII!tI IF M EIGHT BIT IGI) PER DIGIT~TER SELECTION. 
11; 
12 ; 
13; 
14 ; **"** ............................ IIIIII..-.-.~ .... II_--

15 ; 
16 ; REGISTER DEFINITItwS: 
17 ; REGISTER RBi RS8 
18 ; 
19 ; RO D ISPUIY IfII POINTER lilT lJSE() 

28; R1 lilT USED lilT USED 
21; R2 DATA IGI) IN> OII1.fK:TER ST~ lilT USED 
22; R3 DIGIT InMER lilT lJSE() 

23; R4 lIlT USED lilT USED 
24 ; R5 lilT USED 1111 USED 
25; R6 lilT USED lilT USED 
26; R7 ~~ST(MlE I«IT IJSEI) 
27 ; ....... 11111 .... 11 .... 11111 .... _1111111 .... 11111 ........... ..-.-.. 

28; 
29 ;~T PIN DEFINITI~: 
38 ; PIN ~T 1 FlKTION ~T 2 FIKTION 
31 ; 
32 ; P&-7 SEGIENT DRIYER coon DIGIT DRIllER coon 
33 ; 
34 $EJECT 

All mnemonics copyrighted @ Intel Corporation 1976. 
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APPENDIX A1 (Continued) 

I.OC IBJ SEQ 5O..RCE STfITEI£NT 

J5 ; 11111111111111111111*11111111111111111111111111111111111111111111111111. 

36 ;DISPLAY DATA ao BIT DEFINITIIJI: 
'37; BIT FlKTI~ 
38; 
39; 8-4 0IIRfIC.1ER SELECT 
48; 5-7 DIGIT SELECT 
41 ; 
42 ; CINACTER SElECT: 
41 ; D4 01 D2 D1 De ctRII:TER 
44; II II II II II 
45; II II II 1 1 
46; II II 1 II 2 
47 ; II II 1 1 1 
48 ; II 1 It II 4 
49 ; II 1 II 1 ~ 
58; II 1 1 II 6 
51 ; 8 1 1 1 7 
52; 1 II 8 II 8 
51; 1 8 8 1 9 
54; 1 8 1 8 A 
55; 1 8 1 1 8 
56; 1 1 8 8 C 
57; 1 1 II 1 0 
58; 1 1 1 8 E 
59 ; 1 1 1 1 F 
68; 1 II 8 8 II 
61 ; 1 II 8 8 1 G 
62; 1 8 8 1 8 H 
63; 1 II 8 1 1 I 
64; 1 8 1 8 8 J 
65; 1 8 1 II 1 L 
66; 1 8 1 1 II N 
67; 1 8 1 1 1 0 
68; 1 1 8 8 8 P 
69; 1 1 8 II 1 R 
78; 1 1 8 1 II T 
71 ; 1 1 8 1 1 U 
72; 1 1 1 II 8 y 
71; 1 1 1 8 1 
74 ; 1 1 1 1 8 
75; 1 1 1 1 1 "BUll(" 

76 
77; 
78 ; DIGIT SELECT: 
79; 07 D6 os DIGIT IOEER 
88; II II 8 1 
81; II II 1 2 
82; 8 1 II 1 
83; 8 1 1 4 
84; 1 8 II 5 
85; 1 8 1 6 
86; 1 1 8 7 
87; 1 1 1 8 
88 ; .. 1111111111111.1111111111111111111111111111111111111111111111111111111 

89 $EJECT 

All mnemonics copyrighted @ Intel Corporation 1976. 
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LOC ImJ 

FFF1 

-_8489 
11882 88 
888l 8438 
8885 88 
IlIlII6 88 
11887 841F 

11889 os 
88IlR 81118 
8IIIIC B838 
II88E 23FF 
8818 A8 
8811 18 
8812 F8 
11813 828E 
8815 BII88 
881723F1 
881.9 62 
tIII1A 55 
881B 25 
II81.C 85 

11810 8410 

APPENDIX A1 (Continued) 

SCUCE STATEIENT 

98 ; 111111111111111 till 11111 11111 11111 II 11111 11111 11111 11111 11111 III ....... 

91 ; BItJITES 
92 ; 11£ FtlUIIItIJ COOE DESIIJfITES ·TIIE· AS A YARIfIILE. THIS 
93 ; IUJSTS 11£ 110M" IF CYCLES 11£ TIlER CWfTS I3ERE 
!H ; A TIllER INTERRlPT occtRi IN) REFRESI£S 11£ DISPLRY. fFfROXIIfiTB.Y 
95 ; 58 TIlES PER 5EC(N). 

96 TIlE EOO -eFH ; TIlER YII.lE 2. 5It5EC 
97 ; ... IIIIII ... IIIII ..... IIU.IIIII.IIIIIIIIIII ............... I .. III.III ... 

98 ; INTERRlPT BRfI«:HIIIJ 
99 ; THIS POrrI!If IF I'IEIGY IS DEDICATED FtR USE IF RESET IN) 

1811 ; INTERRlPT BRfI«:HIIIi lIEN 11£ INTERRlPTS ARE EtfIILEl) TI£ 
181 ; ewE AT 11£ F(U(JIItIJ DESIIHITED SPOTS lIRE EXECUTED IHN R 
182 ; RESET ~ A INTERRtJlT 0CClR5. 
183 ~ 8 
184 JtII START ; RESET 
185 til' 
186 JtII IIfIUT ; IBF INTERRlPT 
187 til' 
188 til' 
189 JtII D ISPLR ; TIlER INTERRlPT 
118 ; .... 1111111_11111111111111111111111111111111111111 ... 1111111tllllllill 

111 ; INITIfLlZRTI!If 
112 ; 11£ F(U(JIItIJ COOE SETS IF 11£ IFI-41 IN) DISfLRY IIRlI/fIRE. 
11l ; INTO tftRATI(Iffl. FIlMIT. 11£ DISPLRY IS 1UHI) IFF, 11£ DI5Pl..RY 
114 ;!tAP IS FILLED WITH .Bl.JN(. CIfIR:TERS, 11£ 1 IIER SET IN) TIl. 
115 ; INTERRlPTS ARE EtfIILEl). 

116 ; 
117 START: sa. 
118 IR. 
119 lIlY 
128 BI..JQIfII: lIlY 
121 lIlY 
122 III: 
123 lIlY 
124 JB5 
125 lIlY 
126 lIlY 
127 lIlY 
128 5TRT 
129 EN 
138 EN 

RBi 
P2.188H 
R8.138H 
A.18FFt\ 
I!R8,A 
R8 
A.R8 
BI..JQIfII 
RJ,188H 
A.ITIIE 
T,A 
T 
TOOl 
I 

; TIIIN DIGIT DRI~ IFF 
; DISPLRY !tAP POINTER. BOT11II IF DISPLRY !tAP 
; FF:·Bl.JN(· 
; Bl.JN( TO DISfLRY !tAP 
; It«:REIENT DISfLRY IfF POINTER 
; DISPLRY !tAP POINTER TO 1D:tJllRT~ 
; Bt..fN( DISPLRY !tAP TILL FILl£I) 
; SET DIGIT COJfTER TO 8 
; TIlER YILt.( 
iLlR TIlER 
; STfIRT TIlER 
i EJRII..E TIlER INTERRtJlT 
iEIRI.EIBFINTERRlPT 

131 i 11111111111111111111111111111111111111111111111111111111111111111111111. 

132 ; USER PIDRII 
133 ; A USERS PIDRII IOIJ) INn IfLIZE AT THIS POINT. nE FIlUIIItIJ 
134 ; COOE IS USED TO TftI(E 11£ PUa IF A POSSIBLE USER PROR. 
135 ; 
136 ; 
137 LOCI': JtII LIXP ; WRIT F~ INTERRtJlT 
138 i 11111111 .. 11111 .. _ ... 111111111111 .. 11111 ..... 11111 .................. 

1l9fEJECT 
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lOC m.J 

881F D5 
8IJ28 IF 
11821 8fI88 
11823 FB 
81124 4338 
8IJ26 fill 
8827 Fe 
8828 39 
8829 FB 
882fI 3A 
8828 18 
IIII2C D387 
882E 9632 
8838 l1li88 
8832 2JF1 
8834 62 
8835 55 
8836 FF 
8837 93 

APPENDIX A1 (Continued) 

148 i ... 11111111111111111111111111111111111111111111111111111111111111111111 

141 i DISPUW ROOTItE 
142 i lHIS fl(ln"IIIf IF THIS fIR(ORI IS fIN INTERfttFT ROOTIrE IItIDI IS 
143 i II:TED !lUI tID 11£ TIlER IXUfT IS aJIII..£1B). 11£ ROOTIrE IFDflTES 
144 ilJ£ DISPlR't' DIGIT FD 11£ DISPUW lIP PER INTEIIJdPT SEIlENTIfUY, 
145 i TIllS EIIJIT TItER INTERRtPTS IIIll III't'E REfRESIEI) 11£ ENTIRE DISPUW. 
146 i REGISlER BfN( 1 IS SElECTED III) 11£ ~ IS SIIYED !lUI 
147 i ENTERIIIi 11£ ROOTIt£. IKE 11£ DISPUW IRi BEEN REfRESIEI) 11£ TIlER 
148 i IS RESET III) TIE fDlIU.ft1.- III) PRE-INJERRIPT REGISlER IIfNC IS RESTOB. 
149 i 

158 DISPlA: SEI.. 
151 lIlY 
152 IIil. 
153 lIlY 
154 IIil. 
155 lIlY 
156 IIlV 
157 00Tl 
158 lIlY 
159 00Tl 
168 It«: 
161 lR 
162 JNZ 
163 lIlY 
164 SErIIE: lIlY 
165 lIlY 
166 STRT 
167 lIlY 
168 RETR 

RBi 
R7,A 
P2.188H 
ft.R3 
A..38H 
R8.A 
R.I. 
PLA 
A.R3 
P2.A 
R3 
A.187H 
SErIIE 
Rl.188H 
A..TIIE 
T,A 
T 
A.R7 

i REGISTER BIN( 1 
iSfWE~ 
iTURN DIGIT DRIVERS OFF 
iDIGIT COMTER TO ~ 
i " .. " TO I£T DISPUW lIP fIlORESS 
i DISPUW lIP POINTER 
i I£T CIIIR:TER FD DISPUW lIP 
i WTPU1 tIIIIKlER TO SEIJENT DRIYERS 
iDIGIT COMTER YII.IE TO ID:tIU..RTIR 
i OOTPUT TO DIGIT DRIYERS 
i It«:REJENT DIGIT COMTER 
i DIECK IF AT UIST DIGn 
i RESET TIIH IN NOT UIST DIGIT 
iRESET DIGIT COMTER 
i TIlER YII.IE 
iUR) TIlER 
i STRRT TIlER 

iRETURN 
16!) i 1111111111111111111111111111111111111111111111111111111111111111111111 

178 SEJECT 
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LOC !aT 

8938 D5 
8939 IF 
893A 22 
8938 AA 
893C 47 
8930 77 
893E 5387 
8948 4338 
8942 AS 
8943 FA 
8944 531F 
8946 E3 
8947 AA 
8948 D37F 
894A C658 
894C FA 
894D All 
894E 9453 
Il858 FA 
8951 59 
8952 All 
8953 FF 
8954 93 

APPENDIX A1 (Continued) 

SEQ SOlRCE STATElENT 

171 ; 
172 ;******** ....... IIIIIIt .. IIIIII.IIIIIII .. I .. II .. IIIIII .............. _ 

173 ; ItflUT ClflRACTER IN) DIGIT ROOTIt£ 
174 ; THIS ~TI~ IF TIE PR(Q!ItI IS ~ INTERRtFT ROOTlt£ IfIICH 
175 ; IS ACTED tFOO lIEN T1£ IBF BIT IS SET. TI£ ROOTIt£ ocrs TIE 
176 ; DISPLAY DATA 01) FR!JI TI£ DBB ffI) DEFlt£S B01H TI£ DIGIT ffI) 

177 ; TIE ~TER TO lIE DISPLAYED. THIS IS Da£ F1i I'EII6 IF A 
178 ; ClflRACTER LOCfI-IF Tflll..E ffI) A DISPLAY I'IAP F~ DIGIT fill) CIfIRflCTER 
179 ; LOCATI~. SPECIAL ~IDERATI~ IS TII<EN F~ A DECIIR. POINT IfIICH IS 
188 ; SIR Y fI)[)E]) TO TIE EXISTING ClflRACTER IN T1£ DISPLAY I'IAP. REGISTER 
181 ; BAN< 1 IS SELECTED ffI) T1£ fICCtJU.fIT~ IS SAYED tFOO ENTERING 
182 ; THE ROOTINE. HE T1£ DATA 01) IffS BEEN FIl.LY DEFINED 1HE fICCtJU.fI~ 
183 ; IN) T1£ PRE- INTERRtI'T REGISTER BAN< IS REST~. 
184 ; 
185 ItflUT: sa 
186 IIJY 
187 IN 
188 IIJY 
189 SIIIP 
198 RR 
191 IlL 
192 IH. 
193 IIJY 
194 IIJY 
195 IlL 
196 PIlYP3 
197 IIJY 
198 XRI.. 
199 JZ 
289 IIJY 
281 PlOY 
282 JIF 
283 DPOINT: IIJY 
284 IlL 
285 IIJY 
286 RETtI1N: IIJY 
287 RETR 

RBi 
R7,A 
A,DBB 
R2.A 
A 
A 
A,187H 
A,138H 
R8,A 
A,R2 
A,11FH 
A,1fI 
R2,A 
A,17FH 
DPOINT 
A,R2 
@R8,A 
RETtI1N 
A,R2 
A,@R8 
@R8,A 
A,R7 

; REGISTER BAN< 1 
; SAVE fICCtJU.fIT~ 
;CiET DATA 
i SAVE DATA 01) 

; DEFINE DIGIT LOCATI~ 

; DIGIT LOCATI~ IN DIGIT POINTER 
; SAYED DATA 01) TO ACWU..ATOR 
; DEFIt£ ClflRACTER LOO<-IF-TfIII..E LOC. 
; ocr OIlROCTER 
; SAVE ClflRACTER 
; IS ClflRACTER DECIIR. POINT 

; SAYED CIfIRACTER TO fICCtJU.fIT~ 
; ClflRACTER TO DISPLAY 1ft! 

; SAYED ClflRACTER TO ACCtIllAT~ 
; "IN)" WITH ll.D ClflRACTER 
; IRK TO DISPLAY I'IAP 
; RESTORE fICCtJU.fIT~ 

288 ; ******** ..... -..-.. ••••••• _ ........... _ .. _ ... _. 
289 $EJECT 
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APPENDIX A1 (Continued) 

LOC OOJ SEQ 5O..RCE STATEIIENT 

2111 ; __ ..... 11 ............... __ .......................... -

211 ; LOO<-lP TABLE 
212 ; THIS UO<-lP TABLE ~IGltflTES IN PI&: 1 CF TI£ 1FI-41 PROORfIt 
21J ; Je[RY. IT 15 USED TO DEFII£ TI£ ctmCT LEVEL CF EfDt SEGIENT 
214 ; fI{) DECIIR. POINT F~ A SELECTED ~TER FR01 TI£ Itf'UT ROOTII£. 
215 ; INVERSE LOOIC IS USED BECflJSE CF TI£ SPECIFIC DRIllER CIRCUITR'r', TIIJS 
216 ; A 1 III A G I YEN SEGIENT lEANS IT IS OFF IN) A II I£ANS IT 1 S ell. 
217 ; 
218 ; -.sEGlENTS'--

1IJ1111 219 ~ 389H ;OP G F E I) C B A 
113118 CII 2211 CHB: DB IlCIIH ;1 1 II II 9 9 9 9 
9J91 F9 221 CHi: DB 9F9H ;1 1 1 1 1 9 9 1 
1IJ92 A4 222 00: DB 9A4H ;1 9 1 9 9 1 9 9 
9J111 B9 22J 00: DB IJB9H ;1 9 1 1 9 9 9 II 
9384 99 2240+4: DB 99H ;1 9 9 1 1 9 9 1 
1IJ115 92 225 CH5: DB 92H ;1 9 9 1 9 9 1 9 
9J116 82 226 016: DB 82H ;1 9 9 9 9 9 1 9 
9J117 FB 227 00: DB 9FSH ;1 1 1 1 1 9 9 9 
9388 88 228 CH8: DB 8IIH ;1 9 9 9 9 9 9 9 
9399 98 229 00: DB 98H ;1 9 9 1 1 9 9 9 
9311f1 88 2JII CHA: DB 88H ;1 9 9 9 1 9 9 9 
9J118 81 211 CIII: DB 8JH ;1 9 9 II II 9 1 1 
9JIIC C6 2J2 CI«:: DB 9C6H ;1 1 II 9 9 1 1 9 
9la) Ai 211 00: 1)8 !lA1H ;1 9 1 II 9 9 9 1 
9JIIE 86 214 CI£: DB 86H ;1 9 9 9 9 1 1 II 
9JIIF BE 2J5 elF: DB BEH ;1 9 9 9 1 1 1 II 
91197F 2J6 CIIlP: DB 7FH ;9 1 1 1 1 1 1 1 
91U C2 217 00: DB 9C2H ; 1 1 9 9 II 9 1 9 
911289 2J8 CHH: DB 89H ; 1 9 II 9 1 9 9 1 
1I1iJ FB 219 CHI: DB 9FBH ;1 1 1 1 1 II 1 1 
9114 El 249 00: 1)8 9E1H ;1 1 1 9 9 II II 1 
9115 C7 241 CIL: DB 1IC7H ;1 1 9 II 9 1 1 1 
9J16 Fe 242 CHN: ()8 IIABH ;1 II 1 9 1 9 1 1 
9117 Al 241 00: DB 9AJH ; 1 9 1 9 II 9 1 1 
91188C 244 01': DB 8CH ;1 9 9 9 1 1 9 II 
9119 AF 245 ~: DB 8AFH ;1 II 1 9 1 1 1 1 
911A 87 246 00: DB 87H ;1 II II II II 1 1 1 
11118 Cl 247 00: DB 1IC1H ; 1 1 9 9 9 9 II 1 
1I11C 91 248 00: DB 9tH ;1 9 II 1 II II II 1 
11111) BF 249 CIIlfISH: DB 9BFH ;1 9 1 1 1 1 1 1 
1I11E F1) 258 DIIPOS: DB 9FDH ;1 1 1 1 1 1 II 1 
1I11F FF 251 BLAN<: DB 9FFH ;1 1 1 1 1 1 1 1 

252 ; ._ •• __ ... -*-..... 1 ......... _ .... 11111 ....... _ 

25J 00 

USER SYItl(l5 

BLAN< 1I11F BlJ(JfF IlIIIIE CHB 113118 CHi 1IJ91 CH2 9J92 00 IIJ111 0+4 9384 CH5 IIJ115 
016 1IJ116 00 9J117 CH8 9J118 00 11399 OIl 11311f1 CIII'OS 1I11E tie IIJ118 CHC IIJIIC 
00 lila) CIt)A5H 11111> CIIlP 11119 CI£ lillIE elF IIJIIF 00 1I1U CHH 9112 CHI 1131J 
CHJ 11114 CHL 9115 CHN 11116 00 9117 UP 11118 ~ 11119 elff 911A 00 11118 
00 1I11C D ISPlA II91F !)POINT 8Il59 IIfIUT 1lIIJ8 LlXF IlIJ1I) RETmI IlIJ5J SETIlE 1lII12 ST~T IlIJ99 
TIlE FFF1 

ASsetBI.. V WRETE, NO~ 
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48118 
_5 
IIIlIl2 
_4 

48118 E5 
4IlIl1 CS 
4882 2fI284Il 
48115 Il68Il 
48877E 
4888 E61F 
48IIA 811 
488B 4F 
488C CD1D4Il 
488F 78 
48111 C62iI 
4Il12 DA1A48 
4815 47 
4816 23 
4817C38748 

4II1A C1 
4Il1B E1 
481C C9 

4810 DIlE5 
4Il1F E6D2 
4821 C21D411 
4824 79 
4825 DlE4 
41127 C9 

IIIlIl2 

APPENDIX A2 

SEQ 5(OCE STATEI£NT 

1 ; 
2 ; 8885A Sl8!OUTII£ TO DISPUIY TIE HIGIT BlFFER STARTIItJ 
3 ; AT THE LOCATIIW POINTED AT f10I /lSG5RT ON TIE lI'I-ctMRru.ED 
4 ; LEI) DISPlAY. 
5 ; 
6 ; INPUTS: I'ISGSRT - IIESSfKE START LOCATION POINTER 
7 ; DESTROYS: It FIF'S 
8 ; CALLS: OOTCHR 
9 ; 

111 IRl 4IlIlIIH 
11 STATUS EQU IIE5H ; lFI STATUS P!RT 
12IBF EQU Il2H ; lPl IBF Fli6 IIISK 
13 DBBIN EQU 1IE4H ; lI'I DBBIN flIRT 
14 ; 
15 DSPlAY: PUSH H ; SAVE It. 
16 PUSH S ;5IM Be 
17 LIl.D ItSGSRT ; L(R) It. ItITH IIESSfKE START fIDR 
18 ItVI 8.8911 ; INlTlfl.IZE DIGIT CWfTER 
19 S1: I10Y A," ; GET CIR FRa'I BlFFER 
211 ANI 1FH ; I'RCE IT 5 SIlS 
21 II)!) S ; II)!) IN DIGIT CWfIER 
22 PlOY C,A ; SAVE TOTAl.. IN C 
23 CALL OOTCHR ; OOTPIJT CIR PLUS LOCATIIW TO lPI 
24 I'IlY ItS ; GET DIGIT IXUflER 
25 11>1 2IlH ; INC FOR NEXT DIGIT 
26 JC ~IT ; D!WE IF CARRY SET 
27 I'IlY S,A ; RESTtJIE DIGIT CWfTER 
28 INX H ; INC IESSI& POINTER 
29 JIll S1 ; GO GEl NEXT CIR 
38; 
31 EXIT: f(JI S lREST. Be 
32 P(JI H ;R£ST. It. 
33 RET ; RETI.f!N 
34 ; 
35 ; SUlROOTII£ TO OOTPIJT CIR TO lI'I 
36 ; 
37 OOTCIR: IN STATUS ; REfI) lI'I STATUS 
38 ANI IBF ; LOOC AT IIIF 
39 JNZ OOTCIR ; IfIIT UNTIL IBF=€! 
48 I'IlY ItC ; GET CIR 
41 OOT DBBIN ; OOTPUT CIR TO IJI I DBBIN 
42 RET ;RET\.eI 
43 ; 
44 ItSGSRT: DS Il2H ; LOCATIIW OF I£SSAGE START POINTER 
45 ; 
4600 
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lOC IIIJ 

APPENDIX B1 

1; •• 11111111111111111111111111111111111111111111 

2 ; • 1F1-41R ~ 'II11UX CIIfiRW.ER • 
3; 1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIItlIIIIIIII 

4 ; 
5 ; THIS PR(ORI USES 11£ 1F1-41R AS A ~ IlATRIX CIJfJRII..I..fR 
6 ; IT IllS IOUlllUtii CfIIfIIILlTlES IF IF TO 128 SEN!iIE. "liE CWd>ltfllE 
7 ;111) ~ STATUS IF EIDI DETECTED ClINE IS IMIIUIU TO 11£ IlASTER 
8 ; "ICR(J'IRQCE5SIR IN A SIIRE BYTE. A 48X8 FIFO QtEtE IS PROVIDED f~ 
9 ; DATIl IIlFFERINl BOTH IIImIfIRE ~ POJ.EI) INTERRtPT IIElIIJ>S CfW BE USEI) 

18 ; TO NOTIFY 11£ ~ IF A DETECTED ~ aRIlE. 
11; 
12; 11111111111111111111111111111111111111111111111111111111111111111111111 

13; 
14 ; REGISTER DEFINITIIJfS: 
15 ; REGISTER RBQ RBI 
16; 
17 ; R8 ~TRIX !IF POINTER NOT USED 
18; R1 FIFO POINTER NOT USED 
19; R2 SCM ROI SELECT I«lT USED 
28; R3 co. .... CWfTER NOT USED 
21; R4 FIFO-IN NOT USED 
22; R5 FIFo-GlT NOT USED 
23; R6 ClINE 1m) NOT USED 
24; R7 COfftRE NOT USED 
25; 
26 ; •• 11111 tllllllllIlIlllIlIlllIlIlllIlllIlIlllIlIlllllIllllllI •• 111111111 

27 ; 
28 ; PIIU PIN DEFINITIIJfS: 
29; 
38 ;PIN 
31;-
32 ;P8-7 
33; 
34; 
35; 
36; 

I!(Jff 1 AKTION PIN 

co..IJIf lirE IIflUTS P8-3 
P4 
P5 
P6-7 

ROI SElECT OOTPUTS 
FIFO NOT EItP1V INTERRtPT 
IIlF INTERRtPT 
NOT USED 

37 ; til 11111 11111 11111 11111 11111 11111 11111 11111 11111 III 11111 11111 II 11111 I II 

38; 
39 $EJECT 
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APPENDIX B1 (Continued) 
.. ~ .. ...,. •• IRA. """'" IU I uc.r ,lIU uun: 
43 ; 
44 i BIT RJ«:TIm. 
45 ; 
46; D8-6 ~ WR>IIfITE 
47 ; D7 SEN5(R STRTUS 
48; 
49 ; ........ 1111111 ...... 11111111 ................ 1111111111" ... 11111 ..... ... 

58; 
51 ; STRTUS REGISTER BIT DEFINITI,*: 
52; 
53; BIT RJ«:TI,* 
54; 
55; De (&' 

56; Di-3 IBF. Fe. F1 (lilT USED) 
57; D4 FIFO lIlT EIFTY 
58; 1>5-7 USED DEFIrID (1Il1 USED) 
59 ; 
68 ; ... 11111111111111111111111111111111111111111111111111111111111.11111111 

61 ; 
62 ; EQlfITES 
63; 
64 ; TI£ FOLLOWIIil CODE DESIGNATES TIm YfIRIfllLESi SCfIITII. FIFIBI 
65 ; IN) FIFOTR. SCAN1lI fl>JUSTS TI£ LEI«lTH IF A DELAY BETI&N 
66 i SCfNIIIIl SWITCH. THIS SIIlLATES I>E8OIKE RJ«:TI~. FIFOBfI 
67 i 15 THE BOTTOII fIlDRESS IF THE FIFO. FIFOTA IS TI£ llF fI>ORESS 
68 ; IF TI£ FIFO. THIS IllKES IT POSSIIILE TO IIWE A FIFO 3 TO 48 
69 ; BYTES IN 1.EI«lTH. 
78; 
71 ; .... ......-.. ... 111111111111111 .... 11111111111111111111 .. 11111 ... 

72; 
73 SCAN1lI EQU 
74 FIFIBI EQU 
75 FIFOTR EQU 
76 ; 
77 $EJECT 
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; SCfIf TIlE fI)JUST 

;FIFO BOTTOII ADDRESS 
; FIFO TIF fI>DRESS 



-_B83F 
8IlIl2 BfIIIF 
881M BC88 
l1li86 IID2F 
8IJ88 89FF 
IIIIIIR 23811 
8III!C 98 
88IJI) FA 
8IIIIE ]A 

888F 89 
11818 R8 
8811 FA 
11812 C618 
8814 C8 
8815 CA 
8816 8480 
8818 BII18 
8IJ1JI FA 
881B ]A 

881C F5 

APPENDIX 81 (Continued) 

5(UCE STfITEJENT 

78 ; 1IIIIIttttllllllllllllllllllllllllllllllllllllllllllllllili II 11111 aU 

79; 
88 ; INITIII..IZRTIIJf 
81; 
82 ; 11£ PROORAII STRRTS AT 11£ FllllJlltii COOE ~ RESET. WITHIN 
83 i THIS INITIII..IZRTIIIf SECTIIIf 11£ REGISTERS 111fT IIIINTRIN 11£ IIITRIX 
84 i IIIIP. FIFO III) RIll SCfIffltli fIlE SET IF. f(RT 1 IS SET HIIJI F~ USE 
85 ; AS ,.. ItfIUT f(RT F~ 11£ CIl.IIIt STRlUS. BIT 4 (F STRlUS REGISTER IS 
86 ;IIlITTEN TO COft'EY A FIFO BPTY aN>ITIIIl lIE INIllII.. CIl.IIIt STATUS 
87 ; (F II..L 11£ RIllS IN 11£ SEN!D IIITRIX IS l1EN RBI) INTO 11£ IIITRIX 
88 ; IIIIP. IKE 11£ IIITRIX IIIIP IS FILLED TI£ IIlF INlERRIJIT (P(RT 2-4) IS 
89 ; BfIl.EI). 

91 ; 11111111111111111111111111111111111111111111111111111111111111111111111 

92; 
91 IItG 
94 nu11tX: lIlY 
95 lIlY 
96 lIlY 
'17 lIlY 
98 IR. 
99 lIlY 

118 lIlY 
181 FIWIX: lIlY 
182 001l 
183 IN 
184 lIlY 
185 lIlY 
186 12 
187 DEC 
1118 DEC 
189 .lIP 
118 IIlFINT: lIlY 
111 lIlY 
112 001l 
113 EN 
114 ; 
115 $EJECT 

• Re.'3FH 
R2.18FH 
R4.IFIF(IlfI 
R5.IFIFOTA 
PLI8FFH 
A.188H 
STS,A 
A.R2 
P2.A 
A.Pl 
aA 
A.R2 
IIlFINT 
Re 
R2 
FIWIX 
R2.118H 
A.R2 
P2.A 
FUE 

; IIITRIX IIIIP POINTER REGISTER. lIP fI>DRESS 
; SCAN RIll SELECT REGISTER. llP RIll 
; FIFO ItfIUT IIlDRESS REGISTER.IIOTTIJI (F FIFO 
; FIFO OOTPUT fI>DRESS REGISTER. llP (F FIFO 
; INITIII..IZE f(RT 1 HIIJI FIJ( ItflUTS 
; INITIII..IZE STAlUS REGISTER. fIFO ElFlY 
; illITE TO STRlUS REGISTER. BITS 4-7 
; SCAN RIll SELECT TO ~ 
; OOTPUT SCAN RIll SELECl TO f(RT 2 
; ItfIUT CIl.IIIt STATUS f(RT 1 
; lJR) IIITRIX IIIIP WITH to..lIIt STRlUS 
; CIECK SCAN RIll SELECT REGISTER Yfl.1E F~ • 
; IF • BRIL.E IIlF INTERRtJIT 
; DECREJENT TO IElCT IIITRIX IIIIP fI>DRESS 
; DECREJENT TO SCAN IElCT RIll 
; FILL IElCT IIITRIX IIIIP fI>DRESS 
; BIT 4 HIIJI IN RIll SCAN SELECT REGISTER 
; RIll SCAN SELECT Yfl.1E TO ~ 
; INITIII..IZE P(J(T 2. BIl 4 ~ "EN FUE" 
; BfIILE IIlF INTERRtPT PIRJ 2. BIT 4 
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LOC (8J 

11811) FA 
II81E 538F 
IIIl28 C626 
81122 C8 
8823 eft 
9824 II42C 
8826 B83F 
11828 FA 
8829 438F 
8828 ~ 
Il82C FA 
8821) 3ft 
882E IIII8F 
II8J8 EB38 
Il832 89 
8833 28 
Il8l4 OIl 
II8J5 IF 
11836 C669 

APPENDIX 81 (Continued) 

SEQ SIUCE STAIDENT 

116 i_ .. tllll ...... IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII .. tllll .... 
117 i 

us i 

Wi 
128 ; TIE FW.!IIlrIi COOE IS TIE 513 III) CIIfARE SECTIIIf IF TIE PRIXHIt 
121 i tJIIIf ENTERlrIi THIS SECTIIIf A CI£CI( IS IIIlE TO SEE IF lIE ENTIRE IIITRIX 
122 i IllS BEEN SCfIfEI). IF so TIE REGISTERS TIIIT IIIINTAIN TIE IIITRIX "'" III) RIll 
123 i SCfHUrIi fIRE RESET TO TIE BEGIIffIrIi IF TIE SENSOR IIITRIlC. IF TIE ENTIRE 
124 i IIITRIX IIISNT BEEN SCfIfEI) TIE REGISTERS Ir«:ReENT TO 513 TIE t£X1 RIll. 
125 i FRIll THIS POINT IIf TIE RIll 513 SELECT REGISTER IS USED F~ 00 AJ«:TIIIfS. 
126 iBITS 8-3 ~ SCfHUrIi III) BITS 4 III) 5 ~ TIE EXTERtR. INTERRlFT5. 11llSLY 
127 i fU ~ IF TIE REGISTERS IS 1)(1£ BY LOOICfUY IIISKIrIi IT so AS TO IH.Y 
128 ilFFECT TIE AJ«:TIIif DESIRED. IKE TIE REGISTERS ARE RESET, lIE RIll IF llE 
129 i SENSOR IIITRIX IS SCfIfEI). A DELAY IS ~ TO fl)JUST ~ 513 TIlE 
138 i (DEIlIXII:£)' A BYTE IF ro.~ STATUS IS TIEN REfI) INTO TIE IIITRIX ""'. 
131 iAT TIE TIlE TIE 161 ro.~ STATUS IS CIIfARED TO TIE ILD. TIE RESlLT IS 
132 iSTORED IN TIE CIIfARE REGISTER TIE PIDJRI IS TIEN ROOTED fK:C(eIrIi 10 
133 i II£11ER ~ till A ClINE IllS DETECTEI). 

134 ; 
135 i 11111111111111111 ......... 111111111111 .. 1111111111111111111111111111. 

136 i 

137 fl)JREG: lIlY 
138 IN. 
139 JZ 
148 DEC 
141 DEC 
142 JIF 
143 RSETRG: lIlY 
144 lIlY 
145 IR.. 
146 lIlY 
147 SCINIX: lIlY 
148 OOTL 
14' lIlY 
158 DELAY2: DJNZ 
151 IN 
152 XCII 
153 XR1. 
154 lIlY 
155 JZ 
156 i 

157 *EJECT 

1tR2 
ItI8FH 
RSETRG 
R8 
R2 
SCINIX 
R8,I3FH 
1tR2 
ItI8FH 
R2.A 
1tR2 
P2.A 
RJ, ISCfIfflI 
RJ,DELAY2 
A,Pi 
ItI!R8 
ItI!R8 

i 513 RIll SELECT TO 1D:tIUJI~ 
iCl£Cl( ~ 8 513 Yfl.tE IH.Y,tIlT INTERRtPT 
i IF 8 RESET REGISTERS 
i DECREI£NT IIITRIX "'" POINTER 
.; DECREI£NT SIB RIll SELECT 
i 513 IIITRIX 
i RESET IIITRIX "'" POINTER REGISlER. TIF IIlDRI:SS 
i 513 RIll SELECT TO ID:tIUJIT~ 
i RESET 513 RIll SELECT, til INTERRIFT ClINE 
i 513 RIll SELECT REGISTER 
i 513 RIll SELECT TO fUUU.fI~ 
i OOTPUT 513 RIll SELECT TO PUrr 2 
i SET DELAY F~ IXTJPUT 513 TIlE 
iDELAY 
i ItFUT ro.~ STATUS FRIll PUrr 1 TO ~ 
i STORE 161 ~ STATUS SIWE ILD IN 1D:tIUJIT~ 
i CIIfARE ILD WITH lEN ro.~ STATUS 
i SIWE CIIfARE RESlL T IN CIJIIARE REGISTER 
i IF TIE SIIIIE. CI£CI( IF FIFO IS All 
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LOC ~ 

IJ838 IIBII8 
II83A CB 
IJ838 F8 
883C 77 
883D All 
II83E FF 
Il8JF 77 
8IM8 11= 
8841 F245 
8843 8469 
81145 FA 
11846 53IIF 
8IM8 £7 
8849 £7 
IIIMft £7 
81148 48 

II84C IE 
11840 F8 
II84E 5388 
8IJ58 4E 
8851 IE 

APPENDIX 81 (Continued) 

158 i 111111111111111111111111111111111111111111111111111111111111111111111111 

159 i 
168 i CfINE IUD Et«:II)ItIl 
161 i 

162 i TIE FIWJlItil COOE IS TIE CfINE IUD Et«:II)ItIl SECT lilt THIS 
163 iSECTIIII IS lillY ElCEClIJB) IF R CfINE 1ft) 1lE'JECnD. TI£ CWIIf CWfTER 
164 i IS SET fit) DECREJIENTEI) TO DESIIIfifE EfDt IF TIE 8 CfLIII6. TIE WFfIIE 
165 i REGISTER IS LOOKED AT lIE BIT AT A TIlE TO FIN> lIE EXf£T LOCRTIIII IF 
166 iTIE CfINE(S). II£N A CfINE IS FlUI) IT IS Er«:OOED BY GIYItil IT A 
1fi7 i COIR>ItfITE RR ITS LOCRTIIIt THIS IS DO£ BY COIIINItil TIE PRESENT VALlE 
168 ; IN TIE ROI SCAN SELECT REGISTER fit) TI£ CWIIf ClUnER. TIE fK:11R. STATUS 
169 i IF TIIIT SEN!D IS ESTABLISI£I) BY LIXICItil AT TIE COIRESPIJI)ItIl BYTE IN 
178 i TIE rmRIX lIP. THIS STATUS IS COIIIIB WITH TIE COIR>lfflTl; TO ESTABLISII 
171 i TIE CfINE IUD. TIE CfINE IUD IS TIEN STOIEJ) IN TIE ctRIE IUD REGIsrnt 
172 i 
173 i 1111111111111111111111111111111111111111111111111111111111111111 ..... 

174 i 

175 lIlY 
176 RRUXIC: DEC 
177 lIlY 
178 RR 
179 lIlY 
188 lIlY 
181 RR 
182 lIlY 
183 JB7 
184 .lIP 
185 BOllE: lIlY 
186 IN. 
187 RI.. 

188 RI.. 

189 RI.. 

198 IR. 
191 
192 
193 
194 
195 
196 
197 i 

198 $EJECT 

lIlY 
lIlY 
IN. 
IR. 
lIlY 

RJ,I8IIH 
R3 
ItIRe 
A 
IRe, A 
1tR7 
A 
R7,A 
BOllE 
aFRI. 
1tR2 
ItI8FH 
A 
A 
A 
1tR3 

R6..A 
It IRe 
ItI8lH 
1tR6 
R6..A 

i SET CWIIf CWfTER REGISTER TO 8 
i DECREIENT CWIIf WJfJER 
i CfL~ STATUS TO fUI.IU.I1T(Iit 

i ROTATE CfL~ STATUS RIIIfT 
iROTflTED CWIIf STIIlUS Bfa 10 IIITRIX lIP 
i WFfIIE REGISTER YRLIE TO fUI.IU.I1T(Iit 

i ROTATE WFfIRE YRLIE RIIIfT 
i ROTATED WFfIIE YRLIE TO WFfIRE REGISTER 
i lEST BIT 7 IF CfINE IlE'JECnD EfDIlE DRI£ IUD 
i IF III CfINE IS DETEtTEJ) CI£CK RR FIFO All 
i SCAN lUI SELECT TO IUlIU.ATOR 88IIIlOOOC 
; ROTATE lillY SCAN VALlE 
i ROTATE LEFT 8IJIJXXXX8 
i ROTATE LEFT 88lOOCX88 
i ROTATE LEFT 8XXIClM 
i ESTABLISH IIITRIX COIR> ItfIfT 8lOOOOCOC 
i (OR) CWIIf cotII1ER YRLIE WITH IICClIIlJITOR 
i SAVE COIR>IrRfT IN CfINE IUD REGISTER 
i CWIIf STATUS FROt IIITRIX lIP TO IICClIIlJITOR 
i8 ALL BIIS BUT BIT 7 
i (OR) SEN!D STATUS WITH COIR>ltfITE RR COIPt..i:TED CfINE IUD 
i SAVE DRI£ IUD XXXXXlOOC 
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81152 FC 
8853 fI9 
81154 FE 
8855 A1 
8856 2318 
(1858 98 
8859 8f\28 
885B FA 
885C 4328 
885E !WI 
885F 232F 
8861 DC 
8862 C667 
8864 1C 
8865 0469 
8867 BC88 
8869 FC 
886A 00 
886B 9671) 
8861) 86Q) 

886F 2l2F 
887100 
8872 Cfil7 
8874 10 
8875 8479 
8877 BD88 
8879 FI) 

887R fI9 
8878 F1 
887C 82 
887D FB 
887E 963A 
8888 2388 
8882 DC 
8883 C68C 
8885 FC 
8886 87 
888700 

281 ; 
282 ; 

APPENDIX 81 IContlnlUlun 

FIFO-DBIIOOT IRRlEIENT 

283 ; '0£ F!ll(lllflj COOE IS '0£ FIFO-DBllOOT IRRlI:IENT SECTII* IF Ttf 
284 ; PRIQIfIt THIS SECTII* TAICES ~ Et«:OOED CtR«E laO IN) LIR>S IT INTO 
285 ;'0£ FIFO. '0£ FIFO tilT E1PTY INTERRtPT IS TI£N SET IN) '0£ FIFO-IN 
286 ; POINTER lETS \.FOATEO. A FIFO FlU ClJl)ITII* IS TID CIECKED F~ IN) 
287 ;ROOTEO IUCJDIr«LY. IF BOTH TI£ FIFO IN) _ IfIYE CtR«E IDDS '0£ 
288 ; PRDfII LOCKS If LMIL THIS IllS CIINlED. IF '0£ FIFO ISNT FlU co..~ 
289 ; CWflER= 8. FIFO EIPTY IN) _ ClJl)ITIII6 lIRE CIECKED. '0£ FIFO-OOT 
218 ; POINTER IS SET fIN) DBIIOOT IS L(R)EJ) IF '0£ FIFO ISNT E1PTY IN) _ ISNT 
211 iSET. IF THIS ISNT '0£ SIMTI,*, PtmRI FL(II IS RWTEJ) IRK 10 '0£ 
212 ; TI£ ~ fIN) CQfIfIRE SECTII* TO ~ '0£ t£XT RIll. 
213 ; 
214 ; I I II II I III I 111111 I I I II I II II I III I I I I II I I I 1111 I I I I 1111 I I I I I I I I I I I I I III I 

215 ; 
216 LIRFF: lIlY 
217 lIlY 
218 lIlY 
219 lIlY 
228 STfITI£: lIlY 
221 lIlY 
222 INTRH1: IR. 
221 lIlY 
224 IR. 
225 lIlY 
226 fl>JFIN: lIlY 
227 )(Rl 

228 JZ 
229 III: 
218 JJfI 
231 RSFFIN: lIlY 
232 CHFRl.: lIlY 
2ll XRI.. 
234 Jtll 
235 CIOlF1: J_ 
236 fI>JFOT: lIlY 
237 XRI.. 
218 JZ 
m III: 
248 JJfI 
241 RSFFOT: lIlY 
242 LI8lD8: lIlY 
243 lIlY 
244 lIlY 
245 ruT 
246 CI«:NTR: lIlY 
247 JNZ 
248 CIFF9I: lIlY 
249 XRI.. 
258 JZ 
251 lIlY 
252 DEC 
251 XRI.. 

fI.R4 
RLA 
R.R6 
IRLA 
R.118H 
STS.A 
P2.128H 
R.R2 
R.128H 
R2.A 
R.IFIFOTA 
A.R4 
RSFFIN 
R4 
CHFF\l. 
R4.IFIAJIfI 
R.R4 
A.RS 
CI«:NTR 
CIOlF1 
R.IFIFOTA 
R.RS 
RSFFOT 
RS 
LIR)I)8 
RS.IFIAJIfI 
A.RS 
RLA 
R.1R1 
DIIB.A 
R.Rl 
RRlOllC 
R.IFIF(IlfI 
R.R4 
fI>JFErI 
R.R4 
A 
R.RS 

; FIFO IIfIUT fIlDRESS TO fI:CtftLA~ 
; FIfO POINTER USED F~ IIfIUT 
; CtR«E laO TO fl:CtftLAT~ 
; LOll) FIFO AT FIFO IIfIUT fI)I)RES5 

; BIT 4 F~ FIFO tilT B'FTY 
; WRITE TO STATUS REGISTER. FIFO t«lT E1PTY 
; FIFO t«lT EIPTY INTERRtPT PORT 2-~ HIGH 
;0 ~ SELECT TO fl:CtftLAl~· 
;S/M INTERRlPT. til CtR«E TO SCM YIl.I£ 
; 0 ~ SELECT REGISTER 
;FIFO TIJI fI)I)RES5 TO ~ 
; mFARE WITH W!RENT FIFO IIfIUT ~S 
; IF '0£ SfI£ RESET FIFO IIfIUT REGISTER 
; t£XT FIFO IIfIUT fIlDRESS 
; DECK FIFO FlU 
; RESET FIFO IIfIUT REGISTER.1IO"Tmt If mo 
; FIFO IIfIUT ADORE$ TO fUtftl.AT~ 
; mFARE IIfIUT WITH OOTPUT FIFO fI)I)RES5 

; IF t«lT SfI£ DECK co..~ ctUfTER YIl.I£ 
; IF _ IS 1 TI£N DECK _ 
; FIFO TIl' fI)I)RES5 TO ~ 
; CIJIlfft TIl' TO OOTPIJT FIFO fl)l)RESS 
; IF '0£ SfI£ RESET FIFO ruTPUT REGISTER 
; t£XT FIFO OOTPIJT fl)l)RESS 
; LIR> DIIIIOOT 
; RESET FIFO OOTPIJT fI)I)RES5 TO BOTTtII If FIFO 
; OOTPIJT FIFO fl)l)RESS TO ~ 
; FIFO POINTER USED F~ OOTPIJT 
; CtR«E laO TO fI:CtftLA~ 
; 0R«iE laO TO D8800T 
; ~ ctUfTER TO ~ 
; If tilT 8 FINISH CIR& IUd) B«:OOIfIj 
; FIfO BOTTtII fl)l)RE5S TO ~ 
; mFARE FIFO IIfIUT fI)I)RES5 WITH FIFO IIO"Tmt fI)I)RES5 

; IF '0£ SfI£. N>JUST TO DECK F~ FIFO EIPTY 
; FIFO IIfIUT fI)I)RES5 TO fD:IIU.fI~ 
; DECREIENT FIFO IIfIUT fI)I)RES5 IN fUtIlLRTOR 
; Ill'FfIRE IIfIUT TO OOTPUT FIFO fI)I)RE55E5 
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UK: IlIJ 

88B8 C691 
8IIIIfI 849C 
88IIC 232F 
IIII8E DO 
88IIF 969C 
11891 2388 
889l 98 
11894 9IIlF 
8896 FA 
8897 53DF 
8899 fIR 
II89R 8410 
889C 8610 
eE 846F 

USER SYIIRS 
fI)JFEtI 88IIC 
CIDIF2 889C 
INTRLO 11894 
SCfIfIX 882C 

APPENDIX 81 (Continued) 

SEQ SIDCE STATEIENT 

254 JZ 
255 JIF 
256 II)JFEJI: I'IIY 
'Z57 lR. 
258 JNZ 
259 STII11tT: I'IIY 
268 I'IIY 
261 INTRLO: Itt. 
262 I'IIY 
263 Itt. 
264 I'IIY 
265 JIF 
266 CIDIF2: .RIIF 
2fil JIF 
268 i 

269 Ell) 

fl)JfIN 885F 
DEI..AY2 11838 
l.IROB 8879 
sarmt IIIIIF 

STII11tT 
CIDIF2 
fl.IFIFOTA 
fl.R5 
CIDIF2 
fl.188H 
ST5.A 
P2.18IlFH 
fl.R2 
fl.18IlFH 
R2.A 
fI>JREG 
fI>JREG 
fl)JFOT 

i If SAl£, _ITE STATUS REGISTER RJ( FIFO EJPrY 
iO£Cl( IIF 
iFIfO TIP fIlOR£SS 10 ~ 
i IXIFfIIE TIP TO OOTPUT FIfO fIlOR£SS 
i IF NOT SIIE 1lEN FIFO IS NOT BPI'Y, O£CI( IIF 
i Cl.EM BIT 8 ~ FIFO EIPTY 
i _ITE TO STATUS REGISTER 
i FIFO BPI'Y, INlERRtPJ PIIn' 2-5 LIII 
i SCM RQI SELECT 10 ~ 
iSfI't'E IN1'ERRIPT. I«) ctIi& TO SCM YfU( 

i SCM RIll SELECl REGISTER 
i fI)JU5T REGISTERS 
i IF 1IF=1 1lEN fI)JU5T REGISTERS 
i fImJST FIFO oor fIlOR£SS TO UR) DII8WT 

fI)JREG 881D 
FIFCIIA 0II8II 
IIFINT 8818 
STfITt£ 8856 

CII:NTR 8870 
FIFOTA 882F 
RRIJXI( 883ft 

ctfFEJI 88B8 
FILUIX 88IlO 
RSETRG 8826 

ctfFll. 8869 
INITIIX 8888 
RSFFIN 8867 

All mnemonics copyrighted @ Inlel Corporalion 1978. 
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ctDIFl886D 
INlNH1 8859 
RSFFOT fIII7 
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APPENDIX 82 

ISIS-II 888818885 IKRO RSSEIIIlER, XiIlS 
8885fV1.fI SEJD IfITRIX COORW.ER 

LOC IIIJ 

488Il 
8IIE5 
811E4 
8818 
8881 
4388 

4888 218843 
48838688 
4885 DBE5 
4887 E611 
4889 C8 
488A DBE5 
ac E681 
48IIE CfI85ot8 
4811 DlE4 
4813 77 
4814 23 
4815 84 
4816 C8 
4817 C3854II 

1 ; 
2 ; stIIRWTIt£ TO R£II) III ClINES IN Tl£ lfI /II) BUIll) A IIlFFER 
3 ; STARTIIil AT BtFSRT. REG. B COO'AINS Tl£ IOIIER (F CtIIIiES 
4 ; If(If EXIT. Tl£ MUlOt IOIIER (F ClINES IN fIN lJ£ CR.L 
5; IS 255. 
6 ; 
7 ; ItflUTS: fIITHIIil 
8 ; OOTPUTS: ClINE IDiO IIlFFER AT III.fSRT 
9 ; ClINE IDiO ClUff IN REG. B 

18 ; CR.LS: fllTHIIil 
11; 
12 IRl 48IIIIH 
13 STATUS EQU 8E5H ;lfI STA1US ~T 
14 DSBOOT EQU 1lE4H ; lfI DSBOOT f(RT 

15 FIfO EQU 1811 ; FIFO flIT ElfIN I'IRSK 
160BF EQU 81H ; OBF IfISI( 

17 BtFSRT EQU 4388H ; IIlFFER START LOCATION 
18 ; 
19 START: u(I H,BtFSRT ; INITIALIZE BlFFER POINTER 
28 IIYI B,88H ; CLEAR ClINE IDiO CWfTER 
21 PIll1: IN STATUS ; R£II) lfI STATUS 
22 ANI FIFO ~ IIIF ; TEST FIFO flIT ElfIN /II) IIIF 
23 RZ ; RE'T\8 IF ZERO 
24 IN STATUS ; R£II) lfI STATUS 
25 ANI IIIF ; TEST (IF FlJMi 
26 12 PIll1 ; IIIIT IF NOT REfI)Y 

27 IN DSBOOT ; R£II) ClINE IDiO 
28 lIlY itA ; L.CfI) IIlFFER NIl H ClINE IDiO 
29 IN)( H ; It«: IIlFFER POINTER 
38 ItI! B ; It«: ClINE IDiO CWfTER 
31 RZ ; EXIT IF CWfTER = 256 
32 JI'P PIll1 ; CIECK IF ID\'E ClINE IDiOS 
33; 
34 EN> 

All mnemonic. copyrighted @ Intel Corporation 1976. 
9-45 



Appendix C1 

9-46 



APPENDIX C1 

ISIS-II IG-48ItPI-41 IR:RO fISSEJIl.ER., Y2. 8 
flP-41 CMlItmI~ I/O DEVICE 

LOC IBJ 

1 $ID)42 

2 ; .... lIlllllIlllllllIllllItlfIOO 1111111111111111111111111111111111111 .... 

l; 
4 ; THIS IFI -41 PRI&fII IIFLBENTS A Flll-DtJllElC IJIRT WITH IIHHIP 
5 ; BfU) RATE IB£RATI~ IN InIBItmI~ WITH ~ HIT PfI!fI.LEl. I/O 
6 ; ~T. TIE BfO) RA1E IS SELECTIIlE FRIll 118 10 1288 BfU). TIE 
7 ; PfI!fI.LEl. I/O PIRI IS PIDRIIIIILE ~ EITlER Irf'UT (I( OOTPUT. 
8 ; 
9 ; INTERIM'T OOTPUTS ARE AYAIUIl.E F~ DATA AYAIUIl.E ~ TIE RECEIVER 

18 ; AN) PfML.El 1rf'UT. lIE STAnIS REGISTER IIIST IE REfI) TO Dl:.lERIIIt£ 
11 ; IIfICH SCUCE CfIJSEI) TIE INTERRtFT. TIE FUIGS F8 AN) F1 COllI: TIE 
12 ; INTERIM'T SCUCE. Fe AN) F1 fLSO GIVE ~ III)IarrI~ OF CIIIIfII) 

lli~ 
14 ; 
15 ; 11111111111111111111111111111111111111111111111111111111111111111111111 

16; 
17 ; Rl:GISTER DEFINIlI~ 
18 ; RII8 RBi 
19; 
28; 8 tl)T USED tl)T USED 
21; 1 tl)T USED BfU) RATE COOST~ 
22; 2 tI)J USED TX TICK CWfTER 
23; 1 RlC STATUS (RXSTS) TX SERIfl.lZER 
24; 4 RlC IDJ) 1111 TX BtFFER 
25; 5 RlC TICK CWfTER TX STAlUS (MIlS) 
26; 6 RlC DESERIfl.IZER cotIfII) STtH: 
27; 7 STATUS REG ~ 10:. INTERRlPl SAVE 
28; 
29 ; 111111111111111111111111111111111111111111111111111111111111111111 ..... 

38; 
11 tEJECT 
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APPENDIX C1 (Continued) 

5(OCE STRTEIEHT 

32; 
n ; ..... 111111111111111.111111111111 ...... 11111111 .... 11111111111111111111 

34; 
35;C111ft1)5 

36; 
37 ; cott=llUE: II II II R BCD P 
38; R - 12IlIl SfU) Sl:LECT 
39; B - 6IlIl BfU) SELECT 
48; C - JIlIl IftI) SElECT 
41 ; D - 118 SfU) SELECT 
42; E - PfIRfU.a 110 DlRECTI~ 
43 ; II - llflUT 
44; 1 - OOTPUT 
45; 
46; 110: 111111111111111 (PERFIIUI 110 !HRfITI~) 
47 ; RESET ~:11111111111111 (RESET RX ~ IN STRTUS) 
48; 
49 ; 11111111111111111111111111111111111111111111111111111111111 .. 1111111111 

58; 
51 ; STRTUS REGISTER W:INITI~ 
52; 
5"J ; BIT W:INITI~ 
54; 
55; II IIIF - DATA fMllUIlLE 
56; 1 IBF - BUSY 
57; 2 FII 
58; 3 Fl 
~; 4 lilT USED 
611; 5 TXINT - TX INlERRtJIT 
61 ; 6 FRfItIIli ~ 
62; 7 IlYERIM ERrdlR 
63; 
64; FII Fl IFERfITI~ 
65; 
66; II 8 X 
67; II 1 PfIRfUB. 110 DATA fMlIUIlLE 
68; 1 II SERIII. 110 DATR fMllLfIIlE 
69; 1 1 CIJIftI) ~ 

79; 
71 ;_ ......... 11111 ............................ 11111111111 .. 1111_11111 

72; 
73 $EJECT 
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LOC OOJ 

APPENDIX C1 (Continued) 

74 ; 
75 ; ......... 1111111111111111.111111 ... 111111111111111111111111 ...... 111111 

76 ; 
77 ; STATUS REGISTER DEFINITIONS 
78; 
79; 
88; 
81; 
82; 
8) ; 
84; 
85; 
86; 
87 ; 
88; 
89; 

1 
~ 

3 
4 
5 
6 
7 

IitXSTS TXSTS 

RX FLAG - SPfU TX FlAG - TIitflQlIrI lNG CHIit 
STFRT FLfKl - 00l) !ll~T REQlEST BYTE - CHIit IN BlFFEIit 
BV1E FINIg£J) TX PIf'ELINEI) DATA BIl 
DATA REfIW STFRT BIl FLfW.l 
FRIllING ERRtR lIlT USED 
OYERR\JI ERROR NOT USED 
10 DIRECTION lIlT USE/) 

10 FlAG NOT USED 

98 ;~--""""""""'IIIIII.'''_._.''--** 
91; 
92 ; PORT 2 DEFINIl'IONS 
93 ; 
94; BIT DEFINITION 
95; 
96; 0 TX DATA 
97 ; 1 NOT USED 
98; 2 NOT USED 
99; 3 TXINTERRlfT 

188 ; 4 t&' INTERRtI'T (R)( OR 110 DATA AYAILfIILE) 
181 ; J NOT USED 
1112 ; 6 lIlT USEJ) <TICK SAIFlE) 
193; 7 lIlT USED 
194 ; 
185 ; ........ 11111111111111111111111111111111111111111111111111111111111111. 

196 ; 
197 ;llI5C, 
1118 ; 
189 ; 
118 ; 
111 ; 

R)( DATA 
EXT CI..OCK 

T8 INPUT 
T1 INPUT 76, 8KHZ (1 2288111Z116) 

112 ; I I I I 1 .. 1 I I I II I I I I I I I I I I II I I I I I I I I I I II I II I I I I I I ............ I I I I I I I I II I I I 

113 ; 
114 $EJECT 
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APPENDIX C1 (Continued) 
••••••• T -~T ..... ~r·.-... 

117 ; 
118 ; ~ EQlWlTES: 
119 ; 

Il991 128 RXFLG EQU 8tH ; RECEIVE FLAG IN RXSTS 
8882 121 SR1FLG EQU 82H ; START BIT FL~ IN RXSTS 
8884 122 BFFLG EQU 84H .l BYTE FINISHI:D FLAG IN RXSTS 
8888 123 DATROY EQU 88H ; DATA REfI)Y FLAG IN RXSl S 
8818 124FRAIER EQU 18H ; FJ9tING ~ FLAG IN RXSTS 
l1li28 12'J oc.m. EQU 2al ; ~ ERR(J! FLAG IN RXSTS 
8848 126 lOOIR EQU ~ ; 110 DIRECTI~ FLAG IN RXSIS 
8888 127 IIFLG EQU 8l1H ; 110 REQtEST FLAG IN RXSTS 
IJ881 128 TXFLG EQU 81H ;TX FLAG IN TXSTS 
8882 129 REQFLG EQU 82H ; REQUEST BYTE FLAG IN TXSTS 
11840 138TI(;()JJT EQU 48H ; TICK SJ1IPLE BIT IN PORT 2 
888lI 131 RXINTL EQU 88H ;RX DESERIALIZER INITIALIZATI~ 
8884 132 TICSRT EQU 84H ; TICK INITIALIZATICJ4 
987F 133ASCIISK EQU 7FH ; ASCII I'IfISI( 
8883 13400IC EQU 8JH .; lX TICK 10) I'IfISI( 
8828 135 TXEN) EQU 48D ; TICK CWfT AT 00 IF TX CIflROCTER 
8824 136 STPEII) EQU :s6D ; 1 ICK CWfl AT 00 IF TX DATA 
8884 137 I'IARK EQU 84H ; 191( ruTPUT 
98FB 138 SPACE EQU 8FBH ; SPACE OUTPUT 
8888 139 ZERO EQU IIIlH ; GENERAL CLEfIk 
8888 148 TXINT EQU 88H ; IX INTERRtFT ruTPUT IN ron 2 
l1li28 141 TXBIT EQU 2al ; IX INTEJdU'T BI1 IN STATUS 
l1li28 142 TI~ EQU J2D ; TIlER rufSTANT RIll LOCATI~ 
983F 143 RSTERR EQU 3FH ; RESET ~ I'IfISI( ~ STATUS 
8848 144 FESTS EQU ~ ; FRAltING ERR(J! BIT IN STArus 
8888 145 OVSTS EQU 8IIH ; ~ EHRQ1 BIT IN STATUS 
Il991 146 I'IKOUT EQU 81H ; I'IARK ruTPUT TO PORl 
88FE 147 SPOUT EQU 8FEH ; SPACE OUTPUT TO PORT 
8888 148 SBIT EQU 88H ; 1 X STAAT BIl FLfJ(j 

8883 149 RXSTS EQU RJ ; RX STArus REGISTER 
8885 158 TXSTS EQU R5 ; TX STATUS REGISTEk 

151 ; 
152 $EJECT 
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LOC IR1 

11987 

8887 D5 
11898 IF 
Il889 F9 
II8IIA 89 _5688 
8891) 62 

11812 FD 
1*135219 
89159AFE 
11817 0418 
11819 8FIIll 

8918 C5 

APPENDIX C1 (Continued) 

SEQ SlUCE STAI El'lENT 

153 ; ***********************************-...**** .. __ *************** 
154 ; 
155 ; RESET VECTOR LOCATION 
156 ; 
157 j ..... ********~*************** ..... 
158 ; 
159 CRG IlIl89H 
168 ; 
161 RESET: SEL 
162 JI'F 
163 ; 

RI:I8 
INn 

; GET INTO RB8 AT RESET 
; GO TO INITIfUZATION 

164 ; ..... * •• 1 .1 •••••• ******** ........ **** .... 1'$ ....... **** ............... 
165 ; 
166 ; 1I1'IER INTERRlFT LOCATION - TII'IER IS SET TO 4 1lll.S HE BAlI) RATE. Tit: 
167 ; RECEIVER III) TRfIISPIITTER ARE SEI<YICED EVERY FOUR 1I1'IER liCKS. ~11fi<E 
168 ;DELAY Lin' IS USED FOR TI"Iffl FII£-lUNIffl. RB1 R1 POINTS Al DELAY 
169 ; CONSTfM' AT INTERRlFT. Id. -1 POINTS Al TI/'IER CONS TOO. 
178 ; 
1~; .................. ~~~*" ............ "~~ 
172 ; 
173 
174 ; 
175 TI"INT: sa 
176 PlOY 
177 PlOY 
178 I«IP 
179 INT1: JT1 
189 PlOY 
181 ; 

1l987H 

RBi 
R7,A 
1tR1 

IN11 

182 ; TICK SAIIPl.E OUTPUT 
183 ; 
184 
185 
186 ; 

P2. Ir«lT neOOT 
P2. ITICOOT 

; INTERRlPl PROCESSING IN RB1 
; SAVE ACCIJl.lAlOR IN R7 
; GET mER CONSTfM' 
; DELAY TO tiEl INTO 11 HIGH 
; WAIT UNTIL 11 IS LOll 
; IHEN La.> COUNTER 

187 ; ................... --........ **** .... **** ........................... .. 
188 ; 
189 ; ~ITTER OUTPUT - 1I~ CRITICfI.. TASKS Da£ FIf6T. DATA BIT OIJTPUl 
1.98 ; PIPELINE/) IN TXSTS BIl 2 IS OUTPUT 101. 
191 ; 
192 ; ........................ 11 ............ **** ......................... ........ 
1!13 ; 
194 TXOUT: PlOY 
195 JB2 
196 fit. 
197 JI1P 
198 IOJT: ORL 
199 ; 

It TXSTS 
~T 
P2,ISPOUT 
ReY 

; GET TIC STATUS 
; TEST PIPELINE/) DATA 
; OUTPUT SPFK:E IF RE~T 
; 00 RECEIVER 
; OUTPUT IIARK IS SET 

289 ; ................................... **** ......................... 11 .. ............ 

291 ; 
282 ; SlfRT OF RECEIVER FL(I,I - RICSIS REGISTER 
283 ; HOLDS RECEIVER STATUS. 
204 ; 
285 ; ........................ '1 •• 11111 .. 1 •• 1111111111 .......... _ ... _ 

286 ; 
287 RCY: sa RB8 ;SWITCH TO RIC BANK 
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APPENDIX C1 (Continued) 

LOC ~ SEQ SOURCE STRTEI'ENT 

981C FB 298 lIlY fl.RXSTS iGET RXSTS 
11811) 1226 289 JB8 RCY1 ; TEST kECEIW:. FLAG 

218 i 8 - f«) ~ I£IIIi RECEIVED 
211 i 1 - POSSIBLE START lilT, DO TESl 

881F 3668 212 JT8 )(tIIT i TEST Rla) IhfUT 
213 i 8 - SPfK:E, SET RlC FLAG 
214 i 1 - IIfIRK, GO CHECK )(tIIT 

8821 4381 215 IR. fl.1RXFLG i SPACE - SET RX FLAG 
8823 III 216 !lOY RlCSTS,A ; RESTtI!E RXSTS 
88248468 217 M )(tIIT i GO IRIllE XIITR 

218 ; 
219 i STARl Bn ,.EST 
228 i 

8826 3238 2'.d. RCY1: JB1 RCYJ iFIRST lEST START Bn ~LAG 
8828 36JJ m JT8 RCV2 ; TEST Rla) Itf'Ul 

22J ; 8 - SPIlL OOD STARl BIT 
224 ; 1 - IIfIRK, BfI) STfWT Bn, IIKlRE 

882ft 4382 225 IR. fl.ISRTFLG i InI) START - SET START Bl T FLAG 
882C III 226 IIOY RlCSTS,A ; RESTtRE RXST5 
882D BEse 227 lIlY R6,IRl(INTL ; SET\JI RX DESERIfUZER 
882F BD84 228 lIlY R5,ITICSRT ; LIB) roc lICK CWfTER 
8831 8468 229 M )(tIIT i GO IRI>lE XlUR 

2J8 ; 
231 ; BfI) START BIT - RESET FLAGS 
232 i 

883353FE 233 RCV2: III. A, INlT RlCFI.G i RESET RECEI~ FLAG 
88J5 fill 2J4 IIOY RXSTS,R i RESTtI!E RXSTS 
8836 8468 235 M )(tIIT ; 00 tRI>LE XIfTR 

236 ; 
237 ; IN "IDDlf CJ= ~ - SfIRE EVERY 4 1 IB TICKS 
238 ; 

.38 ED68 2J9 RCY3: DJNZ R5,)(tIIT ; WAIT lM'IL 4TH TICK 
88JA 80M 248 lIlY 1<5, ITICSRT ; REUB RX TICK WMER 
88JC 5241> 241 JB2 RCV5 ; TEST BYTE FINIstED ftAG 

242 i 8 - "IDDlf CJ= CHIt I:I*T Itu 
243 ;1 - DONE WI1H SlOP BITS 

88JE 97 244 CLR C i CLEAR ~ BEFIE ROTAn: 
88JF 2642 245 JNT8 RCY4 ; 1 EST Rla) IhfUT 
8841 A7 246 CPl. C ; RXD IS 1tARI(, SET CARRY 
8842 FE 247 RCY4: lIlY fl.R6 ; GET DESa<IfLIZER 
884367 248 RRC A ; ROTATE IN to BIT 
11844 fIE 249 lIlY R6,R ; RLSTM DESERIfLI~ 
8845 E668 258 oc )(tIIT ; TEST CARRY ffTER ROTATE 

251 i 8 - "IDDlf CJ= Of< 
252 i 1 - STOP lilT C(IIIIIi NEXT 

11847 FB 25J lIlY fl.RXSTS ; GET RXSTS 
8848 4384 254 IR. A,I8FFLG ; SET BYTE F INIstEJ) FLfIG 
884ft III 255 IIOY RXSTS,A ; REST€RE RXSTS 
8848 8468 256 M )(tIIT ; GO tRI>LE XIfTR 

257 i 

258 ; BYTE FINISJED - DO STOP BIT TEST 
259 ; 

8M) 2668 268 RCV5: JNT8 RC't'8 ; TEST RXD IhfUT 
261 ; 8 - SPfn, INYfLID STOP BIT 
262 ; 1 - IIfIRK, YfLID !liOP lIlT 
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8851 7264 
8853 5JI)f 

Il855 4388 
885753F8 
8859 III 
885A FE 
IIII5B 537F 
IJIl5I) ,.:; 

iI85E 8468 

8068 4319 
11862 9451 

Il964 4328 
91166 9455 

91:168 D5 
11969 FD 
II96A 7283 
II96C 1ft 
IIIl6I) 2393 
II96F SA 
9979 96B8 
11972 FI> 
9973 'J7 
9974 129C 

99762328 
9978 DA 
9979 9681 
997B FI> 
997C 53FE 
997E It) 

997F 94B9 

APPENDIX C1 (Continued) 

SIUC£ STATEPENT SEQ 

263 A, ItIlT FRfIER ; til FRAIIIt«) ~ RESET FLfKl 
264 ; 
265 ;(MRRtft TEST - IF kX DATA REfI)Y STILL SE), (MRRtft ERD 
266 ; 
2b7 RCY6: JB3 RCY9 ; IF DATA READY STILL SET, ~ 
268 Atl. fI, II«IT OYRlRl ; NO OYERRUN, !<ESEl FLAG 
269 ; 
279 ; CLEfil If RXSTS AT IB CtfIPLETE 
271 ; 
272 ~7: 
273 
274 
275 
276 

fI, IOATRD\' ; SET DATA REfI)Y 

fI, ItIlT (RXFLG IR SRT~LG IR BFFLG) 
RXSTS, A ; RESTOR!: RXSTS 
fI, R6 ; fE T DESERIfllZEk r<EG 
fI, IASCfISI( ; IIAI<E IT 7 BIl S 

; RESET OTHER FLAGS 

277 R4, A ; PUT DAm INTO 1ILD1t«) REG 
278 IOIIT ; 00 HffI)LE XIITR 
279 ; 
288 ; BAD STOP - SET FRAflIt«) ERRlR F'LfKl 
~1 ; 
282 RCY8: (l<l fI, IFRAI£R ; SET FRAI'IING ERROR FLfKl 
283 Jl'IP ~6 ; ctWTIU 
284 ; 
285 ; (MRRtft ERRfJ! - SET O~ ~LfKl 
286 ; 
287 RC\'9: IR.. 
288 JIll 
289 ; 

; SET (MRRtft ~LfKl 

;ctWTINtE 

298 ;_1111111 .................. 1111111111 .......... 1111111_ .. . 

291 ; 
292 ; START OF TRIIeIITTER FUll - TRANSIIHThR IS SElNICEJ) EYERY 4 TICKS. 
293 ; TIE TX TICK COUNTER SERl/ES AS THE TX BIl CMTER. TRANSPlIlTER STATUS 
294 ; IS HEU> IN lIE TXSTS REGISTER. 
295 ; 
296 ;*****t .................................................................. 

297 ; 
298 1OI1T: SEI.. RBi ; BE SURE !oE'RE IN RBi 
299 I'IOY fI, TXSTS ; GET TX STATUS 
399 JB3 SRTBIT ; THIS IS START OF STIIn BIT 
391 It«: R2 ; It«: T X TICK crulTER 
392 I'IOY A,11XTIC ; TEST TICK CWfTER 10) 4 
393 fill fbR'l 
394 JNZ REMN ; IF' NON-ZERO, "IDOLE OF BIT 
~ !lOY fI, TXSTS ; ZERO, GET 1 XSTS 
396 CPL A ; COMPLEl'lENT FOR 9 TEST 
397 JB9 004 ; TEST TX FLAG 
388 ;" - NOT TXIt«), ClECK FIR NEW CHR 
399 ; 1 - CURRENTLY IN IB 
319 I'IOY A,11XEll> ; (;1£(;1( FIR 00 OF DATft fIN) SlOP 
3U m. fl,R2 ; ~ WITH etmNT TlCK COlIn 
312 JNZ X1f11 ; tilT OCJ£, ctWTlU 
313 I'IOY fI, TXSTS ; 1)(1£, GET TXSTS 
314 IN. fI, ItIlT TXFLG ; RESET TX FLf«j 

315 I'IOY TXSTS,ft ; RESTlRE TXSTS 
316 JIll I!ETIIIN ;00 EXIT 
317 ; 
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APPENDIX C1lContinuAd\ 
91181 2324 328 XltTl: I«lY A.ISTPEJI) ; UECK FOR SllP BIT TIlE 
8883 DfI J21 XRI.. A.R2 ; ClIffE WITH lICK CWfTER 
11884 968C 322 JNZ 002 ; NOT TIlE. 00 t£XT BIT 

321 ; 
324 i TRfINSItIT ST(JI BIl 
325 ; 

8Il86 FD J26 I«lY A. TXSTS ; 11.1 T)C STRTUS 
88874384 327 OR\.. R, IIfIRK i SETI.f PIPELINE!) STOP BIT 
Il889 II) 328 I'M)\I TXSTS,R i RESTORE 1X STA1US 
888ft 84118 329 ,JPI) RETIJ(N iRET\Rf 

338 i 

m i IN "IOOlE IF OR - 1RRNSl1IT t£XT BIl 
332 i 

8II8C FB ill XI'IT2: I«lY R,Rl i Ii: 1 TX SERIfl.IZER 
8IJ8I) 67 334 RRC R i ROTATE NEXT BIT INTO IBRY 
88IIE iii 335 lIlY Rl,R ; lIB TORE SERIfl.IZER 
88IIF FD 336 lIlY A. TXSTS i I£T TX STRTUS FOR PIPELINE!) DfITR 
11898 FG97 337 Jt XKB ; 00TPU1 R IIIRK IF 1 
lIB! 53FB 338 IN.. A.ISPfI:E iRESET TXDfITR BIT 
11894 II) 339 IfJV TXSTS,A i RES1. TX SlATUS 
8995 84118 348 ,JPI) RETII/N ;00 EXIT 
88974384 341 ~3: OR\.. A, IIfIRK ; SET TXDfITA BIl 
8899 II) 342 lIlY TXSTS,R i RESTORE IX STATUS 
8II9A 84118 343 ,JPI) RETIJ(N ;00 EXIT 

344 ; 
345 ; "fEST REQlEST A.A:l sIIa NOT ClmNTLY TRRN!iftITTIIIJ 
346 i 

889C 32R8 347 004: JB1 XIIT5 i TEST TlC REUST A.A:l 
348 ; e - fII OR IIIITIIIJ IN IItFFER 
349 ; 1 - OR IIIITIIIJ IN BIFFER 

889E Fe 358 lIlY A.R4 i OR IIIlTItIi. IE IT FRlJI IIl.DIIIJ 
II89F AS 351 lIlY R3.R i PUT IN SERIfl.lZER 
IIIlfI8 FD 352 lIlY A. TXSTS ilE TXSTS 
IlIIR1 S3FD 353 IN.. A. ifill REQFLG i RESET REQl£ST FLAG 
1lIIR3 4389 354 ORI.. A.ITXFLG OR SBIT i SET TX AN> START BIl FLAGS 
lI8R5 53FB 355 IN.. A.ISPfI:E i SETlf TXDfITA FOR START BIT 
1lIIR7 II) 356 lIlY TXSTS,R ; RESTORE TXST~ 

357 i 

358 ; TX BtFFER ~TY - SET TXINT PIN III) BI1' 
l59 ; 

8IfIB 8A88 368 lCIIT5: OR\.. P2.ITXINT ; SET TXINT PIN 
88fIfI C5 361 SEL RB8 iSWITCH FOR ~1S 
88AB FF 362 lIlY A.R7 ;IE STS 
M: 4328 363 OR\.. A.ITXBIT i SEl TXINT BIl 
8IlfE RF 364 lIlY R7,R ; RESTORE STS 
88fF 98 365 lIlY STS,A i LOfI) STAl us 

366 ; 
367 i ................... _*********** ......... - .. - ............. 
368 i 

369 i EXIT FOR TIlER IN'TERRIFT ROOTINE POINT 
378 i 
371 ; .111111111111111111111111111111111111111 ......... 1111111111111111111111 

372; 
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LOC OOJ 

8IBIDS 
8881 FF 
8IIB2 93 

8883 53F7 
8IIB5 II) 

IIIiIEI6 EIfI81 
II8B8 8488 

APPENDIX C1 (Continued) 

SEQ 

373 RETURN: sa RBi 
374 II)Y It R7 
375 RETR 
376 i 

i /lICE SIE IE'RE IN RBi 
iRESTO!E R 
i REMN WITH r6T1I!E 

377 i •• 111111111111111111111111111111111111111111111111111111111111111111111 

378 i 

379 i lET !ERE IF INTERRlPT IS FIRST FtI STMT BIT - I1EfIR STMT 1m FI.ffi IN 
388 i TXSTS IN) SETlf TX TICK CIl.NTER. 
381 i 

382 i .11111111111111111111111 .............. 1111111111111111111111111111111II 

m i 

384 SRTBIT: fK. 
385 II)Y 

386 II)Y 

387 JIll 
388 i 

389 $EJECT 

ItItl)T SBIT 
TXSTS,R 
R2.181H 
REMN 

i RESET STMT BIT FLAG IN TXSTS 
i RESTII!E TX STATUS 
i INI TIRLI~ TX liCK CIUflER 
iREMN 
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LOC (BJ 

81l1li 

81l1li D5 
8181 22 
8182 ~ 
8183 F227 
8185 53E8 
8187 963fI 
8189 C5 
818fI 1221 
81IIC 89FF 
8111E F8 
818F S38F 
8111 All 
8112 D5 
8113 B928 
8115 FE 
8116 323E 
81185242 
811A 7246 
811C 924fI 
811E B5 
811F 4414 

8121 F8 
8122 4348 
81.24 All 
8125 2412 

8127 D231 
8129 C5 
812A F8 
8128 4388 
8121) All 
812E B5 
812F 4414 

APPENDIX C1 (Continued) 

SEQ 5(OCE STATEI£NT 

399 ; 
~i~*'~I~II*II~I~II*I~II*II.*~~I~II~II~I~II*II~I~II*I~II*II~I~II*I~II~II*I~II*II~I~II*I~II*II~I~II*I~II~II*I~II*II~I 

392 i 

393 i CQIIAN) RECOONIZER - GET IERE FROI'I IEIF WRITE WITH F1 SET. CONfIII) 

394 i IS Sl~ IN R6. BfU) RA1E SEl..£CTI!* BITS IE EYfI.UATCD RI(JfJ TO WT. 
395 i 1"1-£ FIRST SET BIT FIXN) DETERltII£S Tl£ BfU) RATE. If AN INYALID COllIN) 

396 i IS DETECTED. BOTH F1 fIN) F8 ARE SE1 AND NO ACTltw IS TAKEN. 
397 i TI£ TlB BfU) RATE IXI6TANT IS SET TO 00 CWflS LESS llRI 11£ DESINED 
398 i fUllER. 
399 i 

4l1li i .... 111111 ....... 11111111111111111 ...... 1111111111111.11111111111111III 

481 i 

482 ~ 811K1H 
483 i 

484 CIt): SEL 
485 IN 
486 I(lY 

487 JB7 
488 IN. 
489 JNZ 
418 SEL 
411 JB8 
412 OR!.. 
413 I(lY 

414 IN. 
415 I(lY 

416 CII>1: SEL 
417 I(lY 

418 I(lY 

419 JB1 
428 JB2 
421 JB3 
422 JB4 
423 CPt. 
424 JIF 
425 i 

RBi 
A.D118 
R6.A 
lID 
A.1IIElIH 
~ 
RS8 
CII>2 
PLI8FFH 
A.RXSTS 
A. It«lT 100 IR 
RXSTS.A 
RBi 
RLITlPD* 
A.R6 
8118 
B31111 
B6II9 
B12IIII 
F1 
1H.P1 

i SELECT RBi 
i READ CfIIIfH) 

i SAVE (;(JIlIN) IN R6 
ilF BIT? SET. 10 OPERATI!* 
i TEST Til' 3 BITS 
i IF N!*-ZERO. ERR(R 

i 10 FUWi IN RS8 
i IF BIT 11-1.. OUTPUT PORT 
i IIfIUl P(J(T. SET ALL HIGH 
iGET RXSTS 
; RESET 10 DlkECTI!* FLOO 
; RESTORE RXSTS 
iBfU) RATE W61ANTS IN RBi 
; POINT AT TlB C(J6TANT LOCftTlI* 
i GET COIIIIfN) 
i 118 BfU) SELECTED 
; 3l1li BfU) SELECTED 
i 6l1li BfU) SELECl ED 
i 128Il BfU) SELECTED 
iRESET F1 
i DCJ£. JIIF I:rftCI( TO IlAIN LOCf' 

426 ; P(RT IS SELECTED AS OUTPUT P(RT - SET 10 DIRECl 11* FUWi 
427 i 

428 Cl'l)2: I'KIY 
429 !R. 
438 I(lY 

431 JIF 
432 ; 

A.RXSTS 
A.IIOOIR 
RXSTS.A 
CII>1 

iGET RXSTS 
i SET 10 DIRECTI!* FUWi 
i RESTORE RXSTS 
i CONTIIlJE 

433 ; !ERE WITH EITI£R 10 ~ RESET ERROR catRI) 
434 ; 
435 lID: 
436 
437 
438 
439 
448 
441 
442 i 

JB6 
SEL 
I(lY 

!R. 
I(lY 

CPt. 
JIF 

ERRST 
RS8 
A. RXSTS 
A.IIIRG 
RXSTS.A 
F1 
IINI.P1 

443 i RESET ERR(R COIIRI) 

444 ; 

i IF lilT 6 SET. RESET ERR(R FI.mS 
ilO FUWi IN RXSTS 
iGET RXSTS 
i~T 10 fLOO 
i RESTORE RXSTS 
i RESET F1 
i DC)£, .JI.tF IR:I( TO IIIIN LIXF 
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APPENDIX C1 (Continued) 

LOC IB1 SEQ SCUCE STfITEI£NT 

8131 C5 445 EkRST: SEl. RB8 i STS IN NIIII 
8132 FF 446 lIlY R.R7 iGET STS 
81Jl 533F .... 7 IN.. R.IRSTERR i RESET ERfG FUm 
8135 fF 448 lIlY R7,A iRESTIE STS 
8136 98 .... 9 lIlY STS..A i WI) STATUS 
8117 B5 458 CPl Fl iRESET Fl 
8138 .... 14 451 ,np IRP1 i I)(J£, BACK 10 MIN LOIP 

452 i 

453 i CCIIIN) ~ - SET BOTH Fl fit) Fe 
454 i 

II13A 85 455~: CLR Fe iSET Fe 
813B 95 456 CPl Fe 
81.3C .... 14 457 ,np IN.P1 i I)(J£, BACK 10 MIN LOIP 

458 i 

459 i 118 BfU) CII6TfINTS 
468 i 

em: B954 461 B118: lIlY RL 1-(1741>-21» i WI) 118 BfU) Ql6TfM 
8148 244C 462 ,np mI~ i GO START TIPER 

463 i 

464 i 3811 BfU) CCETMTS 
465 i 

8142 8SJC2 466 83811: lIlY RL 1-(640-21» i WI) l88 BfU) C(J61'fM 
81 .... 244C 467 ,np sm~ i GO STIIRl CIlMER 

468 i 

469 i 68Il BfU) C(J61'fMS 
478 i 

8146 B9E2 471 8688: lIlY RL 1-(320-21» i WI) 68Il BfU) CIItSTfM 
8148 244C 472 ,np mI~ i GO 5111RT cruna 

473 i 

474 i 1288 BfU) InfSTfMS 
475 i 

814ft B9F2 476 B1288: IllY RL '-(161)-21» i WI) 1288 BfU) CIItSTfM 
477 i 

478 i START CIlMTER 
479 i 

814C F9 488 mI~: lIlY R.R1 i GET CWflER InfSTfM 
8140 62 481 lIlY T,A i WI) CIlMTER 
8104£ 45 482 sm CNT i START CIlMTER 
814F 25 483 EN TCNTI i 8RILE 1 lIB INTERRIJITS 
8158 B5 484 CPl Fl i~Fl 
8151 .... 14 485 ,np IN.P1 i I)(J£, BACK 10 MIN WP 

486 i 

487 $EJECT 
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8153 CS 
8154 FB 
8155 F267 
8157 FF 
8158 53DF 
815A IF 
8158 98 
815C 9fF7 
815E D5 
815F 22 
8168 II: 
8161 FD 
8162 4382 
8164 II) 

816:) 4414 

8167 5l7F 
8169 III 
81611 22 
8168 39 
816C 4414 

489 i .111111191 1'1111 "111 ... 911111111111111111111111 1t .. 1111111111I111111 ... 

498 i 

491 i DATA ROOTII£ - Ii. T !ERE WITH IIF ~ITE Willi F1 RESET. THIS ROOTU£ 
492 iFIRST TESTS IF TI£ 110 Am IS SET IN TI£ RXSTS REGI~lER. IF SO, TIE DATA 
493 i IS F~ TI£ OOTPUT fI(IIT. OTI£RWISE. TI£ DATA IS FIJ< TI£ TRANSflITTER fN) 

494 i IS PlII:ED IN 11£ TX IItFFER r/E.G1STER. TI£ TXINT BIT Aft) PIN ARI:: RESET. 
495 i 
496 i ... 11111111111111111111111111111111111111111111111111111111111111111111 

497 i 
498 DATA: SEl. RB8 iDATA IRIllED IIISTLY IN RB8 
499 lIlY A.RlCSTS illET RXSlS 
588 JB7 IOOATA i IF 10 FLOO SET, DATA IN F~ 110 
581 lIlY A.R7 illET STS 
5(12 IK. A.INlTTXBIT i RESET TXINT BIT IN STS 
583 lIlY R7,A iREST~ STS 
584 lIlY STS,A i LOll) STATUS 
585 IK. P2, INlT TXINT i RESET TXINT PIN 
586 SEI.. RBi i~ IN RBi 
587 IN A..DBB i READ DATA 
58B lIlY R4,A i PUT DATA IN TX IItFFER 
58!1 lIlY A.. TXSTS il£1" lXSTS 
518 ~ A..IREQFLG i SET REQlEST Am IN TXSTS 
511 lIlY TXSTS,A i~lXSTS 
512 JIll IN..P1 i BfD: TO IflIN LID' 
~13 i 

514 i 10 DATA ROOTII£ 
515 i 

516 IOOATA: IK. A.. INlT IIFLG iRESET 10 Am 
517 lIlY RlCSTS,A iRES~ RXSTS 
518 IN A..DBB i REfII) 10 DATA FQ DBBIN 
519 OOTL PLA iOO1PUT TO ~T 1 
528 JIll IN..P1 i I)(J£, IIfQ( TO IIfIIN lO(p 

521 i 

522 $EJECT 
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LOC II!J 

8288 9fF7 
82(f2 F5 
9293 2388 
8285 III 
9286 f'j 

8287 IF 
8288 D5 
Il289 f£ 
92IIfI I3D84 

828C 0614 
II28E 7612 
8218 2453 
It212 2488 
8214868C 
8216 C5 
8217 FB 
8218 721E 
821A F23C 
821e 448C 

821E 85 
821F 95 
11228 R5 
IJ221 922E 
822l FB 
8224 B235 
11226 FB 

APPENDIX C1 (Continued) 

SEQ SIUCE STRTEI£NT 

521 ; 
524 ; •• _1 .......... _1 ........ 11111111 .. 11111 ... 111 ... 1111111111 ... 11I .. 

5ZI ; 
S26 ; INITIfLlZATIOO - IE !ERE AT RESET. THIS ROOTIt£ RESETS n£ INTERR\PT 
S27 ; 00lPUTS fIN) EtRlLES TIEIt IR) CI.EII!S TIE fFPR(JIRIATE STATUS fIN) MTA 
528 ; REGISTERS. 
529 ; 
538 ; .. 111111111 ....... 1111111111 ............. 1111111111 .. 1111111 .. 111I .... . 

511 ; 
532 ~ 828IIH 
ill; 
5".$4 INIT: IN. P2,I8F7H ; RE5El TXINl PIN 
m EN FLAGS ;BRIl.E INlERRIFTS OOTPUT 
536 II)Y R.IZERO i~A 
537 II)Y RXSTS.A ; ClEf(( RXSTS 
538 II)Y RS.A ; ~ RX TICK CWfiER 
5J9 II)Y R7,A ;~STS 

548 SEL. RBi ; SNITCH IIfN(S 

541 II)Y R6..A i ~ CCH=IflRE STIllE 
542 II)Y TXSTS,IIRIK i SETIF PIPElIt£D IX DATA 
543; 
544 i ... III .... 1111111111111111111111111111111111111111111111111111111111111 

545 i 

546 ; IIUN L.IU' - IBF IR) IIIF ARE IRtlLEJ) IN THIS L.IU'. IF IBf-=L TIl: 
547 i fFPR(JIRIATE aJIRI) ~ DATA ROOTlt£ IS ACCESSED. IF IBF=8. ltD IIIF 
548 i IS TEST8). IF IIIF=L IBF IS TESTED AGAIN. AS SIDf AS 1IIF=8, RXSTS 
549 i IS EXfIIIt£D TO SEE IF DATA IS NAITING ~ OOlPUl IfEH RX DATA 
5S8 i REfI)Y IS SET, F8 IS SET IR) F1 IS CLEARED, IR) TIE DATA IS TRfItSFERREI) 

551 iFRQI TIE RX /W)ING REGISTER INTO DBIIOOT IFTER TESTING F~ ~ 
552 i FLAGS. fIN ~ FLAGS SET ARE TRfItSFERREI) TO TIE SlATUS REGISTER. 
55l ; IF TIE 110 FlfIj IS SET, TIE ~ IS RBI) IR) 11£ DATA TRflNSFERREJ) TO 
554 i DBIIOOT. 
555 ; 
556 i 11111111111111 .... 1111111111 .. 11111111111111111111111111111111111111111 

557 ; 
558 IH.!XI': JNIBF 
559 JF1 
568 JI'P 
561 Cfl>J1: JI'P 
562 1H.P1: JOBF 
56J SEL. 
564 II)Y 

565 JB3 
566 JB7 
567 JI'P 
568 i 

IH.P1 
ell)J1 
DATA 
ell) 
IH.IXI' 
RB8 
R.RXSTS 
RXRDY 
IOFUIi 
IH.!XI' 

; IF IBF=8. nsr IIIF 
i IBF=L TEST F1 F~ aJIRI) 

; F1=8. JlJII TO DATA ROOTIt£ 
iWT-{F-PIIlE CIJIIN) JIJII 
; NAIT OOIL DIIWf IS FREE 
i RXSTS IN RB8 
ilE RXSTS 
; TEST RX DfIlA ~ Fl.ffi 
; TEST 10 FlfIj 

569 i RX DfIlA REfI)Y - TRANSFER TO IlII8WT 
578 ; 
571 RXRDY: CLR 
572 CPt. 
5"/3 CLR 
574 JB4 
5"1S RXRDY1: II)Y 

576 JB5 
577 RXRDY2: II)Y 

F8 
f8 
F1 
RXF 
R.RXSTS 
RXO 
R.RXSTS 

iSET F8 

iRBET F1 
i CIECK FRfltING ~ FlfIj 

;IE RXSTS 
; OECK F~ 0VERR\I4 EJIR(R 

; IE RXSTS AGRIN 

All mnemonics copyrighted @ Intel Corporation 1976. 
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APPENDIX C1 (Continued) 

LOC (BJ SEQ S!Xm STATBENT 

rl2.7 53C7 578 IN. A. IIIlT (DATRDY ~ FRfIER ~ ll't'RllO i RESET SCIE FUE 
8229 AB 
822ft Fe 
822B 82 
822C 448C 

822E FF 
II22F 4348 
8231 AF 
8232 98 
II23l 4423 

em FF 
8236 43811 
8238 AF 
11239 98 
823A 4426 

823C FB 
823D D28C 
823F 85 
8248 AS 
8241 B5 
8242 537F 
8244 AB 
8245 89 
8246 82 
8247448C 

USER SYIBI.S 
fISCIISK eei'F 
002 8121 
INIT 8288 
tmJT 8881 
RCY2 8833 
REQFLG 8882 
RlCRDY 821£ 
SRTFLG 8882 
TlCENO 8828 
lOfT2 888C 

579 JI)Y RXST5.A ; RESTIJ!E RXSTS 
588 JI)Y A.R4 ; I£T DATA FRCII H!l./) llIi REG 
581 OOT DB&A ; PUT IN DIIBOOT 
S82 JII' IIIJDI ;LOCP 
583 ; 
584 ; FRIIIIIIi ~ FLAG SE. T 
585 ; 
586 Rl<F: JI)Y A.R7 
587 IR. A.1FEST5 
588 JI)Y R7,A 
589 JI)Y 5l5.A 
598 JIll RlCRDY1 
591 i 

iGET ST5 
i!IET fRfllllli ~ FUWi 
;REST~ STS 
i Lrft) STATUS 
iC(IfT11I£ 

592 ; 0't'ERRlIf ~ FLAG SE.T 
593 i 

594 RXO: JI)Y 

595 IR. 
596 JI)Y 

597 JI)Y 

598 JIll 
599 i 

A.R7 
A.IOYSTS 
R7,A 
STS,A 
RXRDY2 

il£T 515 
i SET 0't'ERRlIf ~ FLAG 
; RESTM STS 
; LIR) STATUS 
;C(lfTIII£ 

688 ; 10 FLAG SET - TEST DIRECTION 
681 i 

682 IOFLAG: JI)Y A. RXST5 iGET RXS15 
613 - IIIJDI ; PORT IS OOlPUl - NO !ETION 
684 CLk F8 iRESET Fe 
685 CLR F1 iSET F1 
68fi CPt. F1 
687 IN. A. IIIlT IOFLG i RESET 10 FLAG 
688 JI)Y RXSTS,A ; REST~ RXSTS 
689 IN A. Pi ; RElI) PORT 1 
6111 OOT DBB,fi ; PUT DATA IN DIIBOOT 
611 JIll IK.OCP ;LOCP 
612 i 

613 END 

8118 81lE 81288 81411 8)88 8142 8688 8146 BFFLIi l1li84 
OOJ1 8212 DATA 8153 DATRDY 81188 ~ 81lfI ERRST 8111 
INT1 81188 IODATA 8167 IODIR 8848 ItER 8127 JOFLIIi 823C 
IK.OCP 828C IK.P1 8214 IDJT 8819 OYU 8828 OYSTS 88B8 
RCY3 8838 RCY4 8842 RCY5 fI84I) RCY6 11851 RCY7 88lI5 
k'ESET 8888 RETU!H 8888 IcSTERR 883F Rl<F 822E RlRG 8881 
RXRDY1 822l RXRDY2 8226 RXSTS 8883 SBIT 81188 SPACE 88FB 
SlPEN) 8824 STTJPR 814C TJCOOT 8848 TICSRT 8884 TIIDIf 8828 
TlFLG 8881 TXINT 81188 TXOOT 8812 TXSTS 8l1li5 l'XTJC 8883 
lCItT3 8897 lOtT4 889C lOfT5 8IlA8 ZERO 8888 

ASSEIB.Y InFI.EJE, NO ~ 

All mnemonics copyrighted @ Intel Corporation 1978. 
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00 8188 
FESTS 8848 
JOFLG -RCY 8II1B 
HCY8 Il86II 
RXJNTL 88B8 
SPOOl 88fE 
TI"JNT 11887 
lOtIT 11868 

CII>1 8W 
FRIIU 8818 
IIIRK 8884 
RCY1 8826 
RCY9 8864 
RXO 8235 
SRlBIT Il8B3 
llllIT 8828 
lCIt11 81181 
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APPENDIX C2 

LOC ImJ SEQ 5(OCE STATEIEHT 

1 ; 
2 ; TEST ROOTII£ IIIICH OOTPUTS Tl£ ASCII aRfICTER SET TO M 
3 ; lfII TRfIQIITTER IN) DISPlAYS a. TIE 118138 cam.E fIN 
4 ; CIfM:TERS RECEIVED BY Tl£ lfII RECUVER. 
5 ; 
6 ; IIFUTS: tIlTHIIii 
7 ; OOTPUTS: aRfICTERS TO mm..E 
8 ; CALLS: tIlTHIIii 
9 ; 

48IlIl 18 IRJ 4888H 
8IIOF lllD)E5J EQU IIOFH ; 8253 CIIfTR«. PeRT 
8IIOC 12 CNT8 EQU 80CH ;8253 00 8 ~T 
88E5 1300 EQU eESH i lfII C(IIftI) ~T 

88E5 14 STATUS EQU 8E5H i If'1 STATUS ~T 
88E4 15 D68IN EQU eE4H i lfII D68IN fIO(T 
88E4 16 DIIBOOT EQU eE4H i If'I DIIBOOT ~T 
8828 17 TXINT I:QU 29H i TXINT IIISk 
8881 181JlF EQU 81M i IJlF IIISK 
8IJ82 19IBF EQU 82H i IBF IIISk 
88ED 28STAT51 EQU 8EDH i 8251 STATUS ~T 
88EC 21DATA51 EQU eECH ; 8251 DATA ~T 
8881 22 TXRI>Y EQU 81M ; 8251 TXRI>Y IIISk 

23 i 

48IlIl 3E36 24 ST~T: IIYI A,36H i 8253 CNT8 IDlE I0Il) 
4882 030F 25 OOT ID)E5J i 8253 COOl«l. PeRT 
4884 JEl8 26 IIYI A, 111H iOIYIDE BY 161) 
4fI86 03DC 27 OOT CNT8 i 8253 CNT8 ~T LSB 
4888 lEN 28 IIYI A,8IIH 
488ft 03DC 29 OOT CNT8 i 8253 008 ~T NSB 
48IlC 8628 38 IIYI B,2IIH i INITIALIZE OOTPUT 13 
488E JEl8 31 IIVI A,1IIH ; ClJ.fIIUE C(IIftI) - 1288 BIU) 
4818 031:5 32 OOT 00 i lfIl COlIN) ~T 
4812 DBE5 33 POLU: IN STATUS ; READ lfII STATUS 
4814 E621 34 ANI TXINT III IJlF i TEST TXINT IN) IJlF 
4816 CA1248 35 JZ POLU i NAIT OOIL (1£ IS SET 
4819 DBE5 36 IN STATUS i READ lfII STATUS /&tIN 
481B E681 37 ANI IJlF ; lIAS IT OBF? 
4810 C23848 38 JNZ RX i YES, GO 00 RECEIVER 

39 ; til, IIJST BE TRfIQIITTER 
4828 78 48 lIlY A,B ; GET NEXT IB RR OOTPlIl 
4821 OlE4 41 OOT D68IN i OOTPUT 10 lfIl D68IN 
4823 FE5A 42 CPI 'z' i lIAS IT LAST IB? 
4825 CA3348 43 JZ NEllI i YES, ~1!<Eo. B 
4828 84 44 Ilfl B i OTl£RNISE. INC B 
4829 DBE5 45 PW.2: IN STATUS i TEST IF IBF STILL SET 
40211 E682 46 ANI IBF iTESTIBF 
4821) C22!H8 47 JNZ PW.2 i NAIT OOIL IBF=8 
4838 C31248 48 JtF POLU i BEFIE LOOCIIii AT STATUS /&tIN 

49 ; 
4833 8628 58 NEllI: IIYI B,29H ;RESET REG. B 
4835 C32948 51 JtF PW.2 i GO IIACI( 

52; 

All mnemonlca copyrighted @ Intel Corporation 1978. 
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LOC OOJ 

4838 DllE4 
483ft 4F 
4838 DIE\) 

483D E681 
483F CR3848 
4842 79 
4843 DE 
4845 Cl1248 

ftB.IC SYtIKLS 

EXTERIft. SYtIKLS 

USER SYtIKLS 
til) A 88ES 
f6II A 48ll 
STRT51 A 8IIED 

SEQ 

53 RX: 
54 
55 RX1: 
56 
57 
58 
59 
68 
61; 
6261) 

CNTB A II8DC 
!IF A 8081 
STR1US A 88ES 

APPENDIX C2 (Continued) 

SlUCE STRTEIENT 

IN DBBOOT 
lIlY C,A 
IN STfIT51 
ANI 'OlDY 
JZ RX1 
lIlY fl,C 
OOT DRTfI51 
JIF PCl..U. 

DRTfI51 A 8IEC 
PCl..U. A 4812 
TXINT A l1li28 

; REJI) DBBOOT flit RECEI~ a. 
;SAVE IT IN C 
; REJI) 8251 STR1US 
;TEST 'OlDY 
; MAlT IIfTIL REJI)Y 

;IET a. 
; OOJPUT a. TO aJtS(U 

; 00 TEST IPI fDtlN 

DBBIN A 1JIIE4 
PW.2 A 4829 
'OlDY A_ DBBOOT A_4 

RX A 4838 

All mnemonics copyrighted @ Intel Corporation 1978. 
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INTRODUCfION 

The UPI-41 is a low-cost, single-chip microcom­
puter designed to be used as a uhiversal peripheral 
interface device in a microcomputer system. The 
device is based on a completely self-contained 8-bit 
microcomputer with program memory, data mem­
ory, CPU, I/O, event timer, and clock oscillator, in 
a single 40-pin package. A bus interface is included 
which enables the UPI-41 to be used as a peripheral 
controller in MCS48, MCS-80, MCS-85 and other 
8-bit microcomputer families. The device is de­
signed for keyboard scanning, printer control, dis­
play multiplexing and similar applications which 
involve interfacing peripheral devices to microcom­
puter systems. 

The UPI-41 is fabricated with N-channel MOS tech­
nology and requires only a single 5-volt supply for 
operation. It has IK words of program memory 
and 64 words of data memory on-chip. Both ROM 
(8041) and EPROM (8741) versions are available 
and the two are completely pin compatible. The 
instruction set of the UPI-41 is almost identical to 
that of the MCS48. A single byte data register on 
the UPI-41 interfaces directly to an 8-bit master 
processor bus to handle asynchronous data transfer 
to and from the master system. A separate 4-bit 
register is used to indicate the status of data trans­
fer. Two 8-bit TTL-compatible I/O ports plus two 
single-bit test inputs are available. I/O can be 
expanded further by using the 8243 I/O expander 
device. A separate register in the UPI-41 is used as 
an event counter or interval timer. 

Because it is a complete microcomputer, the 
UPI-41 provides more power and flexibility than 
conventional LSI interface devices. For instance, 
the UPI-41 can be programmed as a peripheral 
interface for any of the low-cost drum or dot 
matrix printers currently on the market. In addi­
tion to controlling the printer, the UPI-41 can 
handle zero suppression, limit-checking, formatting 
and other computations, thereby unburdening the 
master processor. This type of distributed intelli­
gence, made possible by the UPI-4I, greatly en­
hances overall system capability while reducing 
cost and development time. 

This application note describes how the UPI-41 can 
be used to implement an interface to a matrix 
printer. The printer chosen is fairly typical of a 
large class of printers which minimize total system 
cost by reducing the mechanical content at the 
expense of more sophisticated electronic require­
ments. The UPI-4I, with its high degree of capabil-
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ity, is ideal for this type of application. It is sug­
gested that the reader not already familiar with the 
UPI-41 read the "Intel UPI-41 User's Manual" 
before proceeding in this document. 

THE LRC PRINTER 

The LRC Model 7040 printer is a matrix printer 
manufactured by LRC Inc. of Riverton, Wyoming. 
Capable of printing up to 40 columns of alpha­
numeric information, this printer is mechanically 
simple and should be ideal for a variety of applica­
tions such as point of sale terminals and data 
logging. While this note concentrates on the Model 
7040 printer, the techniques discussed should be 
applicable to a variety of similar printers which are 
currently available. 

The printer (Figure 1) consists of four major sub­
assemblies, the frame, the print head, the main 
drive, and the paper handling components. The 
frame is an aluminum extrusion which provides a 
suitable base for mounting the various components 
of the printer. The print head consists of seven 
solenoids which each drive stiff wires to impact the 
paper through the inked ribbon. At the solenoid 
end of the print head these wires are arranged in a 
circular fashion. Where these wires impact the 
printer, however, the wires are arranged in a 
vertical column. To see how this arrangement can 
be used to print alphanumeric characters refer to 
Figure 2. The figure shows a 5 X 7 matrix of 
"dots". The columns are labeled C I through C5; 
the rows are labeled as Row 1 through Row 7. 
Each row corresponds to one of the solenoid­
driven wires. The entire print head assembly is 
moved left to right across the paper so that at T 1 it 
il' over CI, at T2 it is over C2, and so on. If the 
correct solenoids are activated at each of these 
times (TI-Ts) then a character can be formed. 
Figure 2 shows the character "A" formed. At Tl 
solenoids one through five were active, at T2 sole­
noids four and six were active, and so on until the 
complete character was formed. The complete 
character is formed by choosing the correct pattern 
of active solenoids for each of five instants in time. 

The print head is moved across the paper by the 
main drive. The main drive consists of a 24-pole 
synchronous motor which drives a rotating plastic 
drum. The drum has a spiral groove molded into it. 
A pin attached to the print head rests in this 
groove so that as the drum rotates at a constant 
speed the print head is driven back and forth across 
the paper. Printing is accomplished by controlling 



the activation of the solenoids as the print head is 
driven from left to right across the paper. When the 
end of the print area occurs the spiral groove 
reverses the direction of the head motion. A$ the 
left-hand edge of the paper is reached a cam 
attached to the drum activates the HOME micro­
switch and the groove again reverses the motion 
of the head. When the print head is again over the 
print area and travelling in the left to right direc­
tion the microswitch is deactivated. The printer 
controller uses the trailing edge of the signal gener­
ated by the microswitch to initiate the printing of 
a new line of information. 

Paper feed is accomplished· by a second synchro­
nous motor which can be activated to feed paper 
through the mechanism. A switch is provided 
which is activated while the actual line feed is 
occurring. The control logic can use the trailing 

edge of the signal generated by this switch to turn 
off the line feed motor. A version of the printer 
with automatic line feed is available. 

INTERFACE SIGNALS 

The interface signals to the printer consists of a 
pair of wires for each solenoid, a pair of wires for 
each motor (main drive and line feed), a pair of 
wires returning the state of the HOME micro­
switch, and a pair of wires returning the state of 
the LINEFEED microswitch. 

The solenoids must be driven from a 40 ±4 volt 
source. The peak current is approximately 3.6A, 
the average current is approximately O.SA. A 
circuit providing the required drive is shown in 
Figure 3. The output stage, consisting of the 
2N604S Darlington transistor, the IN4002 catch­
ing diode, and the 20-ohm damping resistor, is the 

DIMENSIONS 

.1. DIA HDLE ~ 
3 PLACES 

ALL DIMENSIONS IN INCHES 

Figure 1. LRC Mcxle17040 Printer 
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one suggested by the manufacturer of the printer. 
The input stage is a discrete implementation of a 
DTL gate. Note that the base-emitter junction of 
the 2N6045 will protect the 2N2222A transistor 
from over-voltage on its collector. This circuit has 
several features which are important to the printer 
interface: 

1. All solenoid power (including the power used 
to drive the base of the power transistor) is 
derived from the 40-volt supply. 

2. Disconnecting the drivers from the UPI-41 or 
the loss of the 5-volt supply to the UPI-41 
will result in the solenoids being turned off. 

C1 C2 C3 C4 cs 
ROW7D D • D D 
RoweD. D • D 
ROWS. D D D • 
ROW •••••• 
ROW3. D D D • 
ROWZ. D D D • 
ROW1. D D D • 
Figure 2. 5 x 7 Dot Matrix 

.7K 

,HI'. 1H1" 'HI" 

L _____ _ 

The first feature of the drivers will minimize the 
impact of the printer and its interface on the 5-volt 
supply of the system. The second feature prevents 
the activation of the solenoids erroneously during 
power on/off cycles or during system checkout. 
This is an important point since the solenoids will 
be damaged if left activated continuously. (During 
the debug of the design described in this note 
fuses were added to the solenoid drivers to protect 
them from mishap.) 

The two motors can each be driven as shown in 
Figure 4. The Monsanto MCS-6200 is an optically­
coupled TRIAC which is ideal for driving the small 
synchronous motors in' the printer. Coupled with a 
buffer this part provides a simple means of con­
trolling the motor without sacrificing the isolation 
required for safe and reliable operation. 

Figure 5 shows a UPI-41 used as an interface be­
tween an IntelGD 8085 and an LRC Model 7040 
printer. The drivers which have already been 
described have been used to interface the TTL 
outputs of the 8741 to the levels required by the 
printer. The two contact closure outputs from the 
printer (PAPERFEED and HOME) have been 
filtered and applied to the TESTO and TEST! 
inputs of the UPI-41. Bit 5 of output port 2 has 
been designated as an interrupt pin which will be 
used to request service from the 8085. 

:311 

Figure 3. Solenoid Driver 

.7K 1K 27K 

____ I,J 

10k 

Figure 4. Motor Driver 
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TIMING 

The relative timing of the interface signals to the 
printer is shown in Figure 6. Actual printing com­
mences when the main drive switch signal goes into 
the print ready state. This edge indicates that the 
print head is scanning across the paper in the left 
to right direction and that the printer is ready to 
start the actual printing of characters. When this 
edge occurs the UPI-41 must start transmitting 
pulses to each of the seven solenoids. The timing 
for these pulses is shown on the last line of Figure 
6. A pulse of about 400 microseconds is used to 
generate a dot on the paper; a pause of about 900 
microseconds between these pulses satisfies the 
duty cycle restrictions of the solenoids and pro­
vides a space between dots. Since the printer does 
not provide any feedback to the UPI-41 which 
would indicate the position of the print head, it is 
necessary for the UPI-41 to decide when to fire 
each solenoid based on timing information it main­
tains internally. The specifications of the printer 
allow 310 milliseconds for the print head to 
traverse the print area. The maximum repetition 
rate at which the solenoids can be fired is once 
every 1.3 milliseconds. The maximum number of 
dots that can be printed in the available print area 
is then 310/1.3 = 238. After the last dot has been 
printed the line feed motor can be activated. The 
motor should remain activated until the line feed 
switch makes the off to on to off transition; this 
takes about 200 milliseconds. After the line feed 
motor is deactivated the next time of interest is 
when the main drive signal goes to the inactive 

J 1.26 lINES{SEC 
MAIN 

DIRVEMOTOR 
(INPUT) 180·190 ml 

PRINT READY 
MAIN~~~~~ ~_---J 

(OUTPUTI 31Dms 

FEEO ,:~~g: --1'------' 
(INPUT) 

PAPE;:'~~~ -+ _____ --1 

(OUTPUT) ---l I-- 0.0100 ms MAX 

,.,.. 
·PRINT 
PULSE 

(INPUT) 

·SCALE: 100X 

Figure 6. Printer Timing 

CHARACTER K:======~ BUFFER 

state. At this point the printing of a complete BMGR 

line, including the necessary line feed, has been PSR 

accomplished and the UPI-41 must prepare itself 
for the reactivation of the main drive switch. 
The activation of this switch will indicate that the 
printing of the next line can commence. 

g::~~:r-------------~ 
TABLES 

SOFTWARE 

PRINTER 
SERVICE 
ROUTINE 

l..-__ 

800m, 

HOME 

+40VDC 

L 
I 

} 
TO HAMMER 

DRIVERS 

The software system necessary to drive the LRC 
printer can be thought of as two main parts, each 
with an associated data structure. A block diagram 
of the system is shown in Figure 7. All the items 
shown above the dotted line are associated with 
the BUFFER MANAGER (BMGR) program part. 
All items shown below the dotted line are associ­
ated with a PRINTER SERVICE ROUTINE (PSR). Figure 7. Software Block Diagram 
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The BUFFER MANAGER is responsible for all 
interaction with the master processor (Le., the 
8085 in Figure 5). The data structure associated 
with BMGR is a 40-character buffer which is used 
to store the characters as they are received from 
the master processor. BMGR maintains two 
pointers which are used to access the buffer; these 
pointers are shown as INPUT POINTER and OUT­
PUT POINTER in the diagram and are imple­
mented as UPI41 registers Ro and RI, respectively. 
The input pointer (lNPNT) is kept pointing to the 
last character loaded into the buffer, the output 
pointer (OUTPNT) is kept pointing to the next 
character to be printed. BMGR has two major 
interfaces, the INPUT BUFFER, which is used to 
communicate with the master processor, and the 
register shown in the figure as OUTPUT BUFFER. 
This register, which is implemented with register 
R3 of the UP141, is used to communicate with the 
printer service routine (PSR). A character to be 
printed is placed in the output buffer (OBUF). 
When PSR is ready to print the character it moves 
it from OBUF to its own buffer (PBUF) which is 
labeled as PRINT BUFFER in the diagram. After 
the character is moved the output buffer is over­
written by a predetermined value which indicates 
that PSR has accepted the character. BMGR will 
load a character into the output buffer only if it 
currently is equal to this value. 

The printer service routine utilizes the TIMER to 
keep track of the current position of the print 
head. At the appropriate times it causes the sole­
noid drivers to be pulsed so that the character 
stream it sees in PBUF is printed. Based on the 
contents of PBUF and the contents of ICNT, 
which indicates the active column of the current 
character, PSR looks up the appropriate column 
data to be printed in the character generator tables. 
This data is stored in the HAMMER BUFFER until 
the precise time that it should be presented to the 
hammer drivers via the I/O bits in PORT I. ICNT 
and the HAMMER BUFFER are implemented as 
UPI41 registers 5 and 7, respectively. 

DETAILS OF THE BUFFER MANAGER 

Before BMGR can be discussed in detail, the man­
ner'in which it utilizes the character buffer must 
be understood. Figure 8 shows the operation of the 
buffer while two lines of data are input to the 
UPI41 and subsequently printed. In order to keep 
the discussion manageable, this figure is drawn as if 
the printer were capable of printing only four 
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characters per line. The two lines of characters to 
be printed are: 

ABCD 
1234 

§ -m-D" m-D" :~ ~ 
A "1" 

~ I) ml 

§ m-~ m-:: -B" -r 
HA" "1" "1" 

bl hI .1 

~ MD" m'-He"" '"3"" 
...... ..... Hr' 
OOA" .. ,oo 
el 01 -me" m-~ ~~:: -r -r 

"AN ",00 

~ p ~ moog: m-~: g 
...... Nr 
"A" .. ,-

0) kl .. 

--Ei3Ei=}~ 
~ ~ t==j 

" r) 

Figure 8. Buffer Operation 

It should be noted that the buffer contains 5 bytes, 
one more than the number of print positions. The 
extra byte is a "phantom address" which, when 
pointed to by the output pointer, indicates that 
the section of BMGR which services the printer 
service routine is inactive. This state must be 
allowed because the actual print operation cannot 
begin until the complete line has been input to the 
buffer. If this rule were not enforced, some under­
run protocol would have to be established to 
handle the situation of the input stream from the 
master processor failing to keep up with the print 
head. 

Figure 8a shows the buffer in its initial state. The 
input pointer is set to the last real position in the 
buffer and the output pointer is set to the phan­
tom position. Figures 8b through 8f show the 
operation of the pointers as the characters "A", 
"B", "C", and "D" are loaded. In each case the 



input pointer is incremented to point to the next 
available location and then that location is loaded 
with the character. The position of the output 
pointer is not changed until the last position of the 
buffer has been loaded. When this occurs, the out­
put pointer is set to point at the first character of 
the buffer. The operation of the pointers thus far 
can be described by the following algorithm: 

INITIAL: 

INPOINT:=BUFFER_MAX; 

OUTPOINT:=BUFFER _ MAX+l; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

INPOINT:=flNPOINT+ll MOO BUFFER_LENGTH; 

BUFFER(INPOINTI:=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN; 

END; 

GOTO LOOP; 

END; 

Obviously, if this loop were allowed to continue, 
the buffer would be overwritten by the next line of 
text before the first could be printed. This can be 
prevented by modifying the algorithm as follows: 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

TEMP:=flNPOINT+lI MOD BUFFER_LENGTH; 

IF TEMP<>OUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; 

BUFFERfiNPOINTI:=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN; 

END; 

END; 

GOTO LOOP; 

This modification will "freeze the action" at Fig­
ure 8f until the output pointer is incremented. 
When this occurs the input procedure will immedi­
ately load the input data over the character that 
was just printed (assuming that data is available to 
the procedure at a higher rate than can be printed). 
The defined interface with the printer service rou­
tine allows a character to be removed from the 
buffer and placed in the output buffer whenever 

. the output buffer contains the value placed there 
by the PSR, indicating that it has accepted the 
character that was previously in the output buffer. 
If this value is called EMPTY FLAG then the 
complete buffer handling procedure can be defined 
as follows: 
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INITIAL; 

INPOINT:=BUFFER_MAX; 

OUTPOINT:=BUFFER_MAX+l ; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

TEMP:=(iNPOINT+l) MOD BUFFER_LENGTH; 

IF TEMP<>OUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; 

BUFFER(INPOINT):=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN 

OUTPOINT:=BUFFER_MIN; 

END; 

I F OUTPUT _BUFFER=EMPTY _FLAG THEN 

BEGIN 

IF OUTPOINT<=BUFFER_MAX THEN 

BEGIN 

OUTPUT_BUFFER:=BUFFER(OUTPOINT); 

OUTPOINT:=OUTPOINT+l ; 

END; 

END; 

END; 

GOTO LOOP: 

Examination of Figures 8g through 8r will show 
how this algorithm maintains the buffer. If there is 
an open position and a character is available, it is 
placed in the buffer. When a complete line is in the 
buffer, printing is initialized by setting the output 
pointer to BUFFER_MIN. As the last character of 
a line is printed, the output pointer is incremented 
to point at the "phantom location" until the next 
line is completely entered. It should also be noted 
that if the input stream is faster than the print 
operation, then after the last character of a line is 
printed only one character need be input before 
printing can resume (see Figures 81, m, and n). 
Frame r shows that after all available characters 
have been printed the state of the buffer is the 
same as it is initially. This is obviously a desirable 
feature. 

The flowcharts for the complete BUFFER MANA­
GER are shown in Figures 9a and 9b. The corre­
sponding code can be found starting at label 
BMGR of the program listings (see appendix). The 
flowcharts follow the algorithm that has been dis­
cussed very closely. Some additions have been 
made to implement logic not associated with the 
buffer. The first difference is that when a byte is in 
the input buffer it is tested to determine whether 
it is a command byte or a data character before 
further action is taken. Only two commands are 
recognized; one to set, and one to reset, the in­
ternal interrupt enable flag. This flag, which is 



implemented as bit zero of PORT2 determines 
whether or not the UPI-41 will assert an interrupt 
to the master processor when it is able to accept 
a new character. Two additional deviations can be 
noted in Figure 9a; the first is that the motor of 
the printer will be turned on whenever a data 
character is received, the second is that if an end of 
line code (i.e., an ASCII line feed) is received, then, 
instead of storing it in the buffer, a mode is en­
tered which fills the remaining buffer locations 
with space characters. This mode is enabled by bit 
one of PORT2. Note that utilizing otherwise 
unused bits of PORT2 for program status allows 
convenient testing and setting by the software and 
also enables external monitoring of the program 
operation. 

Figure 9a. Buffer M.n .... r Flowch.rt 
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The last addition to the algorithm can be seen in 
Figure 9b where instead of going directly back to 
the start of the program after servicing the printer, 
a test is made to determine if the interrupt to the 
master processor should be asserted. This interrupt 
is set if the enable bit is set and there is also room 
in the buffer for at least one more character. After 
this test, control is passed back to the beginning 
ofBMGR. 

Figure 911. Buffar Manager Flowch.rt 

PRINTER SERVICE ROUTINES 

The Printer Service Routine must convert the char­
acters given to it by the Buffer Manager into an 
appropriately timed stream of pulses to the sole­
noids. Because the PSR is extremely tim~­
dependent, it was implemented as an interrupt­
driven routine which is given control when the 
timer overflow occurs. This allows exact timing 
of the solenoid firings without requiring software 
delay loops. If the timing had been generated by 
such loops, synchronization would have been lost 
when the delay loops were interrupted in order to 
service the master processor. 



If a hardware design of a controller for the printer 
were being undertaken, a convenient place to start 
would be to generate a state transition diagram 
which shows all the states that can be entered and 
how control can transfer from state to state. This 
hardware design technique is often useful in soft­
ware design and was, in fact, used to develop the 
PSR. The state diagram of the PSR is shown in 
Figure 10. A total of eight states are necessary to 
implement the printer control function. Before 
discussing this diagram further, each of these states 
must be dermed. 

WPA: 

TPA: 

IPO: 

lCOL: 

The WPA (Wait for Print Area) state is 
the state in which the system waits for 
the input from the printer which indi­
cates that it is ready to start the actual 
printing of data. 

During the TPA (Test Print Area) 
state the system digitally filters the 
signal from the printer to ensure that 
contact bounce is not causing an er­
roneous indication that the print area 
has started. 

Transfer to the IPO (Initialize Print 
Operation) state occurs after the posi­
tioning of the print head over the 
print area has been verified. During 
this state the system initializes itself 
to start printing a line of text. 

The ICOL (Inter Column) state is used 
to time the period between the activa­
tion of the hammers. During this state 
the space between the dots of the 
characters is generated. 

PCOL: During the PCOL (Print Column) state 
the hammers are energized if the par­
ticular character being printed re­
quires a dot in the corresponding posi­
tion. 

ICHAR: The ICHAR (Inter Character) state is 
active between characters on a given 
line. 

WFON: During the WFON (Wait for Feed On) 
state the system waits for the asser­
tion of the feed pulse from the print­
er. This signal indicates that the 
process of feeding paper is occurring. 

WFOFF: The system remains in the WFOFF 
(Wait for Feed Off) until the feed 
pulse goes inactive. This indicates that 
the required paper feed operation has 
been completed. 

The state diagram, in addition to defining the 
allowable states, also dermes how state to state 
transitions can be made. The general structure of 
this diagram shows that PSR is initiated by the 
occurrence of the timer overflow interrupt. When 
the interrupt occurs the contents of the HAMDAT 
(HAMmer DATa) register are immediately trans­
ferred to PORTI which causes the hammer sole­
noids to be activated. Each of the eight possible 
states sets data into the register which should be 
output at the next timer overflow occurrence and 
starts the timer operating in a mode which will 
result in the main program (BMGR) being inter­
rupted at the proper time. The following para­
graphs describe the operation of each of the states 

WPA WAIT FOR PRINT AREA 
TPA TEST PRINT AREA 
IPO INtnALIZE PRINT OPERAnON 
ICOL INTER COLUMN DELAY 
PCOL PRINT COLUMN 
ICHAR INTER CHARACTER DELAY 
WFON WAIT FOR PAPER FEED ON 
WFOFF WAIT FOR PAPER FEED OFF 

cen 1 
C'0 NOT (PAINT_AREAl 
en (PRINT_AREA)a(FILTER()QJ 
C12 (PRINT_AREAJ'(FILTEA-O) 
C:!o (OBUF.-n'_FLAGI 
C23 (OBUF()EMPTY _FLAGI 
.,.. 1 
ca (COL_COUNTe 10I 
Coli (COL_COUNT"'" 
C&3 (08UF( )EMPTY_FLAG) 
C&8 (OBUF-EMPTY _FLAGI 
cae (PAPERFEED-OFF) 
Ce7 (PAPEAFEEOo-ON) 
C70 (pAPERFEED-ON) 
en (PAPERFEED-OFFI 

Figure 10. Print Control State Transition Diagram 
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in detail. The flowcharts of the routines can be 
found in Figure 11. 

The WPA, CPA, and IPO states are all associated 
with the detection of the valid start of the print 
area. The WP A state sets the timer in the event 
count mode so that the edge of the print area 
signal can be detected, the CPA state digitally 
filters this input once it has been detected to 
ensure that noise has not caused a false input, and 
finally, the IPO state initializes the system to start 
the actual printing of data. The flowchart shows 
that the WPA state accomplishes the following 
actions: 

I. Turns off the paper feed motor 
2. Sets the filter count (for the CPA state) 
3. Sets HAMDAT to zero 
4. Sets STATE to one. 

The timer is set to event count with an initial value 
of OFFH. This will cause a timer overflow interrupt 
the next time a negative transition occurs on the 
TEST! input. Since this input is tied to the signal 
from the PRINT AREA switch, this interrupt 
should occur when the start of the print area is 
reached. The WPA state sets the STATE register to 
cause the TPA state to be entered when this inter­
rupt occurs. Each time the TP A (Test Print Area) 
state is activated the software checks to ensure that 
the print area switch is in the proper state; if it is 
not then all the actions of state zero are repeated 
(ex~ePt turning off the motor), since a false start of 
print area has occurred. If the test reveals that the 
print area switch is in the proper state, then the 
filter count is reduced by one and the timer is 
started with an initial value of OFFH, the minimum 
attainable timer increment. The STATE register is 
set to repeat the TPA state unless the filter count 
has reached zero; when this occurs the IPO state is 
selected. The IPO state, which is responsible for 
the initialization of the actual print operation, first 
tests the output buffer register to determine if 
there is any data for it to print. If this test is unsuc­
cessful the printer main drive motor is turned off, 
the TPA state is reinvoked and the timer is started 
in the event count mode so that it can detect the 
next start of print area. At first glance this seems 
somewhat fruitless since the event required cannot 
happen if the motor is not turning. By referring 
back to Figure 9, however, it can be seen that 
BMGR turns on the motor whenever it has a data 
character from the master computer. The reception 
of a character will always allow the PSR to find the 
next print area. If, when the IPO state makes its 
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test, there is data in the output buffer then the 
data is moved to the print buffer and the output 
buffer is set to the empty value. After this is ac­
complished, a counter is set to the number of col­
umns to be printed per character (seven in this case 
- see comment by CGEN label in program listing), 
the STATE register is set to the ICOL state and the 
timer is set to time the intercolumn time. (The 
intercolumn time is the time that elapses between 
each possible column of the character.) Before 
exiting from this state the first column of data for 
the hammbers is generated by the COLUMN rou­
tine and placed in the HAMDAT register. 

The three states already discussed set the printer 
up so that it is ready to print. The next three states 
are repeated sequentially until the entire line of 
data has been printed. The ICOL state is probably 
the simplest of the states. When it is invoked the 
hammers have just been fired by the entry into the 
PSR. All that the ICOL state does is to set the 
timer to time the proper duration of the hammer 
strikes, clear the HAMDAT register, and set the 
STATE register to the PCOL state. The PCOL 
state, only slightly more complicated than the 
ICOL state, first decrements the column count. If 
the end of a character is detected (count equal 
zero), the HAMDAT register is cleared and the 
STATE register is set to invoke the ICHAR state. 
If the end of a character is not detected then the 
COLUMN routine is again used to determine the 
next data to be sent to the hammers and the ICOL 
state is reinvoked. When the ICOL state is active 
two things can happen, depending on whether 
there is more data to print. If there is data in the 
output buffer then a series of actions similar to 
those of the IPO state occur to reinitialize the 
printing of a character; if there is no more data in 
the line then the paper feed motor is turned on, 
HAMDAT is cleared, and the STATE register is set 
to the WFON state. The timer is set for approxi­
mately one millisecond so that the state of the 
paper feed switch can be sampled periodically by 
the WFON and WFOFF states. 

The WFON and WFOFF states continue to set the 
timer to the one millisecond sample rate, the 
WFON state reinvokes itself until the paper feed 
switch input is detected and then it invokes the 
WFOFF state. The WFOFF state reinvokes itself 
until the paper feed switch is detected in the off 
state and then invokes the WP A state. The sole 
purpose of the WFON and WFOFF states is to 
ensure that an off to on to off transition occurs on 



,. ... ____ .. _ ................... ,. ""uu ".1.1 .... .1.1 VJU"'t;t;U~ LU pnIlL 

the next line of data. 

CONCLUSION 

The UPI-41 has been shown to be easily capable of 
controlling the LRC matrix printer with no ex­
ternal logic other than drivers and receivers. The 
program listings which implement the algorithms 
discussed are shown in Appendix A. It should be 
noted that no attempt has been made to minimize 
the amount of code in the program; the emphasis 
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slgmtlcantly reduce the amount of code space 
needed, especially in the printer service routine 
which duplicates much code in each STATE. Even 
with this relatively loose coding the printer control 
function, including the complete character tables, 
easily fit within the memory available in the 
UPI-4I. The extra room in memory could be used 
to implement such extra features as tabulation, 
printing prestored messages, or even limited 
graphic capabilities. The power and flexibility of 
the UPI-41 make such features easy to implement. 



Appendix 
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RET RET RET RET RET RET RET 

TIMIR 
INnRRWT 

RET ~ 
Figure 11. PSR Flowchlrt 

RET RET RET RET 



APPENDIX 

ISIS-II 81148 ASSEMBLER, Vl.l 
LRC PRIm'ER c:afIiU.LER 7/14/7 

IOC IEJ SfIw SOUlCE S'l'Nl.DmNT 

I11III7 
1111116 ssn 
111103 
08112 
1111111 
0111111 

IlIIAII 
FFFE 
FFm 
FFF8 
FFFA 
1111114 

ItIIFF 
1111117 
111I7F 
IIIIBF 
1111111 
1111112 
11811A 

SS~l 
111128 
111118 

SS!J 

1 
2 

~ 
5 
6 
7 
8 
9 

11) 

B 
13 
14 

l~ 

.********************************************************************* , 
, 

UPI -41 LRC plUNTER cnma.LER 

THIS PRlGRAM IMPIatENTS THE CXNl'R)L OF THE 
LRC PRIN1'ER WITH THE UPI-41. IWrA IS INPUT '10 THE 
UPI-41 AS SIX BIT ASCII. ~ ARE PK)VIDED 
'10 . ENABLE OR DISABLE THE GENERATlQiI OF AN 
INTERRUPT wum THE (IUT IS READY 
FOR MODIER IWrA ~. THE INTERRUPT IS OIABLED 
BY OOTPUTING 113H '10 THE CQilTKlL CHANNEL J\ND DISABLED 
BY OOTPUTn«i 11211. WHEN ENABLED THE INTERRUPT 
IS IMPLEMENTf.D AS A FalITIVE OOn«i EDGE QiI P25. 

NOTE: A PI.,/M LIKE IMGII\GE WAS USED '10 CXJ!MENT 
THIS PKlGlWl. NO CCMPILER EXISTS FOR THE UPI-41. 
THE aJ!MERl'S WERE 'HAND CCMPlIED' IN'IO UPI-41 
ASS!JIBLY ~. 

17 
18 
19 
2tJ 
21 • 
22 ;********************************************************************* 
23 
24 
25 
26 ;************************************************************************* 

~~ REXiISTER ASSIGNMml'S 
29 • 
30 ;*************************************************************************~ n 
33 IIAMDM' I 34 STATE 
35 ICNT 
~~ PBUF . 

~ 
41t INl'NT 
41 
42 
43 

R7 
R6 
R5 
R4 
R3 
R2 
Rl 
Rf/J 

44 ;*********************************************************************** 
45 
46 TIMER ElQUATm 

2i i*********************************************************************** 
49 
58 TICK lXlOa 51 TIDI 
52 TflJFF 
53 TIN'mR Ii 
~~ WJ.f . 
56 
57 

1611 
-32111TICK 
-481f/'l'ICK 
-12811n-ICK 
-lIIl1.lI/TICK 
6411/TICK 

58 ;*********************************************************************** 
59 , 
611 , 
61 • 
62 i*********************************************************************** 
63 
64 EHTFLG lXlO 
65 !MAX 
66 PFEm 

U~ 
69 FKlDE 
7tJ ElOL 
H~M 
U~., 
75lfMiii' 
76 BMAX 

~~ 
79 $ 

IIFFH 
07H 
7FH 

Sir 
11211 
IIAH 
1121H 
21tH 
21tH 
18H 
ISH 
3FH 

All mnemonics copyrighted @ Intel Corporation 1978. 
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80 
81 ********************************************************************** 
82 
83 START OF PIllGRAM 
84 

********************************************************************* 85 
86 
87 INITIALIZE, 
88 INITIALIZE AND 00 10 
89 SK;R 

000" 90 0lG 0"H 
""0" 1416 91 RESET: CALL CASEII 
00"2 3479 92 CALL !NIT 
""04 25 93 EN 'lOfl'I 
0B05 24B" 3~ JMP SK;R , <XDE MUST END Nr we 6 

96 
97 .**********************************************************************i , 
98 ; 99 START OF INl'ERRUPl' DRIVEN STATE MllCHINE 

lfl0 ~*****************************************************,****************1 101 
182 1 3 00, 
104 , HAMMERS-1lAMMER$Di\T-
1115 A,IIAMDI\T' 

00 CASE STATE, , 
0007 2F 111J6 TISR: XOl 
IIBII8 37 107 CPL A 
0BIII9 39 108 CX1l'L K1~E BII0A FE 1119 MJV 
000B 030E 11B ADD ~i'CBASE 0000 53 111 JMPP 
000E 16 112 CBASE: DB CASE0 
00"F 24 113 DB CASEl 
1IJ1II10 40 114 DB CASE2 
01111 61 115 DB CASE3 
0111126B 116 DB CASE4 
0B13 7D 117 DB CASE5 
0014 91:. H3 DB CASE~ 0015 AS DB CASE 

120 
121 
122 
123 
124 
125 00, ~E II, FEEDING LINE */ 
126 B FEED=OFF, 
B~ STNl'&ol-

ICNT=FIt:rv 
129 

: ~Il!\~)' 130 in CASE0: 
- END- /* END (p CAsE B */ sng =! ORr. ~NOr' PFEID) , 

133 MJV 
IQll'ldlL'lV 00lA 8004 134 MJV 

Bn~ ~fF 135 MJV ~-136 MJV 
011IF 45 137 STRT 
002" 2300 138 MJV A,'0 
0022 2F 139 XOl A,IIAMDI\T 
0023 93 148 RETR 

141 00, ~* CASEl.ESTING FOR PRINT AREA */ 142 I '1'11=1 
143 00-
144 'STATE=l-
145 ICNT=FItTv-
146 ~RiNMREA), 
U~ ~-
149 

END; , 

11024 4632 150 CASEl: JNT1 C1EIS 

88~ =1 l~~ MJV STATE .1 MJV ICNr1' IL'lV 0112A 23FF 153 MJV A,.-
002C 62 154 MJV ~,A 
01120 ~~ l~ STRT 
"02& 0 MJV A1·0 0030 043E 157 JMP CEND 

All mnemonics copyrlghtad ~ Intal Corporation 1976. 
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roc OBJ StXl SOUK:E S'l'ATEMENT 

158 EISE DO; 
159 ICNTi=I~l" 
169 IF ICNT=9 ~ STATE=2 EISE STATE=l; 
161 TIME (-1) " 
162 HAMMER$b.'.TA=9 ; 
163 END; 

0932 BE02 164 CIEIS: WJV STATEC·2 
9934 ED38 165 DJNZ ICNT llA 
9936 BE91 166 WJV STATE,U 
9938 23FF 167 CllA: WJV A,t-l 
99JA 62 168 WJV T, 
9938 55 169 STRl' T 
993C 2399 179 WJV A,'9 

171 A,~; END; /*END OF CASEI */ 
993E 2F 172 CIEND: XCII 
903F 93 173 RE.TR 

174 
175 

DO; ~*CASE ~ITIALIZE PRINT OPERATICfi */ 176 
177 I OBUF<> SFLI\G '!HEN 
178 DO; 
179 TIME (HAMMER$OFF) ; 
189 PI3llF=CEUF " 
181 OOUF=EiPiYSFLI\G; 
182 I=!MAX" 
183 ~" 184 l:wrA=ceLll!N (PBUF , I) ; 
185 

A,OOUF ' 
mID; 

9949 FB 186 CASE2: WJV 
9941 D3FF 187 XRL ~~~LG 9943 C655 188 JZ 
9945 23FD 189 WJV A,'THOFF 
9947 62 199 WJV i,A 9948 55 191 STRl' 
9949 FB 192 WJV ~K S94A N:. l~~ WJV 

94B BBFF WJV OBUF: 10f.l'FLG 994D BD97 195 WJV ICNT !MAX 
994F BE93 196 WJV ~13 995154E9 197 CALL 
9953 945F 198 JMP C2mm 

199 EISE DO" 
299 STATE=l" 
291 WAIT~AREA) ; 
292 K710 F" 
293 BAMMER$DP.TA=e ; 
294 

STATE,n; 
mID; 

"955 BE91 295 C2EIS: WJV 
9957 23FF 296 WJV A"-l 9059 62 297 WJV 'fib 99SA 45 298 STRl' 
9958 8A49 299 ORr. K~,INOl' ~ 99SO 2389 219 WJV 

211 ; END; /*END OF CASE 2 * / 
995F 2F 212 C2END: XCII A,1lAMDI\T 
9969 93 213 RE.TR 

214 
DO; ~~HI\MMER OFF CYCLE */ 215 

216 =~"); 217 
218 STATE= " ' 
219 END; /*END'OF CASE 3 */ 

9961 23FE 229 CASE3: WJV A,,~ 
9963 62 221 WJV T,A 
9964 55 222 STRT T 
9965 2399 223 WJV A '9 9967 BE94 224 WJV S~ 9969 2F 225 XCII A, 
996A 93 226 RE.TR 

227 S EJECT 

All mnemonics copyrighted @ Intel Corporation 1976. 
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LOC OBJ sm SOURCE STATEMENT 

228 , 00; /*CAS~NTING COL I OF CHAR */ 
229 

A,!l'HOFF; 
TIME ( FF); 

~~g~ t~FO Hi CASE4: /!OJ 
WJI/ T, 

006E 55 232 STRT T 
233 1=1-1' 
234 IF I=~ THEN 
235 00; 
236 STATE=5; 
237 HAMMER$DA.TA=0 ; 
238 

ICNT C4Ei1; 
END 

006F m77 239 DJNZ 
0071 BE05 240 /!OJ STATE, 115 
0073 2300 241 WJI/ ~d~o 0075 047B 242 JMP 

243 ELSE 00' 
244 ~. 245 MTA=COLUMN(PBUF,I); 
246 

STATE, 113; 
END; 

0077 BE03 247 C4ELS: WJI/ 
0079 54EIiJ 248 CALL COLUMN 

249 ; END; /* END OF CASE 4 */ 
007B 2F 250 C4END: XCH A,IIAMDA.T 
007C 93 251 Rm'R 

252 ; 00; ~CASE~ INTE.RCHARACTER SPACE */ 
253 

A,!TINTEft 
T (INT CHAR) ; 

0070 23F8 ~~~ CASES: WJI/ 
007F 62 WJI/ T, 
0080 55 256 STRT T 

257 IF OBUF<>EMPTY$FLAG THEN 
258 00' 
259 ' PBUF=OBUF' 
260 OBUF=Fi1P'ii$FLAG; 
261 I=!MAX' 
262 ~. 263 MTA=COLUMN(PBUF,I) ; 
264 

A,OBUF ' 
END; 

0081 FB 265 WJI/ 
0032 03FF 266 XRL ~~Uf'FLG 00 4 C692 267 JZ 
0086 FB 268 WJI/ AsfJUF 0087 AC 269 WJI/ P ,A 
0088 BBFF 270 WJI/ OBUF , IEMl'FLG 
011SA 8007 271 WJI/ ICNT, !MAX 
008C BE03 272 WJI/ STATE,'3 
008E 54E0 273 CALL COLUMN 
0090 049C 274 JMP C5END 

275 ELSE 00; 
276 TIMEJW~); 277 gAP F ; 
278 ~kTA=0; 279 
280 

A,.TLFEE6 
END; 

0092 23FA 281 C5ELS: WJI/ 
0094 62 282 WJI/ T,A 
0095 55 283 STRT T 
0096 9A7F 284 ANL P2dtFEED 0098 BE06 285 WJI/ ST ,116 
009A 2300 286 WJI/ A,1I0 

287 
A,IIAMDA.T' 

END; /* END OF CASE 5*/ 
009C 2F 288 C5ENO: XCH 
0090 93 289 RE.TR 

290 
291 $ FJECT 
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ux: OBJ 

1'l1'l9E 23FA 
01'lA1'l 62 
I'lfrlAl 55 
I'lI'lA2 26A8 
1'l1'lA4 BEI'l7 
I'lI'lA6 1'l4M 

I'llWl BEI'l6 

=~~"" I'lIilAD 93 

I'lI'lAE 23FA 
I'll'lBl'l62 
I'lIiBl 55 
I'll'lB2 3688 
1'l1'lB4 BEI'l0 
1'l0B6 04BA 

illiB8 BErlJ7 
il0BA 2300 
00BC 2F 
00BD 93 

1i100 

01il0 D647 
01102 7636 
61il4 9ABF 
illil6 F8 
il107 3470 

SEQ 

292 
293 

~B~ 
296 
297 
~~~ CA';E6: 
300 
301 

~~ 
304 
305 
306 
307 C6ELS: 
308 
309 U! C6END: 
312 
313 

n~ 
316 
317 
318 
319 
320 CA';E7: 
321 
322 
323 
324 

~~~ 
327 
328 
329 

n! C7ELS: 
332 C7END: 
333 
334 

n~ 
337 

n~ 
340 

SOURCE STATEmNl' 

fICJV 
XCH 
RETR 

fICJV 
fICJV 
XCH 
RETR 

A, t'rui'EEb 
T,A 
T 
C6ELS 
~=,'7 

. 
A, 10 ; 
A,fIAMIlM' 

; 

A,ITLFEE1J 
~,A 
C7ELS 
STATE, 10 
C7END 

STATE, 17; 
A,10 
A,IlAMD!\T 

00; /*CASE 6,WAITING FOR FEED CIiI */ 
TIME (Lnm$FEED) ; 
IF PFS=1 '!HEN 
00· 

'STATE=7; 
END; 

ELS~; 
END; 

flAMMER$MTA=0 ; 
EH>; /*EH> OF CASE 6 */ 

00; I*CA';E 71. WAITING FOR FEED OFF * / 
't.IME(LINE"FEED); 
IF pFS=I!J '!HEN 
00· 

, STATE=riJ· 
END; , 

ELSE 00· 
sTiim=7; 

END· 
~MTA=0· 

END; /*END OF CAsE 7 *1 

END; /* END OF CASE BUx:K */ 

341 ;************************************************************************ 
342 • 
343 • BkiR 
344 
345 
346 
~2~ 
349 
350 
351 
352 
353 
354 

~~~ 
357 
358 

~~a 
361 
362 
363 

TI1IS SEXiMENT cnm¥JI.') THE HANDSHAKING BE'lWEEN THE 
CONl'KlUER AND TIlE MASTER PKlCESSOR • . 

~**************************************.********************************* 

/BI«iR-BUFFER MANl\GER* / 

00; 
IF IBF=FULL THEN 
00· 

iF Tl{PE=MTA 'llIEN 
00; 

M)'IOR=Qi. 
TEMP=m:6Pr(INPNT) ; 

364 BkiR: 
365 

og; 

JNmF 
JFl 
ANI. 
fICJV 
CALL 

100H 
BBPR'l' 
BBCMD 
P2,,~ 
A,lNJlNr 
INCQPl' 

366 
367 
368 
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we OBJ sm SOOBCE STATEMENT 

369 IF TEMP<>OI1l'$l'OlNl' THEN 
370 00· 
371 iN$l'OINT=TEMP • 
372 IF FILL$MJD&a.I 'lllEN 
373 00· 
374 ' TEMP=SPACE; 
F5 EISE 00· 

76 TEMPblNPUT$BUFFER; 
377 INTERRlJPT=OFF; 
378 END; 

F9 IF TEMP=EOL THEN 
80 00; 

381 FILL$MJDE=ON; 
382 TEMP=SPACE; 
383 END· 
384 IF 1'EMP=coNl'RDL$OODE THEN TEMP= I ! I ; 

385 BUFFERMN$l'OlNl'~=TEMP AND 03FH; 
386 IF IN$ INT=BUF ER$MAX 'l1iEN 
387 00; 
388 FILL$!f)il&'OFF; 
389 OO'l'$l'OINT=BUFFER$MIN; 
390 END; 
391 END; 
392 
393 

0109 D9 394 BBLl: XRL A,OOTPNT 
010A C647 395 JZ BBPR'I' 
010C D9 396 XRL A,OUTPNT 
010D AS 397 KJV INPNT,A 
010E 0A 398 IN ~fr.t 010F 3216 399 JBl 
0111 22 400 IN A DBB 
0112 9ADF 401 ANL ~jF(~) 0114 2418 402 JMP 
0116 2320 403 FILL: KJV A'!ffiACE 0118 D30A 404 BBLlA: XRL ~WL 01lA 9620 405 JNZ 
011C 1Wl2 406 OR!. &hl~DE 011E 2428 407 JMP 
0120 D30A 408 BBLIB: XRL ~d,~L 0122 D228 409 JB6 
0124 B228 410 JB5 BBLlC 
0126 2321 411 KJV A'SEXCLAIM 0128 533F 412 BBLlC: ANL A~H 012A Na 413 MJ\I @ A 
0128 F8 414 MJ\I A,INM 
012C D33F 415 XRL ~~ 012E 9647 416 JNZ 
0130 9AFD 417 ANL ~NOl' FKXlE 
0132 B918 418 MJ\I T,'BMIN 
0134 2447 419 JMP BBPRT 

420 EIS~PE IS ca4MAND*/ 
421 I FF; 
422 IF JiilRT0 AND 3)=2 THEN INTENA=OFF; 
423 IF( R1'Il AND 3)=3 'lllEN INTENA=ON; 
424 END; 
425 

0136 22 426 BOCMD: IN A DBB 
0137 9ADF 427 ANL E!t,~NOl' (~) 0139 5303 428 ANL 
0138 323F 429 JBl 
013D 2447 430 JMP BBPRT 
013F 1245 431 BBL2: JB0 BBL3 
0141 9AFE 432 ANL ~wr lNl'ENA 0143 2447 433 JMP 
0145 IWll 434 BBL3: OR!. P2,'INTENA 

435 $ FJECT 
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LOC OBJ Sal 500BCE STATDIm!' 

436 IF 0BUF=tJtPl'Y$FLI\G AND (OOT$POINT<>BMIN tR STATE-
437 00' 

tl IF <Xn'$POINT<=BUFFER$MAX THEN 
00; 

44111 ~~~ 441 END' PO PO 1; 442 
443 DID~ , 
444 

111147 FB 445 BBPRT: K>V A,OOUF 
Rl48 OFF 446 XRL ~f~ 4A 965E 447 JNZ 
1rl14C F9 448 K>V A 0l1l'PNl' 
11114D 0318 449 XRL ~~IN 11114F 9658 45! JNZ 
0151 FE 45 K>V A,STATE 
111152 1113FD 452 ADD ~ 111154 F258 453 JB7 
Ri~8 ~5E 454 JMP BIRr 

455 BBPRTA: K>V A,Ol1l'PNl' 
111159 D25E 456 JB6 Blm' 
USB Fl 457 K>V ~ 1II1SC AB 458 101 ~ IrllSD 19 459 INC 

46111 TJiJU>=lNCQPl' (INFNT) ; 
461 IF TEMP<>ouT$POIRr THEN 
462 00' 
463 fF ~ AND FID>E=OFF TIIEN ~; 
464 END; 
465 END; 
466 END 
467 

11115E F8 468 BIRr: K>V £ 015F 347111 469 CALL 
111161 D9 47111 XRL ~ 111162 C61111rl 471 JZ 

472 BINTA: 
111164 IlIA 473 IN A,P2 
Si2~i1t1rl t~! CPL A 

JBIIJ BIIiR 
111168 326C 476 JBl SETIRr 
11116A 24111111 477 JMP BIIiR 

RifE ~S t~g SETIRr: ~ ~~ 
48111 
481 
482 
483 
484 
485 
486 
487 ; PROCEDURE lNCQPl'(A,CARRY); 
488 ; 00; 
489 ; A=A K>D BUFFER LENG'l'H+BUFFER MIN; 
49111 ; IF A=BUFFER MIN THEN CARRY=lT 
491 ; END; -

1rl171rl 11131111 492 lNCQPl': ADD ~ 111172 0275 493 JB6 
1rl174 83 494 RET 
0175 2318 495 ADJUST: 101 ~,tQPIMIN 111177 A7 496 CPL 
1rl178 83 497 RET 

498 
499 
50111 ; PROCEDURE INIT; 
51111 ; 00; 
5112 0BUF=tJtPl'Y$FLI\G • 
51113 ~INT=soF~+l; 51114 IN INT=BUF ; 
51115 KYlOR=OFF' 
5116 PAPER$FEFil=oFF; 
51117 ~F' 51118 $MASi=OFF; 
51119 BUS$BUFFER=III ; 
511rl , END; 

0179 BBFF 511 INIT: K>V ~ml'FLG 1117B B9411 512 101 "BMAX+l 11170 B83F 513 K>V INPNT BMAX 
017F 2FII 514 K>V A~'IIF6H 1rl181 3A 515 OUTL 
11182 22 516 IN t~ 
111183 83 517 Ri>'r 

518 
519 
521rl 
521 
522 
523 
524 $ EJECT 
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LOC OBJ 

92E9 

R~! ~ 
92E.2 B2E5 
02E4 95 
92E5 531F 
92E7 AC 
02E8 E,7 
02E9 E7 
02EA E7 
02EB 37 
02EC 6C 
92ID 6D 
92EE 37 
92EF 9397 
92Fl B6F9 
02F3 E3 
02F4 2C 
92F5 4320 
92F7 2C 
92F8 83 
92F9 A3 
92FA 83 

Sm SOURCE STATEJmNl' 

525 ********************************************************************** 
526 

~~~ 
529 
539 

~1~ 
533 
534 
535 
536 
537 
538 

~a~ 
541 
542 
543 
544 
545 
546 
547 
548 
549 
559 

COLUMN IS CALLED WI'Di ICNT EQL ro THE CURRENT COLUMN NUMBER 
AND PBUFF ~L ro THE CHARACTER ro BE CONVERl'ED. 
COLUMN RE'lURNS THE APPROPRIATE COLUMN OF M'I~ FlO! THE 
CHARl\CTER GENERATER TABLE. COLUMN IS I.DCATED IN PAGE 2 
FOLIaiING THE FIRST HALF OF THE TABLE. 

********************************************************************** 

OR; 2E9H 
PROCEDURE COLUMN (PRINT$BUFFER, ICNT) ; 
DO; 

FLAG9=NOT PRINT$BUFFER(5); 
PRINTSBUFFER[UJ=0 • 
TEm'=1* (PBUF+l -100 
IF FLAG9=OFF 
DO; 

TEm'=MP3 (TEMP) • 
PRINT$BUFFER [51 =1; 

END' ELSE DO' 
T~-MP2 (TDIP) ; 

END; 

~~~ CDLUMN: !llJV 
CLR 
JB5 
CPL 
ANL 
WJV 
RL 

~~PBUF 
NOOE.'l' 
F9 
A,LUIFH 
PI:SUF,A 
A 

END; 

553 
554 
555 NOOE.T: 
556 
557 
558 
559 
560 
561 
562 

~~i 
565 
566 
567 
568 
569 
579 

RL A 
A 
A 
A,PBUF 
A,ICNT 
A 

~M~ 
A,@A 

~:i~~ 
A,PBUF 

571 PAG2: 
572 

RL 
CPL 
ADD 
ADD 
CPL 
ADD 
JF9 
WJVP3 
XCH 
ORL 
XCH 
RE.T 
WJVP 
RE.T 

A,@A 

~1i 
575 
576 
577 ********************************************************************** 
578 
579 
589 
581 
582 
583 
584 
585 
586 
587 
588 
589 
599 
591 
592 
593 
594 
595 
596 
597 
598 
599 

CHARACTER GENERATER TABLES. 
THE FIRST HALF OF THESE TABLES IS IN PAGE 2. FOLIaiING THIS HALF 
IS THE COLUMN SUBROUTINE. THE SECOND HALF OF THE TABLE IS 
IN PAGE 3. THE PLACEMENT OF THESE TABLES IS ro TAKE 
ADVANTAGE OF THE MCS-41 WJVP AND !llJVP3 INSTRllCTlOOS. 

THE CllARACTERS ARE FORMED BY A SEVEN BY SEVEN MATRIX 
OF oors. EACH DOT PC6ITlOO CORRESPONtIS 
ro ONE HALF THE NORMAL DOT SPACING OF THE LRC PRINTER. 
ro PREVENT EXCEEDING 'l'HE "BANIWIDl'H" OF THE SOLENOIDS 
THE CHARACTERS ARE FORMED SO THAT THE SAME SOLEN>ID IS 
NUl' ENERiIZED TWICE IN SOCCESSION. COOSTRUCTING THE 
TABLE IN THIS MANNER ALIaiS THE FORMATlOO OF A CHARACTER IN ONLY 
4 PRINT COLUMNS SINCE THREE OF THE oors WILL APPEAR BETWEEN 
NORMAL COLlHi PC6ITlOOS. 

THE CCH1ENT FIELD OF THE TABLE ~ THE BIT PATTERN OF THE 
CHARACTERS. THE SPACING OF THE PRINTER CHARACTERS CAUSES 
DISroRl'IOO OF THE CHARACTERS BUT THE PATTERN IS STILL DISCERNABLE. 

698 *********************************************************************** 
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roc OBJ sm SOURCE STATDIENl' 

6111 
11211J0 6112 OIC 21111" 

6113 
6114 

1121111 fie 6115 IE IICH ** [AT] 
112111 22 6116 IE 220 * * 112112 41 6117 IE 418 * * 112113 58 6118 IE 588 ** * 112114 III 6119 DB 1118 * 112115 48 6111 IE 48" * * 112116 1111 611 IE 1111" 

612 
112117 IIF 613 DB IIFH **** [A] 
112118 111 614 DB 111" * 112119 24 615 DB 248 * * 11211A 411 616 DB 411" * 112118 24 617 IE 248 * * 11211C 111 618 IE 111" * 11211D IIF 619 IE IIF" **** 6211 

621 
11211E 7F 622 DB 7FH ******* [8] 
11211F 1111 623 IE 1111" 
112111 49 624 IE 49" * * * 11211 1111 625 IE 1111" 
11212 08 626 IE 1188 * 11213 55 627 IE 55H * • • * 
11214 22 ~~B IE 220 * * 
11215 3E 6311 IE 3EH ***** [C) 
11216 41 631 DB 418 * * 
S~U ~! g~~ IE 

IE Ull * * 11219 1111 634 DB 1111" 
* 112lA 41 635 IE 418 * 11218 22 n~ IE 220 * * 

1121C 7F 638 DB 7FH ******* [0] 
112lD 1111 639 DB 1111" 
S~~ a~ ~1! DB 418 * * DB 1111" 
112211 1111 642 DB 1111" 
11221 41 643 IE 418 * * 11222 3F. 644 IE 3EH ***** 645 
11223 7F 646 IE 7FH ******* [Ej 
11224 1111 647 IE 1111" 
11225 49 648 IE 498 * * * 11226 1111 649 DB 1111" 
11227 49 6511 DB 49" * * * 11228 1111 651 DB 1111" 
11229 41 652 DB 418 * * 653 
1122A 7F 654 DB 7FH ******* [F) 
0228 1111 655 IE 1111" 
1122C 48 656 DB 488 * * 11221> 1111 657 IE 1111" 
11218 48 658 IE 488 * * 1122F 1111 659 IE 1111" 
11230 411 660 DB 40" * 661 
11231 3E 662 DB 3EH ***** [G) 
11232 41 663 DB 418 * * 0233 IIf 664 DB 110" 
0234 4 665 IE 418 * * 0235 114 666 IE 048 * 0236 41 667 IE 418 * * 11237 26 668 IE 26" ** * 669 

670 $ EJECT 
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;~~ ~~ ~U DB 088 * DB 00H 
* 023C 08 675 DB 08H 

0230 00 676 DB 00H 
023E 7F 677 DB 7FH ******* 678 
023F 00 679 DB 00H [IJ 
0240 41 680 DB 4lH * * 0241 00 681 DB 00H 
0242 7F 682 DB 7FH ******* 0243 00 683 DB 00H 
0244 41 684 DB 4lH * * 0245 00 685 DB 00H 

686 
0246 02 687 DB 02H * [J] 
0247 01 688 DB IIlH * 0248 00 689 DB 110H 

* 0249 I'll 690 DB 0lH 
024A 00 691 DB 00H 
0248 01 692 DB 0lH * 024C 7E 693 DB 7EH ****** 694 

******* 0240 7F 695 DB 7FH [K] 
024E iJ0 696 DB 00H 
024F 04 697 DB 04H * 0250 14 698 DB 14H * * 0251 22 699 DB 22H * * 0252 41 700 DB 4lH * * 0253 00 701 DB IlIlH 

702 
11254 7F 7113 DB 7FH ******* [L] 
0255 110 7114 DB IlIlH 
11256 In 7115 DB IlIH * 11257 Illl 7116 DB IlIlH 
11258 III 7117 DB IllH * 11259 Illl 7118 DB IlIlH 
1l25A III 709 DB IllH * 710 
1125B 7F 711 DB 7FH ******* [M] 
025C 40 712 DB 41lH * 
1l2~D ill Hi DB 

iRU * 02 E 8 DB ** 025F 20 715 DB 20H * 0260 40 716 DB 40H * 0261 3F 717 
718 

DB 3FH ****** 
719 

0262 7F 720 DB 7FH ******* [N] 
0263 20 721 DB 21lH * 0264 10 722 DB 11lH * 0265 08 723 DB 1l8H * 0266 04 724 DB 1l4H * 11267 110 725 DB 01lH 

******* 0268 7F 726 DB 7FH 
727 

***** 0269 3E 728 DB 3EH [0] 
026A 41 729 DB 4lH * * 
S~~ ~! B! 

DB 
DB !!It * * 0260 110 732 DB IlIIH 

1l26E 41 733 DB 4lH * * 026F 3E 
B3 

DB 3EH ***** 
11270 37 736 DB 37H *** ** [P] 
0271 IIlIll 737 DB IIIIIH 
111272 48 738 DB 48H * * 111273 0111 739 DB IlIIIH 
0274 111111 74! DB 
1Il275 48 74 DB !RU * * 0276 30 742 

743 
DB 3111H ** 

0277 3E 744 DB 3EH ***** [0] 
1Il278 41 745 DB 4lH * * 0279 IIlIll 746 DB IIlIIIH 

* 1Il27A 41l 747 DB 411H 
11278 illS 748 DB 1l5H * * 1Il27C 42 749 DB 42H * * 1l27D 3D 750 DB 3DH * **** 
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we OBJ SEQ SOUBCE STATEMENT 

751 
027E 7F 752 DB 7FH ******* (R] 
827F 88 753 DB II * * S~H! as ~~~ DB 

DB 
0282 04 756 DB 048 * 
8283 4A 757 DB 4AH * * * 
8284 31 758 75 

DB 318 * ** 
0285 32 760 DB 328 * ** (S] 
8286 49 761 DB 49H * * * 
I~H~ tB 

762 DB 
763 DB flJBH 4 H * * * 

02890" 764 DB flJfIJH 
028A 49 765 DB 49H * * * 
flJ28B 26 U~ DB 26H ** * 

768 
028C 40 769 DB 4fIJH * (T] 
028D flJ8 770 DB 0fIJH 

I~I~ ~~ 771 DB 4fIJH * 
772 DB ~m ****** 

82 0 40 F3 DB * 
11291 08 74 DB flJfIJH 
flJ292 48 H~ DB 4f1JH * 
8293 7C 777 DB 7CH ***** (U] 
flJ294 flJ2 778 DB flJ28 * 
I~~~ 11 779 DB 

1m 
* 

780 DB 
0297 01 781 DB * 
"298 02 782 DB flJ28 * 
0299 7C 783 DB 7CH ***** 

784 
029A 78 785 DB 78H **** (V] 
829B 04 786 DB 048 * 
f629C 02 787 DB flJ28 * 
029D 01 788 DB 018 * 
029E 02 789 DB 028 * 
029F 84 790 DB 048 * 
II2AfIJ 78 791 DB 78H **** 

792 
****** 02Al 7E 793 DB 72M (W] 

02A2 01 794 DB 018 * 
0~02 ~u DB 028 * o 4 OC DB fIJCH ** 
02A5 02 797 DB 028 * 
02A6 01 798 DB 018 * 
flJ2A7 7E 799 DB 7EH ****** 

80fIJ 
* * 02A8 41 801 DB 418 (X] 

02A9 22 802 DB 228 * * 
02AA 14 803 DB 148 * * 
02AB 08 804 DB !fll * 
02AC 14 805 DB * * 
02AD 22 806 DB 228 * * 
02AE 41 807 DB 4.18 * * 

808 
02AF 40 809 DB UH * (Y] 
0280 20 810 DB 20H * 
I~~ t~ 811 DB ~~ * 

812 DB **** 
0283 0 813 DB UH * 
0284 20 814 DB iSII * 
0285 40 n~ DB * 

817 $ EJECT 
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ux: OBJ S~ SOURCES~ 

0286 41 818 DB 4lH * * [Z] 
0287 02 819 DB 028 * 0288 45 820 DB 45H * * * 0289 08 821 DB 08H * 02BA 51 822 DB 5lH * * * 02BB 20 823 DB 20H * 02BC 41 824 DB 4lH * * 825 
0280 7F 826 DB 7F11 ******* [Il 
02BE 00 827 DB 00H 
02BF 41 828 DB 4lH * * 02C0 00 829 DB 00H 
02Cl 41 830 DB 4lH * * . 
02C200 831 DB 00H 
02C3 41 832 DB 4lH * * 833 

[\] 02C4 40 834 DB 40H * 02C5 20 835 DB 20H * 
~~~ jR ~j~ DB UI! * DB * 02C8 04 838 DB 04H * 02C9 02 839 DB 028 * 02CA 01 840 DB 0lH * 841 
02C8 41 842 DB 4lH * * []] 
02CC 00 843 DB 00H 
02CD 41 844 DB 4lH * * 02CE 00 845 DB 00H 
02CF 41 846 00 4lH * * 0200 00 847 DB 00H 

******* 0201 7F 848 DB 7F11 
849 

0202 00 850 DB 00H [UA] 
0203 04 851 DB 04H * 0204 08 852 DB !I * 0205 10 853 DB * 0206 08 854 DB 08H * 0207 04 855 DB 04H * 02D8 00 85~ DB 00H 

85 
0209 01 858 DB 0lH * U 0201\. 00 859 DB 00H 
020B 01 860 DB 0lH * 02DC 00 861 DB 00H 
020001 862 DB 0lH * 02DE 00 863 DB 00H 
020F 01 864 DB 0lH * 865 

866 
867 
868 
869 ********************************************************************** 
870 
871 S'l:ARl' OF SECOND HALF OF CGEN TABLE 
872 
873 *********************************************************************** 
874 

0300 875 ORG 30111H 
876 
877 

0300 00 878 DB 00H [ ] 
0301 00 879 DB 00H 
0302 00 880 DB 00H 
0303 00 881 DB 00H 
0304 00 882 DB 00H 
0305 00 883 DB 00H 
0306 00 884 DB 00H 

885 
0307 00 886 DB 00H [!] 
0308 00 887 DB 00H 
0309 00 888 DB 00H 
030A 70 889 DB 700 * ***** 030B 00 890 DB 00H 
030C 00 891 DB 00H 
0300 00 892 DB 00H 

893 
894 $ EJECT 
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I.OC OBJ S~ SOUlCE STATE74ENl' 

030E 011 895 DB 00H [n] 
030F 20 896 DB 20H * 
0~10 411 R~~ DB asu * 01100 DB 
0312 2il 899 DB 20H * 0313 40 900 DB 411H * 0314 ilil 9il1 DB ililH 

9il2 
* * [I] 0315 14 9il3 DB 148 

il316 il0 9il4 DB IIilH 
0~17 7F 9115 DB 7FH .*.**** 
II 18 0il 9il6 DB ililH 
11319 7F 9il7 DB 7FH ******* il31A illl 9118 DB illlH 
1131B 14 9il9 DB 14H * * 9111 

[$] il31C 1111 911 DB IIilH 
il310 32 912 DB 32H * ** 
sn~ ~~ ~u DB 49H * * * DB 36H ** ** 
il3211 49 915 DB 49H * * * il321 26 916 DB 26H ** * il322 0il n~ DB ililH 

il323 51 919 DB 5lH * * * [t] 
0324 il2 92il DB il2H * 
S~~~ a3 ~~~ DB a3ll * * * DB * 
U~~ ~ ~~~ DB ISH * * * DB 211H * 0329 45 ~25 DB 45H * * * 26 
032A 26 927 DB 26H ** * [&] 
032B 49 928 DB 49H * * * il32C Iii 929 DB 1ilH * il32D 49 93il DB 49H * * * il32E 26 931 DB 26H ** * 032F ill 932 DB illH * il3311 il5 933 DB ilSH * * 934 

['] 11331 00 935 DB ililH 
11332 ilil 936 DB ililH 

n~~ ~ n~ DB 18H * DB 2H * 0335 40 939 DB 40H * 0336 il0 94il DB ililH 
il337 0il ~n DB illlH 

943 
0338 1C 944 DB 1CH *** [(] 
0339 22 945 DB 22H * * 
S~~ a~ 946 DB 4lH * * 947 DB illlH 
1133C 1111 948 DB 110H 
11330 1111 949 DB 110H 
1133E 110 95il DB illlH 

951 
033F 00 952 DB 110H [l] 
113411 IIil 953 DB IIilH 
11341 1111 954 DB IIilH 
11342 1111 955 DB II11H 
"~43 41 956 DB 4lH * * il 44 22 957 DB 22H * * 11345 1C ~~3 DB 1CH *** 
11346 49 9611 DB 49H * * * [*] 
11347 22 961 DB ' 22H * * 
Sjt3 ,9 ~~~ DB 1CH *** DB 77H *** *** II 4A 1C 964 DB 1CH *** 034B 22 965 DB 22H * * 034C 49 966 

967 
DB 49H * * * 

0340 118 968 DB il8H * [+] 
1134E 118 969 DB 0SH * 
0~4F 118 970 DB ilSH * II 511 3E 971 DB 3EH ***** 0351 08 972 DB 08H * 11352 118 973 DB 08H * 0353 118 974 DB IISH * 

All mnemonics copyrighted @ Intel Corporation 1976. 10-29 



8355 Be 
~/U 1JI:j ItIItII:I [,] 
977 DB 668 

I~~~ If ~~~ DB 1m * DB 
6 5866 986 DB 668 ** 6359 66 981 DB 668 
635A IHI 982 DB 66H 

983 
* [-] U5B 64 984 DB 648 

035C 64 985 DB 648 * 03SD 64 986 DB 648 * 035E 04 987 DB 648 * 03SF 04 988 DB 048 * 0360 64 989 DB 648 * 6361 64 ~~! DB 648 * 
992 

0362 00 993 DB 66H [.] 
0363 fl0 994 DB 008 

I~~~ If ~~~ DB 1m * DB 
0366 00 997 DB 06H 
0367 06 998 DB 608 
0368 00 

1Ua 
DB 068 

0369 01 1601 DB 018 * [I] 
036A 02 1002 DB 02H * 
n~ 13 1063 DB 04H * 1004 DB 0SH * 0360 10 1605 DB 1f1lH * 036E 20 lB06 DB 208 * 636F 40 1007 DB 4118 * 
0370 10 

11l1l8 
* *** 1069 DB 1DH (Ill 

11371 22 1ill6 DB 22H * * 
I~H a~ 1611 DB 458 * * * 1012 DB IlSH * 11374 51 1613 DB 518 * * * 6375 22 1014 DB 22H * * 6376 5C 

lRU 
DB SCH *** * 

6377 Illl 11117 DB 1168 
* 

[1] 
0378 21 III 18 DB 218 * 
n~l ~, lR~a DB 40H * DB 7FH ******* 
I~~ If lS~~ DB 

DB 1m * 0370 00 1023 DB 1l0H 
1024 

037E 23 1025 DB 238 ** * [2] 
1l37F 44 11126 DB 448 * * 11386 01 1027 DB 0lH * "381 48 11128 DB 488 * * 0382 01 lB29 DB 618 * 0ra3 48 11l31l DB 488 * * Il 84 31 10~1 DB 318 * ** III 2 
111385 42 1633 DB 42H * * [3] 
"386 III 1034 DB 018 * 
n8~ if ln~ DB ~m * * DB * 11389 56 11137 DB 5f1lH * * IllSA 29 11138 DB 298 * * * 1l38B 46 tI~a DB 468 ** * 

11lU $ &JECT 

All mnemonics copyrighted C> Intel Corporetion 1976. 
10-30 



IJJC CJBJ SE{I SOURCE S'IM'EMENT 

038C 04 1042 DB 04H * [4] 
038D 08 1043 DB 08H * 038E 14 1044 DB 14H * * 038F 2fJ 1045 DB 20H * 11390 SF 1046 DB 5FH ***** * 
0391 011l 1f147 DB 011H 
0392 04 1048 DB 04H * 1f149 
0393 72 1050 DB 728 * *** [5] 
11394 III 11151 DB IIlH * 11395 51! 11152 DB 511H * * 0396 01 11153 DB 1I1H * 11397 411 11154 DB 40H * 11398 11 1055 DB llH * * 11399 4E 11156 DB 4EH *** * 11157 
fl39A 17 11158 DB 17H *** * [6] 
1139B 21 1059 DB 2lH * * 
n~5 a~ in! DB 411H * DB 09H * * 1139E 411 1062 DB 411H * 1139F 119 11163 DB 119H * * IlJA11 46 11164 DB 46H ** * 11165 
03Al 411 1066 DB 411H * [7] 
1Il3A2 011 11167 DB IIIIH 
113A3 47 11168 DB 478 *** * 113A4 118 11169 DB 118H * 03A5 511 111711 DB 511H * * IlJA6211 1071 DB 211H * 0JA7 40 11172 DB 40H * 11173 
113A8 36 11174 DB 36H ** ** [8] 
83A9 49 1875 DB 49H * * * 113AA 88 1876 DB 811H 
IlJAB 49 11177 DB 49H * * * 113AC 1111 11178 DB III1H 
113AD 49 11179 DB 49B * * * 83AE 36 1880 DB 36H ** ** 1081 
83AF 30 1882 DB 30H ** [9] 
83B11 48 11183 DB 4BH * * 83B1 Bl 1884 DB 0lH * 83B2 48 1885 DB 4BH * * 83B3 Bl 1886 DB IIlH * 83B4 42 1887 DB 428 * * 83B5 3C 11188 DB 3CH **** 11189 

10911 
83B6 00 1891 DB 00H [:] 
03B700 1092 DB 00H 
11368 00 1093 DB 00H 

* * 03B9 14 11194 DB 14H 
03BA 08 11195 DB III1H 
113BB 110 1096 DB 011H 
03BC 08 11197 DB III1H 

1098 
[, ] 0361) 00 1099 DB 00H 

0]BE 00 111111 DB 110H 
03BF Bl 11111 DB IIlH * 113C0 112 1102 DB 1128 * 83Cl 14 1103 DB 14H * * 03C200 1104 DB 00H 
03C300 1105 DB 80H 

1106 
113C4011 11117 DB 110H [<] 
03C5 08 1108 DB IIBH * 03C6 14 1109 DB 14H * * 03C7 22 11111 DB 228 * * 03C8 41 1111 DB 4lH * * 03C900 1112 DB 0811 
03CA 110 1113 DB 110H 

1114 
83CB 80 1115 DB 011H [=J 
0JeC 14 1116 DB 14H * * 
=~u 1117 DB II 1118 DB * * 03CF 08 1119 DB 110H 
liD 14 11211 DB 14H * * 0301 011 1121 DB 110H 

All mnemonics copyrighted @ Intel Corporation 1976. 
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LOC OBJ sm SOURCE STATEMEtiIT 

1122 
83D2 81'1 1123 DB I'lI'lH [>] 
1'l3D31'l1'l 1124 DB I'lI'lH 

* I~ ~~ 1F5 DB 418 * 1 26 DB 22H * * 1'l3D6 14 1127 DB 14H * * 1'l3D7 1'18 1128 DB 1'l8H * 1'l3D8 1'11'1 IB3 DB 1'l8H 
1'l3D9 1'11'1 1131 DB 81'lH [?] 
830!\. 21'1 1132 DB 21'lH * 
I~ a~ IB~ DB a~ * DB * * I'lJDD 48 1135 DB 48H * * 1'l3OB 31'1 1136 DB 31'lH ** I'lJDF 1'11'1 IB~ DB 1'l8H 

1139 END 

All mnemonics copyrighted @ Intel Corporetlon 1978. 
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INTRODUCTION 

Many microprocessor systems require the real-time con­
trol of a peripheral device such as a printer, keyboard, or 
alpha-numeric display, etc. These medium speed but still 
real-time tasks can be rather mundane, til!le-consuming, 
and require a fair amount of system software overhead. 
Of course, any time spent by the main processor in servic­
ing these I/O devices is unavailable for other, possibly 
more important, tasks. This processor burden can largely 
be removed by isolating the real-time portion of the task 
to a dedicated peripheral-control processer. 

Until recently, this approach was usually not cost effec­
tive due to the large number of components required by 
the dedicated processor: CPU, RAM, ROM, I/O, etc. To 
help make the approach more cost effective, Intel bor­
rowed the I/O processing concepts found in many main­
frame and minicomputers; put all the hardware in one 
package; and introduced a family of Universal Peripheral 
Interface c('ntrollers-the UPI-4IATM family. The basic 
family consists of the 804IA and the 8741A. These two 
devices are essentially single-chip microcomputers with a 
standard microprocessor bus interface. They have on­
chip RAM, ROM (804IA) or EPROM (874IA), CPU, 
timer/counter, and I/O. Using one of the UPI family, the 
designer simply codes his custom or proprietary 
peripheral control algorithm into the UPI device itself 
rather than the main system software. The UPI device 
then takes over the peripheral control task while the host 
processor simply issues commands and transfers data. 
More information on the UPI family is available in the 
documents referenced opposite the table of contents. 

Illustrating the UPI concept as both design examples 
and actual products, a number of pre-programmed 
804IAs are available. These devices are the 8278 
Keyboard/Display Controller, the 8294 Data Encryption 
Unit, the 8292 GPIB Controller, and the 8295 Dot Matrix 
Printer Controller. Data sheets for these devices are 
found in the Peripheral Design Handbook and their 
source listings (except for the 8294) are available in Insite, 
Intel's User's library. This application note deals with 
the 8295. 

THE 819S 

The 8295 Dot Matrix Printer Controller is a device 
specifically designed to interface microprocessors to the 
LRC 7040 Series of dot matrix impact printers. It offers 
complete solenoid and motor drive timing and contains 
an on-chip 7 x 7 character generator accommodating 64 
ASCII characters. An on-chip FIFO buffers up to 40 
ASCII characters before printing. Character density, 
width, and print intensity are all programmable. Three 
programmable tabulations and two general purpose out­
puts are also provided. Four data transfer methods are 
possible: polling, interrupt-driven, and Direct Memory 

11-3 

Access (DMA) are available when in parallel data 
transfer mode and asynchronous serial is available in 
serial mode. The data transfer mode is hardware 
selectable. 

Let's first look at the LRC printer itself and its interface 
to the 8295. 

THE LRC 7040 PRINTER 

The LRC Model 7040 printer is manufactured by LRC, 
Inc. of Riverton, Wyoming. Capable of printing 40 col­
umns of characters at a speed of 1.25 lines/sec, the 7040 is 
mechanically simple and is ideal for point-of-sale or data 
logging terminals. 

It is an impact printer whose print head consists of seven 
solenoids which each drives a stiff wire to impact the 
paper through an inked ribbon. While the wires are ar­
ranged in a circular fashion at the solenoid end, they 
form a vertical column at the ribbon impact point. 
Characters are formed by firing the solenoids to form a 
5 x 7 or 7 x 7 matrix of "dots" (impacts of the wires). 
Figure I shows how the character A is formed using a 
7 x 7 matrix. The columns are labeled CI thru C7 and the 
rows RI thru R7. The print head moves left to right across 
the paper so at time n, the head is over column CI. If the 
correct solenoids are activated at each time Tx for each 
column Cx, the character is formed. 

·'000.000 
··00.0.00 
·'0.000.0 
·'.00000. .5.0.0.0. 
··.00000. 
·'.00000. 
Figure I. Character A in 7 x 7 .'ormal 

The print head is moved across the paper by the main 
motor drive. The main motor drive consists of a 24-pole 
synchronous motor which drives a rotating plastic drum. 
The drum has a spiral groove molded into it and a pin on 
the print head rests in the groove so that the print head 
traverses the paper as the drum rotates. Characters are 
printed by firing the solenoids during the left-to-right 
traverse. At the end of the print area, the spiral groove 
reverses the direction of the print head returning it to its 
home position. 



A HOME microswitch riding on a cam attached to the 
plastic drum provides the only feedback as to the print 
head position. When the print head is in its home resting 
position the HOME switch is inactive. To start a print 
cycle, the main motor drive is activated which starts the 
print head motion. As the print head reaches the begin­
ning of the print area, the cam activates the HOME 
switch as a signal to the printer controller to commence 
firing the solenoids. The controller then activates the 
solenoids as appropriate for each character in the line. 
The print area is defined as the 3lOms immediately after 
HOME goes active. Solenoid timing is the responsibility 
of the controller; the printer mechanism supplies no 
character -position information. 

After the line is printed and the print head has traversed 
right to left, the HOME switch is deactivated. This transi­
tion signals the controller to turn off the main motor 
drive since the home position has been reached. A new 
print cycle may start immediately if data is ready. 

Paper feed is accomplished with a second synchronous 
motor and a PFEED (Paper Feed) microswitch. In the 
quiescent state, the PFEED switch is inactive. Activating 
the paper feed motor drive starts the line feed cycle. The 
switch becomes active at some point during the cycle 
(typically about 48ms later) and is deactivated when the 
cycle is complete. The controller uses the active-to­
inactive transition to remove the paper feed motor drive. 
The paper feed operation is independent of the print cycle 
so the two could occur simultaneously. Figure 2 shows 
the timing required by the printer for a print cycle fol­
lowed by a line feed. 

CHARACTER SET 

1-800m'-------j 

MAINMOTOR~ 
DRIVE 

1
_310m'-j 
_leo· 190m. I 

I 

1--200m.----Io I 

L 
--j r .. m• 

.-----,L 
PFEED---------~ 

Figure 2. LRC 7040 Motor Drive Timing 

Solenoid timing determines the location of any given 
"dot" and its intensity. The LRC 7040 printer specifica­
tion states a 400JLS maximum solenoid "ON" time and a 
1.3ms typical period. Since the print area is 3lOms "long;' 
this timing allows a total of 240 dots (310ms/1.3ms per 
dot) in one row or 40 characters on a 5 x 7 matrix with a 
one dot space between characters. While 5 x 7 characters 
have acceptable readability, their distinctness and format 
can be improved with a 7 x 7 matrix, however, 40 7 x 7 
characters translate to 320 dots per row or a 0.97ms 
solenoid period. This violates the solenoid duty cycle spec 
if the solenoids are fired for every column. The best way 
to get around this dilemma and still retain the improved 
readability of the 7 x 7 format is to simply fire the 
solenoid every other column. The 8295 uses this technique 
and the "every-other" column spacing is reflected in 
Figure I. The 8295 character set is included in Figure 3. 

HaxCoda Print Char. Hax Coda Print Char. Hax Coda Print Char. Hax Coda Print Char. 

20 space 30 0 40 @ 50 P 
21 I 31 1 41 A 51 Q 
22 .. 32 2 42 8 52 R 
23 # 33 3 43 C 53 S 
24 $ 34 4 44 0 54 T 
25 % 35 5 45 E 55 U 
26 & 36 6 46 F 56 V 
27 37 7 47 G 57 W 
28 ( 38 8 48 H 58 X 
29 ) 39 9 49 I 59 y 

2A . 3A : 4A J 5A Z 
28 + 38 ; 48 K 58 [ 
2C 3C < 4C L 5C \ 
20 - 3D = 40 M 50 ) 
2E 3E > 4E N 5E T 
2F I 4F ? 4F 0 5F -

Figure 3. 8295 Character Set 
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829S/Printer Interface 

It's the job of the 8295/Printer interface to convert the 
ITL-compatible outputs of the 8295 to the motor and 
solenoid drive levels. Since the printer side of the 8295 is 
independent of the system side, this same 8295/Printer 
interface is used for all examples discussed in the later 
sections. 

For solenoid drive, the 8295 supplies seven solenoid out­
puts, Si thru S7, plus a solenoid strobe, STB. STB 
modulates the SI-S7 outputs externally to supply the ac­
tual solenoid "ON" time. This time is software program­
mable. Figure 4 shows the recommended SI-S7/STB 
gating. 

SOLENOID 
INPUT 

n·OFF) 
IO-ON) 

• s. 

ST. 
S1 

Sii 

55 

54 

.... 
53 

52 

51 

iiOT 

I~TO" DRIVERS -
f"igure 4. Solenoid and Motor Gating 

+ ... 

• n< 

1H114 

Figure S. Solenoid Driver 
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The solenoids must be driven from a 40 ± 10070 volt 
source. The peak current is approximately 3.6A, the 
average current is approximately O.5A. A circuit pro­
viding the required drive is shown in Figure 5. The output 
stage, consisting of the 2N6045 Darlington transistor, the 
IN4002 catching diode, and the IOO-ohm damping 
resistor, is the one suggested by the manufacturer. The in­
put stage is a discrete implementation of a DTL gate. 
Note that the base-emitter junction of the 2N6045 pro­
tects the 2N2222A transistor from overvoltage on its col­
lector. This circuit has several features which are impor­
tant to the printer interface: 

I. All solenoid power (including the power used to drive 
the base of the power transistor) is derived from the 
4O-volt supply . 

2. Disconnecting the drivers from the 8295 or the loss of 
the 5-volt supply to the 8295 results in the solenoids 
turning off. 

The first feature of the drivers minimizes the impact of 
the printer and its interface on the 5-volt supply. The sec­
ond feature prevents the activation of the solenoids er­
roneously during power on/off cycles or during system 
checkout. This an important point since the solenoids will 
be damaged if left activated continuously. The fuses is 
series with the solenoids help protect them from mishap. 

The two motors can each be driven as shown in Figure 6 . 
The Monsanto MCS-6200 is an optically-coupled TRIAC 
which is ideal for driving the small synchronous motors 
in the printer. Coupled with a buffer this part provides a 
simple means of controlling the motors without sacrific­
ing the isolation required for safe and reliable operation. 

These driver circuits were borrowed from the Intel ap­
plication note AP-27 "Printer Control With the UPI-4I~' 
(The 8295 development was inspired by the success of the 
AP-27 design.) Other solenoid and motor driver circuits 
are described in the LRC Interface Guide available from 
the manufacturer. 

+ ... 

1NI14 1N114 

~TOR 
DRIVE 

(I-OFF) 
I1>ON) 

27< 

Figure 6. Motor Driver 



01 

02 

03 

04 

05 

06 

pin to a logic low state. After power on it is 
automatically set high. 

Clear GP2. Same as the above but for GP2. 

Set GP1. Sets GP1 pin to a logic high state, 
inverse of command 00. 

Set GP2. Same as above but for GP2. In· 
verse command 01. 

Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

Print 10 characters/in. density. 

Print 12 characterslin. density. 

07 Print double width characters. This com· 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

OS· Enable DMA mode; must be followed by 
two bytes specifying the number of data 
characters to be fetched. Least significant 
byte accepted first. 

09 Tab character. 

OA Line feed. 

OB· Multiple Line Feed; must be followed by a 
byte specifying the number of line feeds. 

OC Top of Form. Enables the line feed output 
until the Top of Form input is activated. 

OE" 

OF· 

10· 

11 

12· 

07·03 

0 
0 
0 
0 
0 
0 
0 
0 

-- _ ..................... ..,. .. .... 
enables the printer to start printing. 

Set Tab #1, followed by tab position byte. 

Set Tab #2, followed by tab position byte. 
Should be greater than Tab #1. 

Set Tab #3, followed by tab position byte. 
Should be greater than Tab #1. 

Print Head Home on Right. On some 
printers the print head home position is on 
the right. This command would enable nor· 
mal left to right printing with such printers. 

Set Strobe Width; must be followed by 
strobe width selection byte. This com· 
mand adjusts the duration of the strobe 
activation. 

02 01 DO 
Solenoid on 

(,.Is) 

0 0 0 200 
0 0 1 240 

0 0 2S0 
0 1 1 320 

0 0 360 
0 1 400 

0 440 
4S0 

·parameter(s) required 

Hgure 7. 8295 Command Set 

8295 Command Software 

The software control of the 8295 is very straightforward. 
The host processor simply issues ASCII characters to the 
8295. The printable characters, 20H thru 5FH, are stored 
in the on-chip FIFO for printing while the non-printable 
codes, OOH thru 12H, serve as 8295 commands. (Codes 
13H thru IFH are treated as no-ops.) The 8295 command 
set is shown in Figure 7. Note that some of the commands 
require an extra byte or two of information (parameters). 
These additional parameters must follow the command 
otherwise data and parameters might be confused. Com­
mands and data may be mixed at any time although while 
the data is stored in the FIFO, commands take effect im­
mediately. Commands do not "pass-thru" the FIFO. 

All printable characters are entered into the FIFO. The 
FIFO is printed when either a Carriage Return command 
is received or the FIFO becomes full. In either case, the 
FIFO is printed, however there is no automatic line feed 
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unless the printer happens to be so equipped mechanical­
ly. Thus, a Line Feed command should be issued after 
each Carriage Return or after the last character to fill the 
FIFO. The FIFO is printed as soon as the character that 
filled it is accepted. If the character immediately follow­
ing this filling character is a Carriage Return, the 8295 ig­
nores it to prevent a useless print cycle. 

Some commands clear the FIFO. The Carriage Return 
command effectively clears the FIFO since it causes the 
FIFO contents to be printed. The character density and 
width commands also clear the FIFO however they do 
not print its contents; the FIFO size is adjusted by these 
commands. Obviously, a 10 chrlin density with double 
width printing would not allow 40 characters per line. The 
8295 recognizes this fact and modifies internally the 
FIFO size limits. The FIFO size is modified according to 
the table below. For example, if the density is 10 charlin, 
single width printing, the 8295 accepts only 33 printable 



characters before starting a print cycle. Since these com­
mands take effect as soon as they are accepted, this 
prevents mixing different character densities or widths on 
a given line. Any such commands must precede the data 
for a line. 

DENSITY WIDTH 
12 SINGLE 
12 DOUBLE 
IO SINGLE 
IO DOUBLE 

BUFFER SIZE 
40 
20 
33 
17 

The Software Reset command clears the FIFO, resets the 
density to 12 chr/in and selects single width printing. It 
does not effect the solenoid strobe width, the tab posi­
tions, or the general purpose outputs. This command 
should be issued only when the 8295 is expecting a com­
mand or data. Issuing it when the 8295 is expecting a 
parameter causes it to be interpreted as the parameter 
and not the intended software reset. 

A hardware reset causes the 8295 to default into the 
following states: 

I. Clears the FIFO 
2. GPI and GP2 set high 
3. 12 chr/in density 
4. single width prining 

5. 320l's strobe width 
6. tab positions indeterminate. 

Parallel Interfaces 

The 8295 has the option of using serial or parallel com­
munication with the main processor. The choice must be 

OUTPUT STATUS REGISTER 

made early in the design cycle since it is a hardware, nOl a 
software, selection. Let's look at the parallel options first. 

In parallel mode, the 8295 has the traditional 
microprocessor bus interface: data, control, elC. The 
parallel mode is selected by not grounding the IRQ/SER 
pin. To the main processor, the 8295 in parallel mode ap­
pears as two registers: the Input Data register and the 
Output Status register. The main processor writes com­
mands and data into the Input Data register while it reads 
the 8295 status from the Output Status register. 

The Output Status register format is shown in Figure 8. 
The Input Buffer Full bit (lBF) indicates whether the 8295 
has accepted the previous command or data byte. IBF is 
automatically set when the host processor writes to the 
8295 and it is reset when the 8295 accepts the data or 
command. If IBF = I, no writes to the Input Data register 
are allowed. Only when IBF = 0 maya Input Data register 
write be done. The DMA Enable bit (DE) is set whenever 
the 8295 is performing DMA data transfers. When the 
specified number of transfers has been made, the DE bit 
is cleared. Since DMA cycles are usually transparent 10 

the main processor, the DE bit tells the processor when 
the DMA block transfer is complete. 

The processor does not always have to read the Output 
Status register, checking IBF, before loading the Input 
Data register. An interrupt output (IRQ) pin is available 
to interrupt the processor whenever the 8295 is ready to 
receive new data or commands. The fact that IRQ is set 
implies that IBF=O, so it's not necessary for the pro­
cessor to read the 8295 status when interrupted; it can 
just write the next byte. 

L....-_ NOT USED 

IBF-INPUT BUFFER FULL 

NOT USED 

DE-DMA ENABLE 

NOT USED 

Jo"igure 8. Output Status Register .'ormat 
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Figure 9 shows the system schematic for using the 8295 in 
polled-parallel mode in an 8085A system; ie the IRQ line 
is not used. The 8085A/8295 interface is standard as for 
any Intel peripheral. CS is decoded from the high-order 
address lines. RD and WR are the 8085A read and write 
control lines. RESET is the system reset. 

Example 8085A polling software is shown in Figure 10. 
This routine simply outputs the print buffer starting at 
the location pointed to in PRTSRT. The system software 
builds the buffer, terminates it with a OFFH character, 
and loads PRTSRT before calling PRINT. 

PRINT is not very efficient with respect to processing 
time. Since the 8295 does not accept data while in a print 
or line feed cycle, if the buffer contained more printable 
characters than the FIFO size, the processor would sit in 
the PRT2 loop during the 800ms print and 200ms line 
feed cycles. That is obviously not too efficient. The ob­
vious way around this problem is to restrict the buffer 
size to less than that of the FIFO however this could com­
plicate the system software since more buffer building is 
required. A better approach is to use interrupts. 

By connecting the 8295's IRQ output to one of the 8085A 
RST interrupt inputs (dotted line in Figure 9), the pro-

• s. 

.... 
S 510 

• HLOA 

11 IliTl 

-so 
" s, 

..... 

... 
A'. V 
.,3 21 

"'2 25 

A11 24 

Al0 23 

.. 22 .. " 
ADt " 

AD& " · " · ,. · .. · " AD' 13 

ADO 12 

... 3D 

"" .... .... 
... " CU<" 

RSTOUT ' 
RST6.S I, 

I 
I 
I 
I 
I 
I 
I 
I 
I 

. " ... ." •• v 

AD, ... ... 
... 
'D' 

L ___ _ 

' .. , ., 
'., 

,. 
vee 

-

cessor is interrupted only when the 8295 is able to take 
another character. Figure 11 shows such interrupt-driven 
software assuming the RST 6.5 interrupt input is used for 
IRQ. 

To further enhance the bus efficiency and processor 
overhead at the expense of slightly more complex hard­
ware, use the 8295 DMA interface. This DMA interface is 
compatible with the 8257 DMA Controller. With such an 
interface ail that's necessary is for the processor to load 
the DMA Controller with the print buffer starting ad­
dress and write the Enable DMA command and length 
parameters into the 8295. The 8295 does the rest by re­
questing data directly from memory thru the DMA Con­
troller. It keeps track of the number of characters to re­
quest. As long as there are characters remaining to be 
transferred, the DE bit in the OutpUt Status register is set. 
After the last byte is transferred into the 8295, the DE bit 
is reset and the IRQ is made active. Either event is used to 
tell the processor that DMA is complete and the 8295 is 
ready for the next block. It is not necessary to restrict the 
DMA block size to 40 characters, the Enable DMA com­
mand parameters allow for up to 65k byte block sizes. 
The block size given the 8295 must reflect both data plus 
commands and parameters . 
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Figure 9. 8295 Parallel Interface 
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A5t189 : Fl: 95F10. SRC TITLE( '8295 AP NOTE rIGURE 10') 

1515-I I 8889/8885 I'IflCRO A5SE/1BlER, X198 tU)llE 
8295 lIP IIITE FIGURE 18 

LOG OIlJ 

2008 
08112 
8831 
8831 

1 $1'1(11)85 

2 ; 

SOURCE S fAT~NT 

:3 ; SYSTEM EQUHTb 
4 P~%RT EQU Ci:000H 
5 IBF EQU 02H 
b 5TS~ EQU 31H 
7 I>ATA95 EQU 31H 
8 ; 
:3 

18 ; 
ORG 

;POIN1ER STORflGE 
.; IB1- ~LftG MASK 
; 8295 STATUS RI:GlSm: I'IJRT 
; 8295 DfrlA ~UlSTER P(J(l 

U .; PRINT BUFFER WTPUT SlIlROOTlNE - THIS ROUTINE PRINl S TIle I:Ilfi'ER 
12 ; SlA.~TING AT THE POINTER STORED AT PRTSR r. HIE ~:OUT INE RETIlmS IH.N 
13 .; A 0FFH IS FE.TCHED fROM 'IHE BUFFER. 
14.; 

2838 E5 15 PRINT: PUSH H ; SAVE HL 
2831 C5 16 PUSII B ;SAVE B(; 
2032 2RD028 17 LHLD PRTSRl ;6ET BUFFlR POINTEk 
2035 7E 18 PRT1: MOY A,f1 ; GET CflARACTER FRUN BUFFER 
2836 47 19 !lOY B,A ; SAVE 11 IN B 
2037 FEFF 20 CPI lifFFH .; IS IT THE B\.f~ER OO? 
2039 CfI4A28 21 JZ rEXlI ; YES, GO EXIT 
283C DB31 22 PRT2: IN 5T595 .' NO, k1:fID 8295 S 1 ATUS 
203E E682 23 fWl II:IF ; LOOK AT IBF FLAG 
~ C23C28 24 JNZ PRT2 ; WAIT UNTIL IBF=lI 
2843 78 25 I'KlY A,B ; I.:ECOYER MlRACTER 
2844 D331 26 OUT DATA95 .' OUTPUT TO 8295 
2846 23 27 INX H ; BUI'IF' BUFFER PO 1 NTER 
2047 C33~8 28 J1'1P PRfl ; GET NEXT CflARACTE~ 

29 ; 
284A C1 30 PEXlT: POP B ; ~ESTORE Be 
2048 E1 31 POP H , RES TORE. til 
204C 1.'9 32 RET .,Rl:.llRN 

:n; 
34 Ell> 

PlIIlIC 5Vt1IIOL5 

EXTERNAL SYi'IBOLS 

USER S'mBOLS 
DATA95 A 0031 IDF A iI882 PEXIT A 204A PRINT A 2030 PRT1 A 2035 PRT2 A 203C PR'/SRT A 2000 
ST595 A 0831 

Figure 10. 8085A/8295 Polling Subroutine 

All mnemonics copyrighted @ Intel Corporation 1978. 
11-9 



~~ If' !flTE FIGURE 11 

LOC OSJ 

29D8 
8982 
8831 
8831 

8834 

8934 C33828 

2838 

20~ E5 
2031 F5 
2832~ 
2835 7E 
2836 FEFF 
2838 CA4529 
2038 D331 
2830 23 
283£ 22De28 
2841 F1 
2842 E1 
2843 FB 
2844 C9 

2045 3E8A 
2847 38 
2848 C34128 

PlJBl.IC SVIIIOLS 

EXTERIfi.. SYIIBOLS 

USER SYIIRS 

SEQ 

1 $lQ)S5 
2 ; 

SOURCE STATEMENT 

:1 ;~YST~ EQUATES 
4 PRTSRT EQU 28D0H 
S IBF EQU 82H 
6 5TS95 EQU 31H 
7 DATA95 EQIJ l1H 
8 ; 
9 ; 

,POINTER STORAGE 
; lBF FLAG Ifl~K 
; 8295 5Tf1TUS REGISTER POI!'I 
; 8295 DATIt REGISTER PORl 

18 ; RST6.:5 INTERRIJ'T VECTOR LOCATION - JIJI1P TO PRINTER SIJBROllTlNE 
11 ; 
12 ORG 34H 
13; 
14 RST65: .IMP PRINT .; GO 10 PRINT ROlITINE 
1S; 
16.; 
17 ORG 28::.8H 
11l i 

19 ; PRINTER OUTPUT SUBROUTINE FOR INTERRUPT -DRIVEN SYSTEPI - OUTPUTS 
28 ; CHR POIlITED AT BY PRTSRl IF CfiR IS 0FFH, THE BLlFFJ:R 1 S COI'IPLm 
21 ; AN) THE RST6.:5 INTERRUPT IS MASKED. 1HE PlAIN PROGRAM MUST liNItA:¥. 
22 ; RST6. :5 flFTER IT BUILL'S A NEW BUFFER ~INT BUFFER srnlus IS REFLECT~D 
23 ; TO TIE IflIN PROGRAI'I BY TIlE RST6. ~ I'IA'.J.: Bll IN RIll INSTRUCTION. 
24 ; 
25 PRINT PUSH H ; ~AYE HL 
26 PUSH PSW ; SAYE PSW 
'<.7 LHLD PRTSRT ; GI: T BUFFER POIN·, ER 
2S I'IOV A,11 ,liET NEXT CHR 
29 CPI 8FFH ,lEST If BlH~R CM'LETE 
39 J2 EXIT ; YES, GO EXIi WITH 1<51 I1ASKED 
31 OI.JT DATR9:5 ; NO, OUTPUT CIIR TO 8295 
32 INX H ; 8IJfl POINTER 
33 SHlD PRTSRT ; RESTORE POINTER 
34 fORTi: Pf1l PSW .; RESTORE PSI! 
35 POP H .;REST~{ fL 
::>6 1:1 ;RE-ENABLE INTI:RRUPTS 
37 RET ; REHJRN 
38; 
39 EXIT: IfYI A,8fiH ; I'IASK RST6. 5 
40 Sill ; SET INTERRUPT !!ASK 
41 J~ PRTl ; GO EXIT WITH IIASK IN PLACE 
42 ; 
43 Etli 

DRTA95 R 8831 EXII A 2845 IBF A 8882 PRINT A 2838 PRTi A 2841 PRTSRT A 2808 RS165 A 11934 

Figure II. 8085A/8295 Interrupt-Driven Software 

All mnemonics copyrighted Cl Intel Corporation 1978. 
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Figure 12. 8295/DMA Interface 



fISI'I88 :Fl:95FB. SRC TIllE('8295 AP NOfE FIGURE 13') 

ISIS-II S888I8885 MACRO ASSEMBLER, X10& 
8295 AP I«lTE riGURE 13 

IIODIJLE Prof 1 

LOC OBJ 

21i130 3£07 
2032 I):B~ 
2(j34 til 
2035 D336 
<:1iI37 7A 
2938 me 
293A 3EFF 
203C D33i' 
293E 3EBF 
2948 Dm 
2942 1688 
2044 CD5420 
2947 51 
2948 1.:1>5429 
2948 59 
204C CD5420 
204F 3E0F 
2051 m8 
2053 C9 

2054 1>1120 
2{j56 1::692 
2958 C2S420 
2058 7A 
205C D320 
205E C9 

PUBlIC SYI'IBOLS 
EXTERNAL SYI1BOL5 
OC--ER SYI1BOLS 

SEQ SOURCE STA I"EI'ENT 

1 $1IOOS5 
2 ; 
3 ; S','STEI1 l:QUATES: 
4 "0DE57 EQU 38H 
5 CH3AOR EQU 36H 
6 CHJfC EQU :S7H 
7 IBF EQU 02H 
8 STS95 EGO 28H 
9 DATA95 EQU 2CH 

10., 
11 
12 , 

ORG 2030H 

; 8257 CONTROL PORT 
; 8257 CHl fI)R PORT 
; 8257 CH3 TC PORT 
; I BF IIfISI( 

; 8295 STRIUS PORT 
; am DI1TA PORT 

13 ,Dm-oRIYEN PRINT ROOTINE - HIE MAIN f'ROGRAI'I CALLS THIS 5UBROUT INE 
14 ,AFTER WILDING A PRINT BUFFER AND TESTlr«i THE &295 DE BIT FOk 
15 .' COIRETICII OF THE LAST [I/fI It.OU( ·IRfltiFER. THE STARTING ADDRESS 
16 ; OF THE PRINT BlfFER IS PASSED IN THE DE REGISTER PAIR, THE COUNT IN SC. 
17: 
1S PRINT: /lVI 
19 OOT 
29 ItOY 
21 OOT 
22 f10II 
23 OUT 
24 
2'5 
26 

/lVi 
OUT 
I1YI 
OUT 
/IV I 

A,97ft 
I1ODES7 
A,E 
Ctt~ 
A,Ii 
CH3fC)f( 
A, ilFHI 
I.:H:::TC 
A,0BFH 
CH3TC 
D.,0SH 

27 
28 
29 
30 

CALL OUT95 

31 

36 
~7 , 
3SOUT95 
19 
40 
41 
42 
43 
44, 
45 

rm 
CALL 
I1O't' 
CftLL 
I1YI 
OUT 
RET 

IN 
tlNI 
JHZ 
I'I(lV 
OOT 
RET 

I:ND 

D,e 
01.1195 
D, B 
OUT95 
A,0FH 
1lJI.:oE57 

51595 
lBF 
ooT95 
H,D 
DATft~5 

; D ISfIIL[ DI1A (,l!3 

i 8257 CONTROL PORT 
i GEl ffiR LSB 
; 8'67 CH3 ADR P~ I 
i ~l ADR I1S8 
i 8257 CI13 AI>k PORT 
: /1AI(E CH3 ·Ie fFfFH 
; 8257 (;II:> ·1 C PORT 
.: Df'IA DIRECrION IS 1'IE1tlR\' READ 
.' e2 (5 Ctl3 TC PORT 
,EIRILE DItA rotIANII 10 8295 
; OUTPUT I 0 82~5 
; GET LSB OF COUNT 
; OOlPUT TO 8295 
; GET I'ISB OF COUNT 
i OUTPUT TO 8295 
.: ENABLr: CH3 liM 
i 82:1f' CONTRIl. PORT 
: RETUI<N 

; REOO 8295 STATUS 
,LOOK AT IBF FLAG 
; WAIT UNTIL l~=lI 
,GET MTA 
; OUTPU"I fO 8295 POIi:T 
;~ 

Figure 13. 8295 DMA Subroutine 

All mnemonics copyrighted «> Intel Corporation 1978, 
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Figure 12 illustrates an 8257/8295 interface ·and Figure 13 
shows example software for handling the system. This 
software assumes that the 8295 is doing the counting of 
the transfers hence the Terminal Count of the 8257 DMA 
channel is loaded with the maximum value while the 8295 
receives the actual block size. The 8295 simply stops mak­
ing requests once the requested number of transfers have 
been made. 

Serial Interface 

In addition to the parallel interface options, the 8295 sup­
ports a "stand-alone" serial interface. In this mode, the 
only communication with the main processor is via a 
serial link. This configuration is perfect for remote 
printer applications; only three wires are required com­
pared to 12 or 13 for the parallel interfaces. 

The serial mode is envoked by simply grounding the 
IRQ/SER pin. See Figure 14. The internal 8295 software 
interrogates this pin upon power-on and reconfigures the 
function of several pins if it's grounded. The DACK/SIN 
pin becomes the serial data input (SIN) and the DR­
Q/CTS pin becomes the hardware data holdoff, Clear­
to-Send. The lower three Data Bus pins become the Baud 
Rate Select inputs. Note that it is necessary to ground CS 
and WR, and pull RD high. This enables the "input" 
direction of the Data Bus pins so that the 8295 may read 
the baud rate. All standard baud rates from 110 to 4800 
baud are accommodated. 

BAUD 
RATE 

SELECT 

10K 

""'1. Pin 13 "'n12 

1251A USART 

+5V 

huclA ... 

". '50 
300 
600 

"00 
"00 +5V .... 
'BOO 

-= 

After power-on the 8295 looks at IRQ/SER and if it's 
grounded, the data bus pins are read to determine the 
baud rate. Data from the serial input is requested by 
lowering CTS. CTS stays low until during the eight bit of 
the serial data character at which point it goes high (inac­
tive). After the character is assembled and interpreted, 
CTS again goes active to request the next character. The 
8295 does not check for parity and characters with in­
valid start bits or framing errors (stop bit wrong polarity) 
are ignored. CTS is normally connected to the UART's 
CTS input. An inactive CTS holds off the UART 
transmitter from transmitting characters. 

In serial mode, the command and data definitions still 
apply as in parallel mode. Commands and data may be 
mixed although commands take effect immediately when 
received. 

Figure 15 shows example software to drive an 8251A Pro­
grammable Serial Interface when connected to an 8295. 
This software is similar to Figure 10 except it assumes that 
the 8251A has the same I/O port addresses as the 8295 
had in Figure 9. Note that the TXE (Transmitter Empty) 
flag is used to load data into the 8251A transmitting both 
characters in the transmitter (the transmitter is double 
buffered) if CTS goes inactive. The TXE flag allows only 
one character at a time in the transmitter so CTS going 
inactive simply finishes off the current character. The 
8295 accepts only one character at a time. 

40 vcc 

21 VPP 

12 DO 

13 D1 

14 
D2 

15 
D3 

18 
D4 

17 
D5 

" DB 
,. D7 

I iffi 
8 CS 

10 
WR 

38 IRQ/SER 

20 
VSS 

PFEED 

HOME 

MOT 

PFM 

STB 

12115 57 
56 

55 

s.-
53 
52 
51 

PRINTER 
INTERFACE 

38 TXD~----~~------~ SIN 

37 CTS 

Figure 14. 8295 Seriallnterfaee 
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fISIMI : F1: 95F15. SRC TITlE ('8295 AI' NOTE FlGURI:. 15') 

ISIS-II 888818985 PIRCRO ASSEI'IBlER, X198 
8295 AI' NOTE FIGtH 15 

rm.U rAGE 1 

LOC IlIJ 

2IlD8 
l18li4 
8831 
8831 

2838 

2838 E5 
2831 C5 
2832 2fI)828 

28J5 7E 
2836 47 
2837 FEFF 
2839 CIMA28 
283(; 1J831 
283E E684 
2&48 CA3C28 
2843 l8 
2844 1>331 
2If46 23 
2847 C33528 

284A Cl 
284B E1 
284C C9 

PIElIC SYtI!Il.5 

USER SVtaLS 

SEQ 

1 mJI)85 

2 .' 

~ STitTEllliT 

3 ,S{5T~ EQUATES 
4 PRTSRT EQ/J 290eH 
5 Tl<E EQU 94H 
6 ST551 EQU 31H 
7 DflTA51 EQU 31H 
8 i 

9 (RG 28J8H 
18 ; 

,POINTER S TORfIGE 
, 1 XE FLffi IIIU 
'3251 :,TftTUS REGISTER PORT 
; 8251 OATA REGISIEP I'Iln 

11 ; ~INT BlFFER OOTf'UT SUElkOOTINE - THIS RiAJTlt£ f'~INTS THE ElUI'HR 
12 ; STARTING ftT THE POINTER ST(~ AT FRTSRT. [HE ROOflNE RElURNS WHEN 
13 i A !lFFH 15 FETOEO fR(fl THE BtHER 
14 i 

15 PRINT: PUSH H .' Sil't'E HL 
16 PUSI{ B ,SfI't'E Be 
17 LHLD PRTSRT ; GE. T BlFFER POINTER 
18 PRTL /tOY Itt! ,GET CHARACTER f~ BlfFER 
19 PlOY B,A ; SflYE iT iN B 
28 CPI !lFFH .' IS IT TIE BlFFEIi: 00';' 
21 JZ PEXIT i YES, GO EXIT 
22 PRT2: IN 5T551 .' NO, IlEAD 8251 STHTIJS 
23 flU TII,[ ; Lin: AT 'Ix[ fUIG 
24 JZ PRT2 i IIIIT UNTIL TXE=1 
25 lIlY ItS ; RECOVER Ctft1fICTER 
26 OOT DF:TA51 ; OUTPUT TO ~1 
27 INX H ; 81.Jf' BUFFER PO INTER 
28 JItP PRTl i IE NEXT ClIARfICTEk 
2S; 
38 PEXIl: I'(f) B i ~'ESTORE Be 
31 Pffl H ;RESTLM: HL 
32 RE1 iRETIMI 
33 i 

34 EN) 

DflTA51 A 8831 PEXIT A 284A PRINl fI 2838 PRTl A 2835 PRT2 A 283C PR1SR1 ft £'9D9 51551 A 8831 
Tl<E A l18li4 

Figure IS, 82SlA Subroutine 

All mnemonics copyrighted @ Intal Corporation 1978. 
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Figure 16. 8295 Flow Chart 

8295 SOFTWARE 

For those readers using the 8295 as a design example for 
UPI software, the flow charts for the program are shown 
in Figure 16 and the 8295 source listing is included as 
Appendix A. (Machine readable source listings are 
available through Insite, the Intel User's Library.) As an 
aid to understanding this software, the following obser­
vations can be made: 

I. The 8295 uses only Register Bank O. The function of 
registers R6 and R7 is determined by the mode. In 
parallel mode they are concantenated to form the 16 
bit DMA count register. In serial mode, R6 is a 
counter during character reception. 

11-15 

2. Characters and commands are input from the Input 
Data register via the INPUT subroutine. The routine 
defines the input mode, fetches the data, and stores it 
in R2. If the DMA mode is enabled, the block count in 
R6 and R7 is decremented by the DECR routine each 
time a data transfer occurs until the count is 
exhausted. 

3. Characters are decoded by routine P6A which also 
detects any illegal characters by the INPUT routine. 
RO is assigned as the character buffer pointer and R4 
is designated as the buffer size limit. The commands 
which affect the buffer size will affect RO and R4. 



w'''''' Jump laDle. Ine command routines are easy to 
understand from the listing hence they are not includ­
ed in Figure 16 but simply referenced. 

5. Register R3 is the bit-oriented command register. Each 
bit of R3 represents an operating mode. This defini­
tion is shown below. 

SOLENOID STROlE TIME 

L...-___ RIGHT JUSTIFIED FLAG 

L-----10CHAIIN FlAG 

L-_____ DOUILEWIDTH FLAG 

'-------- DIIA MODE FLAO 

'--------- SElUAL MODE FLAG 

6. After the character buffer has reached its limit 
(RO = R4) or a CR character is received, the contents 
of the buffer are printed. Subroutine PRINT loads RO 
with the address of the character to be printed and R2 
serves as an index to keep track of the current column 
within the character. Subroutine CHAR determines 
which ASCII table is accessed by setting or clearing 
flag FO. 

11-16 

. 
the 32 characters on Page 1 or 2 of the Program 
Memory ASCII table. The column index, R2, is then 
added to the result to address the current column. 
Each character is represented by 7 bytes. R2 indexes 
thru each byte to select the appropriate solenoid 
information. 

8. Subroutine COLS fetches the solenoid on-time and 
off-time constants from a table starting at location 
OF8H. The time is represented by a hex number which 
is used as a loop counter in a software timing loop. No 
character input is allowed while printing is in progress. 

CONCLUSION 

The 8295 is an excellent example of what can be done 
with the UPI41A family. As a printer controller, it com­
pletely relieves the main processor of all the real-time 
tasks associated with the control of the printer plus 
valuable system ROM space is not required to store the 
ASCIl-to-dot matrix conversion table or the timing soft­
ware since it's all done in the 8295 itself. As a UPI design 
example, the 8295 illustrates the variety of data transfer 
interfaces available. If the 8295 itself does not fit your 
printer controller requirements, feel free to modify the 
8295 software contained in this application note or that in 
AP-27 and program your own 8741A. 



Appendix A 
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APPENDIX A 

IISIM8 : F1: 8295. SRC 
ISIS-II 1I:S-48IIJ>I-41 IKRO 1ISSEIIl.ER, Y2. 8 
LRC 7848 SERIES PRINTER COORIUER SIlm COOE 

PAGE 1 

LOC I8J SEQ SIlm STRTEIENT 

1 $10)42 T1TLE('LRC 7848 SERIES PRINTER COORIllER SIUCE COOE') 
2 
3;""'", ........ "", .. ___ ...... __ • __ 

4 ;.. 8295 - LRC 7848 SERIES PRINTER C(Iffl9.LER .. 
5 ;.. REY. 8 FII! m CllllR:TER IIlTRIX •• 6; ___ ... ___ .. 

7 
8 
9 

18 ; COPYRIGHT (C) 1978 
11 ; INTB. Clf<P(l!RTlON 
12 ; 3865 BIIERS RYE. 
13 ; SfWTR ClfIiR, CR. 95851 
14 
15 
16 
17 ;-...... ----... - ..... ", ...... __ ..... 
18 .o" PAGES CONTRINS TIE IrIITIRLIZRTlON SEIllEtIL TIE OOTPUTINi .. 
19 ; .. IF DATR TO TIE S!l.ENIOI)5, TIE SERIAL IJf'UT ROOTIIE, TIE .. 
2B ; .. PII'ER FEED ROOTINE, IN> THE. SlUNIOO FIRETlIE ROOTINE •• 
21 ;----.-... _ .... _ •••• ,,_. 

22 
23 $EJECT 

ISIS-II 1I:S-48IIJ>I-41 IKRO RSSEJB..ER, Y2. 8 
LRC 7848 SERIES PRINTER UIfTROU.ER SIlm COOE 

PAGE 2 

LOC I8J 

24 
25 
26 

SIlm STRTEIENT 

27 ; .... - .. - ....... , .................... _ ••••• _ •• 
28;" .. 

; REGISTER RSSIIHENT TIIIlE .. .. 
31 ;--",., .............. , ................. ,"', ....... . 
32;" .. 
33 ;.. R8 1Jf'UT IIIFFER POINTER .. 
34 ;.. R1 ~ STII!f&: .. 
35 ;.. R2 ~ STIIIfMiE .. 
36 .o" R3 COllIN) REGISTER .. 
37 ;.. R4 IIIFFER SIZE .. 
38 ;" R5 TEII'IJ9Y ST£MlE F~ I>EUIY ROOTlNE •• 
39 ;.. R6 LOll (JiI)ER DIll aum:R " 
4B ;" R7 HIGH (JiI)ER DIll aum:R " 
41 ;" TIlER TBI'IMIRY STIIIfMiE " 

43 ; ............ _ .... _ •• ____ ......... " .. _ 

44 
45 
46 $EJECT 
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ISIS-II ~-48IIP1-41 IKRO ASSEJIIlER, Y2. 8 
LRC 7848 SERIES PRINTER CIJlTRILllR SW!CE COOE 

J 

LOC ~ SEQ SW!CE STRTEI£NT 

47 ;---***._ .......... 11111111111-

48 ;** ** 

49 ; ** RfII ASSIIHENT lfIILE ** 

58;** ** 
51 ; ___ ** .. 111 ............ 11111111111111 __ 

52 ;** ** 

53;** RfII IIlDRESS fll(;T1(11 ** 
54;** ** 
55;** 118-87H REGISIER IIfH( 1 ** 
56;** 88-14H PROORfII STID: ** 
57 ;** 15-17H Till POSITI(II STORE ** 

58;** 18-4811 CIIIIIVER BtFFER ** 
59 ;** ** 
68 .;-_-... 11111 ....... 11111111 ... 111111111111111111 

61 
62 SEJECT 

1515-II ~-48II.I'1-41 IfICRO ASSEIIIlER. V2. 8 
LRC 7848 SERIES PRINTER CIJITR!llER sru«:E COOE 

4 

LOC ~ SEQ 5(UCE STRTEI£NT 

63 
64 .;**-_ •• ___ •• 11111111111111 .. 1111 .. _ 

65;** ** 

66 .; ** CMIfH) REGISTER DEFINITI(II ** 

67 ;** ** 
68 .;*_* __ **_11111 ... 111111111111111111111111111111111 

~;** ** 

78;** 81T 7 SERIIl. IDlE FUll ** 
71 ;** 81T 6 DIll IDlE FUll ** 

72;** 81T 5 DWI.E WIDE FUll ** 
73 .;** 81T 4 32 COLlII6Il.ll£ ** 
74 ;** BIn RIGIT JUSTIFIED PRINT ** 
75;** BITS 2. L 0 IM>ICRTE SIl.EIIIID (II TIlE ** 
76 ;** ** 
77 ; .... 11111 .................. 1111111111._1111111111111 .... _ 

78 SEJECT 

All mnemonica copyrighted @ Intel Corporation 1978. 
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::KJiUl«lLO Jm1 cnt.N I 

I181III ;'9 ORG Il89H 
90 
81 

98Il8 92 82 INIT· OUT DB8,A iSET IEF 
99919A 8:5 IN P"P2 .i (''HECK SERIAL STRAP 
98112 B;/98 84 .ISS PARA 
l19li4 8883 as PlOY R3,183I1 i SET SERIAL !:IlT IN 00 
!l9Il6 949E 86 JIf' ClF1 
11988 9fI8F 87~fl· ANI.. P2,.e8FH 
9IIIIfI F5 83 EN FlftGS 
il9IlB E5 89 EN [)If! 

IIiI9C B803 9€1 !'IO'~ R3,19311 
989E 27 91 ClPi· CLR A ; CL!:AR OMA BUSY FLAG 
!l99F 99 92 1'101,' STS, A 
0019 BC49 9] CLEF:!" MOil R4,1I4011 i INITIALIZE litHER 
!!e12 8818 94 flOAIN MOil Re.II1SH . INITIflLIZE ~'OINTER 
0014 27 9S ClR A ; ReSET STACK "ill SfIIIE TAB~ 
991~ 1)7 96 110'.' PSIol. t1 i 5TAC~ = 9. ALL FL~jS = 9 
0016 ;414 97 DECO CALL II*'I..IT 
9(118 3428 9S ClLL 1'6A ; [{CODE DATA 
9tl1;1 FC 9S 1'10\1 P,.R4 
0018 I.lS 190 :·~t A,1:'9 
001C %16 11)1 IN: DECO 

1v." 
001E Fr. 11:13 PRINT !'lOY A,R~ 

001F C8 104 DEC ~'e ,lOCAlE LAST C"lIRACTER INPUT IF R. J. 
8829 7224 105 .JK· ON .: CI£CI< FOR RH.iHT JUSl. 
8822 b'818 186 MO',I Fle,l18ft .; fiJI INT FRO!! HIE ORIGIN 
0024 3At:F 197 ON ANI. F'2, '!lITH ; TURN DRIVE 1'I01UR ON 
0026 4626 198 NHQI1E. INTi NHorIE ; WAIT FOR HOI'IE SWITCH 
0028 2349 199 MOV fl,149H ; STALL 
882A 54F8 11!l CftL WAIT 
982C BA96 111 xrER· I'[Iv 112 .. l86Ii ; 10 (;1.4... IItJEX 
I.l!la FB 112 I'fO\l A,R3 . CIIECK FOR RJ 
002F 7233 1B JB? CHfIt' iRJ TRUE 
99318A99 114 PlOY 112, I9IIH ,INDEX F~ /GIl. PRIN1IIIl 
9933 F9 11~ tHAR: I'!OY A,A ,FETCIl D~TER 
8834 85 116 Cl~: F!l i HI DETERIIlNES 111101 DfMJ::TER TfIllE 
00;5 8238 117 .185 PROE 
993795 118 CPL F!l 
8938 S4E9 119 PAIJE: CllLL XS2 i FETCH COl... FRa'I.' AELE 
!l!IJA A9 129 110\1 R1,A 
11938 FB 121 110\1 A,R3 ; DIECK FOR O. W. 
003C 1:I23F 122 J85 NOTS 
1193E 95 123 (''PL ~!l ; F!l INDICATES O. W IIOOE 
IIII3F F"9 ·124 ooTS: PlOY A,R1 
91148 1478 125 CfLL FIRE iPRINl In.. 
9942 FB 1..."6 110\1 A,R3 iCf£CK RJ 
9943 7241> 12? JB3 rap 
8IM5 2386 128 lIlY A,1Q6H 
9947 IlA 12') XRI. A,J/2 
91148 1A 139 It¥: 1"2 
9949 9633 131 .JNZ CIIAR ; F1UNl NEXT COl.. . 
994B !l452 132 JIf' LSTC1.4.. 
91140 27 B3 RJP: CtR A i ClECK RJ, FIkE COlS. IN REVERSE ORDER 
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1515-II PJ;S-48IlfHl IR:RO ASSEIIBlER, Y2. 9 PRlE 6 
LRC 7949 SERIES PRINTER ClJNTR(UER SW1CE COOE 

LOC OOJ SEQ SW1CE STAIDENT 

994E DA 134 l/Rl A,R2 
994F CA 135 DEC R2 
9Il59 9633 136 JNZ CIfIR 
99S2 B6S6 137 LSTCOl.: JF9 A4 
9954 1489 138 CfLL COL8 
9956 237F 139 A4: IIJY A,I7FH ; ClEAR STB & DATA PINS 
9958 39 149 OUTL Pl,A 
99592319 141 IIJY A,I19H 
9958 54F8 142 CfU WAIT 
995{l FB 143 IIJY A,R3 
995E 7264 144 JB3 RJ2 
9960 FC 145 IIJY A,R4 
096118 146 INC R9 ; INCR POINTER 
8062 9467 147 m> CK 
0964 2317 148 RJ2: IIJY A,117H 
0966 CS 149 DEC R9 ; DECR POINTER 
0967 D8 158CK' XRL A,Re 
096S 962C l:il JHZ XFER ; WEllI1N F~ rEXT ClRt 
996A 566A 152 HM: JT1 fD'IE : SENSE IfJI£ LOW? 
II96C 2329 153 I'lIY A,I28H ; !>TFl.L 
006E 54F8 154 CAlL WAIT 
80711 SAl11 155 ~ P2.. 119H ; STOP DRIVE II)T~ 
8972 9412 156 JI'P IOlIN ; NEXT L11£ 

lS7 
8974 FB lSS DttAIN IIJY A,RJ ; EXIT IF SERIFI. IO)E 

9975 F27A 159 J1l7 SERROR ; SERIFI. CIll EI<R~ 
9977 D677 168 11Iltf: JrUBF INBUF ; WAIT F~ DttA PARfIIS. 
8979 22 161 IN A,1)88 
897A 93 162 SERROR: RETR 

161 
164 
165 

0078 B67F 166 FIRE' JFII SGLE 
897D 99 167 IN A,Pl ; C'. lot RIll PREYIru5 CIX.. 
897£ S9 168 fH. A,Rl 
897F 39 169 SGLE OUTL Pl,A ,OUTPUT TO set. 
8988 FB 1711 COLS: IIJY A,RJ ,A GETS ON TIlE 
9981 43FS 171 OR!. A, 19F8H 
8983 A3 172 IIJYP A,@A 
8984 530F 173 fH. A,1eFH 
8986 8988 1,4 ORL Pl, I8IlH ; STROBE 5(lOO IDS 
8988 54Fe 175 CFl.L WAIT 
898A 997F 176 Ali. Pl, 17FH iliiSABLE Sll.. STRl1lE 
898C FB 177 IIJY A,R3 ,A GET IFf mE 
898D 43F8 178 ORL A, 1eF8H 
008F A3 179 IIJYP A,@A 
l1li99 47 188 sw A 
8991 539F 181 fH. A,IIIFH 
9993 2B 182 XCH A,R3 
9894 9299 183 JB4 C19 
0096 2B 184 XCH tl,R3 
9997 949(; 185 JI'IP CON 
0099 2B 186 CHI XCH A,R3 
899A 9396 18i' fill) A, I96H .: INCREASE BIAS FOR 111111 
999C 86A3 188 CON JFII SING ; SKIP IF SINGU 
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ISIS-II ~-48II.f1-41 IIACRO ASSEII!lER. Y2. 8 
LRC 7Il48 SERIES PRINTER COfiRIllER sooa COO[ 

LOC IIIJ 

8Il9E 8314 
88fII) 29 
88R1 19 
88fI2 29 
8IlRJ W8 

8IlR5 9ABF 
99R78R 
88R8 F2R7 
99RR 8908 
88f£ BR89 
99RE 89 
99RF 74[9 
9881 8R 
9882 F2R7 
9884 BE93 
89B6 EEB6 
l18li8 ERCE 
89SR 8R48 
88BC BE06 
iIIlBE EEBE 
Il!IC8 74[9 
I!9C2 74[9 
1lIlC4 8R 
1lIlC5 37 
88C6 F2R7 
IlIlC8 F9 
IlIlC9 F7 
IlIlCR 537F 
IIIICC Aft 
IlIlCD 9J 

IlIlCE 74[9 
8IlOO 74[8 
II1II)2 BEIl3 
IIIID4 EED4 
IIIID6 88 
II1II)7 8R 
8!lD8 5389 
88DfI 49 
9IlD8 67 
iI80C R9 
8800 84B8 

88DF 9RF£ 
88E1 B98R 
88E3 2388 
88E5 54F8 

SEQ 

189 
198 
191 
19l 
193 SIIIl· 
194 
195 

SOlRCE STRIDENT 

fW 
XCII 
0UTl 
XCII 
JIP 

R..114H 
R..Ri 
P1.R 
R..Ri 
WRIT 

; fI)D 7 TO (FfTlIE IF D. W. 
; SAVE PREVIOUS m.. 
; SAVE PREVIOUS ca.. 

196 ; **--* .. _***_ .... *-*-** 
197; SERIRl ROOTINE, ASSElB..ES TIE DESIRED DATR FRtJI TIE 
198; SERIRl IIftT All) PI.RCE TIE DATR IN TIE fK:CtIU.RT~ 

199 ; -**-**** .. _-***_ .. **--*-*** .. * 
28Il 
281 CTS: IN.. P2,1Il8FH ; REQl.EST ICTS 
282 11£. IN R,P2 ;LOOP OOIL SlRRT BIT FWf> 
283 JB7 11£ 
204 lIlY R1.18 ; RESET TEIf' REG 
285 IIO't' R2, 189M ,SET INDEX 
286 IN R.P1 • BIAS 
287 CRlL II!IT ; WRIT 1/2 CYCLE 
288 IN R,P2 • ClECK F~ START BIT 
289 JB7 11£ .' WRtJ«l Slft11T BIl 
219 lIlY R6 .. I83H 
211 LZ: DJNZ R6,LZ 
212 C(WT: ()JNZ R2. LORD i URi TIE EI!ilT BITS 
213 m. P2,I4liH i DISi'IBLE /CTS 
214 I'KlY R6, I86H ; BIRS 
215W14: DJNZ R6,W14 ; WRIT 
216 Cfl.L ~IT 

217 CALL /lilT 
218 IN iI .. P2 
219 CPL R ; ClECK 5TOfo BIT 
228 JB7 11£ ; IIRfJIl STOP BIT 
221 11)1,' R,R1 
m I1I..C R 
~., 

r!~.) IN.. R,I7FH 
224 I'KlY R2..R 

"'5 RETR 
226 
227 
228 Uft) CRlL /lilT ; DELR'r' 1 CVf.LE 
229 CRlL /lilT 
239 I(IY R6,I83H 
231 L1: DJNZ R6.L1 
232 10' 
233 IN iI .. P2 ' INPUT SERIRl BIT 
234 IN.. R.188H illRS/( BIT 
235 ll1L R,Ri ,fIOO PREYIOOS BITS 
236 RRC R 
237 lIlY Rio A 
238 JI'f' coIn ;FINISH .100 
2J9 
248PF: IN.. P2.1OFEH ;t'fIl)T~ON 

241 lIlY RLI8fII 
242 P3C. lIlY R..1888H 
243 CfI.L WRIT 
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1515-II 1I:S-4MP1-41 IHRO AS!iE/IIlER, Y2. 8 PRlE 8 
lRC 7848 SERIES PRINTER CIIflRlllER srua COOE 

LOC (8J SEQ srua STATEIENT 

88E7 E9E3 244 IIJNZ RLP3C 
88E9 F8 245 1T8: I10Y A.R8 ; DELAY CIIflIWT =flFF POINTER (1811 TO 4111) 
88EA26EA 246 lTi .lNT9 IT1 
88EC 54FS 247 ClLL IIIIT ; DELAY =1IIS TO 2. 5IIS 
OOf.I J6E9 248 JT8 1T8 
99F92JF3 249 lIlY A.l8FlH ; STALL 
99F254F8 258 CALL IIIIT 
99F48A81 251 IR Pl, I81H ; PF IIJT~ OFF 
... 6 93 252 PlF' RETR 

253 
99F8 254 ~ 8F8H ; SOL '* TIlE Cl*STIWTS 
89F8 D4 25S DB 8D4H .; 2IIWS '* TIlE 
88F9 C5 256 DB 8C5H ;248 
88FA B6 'Z57 DB 8B6H ;288 
98FB A7 258 DB 1lA7H ;328 ;DEFIILT 
99FC 98 259 DB 98H ;36(1 

88FJ) 89 269 DB 89H ;488 
88FE 7ft 261 DB 7fIf ;448 
99FF 68 262 DB 68H ·488 

263 
264 
26.S ;**********.· ............. 111111111111 JIIII J 111111111".11111'+' 

266; PRlE 1 IIf'UTS, DECOOES. III) EXECUTES COIIN)5 III) DATA. 
267 ;****"J**.***_*_*_* ___ ~ ___ 
268 

9100 26~ ~ 100II 
8109 88 279 ID' 
8191 B5 271 DB (S01 AN> 1lFFH) ,ADDRESS F~ SET OOTPUT 1 
8192 B2 272 DB (502 III) 8FFH) ;502 
8183 IJ8 273 DB (ROt III) 8FFH) ,ROt 
811.14 B8 274 DB (R02 III) 8FFH) ;RQ2 

9195 BE 275 DB (RESET III) 8FFH) ; RESET 
8186 ft8 276 [is (S32 IN) 8FFH) ;832 
8187 E4 277 DB (P.48 III) 8FFH) ;840 
8188 EA 278 DB (iii« III) 8FFH) ,DII>E 
8189 C9 279 DB (SDI'fI fill) OFFH) ; SDfII 
91011 fill 288 D8 (SSOL III) 8FFH) ; SSOL 
8111B 88 281 ()8 (SlF III) 8FFH) ;SI..F 
8181: 81 282 fiB <It.!' AN> 8FFH) ;II.F 
8100 84 283 DB <TOF fill) 8FFH) ;TOF 
811lE DE 284 DB (CR III) 8FFH) ;CR 
8181' 72 285 DB (Tl fill) 8FFH) ;T1 
8118 72 286 DB <T2 fill) 8FFH) ;T2 
11111 72 287 Il8 m fill) 8FFH) ;n 
8112 F9 288 DB 011 III) 8FFH) ;RJ 
8113 A8 289 Il8 (SSOL III> 8FFH) ; SSOI.. 

298 
291 
292 

8114 FB 293 11f'1.I1 lIlY A.RJ 
8115 F226 294 JS7 YIE 
8117 37 29'5 CPL R 
8118 [)21C 296 J86 IDlECR 
811R 8R48 297 IR Pl, I48H ; SET DRQ F~ DIll 
811C OC1C 298 I«JDECR: JNIBF IO.'lECR ; S/IlREI) BY PfIRII.LEL & 1),"Ii 
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ISI!>-1l IICS- 4811J'1-41 IIACRO ASSDRER.. Y2 0 Pfl(j£ 9 
lRC 71148 SERIES PRINTI:I< CONTROllER SOURCE CODE 

lOC 08J SEQ SOURCE STATE~UT 

81ft 22 299 IN A,OOB 
811F 537F 300 RUl fl,l7FH 
8121 All 381 l'!Oy R2,A 
0122 3462 382 CALL [JECR ; O~C [J"'l COUNT FOR [J1Ifl & PflRfllli 
8124 FA 31B I'IOY ff, R2 ; DATA STORE[) IN A & R2 
8125 93 384 RETR .; f<:11 $, ~'E5TORE FLfIf'£ 
8126 84A5 385 liME. JI'f CT~ ; SERIAL USE SlRIAL IIf'UT ROUTlIE 

386 
8128 NED 387 P6R· CALL Sf'CR .' CHECK FOR SPECIAL CASE CR 
812A 024E 388 186 Cf:ECK5 
812C 8258 389 JBS fJflTA ; CHECK FOR VAL!() CHAR 
812E D309 319 XRL A,109H .'IA8 ~ 
fI1J8 9656 311 JNZ CI'IO ; COItIANI) 
8132 8915 312 TAB: MOY Rl· U5H .' [:1 (jETS Tf1B[I 1 
8134 BA113 :m 1'101,1 R2.·193H 
8136 ~1 314 P6BB I'll)',' A,I:!Rl .' CHECK TP.B 
8137 F24D 315 JB7 TERROf-' .' LIMIT TfiB TO f;t1fil< 
8139 D240 316 JB6 TERROR 
8138 37 317 CPl A 
813C 17 318 INC A 
8130 6S 319 Af'D Ii. flO 
813£ Fl 328 PlOY A..@Rl .' A GET TAB lOC. 
813F E645 321 me P6RA ; ~ lNO WHICH TAB 
8141 19 :522 HlC Rl 
8142 EA36 323 DJNZ 1<2, PCBS 
8144 FC 324 SFn' 1'10'1 A,R4 .' EXCEEI! ALL TAB .• FILL IN [;LfiNI(S 
8145 Ali Q5 f'6Afi: I'IO!J R2 .. A 
8146 88'&1 326 RTflE!· 1'1011 @R9 .. 12011 
8148 1S 327 INC R8 
8149 ~A 328 MOY A .. R2 
814A DB Q9 i<:RL A,RO ; FILL HI U-ANKS 
9148 9646 :n9 JUZ RTAS 
fI141) 93 331 TERRG" RETR 

332 
814E B25S :m CHECKS: JB'5 SEND 
8159 Ffl 334 DATA 11()\/ A,R2 
9151 A0 33S I'IOV @Re,A 
8152 18 336 INC R8 
0153 54£0 337 CALL PEON i SET SPECIAL FLOO FOR LAST DATA CImlCTER 
8155 93 338 SEN!): kETP. 

:$39 
8156 8914 348 00: 1'1011 1<1,114H ; R1 EQ INDEX 
81!l8 FA 341 P7C: "Oil A,R2 ;A GETS C/'II) 

0159 17 342 INC A 
81511 D9 343 XRl A,Ri 
815B C668 344 12 FOlINO il'lA1CH ) 
8151> E9S8 345 DJNZ Ri .• P7C 
81:iF 93 346 RETR 

347 
8160 F9 348 rOlJN): ~ A,Ri 
8161 B3 349 JI'fP @fI i JIJI'IP III>IRECT TO CIID RruTIP£ 

3Se 
11162 FE 351 DECR: IIO'v' A..R6 
816:S 967Il 352 JNZ L~ i DEC R6, R7 AS REG. PAIR. RET (Jj II 
8165 4F 353 OR!. A,R7 
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ISIS-II ":S-48II.f'I-41 IIACRO ASSEIIIlER. ~'2. II 
LRC 7848 SERIES PRINTER C(JflRll.LER S(m;E COO[ 

PRiE 19 

LOC m.I 

9166 966F 
8168 2B 
9169 '538F 
9168 28 
8161: 99 
81611 8A29 
916F CF 
9179 (;[ 
9171 9J 

9172 17 
9173 5393 
9175 9315 
91n 62 
91713 J414 
817A 8318 
917C A9 
91,'0 42 
917E 29 
917F Ai 
9188 93 

9191 85 
9182 248ft 

9184 97 
9185 A7 
8186 248ft 

9188 85 
9189 95 
918A F69C 
918C 8693 
918E 3414 
9199 ~ 
!!191 C698 
8193 l40F 
!!195 F69C 
9197 8698 
!!199 EA93 
8198 93 
!!19C 8ft 
8191) 3293 
819F 93 

91118 3414 
!!1A2 28 

SEQ SIlJRCE STAIDENT 

J54 JNZ N1ST 
3SS XCH 11.1"1 
3'36 All. A,IeeFH 
357 XCH A.R} 
358 If.JIr' STS.A 
J'59 (Rl P2. 12911 ; ENft&I ~ !!1Tf.I!IJPT ~'l" 

J68 ~T: DEC R7 
361 LAPS: DEC k6 
362 RETR 
36:: 
364 
36'5 , ..................... _* 
366 ; catIfN) LOO< l., TABlE. 
367 ; ........ "._ ......... n •• _ ... 

3613 
369 
379 T1. 
371 T2 
372E: 
373 
374 
375 STAll 
376 
3n 
:m 
379 
388 
J81 
382 
31B 
394 II..F': 
385 
J86 
387TIF: 
388 
389 
399 
391 SlF: 
392 
:m LF. 
J94 
395 
396 
397 
398 1'1£"fI: 
399 
498 
41!1 
482 P12C: 
403 P128: 
484 
41!5 
4!l6 
487 SSII.: 
488 

. A = ~ !F CII.l JI.JI> IN CII) lAlllE 
;R=F.l~9 

INC A 
IN. A.193H 
flll) A, I1SH 
If.JIr' T. f.l 
au I,*,UT 
flll) A, 11SH 
If.JIr' Pi,A 
IIOV A. T 
XCII A,Rt 
!'IO't' @R1.A 
I1ETP 

Ct.R Fil 
JIll LF 

ClR C 
CPI. C 
.JIF LF 

CLR F9 
CPI. F9 
JC P12B 
JF9 P12A 
CfU IIf'UT 
lIlY R2,A 
JZ P12C 
ClLL PF 
JC P128 
JF8 P12C 

; 11=8, 1, (II: 2H 
; IIISK SI~IFlawr BI1S 
. ACClJt " 15,16, (R 17H -(RIll LOCATlCflS FIJi' TfIIS) 
; ~ ST(Rf(£ FIJ! TAB 

.10. TlPLE LIIE FEEJ) 

• T!.'f' IF FCRI'I 

;LFUTF 

; SIIili LIIE FEEJ) 

.oLFUTIF 

.SIIili LF 

DmZ 1!2. P12A ; DEeR. 1 IF 1IIES 
RET!! 
IN 1I.P2 
181 P12A 
RETR 

CfU IIf'IIT ; FETCH so.. (W TIlE 
XCH II.R3 
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-- -- - """' .... l-l: ~IHltl'l:.Nr 

91A153F8 499 1ft. A, I8fSlt ; CLEAI1 PREY. Slt. TII£ 
8tA568 418 ft)I) A/R3 
81A6 28 411 XCH A/R3 
81A7 93 412 !/ETR 

413 
81AS FB 414 BJ2 1m A,RJ ; 32 CIRi.'OCTER BI.fFEI1 
81A!J 4318 415 (R 1I.118H 
81AB53DF 416 1ft. A.18DFH 
81f() AB 417 IllY ~,R 

81RE Be39 418 IIJY R4, .39H ; 33 CIIlI1. lUtE 
81S8 8412 419 Jlf' Ri/IIN 

428 
8182 8A84 421 502: (R P2, I84H ,SET G02 
8184 93 422 RETR 

423 
8185 8R88 424 501: OR!. P2, I88H i SET 001 
81B7 93 425 RETI1 

426 
81B8 9AFB 427 R02: 1ft. P2/18FBH .' RESET G02 
81BR 93 428 RETR 

429 
81BB 9AF7 439 ROt· 1ft. P2,I8F7H iRESET G01 
81BD 93 431 RETF 

432 
81BE 89FF 433 RESET: (R pt,18FFH .' HESET PIIlT 1 
81C9 23BF 434 1m R,18BFH 
81C2 3fI 435 roll P2,A ; RESET ron 2 
81C3 FB 436 PlOY II.R3 i RESET CII) EXCEPT F~ SERIAl. & SOL 
81C45387 437 AIL A,I87H 
81C6 AB 438 1m 113· A 
81e7 848E 439 JII' CLRl ; ClEAR STS & RESET STlD< 
81C9 1474 448 SllttA: CfLL DlflIII 
81CB RE 441 1m R6,A • LOll) DIIA CWfTERS 
81CC 1474 442 CfLL DIfIIN 
81CE 9fIlF 443 AIL P2,18DFH ; ClEAR INT PIN 
81D8 IF 444 1m R7.·R 
81014E 445 (R 1I.R6 
8102 C662 446 JZ llECR 
81J)4 3462 447 CALL DECR 
811)6 2B 448 XCH II.R3 
81D7 4348 449 (Jt'l A.148H ; SET DIIA FLAG 
81D9 2B 458 XCH R,k3 
81DR 2318 451 I'JJY R,I18H . SET FLAG FII! TELL IIlST DIfI 011 
810C 98 452 1m STS,R 
8100 93 453 RETR 

454 
81DE 42 455CR: 1m II.T ; ClECK 8111X+l FLRi 
81DF DB 456 l!RL II.MDH ; IF BlfF PRINTED flJTO, III CR. 
81E1 9644 457 JNZ SPRl 
81£393 458 RETR 

459 
460 

81E4 FB 461 848: 1m II.R3 ; 48 ClHRCTER BtFFER 
81E5 53CF 462 1ft. II.I8CFH 
81£7 AB 463 II)\.' R3,A 
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ISIS-II !f;5-4811J>1-41 IIICRO RSSBIILER. V2.8 
LRC 7848 SERIES PRINTER C!IITRIllER SIU1CE COOE 

PH 12 

LOC I&T 

1llE8 8418 

IllEA 2329 
IllEC 48 
Il1EJ) III 
Il1EE 8818 
81F8 Fe 
81F1D2F6 
81F3 BC2A 
81F5 93 
81F6 BC2C 
81F89::: 

81F9 FB 
Il1FR4J88 
81FC III 
Il1fI) 93 

113E8 

8JE822 
8JE143F8 
8ER3 
8JE4 AE 
IlJE5 1F83 
II3E7 EFE7 
8JE9 EEE5 
8JEB 8A 
8JEC 93 

83ED [lJllD 
II3EF 96F5 
83F1 J4[lE 

9JFJ IIAFF 
8JF5 FR 
8JF662 
83F7 93 

&8 

&882 
8JF9 84 
83FR 48 
8JFB if 
83FC 8E 
IJ3FI) 86 
8JfE 82 

SEQ 

464 JIll 
465 
466 
467 
468 llIa· IllY 
469 IR 
478 IllY 
471 IllY 
4n IllY 
473 JB6 
474 IllY 
475 REW 
476 )(8. IllY 
477 RETR 
478 

R.12IIH ; DWIlE WII.'lE PRINT IDlE 
R. RJ .' SET [lW BIT 
RJ,R 
R8.I18H i CLEAR BtFfER POIKIER 
A.R4 
X8 
R4, I2AH ; J2 CHfI!. BtFfER 

R4.12CH ; 48 CIIlR. BtFfER 

479 IlJ: 
488 

IllY R. R3 ; SET RJ BIT IN CIt) 

IR R,188H 
481 IllY 111, R 
482 RETR 
483 
484 
48S 

486 ;---•••••••••• ----. 
487; IIIIT SU!R RIll TI£ ~TR CUlSTANTS fR: IN PH 3 488 ;_t_t.**_. ___ _ 
489 
498 (J'6 

491 
492 IIIIT· IN 
493 OR\. 
494 I!OI/P 
495 IllY 
496 LlXJ'l· IKIY 
497 LIU'2· [l.)NZ 
498 [lJNZ 
499 IN 
508 RETI! 
SIll 
SII2 spcp. iOIL 
593 JNZ 
594 CIU 
585 lIlY 
596 XCR. lIlY 
597 lIlY 
598 REW 
599 
518 IJ!G 
511 
512 DB 
513 DB 
514 DB 
515 DB 
516 DB 
517 DB 
518 DB 

R. DeB ,CI£CI( llS8 ~ BUI) RATE 
R.IM!FBtl 
R,~ 

R6,A 
117.18311 ; 25US PER LIXF PAIR 
R7,LOIJ>2 
R6.UXI'1 
fI~P2 

R. I8IlH ; CI£CK CR Fl.fIG, F.<IT IF TRI.( 

XCR 
CR 
R2.18FFH ; 00 RlT EXfCUTF ".. noW: 
R.R2 
T.A 

3F8H 

II82H ; 118 BfU) 

884H .158 
48H ;J118 
1fH ;688 
IIEH ;1288 
II6H ; 24118 
82H ;4888 
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ISIS-II 11:5-4811.1'1-41 IR:RO ASSEIIIl.ER, Y2. 8 
LRC 7848 SERIES PI1INTER ctWTROLLER 5OO!CE COOE 

PIllE 13 

LOC OS'} 

83FF 82 

82E8 
!l2E1l SJ1F 
!I2E2 R9 
82E3 E7 
82E4 E7 
I!2E5 69 
82E669 
!l2E7 69 
82E86A 
!l2E9 B6F5 
82EB EJ 
!l2EC 83 
82EJ) FC 
82EE D8 
82EF 96F4 
82F1 2J8I) 

82FJ 62 
82F493 

82F5 RJ 
82F685 
82F7 83 
82F8 BOO6 
82FA EDFR 
82FC 07 
92FD 96F8 
82FF 93 

8288 

829IJ 41 
8281 JF 
8282 62 
8283 JF 
8284 62 
8285 JF 
8286 43 

8287 78 
82811 6F 

SEQ 

519 
529 

5ruICE STRTEIENT 

DB 82H 

521 • "''''** ...... **--.. _--_.-
522; OTID TIIlN CIIIR TII!L.E, IfIIT fit) X52 ROOTII£5 EXISTIN P&2 523 ;-.-___ • ______ .. 

524 
S2S ~ 2£811 
S26 XS2 1M. R,11fH ; FIN) & IIDJUST r:III!.ACTER IIIlI:X 
527 lIlY In,A ; In TIl'\.. Y IrIlEX BY -: 
528 RL R 
529 I1\.. A 
SJ8 fI)I) A,1n 
531 fI)I) !tin 
532 fI)I) A,1n 
5:13 fI)I) A.P2 ,fI)I) ca.J~ IIIlEX TO ~TER IN>EX 
534 JFe ME 
5JS II}YPJ fUR 
SJ6 RET 
537 PEON: lIlY A.R4 ; SET SPEClfI. CR FLoo IF LAS1 CIIlR 15 [lATA 
5J8 XI1\.. R,R8 
5J9 JNZ FSPA 
548 lIlY A,18I)H 
541 lIlY r.R 
542 FSI'II: RETR 
543 
544 
545 PIIlE3: If.JYP A,@fI 
546 CLR Fe 
547 RET 
S48 IfIIT: lIlY R5,186H 
549 coox: DJNZ RS, C(N( • 4IIUS PER cwrr OF In 
558 DEC A 
551 .IHZ IfIIT 
552 RETR 
5SJ 
554 
55S 
5S6 ; •• - ..... _-•••••• - •• - .. -
557; CHfIRfK:TER TII!L.E IN POOE 2. 
558; IISB IS 1Gt«m). [lATA ItlBTEJ) 
559 ; SEE EXIII'lE (R) 

5611 ; ----•• - .. - •••••••••••• 
561 
562 ~ 28IIH 
563 
564 DB 41H ;@ 
565 D8 JFH 
S66 DB 62H 
567 DB JFH 
568 DB 62H 
569 DB JFH 
578 DB 4311 
571 
572 DB 7IIH 
S7J DB 6FH 
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ISIS-II ";S-481LfI-41 IIICRO ASSE/IilER, Y2. II Pru: 14 ISIS-II IICS-48ILf1-41 I!ACRO ASSEIIIll.ER, Y2. 0 PWJE 15 
LRC 7949 SERIES PRINTER ~TRlllER 5O.RCE COOE LRC 7949 SERIES PRINTER COOTlnLER ~ COOE 

LOC (ljJ SEQ SOlEE STATEPIENT LOC 08! SEQ S~CE STATEPIENT 

9209 58 574 DB '3BH --*---t- 9239 iF 629 l>8 7FH .;H 
82IlR 3F 575 DB 3FH -*---- 92311 77 639 DB 7i'H 
829B 58 576 DB SBH --*--*- 9238 7F 631 DB 7FH 
~6F 577 DB 6FH --*--- 923C 77 632 DB 77H 
9290 79 578 DEl ~ --- 9230 7F m DB 7FH 

579 923E ee 634 DB 90H 
928E JE 589 DB JEH i8 635 
Il29F' 41 581 DB 41H 923F 7F 636 DB ;'FH ,I 
9219 3E 582 DB 3EH 9249 3E 637 DB 3EH 
9211 77 583 DB 77H 9241 7F 638 DB 7FH 
9212 JE 584 DB 3EH 8242 911 639 DB OOH 
9213 77 SS5 DB 77H 9243 7F 649 DB 7FH 
8214 49 586 DB 4911 9244 3E 641 DB 3EH 

587 9245 7F 642 DB ;'FH 
9215 41 sse DB 41H iC 643 
9216 3E 5.'39 liB 3EH 0246 71) 644 DB 7DH ,J 
8217 IF 590 DEl 7FH 8247 7E 645 DB 7EH 
9218 JE 591 (.08 JEH 9249 7F 646 DB 7FH 
9219 7F 592 DB 7FH 9249 7E 647 DB ?EH 
821A JE 593 liB JEH 924R 7F 648 DB 7FH 
9218 5D 594 DB 5I)H 9248 7E 649 DB 7EH 

595 924C 81 659 DB 91H 
921C ::IE '596 DB ]EH ,Ii 651 
8211i 41 597 liB 41H 9240 911 6'52 DB 9IIH ,K 
821E 3E 598 DB 3EH 1!24E 7F 6~3 liB iFH 
9'21F 7F' 599 DB 7FH 924F 6F 654 DB 6FH 
9228 3E 689 DB JEH 9259 77 655 DB 77H 
0221 7F 691 DB 7FH 9251 58 656 DB SBH 
9222 41 692 DB 41H 8252 7D 657 D8 7DH 

603 0253 3E 658 DB JEH 
0223 00 694 DB 9IIH oE 659 
8224 7F' 695 DB iFH 11254 911 669 DB 9BH 
9225 36 696 DB 36H 11255 7F 661 DB 7FH 
9226 7F 697 DB 7FH 11256 7E 662 DB 7EH iL 
9227 36 69S DB 36H 8257 iF 663 DB 7FH 
11228 7F 699 DB 7FH 92'j8 7E 664 DB 7EH 
8229 JE 619 DB JEH 9259 7F 665 DB 7FH 

611 II25R 7E 666 liB 7EH 
922R 911 612 DB 9BH ,F W 
9228 7F 6B DB iFH B25B 49 668 DB 4EIH ." 822C 37 614 DB 37H B2SC 3F 669 D8 3FH 
B22l> 7F 615 DB 7FH II25D ::w 679 D8 ~ 
822E 3, 616 DB 37H 925E 67 671 D8 67H 
922F 7F 617 DB 7FH ~ ::w 672 DB ~ 
8239 3F 618 DB 3FH B268 3F 67J DB 3FH 

619 9261 49 674 DB 49H 
8231 41 628 DB 41H oG 675 
8232 JE 621 D8 3EH 9262 2B 676 DB 2IIH 
1.1233 7F 622 DB lFfl 9263 ::w 677 D8 ::WH iN 
8234 3E 623 DB 3EH 9264 6F 679 DB 6FH 
8235 78 624 DB 7BH B265 77 679 DB 7i'H 
8236 JE 625 DB JEH 9266 7B 688 DB 7811 
823759 626 DB 5911 9267 7D 681 DB 7DH 

627 0268 92 6S2 DB 92H 
9238 1.18 628 DB 9IIH 693 
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1515-II ..:s-4811J'1-41 IIIQO ASSEIIBlER. Y2.!l PIa 16 1515-11 II:S-48IIJ'I-41 IIIQO ASSEIIII..ER. Y2. II PfK£ 17 
lllC 71l4!J SERIES PRIHID' COORil.LER 5!JJRCE COOE lRC 784Il SERIES PRINTER cmTRW.ER 5OO!CE COOE 

lOC 08J SEQ 500RCE STATEI1ENT lOC OO-J SEQ 5OO!CE STATEI£NT 

8269 41 684 DB 41H ;0 739 
Il26A 3E 685 DE: 3EH Il29fI 87 749 ['08 11711 ,Y 
Il268 7F 686 DB 7FH !l29B 7B 741 DB 7BH 
II26C 3E 687 DB 3EH 1129C 7D 742 DB 7DH 
1126D 7F 688 DB 7FH Il29D 7E 743 DB i'EH 
Il26E 3E 689 DB 3EH 1129E 7D 744 DB 7DH 
Il26F 41 699 ()6 41H Il29F 7B 745 DB 7BH 

691 82A0 ~7 746 D8 11711 
112711 119 692 r.e Il9H 747 
11271 7F 693 DB lFH .r !I2A1 91 748 DB Il1H 
11272 37 694 08 J7H ~'A2 7E 749 DB 7EH 
8273 7F 695 DB i'FH !l2A3 ;T! 75!J DB 7DH 
11274 37 696 D8 1711 Il2A4 73 7'51 DB 73H 
11275 7F 697 DB 7FH !k"ll5 ;li t52 DB 7DH 
11276 4F 698 1)(1 4FH 1l2f16 7E 753 DB 7EH ,W 

699 92A7 9t 754 DB 9tH 
11277 41 7Il9 DB 41H ;Q ~ .. 'j 

11278 JE 7111 1)(1 JEH 82A8 3E 756 DB JEH ;ii 
11279 7F 7Il2 08 7FH !l2ft9 50 "?57 08 50H 
1127A 3F 7lB DB 3FH 82AA 61! 7'.iS 1)(1 6BH 
827B 7A 7Il4 r.e 7AH 92AB ,.., .. 759 DB 77H 
1127C 3D 7!l5 1)(1 3J)H Il2AC 6B 769 r.e 6BH 
1127D 42 7Il6 DB 42H !J2fI) 50 761 DB 50H 

;'07 e;.'AE 3E 762 r.e 3EH 
1127E IlIl 7IlG D6 IlIlH ;~ :'63 
1127F 7F 7Il9 DB 7FH tt2RF :;F 764 D8 3FH ,y 

Il28Il 37 7111 DB 3711 iI2B9 SF 765 D8 5FH 
Il281 7F 711 r.tl 7FH ~'E:l 6F 766 DB 6FH 
Il282 33 712 DB 33H Il2B2 79 767 r.e 71lH 
8283 7D 713 DB 7DH 1!2B3 6f 768 D8 6FH 
Il284 4E 714 DB 4EH i.l2B4 SF 769 DB SFH 

715 92B5 3F 770 f.tl 3flf 
Il285 4D 716 DB 4DH ~S 771 
Il286 36 717 DB 36H Il286 JE 772 1)(1 3EH 
8287 7F 718 DB i'FH 8287 7D m 00 7DH 'Z 
Il28Il 36 719 DB 36H 02B8 ]A 774 00 3RI 
Il289 7F 72Il 00 7FH 8£"'89 77 77S 00 77H 
Il28R 36 721 DB 36H lI28A 2E 776 OIl 2EH 
Il288 59 722 DB 591-1 Il2BB SF 777 00 SFH 

723 02BC JE 778 OIl JEH 
928C 3F 724 DB 3FH m 
Il280 7F 725 DB 7FH Il280 89 ;'00 00 9IlH . [ 
Il28E 3F 726 OIl 3FH !l2BE IF ;'131 DB 7FH 
Il28F 49 727 1)(1 4!JIf ,T Il2BF JE 782 D8 3EH 
Il299 3F 728 00 3FH 1l2f'..9 7F 78] OIl 7FH 
Il291 7F 729 00 7FH !J2C1 3E 784 00 JEH 
Il292 3F 73!J 00 3flf Il2C2 7F 785 OIl 7FH 

m !J2C3 7F 786 DB ;'FH 
9293 91 m DB Il1H ,U om"':' 

iOf 

Il294 7E 733 DB 7EH fIL't4 3F 78S 08 3FH .' \ 
Il295 7F 734 DB 7FH Il2C5 SF 789 DB SFH 
Il296 7E 735 DB 7EH !J2CJ) 6F 799 D8 6FH 
9297 7F 736 DB 7FH !J2C7 77 791 OIl 7tH 
Il298 7E 737 DB 7EH Il2C8 7B 792 1)(1 7BH 
Il299 111 738 DB Il1H 112(:9 7D 793 r.e 7DH 
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ISIS-II MCS-481UPI -41 I'IACRO ASSEI'IDLER, V:!. 8 PAGE 18 ISIS-II 11CS"48IUPI-41 PIACRO AS5E1t31..ER, Y2.9 PAGE 19 
lRC 7048 SERIES PRINTER CONTRtLlER ~CE COOE lRC 7948 SERIES PRINTER C(JlTROLlER SOlRCE CODE 

lOC OBJ SEQ SOURCE STATEl£NT lOC OBJ SEQ SO\J1CE STATEI'ENT 

92CA 7E 794 DB 7EH 9311 7F 849 DB 7FH 
.,95 8312 SF 859 00 9FH 

92CB 7F 796 DB 7FH ; ] 8m 7F 851 DB 7FH 
82CC 7F .,97 DB 7FH 8314 7F 852 DB 7FH 
92CD 3E 798 D3 lEH 853 
92CE 7F 799 DB 7FH 8315 68 854 DB 6BH ;1 
92CF 3£ 899 00 lEIt 8316 7F 855 DB 7FH 
8209 7F 801 Oil 7FH 8317 90 856 DB 99H 
9201 89 892 DB 98H 9318 7F 857 DB 7FH 

883 9319 99 858 DB II9H 
8202 77 894 DB 77H 931A 7F 859 DB 'lFH 
92036F !IllS 00 6FH 8318 68 869 DB 6811 
921)4 5F 886 DB :ifH 861 
920529 887 DB 28H 831C 4D S62 DB 4DH ;$ 

92D6 5F 898 DB 5fH 931016 863 DB 36ft 
821>76F 889 DB 6FH 931E 7F 864 DB 7FH 
€l2DB 77 810 DB 77H 8J1F 88 865 DB 9911 

811 8329 IF 866 DB 7FH 
82D9 7E 812 DB 7EH 8321 16 86'1 DtI :S6H 
92DA IF 813 OB 7FH 8322 59 BCB DB 59H 
92D8 7E 814 DB 7EH 869 
92DC IF 815 [lB iFH 8323 9E 879 DB €lEH ; ;~ 

82DD 7[ 816 DB i'EH 8324 7D 871 DB 7DH 
92DE 7F 817 DB 7FB 8125 9B 872 DB IIIH 
92DF 7E 818 DB 7EH 8126 77 87:> DB 77H 

819 9327 68 B74 DB 68H 
b'2Il 11328 51' 875 DB 5FH 
821 11329 38 876 DB 38H 

822 ; ******oJ.**** .. ***************_***** 877 
82J j CHAR. TABLE (Jl PflGE : 1IJ2A 49 878 DB 49H ;& 
824 , I1SB IS IGNORED.· DATA INVERTED 1132B 36 879 DB 36ft 
825 ' SEE EXAl'IPlE (A) IN PAGE 2 OF ROIl 1132C IF 889 DB 7FH 

826 ; ****************~,****_*t,******l'*'f'*~ 8l2D 'P 881 00 37H 
827 832E SA 882 DB 5AH 

9391l 828 OPG 300II 1Il2F 7D 883 OIl 7DH 
829 11311l 72 884 DB 7211 

1I199 i'F 830 DB 7FH ; BlAN< 885 
11381 IF 831 00 ?At 11311 7F 886 DB 7FI1 ., , 
1I192 7F 832 DB 7FH 1IJ32 7F 8Il7 DB 7FH 
93113 7F 833 00 lFH 93lJ 7F 888 DB 7FH 
11394 7F 834 DB 7FH IIlJ49F 889 DB 9FH 
IIl1l5 7F 835 DB 7FH 11m 7F 89Il bII 7FH 
93116 IF 836 DB ;'FH 9336 7F 891 DB 7FH 

837 9337 IF 892 DB 7FH 
93117 7F 838 DB lFH ; ~ 893 
9398 7F 839 DB lFH 1Il38 7F 894 DB 7FH 
IIl1l9 7r 849 DB 7FH 9339 6J 895 DB 6lH ; ( 

IIl1lA 9:! 841 os 92H 93lA 51) 896 DB 5DH 
939B 7F 842 DB 7FII mB 3E 897 DB 3EH 
IllOC 7F 843 DB 7FH 9llC 7F 898 DB 7FH 
931lD 7F 844 DB IfH 9llD 7F 899 DB 7FH 

845 93JE 7F 999 DB 7FH 
939E 7F 846 DB 7FH 981 
9l1lF 7F 847 DB 7FH 1IJ3F 7F 91112 DB 7FH ; ) 

9319 SF 848 DB 9FH 11348 7F 9113 DB 7FH 
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LOC IIIJ SEQ stOCE STfI1EI£NT LOC IIIJ SEQ stOCE STRTEJENT 

8341 7F 984 DE 7FH 83717F 959 DB 7FH 
8342 3E 985 DB 3EH 8372 3A 968 DB 3fII 
834351) 986 DB ~I 8373 77 961 DB 77H 
11344 63 9117 DB 63H 11374 2E 962 DB 2EH 
11345 ~ 9118 DB 7FH 11375 7F 963 DB 7FH 

!lII9 11376 41 964 DB 41H 
11346 77 9111 DB 7711 i* !Hi5 
834751) 911 DB SOH 8377 7F 966 DB 7FH i1 
B348 6a 912 DB 6111 11378 5E 967 DB 5EH 
1134914 913 DB 14M 8379 7F 968 DB 7FH 
B34II 6B 914 DB 6BH II37R l1li 969 DB IIllH 
B348 51) 915 DB SOH II37B 7F m DB 7FH 
II34C 77 916 DB 77H 1137C 7E m DB 7EH 

917 II37D 7F 972 DB 7FH 
11340 77 918 DB 77H i+ 973 
B34E 7F 919 DB 7FH 1137E 51; 974 DB 5tH ;2 
II34F 77 9211 DB 77H 1137F 38 975 DB 3IIH 
l135li 49 921 DB 4911 11389 7E 976 DB 7EH 
8351 77 922 DB 77H 11381 37 977 DB 3711 
11352 7F 923 DB 7FH 11382 7E 978 DB 7EH 
11353 77 924 DB 7711 11383 37 979 DB 3711 

925 11384 4E 988 DB 4EH 
11"354 7F 926 DB 7Fl1 i. 981 
11355 7F 927 DB 7111 11385 3/) 982 DB 3DH ;3 
8356 7F m DB 7FH 11386 71: 983 DB 7EH 
11357 7E 929 DB 7EH 11387 l' 984 DB 2FH 
8358 79 9311 DB 79H 11388 ,,[ 985 DB 7EH 
113597F 931 DB 7FH 11389 2F 986 DB 2FH 
II35A 7F 932 00 7FH II38A 56 987 DB 56H 

933 11388 39 988 DB J9H 
835B 7B 934 DB i'BH i- 989 
1Il5C 7F 935 DB ~H 1138C 78 9!111 DB 78H ;4 
11351> 7B 936 DB 7BH 11381) 77 m DB 77H 
IIlSE 7r 937 DB 7FH II38E 6B m DB 6BH 
II3:JF 4'B 938 00 7811 II38F SF 993 DB SAl 
113611 7r 939 DB 7FH 83!lII 29 994 DB 2eH 
11361 78 9411 DE 78H 11391 7F 995 DB 7FH 

941 9392 78 996 00 7\IH 
11362 7F 942 DB 7FH i. 997 
8363 7F 943 DB 7FH 11393 81) 998 DB IIDH i5 
8364 7F 944 D8 7FH 1IJ94 7E m DB 7EH 
11365 7E 945 00 tal 8395 2F 1I11III DB 2FH 
8366 7F 946 DB 7FH 11396 7E 1l1li1 DB 7EH 
113677F 947 DB 7FH 8397 3F 1l1li2 DB 3FH 
11368 7F 948 DB 7FH 8398 6E 1l1li3 (l8 6EH 

949 8399 31 1l1li4 DB 31H 
11369 7E 9511 DB i'EH i/ 1l1li5 
II36fI 7D 951 DB 7DH 1IS9A 79 1l1li6 DB 79H ;6 
11368 78 952 DB 78H 9398 76 1l1li7 DB 7Qf 
936C 77 ~3 DB 7711 II39C 6f 1_ DB 6fH 
II3Q) 6f 954 DB ~H 11391) 56 1l1li9 DB 56H 
836E SF 955 DB 5FH 1139E 3F 111111 DB 3FH 
836f 3F 956 DB 3FH rmF 76 11111 DB 7611 

957 83AII 79 1812 DB 79H 
8370 41 958 DB 41H ill 1913 
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1515-11 ~S-48/1..PI-41 IlACRO ASS[I'tBl.ER, '~2. 9 PAGE 22 1515- II 1I:S-48IlPI-41 IflCRO ASSEItlLER, Y2.9 PW.lE 23 
LRC 1949 SE~IES PRINTER CONTROLLER SOORCE COOE LRC 7949 SERIES PRINTER ~TROl.LER 5O.RCE COOE 

LOC OBJ SEQ SOIJRCE S TATEI'IENT LOC OOJ SEQ ~E STATEllENT 

8JA1 3F 1014 DB 3FH ;7 1969 
83A2 7F 191~ DB 7FH 9JD2 7F 1978 DB 7FH .i) 
8~3 38 1916 DB 381-1 9JD3 7F 1071 DB 7FH 
03A4 17 1917 DB 77H 9JD4 3E 1072 DB 3EH 
03A5 2F 1918 DB 2FH 9JDS 51) 1973 DB SDH 
83A6 SF 1919 DB SFH 831)6 6B 1974 DB 6EH 
03A7 3F 1029 DB 3FH 8JD7 77 1075 00 77H 

1021 0JD8 7F 1076 1)8 7FH 
83A8 49 1922 DB 4911 ;$ 1077 
03A9 J6 1023 DB 36H 0JD9 7F 1978 DB 7Ft{ i? 
93AA 7F 1024 DB ?HI 930A 51' 1979 DB 5FH 
93AB 36 1025 DB 36H 9D 3F 1888 DB 3FH 
!IE 7F 1026 DB 7FH 8JDC 7A 1881 DB 7fii 
93AD 36 1027 DB 36H 8300 37 1882 DB 37H 
83AE 49 1928 DB 4911 93DE 4F 1883 DB 4F1: 

1929 83Df IF 1884 DB 7FH 
83AF 4F 1930 DB 4FH ;9 1885 
93E9 37 1931 DB 37H 1886 00 
9381 7F 1932 DB lFH 
8382 36 1833 DB 36H 
9383 ID 11334 DB 7DH 
9384 3B 1835 DB 3BH 
83115 47 1036 DB 47H 

1037 
8386 7F 1838 DB 7fH 
0387 7F 1939 DB 7FH ,; : 
8388 IT 1049 DB 7Ftt 
9389 63 1041 DB 6BH 
93BR 7F 1942 DB 7FH 
8388 7F 194:> DB 7F1I 
03BC 7F 1044 DB 7FH 

1045 
83ED 7F 1046 00 7FH ; ~ 

83BE 7F 1047 DB 7H: 
93BF 7E 1048 DB lEH 
03C8 69 1949 DB 6911 
93C1 7F 1958 DB 7FH 
83C2 7F 1951 00 7Ft{ 
83C3 7F 1052 DB 7FH 

1953 
83C4 7F 11154 DB 7FH .;( 

83C5 77 1955 DB 77H 
93C6 6B 1956 DB 6IlH 
93C7 51) 1857 DB SOH 
93C$ 3E 1958 DB ~H 

83C9 7F 1859 DB 7FH 
83CA 71' 1968 l>B lFH 

1961 
9D 6B 1962 DB 6BH ,-
83CC 7F 1963 DB 7FH 
83CD 6B 1964 DB 6BH 
93CE 7F 1965 DB 7FH 
93CF 6B 1966 DB 6BH 
93D8 7F 1967 DB 7FH 
9JD1 6B 1868 DB 6BH 
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INTRODUCI10N 

This Application Note discusses how the new Intel family 
of S volt EPROMs and ROMs can be used with micro­
processor systems. The pinout evolution and philosophy 
are explored in detail, which leads directly to system archi­
tecture. Particular emphasis will be placed on the pitfaIls 
of bus contention and the microprocessor/memory inter­
face. Finally, an actual printed circuit board layout is 
presented. 

PINOUT EVOLUTION 

As EPROM/ROM technology has evolved, there are 
often periods of confusion over EPROM and ROM pin­
outs, as ROM density usually leads EPROM density by a 
factor of two, but ultimately users want any given EPROM 
to have a ROM compatible part. As we have seen, after the 
2716 16K EPROM was introduced, a new ROM pinout 
emerged and "triumphed" over an earlier "standard." 
The reason this ROM pinout change occurred is that as 
codes stabilize in user's systems and equipment, many 
users opt for the less expensive ROMs, which are mask 
programmable devices. At the same time, users often use 
the highest available density ROM so they combine 
modular firmware and minimize device count. Of course, 
many users never do go to the ROM stage with their equip­
ment, preferring to minimize inventory levels and utilize 
standard designs that can be customized for final equip­
ment configurations, but they always want the capability 
to do so if desired. 

In addition, over the past few years, the development of 
microprocessors has been intimately entwined with both 
ROMs and EPROMS. 

The 1702A and its ROM counterpart, the 1302, were com­
pletely adequate to support the requirements of the 4004 
series of microprocessors. In order to support the S volt, 
3MHz 808SA and SMHz 8086, it is desirable to use a com­
patible device such as the IntelS volt 2716, whose 4S0ns ac­
cess time is compatible with the microprocessor re­
quirements. Some high performance versions of these pro­
cessors may require selected versions of the 2716 (such as 
the 2716-1 with tACC= 3SOns, or the 2716-2 with 
tACC= 39Ons) depending on the actual system configura­
tion. 

Summarizing these events since the introduction of the In­
tel 1702A, which was the first EPROM, we can postulate 
the following hypothesis: at any point in time, the present 
EPROM determines the pinout for the next generation 
ROM. And, if the subsequent larger density EPROM is 
not ROM compatible, the ROM will change. Also, it can 
be seen that ROMs and EPROMs must evolve along with 
microprocessor developments-so memory performance 
does not limit system performance. 

The devices which are discussed in this Application Note 
represent an extension of the S volt compatible family to 
32K bit and 64K bit densities, while improving perfor­
mance as discussed above. It also follows that the pinout 
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for the 32K devices must be derived from the 2716 in order 
to maintain socket compatibility. This 16K to 32K pinout 
evolution is shown in Figure I. 

Figure 1. 16K EPROM Determines 
32K ROM Pinout 

SYSTEM ARCHITECfURE 

As higher performance microprocessors have become 
available, the architecture of microprocessor systems has 
been evolving, again placing demands on memory. For 
many years, system designers have been plagued with the 
problem of bus contention when connecting mUltiple 
memories to a common data bus. There have been various 
schemes for avoiding the problem, but device manufac­
turers have been unable to design internal circuits that 
would guarantee that one memory device would be "off" 
the bus before another device was selected. With small 
memories (SI2x8 and '1 Kx8), it has been traditional to con­
nect all the system address lines together and utilize the dif­
ference between tACC and teo to perform a decode to 
select the correct device (as shown in Figure 2). 

..... ssr __ ---, ,---- r-----, ,----- r----

DAT. 

Figure 2. Single Control Line Architecture 
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processor required that the corresponding numbers be 
reduced to tACC = 4SOns and teo = I2Ons. This allowed a 
substantial improvement in performance over the 4004 
series of microprocessors, but placed a substantial burden 
on the memory. The 2708 was developed to be compatible 
with the 8080 both in access time and power supply re­
quirements. A portion of each 8080 machine cycle time 
had to be devoted to the architecture of the system 
decoding scheme used. This devoted portion of the 
machine cycle included the time required for the system 
controller (8224) to perform its function before the actual 
decode process could begin. 

Let's pause here and examine the actual decode scheme 
that was used so we can understand how the control func­
tions that a memory device requires are related to system 
architecture. 

The 2708 can be used to illustrate the problem of having a 
single control line. The 2708 has only one read control 
function, chip select (CS), which is very fast (teo = 12Ons) 
with respect to the overall access time (tACC = 4SOns) of 
the 2708. It is this time difference (33Ons) that is used to 
perform the decode function, as illustrated in Figure 3. 
The scheme works well and does not limit system perfor­
mance, but it does lead to the possibility of bus contention. 

BUS CONTENTION 

There are actually two problems with the scheme described 
in the previous section. First, if one device in a multiple 
memory system has a relatively long deselect time, and a 
relatively fast decoder is used, it would be possible to have 
another device selected at the same time. If the two devices 
thus selected were reading opposite data; that is, device 
number one reading a HIGH and device number two 
reading a LOW, the output transistors of the two memory 
devices would effectively produce a short circuit, as Figure 
4 illustrates. In this case, the current path is from V cc on 
device number one to GND on device number two. This 
current is limited only by the "on" impedance of the MOS 
output transistors and can reach levels in excess of 200mA 
per device. If the MOS transistors have a lot of "extra" 
margin, the current is usually not destructive; however, an 
instantaneous load of 400mA can produce "glitches" on 
the V CC supply - glitches large enough to cause standard 
TTL devices to drop bits or otherwise malfunction, thus 
causing incorrect address decode or generation. 

The second problem with a single control line scheme is 
more subtle. As previously mentioned, there is only one 
control function available on the 2708 and any decoding 
scheme must use it out of necessity. In addition, any in­
advertent changes in the state of the high order address 
lines that are inputs to the decoder will cause a change in 
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Figure 4. Results of Improper Timing when OR Tying 
Multiple Memories 

the device that is selected. The result is the same as before 
- bus contention, only from a different source. The 
deselected device cannot get "off" the bus before the 
selected one is "on" the bus as the addresses rapidly 
change state. One approach to solving this problem would 
be to design (and specify as a maximum) devices with tOF 
time less than teo time, thereby assuring that if one device 
is selected while another is simultaneously being 
deselected, there would be some small (20m) margin. Even 
with this solution, the user would not be protected from 
devices which have very fast teo times (teo is specified as a 
maximum). 

The only sure solution appears to be the use of an external 
bus driver/transceiver that has an independent enable 
function. Then that function, not the "device selecting 
function," or addresses, could control the flow of data 
"on" and "off" the bus, and any contention problems 
would be conrmed to a particular card or area of a large 
card. In fact, many systems are implemented that way -
the use of bus drivers is not at all uncommon in large 
systems where the drive requirements of long, highly 
capacitive interconnecting lines must be taken into con­
sideration - it also may be the reason why more system 
designers were not aware of the bus contention problem 



until they took a previously large (multicard) system and, 
using an advanced microprocessor and higher density 
memory devices, combined them all on one card, thereby 
eliminating the requirement for the bus drivers, but ex­
periencing the problem of bus contention as described 
above. 

THE MICROPROCESSORIMEMORY 
INTERFACE 

From the foregoing discussion, it becomes clear that some 
new concepts, both with regard to architecture and perfor­
mance are required. A new generation of two control line 
EPROM devices is called for with general requirements as 
listed below: 

1. Complete ROM pin and function compatibility. 

2. A power control function that allows the device to 
enter a low-power standby mode when deselected. This 
function can be used as the primary device selecting func­
tion, independent of the output control. 

3. Capability to control the data "on" and "off" the 
system bus, independent of the device selecting function 
identified above. 

4. Access time compatible with the high performance 
microprocessors that are currently available. 

Now let's examine the system architecture that is required 
to implement the two line control and prevent bus conten­
tion. This is shown in the form of a timing diagram (Figure 
5). As before, addresses are used to generate the unique 
device selecting function, but a separate and independent 
Output Enable (OE) control is now used to gate data "on" 
and "off" the system data bus. With this scheme, bus con­
tention is completely eliminated as the processor deter­
mines the time during which data must be present on the 
bus and then releases the bus by way of the Output Enable 
line, thus freeing the bus for use by other devices, either 
memories or peripheral devices. This type of architecture 
can be easily accomplished if the memory devices have two 
control functions, and the system is implemented accor­
ding to the block diagram shown in Figure 6. It differs 
from the previous block diagram (shown in Figure 2) in 
that the control bus, which is connected to all memory 
Output Enable pins, provides separate and independent 
control over the data bus. In this way, the microprocessor 
is always in control of the system; while in the previous 
system, the microprocessor passed control to the particular 
memory device and then waited for data to become 
available. Another way to look at it is, with a single control 
line the system is always asynchronous with respect to 
microprocessor/memory communications. By using two 
control lines, the memory is synchronized to the processor. 
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TERMINOLOGY 

Some of the terminology applied to the functions of the 
Intel 5 volt compatible family may be confusing or un­
familiar to many EPROM/ROM users, so the various 
terms are defined here. Actually, the nomenclature was 
developed by various standards groups and is reiterated 
here to avoid confusion as we begin a detailed discussion 
of the devices themselves. 

First of all, Chip Enable (CE) must be defined, as it is the 
primary device selection pin. By agreed standards, that 
function which substantially affects power dissipation is 
called CEo Any memory device that has a CE function has 
both an active and standby power level associated with it. 

Output Enable (OE) is the signal that controls the output. 
The fundamental purpose of OE is to provide a completely 
separate means of controlling the output buffer of the 
memory device, thereby eliminating bus contention. 

Chip Select (CS) is a signal that gets logically ANDed with 
addresses. In a completely static device, CS must remain 
stable throughout the entire device cycle, and its function 
is equivalent to Output Enable (OE). 



THE NEW INTEL FAMILY 

Figure 7 shows the new Intel 5 volt compatible family of 
EPROMs and ROMs. In order to take advantage of the 
modular compatibility offered by the family, the func­
tional compatibility of device pins IS, 19 and 21 must be 
understood. (Shaded area in Figure 7.) 

First, we must examine the compatibility of the two oldest 
EPROM members of the 5 volt family - the SK (2758) and 
the 16K (2716). 

Pin 21 (Vpp) is normally connected to Vee for read only 
applications of both devices, and pin 19 is either at GND 
(Vld for the SK 2758 or connected to AIO for the 16K 
2716. Further details on either of these devices can be 
found in Section 9 of the 1977 Edition of the Intel Memory 
Design Handbook, or Section 4 of the 1975 Intel Data 
Catalog. 

The 32K (4Kx8) devices, which have identical pinouts for 
both the ROM and EPROM, will now be discussed. Pin 18 
is CEo Pin 19 is AIO, while pin 20 is 00. As was pointed out 
before, Output Enable is the function which allows in­
dependent control of the data "on" and "off" the output 
bus. As Figure 7 indicates, Vpp (the programming voltage 
for the 2732 EPROM) is now multiplexed with OE on pin 
20. Pin 21 becomes All, which is the additional address bit 
that is required as the density increases from 16K to 32K. 

Pin 21 is the only pin that requires any special considera­
tion when designing a system to accept the SK, the 16K, or 
the 32K device. With the 8K and the 16K devices, pin 21 
must be connected to Vee, while with the 32K and higher 
density devices, it must be connected to All. This is easily 
accomplished by making sure the printed circuit trace links 
all pin 21's together as though they were an address line 
and allowing for a jumper that will connect pin 21 to either 
Vee or All at the edge of the array (this technique can be 
seen in the "Printed Circuit Board Design" section and in 
Figure 8). Connecting the pin 21's together in this manner 
is acceptable as the read current requirement for V pp is 
4mA maximum per device - low enough to be handled by 
a signal trace, but too high for an address driver to provide 
directly. 

The highest density member of the family is a 64K ROM 
which is also shown in Figure 7. In order to maintain total 
compatibility it is packaged in a standard 2S-pin package. 

It may seem as though the 28 pin package is not compatible 
with the rest of the family, but referring again to Figure 7, 
note that the lower 24 pins are identical to the 24 pin 8K, 
16K and 32K devices. To allow for total compatibility 
within the family: printed circuit boards must be laid out 
to accommodate 28 pin sites; a jumper must be included to 
accommodate pin 21 as shown in Figure S, and when using 
64K devices, CS2 (Pin 26) must be mask coded active high. 
This compatibility can also be seen graphically in Figures 9 
and 10. The upper portion of the figure shows how 24 pin 
devices are used in the 28 pin sites. The two control lines 
(CE and OE) remain unchanged as discussed earlier, and Al2, 
the next address bit required for a 64K bit device, is 
connected to pin 2 of the 2S pin site. The lower portion of 
the figure illustrates the use of 28 pin devices. Address bit 
Al2 is already connected to the right pin, and the chip 
selects (CSI and CS2) are connected to the Vee power 
distribution grid. This configuration would require that 
both CSI and CS2 be coded active high. 

;-------zi1 
l : 

An -----1"'--.. 
L-~-+ __ ~~~~~~+-~. 

32K Bit Density and Higher 

"'11--<> . 
Vee 

,---{ 
c 

BK and 16K Density Devices 

:-------.1 
1 : 

Figure 8. Pin 21 Connections for Various Density Devices 

Figure 7. 5 Volt EPROM/ROM Compatible Family 
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CSI; CS2 should be coded active high in order to preserve 
total compatibility. 

To summarize, the selection of a 28 pin package for 64K 
devices has several benefits of importance to present and 
future system designs: 

I. Two line control philosophy (separate CE and OE 
functions) is preserved at the 64K bit level. 
2. 64K EPROM compatibility is allowed for by maintain­
ing a pin for the Vpp function. 
3. The next generation (I28K bit ROM) must be in a 28 
pin package. 

If CS2 (pin 26) is mask coded to be active high and con­
nected to Vee, and the jumper provision for pin 21 is in­
cluded on the card as described above, any member of the 
family can be plugged into the same socket - I K, 2K, 4K 
or 8K bytes - without any card modification or redesign. 
In addition, future devices of higher density will fit in the 
same pinout. 

PRINTED CIRCUIT BOARD DESIGN 

The Icc waveform for the 2332 and the 2364 is shown in 
Figure 10. The supply current, Icc, has three segments that 
are of concern to the system designer - the standby level, 
active level and the transient peaks that are produced on 
the rising and falling edges of Chip Enable. The transient 
currents must be suppressed by properly selected decoupl­
ing capacitors. High quality, high frequency ceramic 
capacitors of small physical size with low inherent induc­
tance should be used. In addition, bulk decoupling must be 
provided, usually near where the power supply is con­
nected to the array. The purpose of the bulk decoupling is 
to overcome the voltage droop caused by the inductive ef­
fects of the PC board traces. Electrolytic or tantalum 
capacitors are suitable for bulk decoupling. The following 
capacitance values and locations are recommended for the 
2332 and 2364: 

I. A O.I/LF ceramic capacitor between Vee and GND at 
every other device. 

2. A 4.7/LF electrolytic capacitor between Vee and GND 
for each eight devices. 

A printed circuit board layout for a total array of 16 
devices is shown in Figure II. This printed circuit layout 
incorporates a power supply distribution system such that 
the power supply and ground traces on the PC board are 
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ing capacitors. Provisions are included for all address in­
puts, output enable inputs, data outputs and decoded chip 
enable inputs. The O.I/LF capacitors referred to above are 
included for every other device (indicated by the legend 
C2) while the bulk decoupling capacitor is shown at the up­
per left-hand corner (indicated by the legend CI). The 
layout consists of four rows of four 28-pin device sites each 
and embodies all of the concepts explained above. Note 
that pins 28, 27 and 26 are all connected to Vee. This re­
quires that when ordering mask programmed 2364 64K 
ROMs, the order must specify that CSI and CS2 be coded 
active HIGH. The single jumper provision discussed in the 
previous section is also included at the upper lefthand cor­
ner of the array (indicated by A, B, and C). Pad B is con­
nected to pin 21 of all devices in the array; pad A should be 
connected to the A II address driver and pad C is connected 
to Vee. For use with 32K bit or larger devices, a jumper 
must be installed between pads A and B; for use with the 
2716 (16K) or the 2758 (8K), the jumper must be installed 
between pads Band C. 

A full size (2x) artwork film is included on the last page of 
this Application Note. The entire array, or segments of it 
can be photographed and used directly as part of a system 
board. 

Icc 
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Figure 10. Typical Icc Current vs Time 
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INTRODUCTION 

The following brief note is Intended to answer the 
simpler questions on crystal specifications and their 
operation with the various Intel components. First, a 
theoretical explanation of the crystal is given to aid the 
user in understanding crystal operation. This includes a 
discussion of the parameters necessary for proper 
specification to the vendor. Following this section are 
explanations of the various crystal-capacitor configura­
tions seen in the Intel User's Manuals and data sheets; 
why they are suggested for proper crystal operation and 
what might happen If they weren't there. 

The final section of this note provides a list of sug­
gested crystal specifications, suppliers, and part 
numbers for the highest frequency crystals possible for 
the various Intel components that require them. In no 
way does this list represent the only crystals or sup­
pliers available. This section Is conveniently preceded 
by a discussion of problem areas that may result if a 
user Is using the wrong crystal required for the compo­
nent. 

CRYSTAL OPERATION - BRIEF THEORETICAL 
EXPLANATION 

Understanding Crystal Oparatlon 

Crystals are piezoelectric devices which transform 
voltage energy to mechanical vibrations and voltage 
oscillations. The frequency of the crystal is largely 
dependent on its thickness, with thinner crystals pro­
ducing a higher frequency. 

Crystals are generally specified as being series or 
parallel resonant, but all crystals are in actuality both. 
Vendors supply crystals as series or parallel resonant 
based on the desired frequency and the crystal's rela­
tive ability to generate the frequency in that mode. On a 
conceptual basis, when using a crystal as series reso­
nant, its output is in phase with its input, whereas using 
the crystal as parallel resonant will result in a phase 
shift from its input to output. 

Different LSI components prefer different crystals due 
to the nature of their internal oscillator design. In 
general, Intel bipolar components have a non-inverting, 
bidirectional drive oscillator, whereas NMOS com­
ponents use an inverting oscillator. Non-inverting oscil­
lators prefer series resonant crystals (as the series reso­
nant crystal has 0 degree net phase shift), while Invert­
ing oscillators prefer crystals which are parallel reso­
nant. Since a crystal has both a series and parallel 
operating frequency, many times any crystal will seem 
to work when connected to a component. 

When giving the specifications to a crystal vendor for a 
crystal, it Is helpful to understand its equivalent circuit 
as shown in Figure 1. The Impedance of this circuit 
(neglecting R to simplify matters for conceptual pur­
poses) can be calculated and plotted against frequency 
(Figure 2). This frequency-impedance plot illustrates the 
two different operating modes of crystal. Ws (series 
resonance) occurs when the impedance (reactance) is 
zero and wp (parallel resonance) occurs when the im­
pedance goes to infinity and appears inductive. 
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When operating at series resonance (wsl the equivalent 
circuit of the crystal becomes a simple resistor Rs 
(Figure 3; remember, R was neglected In the Impedance 
calculation). This Rs value must be specified to the 
crystal vendor when buying a crystal. 

This parameter becomes a problem with lower fre­
quency or overtone crystals (thicker, more reSistance) 
and a buffer that doesn't have sufficient gain to drive 
those crystals (I.e., loop gain becomes less than 1). 
Overtone crystals also have Rs problems as their Rs is 
associated with the fundamental frequency of the 
crystal, not the 3rd harmonic or overtone. The 8224 is 
particularly sensitive to Rs with 27 MHz overtone ap­
plications. 

R. 
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Conversely, if operating at wp (parallel resonance), the 
crystal appears inductive in the circuit (Figure 4). Since 
the crystal appears inductive, any changes in reactance 
that the crystal sees will have the effect of pulling the 
frequency of the crystal. As a result of this, the amount 
of load capacitance seen by the crystal in the circuit 
configuration becomes important. This load capaci· 
tance, CL, is the dynamic capacity of the total circuit 
measured across the terminals of the crystal. The 
amount of this capacitance should always be specified 
to the crystal vendor if the crystal will be operating at 
parallel resonance. 

----------~~------~II~------------
CL (NOT c.) 

Figure 4 

CIRCUIT CONFIGURATIONS FROM VARIOUS 
MANUALS/EXPLANATIONS 

Series 10 pF CapaCitor Included (Figure 5) 

This additional capaCitor is recommended at times to 
debias the crystal. Due to the component's internal cir­
cuit, a small DC bias may exist across the crystal which 
would strain the crystalline structure. It is also provided 
for trimming the frequency of the crystal to compensate 
for the loading effects of the component. 

" l 
c~~:~~~ c:::::J 
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Figure 5 

Parallel 20 pF CapaCitors to Ground (Figure 6) 

Crystals can oscillate at several different frequencies, 
each emanating from a different direction of vibration in 
the crystal. For a crystal to oscillate during startup in its 
fundamental frequency, it is best for the crystal to see 
the slew rate (Figure 7) of the pulse provided from the 
oscillator to be as close to the operating frequency as 
possible. 

These 20 pF capaCitors act as a high frequency filter to 
create a slew rate closer to the fundamental frequency 
of the crystal. As can be guessed, lower frequency 
crystals are more susceptible to the problem of not 
starting up in the fundamental frequency. 

CapaCitors are placed on both sides of the crystal as 
some components have bidirectional drive buffers (i.e., 
112 of cycle drive from one side, other half from opposite 
side). A crystal that needs these extra 20 pFs to ground 
will be characterized by starting up at a 3rd or 5th har­
monic instead of the fundamental frequency. The CL 
specifications in the specification section takes into 
consideration these extra 20 pF capacitors required for 
some Intel components for proper operation. 

" I II 
Ol-20 ,F 
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Figure 8 

Figure 7 

Tank Circuit 

On some Intel components, provision is made for a tank 
circuit. This is for the use of an overtone crystal; Le., one 
that is working at a harmonic (generally its 3rd). The tank 
Circuitry is a filter to bypass the lower and higher, un­
wanted frequencies to ground while appearing "open" 
to the desired frequency. It is necessary to use tank cir­
cuits and overtone crystals when in the 25+ MHz range 
and above. Fundamental crystals are difficult to make In 
this frequency range as the crystal must be thinner for 
higher frequencies. 

A circuit that has been used for the 8224 In 27 MHz over­
tone crystal applications is shown In Figure 8. 

This filter can be approximated through formulas where 
afterwards it will be necessary to tweak the component 
values for optimization. The formula used to get the 
original component values Is: 

1 
f = ---y-'-- where f = overtone frequency 

2" L,C, 

8224 

XTAL1j-"::...5 -----, 

c:::J 27 MHz (OVERTONE) 

,. _--r 
XTAL2 r----

10 pF DEBIASING 

'3 
TANK 1-------, 

Figure I 
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Precise Timing Applications 

For applications where precise timing is required, using 
an external drive could produce better results. The ac­
curacy of the component clock over temperature will be 
as accurate as the external drive. It is difficult to guar­
antee the temperature stability of the output frequency 
of the Intel component as fabrication process param­
eters vary, causing large ranges of input impedance and 
hence a large range of loading for the crystal. 

WHAT IF I USE A CRYSTAL OTHER THAN 
SPECIFIED? 

Series vs. Parallel 

As discussed in the theoretical section, all crystals have 
a series and parallel operating mode. Placing a series 
crystal on a device requiring a parallel (I.e., there Is an in­
verting oscillator between the two inputs) will force the 
crystal to oscillate in Its parallel mode (and vice versa). A 
system with the wrong crystal will exhibit its clock fre­
quency shifted a small percentage (about 320 to 350 
parts per million) from the specified crystal frequency. 
When using the wrong crystal, any attempts to trim the 
frequency to its specified value by using small parallel 
(series If series crystal) variable capacitors will cause 
the crystal to stop oscillating, as predicted by theory. If 
the correct crystal Is being used, trimming can be done. 

In applications where accuracy is not Important, series 
crystals are sometimes substituted for parallel in the 
circuit. For Instance, the 8048 has been characterized to 
be compatible with the series color burst TV crystal 

(3.579545 MHz). If this crystal Is used, a small frequency 
shift will occur, as noted above. 

Insufficient Drive Level 

The drive level specified is the maximum amount of 
power that is expected for the crystal to dissipate. If the 
crystal can't handle this level, frequency drift may occur 
or possible fracture of the crystal. In other words, if the 
crystal used cannot handle the oscillator drive level, 
long term reliability problems may occur. 

Rs Too High 

The higher Rs is, the higher the drive capability of the 
oscillator has to be to get the crystal to oscillate. Too 
much Rs may result In the oscillator not being able to 
drive the crystal; i.e., the loop gain is less than one. 
Overtone applications are particularly sensitive to this 
as thicker crystals are used (lower fundamental fre­
quency, more resistance). 

SPECIFICATIONS 

Intel Component Crystal Requirements 

The following is a list of suggested specifications for 
crystals to be used with Intel components. In most in­
stances the upper frequency limit is given, with excep­
tions being footnoted. 

Component Process Component Crystal Fundamental Upper Limit 
(Function) DIYlde By Type Overtone Frequency 

1. 4201A (Clock Generator) CMOS - Series f 5.185 MHz 

2. 8035148149,8748 NMOS 15 Parallel f 6.0 MHz 
(8-Blt CPU) 

3. 874818035-8 (8-Blt CPU) NMOS 15 Parallel f 3.6 MHz 

4. 804118741 (Universal NMOS 15 Parallel f 6.0 MHz 
Peripheral Interface) 

5. 8085A (8-Blt CPU) NMOS 2 Parallel f 6.25 MHzl6.144 MHz(l) 

6. 8085A-2 (8-Bit CPU) NMOS 2 Parallel f 10.0 MHz 

7. 8202 (Dynamic RAM Controller) Bipolar - Series f 25 MHz 

8. 8224 (8080A Clock Generator) Bipolar - Series flo 27 MHzl18.432 MHz(2) 

9. 8284 (8086 Clock Generator) Bipolar 3 Series f 24 MHzl15 MHz(3) 

Additional suggested specifications: 

Frequency Tolerance: ± 0.005% (up to the user) 
CL (Load Capacitance): = 20-35 pF (not necessary when specifying series) 
Rs (Equivalent Series Resistance): <75 ohms 
Cs (Shunt Capacitance): <7 pF 
Drive Level: <10 MHz crystal 10 milliwatts 

>10 MHz crystal 5 milliwatts 

Nota: 1. 6.144 MHz is commonly used as convenient baud rates can be generated lrom this lrequency. 
2. "Z1 MHz Is max. 18.432 Is common crystal used which gives maximum clock rate lor 808OA. Fundamental crystal should be used lor the 

18.432 MHz application. 

3. Used lor either a 8 or 5 MHz output clock, respectively. 
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Holder specifications are up to the user. A standard 
popular one that provides ample lead length Is HC·33/U 
(0.750"W x 0.765"H, 1.5" lead length with spacing of 
0.486") and can be used for frequencies up to 4 MHz. 
After 4 MHz a smaller holder can be used such as HC· 
18/U (0.435"W x 0.530"H, 1.5" lead length with spacing 
of 0.192"). All crystals listed In the following table will fit 
in the HC·33/U holder. Other standard holders are 
available. 

Suggested Suppliers, Part Numbers 

The following are two vendors (which are among many) 
that supply crystals to the specifications given earlier 
and their part numbers (given in order of frequency). The 
user should make sure that the holder type associated 
with these part numbers Is acceptable In their applica· 
tion. 

f Parallell Crystek(l) CTS Knight, 
Series Corp. Inc. 

3.6 MHz P .. .. 
5.185 MHz S CY8A .. 
6.0 MHz P .. MP060 
6.144 MHz P .. MP061 
6.25 MHz P .. MP062 
10.0 MHz P .. MP10A 
15.0 MHz S CY15A MP150 
18.432 S CY19B· MP184· 
24.0 MHz S .. MP240 
25.0 MHz S .. MP250 
27.0 MHz S (overtone) CY27A MP270 

'Inlel also supplies a cryslal numbered 8801 for Ihls application . 
• 'Conlacl vendor wllh Ihe approprlale specifications. 

Nol •• : 1. Address: l000Cryslal Orlve, Fort Meyers, Florida 33901 

2. Address: 400 Reimann Ave., Sandwich, Illinois 

(2) 
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The user is not limited to these vendors or frequencies. 
The frequency chosen by the user should take Into con· 
sideratlon convertibility to desired baud rates and the 
system timings that must be met. 

In summary, to obtain a crystal for the user's applica· 
tlon, It Is necessary to give the crystal vendor the follow· 
ing information: 

Series or parallel 
Fundamental or overtone 
Rs (series), Cs (shunt) 
CL If parallel 
Drive Level 
Frequency tolerance 
Holder type 

For a select few crystals, vendor numbers were given for 
two different vendors. With the above Information, most 
vendors can make the desired crystal whether or not 
they have It as a standard part. 


