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INTRODUCTION

The MCS-48™ 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™ family are also
included. The UPI-4 1 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

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.

CHARACTERISTICS COMPONENT
8021 8022 8035 8039 8048 8049 8748

ROM SIZE

(KILOBYTES) 1 2 — — 1 2 1*
RAM SIZE

(BYTES) 64 64 64 128 64 128 64
170 PINS 21 28 15 15 27 27 27
CYCLE TIME

(MICRO SEC) 8.5 8.5 25 14 2.5 14 2.5
A/D CHANNELS —_ 2 — —_ — —_ —

*Erasable EPROM
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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

by Henry Blume, David Budde, Bill Morgan, Howard Raphael, Phil Salsbury, David Stamm,
Intel Corp., Santa Clara, Calif.

Reprinted from Electronics, November 25, 1976. Copyright McGraw-Hill Inc. 1976. All rights reserved. 99
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1. Expandable. Aithough well able to run a stand-alone controller by itself, the new processor can aiso work with other family members for
larger ¢’ ntrol systems or with 8080 peripherals to handle complex data processing. This configuration typifies the MCS-48 capability.

0O 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
flexibility 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 ROM/RAM 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
clements in 8-bit configurations that vastly exceed the
power of the calculator types and approach 8080
power.

Two ROM versions

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
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8048 has an 8-k mask-programable ROM. Together they
give the user new flexibility: 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 170 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 16 170
lines. Also included in the family are combination
memory and 170 expanders, such as a 2,048-by-8-bit
ROM with 16 170 lines (8355), a 2-k-by-8-bit EPROM with
16 1/0 lines (8755), and a 256-by-8-bit RAM with 22 1/0
lines (8155).

The MCS-48 components also work directly with all

Electronics /November 25, 1976
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2. Stacked. 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 170 capability.

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

One-chip advantages

The integration of all the basic blocks of 4 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 with its 110
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.

Electronics/November 25, 1976

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

fe——————— 2.5 43 CYCLE —— o
Se $ Sz S3 Ss Ss $
INPUT
N {DECODE EXECUTION INPUT
OUTPUT ADDRESS N OUTPUT ADDRESS
T L] \ v v Ll
INCREMENT PROGRAM COUNTER

3. Simple. Operating the 8748/8048 is extremely straighttorward,
with each 2.5-us cycle consisting of five states. Instruction inpute are
made in state 1, decoding and program incrementing in state 2.
Program executions 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 8-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 still 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 storc the results of the operation.) Since the
RAM is dynamic, its power dissipation. including all
decoding and sense circuits, is a mere 75 milliwatts.

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

sevwe, e LFU CS3CHUAILY 101€S, while all 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, 170 structure, and
control structure. To pack all the required computer
elements onto a single chip, the CpPu 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 any one 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. Morcover, 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 1/0 port are used for address lines, with
the input/output data being restored after the memory

Electronics/November 25, 1976
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5. Latching on. Adding standard memories to the system is quickly done with external latch 8212, which allows standard memory parts to be
hooked directly onto the 87488048 bus. Operation of the latch is under the control of signals from the processor.
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8. Mixing it up. Besides the main system port, 0, the processor chip has two others, 1 and 2, which allow inputs and outputs to be mixed on
the same port. Here, writing a O causes the pull-down devices to sink the TTL load; writing a 1 calls on the 50-kilohm 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 1, 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 5. 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 off a single 5-volt
supply with inputs and outputs that are compatible with

Electronics /November 25, 1976

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 off 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 registers —eight registers 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-

1-7
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7. Going it alone. This one-chip scale controller is made possible by the extensive 1/0 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 only
one register bank is used.

Program memory

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 1-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 (sec 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.

1-8

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
170 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 ALy, 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-

Electronics /November 25, 1976
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8. Working together. Proof of the MSC-48's ability to handle large systems is this gas-pump controller. The 8243 170 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 us per
increment, or about 20 milliseconds over the counter
range. As an event counter, a test line is designated to
count O to 1 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 170 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 170 elements.
For free-standing operations, it may be statically latched

Electronics /November 25, 1976

or used as a general input port.

The remaining two 170 ports, 1 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 1, a large current is supplied
through both pull-up devices to allow a fast transition.
After a short time, they shut off and the pull-up of the
50-kilohm resistor sustains the 1 level.

Applying the 8748 /8048

Two applications show the range of complexity that
can be accommodated with this family. Figure 7 shows
a typical minimum-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 1/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. a

1-9
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INTERRUPT

INTRODUCTION

The INTEL® MCS48™ 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 MCS48 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 MCS48.
Rather than presenting the design of a complete
system it describes the implementation of *‘sub-
systems” which are common to many micropro-

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 MCS48 family these areas are dis-
cussed in a more or less independent manner.

THE MCS48™ FAMILY

The processors in the MCS48 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

i
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INSTRUCTION SET

Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles
ADD AR Add register to A 1 1 -5 CALL Jump to subroutine 2 2
ADD A, @R Add data memory to A 1 1 3 RET Return 1 2
ADD A, #data  Add immediate to A 2 2 -§ RETR Return and restore status 1 2
ADDCA,R Add register with carry 1 1 7]
ADDC A, @R Add data memory with carry 1 1 CLR C Clear Carry 1 1
ADDC A, #data Add immediate with carry 2 2 CPLC Complement Carry 1 1
ANL A, R And register to A 1 1 E CLR FO Clear Flag 0 1 1
ANL A, @R And data memory to A 1 1 & CPLFO Complement Flag 0 1 1
ANL A, =data And immediate to A 2 2 CLR F1 Clear Flag 1 1 1
5 ORLA,R Or register to A 1 1 CPL F1 Complement Flag 1 1 1
s ORL A, @R Or data memory to A 1 1
g ORL A, #data Or mn:»edlate to.A 2 2 MOV A, R Move register to A 1 1
§ izt AR Exclusfve Or register to A 1 1 MOV A, @R Move data memory to A 1 1
< 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
INC A Increment A ! ! MOV @R, A Move A to data memory 1 1
gfg : g;‘::’:em A : : § MOV R, #data Move immediate to register 2 2
cPL A Complement A 1 1 S MOV @R, #data Move immediate to data memory 2 2
DA A Decimal Adjust A 1 1 g MOV A, PSW Move PSW to A 1 1
N o MOVPSW, A Move A to PSW 1 1
SWAP A Swap nibbles of A 1 1 XCHA,R Exchange A and register 1 1
RLA Rotate A left ! ! XCH A, @R Exchange A and data memory 1 1
EECAA 22:::: : :?;;:hmugh carry : : XCHD A, @R Exchange nibble of A and register 1 1
RRC A Rotate A right through carry 1 1 MOVX A, @R Move external data memory to A 1 2
MOVX @R, A Move A to external data memory 1 2
INA,P Input port to A 1 2 MOVP A, @A Move to A from current page 1 2
OUTLP, A Output A to port P 2 MOVP3 A, @A Move to A from Page 3 1 2
ANL P, #data And immediate to port 2 2
% ORLP, #data Or immediate to port 2 2
g' INS A, BUS Input BUS to A 1 2 5 MOV A, T Read Timer/Counter 1 1
o OUTL BUS, A Output A to BUS 1 2 € MOVTA Load Timer/Counter 1 1
é ANL BUS, #data And immediate to BUS 2 2 é STRTT Start Timer 1 1
£ ORL BUS, =data Or immediate to BUS 2 2 T STRTCNT Start Counter 1 1
MOVD A, P Input Expander port to A 1 2 E STOP TCNT Stop Timer/Counter 1 1
MOVDP, A Output A to Expander port 1 2 = ENTCNTI Enable Timer/Counter Interrupt 1 1
ANLDP, 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
g INCR Increment register 1 1 ENI Enable external interrupt 1 1
2 INCe@eR Increment data memory 1 1 Dis | Disable external interrupt 1 1
& DECR Decrement register 1 1 ® SELRBO Select register bank 0 1 1
‘é SEL RB1 Select register bank 1 1 1
JMP addr Jump unconditional 2 2 © SEL MBO Select memory bank 0 1 1
IJMPP @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
§ JTO addr Jump on TO =1 2 2
& JNTO addr Jumpon TO=0 2 2
@ JT1 addr Jumpon T1 =1 2 2
JNT1 addr JumponT1 =0 2 2
JFO addr Jumpon FO=1 2 2
JF1 addr Jumpon F1 =1 2 2 Mnemonics copyright Intel Corporation 1976
JTF addr Jump on timer flag 2 2
JINI 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 MCS-48 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 8155 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’ 1/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 1/0), the 8