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Technical Manual

November 1989

280180
Z180 MPU
FEATURES:
® Operating Frequency to 10 MHz ®  On-Chip Interrupt Controller
® On-Chip MMU Supports Extended Address Space ® On-Chip Clock Oscillator/Generator
® Two DMA Channels ® Clocked Serial I/O Port
® On-Chip Wait State Generators ® Code Compatible with Zilog Z80 CPU
& Two UART Channels ® Extended Instructions
® Two 16-Bit Timer Channels

GENERAL DESCRIPTION:

Based on a microcoded execution unit and an advanced
CMOS manufacturing technology, the Z80180 is an 8-bit
MPU which provides the benefits of reduced system costs
and low power operation while offering higher performance
and maintaining compatibility with a large base of industry
standard software written around the Zilog Z80 CPU.

Higher performance is obtained by virtue of higher operat-
ing frequencies, reduced instruction execution times, an
enhancedinstruction set, and an on-chip memory manage-
ment unit (MMU) with the capability of addressing up to 1
Mbyte of memory.

Reduced system costs are obtained by incorporating
several key system functions on-chip with the CPU. These
key functions include I/O devices such as DMA, UART, and
timer channels. Also included on-chip are several "glue”
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Figure 1. 64 Pin DIP

functions such as dynamic RAM refresh control, wait state
generators, clock oscillator, and interrupt controller.

Not only does the Z80180 consume a low amount of power
during normal operation, but it also provides two operating
modes that are designed to drastically reduce the power
consumption even further. The SLEEP mode reduces
power by placing the CPU into a "stopped” state, thereby
consuming less current; while the on-chip 1/0 device is still
operating. The SYSTEM STOP mode places both the CPU
and the on-chip peripherals into a "stopped” mode, there-
by reducing power consumption even further.

When combined with other CMOS VLSI devices and
memories, the Z80180 provides an.excellent solution to
system applications requiring high performance, and low
power operation.
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Figure 2. 68 Pin PLCC
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PIN DESCRIPTION:

Ao-A19. Address Bus (Output, active High, 3-state). Ao-A1o
form a 20-bit address bus. The Address Bus provides the
address for memory data bus exchanges, up to 1 Mbyte,
and /O data bus exchanges, up to 64K. The address bus
enters a high impedance state during reset and extemal
bus acknowledge cycles. Address line Ayg is multiplexed
with the output of PRT channel 1 (TOUT, selected as ad-
dress output on reset) and address line Aqg is not
available in DIP versions of the Z80180.

BUSACK. Bus Acknowledge (Output, active Low).
BUSACK indicates the requesting device, the MPU ad-
dress and data bus, and some control signals, have
entered their high impedance state.

BUSREQ. Bus Request (Input, active Low). This input is
used by external devices (such as DMA controllers) to re-
quest access to the system bus. This request has a higher
priority than NMI and is always recognized at the end of
the current machine cycle. This signal will stop the CPU
from executing further instructions and places the address
and data buses, and other control signals, into the high im-
pedance state.

CKAo, CKA1. Asynchronous Clock 0 and 1 (Bidirectional,
active High). These pins are the transmit and receive
clocks for the synchronous channels. CKAq is multiplexed
with DREQo and CKAj{ is multiplexed with TENDo.

CKS. Serial Clock (Bidirectional, active High). This line is
clock for the CSIO channel.

CLOCK. System Clock (Output, active High). The output is
used as a reference clock for the MPU and the extemal
system. The frequency of this output is equal to one-half
that of the crystal or input clock frequency.

CTSo-CTS1. Clear to Send 0 and 1 (Inputs, active Low).
These lines are modem control signals for the ASCI chan-
nels. CTS1 is multiplexed with RXS.

Do-D7. Data Bus (Bidirectional, active High, 3-state). Do-
D7 constitute an 8-bit bidirectional data bus, used for the
transfer of information to and from /O and memory
devices. The data bus enters the high impedance state
during reset and external bus acknowledge cycles.

DCDo. Data Carrier Detect 0 (Input, active Low). This is a
programmable modem control signal for ASCI channel 0.

DREQo, DREQ1. DMA Request 0 and 1 (Input, active
Low). DREQ is used to request a DMA transfer from one
of the on-chip DMA channels. The DMA channels monitor
these inputs to determine when an external device is ready
. for a read or write operation. These inputs can be
programmed to be either level or edge sensed. DREQp is
multiplexed with CKAo.

E. Enable Clock (Output, active High). Synchronous
machine cycle clock output during bus transactions.

EXTAL. External Clock/Crystal (Input, active High). Crys-
tal oscillator connection. An external clock can be input to
the Z80180 on this pin when a crystalis notused. This input
is Schmitt triggered.

HALT. Halt/Sleep Status (Output, active Low). This output
is asserted after the CPU has executed either the HALT or
SLP instruction, and is waiting for either non-maskable or
maskable interrupt before operation can resume. It is also
used with the M1 and ST signals to decode status of the
CPU machine cycle.

INTo. Maskable Interrupt Request 0 (Input, active Low).
This signal is generated by external I/O devices. The CPU
will honor this request at the end of the current instruction
cycle as long as the NMI and BUSREQ signals are inac-
tive. The CPU acknowledges this interrupt request with an
interrupt acknowledge cycle. During this cycle, both the MT
and I0RQ signals will become active.

INT1, INT2. Maskable Interrupt Requests 1 and 2 (Inputs,
active Low). This signal is generated by external I/O
devices. The CPU will honor these requests at the end of
the current instruction cycle as long as the NMi, BUSREQ,
and INTo signals are inactive. The CPU will acknowledge
these interrupt requests with an interrupt acknowledge
cycle. Unlike the acknowledgement for INTo, during this
cycle neither the M1 or TORQ signals will become active.

IORQ. I/O Request (Output, active Low, 3-state). IORQ in-
dicates that the address bus contains a valid I/O address
for an 1/O read or I/O write operation. IORQ is also
generated, along with M1, during the acknowledgement of
the TNTo input signal to indicate that an interrupt response
vector can be placed onto the data bus. This signal is
analogous to the 1OE signal of the Z64180.

M1. Machine Cycle 1 (Output, active Low). Together with
MREQ, M1 indicates that the current cycle is the opcode
fetch cycle of an instruction execution. Together with
IORQ, M1 indicates that the current cycle is for an inter-
rupt acknowledge. It is also used with the HALT and ST
signal to decode status of the CPU machine cycle. This
signal is analogous to the LIR signal of the Z64180.

MREQ. Memory Request (Output, active Low, 3-state).
MREQ indicates that the address bus holds a valid address
for a memory read or memory write operation. This signal
is analogous to the ME signal of the Z64180.

NMI. Non-maskable Interrupt (Input, negative edge trig-
gered). NMi has a higher priority than INT and is always
recognized at the end of an instruction, regardless of the
state of the interrupt enable flip-flops. This signal forces
CPU execution to continue at location 0066H.




RD. Read (Output, active Low, 3-state). RD indicates that
the CPU wants to read data from memory or an I/O device.
The addressed I/0 or memory device should use this sig-
nal to gate data onto the CPU data bus.

RFSH. Refresh (Output, active Low). Together with
MREQ, RFSH indicates that the current CPU machine
cycle and the contents of the address bus should be used
for refresh of dynamic memories. The low order 8 bits of
the address bus (A7-Ao) contain the refresh address.

This signal is analogous to the REF signal of the Z64180.

RTSo. Request to Send 0 (Output, active Low). This is a
programmable modem control signal for ASCI channel 0.

RXAo, RXA1. Receive Data 0 and 1 (Inputs, active High).
These signals are the receive data to the ASCI channels.

RXS. Clocked Serial Receive Data (Input, active High).
This line is the receiver data for the CSIO channel. RXS is
multiplexed with the CTS1 signal for ASCI channel 1.

ST. Status (Output, active High). This signal is used with
the M1 and HALT output to decode the status of the CPU
machine cycle.

ST |HALT | MM Operation
0 1 0] CPU operation
(1st op-code fetch)
1 1 (] CPU operation
(2nd op-code and
3rd op-code fetch)
1 1 1 CPU operation
(MC except for op-code fetch)
(o} X 1 DMA operation
0 (o} [0} HALT mode
1 0 1 SLEEP mode (including
SYSTEM STOP mode)

NOTE X: Don't care
MC: Machine cycle

Table 1. Status Summary

TENDo, TEND1. Transfer End 0 and 1 (Outputs, active
Low). This output is asserted active during the last write
cycle of a DMA operation. It is used to indicate the end of
the block transfer. TENDo in multiplexed with CKA1.

TEST. Test (Output, not on DIP version). This pin is
for test and should be left open.

TOUT. Timer Out (Output, active High). TOUT is the pulse
output from PRT channel 1. This line is multiplexed with
A1g of the address bus.

TXAo, TXA1. Transmit Data 0 and 1 (Outputs, active High).
These signals are the transmitted data from the ASCI
channels. Transmitted data changes are with respect to
the falling edge of the transmit clock.

TXS. Clocked Serial Transmit Data (Output, active High).
This line is the transmitted data from the CSIO channel.

WAIT. Wait (Input, active Low). WAIT indicates to the MPU
that the addressed memory or I/O devices are not ready
for a data transfer. This input is used to induce additional
clock cycles into the current machine cycle. The WAIT
input is sampled on the falling edge of T2 (and subsequent
wait states). If the inputis sampled low, then additional wait
states are inserted until the WAIT input is sampled high, at
“which time execution will continue.

WR. Write (Output, active Low, 3-state). WR indicates that
the CPU data bus holds valid data to be stored at the ad-
dressed I/O or memory location.

XTAL. Crystal (Input, active High). Crystal oscillator con-
nection. This pin should be left open if an external clock is
used instead of a crystal. The oscillator input is not a TTL
level (reference DC characteristics).

Multiplexed pin descriptions
A18/TOUT During RESET, this pin is initialized
as A, pin. If either TOC1 or TOCO
bit of the Timer Control Register
(TCR) is set to 1, TOUT function is
selected. If TOC1 and TOCO bits are
cleared to 0, A,, function is selected.

CKAo/DREQo During RESET, this pin is initialized
as CKAo pin. If either DM1 or SM1 in
DMA Mode Register (DMODE) is set
to 1, DREQo function is always selec-
ted.

CKA{/TENDo During RESET, this pin is initialized
as CKA1 pin. If CKA1D bit in ASCI
control register ch 1 (CNTLAT1) is set
to 1, TENDo function is selected. If
CKA1D bitis set to 0, CKA1 function

is selected.

RXS/CTS4 During RESET, this pin is initialized
as RXS pin. If CTS1E bit in ASCI
status register ch1 (STAT1) is set

to 1, CTS1 function is selected.

If CTS1E bit is set to 0, RXS function
is selected.
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ARCHITECTURE:

The Z80180 combines a high performance CPU core with
a variety of system and I/O resources useful in a broad
range of applications. The CPU core consists of five func-
tional blocks: clock generator, bus state controller (includ-
ing dynamic memory refresh), interrupt controller, memory
management unit (MMU), and the central processing unit
(CPU). The integrated /O resources make up the remain-
ing four functional blocks: direct memory access (DMA)
control (2 channels), asynchronous serial communications
interface (ASCI, 2 channels), programmable reload timers
{PRT, 2 channels), and a clock serial /O {CSIQ) channel.

Clock Generator. This logic generates the system clock
from either an external crystal or clock input. The extemal
clock is divided by two and provided to both internal and
external devices.

Bus State Controller. This logic performs all of the status
and bus control activity associated with both the CPU and
some on-chip peripherals. This includes wait state timing,
reset cycles, DRAM refresh, and DMA bus exchanges.

Interrupt Controller. This block monitors and prioritizes
the variety of internal and external interrupts and traps to
provide the correct responses from the CPU. To remain
compatible with the Z80 CPU, three different interrupt
modes are supported.

Memory Management Unit. The MMU allows the user to
"map" the memory used by the CPU (logically only 64K)
into the 1M Byte addressing range supported by the
Z80180. The organization of the MMU object code com-
patibility with the Z80 CPU while offerring access to an ex-
tended memory space. This is accomplished by using an
effective "common area - banked area” scheme.

Central Processing Unit. The CPU is microcoded to
provide a core that is object code compatible with the Z80
CPU. It also provides a superset of the Z80 instruction set,
including 8-bit multiply and divide. This core has been en-
hanced to allow many of the instructions to execute in
fewer clock cycles.

DMA Controller. The DMA controller provides high speed
transfers between memory and /O devices. Transfer
operations supported are memory to memory, memory
to/from /O, and /O tc I/O. Transfer modes supported are
request, burst, and cycle steal. DMA transfers can access
the full 1 Mbyte addressing range with a block length up to
64K bytes, and can cross over 64K boundaries.

Asynchronous Serial Communications Interface
(ASCI). The ASCl logic provides two individual full-duplex
UARTSs. Each channelincludes a programmable baud rate
generator and modem control signals. The ASCI channels
can also support a multiprocessor communications format.

Programmable Reload Timer (PRT).This logic consists
of two separate channels, each containig a 16-bit counter
(timer) and count reload register. The time base for the
counters is derived from the system clock (divided by 20)
before reaching the counter. PRT channel 1 provides an
optional output to allow for waveform generation.

Clocked Serial I/0 (CSIO). The CSIO channel provides a
half-duplex serial transmitter and receiver. This channel
can be used for simple high-speed data connection to
another microprocessor or microcomputer.

OPERATION MODES:

The 280180 can be configured to operate like the 64180.
This is accomplished by allowing the user to have control
over the M1, IORQ, WR, and RD signals. The Operation
Mode Control Register (OMCR) determines the M1 op-
tions; the timing of the TORQ, RD, and WR signals; and the
RETI operation.

T0C (RW) Reserved

MTTE (W)
M1E (RW)

lD7|DGlDS

Figure 4. Operation Mode Control Register

MIE (M1 Enable): This bit controls the M1 output and is set
toa 1 during reset.

When M1E=1, the M1 output is asserted LOW during the
opcode fetch cycle, the INTo acknowledge cycle, and the
first machine cycle of the NMi acknowledge. This will also
cause the M1 signal to be active during both fetches of the
RETI instruction sequence, which may cause corruption of
the external interrupt daisy chain. Hence, this bit should be
set to 0 for the Z80180. When M1E=0, the M1 output is
normally inactive and asserted LOW only during the
refetch of the RETI instruction sequence and duringthe
INTo acknowledge cycle.

T, T2 LK T T2 T3
WR ;
Write into OMCR ' " Opcode Fetch

Figure 5. M1 Temporary Enable Timing
MITE (M1 Temporary Enable): This bit controls the tem-
porary assertion of the M1 signal. Itis always read back as
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a 1 andissetto 1 during reset. This function is used to
"arm" the internal interrupt structure of the Z80PIO. When
a control word is written to the Z80PIO to enable interrupts,
no enable actually takes place until the PIO sees an active
MT signal. When MTTE=1, there is no change in the opera-
tion of the M1 signal and M1E controls its function. When
MiTE=0, the M1 output will be asserted during the next
opcode fetch cycle regardless of the state programmed
into the M1E bit. This is only momentary (one time) and the
user need not reprogram a 1 to disable the function (See
Figure 5).

TOC: this bit controls the timing of the TORQ and RD sig-
nals. Itis setto 1 by reset.

When TOC=1, the TORQ and RD signals function the same
as the Z64180.

T, T2 Tw T3
s w
= I
WR ‘_

Figure 6. /0 Read and Write Cycles with 10C =1

When T0C=0, the timing of the TORQ and RD signals match
the timing required by the Z80 family of peripherals. The
IORQ and RD signals will go active as aresult of the rising
edge of T2. This allows the Z80180 to satisfy the setup
times required by the Z80 peripherals on those two signals.

T, T2 Tw T3
P20 s oy I o B
IORQ —_[ [_____
RD

e ’:I l
WR ;

Figure 7. 1/O Read and Write Cycles with I0C = 0

For the rest of this manual, it is assumed that M1E=0 and
10C=0. The user must program the Operation Mode Con-
trol Register before the first I/O instruction is executed.

TIMING:

This section 4explains the Z80180 CPU timing for the fol-
lowing operations:

Instruction (op-code) fetch timing.

Operand and data read/write timing.

1/0 read/write timing.

Basic instruction (fetch and execute) timing.
RESET timing.

BUSREQ/BUSACK bus exchange timing.

The basic CPU operation consists of one or more "Machine
Cycles" (MC). A machine cycle consists of three system
clocks, T1, T2, and T3 while accessing memory or I/O, or
it consists of one system clock (T1) during CPU intemal
operations. The system clock is half the frequency of the
Crystal oscillator (e.g., an 8 MHz crystal produces 4 MHz
or 250 nsec). For interfacing to slow memory or
peripherals, optional wait states (Tw) may be inserted be-
tween T2 and T3.

Instruction (op-code) Fetch Timing. Fig. 8 shows the in-
struction (op-code) fetch timing with no wait states. An op-
code fetch cycleis externally indicated when the M1 output
pin is LOW. '

In the first half of T1, the address bus (Ao-A19) is driven

from the contents of the Program Counter (PC). Note that
this is the translated address output of the Z80180 on-chip
MMU.

In the second half of T1, the MREQ (Memory Request) and
RD (Read) signals are asserted LOW, enabling the
memory.

The op-code on the data bus is latched at the rising edge
of T3 and the bus cycle terminates at the end of Ta.

Op-code fetch cycle

o - OSSR VER o

|
Ao—An X 1 PC X_PC+1
Do-D :
WAIT Z:IZZZI1:177‘\,'.‘.'.'.'.‘.’.'.‘.‘.‘.‘.'.1'_2

Figure 8. Opcode Fetch timing (Without Wait State)
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Fig. 9 illustrates the insertion of wait states (Tw) into the
op-code fetch cycle. Wait states (Tw) are controlled by the
external WAIT input combined with an on-chip program-
mable wait state generator.

At the falling edge of T2 the combined WAIT input is
sampled. If WAIT input is asserted LOW, a wait state (Tw)
is inserted. The address bus, MREQ, RD and Mi are held
stable during wait states. When the WAIT is sampled inac-
tive HIGH at the falling edge of Tw, the bus cycle enters
T3 and completes at the end of Ta.

L Op-code feich cycie N
™~ hal
T T2 Tw Tw Ts Ty T2
o LIl LI rerere
] | i !
! ! L
Ao—Alg X : ; L X
i |
! ! [
Do—D~ : : : Op-code
i i L
WA T ARSI
l | [
M T\ | | | [ 2
T ] T [l
| | )
MREQ —\ | ; | | / \
| | ]
— | | 1
RD \ | | | : / \
| | .

Figure 9. Opcode Fetch Timing (With Wait State)

Operand and Data Read/Write Timing. The instruction
operand and data read/write timing differs from op-code
fetch timing in two ways. First, the M1 output is held inac-
tive. Second, the read cycle timing is relaxed by one-half
clock cycle since data is latched at the falling edge of Ta.

Instruction operands include immediate data, displace-
ment, and extended addresses, and have the same timing
as memory data reads.

During memory write cycles the MREQ signal goes active
in the second half of T1. At the end of T4, the data bus is
driven with the write data.

Atthe start of T2, the WR signal is asserted LOW enabling
the memory. MREQ and WR go inactive in the second half
of T3 followed by disabling of the write data on the data
bus.

Wait states (Tw) are inserted as previously described for
op-code fetch cycles. Fig. 10 illustrates the read/write
timing without wait states (Tw), while Fig. 11 illustrates
read/write timing with wait states (Tw).

| Read cycle

| Write cycle }A
T T2 Ts T T2 T3 Tl

¢ _MTLrrirrrrlrrerer

1
!
L

|
X! Memory address

! t
! b
! L
Ao—Ayg X Memory address | X
T |
! ! | |
] ]
Do—D7 i Read data * Write data
' T I T
e e PO S
L /0 VR S S/ 1 G
| ] I
—_ | |
MREQ | LT i S\
* -+ ! T
i ! L \
RD ——\——i——:LF ! 1 \
. : I
WR j | i \_i /
| I i g

Figure 10. Memory Read/Write Timing (Without Wait :

State)
[ .. Readcycle I Write cycle
T T2 Tw. Ts T T2 Tw. Ts
1L rtit rer e rifrr
1 i i i I i
A R N N S
Ao—Arg >( | i ] )L : | !
i 1 | ! | i
- ! | ond ; -
Do~Dr T ‘ : : Write data
P | | [, | U
L L NN CrTIIIN LT NI
| ! 1 i \
1 1
MREQ —\ i ! i /_"\: 1 /
5 i | i +
\ ' | \/ i |
_ T T T I I
WR ! 1 | \ ! /
! 1 I
! ' | ! '

Figure 11. Memory Read/Write Timing (With Wait
State)

1/0 Read/Write Timing. 1/O instructions cause data
read/write transfers which differ from memory data trans-
fers in the following three ways:

1. The IORQ (/O Request) signal is asserted LOW in-
stead of the MREQ signal.

2. The 16-bit I/O address is not translated by the MMU.

3. Ats-A1g are held LOW.

At least one wait state (Tw) is always inserted for I/O read
and write cycles (except internal I/O cycles).

Fig. 12 shows /O read/write timing with the automatically
inserted wait state (Tw).

I/O read cycle 1/O write cycle

: + —
T T2 Tw Ts T T2 Tw. T3
i i i I h
i ] | | :
Ao—Ax X VO address | ! X | VO address
T I 1 T
’ 1 !
I 1 Loy N\ ! " .
Do~D7 : T a i Write data >
i
WAF - A e = A B et S
N - _fll_\ ! R b V20
BPRQ  —\ :L : | /——"\: \ I
— ' 1 i H H
RO —\ ' i YA !
J— 1° I ! H !
WR , T i T\ /”
| ] : T

NOTE: Aie—Aw = O for I/O cycles

Figure 12. I/0 Read/Write Timing




Basic Instruction Timing. An instruction may consist of a
number of machine cycles including op-code fetch,
operand fetch, and data read/write cycles. An instruction
" may also include cycles for internal processes which make
the bus idle.
CPU internal
T A S S
) T R 1 T T
Ty T2 Ta Ty T Ta To T2 T3 Ti Ti Ti Tt T2 Ts Tr To

Memory  Next instruction
| write cycle _Lfeach cycle
T T

¢

a-an X__Pc__ X_pct1 X PC+2 X x+d PC+3
(DDH) (70H—77H) d 9
Do~D1 < >
) C—— 4

w N\ N
MREA ™ /M /T
L N N 2 N A N
WR \__/

Mm Cycle

1 l 1
T mer T mc2z 7 mes

VI I 1
Imcamcsmce  mc7 |

NOTE: d = displacement
g = register contents

Figure 13. Instruction Timing

The example in Fig. 13 illustrates the bus timing for the
data transfer instruction LD (IX+d),g. This instruction
moves the contents of a CPU register (g) to the memory
location with address computed by adding a signed 8-bit

displacement (d) to the contents of an index register (IX).

The instruction cycle starts with the two machine cycles to
read the two byte instruction op-code as indicated by M
LOW. Next, the instruction operand (d) is fetched.

The external bus is idle while the CPU computes the effec-
tive address. Finally, the computed memory location is
written with the contents of the CPU register (g).

RESET Timing. Fig. 14 shows the Z80180 hardware
RESET timing. If the RESET pin is LOW for six or more
than six clock cycles, processing is terminated and the
780180 restarts execution from (logical and physical) ad-
dress 00000H.

RESET Start
L RESET OP-code fetch cycle
" T T
¢ LML L rerereri
h N
|
! .
|6 or more than 6 clocks
RESET "X -l —

High i
Ao—An St

Restart address(00000H

Figure 14. Reset Timing

BUSREQ/BUSACK Bus Exchange Timing. The Z80180
can coordinate the exchange of control, address and data
bus ownership with another bus master. The alternate bus
master can request the bus release by asserting the BUS-

REQ (Bus Request) input LOW. After the Z80180 releases
the bus, it relinquishes control to the alternate bus master
by asserting the BUSACK (Bus Acknowledge) output
LOW. .

The bus may be released by the Z80180 at the end of each
machine cycle. In this context, a machine cycle consists of
a minimum of 3 clock cycles (more if wait states are in-
serted) for op-code fetch, memory read/write, and /O
read/write cycles. Except for these cases, amachine cycle
corresponds to one clock cycle.

When the bus is released, the address (Ao-A19), data (Do- ‘
D7), and control (MREQ, IORQ, RD, and WR) signals are
placed in the high impedance state. )

Note that dynamic RAM refresh is not performed when the
780180 has released the bus. The alternate bus master
must provide dynamic memory refreshing if the bus is
released for long periods of time.

Fig. 15 illustrates BUSREQ/BUSACK bus exchange
during a memory read cycle. Fig. 16 illustrates bus ex-
change when the bus release is requested during a
Z80180 CPU internal operation. BUSREQ is sampled at
the falling edge of the system clock prior to T3, Ti and Tx
(BUS RELEASE state). If BUSREQis asserted LOW at the
falling edge of the clock state prior to Tx, another Tx is ex-
ecuted. '

L CPU memory read cycle | Bus release cycle 1 CPU cycle
I !
Ts T2 Tw Ts Tx Tx Tx T
Ao-An _ X > <
Do=D~
‘MREQ,.
10RQ
RD, WR N
BUSREQ /
BUSACK J—
Figure 15. Bus Exchange Timing
| CPU intemal operation | Bus release cycle I_CPU cycle
[ - T
T T Ti Tx Tx Tx T
, J ULy yL
Ao—Amn
Do—D7
MREQ,
IoRQ__ 7
RD, WR
BUSREQ \ /
BUSACK

n__ /S
Figure 16. Bus Exchange Timing
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WAIT State Generator

To ease interfacing with slow memory and I/O devices, the
Z80180 uses wait states (Tw) to extend bus cycle timing.
A wait state(s) is inserted based on the combined (logical
OR) state of the external WAIT input and an intemal
programmable wait state (Tw) generator. Wait states (Tw)
can be inserted in both CPU execution and DMA transfer
cycles.

When the external WAIT input is asserted LOW, wait
state(s) (Tw) are inserted between T2 and Ts to extend the
bus cycle duration. The WAIT input is sampled at the fall-
ing edge of the system clock in T2 or Tw. If the WAIT input
is asserted LOW at the falling edge of the system clock in
Tw, another Tw is inserted into the bus cycle. Note that
WAIT input transitions must meet specified set-up and hold
times. This can easily be accomplished by externally
synchronizing WAIT input transitions with the rising edge
of the system clock.

Dynamic RAM refresh is not performed during wait states
(Tw) and thus system designs which use the automatic
refresh function must consider the affects of the occur-
rence and duration of wait states (Tw). Figure 8 shows
WAIT timing.

S U N s S
¢
war N\ [\ [T\

Figure 17. WAIT Timing

Programmable Wait State Insertion. In addition to the
WAIT input, wait states (Tw) can also be inserted by
program using the Z80180 on-chip wait state generator.
Wait state (Tw) timing applies for both CPU execution and
on-chip DMAC cycles.

By programming the four significant bits of the DMA/WAIT
Control Register (DCNTL) the number of wait states, (Tw)
automatically inserted in memory and I/O cycles, can be
separately specified. Bits 4 and 5 specify the number of
wait states (Tw) inserted for I/O access and bits 6 and 7
specify the number of wait states (Tw) inserted for memory
access.

bit 7 6 5 4 »
Mwit | mwio | wn IWIO
R/W R/W R/W RIW .

Figure 18. Memory and l/O Wait State Insertion

The number of wait states (Tw) inserted in a specific cycle
is the maximum of the number requested by the WAIT
input, and the number automatically generated by the on-
chip wait state generator.

Bit 7, 6: MWI1, MWIO, (Memory Wait Insertion)

For CPU and DMAC cycles which access memory (includ-
ing memory mapped l/O), 0 to 3 wait states may be
automatically inserted depending on the programmed
value in MWI1 and MWIO.

MWIi1 MWIO | The number of wait states
0 0 0
0 1 1
1 0 2
1 1 3

Table 2: Memory Wait States

Bit 5, 4: IWI1, IWIO (1/O Wait Insertion)

For CPU and DMA cycles which access external I/O (and
interrupt acknowledge cycles), 1 to 6 wait states (Tw) may
be automatically inserted depending on the programmed
value in IWI1 and IWI0.

Note:

(1) For Z80180 internal I/O register access (I/0 addresses
0000H-003FH), IWI1 and IWIO0 do not determine wait state
(Tw) timing. For ASCI, CSI/O and PRT Data Register ac-
cesses, 0 to 4 wait states (Tw) will be generated. The num-
ber of wait states inserted during access to these registers
is a function of internal synchronization requirements and
CPU state. All other on-chip I/O register accesses (i.e.
MMU, DMAC, ASCI Control Registers, etc.) have 0 wait
states inserted and thus require only three clock cycles.

(2) Forinterrupt acknowledge cycles in which M1 is HIGH,
such as interrupt vector table read and PC stacking cycle,
memory access timing applies.

the number of wait states

For INT1, INT2 and

For external /O
registers accesse

For intemal /O
registers accesse:

For INTo interrupt
acknowledge cy-
cles when M is

Low

intemal interrupts
acknowledge cy-
. Cles

For NMI interrupt
acknowledge cy-
cles when LIR is
Low

' (Note (2) (Note (2))
wit WI0
0 0 1 2
0 1 2 (o] 4 2 o
1 [o] 3 (Note (1)) 5
1 1 4 6

Table 3: Wait State Insertion




WAIT input and RESET. During RESET, MWI1, MWID,
IWI1 and IWIO are all set = 1, selecting the maximum num-
ber of wait states (Tw) (3 for memory accesses, 4 for ex-
ternal I/0 accesses).

Also, note that the WAIT input is ignored during RESET.
For example, if RESET is detected while the Z80180 is in
a wait state (Tw), the wait stated cycle in progress will be
aborted, and the RESET sequence initiated. Thus, RESET '
has higher priority than WAIT.

HALT and Low Power Operation Modes

The Z80180 can operate in 4 different modes. HALT mode,
I0OSTOP mode and 2 low power operation modes - SLEEP
and SYSTEM STOP. Note that in all operating modes, the
basic CPU clock (XTAL, EXTAL) must remain active.

HALT mode. HALT mode is entered by execution of the
HALT instruction (op-code = 76H) and has the following
characteristics.

(1) The intemal CPU clock remains active.

(2) Allinternal and external interrupts can be received.

(3) Bus exchange (BUSREQ and BUSACK) can occur.

(4) Dynamic RAM refresh cycle (RFSH) insertion con-
tinues at the programmed interval.

(5) VO operations (ASCI, CSI/O and PRT) continue.
(6) The DMAC can operate.
(7) The HALT output pin is asserted LOW.

- (8) The external bus activity consists of repeated "dummy”
fetches of the op-code following the HALT instruction.

Essentially, the Z80180 operates normally in HALT mode,
except that instruction execution is stopped.

HALT mode can be exited in the following two ways.

RESET Exit from HALT mode. If the RESET input is as-
serted LOW for at least 6 clock cycles, HALT mode is ex-
ited and the normal RESET sequence (restart at address
00000H) is initiated. .

Interrupt Exit from HALT mode. When an internal or ex-
ternal interrupt is generated, HALT mode is exited and the
normal interrupt response sequence is initiated.

lf the interrupt source is masked (individually by enable bit,
or globally by IEF1 state), the Z80180 remains in HALT
mode. However, NMI interrupt will initiate the normal NMI

interrupt response sequence independent of the state of
IEF1.

HALT timing is shown in Fig. 19.

. Interrupt
HALT op-code fetch cycle HALT mode | scknuwledge cycle

-
¢ T2 Ts Ts T2 Ta T T2
INT;, NMI
/
Ao—Aw  HALT op-code address ¥ HALT op-code address + 1
HALT —_—\ S
] / \ ST
MREQ / \ / \
T / \ ./ \

Figure 19. HALT Timing
SLEEP mode. SLEEP mode is entered by execution of the
2 byte SLP instruction. SLEEP mode has the following
characteristics.

(1) The internal CPU clock stops, reducing power con-
sumption.

(2) The internal crystal oscillator does not stop.

(3) Internal and external interrupt inputs can be received.
(4) DRAM refresh cycles stop.

(5) /O operations using on-chip peripherals continue.

(6) The internal DMAC stop.

(7) BUSREQ can be received and acknowledged.

(8) Address outputs go HIGH and all other control signal
output becpme inactive HIGH.

(9) Data Bus, 3-state.
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SLEEP mode is exited in one of two ways as shown below.

RESET Exit from SLEEP mode. If the RESET input is
held LOW for at least 6 clock cycles, it will exit SLEEP
mode and begin the normal RESET sequence with execu-
tion starting at address (logical and physical) 00000H.

Interrupt Exit from SLEEP mode. The SLEEP mode is
exited by detection of an external (NMI, INTo-INT2) or in-
ternal (ASCI, CSI/O, PRT) interrupt.

In case of NMI, SLEEP Mode is exited and the CPU begins
the normal NMI interrupt response sequence.

In the case of all other interrupts, the interrupt response
depends on the state of the global interrupt enable flag
(IEF1) and the individual interrupt source enable bit.

If the individual interrupt condition is disabled by the cor-
responding enable bit, occurrence of that interrupt is ig-
nored and the CPU remains in the SLEEP state.

Assuming the individual interrupt condition is enabled, the
response to that interrupt depends on the global interrupt
enable flag (IEF1). If interrupts are globally enabled
(IEF1=1) and an individually enabled interrupt occurs,
SLEEP mode is exited and the appropriate normal inter-
rupt response sequence is executed.

If interrupts are globally disabled (IEF1=0) and an in-
dividually enabled interrupt occurs, SLEEP mode is exited
and instruction execution begins with the instruction follow-
ing the SLP instruction. Note that this provides a technique
for synchronization with high speed external events
without incurring the latency imposed by an interrupt
response sequence.

Figure 10 shows SLEEP timing.

I0STOP mode. IOSTOP mode is entered by setting the
IOSTOP bit of the I/O Control Register (ICR) to 1. In this
case, on-chip /O (ASCI, CSI/O, PRT) stops operating.
However, the CPU continues to operate. Recovery from
IOSTOP mode is by resetting the IOSTOP bit in ICR to 0.

SYSTEM STOP mode. SYSTEM STOP mode is the com-
bination of SLEEP and IOSTOP modes. SYSTEM STOP
mode is entered by setting the IOSTOP bit in ICR to 1 fol-
lowed by execution of the SLP instruction. In this mode,
on-chip I/O and CPU stop operating, reducing power con-
sumption. Recovery from SYSTEM STOP mode is the
same as recovery from SLEEP mode, noting that intemal
/O sources (disabled by IOSTOP) cannot generate a
recovery interrupt.

SLP 2nd op-code

Op-code fetch or interrupt
fetch cycle

l_acknowledge cycle

T

SLEEP mode

1
1

T2 T3 T, T2 Ts Ts T2 T3

¢

INT;, NMi

S
FFFFFR____ X

Ac-Ate SLP 2nd op-code address X

FATT
- /S

Figure 20. SLEEP Timing

Internal I/0 Registers

The Z80180 intemal /O Registers occupy 64 I/O addres-
ses (including reserved addresses). These registers ac-
cess the internal I/O modules (ASCI, CSI/O, PRT) and
control functions (DMAC, DRAM refresh, interrupts, wait
state generator, MMU and I/O relocation).

To avoid address conflicts with external 1/0, the Z80180
internal I/0O addresses can be relocated on 64 byte boun-
daries within the bottom 256 bytes of the 64K byte I/O ad-
dress space.

1/0 Control Register (ICR). ICR allows relocating of the
internal /O addresses. ICR also controls enabling/disa-
bling of the IOSTOP mode.

bit 7 6 5 4 3 2 1 0
| 10A7 10A6 | I0STP - ] - l - ] - ] - ]
RW RW RW .
Figure 21 1/0 Control Register (ICR : I/O Address =
3FH)

I0A7, 6: /0 Address Relocation (bits 7, 6)

I0A7 and I0AG relocate internal I/O as shown in Fig. 22.
Note that the high-order 8 bits of 16-bit internal I/O addres-
ses are always 0. IOA7 and IOA6 are cleared to 0 during
RESET.

OOFFH
I0A7 - I0A6=1 1—=

00COH

OO0BFH
I0A7 - I0A6=1 0—

0080H

O07FH
I0A7 - 10A6=0 1—=

0040H

OO03FH
I0A7 - I0A6=0 0—

0000H

Figure 22. I/O Address Relocation

I0STP: IOSTOP Mode (bit 5)
IOSTOP mode is enabled when IOSTP is set to 1. Normal
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1/O operation resumes when IOSTP is reset to 0. IOSTP is
cleared to 0 during RESET.

Internal I/O Registers Address Map

The internal /O register addresses are shown in Table 4.
These addresses are relative to the 64 byte boundary base
address specified in ICR.

1/0 Addressing Notes. The internal I/O register addres-
ses are located in the I/0O address space from 0000H to
00FFH (16-bit I/O addresses). Thus, to access the intemal
1/O registers (using I/O instructions), the high-order 8 bﬂs
of the 16-bit I/O address must be 0.

The conventional I/O instructions (OUT (m), A/ IN A, (m)/
OUTI / INV/ etc.) place the contents of a CPU register on
the high-order 8 bits of the address bus, and thus may be
difficult to use for accessing internal I/O registers.

For efficient intemal I/O register access, a number of new
instructions have been added, which force the high-order
8 bits of the 16-bit /O address to 0. These instructions are
INO, OUTO, OTIM, OTIMR, OTDM, OTDMR and TSTIO
(see Instruction Set).

When writing to an internal I/O register, the same 1/O write
occurs on the external bus. However, the duplicate exter-
nal I/O write cycle will exhibit internal I/O write cycle timing.
For example, the WAIT input and programmable wait state
generator are ignored. Similarly, internal I/O read cycles
also cause a duplicate external /0 read cycle - however,
the external read data is ignored by the Z80180.

Normally, external /O addresses should be chosen to
avoid overlap with internal /0 addresses to avoid duplicate
/O accesses.

Register Mnemonic Address -
Binary Hexadecimal
ASCI Control Register A Ch O CNTLAO XX000000 | | OOH
ASCI Control Register A Ch 1 CNTLA1 XX000001 O1H
ASCI Control Register B Ch O CNTLBO XX000010 O2H .
ASCI Control Register B Ch 1 CNTLB1 XX000011 O3H
ASCI ASCI Status Register Ch O STATO XX000100 04H
ASCI Status Register Ch 1 STAT1 XX000101 O5H
ASCI Transmit Data Register Ch O TDRO XX000110 O6H
ASCI Transmit Data Register Ch 1 TDR1 XX000111 O7H
ASCI Receive Data Register Ch O RDRO XX001000 08H
ASCI Receive Data Register Ch 1 RDR1 XX001001 09H
Csi/o CSI/O Control Register CNTR XX001010 OAH
CSV/O Transmit/Receive Data Register . TRDR XX001011 OBH
Timer Data Register Ch OL TMDROL XX001100 OCH
Timer Data Register Ch OH TMDROH XX001101 ODH
Reload Register Ch OL RLDROL XX001110 OEH
Reload Register Ch OH RLDROH XX001111 OFH
Timer Control Register TCR XX010000, 10H
Reserved XX010001 11H
Timer — s
XX010011 13H
Timer Data Register Ch 1L TMDR1L XX010100 “14H
Timer Data Register Ch 1H TMDR1H XX010101 15H
Reload Register Ch 1L RLDR1L XX010110 - 16H
Reload Register Ch 1H RLDR1H XX010111 17H
Free Running Counter FRC XX011000 -18H
Reserved XX011001 19H
Others § §
XX011111 1FH

Table 4. 1/0 Address Map

12



Address

Register Mnemonic - -
Binary Hexadecimal

DMA Source Address Register Ch OL SAROL XX100000 20H

DMA Source Address Register Ch OH SAROH XX100001 21H

DMA Source Address Register Ch OB SAROB XX100010 22H

DMA Destination Address Register Ch OL DAROL XX100011 23H

DMA Destination Address Register Ch OH DAROH XX100100 24H

DMA Destination Address Register Ch OB DAROB XX100101 25H

DMA Byte Count Register Ch OL BCROL XX100110 26H

DMA Byte Count Register Ch OH BCROH XX100111 27H

DMA Memory Address Register Ch 1L MAR1L XX101000 28H

DMA DMA Memory Address Register Ch 1H MAR1TH XX101001 29H
DMA Memory Address Register Ch 1B MAR1B XX101010 2AH

DMA I/0O Address Register Ch 1L IAR1L XX101011 2BH

DMA I/O Address Register Ch 1H IARTH XX101100 2CH

Reserved XX101101 2DH

DMA Byte Count Register Ch 1L BCR1L XX101110 2EH

DMA Byte Count Register Ch 1H BCR1H XX101111 2FH

DMA Status Register DSTAT XX110000 30H

DMA Mode Register DMODE XX110001 31H

DMA/WAIT Control Register DCNTL XX110010 32H

IL Register (Interrupt Vector Low Register) L XX110011 33H

INT INT/TRAP Control Register ITC XX110100 34H
Reserved XX110101 35H

. . Address
Register Mnemonic - -
Binary Hexadecimal

Refresh Refresh Control Register RCR XX110110 36H
Reserved XX110111 37H

MMU Common Base Register CBR XX111000 38H

MMU MMU Bank Base Register BBR XX111001 39H
MMU Common/Bank Area Register CBAR XX111010 3AH

Reserved XX111011 3BH

/0 XX111101 3DH
Operation Mode Control Register OMCR XX111110 3EH

/0O Control Register ICR XX111111 3FH

Table 4. 1/0 Address Map (cont.)
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Memory Management Unit (MMU)

The Z80180 has an on-chip MMU which performs the
translation of the CPU 64K byte (16-bit addresses 0000H
to FFFFH) logical memory address space into a 1024K
byte (20-bit addresses 00000H to FFFFFH) physical
memory address space. Address translation occurs inter-
nally in parallel with other CPU operation.

Logical Address Spaces. The 64K byte CPU logical ad-
dress space is interpreted by the MMU as consisting of up
to three separate logical address areas, Common Area 0,
Bank Area, and Common Area 1.

As shown in Fig. 23, a variety of logical memory configura-
tions are possible. The boundaries between the.Common
and Bank Areas can be programmed with 4K byte resolu-
tion.

Common Area 1 Common Area 1 Common Area 1
Common Area 1
Bank Area
Bank Area Common Area O
[Common Area O

Figure 23. Logical Address Mapping Examples

Logical to Physical Address Translation. Fig. 24 shows
an example in which the three logical address space por-
tions are mapped into a 1024K byte physical address
space. The important points to note are that Common and
Bank Areas can overlap and that Common Area 1 and
Bank Area can be freely relocated (on 4K bytes physical
address boundaries). Common Area O (if it exists) is al-
ways based at physical address 00000H.

FFFFFH
-
z
FFFFH
Common Area 1 +,|; "“]]
y
Common Area 0~| + 0
0000H 1
xXyz
Logical Address Space [x

Physical Address Space

Figure 24. Physical Address Translation

MMU Block Diagram. The MMU block diagram is shown
in Fig. 25. The MMU translates internal 16-bit logical ad-
dresses to external 20-bit physical addresses.

< internal Address/Data Bus >
4
LA12—LA1s
MMU Common/Bank Area | MMU Common Base
Register; CBAR (8) Memory Register; CBR (7)
Management Unit MMU Bank Base
I"—| Register; BBR (7)
8
PAR-PA
LA: Logical Address

PA: Physical Address

Figure 25. MMU Block Diagram

Whether address translation takes place depends on the’
type of CPU cycle as follows.

(1) Memory Cycles

Address Translation occurs for all memory access cycles
including instruction and operand fetches, memory data
reads and writes, hardware interrupt vector fetch, and
software interrupt restarts.

(2) 1/O Cycles

The MMU is logically bypassed for /O cycles. The 16-bit
logical I/O address space corresponds directly with the 16-
bit physical I/O address space. The four high-order bits
(A16-A19) of the physical address are always 0 during I/O
cycles.

LA1s LAo
I | Logical Address
PAw PA1s PA:s PAo
[ ] [7 J Physical Address

Figure 26. I/O Address Translation

(3) DMA Cycles

Whenthe Z80180 on-chip DMAC is using the external bus,
the MMU is physically bypassed. The 20-bit source and
destination registers in the DMAC are directly output on the
physical address bus (A0-A19).

MMU Registers. Three MMU registers are used to
program a specific configuration of logical and physical
memory.

(1) MMU Common/Bank Area Register (CBAR)

(2) MMU Common Base Register (CBR)

(3) MMU Bank Base Register (BBR)

CBAR is used to define the logical memory organization,
while CBR and BBR are used to relocate logical areas
within the 1024k byte physical address space. The resolu-
tion for both setting boundaries within the logical space and
relocation within the physical space is 4k bytes.

The CAR field of CBAR determines the start address of
Common Area 1 (Upper Common) and by default, the end
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address of the Bank Area. The BAR field determines the
start address of the Bank Area and by default, the end ad-
dress of Common Area 0 (Lower Common).

The CA and BA fields of CBAR may be freely programmed
subject only to the restriction that CA may never be less
than BA. Fig. 27 and Fig. 28 show examples of logical
memory organizations associated with different values of
CA and BA.

1 2 3 4

Common Area 1 Common Area 1 Common Area 1

Common Area 1

Bank Area

Bank Area Common Area O

|ICommon Area Oj

Common Area 1 Common Area 1
Lower limit address  Lower limit address
> =
Bank Area Bank Area
Lower limit address ~ Lower limit address
>

Common Area 1

Lower limit address
>

Bank Area

Lower limit address
>

Common Area 1

Bank Area
0000H
{RESET condition)

0000H 0000H 0000H

Figure 27. Logical Memory Organization

FFFFH
MMU Common/Bank Area Register Common Area 1
nnmn D DOOOH |
CFFFH
D7 De DsDa4
Bank Area
MMU Common/Bank Area Register
o[1]0]0] 4 arFRH
Ds D2D1Do Common Area O
0000H

Figure 28. Logical Space Configuration (Example)

MMU Register Description:
MMU Common/Bank Area Register (CBAR). CBAR
specifies boundaries within the Z80180 64K byte logical

address space for up to three areas; Common Area 0,
Bank Area and Common Area 1.

MMU Common/Bank Area Register (CBAR : I/0 Address = 3AH)

bit 7 6 5 4 3 2 1 0
l CA3 I CA2 ] CA1 ! CAO | BA3 } BA2 I BA1 l BAO ]
RW RW RW RW RW R/W RW RW

Figure 29. MMU Common/Bank Area Register (CBAR
: /0 Address = 3AH)

CA3-CAO: CA (bits 7-4)
CA specifies the start (low) address (on 4K byte boun-
daries) for the Common Area 1. This also determines the

Lower limit address

last address of the Bank Area. All bits of CA are set to 1
during RESET.

BA-BAO: BA (bits 3-0)

BA specifies the start (low) address (on 4k bytes boun-
daries) for the Bank Area. This also determines the last ad-
dress of the Common Area O. All bits of BA are set to 1
during RESET.

MMU Common Base Register (CBR). CBR specifies the
base address (on 4k byte boundaries) used to generate a
20-bit physical address for Common Area 1 accesses. All
bits of CBR are reset o G during RESET.

bit 7 6 5 4 3 2 1 0
ce7 CB6 CcBS cB4 ce3 l CcB2 | cel l CcBO |
R/W R/W R/W RW R/W RW R/W R/W

Figure 30. MMU Common Base Register (CBR : /O
Address = 38H)

MMU Bank Base Register (BBR). BBR specifies the base
address (on 4k byte boundaries) used to generate a 19-bit
physical address for Bank Area accesses. All bits of BBR
are reset to 0 during RESET.

Lower limit address

bit 7 6 5 4 3 2 1 o]
| BB7 BB6 | BBS BB4 [ BB3 | BB2 l BB1 I BBO J
RW R/W R/W R/W R/W R/W R/W R/W

Figure 31. MMU Bank Base Register (BBR : /0
Address = 39H) i

Physical address translation. Fig. 17 shows the way in
which physical addresses are generated based on the con-
tents of CBAR, CBR and BBR. MMU comparators classify
an access by logical area as defined by CBAR. Depend-
ing on which of the three potential logical areas (Common
Area 1, Bank Area, or Common Area 0) is being accessed,
the appropriate 8-bit base address is added to the high-
order 4 bits of the logical address, yielding a 20-bit physi-
cal address. CBR is associated with Common Area 1
accesses. Common Area 0, if defined, is always based at
physical address 00000H.

MMU and RESET. During RESET, all bits of the CA field
of CBAR are set to 1 while all bits of the BA field of CBAR,
CBR and BBR are reset to 0. The logical 64K byte address
space corresponds directly with the first 64K bytes (0000H
to FFFFH) of the 1024K byte (00000H to FFFFFH) physi-
cal address space. Thus, after RESET, the Z80180 will
begin execution at logical and physical address 0.

MMU Register Access Timing. When data is written into
CBAR, CBR or BBR, the value will be effective from the
cycle immediately following the I/O write cycle which up-
dates these registers.

Care must be taken during MMU programming to insure
that CPU program execution is not disrupted. Observe that
the next cycle following MMU register programming will
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normally be an op-code fetch from the newly translated ad-

programming routines in a Common Area that is always

dress. One simple technique is to localize all MMU enabled.
15 121 0
MMU Common/ 4 Logical
Bank Area — Address
Register (64k)
D7—Ds r 4
MMU Common 4
Bank Area
Register
D3—Do
MMU Common Base Reg
MMU Bank Base Reg
7 4
olololojo]o]ofo &
Adder
7
(19) 18 ® 12 1
Physical
' Address
L (512K or 1m:
15 12 11 0
Logcal
Address
(64 k)
H '
| ' \
: + : 1
76 413 ol !
T 1
Base Register 1 1
(8 bit) i 1
L |
] | i
1 1 ' '
' ' l ' 1
i 1 1 '
19: 18 16115 12111 0
Physical \
Address f
) |

Figure 32. Physical Address Generation

Interrupts

The Z80180 CPU has twelve interrupt sources, 4 extemal
and 8 internal, with fixed priority. (Reference Figure 33.)

This section explains the CPU registers associated with in-
terrupt processing, the TRAP interrupt, interrupt response
modes, and the external interrupts. The detailed discus-
sion of internal interrupt generation (except TRAP) is
presented in the appropriate hardware section (i.e. PRT,

DMAC, ASCI, and CSI/O).

Higher
Priority

1)
2)
)

5)
6
7
8)
9)

(10

Lower
Priori

(1R 1]
(12)

TRAP (Undefined Op-code Trap)
NMI (Non Maskable Interrupt)
TNTo (Maskable Interrupt Level 0)
TNT (Maskable Interrupt Level 1)
INT2 (Maskable Interrupt Level 2)
Timer O

Timer 1

DMA channel O

DMA channel 1

Clocked Serial /O Port
Asynchronous SCI channel O
Asynchronous SCI channel 1

internal Interrupt

Extemal Interrupt

Iintemal Interrupt

Figure 33. Interrupt Sources
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Interrupt Control Registers and Flags. The Z80180 has
three registers and two flags which are associated with in-
terrupt processing.

Function Name Access Method
(1) Interrupt Vector High | LD Ajand LD |,

A instructions

(2) Interrupt Vector Low IL 1/0 instruction

(addr=33H)
(3) Interrupt/Trap Control ITC 1/0 instruction

{addr=34H)
(4) Interrupt Enable Flag IEF4,IEF2 El and DI

1,2

Interrupt Vector Register (i)

Mode 2 for INTo external interrupt, INT1 and INT2 external
interrupts, and all internal interrupts (except TRAP) use a
programmable vectored technique to determine the ad-
dress at which interrupt processing starts. In response to
the interrupt a 16-bit address is generated. This address
accesses a vector table in memory to obtain the address
at which execution restarts.

While the method for generation of the least significant by te
of the table address differs, all vectored interrupts use the
contents of | as the most significant byte of the table ad-
dress. By programming the contents of |, vector tables can
be relocated on 256 byte boundaries throughout the 64K
byte logical address space.

Note that I is read/written with the LD A, land LD |, A in-
structions rather than I/O (IN, OUT) instructions.
lis initialized to O0H during RESET.

bit 7 6 5 4 3 2 1 0
7 l L6 1 ILs L - L - L - [ - 1 - ’
R/W RW RW

Programmable

Figure 34. Interrupt Vector Low Register (IL : /O
Address = 33H)

Interrupt Source Dependent Code

Interrupt Vector Low Register

This register determines the most significant three bits of
the low-order byte of the interrupt vector table address for
externalinterrupts INT1 and INT2 and all internal interrupts
(except TRAP). The five least significant bits are fixed for
each specific interrupt source. By programming IL, the vec-
tor table can be relocated on 32 byte boundaries.

IL is initialized to 00H during RESET.

bit 7 6 5 4 3 2 1 0
I7 TRAP { UFO l - J - ‘ - ITE2 [ ITET T ITEO ‘l
RW R R/W R/W R/W

Figure 35. INT/TRAP Control Register (ITC : /O
Address = 34H)

INT/TRAP Control Register (ITC)

ITC is used to handle TRAP interrupts and to enable or dis-
able the external maskable interrupt inputs INTo, INT1 and
INT2.

TRAP (bit 7)

This bit is set to 1 when an undefined op-code is fetched.
TRAP can be reset under program control by writing it with
0, however, it cannot be written with 1 under program con-
trol. TRAP is reset to 0 during RESET.

UFO: Undefined Fetch Object (bit 6)

When a TRAP interrupt occurs the contents of UFO allow
determination of the startin
struction. This is necessary since the TRAP may occur on
either the second or third byte of the op-code. UFO allows
the stacked PC value to be correctly adjusted. If UFO =0,
the first op-code should be interpreted as the stacked PC-
1. If UFO = 1, the first op-code address is stacked PC-2.
UFO is read-only.

A § +h, i H
arting address of the undefined in-

iTE2,1,0: Interrupt Enable 2,1,0 (bits 2-0)
ITE2, ITE1 and ITEo enable and disable the external inter-
ruptinputs INT2, INT1 and INTo, respectively. If reset to 0,
the interrupt is masked. During RESET, ITEo is initialized
to 1 while ITE1 and ITE2 are initialized to 0.

Interrupt Enable Flag 1,2 (IEF1, IEF2)

IEF controls the overall enabling and disabling of all inter-
nal and external maskable interrupts (i.e. all interrupts ex-
cept NMi and TRAP.

If IEF1 = 0, all maskable interrupts are disabled. IEF1 can
be reset to 0 by the DI (Disable Interrupts) instruction and
setto 1 by the El (Enable Interrupts) instruction.

The purpose of IEF2is to correctly manage the occurrence
of NMi. During NMI, the prior interrupt reception state is
saved and all maskable interrupts are automatically dis-
abled (IEF1 copied to IEF2 and then IEF1 cleared to 0). At
the end of the NMI interrupt service routine, execution of
the RETN (Return from Non-maskable interrupt) will
automatically restore the interrupt receiving state (by copy-
ing IEF2 to IEF1) prior to the occurrence of NMI.

|EF2 state can be reflected in the P/V bit of the CPU Status
Register by executing LD A, | or LD A, R instructions.

CPU Operation IEF s IEF2 REMARKS

RESET [ [ Inhibits the interrupt except NMI and
TRAP.

NMT [} IEF + Copies the contents of IEF 1 to IEF2.

RETN IEF2 not affected | Retums from the NMI service routine.

Interrupt except 0 [ Inhibits the interrupt except NMI and

NN and TRAP TRAP.

RETI not affected not affected

TRAP not affected | not affected

El 1 1

DI 0 0

LD A I not affected not affected | Transfers the contents of lEF2 to P/V

§ flag.

LD AR not affected not affected | Transfers the contents of IEF2 to P/V

flag.

Table 5: State of IEF and IEF2
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TRAP Interrupt. The Z80180 generates a non-maskable
(not affected by the state of IEF1) TRAP interrupt when an
undefined op-code fetch occurs. This feature can be used
to increase software reliability, implement an "extended”
instruction set, or both. TRAP may occur during op-code
fetch cycles and also if an undefined op-code is fetched
during the interrupt acknowledge cycle for INTo when
Mode 0 is used.

When a TRAP interrupt occurs the Z80180 operates as fol-
lows..

(1) The TRAP bit in the Interrupt TRAP/Control (ITC)
register is setto 1.

(2) The current PC (Program Counter) value, reflecting
location of the undefined op-code, is saved on the stack.

(3) The Z80180 vectors to logical address 0. Note that if
logical address 0000H is mapped to physical address
00000H, the vector is the same as for RESET. In this case,
testing the TRAP bit in ITC will reveal whether the restart
at physical address 00000H was caused by RESET or
TRAP.

The state of the UFO (Undefined Fetch Object) bitin ITC

allows TRAP manipulation software to correctly "adjust”

the stacked PC, depending on whether the second or third

byte of the op-code generated the TRAP. If UFO=0, the

starting address of the invalid instruction is equal to the

stacked PC-1. If UFO=1, the starting address of the invalid
instruction is equal to the stacked PC-2.

Note that Bus Release cycle, Refresh cycle, DMA cycle,
and WAIT cycle cannot be inserted just after TTP state
which is inserted for TRAP interrupt sequence.Figure 36
shows TRAP Timing - 2nd Op-code undefined and Figure
37 shows Trap Timing - 3rd Op-code undefined.

Restart from 0000H

2nd op-code Op-code
fetch cycle f PC stacking fetch cycle |
Ti T2 Ts T, TOTOn OTOT oM, T: Ts !T| T2 T3 Tx T2 Ts
¢—|~]r—||—]’-1i[—||-‘-”—‘|r‘|r‘][—[r||—|[‘]|—]|_|| .
Ao—A ___| PC $P1 SP2 0000H )
Do—Dr PCy PC; —
Undefined B
op-code -
M
MREC — ) r 1 I e
wR T

Figure 36. TRAP Timing-2" Op-Code Undefined

Restart from 0000H

3rd op-code Op-code
fetch cycle

fetch cycle Memory read cycle PC stacking
Tt Tl T T L WO L. wononon oo
o UL U LN U U A UL
Ao—An e XFd,vrd §F1 552 GOOGH _}.
Do-D7 PC-TH FCT, —
Undefined
op-code
Mo— T - -
MREQ | L— T [L I L LI
- — [
wR Ly B

Figure 37. TRAP Timlng-srd Op-Code Undefined

External Interrupts. The Z80180 has four external
hardware interrupt inputs.

(1) NMi - Non-maskable Interrupt

(2) INTo - Maskable interrupt Level 0
(3) INT1 - Maskable Interrupt Level 1
(4) INT2 - Maskable Interrupt Level 2

NMI, INT1 and INTz have fixed interrupt response modes.
INTo has 3 different software programmable interrupt
response modes - Mode 0, Mode 1 and Mode 2.

NMI - Non-Maskable Interrupt. The NMi interrupt input is
edge sensitive and cannot be masked by software. When
NMI is detected, the Z80180 operates as follows.

(1) DMAC operation is suspended by the clearing of the
DME (DMA Main Enable) bitin DCNTL.

(2) The PC is pushed onto the stack.

(3) The contents of IEF1 are copied to IEF2. This saves
the interrupt reception state that existed prior to NMI.

(4) IEF1 is cleared to 0. This disables all external and in-
ternal maskable interrupts (i.e. all interrupts except NMI
and TRAP).

(5) Execution commences at logical address 0066H.

The last instruction of an NMI service routine should be
RETN (Return from Non-maskable Interrupt). This restores
the stacked PC, allowing the interrupted program to con-
tinue. Furthermore, RETN causes IEF2 to be copied to
IEF1, restoring the interrupt reception state that existed
prior to NMI.

Note that NMI, since it can be accepted during Z80180 on-
chip DMAC operation, can be used to externally interrupt
DMA transfer. The NMI service routine can reactivate or
abort the DMAC operation as required by the application.

For NMI, special care must be taken to insure that inter-
rupt inputs do not "overrun" the NMI service routine. Un-
limited NMI inputs .without a corresponding number of
RETN instructions will eventually cause stack overflow.
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Fig. 38 shows the use of NMI and RETN while Fig. 39
details NMiresponse timing. NMiis edge sensitive and the
internally latched NMifalling edge is held until itis sampled.
If the falling edge of NMi is latched before the falling edge
of clock state prior to T3 or T1 in the last machine cycle,
the internally latched NMI is sampled at the falling edge of
the clock state prior to T3 or Ty in the last machine cycle
and NMI acknowledge cycle begins at the end of the cur-
rent machine cycle.

| —IEFs
main 0066H
Ty Sy
PCL —(SP-2) /
NMi
N —— Interrupt service
program
IEF) —IEFs
PCL ~—(SP)
PCH —(S5P+ 1) RETN

Figure 38. NMi Use

Last MC I NMI acknowledge cycle

PC 1s pushed onto stack | Restart from 0066H
I

Op-code fetch
Ty To T Ti Ti Ty To T Ty T To Ty Tz 13

o UL
W

Ao—Aw X PC X sp1_X"sP-2_ X__0066H X
Instruction

Do—D7 PCH_»(_PCL )

Ml

R A W N W N

o __/ A

W S

Figure 39. NMI Timing

INTo - Maskable Interrupt Level 0,

The next highest priority external interrupt after NMI is
TNTo. INTo is sampled at the falling edge of the clock state
prior to Ta or T1 in the last machine cycle. If INTo is as-
serted LOW at the falling edge of the clock state prior to T3
or T1 in the last machine cycle, INTo is accepted. The in-
terrupt is masked if either the IEF1 flag or the ITEO (Inter-
rupt Enable 0) bit in ITC are reset to 0. Note that after
RESET the state is as follows:

(1) IEF1is 0, so INTo is masked.

(2) ITE@ is 1, so INTo is enabled by execution of the El
(Enable Interrupts) instruction.

The INTo interrupt is unique in that 3 programmable inter-
rupt response modes are available - Mode 0, Mode 1 and
Mode 2. The specific mode is selected with the IM 0, IM 1
and IM 2 (Set Interrupt Mode) instructions. During RESET,
the Z80180 is initialized to use Mode 0 for INTO. The 3 in-
terrupt response modes for INTo are:

(1) Mode 0 - Instruction fetch from data bus.

(2) Mode 1 - Restart at logical address 0038H.

(3) Mode 2 - Low byte vector table address fetch from data
bus.

INTo Mode 0,

During the interrupt acknowledge cycle, an instruction is
fetched from the data bus (DO-D7) at the rising edge of T3.
Often, this instruction is one of the eight single byte RST
(RESTART) instructions which stack the PC and restart ex-
ecution at a fixed logical address. However, multibyte in-
structions can be processed if the interrupt acknowledging
device can provide a multibyte response. Uniike aii other
interrupts, the PC is not automatically stacked.

Note that TRAP interrupt will occur if an invalid instruction
is fetched during Mode 0 interrupt acknowledge.
(Reference Figure 40.)

Last MC li_NT"u acknowledge cyclel RST mstruction execution

T T

PC is pushed onto stack

T T, TWTW' Ta Ti T T 1o Ty T Te Ta
© AU
T \ /T
Ao—As X PC X s SP-2
Mt T\
‘MREG
RD
WR \
ioRa
RST instruction

Do~Ds PCH PCL

MC: Machine Cycle . .
* Two wait states are automatically inserted.

Figure 40. INTo Mode 0 Timing

INTo Mode 1

When NTq is received, the PC is stacked and instruction
execution restarts atlogical address 0038H. Both IEF1 and
IEF2 flags are reset to 0, disabling all maskable interrupts.
The interrupt service routine should normally terminate
with the EI (Enable Interrupts) instruction followed by the
RETI (Return from Interrupt) instruction, to reenable the in-
terrupts. Fig. 41 shows the use of INTo (Mode 1) and RETI
for the Mode 1 interrupt sequence.

o —IEF 1, EF2
program PCH  —(SP-1)
PCL  —iSP-2)

0038H

INTo Mode 1)
Ly pu Interrupt service
Mode 1) T program
PCL  —I(SP)
PCH —(SP+1)
El (1 — IEF ., IEF2)

RETI

Figure 41. INTo Mode 1 Interrupt Sequence
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Fig. 42 shows INTo Mode 1 timing.

iNTo Mode 2

This method determines the restart address by reading the
contents of a table residing in memory. The vector table
consists of up to 128 two-byte restart addresses stored in
low byte, high byte order.

The vector table address is located on 256 byte boundaries
in the 64K byte logical address space programmed in the
8-bit Interrupt Vector Register (I). Fig. 43 shows the INTo
Mode 2 Vector acquisition.

Last MC | TNTo acknowledge cycle Op-code fetch cycle
l PC is pushed onto stack
Ti To Tw'Tw'Ts Ty T2 T3 T1 T2 T3 Ty T2 Ts
)

N\ S
Ao—An X PC — X_sp-1_X_sP2_ X_0038H_ X
i —_\_—_/_—_——'—_"\___/_—
e N W W
IoRQ \ /
w /T
e NI

ST

* Two wait states are automatically inserted.

Figure 42. INTo Mode 1 Timing

Memory
16-bit Vector

Interrupt Vector| 8-bit on 1 1
Register | Data Bus - -

+ 1 | High-order 8 bits

Vector of starting address

256 Bytes
Low-order 8 bits Vectorw
Vecftor of starting address Table
Offset
b

l 1 1

Figure 43. INTo Mode 2 Vector Aquisition

During the INTo Mode 2 acknowledge cycle, the low-order
8 bits of the vector is fetched from the data bus at the rising
edge of T3 and the CPU acquires the 16-bit vector.

Next, the PC is stacked. Finally, the 16-bit restart address
is fetched from the vector table and execution begins at
that address.

Note that external vector acquisition is indicated by both
MT and TORQ LOW. Two wait states (Tw) are automatical-
ly inserted for external vector fetch cycles.

During RESET the Interrupt Vector Register (1) is initialized
to O0H and, if necessary, should be set to a different value
prior to the occurrence of a Mode 2 INTo interrupt. Fig. 44
shows INTo interrupt Mode 2 Timing.

OP-code

Last MC TNTG acknowledge cycle lfetch cyclﬁ

Vector lower N Interrupt manipulation
address read _| PC is pushed onto stack) cycle
LI o

T TeTWTw' Ts Ti Ti T Ta Ti Te Ta Ty Te Ta Ta T Ta Ty T2 T
@

WTo "\ /-
Starting address
Ao~Atg X PC X_SP-1_X_SP-2 X Vector )(!emoﬁ- X X
I J
_/

IE

g
o

i3

Starting address Starting address
Lower vector (lower address) (upper address)

Do—D7
ST/ N

* Two wait states are automatically inserted.

Figure 44. INTo Interrupt Mode 2 Timing

INT4, INT2

The operation of externalinterrupts INT1 and INT2is a vec-
tor mode similar to INTo Mode 2. The difference is that INT
and INT2 generate the low-order byte of vector table ad-
dress using the IL (Interrupt Vector Low) register rather
than fetching it from the data bus. This is also the interrupt
response sequence used for all internal interrupts (except
TRAP).

As shown in Fig. 45, the low-order byte of the vector table
address has the most significant 3 bits of the software
programmable IL register while the least significant 5 bits
are a unique fixed value for each interrupt (INT1, INT2 and
internal) source.

Memory
1G—bit Vector
I lxad Code L 4L
5 T T
Vector + 1 | saring acdruss
32 Bytes
Vector Low-order 8 bits Vector
of starting address table
L L
> g

Figure 45. INT1, INT2 Vector Aquisition

INT1 and INT2 are globally masked by IEF1 = 0. Each is
also individually maskable by respectively clearing the
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ITE1 and ITE2 (bits 1,2) of the INT/TRAP control register
to 0.
During RESET, IEF1, ITE1 and ITE2 bits are reset to 0.

Internal interrupts. Intemal interrupts (except TRAP) use
the same vectored response mode as INT1 and INT2 (Fig.
45). Internal interrupts are globally masked by IEF1 = 0.
Individual internal interrupts are enabled/disabled by
programming each individual /O (PRT, DMAC, CSV/O,
ASCI) control register. The lower vector of INT1, INT2 and
internal interrupt are summarized in Table 6.

Interrupt Source Priority L Fixed Code

bz be bs|b« bz b2 b1 bo
INT Highest | + « [0 0 0 0 O
INTz 0O 0 0 1 o0
PRT channel O 0O 0 1 0 O
PRT channel 1 0O 0 1 1 0
DMA channel O 0O 1 0 0 O
DMA channel 1 0o 1 0 1 0
CSsVo 0O 1 1 0 O
ASCI channel O o 1 1 1 0
ASCI channel 1 Lowest 1 0 0 0 O

* Programmable

Table 6. Vector Table

Interrupt Acknowledge Cycle Timing

Fig. 46 shows INT1,INT2,and internal interrupts timing.
INT1 and INT2 are sampled at the falling edge of the clock
state prior to T2 or T1 in the last machine cycle. If INT1 or
INT2is asserted LOW at the falling edge of clock state prior
to T3 or T1 in the last machine cycle, the interrupt request
is accepted. -

Interrupt Sources During Reset:

Interrupt Vector Register (I). All bits are reset to 0.
Since | = 0 locates the vector tables starting at logical ad-
dress 0000H, vectored interrupts (INTo Mode 2, INT;,
INT2, and internal interrupts) overlap with fixed restart in-
terrupts like RESET (0), NMI (0066H), INTo Mode 1
(0038H) and RST (0000H-0038H). The vector table(s) are
built elsewhere in memory and located on 356 byte boun-
daries by reprogramming | with the LD |, A instruction.

IL Register. Bits 7 - 5 are reset to 0.

The IL Register can be programmed to locate the vector

table for INTy, INT2 and internal interrupts on 32 byte sub-
boundaries within the 256 byte area specified by I.

IEF1, IEF2 Flags. Re§gt__to 0.
Interrupts other than NMI and TRAP are disabled.

ITC Register. ITEO set to 1. ITE1, ITE2 reset to 0.

INTo can be enabled by the El instruction, which sets IEF1
= 1. To enable INT1 and INT2 also requires that the ITE1
and ITE2 bits be respectively set = 1 by writing to ITC.

1/0 Control Registers. Interrupt enable bits reset to 0.
Ail Z80180 on-chip i/O (PRT, DMAC, CSI/G, ASCI) inter-
rupts are disabled and can be individually enabled by writ-
ing to each I/O control register interrupt enable bit.

RETI Instruction Sequence:

When the EDH/4DH sequence is fetched by the 280180,
it is recognized as the RETI instruction sequence. The
780180 will then refetch the RETI instruction with 4 T-
states in the EDH cycle to allow the Z80 peripherals time
to decode that cycle (See Figure 47). This allows the inter-
nal interrupt structure of the peripheral to properly decode
the instruction and behave accordingly.

The M1E bit of the Operation Mode Control Register
(OMCR) should be set to' 0. so that MT signal is active
only during the refetch of the RET! instruction sequence.
This is the desired operation when Z80 peripherals are
connected to the Z80180.

HTLThhhHBLTLTTHTLTLT T, LTT
¢ d d
Ao—Ass (A _X__PC X PC+1 i X PC X Pc+1 X
: EDH 4DH EDH H 4DH

W(M1E=l)—.[___[“]i____j'——]__j—_f_§—
MREC 1 L L
s LT ‘ "

Wi (MiE=0) |

Figure 47. RETI Instruction Sequence

The RETI instruction takes 22 T-states and 10 machine
cycles. Table 7 lists the conditions of all the control signals
during this sequence for the Z80180.

Machine M1

Cyde States Address Data RO WR MREQ IORQ 0C=1 10C=0 HALT ST
1 T1-T3 1stOpcode  EDH 0 1 0 1 0 1 1 0
2 T1-73 2ndOpcode  4DH 0 1 ] 1 o 1 1 1
3 A1l don’t care 3-state 1 1 1 1 1 1 1 1
4 m don't care 3-state 1 1 1 1 1 1 1 1
5 T don't care 3state 1 1 1 1 1 1 1 1
6 T1-T3 1stOpoode 'EDH (1] 1 0 1 V] o 1 1
7 T don't care 3-state 1 1 1 1 1 1 1 1
8 T1-13 2nd Opcode  4DH 0 1 (1] 10 1 1 1
9 T1-T3 SP data 1] 1 o 1 1 1 1 1
10 71-T3 SP+1 data 0 1 0 1 1 1 1 1

Table 7. RETI Control Signal States
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Op-code

inte i fetch cycle
Last MC - INT:, INT2, intemal interrupt acknowledge cycle 3%
PC Stacking Vector Table Read
Ty Ta Tw* Tw* T3 ITi T1+ T2 Ta th Tz Ts 'Th T2 Ta |T1 T2 Ta Ty T2 Ts
s .
NTv2 __\_ [ Starting
address
Ao—A1 PC SP-1 SP-2 Vector Vector+ 1
i ]
MREQ S oy WY o VY e WY e W
IORQ
L \ [\ [T\ A
WR J \ / . .
Starting address (L) Starting address (H)
Do—D7 ( PCH m\( a4 \ /
ST \ [ 1 —t—

MC: Machine Cycle.

* Two wait states are automatically inserted.

Figure 46.INT4, INT2, and Internal Interrupts Timing




Dynamic RAM Refresh Control

The Z80180 incorporates a dynamic RAM refresh control
circuit including 8-bit refresh address generation and
programmable refresh timing. This circuit generates
asynchronous refresh cycles inserted at the programmable
interval independent of CPU program execution. For sys-
tems which do not use dynamic RAM, the refresh function
can be disabled.

When the internal refresh controller determines that a
refresh cycle should occur, the current instruction is inter-
upted at the first breakpoint between machine cydles. The
refresh cycle is inserted by placing the refresh address on
Ao-A7 and the RFSH output is driven LOW.

Refresh cycles may be programmed to be either 2 or 3
clock cycles in duration by programming the REFW
(Refresh Wait) bit in the Refresh Control Register (RCR).
Note that the external WAIT input and the internal wait
state generator are not effective during refresh.

Fig. 48 shows the timing of a refresh cycle with a refresh
wait (TRw) cycle.

MCi ) MCi+ 1

Tri Tew' Tg2

Refresh cycle |

Refresh signal / - \

{intemal signal)
Refresh address X Ao—A7 X
MREQ 7 \ / A\

NOTE: * if three refresh cycles are specified, Ty, is inserted.
Otherwise, Tpy is not inserted.
MC: Machine Cycle

Figure 48. Refresh Cycle Timing

Refresh Control Register (RCR). The RCR specifies the
interval and length of refresh cycles, while enabling or disa-
bling the refresh function.

- l - lcvc1 l cvcol

bit 7 6 5 4
L REFE J REFW l - | - I
RW R/W RW R/W
Figure 49. Refresh Control Register (RCA: /0
Address = 36H)

REFE: Refresh Enable (bit 7)

REFE = 0 disables the refresh controller while REFE = 1
enables refresh cycle insertion. REFE is set to 1 during
RESET.

3 2 1 4]

REFW: Refresh Wait (bit 6)
REFW = 0 causes the refresh cycle to be two clocks in
duration. REFW = 1 causes the refresh cycle to be three

clocks in duration by adding a refresh wait cycle (TRW).
REFW is set to 1 during RESET.

CYCH1, 0: Cycle Interval (bit 1, 0)

CYC1 and CYCO specify the interval (in clock cycles) be-
tween refresh cycles. In the case of dynamic RAMSs requir-
ing 128 refresh cycles every 2 ms (or 256 cycles in every
4 ms), the required refresh interval is less than or equal to
15.625 ps. Thus, the underlined values indicate the best
refresh interval depending on CPU clock frequency. CYCO
and CYC1 are cleared to 0 during RESET. Reference
Table 8. :

i Time i |

cyct | cco | Insertion ime interva
interval |¢: 10 MHz| 8 MHz 6 MHz 4 MHz 2.5 MHz
(o] 0 10 states | (1.0 us)* | (1.25 us)*| 1.66 us 25 pus 40 us
o 1 20 states | (20 us)” | (25 pus)"| 33 us 5.0 us 80 us
1 0 |40states [ (4.0 us)* | (50 pus)*| 66 us | 100 us | 160 us
1 1 80 states | (8.0 pus)* [(100 us)*| 13.3 us | 200 us | 320 us

* calculated interval
Table 8. DRAM Refresh Intervals

Refresh Control And Reset. After RESET, based on the
initialized value of RCR, refresh cycles will occur with an
interval of 10 clock cycles and be 3 clock cycles in dura-
tion.

Dynamic Ram Refresh Operation Notes.

(1) Refresh Cycle insertion is stopped when the CPU is in
the following states:

(a) During RESET.
(b) When the bus is released in response to BUSREQ.
(c) During SLEEP mode.

(d) During WAIT states.

(2) Refresh cycles are suppressed when the bus is
released in response to BUSREQ. However, the refresh
timer continues to operate. Thus, the time at which the first
refresh cycle occurs after the Z80180 re-acquires the bus
depends on the refresh timer and has no timing relation-
ship with the bus exchange.

(3) Refresh cycles are suppressed during SLEEP mode.
If a refresh cycle is requested during SLEEP mode, the
refresh cycle request is internally "latched"” (until replaced
with the next refresh request). The "latched" refresh cycle
isinserted at the end of the first machine cycle after SLEEP
mode is exited. After this initial cycle, the time at which the
next refresh cycle occurs depends on the refresh time and
has no timing relationship with the exit from SLEEP mode.

(4) Regarding (2) and (3), the refresh address is incre-
mented by one for each successful refresh cycle, not for
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' each refresh request. Thus, independent of the number of.

"missed"” refresh requests, each refresh bus cycle will use

arefresh address incremented by one from that of the pre-
vious refresh bus cycles. '

DMA Controller (DMAC)

The Z80180 contains a two-channel DMA (Direct Memory
Access) controller which supports high speed data trans-
fer. Both channels (channel 0 and channel 1) have the fol-
lowing capabilities. .

Memory Address Space. Memory source and destination
addresses can be directly specified anywhere within the
1024K byte physical address space using 20-bit source
and destination memory addresses. In addition, memory
transfers can arbitrarily cross 64K byte physical address
boundaries without CPU intervention.

1/0 Address Space. I/O source and destination addresses
can be directly specified anywhere within the 64K byte I/O
address space (16-bit source and destination 1/O addres-
ses).

Transfer Length. Up to 64K bytes are transferred based
on a 16-bit byte count register.

DREQ Input. Level and edge sense DREQ input detection
are selectable.

TEND Output. Used to indicate DMA completion to exter-
nal devices.

Transfer Rate. Each byte transfer can occur every 6 clock
cycles. Wait states can be inserted in DMA cycles for slow
memory or /O devices. At the system clock (g) = 6 MHz,
the DMA transfer rate is as high as 1.0 megabytes/second
(no wait states).

There is an additional feature disc for DMA interrupt re-

quest by DMA END. Each channel has the following addi-
tional specific capabilities. ‘

Channel 0
Memory <> memory, memory < /0, memory <> memory
mapped I/O transfers.

-Memory address increment, decrement, no-change.
-Burst or cycle steal memory to/from memory transfers.
-DMA to/from both ASCI channels.

-Higher priority than DMAC channel 1.

Channel 1
Memory < I/O transfer.
Memory address increment, decrement

DMAC Registers
Each channel of the DMAC (channel 0, 1) has three
registers specifically associated with that channel.

Channel 0

SARO - Source Address Register
DARGO - Destination Address Register
BCRO - Byte Count Register

Channel 1

MART1 - Memory Address Register
IAR1 - 1/0 Address Register
BCR1 - Byte Count Register

The two channels share the following three additional
registers in common.

DSTAT - DMA Status Register
DMODE - DMA Mode Register
DCNTL - DMA Control Register

DMAC Block Diagram. Fig. 50 shows the 264180 DMAC
Block Diagram.

< Internal Address/Data Bus >

y ]

DMA Source Address DMA Status
Register chO : SARO (20} Register : DSTAT (8)

DMA Destination Address
Register chO : DARO (20)

DMA Byte Count
Register chO : BCRO (16

[DMA Memory Address

Priority & |~ DREQo
Request
Control

DMA Mode

Register : DMODE (8)| <— DREQ:

DMA/WAIT Control
Register : DCNTL (8)

Register ch1 : MAR1 (20}

DMA 1/O Address
Register ch1 : IAR1 (16)

DMA Byte Count
Register ch1 : BCR1 (16)

{ [

Incrementer/Decrementer (19) Interrupt Request

[ Bus & CPU

DMA Control
Control

Figure 50. DMAC Block Diagram
DMAC Register Description.

DMA Source Address Register Channel 0 (SARO: I/O
Address = 20H to 22H)

Specifies the physical source address for channel 0 trans-
fers. The register contains 20 bits and can specify up to
1024K byte memory addresses or up to 64K byte I/0O ad-
dresses. Channel 0 source can be memory, /O, or memory
mapped I/O.

DMA Destination Address Register Channel 0 (DARO:
/0 Address = 23H to 25H)

Specifies the physical destination address for channel 0
transfers. The register contains 20 bits and can specify up
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to 1024K byte memory addresses or up to 64K byte I/O ad-
dresses. Channel 0 destination can be memory, 1/O, or
memory mapped I/O.

DMA Byte Count Register Channel 0 (BCRO: I/O Ad-
dress = 26H to 27H)

Specifies the number of bytes to be transferred. This
register contains 16 bits and may specify up to 64K byte
transfers. When one byte is transferred, the register is
decremented by one. If "n" bytes are transferred, "n" is
stored before the DMA operation.

DMA Memory Address Register Channel 1 (MAR1: 1/0
Address = 28H to 2AH)

Specifies the physical memory address for channel 1
transfers. This may be destination or source memory ad-
dress. The register contains 20 bits and may specify up to
1024K byte memory address.

DMA 1/0 Address Register Channel 1 (IAR1: /O Ad-
dress = 2BH to 2CH)

Specifies the I/O address for channel 1 transfers. This may
be destination or source I/O address. The register contains
16 bits and may specify up to 64K byte I/O addresses.

DMA Byte Count Register Channel 1 (BCR1: I/0 Ad-
dress = 2EH to 2FH)
Specifies the number of bytes to be transferred. This
register contains 16 bits and may specify up to 64K byte
transfers. When one byte is transferred, the register is
decremented by one.

DMA Status Register (DSTAT)

DSTAT is used to enable and disable DMA transfer and
DMA termination interrupts. DSTAT also determines DMA
transfer status, i.e. completed or in progress.

bit 7 6 5 4 3 2 1
DE1 DEO DWE1 DWEO DIE1 [ DIEO | - DME ]
RW RW w w R/W R/W R

Figure 51. DMA Status Register (DSTAT : /O
Address = 30H)

DE1: DMA Enable Channel 1 (bit 7)

When DE1 = 1 and DME = 1, channel 1 DMA is enabled.
When a DMA transfer terminates (BCR1 = 0), DE1 is reset
to 0 by the DMAC. When DE1 = 0 and the DMA interrupt
is enabled (DIE1 = 1), a DMA interrupt request is made to
the CPU.

To perform a software write to DE1, DWET is written with
0 during the same register write access. Writing DE1 to 0
disables channel 1 DMA, but DMA is restartable. Writing
DE1 to 1 enables channel 1 DMA and automatically sets
DME (DMA Main Enable) to 1. DE1 is cleared to 0 during
RESET.

DEO: DMA Enable Channel 0 (bit 6)
When DEO = 1 and DME = 1, channel 0 DMA is enabled.
When a DMA transfer terminates (BCRO = 0), DEQ s reset

to 0 by the DMAC. When DEO = 0 and the DMA interrupt
is enabled (DIEO = 1), a DMA interrupt request is made to
the CPU.

To perform a software write to DEO, DWEO should be writ-
ten with 0 during the same register write access. Writing
DEO to O disables channel 0 DMA. Writing DEO to 1
enables channel 0 DMA and automatically sets DME (DMA
Main Enable) to 1. DEQ is cleared to 0 during RESET.

DWET1: DE1 Bit Write Enable (bit 5)

When performing any software write to DE1, DWE1 should
be written with 0 during the same access. DWE1 write
value of 0 is not held and DWET is always read as 1.

DWEO: DEO Bit Write Enable (bit 4)

When performing any software write to DEO, DWEQ should
be written with 0 during the same access. DWEQ write
value of 0 is not held and DWEQ is always read as 1.

DIE1: DMA Interrupt Enable Channel 1 (bit 3)

When DIEO is set to 1, the termination channel 1 DMA
transfer (indicated when DE1 =0) causes a CPU interrupt
request to be generated. When DIE1 = 0, the channel 1
DMA termination interrupt is disabled. DIE1 is cleared to 0
during RESET.

DIEO: DMA Interrupt Enable Channel 0 (bit 2)

When DIEQ is set to 1, the termination channel 0 of DMA
transfer (indicated when DEO = 0) causes a CPU interrupt
request to be generated. When DIEO = 0, the channel 0
DMA termination interrupt is disabled. DIEQ is cleared to 0
during RESET.

DME: DMA Main Enable (bit 0)

A DMA operation is only enabled when its DE bit (DEO for
channel 0, DE1 for channel 1) and the DME bit are set to
1.

When NMi occurs, DME is reset to 0, thus disabling DMA
activity during the NMT interrupt service routine. To restart
DMA, DEO and/or DE1 should be written with 1 (even if the
contents are already 1). This automatically sets DME to 1,
allowing DMA operations to continue. Note that DME can-
not be directly written. It is cleared to 0 by NMI or indirect-
ly set to 1 by setting DEO and/or DE1 to 1. DME is cleared
to 0 during RESET.

DMA Mode Register (DMODE)
DMODE is used to set the addressing and transfer mode

for channel 0.
bit 7 6

L-— l - DM1 ‘ DMO [SM‘! SMO MMODI - J
R/W R/W R/W R/W RW

Figure 52. DMA Mode Register (DMODE : I/0
Address = 31H)
DM1, DMO: Destination Mode Channel 0 (bits 5,4)
Specifies whether the destination for channel 0 transfers
is memory, I/O or memory mapped I/0 and the correspond-
ing address modifier. DM1 and DMO are cleared to 0 during
RESET.

5 4 3 2 1 0
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Address
DM1 DMO | Memory//O Increment/Decrement
o] [o] Memory +1
(o] 1 Memory —1
1 0 Memory fixed
1 1 /0 fixed

Table 9: Channel 0 Destination

SM1, SMO: Source Mode Channel 0 (bits 3,2)
Specifies whether the source for channel 0 transfers is
memory, /O, or memory mapped /O and the correspond-
ing address modifier. SM1 and SMO are cleared to 0 during
RESET. '

Address
SM1 SMO | Memory//O Increment/Decrement
(0] [o] Memory +1
o 1 Memory -1
1 (] Memory fixed
1 1 1/0 fixed

Table 10: Channel 0 Source

Table 11 shows all DMA transfer mode combinations of
DMO, DM1, SMO, SM1. Since I/O to/from I/O transfers are
not implemented, 12 combinations are available.

Address

DM1 DMO SM1 SMO - Increment/Decrement

Transfer Mode

0 o 0 ) Memory—Memory SARO+ 1, DARO+ 1

0 [ 0 1 Memory—Memory SARO— 1, DARO+ 1
o [ 1 0 Memory*—Memory SARO fixed, DARO+ 1
o [ 1 1 1/O—Memory SARO fixed, DARO+ 1
) 1 0 ) Memory—Memory SARO+ 1, DARO— 1
[ 1 9] 1 Memory—Memory SARO—1, DARO—1
[ 1 1 [} Memory*—Memory SARO fixed, DARO— 1
0o 1 1 1 1/O—Memory SARO fixed, DARO— 1
1 o [ o Memory—Memory* SARO+ 1, DARO fixed
1 o [ 1 Memory—Memory* SARO— 1, DARO fixed
1 o 1 o reserved

1 [ 1 1 reserved

1 1 [} [ Memory—1/O SARO+ 1, DARO fixed
1 1 [ 1 Memory—1/O SARO— 1, DARO fixed
1 1 1 [ reserved

1 1 1 1

reserved

* ¢ includes memory mapped /O
Table 11. Transfer Mode Combinations

MMOD: Memory Mode Channel 0 (bit 1)

When channel 0 is configured for memory to/from memory
transfers, the external DREQo input is not used to control
the transfer timing. Instead, two automatic transfer timing
modes are selectable - burst (MMOD = 1) and cycle steal
(MMOD = 0). For burst memory to/from memory transfers,
the DMAC takes control of the bus continuously until the
DMA transfer completes (as shown by the byte count
register = 0). In cycle steal mode, the CPU is given acycle
for each DMA byte transfer cycle until the transfer is com-
pleted.

For channel 0 DMA with /O source or destination, the
DREQo input times the transfer and thus MMOD is ig-
nored. MMOD is cleared to 0 during RESET.

DMA/WAIT Control Register (DCNTL)

DCNTL controls the insertion of wait states into DMAC
(and CPU) accesses of memory or I/O. Also, the DMA re-
quest mode for each DREQ (DREQo and DREQ1) input is
defined as level or edge sense. DCNTL also sets the DMA
transfer mode for channel 1, which is limited to memory
to/from /O transfers.

bit 7 6 5 4 3 2 1 0
I Mwi | MwIO | wn I WI0 l DMS1 l DMSO 1 DIM1 | DIMO |
RW R/W R/W R/W RW RW RW R/W

Figure 53. DMA/WAIT Control Register (DCNTL : I/0
Address = 32H)

MWI1, MWIO: Memory Wait Insertion (bits 7-6)
Specifies the number of wait states introduced into CPU or
DMAC memory access cycles. MWI1 and MWIO are set to
1 during RESET. See section on Wait State Generator for
details.

IWH, IWIO: I/0O Wait insertion (bits 5-4)

Specifies the number of wait states introduced into CPU or
DMAC I/0 access cycles. IWI1 and IWI0 are set to 1 during
RESET. See section on Wait State Generator for details.

DMS1, DMS0: DMA Request Sense (bits 3-2)

DMS1 and DMSO specify the DMA request sense for chan-
nel 0 (DREQO) and channel 1 (DREQ1), respectively.
When reset to 0, the input is level sense. When set to 1,
the input is edge sense. DMS1 and DMSQ are cleared to
0 during RESET.

DIM1,DIMO: DMA Channel 1 I/0 and Memory Mode
(bits 1-0) .

Specifies the source/destination and address modifier
for channel 1 memory to/from /O transfer modes. DIM1
and DIMO are cleared to 0 during RESET.

DIM1 DIMO|  Transfer Mode Address
Increment/Decrement
o (o] Memory—Il/O MAR1+ 1, IAR1 fixed
o] 1 Memory—1/0 MAR1—1, IAR1 fixed
1 (o] 1/0—Memory IAR1 fixed, MAR1+ 1
1 1 1/0—Memory IAR1 fixed, MAR1—1

Table 12: Channel 1 Transfer Mode

DMA Operation

This section discusses the three DMA operation modes for
channel 0, memory to/from memory, memory to/from I/O,
and memory to/from memory mapped I/O. In addition, the

_operation of channel 0 DMA with the on-chip ASCI

(Asynchronous Serial Communication Interface) as well as
Channel 1 DMA are described.

Memory <> Memory - Channel 0
For memory to/from memory transfers, the external
DREQQ input is not used for DMA transfer timing. Rather,
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the DMA operation is timed in one of two programmable
modes - burst or cycle steal. In both modes, the DMA
operation automatically proceeds until termination (shown
by byte count- BCRO) = 0.

In burst mode, the DMA operation proceeds until termina-
tion. In this case, the CPU cannot perform any program ex-
ecution until the DMA operation is completed.

In cycle steal mode, the DMA and CPU operation are al-
ternated after each DMA byte transfer until the DMA is
completed. The sequence...

1 CPU Machine Cycle
DMA Byte Transfer

... is repeated until DMA is completed. Fig.54.shows cycle
steal mode DMA timing.

Previous
DMA cycle | CPU cycle ]DMA cycle (transfer 1 Mel_). cPyU cvcleJ_DMA cycle
T T T

1
T: T, ToT

wem
operand sddress

Figure 54. DMA Timing-Cycle Steal Mode

To initiate memory <> memory DMA transfer for channel
0, perform the following operations.

(1) Load the memory source and destination address into
SARO0 and DARO.

(2) Specify memory to/from memory mode and address
increment/decrementin the SM0, SM1, DM0 and DM1 bits
of DMODE.

(3) Load the number of bytes to transfer in BCRO.

(4) Specify burst or cycle steal mode in the MMOD bit of
DCNTL.

(5) Program DEO =1 (with DWEO = 0 in the same access)
in DSTAT and the DMA operation starts one machine cycle
later. If interrupt occurs at the same time, the DIEO bit
should be setto 1.

Memory < /0 (Memory Mapped 1/O) - Channel 0

For memory & I/O (and memory to/from memory mapped
1/0) the DREQQ input is used to time the DMA transfers.
In addition, the TENDO (Transfer End) output is used to in-
dicate the last (byte count register BCRO = 00H) transfer.

The DREQO input can be programmed as level or edge
sensitive.

When level sense is programmed, the DMA operation
begins when DREQo is sampled LOW. If DREQo is
sampled HIGH, after the next DMA byte transfer, control is
relinquished to the Z80180 CPU. As shown in Fig. 33,
DREQo is sampled at the rising edge of the clock cycle
prior to T3, i.e. either T2 or Tw.

OMA Wite Cycle | CPU Machine Cycle| DMA Read Cycle | DMA Wte Cycle 10) |

Tw Tw T Ty T, Ts T, Te Ty T T Tw Tw Ty T T

o _UULMLMryyurLruyLrL L
.- l.. l..

** DREQ is sampled at |

Figure 55. CPU Operation and DMA Operation
(DREQq is Programmed for Level Sense)

When edge sense is programmed, DMA operation begins
at the falling edge of DREQo. If another falling edge is
detected before the rising edge of the clock prior to T3
during DMA wrrite cycle (i.e. T2 or Tw), the DMAC continues
operating. If an edge is not detected, the CPU is given con-
trol after the current byte DMA transfer completes. The
CPU will continue operating until a DREQo falling edge is
detected before the rising edge of the clock prior to T3 at
which time the DMA operation will (re)start. Fig. 56 shows
the edge sense DMA timing.

cycle

. CPU machine | DMA read . CPU fhachine
DMA write cycle | \cl cycle DMA write cycle !
+ 1 -t

t
Tw Ts T: Tz Ta Tv Tz To Tv Tz Tw Ta Ty T2 Ta

JUyyuuuyvuyyiuyyuy

RS l

@

* BREGo is sampled at |

Figure 56. CPU Operation and DMA Operation
(DREQq is Programmed for Edge Sense)

During the transfers for channel 0, the TENDo output goes
LOW synchronous with the write cycle of the last (BCRO =
00H) DMA transfer (Reference Fig. 57).

Last DMA cycle (BCRO = OOH)

DMA write cycle

DMA read cycle 1
I

T T2 T3 Ty T2 Tw T3

LSRN Uy S N U s [ Sy B I

TENDo

N/

Figure 57. TENDg Output Timing

The DREQo and TENDo pins are programmably multi-
plexed with the CKAO and CKA1 ASCI clock input/outputs.
However, when DMA channel 0 is programmed for
memory < /O (and memory <> memory mapped 1/O)
transfers, the CKAO/DREQo pin automatically functions as
input pin even if it has been programmed as output pin for
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CKAOQ. And the CKA1/TENDo pin functions as output pin
for TENDo by setting CKA1D to.1in CNTLA1.

To initiate memory « /O (and memory < memory
mapped I/0) DMA transfer for channel 0, perform the fol-
lowing operations:

(1) Load the memory and /O or memory mapped 110
source and destination addresses into SARO and DARQO.
Note that /O addresses (not memory mapped I/O) are
limited to 16 bits (Ao-A15). Make sure that bits A1s, A17and
A19 are 0 (A1g is a don't care) to correctly enable the ex-
ternal DREQo input.

2 Spécify memory <> I/O or memory <> memory mapped
1/0 mode and address increment/decrement in the SMO,
SM1, DMO, and DM1 bits of DMODE.

(3) Load the number of bytes to transfer in BCRO.

(4) Specify whether DREQo is edge or level sense by
programming the DMSO0 bit of DCNTL.

(5) Enable or disable DMA termination interrupt with the
DIEO bit in DSTAT.

(6) Program DEO =1 (wrth DWEO = 0 in the same access)
in DSTAT and the DMA operation beglns under the con-
trol of the DREQo input.

Memory <> ASCI - Channel 0

Channel 0 has extra capability to support DMA transfer
to/from the on-chip two channel ASCI. In this case, the ex-
ternal DREQo inputis not used for DMA timing. Rather, the
ASCl status bits are used to generate an internal DREQo.
The TDRE (Transmit Data Register Emply) bit and the
‘RDRF (Receive Data Register Full) bit are used to
generate an internal DREQo for ASCI transmission and
reception respectively.

‘To initiate memory <> ASCI DMA transfer, perform the fol-
lowing operations:

(1) Load the source and destination addresses into SARO
and DARO. Specify the I/O (ASCI) address as follows:

Bits Ao-A7 should contain the address of the ASCI chan-
nel transmitter or receiver (1/O addresses 6H-9H).

Bits Ag-A15 should equal 0.
Bits A17-A16 should be set according to Table 13 to enable

use of the appropriate ASCI status bit as an internal DMA
request.

SAR18 | SAR17 | SAR16 DMA Transfer Request
X 0] 0 DREQo
X o] 1 RDRF (ASCI channel 0)

X 1 o} RDRF (ASCI channel 1)
X 1 1 reserved

X: Don’t care

DAR18 | DAR17 | DAR16 DMA Transfer Request
X 0 0 DREQo
X o] 1 TDRE (ASCI channel 0)
X 1 0 TDRE (ASCI channel 1)
X 1 1 reserved

X: Don’t care
Table 13: DMA Request

(2) Specify memory < /O transfer mode and address ir;:-
crement/decrement in the SM0,SM1, DMO and DM1 bits
of DMODE.

(3) Load the number of bytes to transfer in BCRO.

(4) The DMA request sense mode (DMSO bit in DCNTL)
MUST be specified as "edge sense”.

(5) Enable or disable DMA termination interrupt with the
DIEO bitin DSTAT.

(6) Program DEO = 1 (with DWEO =0 in the same access)
in DSTAT and the DMA operation with the ASCI begins
under control of the ASCI generated internal DMA request.

The ASCI receiver or transmitter using DMA is initialized
to allow the first DMA transfer to begin.

The ASCI receiver must be "empty” as shown by RDRF =
0.

The ASCI transmitter must be "full” as shown by TDRE =
0. Thus, the first byte is written to the ASCI Transmit Data
Register under program control. The remamlng bytes are
transferred using DMA.

Channel 1 DMA. DMAC Channel 1 performs memory
to/from /O transfers. Except for different registers and
status/control bits, operation is exactly the same as
described for channel 0 memory to/from I/O DMA.

To initiate DMA channel 1 memory <> I/O transfer perform
the following operations:

(1) Load the memory address (20 bits) into MAR1.

(2) Load the /O address (16 bits) into IAR1.
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(3) Program the source/destination and address incre-
ment/decrement mode using the DIM1 and DIMO bits in
DCNTL.

(4) Specify whether DREQ1 is level or edge sense in the
DMSH bitin DCNTL.

(5) Enable or disable DMA termination interrupt with the
DIE1 bitin DSTAT.

(6) Program DE1 =1 (with DWE1 = 0 in the same access)
in DSTAT and the DMA operation with the external /O
device begins using the external DREQ1 input and TEND1
output.

DMA Bus Timing. When memory (and memory mapped
I/0) is specified as a source or destination, MREQ goes
LOW during the memory access. When /O is specified as
a source or destination, IORQ goes LOW during the I/O
access.

When /O (and memory mapped I/O) is specified as a
source or destination, the DMA timing is controlled by the
external DREQ input and the TEND output indicates DMA
termination. Note that external I/O devices may not over-
lap addresses with internal I/O and control registers, even
using DMA.

For I/O accesses, one wait state is automatically inserted.
Additional wait states can be inserted by programming the
on-chip wait state generator or using the external WAIT
input. Note that for memory mapped /O accesses, this
automatic I/O wait state is not inserted.

For memory to memory transfers (channel 0 only), the ex-
ternal DREQo input is ignored. Automatic DMA timing is
programmed as either burst or cycle steal.

When a DMA memory address carry/borrow between bits
A15 and A16 of the address bus occurs (when crossing
64K byte boundaries), the minimum bus cycle is extended
to 4 clocks by automatic insertion of one internal Ti state.

DMAC Channel Priority. For simultaneous DREQo and
DREQ1 requests, channel 0 has priority over channel 1.
When channel 0 is performing a memory to/from memory
transfer, channel 1 cannot operate until the channel 0
operation has terminated. If channel 1 is operating, chan-
nel 0 cannot operate until channel 1 releases control of the
bus.

DMAC and BUSREQ, BUSACK. The BUSREQ and
BUSACK inputs allow another bus master to take control
of the Z80180 bus. BUSREQ and BUSACK have priority
over the on-chip DMAC and suspends DMAC operation.
The DMAC releases the bus to the external bus master at
the breakpoint of the DMAC memory or /O access. Since
a single byte DMAC transfer requires a read and a write
cycle, it is possible for the DMAC to be suspended after
the DMAC read, but before the DMAC write. Hence, when

T

the external master releases the Z80180 bus (BUSREQ
HIGH), the on-chip DMAC correctly continues the
suspended DMA operation.

DMAC Internal Interrupts. Fig. 58 illustrates the intemal
DMA interrupt request generation circuit.

IEF1

DE1 DMA ch1 interrupt
DIE1 Request

DEO DMA chO Interrupt
DIEO Request

Figure 58. DMA Interrupt Request Generation

DEO and DE1 are automatically cleared to 0 by the 280180
at the completion (byte count =0) of a DMA operation for
channel 0 and channel 1, respectively. They remain 0 until
a 1 is written. Since DEO and DE1 use level sense, an in-
terrupt occurs if the CPU IEF1 flag is set to 1. Therefore,
the DMA termination interrupt service routine should dis-
able further DMA interrupts (by programming the channel
DIE bit = 0) before enabling CPU interrupts (i.e. IEF1 is set
to 1). After reloading the DMAC address and count
registers, the DIE bit can be set to 1 to reenable the chan-
nel interrupt, and at the same time DMA can resume by
programming the channel DE bit = 1.

DMAC and NMI. NMI, unlike all other interrupts, automati-
cally disables DMAC operation by clearing the DME bit of
DSTAT. Thus, the NMI interrupt service routine responds
to time critical events without delay due to DMAC bus
usage. Also, NMI can be effectively used as an extemal
DMA abort input, recognizing that both channels are
suspended by the clearing of DME.

If the falling edge of NMI occurs before the falling clock of
the state prior to T3 (T2 or Tw) of the DMA write cycle, the
DMAC is suspended and the CPU starts the NMl response
at the end of the current cycle.

I DMA read cycle l DMA write cycle _L CPU machine cycle

' T T2 Ta | T T2 Ta lTv

DME="0" (DMA Stop)

Figure 59. NMI and DMA Operation

By setting a channel’s DE bit to 1, the channel’'s operation
is restarted and DMA correctly resumes from its
suspended point by NMI. (Reference Fig. 59)

DMAC and RESET. During RESET the bits in DSTAT,
DMODE, and DCNTL are initialized as stated in their in-
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dividual register descriptions. Any DMA operation in
progress is stopped, allowing the CPU to use the bus to
perform the RESET sequence. However, the address

register (SAR, DARO, MAR1, IAR1) and byte countregister
(BCRO, BCR1) contents are not changed during RESET.

Asynchronous Serial Communication Interface (ASCI)

The Z80180 on-chip ASCI has two independent full-duplex
channels. Based on full programmability of the following
functions, the ASCI directly communicates with a wide
variety of standard UARTs (Universal Asynchronous
Receiver/Transmitter) including the 28440 SIO and the
78530 SCC.

The key functions for ASCI are shown below. Each chan-
nel is independently programmable.

-Full-duplex communication.

-7- or 8-bit data length.

-Program controlled 9th data bit for multiprocessor
communication.

-1 or 2 stop bits.

-Odd, even, no parity.

-Parity, overrun, framing error detection.

-Programmable baud rate generator, /16 and /64 modes.

-Speed to 38.4K bits per second (CPU fc = 6.144 MHz).

-Modem control signals - Channel 0 has DCDO, CTS0 and
RTSO0 Channel 1 has CTS1.

-Programmable interrupt condition enable and disable.

-Operation with on-chip DMAC.

ASCI Block Diagram. Figure 60 shows the ASCI block
diagram.

<

Interal Address/Data Bus >
x Interrupt Request ]

ASCI Transmit Data Register ASCI Transmit Data Register
ch 0 : TDRO . ch 1:TDR1

TXAo *ASCI Transmit Shift Register'
¢h 0 ; TSRO

ASCI Transmit Shift Register'[~ TXA:
ch 1:TSR1

———-

ASCI Receive Data Register
ch O : RDRO [~

ASCI Receive Data Register
ch 1: RDR1

o ASCI Receive Shift Register® [ RXA1

ASCI Receive Shift Register
Ascl ch 1 : RSR1 (8)

ch O : RSRO (8) Control

ASCI Control Register A L
ch 0 : CNTLAO (8)

| .| ASCI Control Register A

RTSo ~ ch 1: CNTLA1 (8)

CTSo ~+{ ASCI Control Register B
ch 0 : CNTLBO (8)

ASCI Control Register B
ch 1: CNTLB1 (8)

DCDo~+| ASCI Status Register ASCI Status Register

ch 0 : STATO (8) ch 1:STAT1 (8)
CKAo<—=  Baud Rate
Generator O le— g
CKA: Baud Rate 'Not program Accessible

Generator 1

Figure 60. ASCI Block Diagram

‘ASCIRegister Description. The following subparagraphs
explaing the various functions of the ASCI registers.

ASCI Transmit Shift Register 0, 1 (TSRO, 1)
When the ASCI Transmit Shift Register receives data from

the ASCI Transmit Data Register (TDR), the data is shifted
out to the TXA pin. When transmission is completed, the
next byte (if available) is automatically loaded from TDR
into TSR and the next transmission starts. If no data is
available for transmission, TSR idles by outputting a con-
tinuous HIGH level. This register is not program acces-
sible.

ASCI Transmit Data Register 0, 1 (TDRO, 1: /O Address
= 06H, 07H)

Data written to the ASCI Transmit Data Register is trans-
ferred to the TSR as soon as TSR is empty. Data can be
written while TSR is shifting out the previous byte of data.
Thus, the ASCI transmiitter is double buffered.

Data can be written into and read from the ASCI Transmit
Data Register.

If data is read from the ASCI Transmit Data Register, the
ASCI data transmit operation will not be affected by this
read operation.

ASCI Receive Shift Register 0, 1 (RSRO, 1)

This register receives data shifted in on the RXA pin. When
full, data is automatically transferred to the ASCI Receive
Data Register (RDR) f itis emply. If RSRis notempty when
the next incoming data byte is shifted in, an overrun error
occurs. This register is not program accessible.

ASCI Receive Data Register 0, 1 (RDRO, 1: /O Address
= 08H, 09H) '

When a complete incoming data byte is assembledin RSR,
itis automatically transferred to the RDR if RDR is empty.
The nextincoming data byte can be shifted into RSR while
RDR contains the previous received data byte. Thus, the
ASCl receiver is double buffered.

The ASCI Receive Data Register is a read-only-register.
However, if RDRF = 0, data can be written into the ASCI
Receive Data Register, and the data can be read.

ASCI Status Register 0, 1 (STATO, 1)

Each channel status register allows interrogation of ASCI
communication, error and modem control signal status,
and enabling or disabling of ASCl interrupts.

ASC! Status Reqister 0 (STATO : VO Address = 04'4)

, [ [ o]

lRDRFlOVRN PE |

R R
ASCI Status Regxster 1 (STAT‘I vo Adduss = OSH)
bit 7 6 5 4 3 2 1 [
I RDRF I OVRN“ PE I FE I RIE I CTS!EJ TDRE ] TE
R R R R RW W R W

Figure 61. ASCI Status Registers
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RDRF: Receive Data Register Full (bit 7)

RDRF is setto 1 when an incoming data byte is loaded into
RDR. Note that if a framing or parity error occurs, RDRF is
still set and the receive data (which generated the error) is
still loaded into RDR. RDRF is cleared to 0 by reading
RDR, when the DCDo input is HIGH, in IOSTOP mode and
during RESET.

OVRN: Overrun Error (bit 6)

OVRN is set to 1 when RDR is full and RSR becomes full.
OVRN is cleared to 0 when the EFR bit (Error Flag Reset)
of CNTLA is written to 0, when DCDg is HIGH, in IOSTOP
mode, and during RESET.

PE: Parity Error (bit 5)

PE is setto 1 when a parity error is detected on an incom-
ing data byte and ASCI parity detection is enabled (the
MOD1 bit of CNTLA is set to 1). PE is cleared to 0 whe!i
the EFR bit (Error Flag Reset) of CNTLA is written to 0,
when DCDo is HIGH, in IOSTOP mode, and during
RESET.

FE: Framing Error (bit 4)

If a receive data byte frame is delimited by an invalid stop
bit (i.e. 0, should be 1), FE is set to 1. FE is cleared to 0
when the EFR bit (Error Flag Reset) of CNTLA is written
to 0, when DCDo is HIGH, in IOSTOP mode, and during
RESET.

RIE: Receive Interrupt Enable (bit 3)

RIE should be setto 1 to enable ASCl receive interrupt re-
quests. When RIE is 1, if any of the flags RDRF, OVRN,
PE, or FE become set to 1, an interrupt request is
generated. For channel 0, an interruptis also generated by
the transition of the extemal DCDo input from LOW to
HIGH. RIE is cleared to 0 during RESET.

DCDo: Data Carrier Detect (bit 2 STATO)

Channel 0 has an external DCDg input pin. The DCDo bit
is set to 1 when the DCDo input is HIGH. Itis cleared to 0
on the first read of STATO following the DCDo input transi-
tion from HIGH to LOW and during RESET. When DCDo
=1, receiver unitis reset and receiver operationis inhibited.

CTS1E: Channel 1 CTS Enable (bit 2 STAT1)

Channel 1 has an external CTS1 input (pin 52) which is
multiplexed with the receive data pin (RXS) for the CSI/O
(Clocked Serial /O Port). Setting CTS1E to 1 selects the
CTS1 function and clearing CTS1E to 0 selects the RXS
function.

TDRE: Transmit Data Register Empty (bit 1)

TDRE = 1 indicates that the TDR is empty and the next
transmit data byte is written to TDR. After the byte is writ-
ten to TDR, TDRE is cleared to 0 until the ASCI transfers
the byte from TDR to the TSR and then TDRE is again set
to 1. TDRE is setto 1in IOSTOP mode and during RESET.
When the external CTS input is HIGH, TDRE is reset to 0.

TIE: Transmit Interrupt Enable (bit 0)
TIE should be set to 1 to enable ASClI transmiit interrupt re-

quests. If TIE = 1, an interrupt will be requested when
TDRE = 1. TIE is cleared to 0 during RESET.

ASCI Control Register A0, 1 (CNTLAO, 1). Each ASCI
channel Control Register A configures the major operating
modes such as receiver/transmitter enable and disable,
data format, and multiprocessor communication mode.

ASCI Control Register A O (CNTLAO : I/O Address = OOH)
bit 7 6 5 4 3 2 1 (o]

MPBR/
MPE RE TE RTSo EFR

R/W RW RW R/W RW

l MOD2 I MOD1 I MODO I
RW R/W RW

ASCI Control Register A 1 (CNTLA1 : /O Address = O1H)

6 5 4 3
MPBR/
MPE RE TE CKA1D EFR
RW RW RW RW
Figure 62. ASCI Control Register A

RW

MPE: Multi-Processor Mode Enable (bit 7)

The ASCI has a multiprocessor communication mode
which utilizes an extra data bit for selective communication
when a number of processors share a common serial bus.
Multiprocessor data format is selected when the MP bit in
CNTLB is set to 1. If multiprocessor mode is not selected
(MP bitin CNTLB = 0), MPE has no effect. If multiproces-
sor mode is selected, MPE enables or disables the "wake-
up” feature as follows. If MPE is set to 1, only received
bytes in which the MPB (multiprocessor bit) = 1 can affect
the RDRF and error flags. Effectively, other bytes (with
MPB = 0) are "ignored" by the ASCI. If MPE is reset to O,
all bytes, regardless of the state of the MPB data bit, affect
the REDR and error flags. MPE is cleared to 0 during
RESET.

bit 7

2 1 0
l MOD2 I MOD!i MODOJ
R/W R/W RW

RE: Receiver Enable (bit 6)

When RE is set to 1, the ASCl receiver is enabled. When
RE is reset to 0, the receiver is disabled and any receive
operation in progress is interrupted. However, the RDRF
and error flags are not reset and the previous contents of
RDRF and error flags are held. RE is cleared to 0 in I0S-
TOP mode during RESET.

TE: Transmitter Enable (bit 5)

WhenTE is setto 1, the ASCl transmitter is enabled. When
TE is reset to 0, the transmitter is disabled and any trans-
mit operation in progress is interrupted. However, the
TDRE flag is not reset and the previous contents of TDRE
are held. TE is cleared to 0 in IOSTOP mode during
RESET.

RTSo - Request to Send Channel 0 (bit 4 in CNTLAO)
When RTSo is reset to 0, the RTSo output pin will go LOW.
When RTSo is set to 1, the RTSo output immediately goes
HIGH. RTSo is set to 1 during RESET.

CKA1D: CKA1 Clock Disable (bit 4 in CNTLA1)
When CKA1D is setto 1, the multiplexed CKA1/TENDo pin
(pin 50) is used for the TENDo function. When CKA1D =
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0, the pinis used as CKA1, an external data clock input/out-
put for channel 1. CKA1D is cleared to 0 during RESET.

MPBR/EFR: Multiprocessor Bit Recelve/Error Flag
Reset (bit 3)

When multiprocessor mode is enabled (MP in CNTLB=1 )
MPBR, when read, contains the value of the MPB bit for
the last receive operation. When written to 0, the EFR func-
tion is selected to reset all error flags (OVRN, FE and PE)
to 0. MPBR/EFR is undefined during RESET.

MOD2, 1, 0: ASCI Data Format Mode 2, 1, 0 (bits 2-0)
These bits program the ASCI data format as follows.

MOD2
=0 - 7 bit data
=1 — 8 bit data

MOD1
=0 — No parity
= 1 — Parity enabled

MODO
=0— 1 stop bit
=1 — 2 stop bits

The data formats available based on all combinations of
MOD2, MOD1 and MODO are shown in Table 14.

MOD2  MOD1
0

MODO Data Format

Start + 7 bit data + 1 stop
Start + 7 bit data + 2 stop
Start + 7 bit data + parity + 1 stop

Start + 7 bit data + parity + 2 stop
Start + 8 bit data.+ 1 stop
Start + 8 bit data + 2 stop
Start + 8 bit data + parity + 1 stop
Start + 8 bit data + parity + 2 stop

maass0O0O0O0
-—0-=0=0=0

o
1
1
o
o
1
1

Table 14. Data Formats

ASCI Control Register BO, 1 (CNTL‘BO, 1). Each ASCI
channel control register B configures multiprocessor
mode, parity and baud rate selection.

ASCI Control Register B O (CNTLBO : /O Address = 02H)
ASCI Control Register B 1 (CNTLB1 : I/O Address = O3H)

bit 7 6 5 4 3 2 1 0
) cTS/
MPBT | MP PS PEO DR ss2 ss1 $S0
RW RW RW RW RW RW RW  RW

Figure 63. ASCI Control Register B

MPBT: Muitiprocessor Bit Transmit (bit 7)

When multiprocessor communication format is selected
(MP bit = 1), MPBT is used to specify the MPB data bit for
transmission. If MPBT = 1, then MPB =1 is transmitted. If
MPBT =0, then MPB =0 is transmitted. MPBT state is un-
defined during and after RESET.

MP: Multiprocessor Mode (bit 6)
When MP is set to 1, the data format is configured for mul-
tiprocessor mode based on the MOD2 (number of data

bits) and MODO (number of stop bits) bits in CNTLA The
format is as follows.

Start bit + 7 or 8 data bits + MPB bit + 1 or 2 stop bits

Note that multiprocessor (MP = 1) format has no provision
for parity. If MP = 0, the data format is based on MODO,
MOD1, MOD2, and may include parity. The MP bit is
cleared to 0 during RESET. .

CTS/PS: Clear to Send/Prescale (bit 5)

When read, CTS/PS reflects the state of the extenal CTS
input. If the CTS input pin is HIGH, CTS/PS will be read as
1. Note that when the CTS input pin is HIGH, the TDRE bit
is inhibited (i.e. held at 0). For channel 1, the CTS1 input

" is multiplexed with RXS pin (Clocked Serial Receive Data).

Thus, CTS/PS is only valid when read if the channel 1
CTS1E bit = 1 and the CTS1 input pin function s selected.
The read data of CTS/PS is not affected by RESET.

When written, CTS/PS specifies the baud rate generator
prescale factor. If CTS/PS is set to 1, the system clock is
prescaled by 30 while if CTS/PS is cleared to 0, the sys-
temclockis prescaled by 10. CTS/PS is c|eared to O during
RESET.

PEO: Parity Even Odd (bit 4)

PEO selects even or odd parity. PEO does not affect the
enabling/disabling of parity (MOD1 bit of CNTLA). If PEO
is cleared to 0, even parity is selected. If PEO is setto 1,
odd parity is selected. PEO is cleared to 0 during RESET.

DR: Divide Ratio (bit 3)

DR specifies the divider used to obtain baud rate from the
data sampling clock. If DRis resetto 0, divide by 16 is used,
while if DR is set to 1, divide by 64 is used. DR is cleared
to O during RESET.

$52, 1, 0: Source/Speed Select 2, 1, 0 (bits 2-0)
Specify the data clock source (internal or external) and
baud rate prescale factor. SS2, SS1, SS0 are all set to 1
during RESET. Table 15 shows the divide ratio cor-
responding to SS2, SS1 and SS0.

The external ASCI channel 0 data clock pins are multi-
plexed with DMA control lines (CKAO/DREQ and
CKA1/TENDo). During RESET, these pins are initialized
as ASCI data clock inputs. If SS2, SS1 and SS0 are
reprogrammed (any other value than SS2, SS1, SS0 = 1)
these pins become ASCI data clock outputs. However, if
DMAC channel 0 is configured to perform memory to/from
1/0 (and memory mapped I/O) transfers the CKAO/DREQo
pin reverts to DMA control signals regardless of SS2, SS1,
SS0 programming. Also, if the CKA1D bit in the CNTLA
register is set to 1, then the CKA1/TENDg reverts to the
DMA Control output function regardless of SS2, SS1 and
SS0 programming.

32



§S2 SS1 SSO Divide Ratio

(o] 0 (o] +1

(o] (o] 1 +2

(o] 1 (0] +4

(o] 1 1 +8

1 0 (o] +16

1 0 1 +32

1 1 (] +64

1 1 1 external clock

Table 15. Divide Ratio

Final data clock rates are based on CTS/PS (prescale),
DR, SS2, SS1, SS0 and the 280180 system clock frequen-
cy (Reference Table 16).

'"MODEM Control Signals. ASCI channel 0 has CTSo,
DCDo, and RTSo external modem control signals. ASCI
channel 1 has a CTS1 modem control signal which is mul-
tiplexed with RXS (Clocked Serial Receive Data).

CTSo: Clearto Send 0 (input). The CTSo input allows ex-
ternal control (start/stop) of ASCI channel O transmit opera-
tions. When CTSo is HIGH, channel 0 TDRE bit is held at
0 whether or not the TDRO (Transmit Data Register) is full
or empty. When CTSo is LOW, TDRE reflects the state of
TDRO. Note that the actual transmit operation is not dis-
abled by CTSo HIGH, only TDRE is inhibited.

DCDo: Data Carrier Detect 0 (input). The DCDo input al-
lows external control (start/stop) of ASCI channel 0 receive
operations. When DCDo is HIGH, channel 0 RDRF bit is
held at 0 whether or not the RDRO (Receive Data Register)
is full or empty. The error flags (PE, FE, and OVRN bits)
are also held at 0. Even after the DCDo input goes LOW,
these bits will not resume normal operation until the status
register (STATO) is read. Note that this first read of STATO,
while enabling normal operation, still indicates the DCDo
inputis HIGH (DCDo bit = 1) even though it has gone LOW.
Thus, the STATO register should be read twice to insure
the DCDo bitis reset to 0.

RTSo: Request to Send 0 (output). RTSo allows the ASCI
to control (start/stop) another communication devices
transmission (e.g., by connection to that device’s CTS
input). RTSo is essentially a 1 bit output port, having no
side effects on other ASCl registers or flags.

CTS1: Clear to Send 1 (input). Channel 1 CTST input is
multiplexed with RXS (Clocked Serial Receive Data). The
CTS1 function is selected when the CTS1E bit in STAT1
is setto 1. When enabled, the CTST operation is equivalent
to CTSo.

Modem control signal timing is shown in Fig. 64 and Fig.
65.

DCDo Pin

BCDO Flag

Status Register
Read

Figure 64. DCDO Timing

1/0 instruction )
0 1/O write cycle o
I ’I
T T2 Ts T

PR [ S O O
WR
RTS0 Flag x
RTS; Pin X

Figure 65. RTSO0 Timing

Fig. 66 shows the ASCI interrupt request generation cir-
cuit.
DCDO |EF+

RDRFO
OVRNO

ASCIO Interrupt
Request

ASCH Interrupt
Request

Figure 66. ASCI Interrupt Request Circuit Diagram

ASCIl «> DMAC Operation. Operation of the ASCl with the
on-chip DMAC channel 0 requires that the DMAC be cor-
rectly configured to use the ASCI flags as DMA request
signals.

ASCI and RESET. During RESET, the ASCI status and
control registers are initialized as defined in the individual
register descriptions.

Receive and Transmit operations are stopped during
RESET. However, the contents of the transmit and receive
dataregisters (TDR and RDR) are not changed by RESET.

ASCI Clock

When in extemal clock input mode, the external clock is
directly input to the sampling rate (+16/:64) as shown in Fig
ure 67. i

Intemal Clock  Baud Rate Selection Prescaler Sampling Rate
¢—] + 110+ 64 |~ + 101+ 30 |- + 16/ 64 |

Extenal Clock

fc < ¢ + 40

Figure 67.
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Prescaler s".""a:"g Baud Rate General Baud Rﬁ:,,g""“""’ CKA
Divide
Divide Divide | ~ Ratio $=6.144 | $=4608 | $=3.072 Clock
PS | hato | OR | Rate |SsS2|ss1|sS0| ot MHz MHz Mz VO | fraquency
o|lo]o +1| ¢+160| 38400 19200 ¢+10
ol o] 2 320 | 19200 9600 20
of1]o 4 640 9600 4800 40
o 16 ol 1] 8 1280 4800 2400 o 80
1]o]o 16 2560 2400 1200 160
110 |1 32 5120 1200 600 320
1]1]o0 64 10240 600 300 640
o [¢+10 1] 1] - fc+16 - - - | fc
olo]o +1| ¢+640 9600 4800 $+10
ol o1 2 1280 4800 2400 20
ol 1]o0 4 2560 2400 1200 40
1| 64 of 1] 8 5120 1200 600 o 80
1]0]o 16 10240 600 300 160
1o 32 20480 300 150 320
1]11]0 64 40960 150 75 640
LI I O - fc+64 - - - 1 fc
o|lo}o +1| ¢+480 9600 ¢+30
ol o] 2 960 4800 60
fo]1]o 4 1920 2400 120
0 16 o 1| 8 3840 1200 o 240
110 o 16 7680 600 480
1o} 32 16360 300 960
1/11]o0 64 30720 150 1920
1 |¢+30 11 - fe+16 - - - | fc
o|lo]o +1 | ¢+1920 2400 ¢+30
ol o] 1 2 3840 1200 60
ol 1]o0 4 7680 600 120
1 64 o | 1] 8 15360 300 [ 240
1100 16 30720 150 480
10| 32 61440 75 960
111]o0 64 | 122880 375 1920
11| - fc+64 - - - 1 fc

Table16. Baud Rate Selection

Clocked Serial I/0 Port (CSI/O)

The Z80180 includes a simple, high speed clock,
synchronous serial 1/0 port. The CSI/O includes trans-
mit/receive (half-duplex), fixed 8-bit data, and internal or
external data clock selection. High speed operation (baud
rate 200K bits/second at fC = 4 MHz) is provided. The
CSI/O is ideal for implementing a multiprocessor com-
munication link between mulitple Z80180s. These secon-
dary devices may typically perform a portion of the system
1/O processing, i.e. keyboard scan/decode, LDC interface,
etc.

CSI/0 Block Diagram. The CSI/O block diagram is shown
in Fig. 68. The CSI/O consists of two registers - the Trans-
mit/Receive Data Register (TRDR) and Control Register
(CNTR).

CSI/O Transmit/Receive Data Register (TRDR: /O Ad-
dress = 0BH). TRDR is used for both CSI/O transmission
and reception. Thus, the system design must insure that
the constraints of half-duplex operation are met (Transmit

and receive operation cannot occur simultaneously). For -

example, if a CSI/O transmission is attempted while the
CSV/O is receiving data, a CSI/O will not work. Also note
that TRDR is not buffered. Therefore, attempting to per-
form a CSI/O transmit while the previous transmit data is
still being shifted out causes the shift data to be immediate-

ly updated, thereby corrupting the transmit operation in
progress. Similarly, reading TRDR while a transmit or
receive is in progress should be avoided.

<

Internal Address/Data Bus

¢ P
|
TXS = CDSI/ORTransmit/Receive Baud Rate [*— CKS
ata Register: 1t .
RXS —~| 7RDR () Generator

CSV/O Control Register: .___—_—__I
CNTR (8)

Interrupt Request

Figure 68. CSI/O Block Diagram
CSl/O Register Description

CSI/O Control/Status Register (CNTR: I/0 Address =
0AH). CNTR is used to monitor CSI/O status, enable and
disable the CSI/O, enable and disable interrupt generation,
and select the data clock speed and source.
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bit 7 6 5 4 3 2 1 0

RE TE - | $S2 | §81 | SSOJ
R R/W R/W R/W RW R/W RW

Figure 69. CSI/O Control Register

EF: End Flag (bit 7)

EF is set to 1 by the CSI/O to indicate completion of an 8-
bit data transmit or receive operation. If EIE (End Interrupt
Enable) bit = 1 when EF is setto 1, a CPU interrupt request
is generated. Program access of TRDR only occurs if EF
= 1. The CSI/O clears EF to 0 when TRDR is read or writ-
ten. EF is cleared to O during RESET and iGSTOP mode.

EIE: End Interrupt Enable (bit 6)

EIE is set to 1 to enable EF = 1 to generate a CPU inter-
ruptrequest. The interruptrequestis inhibited if EIE is reset
to 0. EIE is cleared to 0 during RESET.

RE: Receive Enable (bit 5)

A CSI/O receive operation is started by setting RE to 1.
When RE is set to 1, the data clock is enabled. In intemal
clock mode, the data clock is output from the CKS pin. In
external clock mode, the clock is input on the CKS pin. In
either case, data is shifted in on the RXS pin in
synchronization with the (internal or external) data clock.
After receiving 8 bits of data, the CSI/O automatically
clears RE to 0, EF is set to 1, and an interrupt (if enabled
by EIE = 1) is generated. RE and TE are never both set to
1 at the same time. RE is cleared to 0 during RESET and
ISTOP mode.

Note that RXS (pin 52) is multiplexed with CTS1 modem
control input of ASCI channel 1. In order to enable the RXS
function, the CTS1E bit in CNTA1 should be reset to 0.

Transmit Enable (bit 4)

A CSI/O transmit operation is started by setting TE to 1.
When TE is set to 1, the data clock is enabled. When'in in-
ternal clock mode, the data clock is output from the CKS
pin. In extemal clock mode, the clock is input on the CKS
pin. In either case, data is shifted out on the TXS pin
synchronous with the (internal or external) data clock. After
transmitting 8 bits of data, the CSI/O automatically clears
TE to 0, EF is set to 1, and an interrupt (if enabled by EIE
=1) is generated. TE and RE are never both setto 1 at the
same time. TE is cleared to 0 during RESET and IOSTOP
mode.

S$S2, 1, 0: Speed Select 2, 1, 0 (bits 2-0)

SS2, SS1 and SS0 select the CSI/O transmit/receive clock
source and speed. SS2, SS1 and SSO are all setto 1 during
RESET. Table 17 shows CSI/O Baud Rate Selection.

Divide Baud
S§S2 | SS1 | SSO Ratio Rate
0 (o] 0 +20 (200000)
[o] 0 1 +40 (100000)
0 1 0 +80 (50000)
0 1 1 +160 (25000)
1 o 0 +320 (12500)
1 (o] 1 +640 (6250)
1 1 0 +1280 (3125)
1 1 1 extemal Clock input
(less than +20)

() shows the baud rate (BPS) at ¢ = 4 MHz.

Table 17. CSI/O Baud Rate Selection

After RESET, the CKS pin is configured as an extemal
clock input (SS2, SS1, SS0 = 1). Changing these values
causes CKS to become an output pin and the selected
clock is output when transmit or receive operations are
enabled.

CSI/O Interrupts. The CSI/O interrupt request circuit is
shown in Fig. 70.

IEF1

EF CSI/0 -
Interrupt Request
EIE

Figure 70. CSKO Interrupt Request Generation

CSI/0 operation. The CSI/O is operated using status poll-
ing or interrupt driven algorithms.

Transmit - Polling

1.Poll the TE bit in CNTR until TE = 0.
2.Write the transmit data into TRDR.
3.Setthe TE bitin CNTR to 1.

4.Repeat 1 to 3 for each transmit data byte.
Transmit - Interrupts

1.Poll the TE bit in CNTR until TE = 0.
2.Write the first transmit data byte into TRDR.

3.Set the TE and EIE bits in CNTR to 1.
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4.When the transmit interrupt occurs, write the next trans-
mit data byte into TRDR.

5.Set the TE bitin CNTR to 1.

6.Repeat 4 to 5 for each transmit data byte.
Receive - Polling

1.Poll the RE bit in CNTR until RE = 0.
2.Setthe RE bitin CNTR to 1.

3.Poll the RE bit in CNTR until RE = 0.
4.Read the receive data from TRDR.
5.Repeat 2 to 4 for each receive data byte.
Receive - Interrupts

1.Poll the RE bit in CNTR until RE = 0.
2.Set the RE and EIE bits in CNTR to 1.

3.When the receive interrupt occurs read the receive data
from TRDR.

4.Set the RE bitin CNTR to 1.
5.Repeat 3 to 4 for each receive data byte.
CSV/O Operation Timing Notes

(1)Transmitter clocking and receiver sampling timings are
different frominternal and external clocking modes. Fig. 71
to Fig. 74 show CSI/O Transmit/Receive Timing.

(2)The transmitter and receiver is disabled (TE and RE =
0) when initializing or changing the baud rate.

CSI/O Operation Notes

(1)Disable the transmitter and receiver (TE and RE = 0)
before initializing or changing the baud rate. When chang-
ing the baud rate after completion of ransmission or recep-
tion, a delay of at least one bit time is required before baud
rate modification.

(2)When RE or TE is cleared to 0 by software, a cor-
responding receive or transmit operation is immediately
terminated. Normally, TE or RE is only cleared to 0 when
EF =1. )

(3)Simultaneous transmission and reception is not pos-
sible. Thus, TE and RE are not both 1 at the same time.

CSV/O and RESET. During RESET each bit in the CNTR
is initialized as defined in the CNTR register description.

CSI/O transmit and receive operations in progress are
aborted during RESET. However, the contents of TRDR
are not changed.

™>s T >( is8 X X X msB
1
i

TE |

EF |
Read or write of CSI/O
Transmit/Receive
Data Register

Figure 71. Transmit Timing-Internal Clock

os T L LI 1
TXS :: MSB
2561 25¢-
7.5¢) 7.5¢
TE __J ‘l
EF
Read or write of CSI/O
Transmit/Receive
Data Register

Figure 72. Transmit Timing-External Clock

JES—

RXS

LS8 MSB

b

176
|
'

Read or write of CSI/O
Transmit/Receive
Data Register

11¢ 119

Sampling

RE

EF

Figure 73. Receive Timing-Internal Clock

s L[ L1

-+

RXS MSB

LsB
1 E_;é

1.5 i
16.5¢ 16.5¢

F - 1 1

Sampling

11.54

16.5¢

=

—
T

Read or write of CS/O
Transmit/Receive
Data Register

Figure 74. Receive Timing-External Clock
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Programmable Reload Timer (PRT)

The Z80180 contains a two channel 16-bit Programmable
Reload Timer. Each PRT channel contains a 16-bit down
counter and a 16-bit reload register. The down counter is
directly read and written and a down counter overflow in-
terrupt can be programmably enabled or disabled. Also,
PRT channel 1 has a TOUT output pin (pin 31 - multiplexed
with A18) which can be set HIGH, LOW, or toggled. Thus,
PRT1 can perform programmable output waveform
generation.

PRT block diagram. The PRT block diagram is shown in
Fig. 75. The two channels have separate timer data and
reload registers and a common status/control register. The
PRT input clock for both channels is equal to the system
clock divided by 20.

< Internal Address/Data Bus >
¢ + 20 ¢ + 20
‘ +
Timer Data  |Timer Data Timer Data |Timer Data
Register OL  [Register OH Timer Control Register 1L |Register 1TH | TOUT
: TMDROL (8)|: TMDROH (8)" | Register []: TMDR1L (8): TMDR1H (8]~
Timer Reload | Timer Reload “TCR @) Timer Reload | Timer Reload
Register OL | Register OH Register 1L |Register TH
: RLDROL (8) |: RLDROH (8) : TLDR1L (8) |: TLDR1H (8)

L Interrupt Request

Figure 75. PRT Block Diagram

PRT Register Description. Timer Data Register (TMDR:
1/0 Address - CHO, ODH, OCH, CH1: 15H, 14H). PRTO
and PRT1 each have 16-bit Timer Data Registers (TMDR).
TMDRO and TMDR1 are each accessed as low and high
byte registers (TMDROH, TMDROL and TMDR1H,
TMDR1L). During RESET, TMDRO and TMDR1 are set to
FFFFH.

TMDR is decremented once every twenty clocks. When
TMDR counts down to 0, it is automatically reloaded with
the value contained in the Reload Register (RLDR).

TMDR is read and written by software using the following
procedures. The read procedure uses a PRT internal tem-
porary storage register to return accurate data without re-
quiring the timer to be stopped. The write procedure
requires the PRT to be stopped.

For reading (without stopping the timer), TMDR is read in
the order of lower byte - higher byte (TMDRnL, TMDRnH).
The lower byte read (TMDRnL) stores the higher byte
value in an internal register. The following higher byte read
(TMDRnH) accesses this internal register. This procedure
insures timer data validity by eliminating the problem of
potential 16-bit timer updating between each 8-bit read.
Specifically, reading TMDR in higher byte - lower byte
order may result in invalid data. Note the implications of
TMDR higher byte internal storage for applications which
may read only the lower and/or higher bytes. In normal

L

operation all TMDR read routines should access both the
lower and higher bytes, in that order.For writing, the TMDR
down counting must be inhibited using the TDE (Timer
Down Count Enable) bits in the TCR (Timer Control
Register). Then, any or both higher and lower bytes or
TMDR can be freely written (and read) in any order.

Timer Reload Register (RLDR: I/O Address = CHO,
OEH, OFH, CH1: 16H, 17H). PRTO and PRT1 each have
16-bit Timer Reload Registers (RLDR). RLDRO and
RLDR1 arc cach accessed as low and high byte registers
(RLDROH, RLDROL and RLDR1H, RLDR1L). During
RESET, RLDRO and RLDR1 are set to FFFFH.

When the TMDR counts down to 0, it is automatically
reloaded with the contents of RLDR.

Timer Control Register (TCR). TCR monitors both chan-
nels (PRTO, PRT1) TMDR status. It also controls enabling
and disabling of down counting and interrupts along with
controlling output pin A18/TOUT for PRT1.

bit 7 6 5 4 3 2 1 0

TIF1 TIFO TIE1 TIEO TOC1 l TOCO I TDE1 TDEO
R R R/W R/W RIW R/W RW R/W

Figure 76. Timer Control Register
(TCR : 1/0O Address =10 H)

TIF1: Timer Interrupt Flag 1 (bit 7). When TMDR1 decre-
ments to 0, TIF1 is set to 1. This generates an interrupt re-
quest if enabled by TIE1 = 1. TIF1 is reset to 0 when TCR
is read and the higher or lower byte of TMDR1 is read.
During RESET, TIF1 is cleared to 0.

TIFO: Timer Interrupt Flag 0 (bit 6). When TMDRO decre-
ments to 0, TIFO is set to 1. This generates an interrupt re-
quest if enabled by TIEO = 1. TIFO is reset to 0 when TCR
is read and the higher or lower byte of TMDRO is read.
During RESET, TIFO is cleared to 0.

TIE1: Timer Interrupt Enable 1 (bit 5). When TIE1 is set
to 1, TIF1 = 1 generates a CPU interrupt request. When
TIE1 is reset to 0, the interrupt request is inhibited. During
RESET, TIE1 is cleared to 0.

TIEO: Timer Interrupt Enable 0 (bit 4). When TIEOQ is set
to 1, TIFO = 1 generates a CPU interrupt request. When
TIEO is reset to 0, the interrupt request is inhibited. During
RESET, TIEOQ is cleared to 0.

TOC1, 0: Timer Output Control (bits 3, 2). TOC1 and
TOCO control the output of PRT1 using the multiplexed
A18/TOUT pin as shown in Table 18. During RESET,
TOC1 and TOCO are cleared to 0. This selects the address
function for A18/TOUT. By programming TOC1 and TOCO,
the A18/TOUT pin can be forced HIGH, LOW, or toggled
when TMDR1 decrements to 0.
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TOC1 | TOCO OUTPUT
] 0 inhibited  (A1s/TOUT pin is selected as
an address output function.)
1] 1 toggled*
1 o o (A18/TOUT pin is selected
H TSR 13 as,a PRT1 output function.)
1 1 1

Table 18: Timer Output Control

TDET1, 0: Timer Down Count Enable (bits 1, 0). TDE1
and TDEO enable and disable down counting for TMDR1
and TMDRO, respectively. When TDEn (n =0, 1) is set to
1, down counting is executed for TMDRn. When TDEn is
reset to 0, down counting is stopped and TMDRn is freely
read or written. TDE1 and TDEO are cleared to 0 during
RESET and TMDRn will not decrement until TDEn is set
tol. . . i

Fig. 77 shows timer initialization, count down, and reload
timing. Fig. 78 shows timer output (A18/TOUT) timing.

Timer Data Register 0<t<206 o
wite (0004H)
M-‘ /1,206 | 206 | 206 | 206 | 206 | 206 | 204 | 206 | 206
| 2 e e B e
H
Timer Data |FFFFN : | ]°°°2"| [0003Hjo00H| |
Register T
1
+ Timer Reload Register Write (0003H) | ”w ﬂm
1
H 1
+ t t
Tmnswwml FFFFH | 0003H | !
H
i_wm.“v'm'mz |
TOE Flag
T Flag
LTmrde‘ read
Timer Control
Register read

Figure 77. Timer Initialization, Count Down, and
Reload Timing

Timer Data | Timer Data
Reg.=0001H | Reg.= 0000H

L

TOUT X

Figure 78. Timer Output Timing

PRT interrupts. The PRT interrupt request circuit is shown
in Fig. 79.

IEF+

TIF1 — PRT1 Interrupt
TIE1T — Request
TFO ——] PRTO Interrupt
TIEO —— Request

Figure 79. PRT Interrupt Request Generation

PRT and RESET. During RESET, the bits in TCR are ini-
tialized as defined in the TCR register description. Down
counting is stopped and the TMDR and RLDR registers are
initialized to FFFFH. The A18/TOUT pin reverts to the ad-
dress output function.

PRT Operation Notes.

(1) TMDR data is accurately read without stopping down

~ counting by reading the lower (TMDRnL*) and higher

(TMDRnH*) bytes in that order. Also, TMDRis read or writ-
ten by stopping the down counting.

(2) Care should be taken to insure that a timer reload does
not occur during or between lower (RLDRnL*) and higher
(RLDRnH") byte writes. This may be guaranteed by sys-
tem designftiming or by stopping down counting (with
TMDR containing a non-zero value) during the RLDR up-
dating. Similarly, in applications where TMDR is written at
each TMDR overflow, the system/software design should
guarantee that RLDR can be updated before the next over-
flow occurs. Otherwise, time base inaccuracy will occur.

Note: *n =0, 1

(3) During RESET, the multiplexed A18/TOUT pin reverts
to the address output. By reprogramming the TOC1 and
TOCO bits, the timer output function for PRT channel 1 is
selected. The following shows the initial state of the TOUT
pin after TOC1 and TOCO are programmed to select the
PRT channel 1 timer output function.

(i) PRT (channel 1) has not counted down to 0. If the PRT
has not counted down to O (timed out), the initial state of
TOUT depends on the programmed value in TOC1 and
TOCO.
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Secondary Bus Interface

E clock Output Timing. The Z80180 also has a secon-
dary businterface that allows it to easily interface with other
peripheral families.

These devices require connection with the Z80180
synchronous E clock output. The speed (access time) re-
quired for the peripheral devices are determined by the
Z80180 clock rate. Table 19, and Figures 80-82 define E
clock output timing.

Wait states are inserted in op-code fetch, memory
read/write, and /O read/write cycles which extend the
duration of E clock output HIGH. During /O read/write
cycles with no wait states (only occurs during on-chip 110
register accesses), E will not go HIGH.

Condition Duration of E Clock Output “High”
l\oﬂz-rzgcr’ye;:::/\\l\s::el%yde Tel = Tal (156 + n, - 4)
1/0 read Cycle 1st Tw] — Ta| 05¢ + n, - o)
I/O Write Cycle 1st Twl — Taf  (ny - ¢)

NMI Acknowledge 1st MC T2t — Tal (1.5¢)

INTo Acknowledge 1st MC 1st Twl — Ta|  (0.5¢ + n, - ¢)
BUS RELEASE mode

SLEEP mode ¢l — ¢l 2¢ or 1¢)
SYSTEM STOP mode

NOTE) nw : the number of wait states

MC : Machine Cycle

Table 19. E Clock Timing in Each Condition

NOTE) MC: Machine Cycle

NMI
OP-code Memory read/ acknowledge INTo acknowledge
fetch cycle write cycle I/0 read cycle 1/0 write cycle 1stMC 1st MC
Tt T2 Ta [Te Tz Ta Ty T2 Tw Ta [Ti T2 Tw Ta Ty T2 Tz Ty T2 Tw" Tw* T3
[
E / \ / \ | \ [\ I \ / (.
T N [ [T
MREQ |\ T\ [ \ /
fORQ \ M |

* Two wait states are automatically inserted.

Figure 80. E Clock Timing (During Read/Write Cycle
and Interrupt Acknowledge Cycle)
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Last |-

state

BUSREQ l

BUS RELEASE mode
Ty Tx T Ty
s JULULUUUUUUY Uy
; 1

BUSACK I |

| Y N SO

[
[\

Figure 81. E Clock Timing in BUS RELEASE Mode

SLP

instruction

2nd op-code
L fetch cycle

L SLEEP mode or SYSTEM STOP mode

Op-code
| fetch cycle

,Tv T2 Tsa |T1

T2 T, Ts

o LIy

Ts T Tv T

Figure 82. E Clock Timing in SLEEP Mode and SYS-

TEM STOP Mode

On-Chip Clock Generator

The Z80180 contains a crystal oscillator and system clock
generator. A crystal can be directly connected or an exter-
nal clock input can be provided. In either case, the system
clock is equal to one-half the input clock. For example, a
crystal or external clock input of 8 MHz corresponds with
a system clock rate of 4 MHz.

The following table shows the AT cut crystal characteris-
tics (Co, Rs) and the load capacitance (CL1, CL2) required
for various frequencies of Z80180 operation.

Clock Frequency

Item

4MHz

4MHz < < 12MHz

12MHz < f < 16MHz

Co

<7 pF

<7 pF

<7pF

<600

<600

<600

CLs, CL2

10 to 22 pF £10%

10 to 22 pF =10%

10 to 22 pF =10%

If an extenal clock input is used instead of a crystal, the
waveform (twice the clock rate) should exhibita 50%* 10%
duty cycle. Note that the minimum clock input HIGH volt-
age level is Vcc-0.6V. The extemal clock input is con-
nected to the EXTAL pin, while the XTAL pin is left open.
Fig. 83 shows external clock interface.

3 .
EXTAL * _ﬂ_ﬂ.ﬂ_ External Clock Input

XTAL 2 Open

Table 20.

Figure 83. External Clock Interface
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Fig. 84 shows the Z80180 clock generator circuit while Fig.

85 and Fig. 86 specify circuit board design rules.

c. XTAL
” C, ':‘:I:EXTAl__E3

280180

Figure 84. Clock Generator Circuit

must be avoided

A B
A, B: Signal
| |
Signal C : : ——
1L | | rz-
47 W1 (L2
| s R |
1 —1 +3]
z)? " | | S
| | 280180
|
b

Figure 85. Circuit Board Design Rules

Signal line layout should
avoid areas marked with /////.
/

I——zo mm max-‘1
7 'd

280180

(Top View)

Figure 86. Example of Board Design
Circuit Board design should observe the following.

(1)To prevent induced noise, the crystal and load
capacitors should be physically located as close to the LSI
as possible.

(2)Signal lines should not run parallel to the clock oscillator
inputs. In particular, the clock input circuitry and the sys-
tem clock output (pin 64) should be separated as much as
possible.

(3)Similar to (2), Vcc power lines should be separated from
the clock oscillator input circuitry.

(4)Resistivity between XTAL or EXTAL and the other pins
should be greater than 10M ohms.

Signal line layout should avoid areas marked with /////.

Miscellaneous

Free Running Counter (/O Address = 18H)

Read only 8-bit free running counter without control
registers and status registers. The contents of the 8-bitfree
running counter is counted down by one with an interval of
10 clock cycles. The free running counter continues count-
ing down without being affected by the read operation.

If data is written into the free running counter, the interval
of DRAM refresh cycle and baud rates for the ASCI and
CSV/O are not guaranteed.

In IOSTOP mode, the free running counter continues
counting down. It is initialized to FFH during RESET.
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SOFTWARE ARCHITECTURE

Instruction Set. The Z80180 is object code compatible
with the Z80 CPU, refer to the Z80 CPU Technical Manual
or the Z80 Assembly Language Programming Manual for
further details.

New Instructions Operation

SLP Enter SLEEP mode

MLT 8-bit multiply with 16-bit result

INO g, (m) Input contents of immediate I/O
address

OuUTO0 (m), g Output register contents to immediate
1/0 address

OTIM Block output - increment

OTIMR Block output - increment and repeat

OTDM Block output - decrement

OTDMR Block output - decrement and repeat

TSTIOm Non-destructive AND, I/O port, and
accumulator

TSTg Non-destructive AND, register, and
accumulator

TSTm Non-destructive AND, immediate data
and accumulator.

TST (HL) Non-destructive AND, memory data,

and accumulator.

SLP - Sleep. The SLP instruction causes the Z80180 to
enter the SLEEP low power consumption mode. See sec-
tion 2.4 for a complete description of the SLEEP state.

MLT - Multiply. The MLT performs unsigned multiplication
on two 8-bit numbers yielding a 16-bit result. MLT may
specify BC, DE, HL or SP registers. In all cases, the 8-bit

opérands are loaded into each half of the 16-bit register
and the 16-bit result is returned in that register.

OTIM, OTIMR, OTDM, OTDMR - Block I/0. The contents
of memory pointed to by HL is output to the I/O address in
(C). The memory address (HL) and I/O address (C) are in-
cremented in OTIM and OTIMR and decremented in
OTDM and OTDMR, respectively. The B register is decre-
mented. The OTIMR and OTDMR variants repeat the
above sequence until register Bis decremented to 0. Since
the I/0 address (C) is automatically incremented or decre-
mented, these instructions are useful for block I/O (such
as Z80180 on-chip 1/O) initialization. When 1/O is ac-
cessed, O0H is output in high-order bits of address
automatically.

TSTIO m - Test I/O Port. The contents of the I/O port ad-
dressed by C are ANDed with immediately specified 8-bit
data and the status flags are updated. The /O port con-
tents are not written (non-destructive AND). When I/O is
accessed, 00H is output in higher bits of address automati-
cally.

TST g - Test Register. The contents of the specified
register are ANDed with the accumulator (A) and the status
flags are updated. The accumulator and specified register
are not changed (non-destructive AND).

TST m - Test Immediate. The contents of the immediate-
ly specified 8-bit data are ANDed with the accumulator (A)
and the status flags are updated. The accumulator is not
changed (non-destructive AND).

TST(HL)- Test Memory. The contents of memory pointed
to by HL are ANDed with the accumulator (A) and the
status flags are updated. The memory contents and ac-
cumulator are not changed (non-destructive AND).

INO g, (m) - Input, Immediate /O address. The contents
of immediately specified 8-bit I/O address are input into the
specified register. When /O is accessed, 00H is output in
high-order bits of the address automatically.

OUTO (m), g - Output, immediate I/O address. The con-
tents of the specified register are output to the immediate-
ly specified 8-bit I/O address. When I/O is accessed, 00H
is output in high-order bits of the address automatically.
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CPU Registers

The Z80180 CPU registers consist of Register Set GR,
Register Set GR’ and Special Registers.

_ The Register Set GR consists of 8-bit Accumulator (A),
8-bit Flag Register (F), and three General Purpose
Registers (BC, DE, and HL) which may be treated as 16-
bit registers (BC, DE, and HL) or as individual 8-bit
registers (B, C, D, E, H, and L) depending on the instruc-
tion to be executed. The Register Set GR' is alternate
register set of Register Set GR and also contains Ac-
cumulator (A’), Flag Register (F’) and three General Pur-
pose Registers (BC’, DE’, and HL’). While the alternate
Register Set GR’ contents are not directly accessible, the
contents can be programmably exchanged at high speed
with those of Register Set GR.

The Special Registers consist of 8-bit Interrupt Vector
Register (1), 8-bit R Counter (R), two 16-bit Index Registers
(IX and 1Y), 16-bit Stack Pointer (SP), and 16-bit Program
Counter (PC).

Fig. 87 shows CPU registers configuration.

Register Set GR

Accumulator Flag Register
A F
B Register C Register
General
D Register E Register Purpose
Registers
H Register L Register
Register Set GR’
Accumulator Flag Register.
A’ F
B’ Register C’ Register
General
D’ Register E’ Register Purpose
Registers
H’ Register L’ Register
Special Registers
Interrupt R Counter
Vector Register
1 R

Index Register IX

Index Register Y

Stack Pointer SP

Program Counter PC

Figure 87. CPU Registers

Accumulator (A, A’) ,
The Accumulator (A) serves as the primary register
used for many arithmetic, logical and I/O instructions.

Flag Registers (F, F’)

The flag register stores various status bits (described
in the next section) which reflect the results of instruction
execution.

General Purpose Registers (BC, BC’, DE, DE’, HL, HL’)

The General Purpose Registers are used for both ad-
dress and data operation. Depending on instruction, each
half (8 bits) of these registers (B, C, D, E, H, and I) may
also be used.

Interrupt Vector Register (1)

For interrupts which require a vector table address to
be calculated (INTo Mode 2, INT1, INT2 and internal inter-
rupts), the Interrupt Vector Register (1) provides the most
significant byte of the vector table address. | is cleared to
00H during RESET.

R Counter (R)

The least significant seven bits of the R counter (R)
serve to count the number of instructions executed by the
780180. R is incremented for each CPU op-code fetch
cycle (each M1 cycle). R is cleared to 00H during RESET.

Index Registers (IX, and 1Y)

The Index Registers are used for both address and data
operations. For addressing, the contents of a displacement
specified in the instruction are added to or subtracted from
the Index Register to determine an effective operand ad-
dress.

Stack Pointer (SP)
The Stack Pointer (SP) contains the memory address
based LIFO stack. SP is cleared to 0000H during RESET.

Program Counter (PC)

The Program Counter (PC) contains the address of the
instruction to be executed and is automatically updated
after each instruction fetch. PC is cleared to 0000H during
RESET.

Flag Register (F)

The Flag Register stores the logical state reflecting the
results of instruction execution. The contents of the Flag
Register are used to control program flow and instruction
operation.

bt 7 6 5 4 3 2 1 0
(sTz]-[wl-Jew[nNTc]

Figure 88. Flag Register (F)

S: Sign (bit 7)

S stores the state of the most significant bit (bit 7) of the
result. This is useful for operations with signed numbers in
which values with bit 7 = 1 are interpreted as negative.
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Z: Zero (bit 6)
Z is set to 1 when instruction execution produces 0
result. Otherwise, Z is reset to 0.

H: Half Carry (bit 4)
H is used by the DAA (Decimal Adjust Accumulator) in-
struction to reflect borrow or carry from the least significant

4 bits and thereby adjust the results of BCD addition and '

subtraction.

P/V: Parity/Overflow (bit 2)

P/V serves a dual purpose. For logical operations P/V
is set to 1 if the number of 1 bit in the result is even and
P/V is reset to 0 if the number of 1 in the result is odd. For
two complement arithmetic, P/V is set to 1 if the operation
produces a result which is outside the allowable range (+
127 to - 128 for 8-bit operations, + 32767 to - 32768 for 16-
bit operations).

N: negative (bit 1)

N is set to 1 if the last arithmetic instruction was a sub-
tract operation (SUB, DEC, CP, etc.) and N is reset to O if
the last arithmetic instruction was an addition operation
(ADD, INC, etc.).

C: Carry (bit 0)

Cis set to 1 when a carry (addition) or borrow (subtrac-
tion) from the most significant bit of the result occurs. C is
also affected by Accumulator logic operations such as
shifts and rotates.

8-bit Register

Addressing Modes
The Z80180 instruction set includes eight addressing
modes.

Implied Register
Register Direct
Register Indirect
Indexed
Extended
Immediate
Relative

10

Implied Register (IMP)

Certain op-codes automatically imply register usage,
such as the arithmetic operations which inherently
reference the Accumulator, index Registers, Stack Pointer
and General Purpose Registers.

Register Direct (REG)

Many op-codes contain bit fields specifying registers to
be used for the operation. The exact bit field definitions
vary depending on instruction as follows.

g or g’ field Register ww field Register
0 0O B 00 BC
0 01 c 0 1 DE
010 D 10 HL
01 1 E 11 SP
100 H
1 01 L
110 - xx field Register
111 A 00 BC

01 DE
10 X
11 SP
16-bit Register
2z field Register yy field Register
00 BC 00 BC
01 DE 0 1 DE
10 HL 10 Y
11 AF 11 SP

Suffixed H and L to ww,xx,yy,zz (ex. wwH,IXL) indicate upper and lower 8-bit of the 16-bit

register respectively.

Figure 89. Register Direct - Bit Field Definitions




Register indirect (REG)
The memory operand address is contained in one of
the 16-bit General Purpose Registers (BC, DE, and HL).

BC T T

DE — |
HL

Operand

Memory

Figure 90. Register Indirect Addressing

Indexed (INDX)

The memory operand address is calculated using the
contents of an Index Register (IX or 1Y) and an 8-bit signed
displacement specified in the instruction.

op-code 1
op-code 2
- L Sign extended ™~ ~
displacement (d)
C? Operand
IX or IY f—
Memory
A A

Figure 91. Indexed Addressing

Extended (EXT)
The memory operand address is specified by two bytes
contained in the instruction.

op-code
n

m

Operand

el

Memory

A A

Figure 92. Extended Addressing

Immediate (IMMED)
The memory operands are contained within one or two
bytes of the instruction.

op-code op-code
m } 8-bit operand n 16-bit
m operand

Figure 93. Immediate Addressing

Relative (REL)

Relative addressing mode is only used by the condition-
al and unconditional branch instructions. The branch dis-
placement (relative to the contents of the program counter)
is contained in the insiruction.

op-code . ded
displacement (j) | Sign extende
@D
&
| Program Counter (PC) 1

Figure 94. Relative Addressing

10 (10)

10 addressing mode is used only by 1/O instructions.
This mode specifies 1/0 address (IORQ = 0) and outputs
them as follows.

(1) An operand is output to Ao-A7. The Contents of Ac-

. cumulator is output to Ag-A1s.

(2) The Contents of Register B is output to Ao-A7. The Con-
tents of Register C is output to Ag-A1s.

(3) An operand is output to Ao-A7. 00H is output to Ag-A1s.
(useful for internal I/O register access)

(4) The Contents of Register C is output to Ao-A7. 00H is
output to As-A1s. (useful for internal I/O register access)
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Z80180 ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

item . Symbol Value Unit
Supply Voltage Vee —03 ~+70 v
Input Voltage ’ v —0.3 ~ Vcc+0.3 Y
Operating Temperature Topr 0~ 70 °C
[ Extended Temperature Toxt - 40 ~85 C
Storage Temperature Tetg —55 ~ +150 °C

[NOTE] Permanent LSI damage' may occur if maximum ratings are exceeded. Normal operation
should be under recommended operating conditions. If these conditions are exceeded, it
could affect reliability of LSI.

DC CHARACTERISTICS
(Vce = 5V + 10%, Vss = OV over specified temperature range unless otherwise noted)

Symbol tem Condition min typ max Unit

Input “H"" Voltage »

Vi RESET, EXTAL, NMI X Vee—0.6 - Vee+03 v
Input ““H” Voltage :

Vi2 Except RESET, EXTAL, NMI 20 - Vee+ 03 \Y
Input “L" Voltage .

ViLy RESET, EXTAL, NMI -03 - 06 \
Input “L” Voltage .

Viis Except RESET, EXTAL, NMI —03 - 08 \
Output “H" Voltage lon = —200pA 24 - -

Vou All outputs ~ / v

oy = —20uA Vee—1.2 - -

Output “L"” Voltage

Vou All Outputs be=22mA - - 045 \
Input Leakage .

" Current All inputs Vin=05 ~ Vcc—05 - - 10 nA

Except XTAL, EXTAL
Three State Leakage

L Current Vin=05 i Vee— 05 - - 10 nA
Power Dissipation® - f=6 MHz - 15 40
(Normal Operation) f= 8 MHz — 20 50 mA
et : f=10MHz ** . - 25 60
¢ Power Dissipation® =6 MHz - 3.8 125
(SYSTEM STOP mode) f= 8 MHz - 5 15
f=10MHz ** - 63 | 175
Vin=0V, f=1 MHz
Cp Pin Capacitance Ta=25°C - - 12 pF

* Vinmin = Vee— 1.0V, Vimax = 0.8V (all output terminals are at no load)
Vee = 5.0V
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280180 AC CHARACTERISTICS

No.

-

N o a hoDd

®

22,
23.
24,

25.
26.
26a

(Vcec = 5V = 10%, Vgg = OV, Ta = 0 to +70°C, unless

otherwise noted.)

Z80180-6 Z80180-8 Z80180-10
Symbol ttem - - - Unit
min max min max min max

toye Clock Cycle Time 162 2000( 125 2000 100 2000 | ns
touw Clock “H" Pulse Width 65 — 50 - 40 - ns
tow Clock “L" Pulse Width 65 - 50 - - 40 - ns
ter Clock Fall Time —_— 18 - 18 — 10 ne
tor Clock Rise Time - 15 - 15 — 10 ns
tap @ 4 to Address Valid Delay - 90 - 80 —_ 70" ns
tas Address Valid to (MREQ + or 30 - 20 - 10 - ns

ORQ | )
tmeD? @ | to MREQ | Delay - 60 | — 50 — 50 ns
tRDD1 @ JtoRD |Delay |i0C= 1 | — 60 — 50 — 50 ns

B toRD | Delay [6¢= 0 | - 65 | — 60 |— 55
tM1D1 & 1 to M1| Delay - 80 | — 70 - 60 ns
tan Address Hold Time from 35 - 20 - 10 - ns

(MREQ, IOREQ, RD, WR )
tmeD2 @ | to MREQ 1 Delay - 60 - 50 - 50 ns
taoD2 @ | toRD t Delay - 60 | — 50 — 50 ns
tM1D2 @t to M1 tDelay - 80 - 70* - 60 ns
toRs Data Read Set-up Time 40 - 30 - 25 - ns
torH Data Read Hold Time 0 - 0 - 0 - ns
tsTD1 0} to ST | Delay - 90 - 70 — 60 ns
tsTD2 @ ¥ to ST ¢ Delay - 9 | - 70 — 60: ns
tws WAIT Set-up Timeto @ | 40 - 40 - 30 - ns
twh "WAIT Hold Time from @ | 40 — |40 _ 30 - o
twpz @1 to Data Float Delay - 95 - 70 - 60" ns
twrD1 @1 to WR | Delay - 65 - 60 - 50 ns
twop & }to Write Data Delay Time - 90 | — 80 - 60 ns
twos Write Data Set-up Time to WR § | 40 - 20 - 15 - ns
twrD2 23 [to WR1 Delay - 80 | — 60 — 50 ns
twrp WR Pulse Width 170 - 130 - 110 - ns

WR Pulse Width (VO Write Cycle)| 332 | — | 255 | — 210 | — ns
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27.

29.
30.

31.

32.

35.

36.
37.
38.
39.

40.
41.

47.
48.
49.
50.
51,
52.

g8

EH5EBR

. Z80180-6 780180-8 Z80180-10
Symbol ttem - - - Unit
min max min max min max
twoH Write Data Hold Time from 40 - 15 - 10 - ns
(WR 1)
top1 ® | toIORQ {Delay |10C= 1| — 60 - 50 -~ 50 ns
@ t to [ORQ | Delay [T6¢= 0 | — 65 — 60 — 55
tiopz @ | to [ORQ t Delay - 60 | — 50 - 50 ns
top3 M1} t10lORQ | Delay 340 - 250 — 200 - ns
tnTs INT Set-up Timeto @ } 40 - 40 - 30 - ns
tNTH INT Hold Time from @ } 40 - 40. - 30, — ns
[ NMI Pulse Width 120 - 100 - 80 - ns
tgRs BUSREQ Set-up Time to @ } 40 - 40 - 30 - ns
tBRH BUSREQ Hold Time from @4 40 - 40 - 30 - ns
t8aD1 @ 1 to BUSACK | Delay — 95 = 70 — 80 o
tBaD2 @ | to BUSACK ¢t Delay — 95 = 70 — 50 v
1820 @ 1 to Bus Floating Delay Time | — 125 - 90 - 80 ns
tmEWH MREQ Pulse Width (HIGH) 110 - 90 - 70. - ns
tmew, MREQ Pulse Width (LOW) 125 — 100 — 80 = ns
treD1 @ % to RFSH | Delay - 90 = 80 — 60 s
treD2 @ 4 to RFSH % Delay - 90 - 80 — 60 ns
tHAD1 @ $to HALT |} Delay - 90 - 80 - 50 ns
YaD2 @ t HALT t Dela, - 90 - 80 _ 50 ns -
toras DREQi Set-up Time to @ } 40 - 40 - 30 - ns
topaH DREQi Hold Time from @ 40 - 40 - 30 - ns
trep @ | to TENDi { Delay - 70 - 60 — 50 ns
trepz @ | toTENDI 1 Delay - 70 - 60 — 50 ns
tepr @ 1to E t Delay - 95 - 70 — 60 ns
tep2 @4 or $to E { Delay - 95 - 70 —_ 60 ns
Pwen E Pulse Width (HIGH) 75 - 65 - 55 - ns
Pyl E Pulse Width (LOW) 180 - 130 - 110 - ns
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59.

60.

61.

67.
68.
69.

70.

B2

Z80180-6 Z80180-8 280180-10
Symbol tem - - - Unit
min max min max min max

ter Enable Rise Time - 20 - 20 - 20 ns

tes Enable Fall Time - 20 - 20 - 20 ns

trop @ | to Timer Output Delay - 300 - 200 |- 150 ns

tsToI CSI/O Transmit Data Delay Time | — 200 - 200 | — 150 ns
(intemal Clock Operation)

iSTDE CSi/O Transmit Data Deiay Time | — 7.5tcyc| — 7.5tcyd — 7.5tcyc| ns
(External Clock Operation) + 300 + 200 +150

tshs) CSVO Receive Data Set-up Time | 1 - 1 - 1 - tcyc
(intemal Clock Operation)

tsRHI CSV/O Receive Data Hold Time 1 - 1 - 1 - tcye
(Internal Clock Operation)

tsrsE CSI/O Receive Data Set-up Time | 1 - 1 - 1 - tcyc
(External Clock Operation)

tSRHE CSI/O Receive Data Hold Time 1 - 1 - 1 - tcyc
(External Clock Operation)

tRes RESET Set-up Timeto @ ¢ 120 | - 100 - 80 - ns

tReH RESET Hold Time from @ 4 80 = 70 - 50 - ns

tosc Oscillator Stabilization Time - 20 - 20 - TBD | ms

texr External Clock Rise Time (EXTAL) | — 25 - 25 - 25 ns

text Extemal Clock Fall Time (EXTAL) | — 25 - 25 - 25 ns

tar RESET Rise Time - 50 - 50 - 50 ms

tat RESET Fall Time - 50 - 50 - 50 ms

e Input Rise Time - 100 - 100 | — 100 ns
(except EXTAL, RESET)

i Input Fall Time - 100 - 100 |- 100 ns
(except EXTAL, RESET)
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TIMING DIAGRAMS

Op-code fetch Cycle

/0 Write Cycle +»

* 1 Output buffer is off at this point.
* 2 Memory Read/Write Cycle timing are the same as /0O Read/Write Cycle
except there are no automatic wait states (Tw), and MREQ is active instead of IORQ

- CPU Timing

p-code fetch Cycle
Memory Read Cycle
Memory Write Cycle
1/0 Write Cycle
/0 Read Cycle

/0 Read Cycle *2
Ty T2 Tw Ts Ty T2 Tw Ta T
2 3 \
r} | X -
S aVATAVAYAVAVAY,
I
al
ADDRESS ~ | (
- SR
20 20
19 19422
" 17y
1 )
L ha 11
MREQ /(—"
8 -
: 7
- 29 11
iORQ - H
AN
13 o
) W ammm .
N AR
L9} = .
= iz 26 jz ~
WR \ , It
__ e
M1 — y
10
18
sT 3
L) J_L
18 l21
15| 16 v-T
Data
N _—€9£ :
24
%— . 27
Data }_
ouT A
63 ]
62,0 82 [ —ee
RESETW{‘—————
68*] Labs 67 6§
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28

Data
IN *1

5] | 16 2°

WREQ *2

\
-
Mo e e

34

35

BUSACK

ADDRESS

DATA
MREQ RD
WR, TORQ

36 37
I 3
- }
k————

HALT

/
'
°3
43
\ S
*1 during INTo acknowledge cycle
*2 during refresh cycle

*3 Output buffer is off at this point.

CPU Timing /INT, Acknowledge cycle )
| Refresh Cycle
BUS RELEASE Mode
HALT Mode
[SLEEP Mode
SYSTEM STOP Mode |
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(4]

/O Read Cycle _ VO Write Cycle

T

T2

Tw 13 T T2 Tw T3

ADDRESS I

>ﬁ
N

- 28 -»_te 29 - 28 - !‘ 2
iROQ ) z
> 9 - “13
RD
25
>
WR

‘ \
%—FB

CPU Timing (I0C=0)

/O Read Cycle
1/0 Write Cycle




€S

CPU or DMA Read/Write Cycle (Only DMA Write Cycle for TENDi)
T1 T2 Tw Ta T4

DREQi
(at level sense)

DREQi
(at edge sense)

i A —— _

47 18

3 47

DMA Control Signals

*1 tpras and tpran are specified for the rising edge of clock followed by Ta.
*2 tpprqs and tproH are specified for the rising edge of clock.

*3 DMA cycle starts.

*4 CPU cycle starts.




VS

T3

2 | B
‘ / \
(Memory Read/Write)
49
- - . 50
e N
(/O Read)
49 50
- '... . e
E
(/0 Write) [ 15 \
Do—-D i
o ___/ A\, k

]

E
BUS RELEASE mode
SLEEP mode )
SYSTEM STOP mode

E Clock Timing [ Memory Read/Write Cycle

I/0 Read/Write Cycle

|-—49

/1

BUS RELEASE Mode
SLEEP Mode
SYSTEM STOP Mode

E Clock Timing




T2 Tw Ts T

b

£ [0 s
Example

1/0 read ) 50 K

— Op-code fetch le- 49 le— 54

i —
(/0 Write) ﬂz

E Clock Timing [Minimum timing example
of PywgL and Pwgn

Timer Data
Reg.=0000H

A1s/TOUT

X
=

Timer Output Timing




8|9A9 uonnoexy d1s

22
ey
/ m ay
" 1IN ‘O3HWN
{L :
X gLy ~—oy
{5
€€
\
TN "
(4 8]
/ ¢
el | Sy ﬂq L L L
Y218} 8poo-do IXaN 439} uononAsyl d1S
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LS

CSI/0 Clock

Transmit data
(Intemal Clock)

Transmit data
(External Clock)

Receive data
(Internal Clock)

Receive data
(External Clock)

56 56

Mteye Mtgye
58 | 59 58 | 59
[A/X SW i
t r [/
TT Bty | 165ty TT5t,,. | 165t
//. /X
.
60 61 60 61

CSI/0 Receive/Transmit Timing




External Clock Rise Time and Fall Time

Input Rise Time and Fall Time
(Except'EXTAL, RESET)

STANDARD TEST CONDITIONS:

The DC Characteristics and Capacitance sections above
apply to the following standard test conditions, unless
otherwise noted. All voltages are referenced to GND (0V).
Positive current flows in to the referenced pin.

All AC parameters assume a load capaitance of 100 pF.
Add 10 ns delay for each 50 pF increase in load up to a
maximum of 200 pF for the data bus and 100 pF for the ad-
dress and control lines. AC timing measurements are
referenced to 1.5 volts (except for CLOCK, which is
referenced to the 10% and 90% points).

The Ordering Information section lists temperature ranges
and product numbers. Package drawings are in the Pack-
age Information section. Refer to the Literature List for ad-
ditional documentation.

+5V

21K

FROM OUTPUT
UNDER TEST

250

100 pt I WA
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APPENDICES

A. Instruction Set

The following explains the symbols in instruction set.

1. Register

4. Restart Address

v specifies a restart address. The following table

shows the correspondence between v and restart ad-

dresses.

g, g, ww,xx, yy, and zz specify a register to be used.
gand g’ specify an 8-bit register. ww, xx, yy, and zz specify
a pair of 16-bit registers. The following tables show the cor-
respondence between symbols and registers.

NOTE: Suffixed H and L to ww, xx, yy, zz (ex. wwH,
IXL) indicate upper and lower 8-bit of the 16-bit register

respectively.

2. Bit

v | Address
000 | OOH
001 08H
010 10H
011 18H
100 | 20H
101 28H
110 | 30H
111 38H

The following symbols show the flag conditions.

g8’ [Reg.| | ww {Reg. xx_| Reg. yy | Reg. zz_|Reg.

000 | B 00 [BC||o00o[BCc]||o0o][BCc]|[o00]BC

001 | C 0l |[DE|[ o1 [DE||[ 0l | DE| [ 0l [ DE

010 | D 10 |HL| [ 10 | IX 10 ] 1Y 10 | HL

011 | E 11 | SP 11 | SP 11 | SP 11 | AF 5. Flag
100 | H

101] L

1| A

<TIIUVWX"

b specifies a bit to be manipulated in the bit

manipulation instruction. The following table shows the
correspondence between b and bits.

( ™
b | Bit (N
000} O morn
001 ] 1 mn
010 2 r
011] 3 R
100] 4 b.( )M
101} 5
110 6 b.gr
111 7 dorj
S
3. Condition D
f specifies the condition in program control instruc- +
tions. The following shows the correspondence between C:'i

f and conditions.

f Condition
000 | NZ non zero
001 Z zero
010 | NC non carry
011 C carry
100 | PO parity odd
101 | PE parity even
110 P sign plus
111 M sign minus

not affected
affected
undefined
setto 1
resetto 0
parity
overflow

6. Miscellaneous

data in the memory address
data in the I/o address

8-bit data

16-bit data

8-bit register

16-bit register

acontent of bit b in the memory
address

a content of bit b in the register gr
8-bit signed displacement
source addressing

destination addressing mode
AND operation

OR operation

EXCLUSIVE OR operation
added new instructions to Z80
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1 . Data Manipulation Instructions

(1) Arithmetic and Logical Instructions (8-bit)

] ) Flag
peration | MNEMONICS | OP code Addresing Bytes | States Operation |7 6 4 2 1 0
IMMED] EXT | IND | REG | REGI| IMP S Z HPV N C
ADD ADD Ag 000 g s D 1 © | ArtgeAr T 1 1 VR I
ADDAHL) [ 10000 110 s | b 1 § | Art(HLuAr 111 VR
ADD Am nwou | s D 2 § | ArtmeAr P11 v oR I
<(m) .
ADD A(X+d) |11 011 101 s ) 3 U |AtX+deeAr (11 1 VORI
10000 110
<d>
ADDA(Y+d) | 11111101 s ) 3 W |Atay+deas (11 1 VR I
10,000 110
Cdo
ADC ADC Ag 00 g s D 1 © | Artgrcoar T 1 1 VR I
ADCAHL | 10001 110 s|o 1 6 |ArtHLtc=Ar |1 1 1 V R 1
ADC Am notme | s D 2 6 | ArtmbcoAr 111 vR I
«m >
ADCA(X+d) | 11011 101 s D 3 U |AtXdareAr |1 1 1V R I
10 001 120
<d >
ADC A(IY+d) | 11111 101 s D 3 U |A+Y+datc=Ar |1 1 1V R I
10 001 110
< d >
AND ANDg g s D 1 © | ArgAr 1 1 s PRR
AND (HL) 10 100 110 s|op 1 6 | Ar(HLu=Ar 1 1 s PRR
ANDm nwn | s D 2 6 |ArmeAr 1 1 s PRR
«m )
AND (IX+d) |11 011 01 s ) 3 U | A (XA 1 1 s P RR
10100 110
<d >
AND (Y+d) | 1111101 s D 3 U | A (Y 4du=Ar 11 s PRR
10 100 110
< d>
Compare | CPg 101lg S D 1 ‘ Ar-gr 111 v.s 1
CP (HL) 10 111 110 s | o 1 § | Ar-iHDW Lrorovos
CPm nmw | s D p §  |Ar-m P11 ovos o
< m )
CP (IX+d) 1011 101 s D 3 U | A X+ 11t ovos
10 111 110
<« 4 .
CP aY+d) w0 s D 3 U | A-(Y+a 111 vos o1
10 111 110 .
<d>
COMELE- | cpr o 101 11 s/D 1 3 | Aar s s
DEC DEC g wg w01 /D 1 | glm 111 v s
DEC (HL) 10 101 ) 1 0 |HD-1-HLe [T 1 1 VS
DEC (IX+4) | 11011 101 s/D 3 8| (X+d-1- 111 ovs
0 110 101 (X+d)
< d>
DEC(IY+d) |1 11101 s/D 3 8| aY+d-1- LoV
0 110 101 (IY+d)a
<« d>
INC INCg wg 100 ) 1 4 |gtieg 111 VR
INC (HL) 110 10 s/D 1 0 |HU+1-HDe |1 1 1 V R
INC (X+d) |10 101 /D 3 1B | (X+derie 111 v oR
® 110 100 (IX+d)u
Cdo
INC(Y+d) |10 s/D 3 18| (Yed- 111 vR
110 100 (I¥+dh
Cdo
(to be continued)
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Operation | MNEMONICS | OP code Addressing Bytes | States Operation 5 4 2
IMMED] EXT | IND | REG | REGI | IMP | REL Z H PV
M Mt ew == Tier ! sz | ! B T | wwiirxwwizmmwy L
01 wwl 100
NEGATE | NEG 11 101 101 S/D 2 6 | 0-Ar—Ar 1oLy
01 000 100
OR ORg 0110g s D 1 [ Ar+groAr 1 R P
OR (HL) 10 110 110 s | b 1 6 | Ar+(HL)y=Ar I R P
ORm niuonme | s D 2 6 | Artm-Ar I R P
«m )
OR X +d) 11011 101 s D 3 U | ArtiIX+d)~Ar 1 R P
10 110 110
< d
OR (IY +4) 11111101 S D 3 U | Art (Y +d)—Ar 1 R P
10 110 110
Cd
SUB SUB g 10010 g S D 1 | Ar-grar torov
SUB (HL) 10 010 110 s | D 1 6 | Ar-(HLu—Ar v
SUB m oo | S D 2 6 | Ar-m-Ar [
¢ m >
SUB (IX+d) 11011 101 s D 3 W | Ar-(IX+d)u~Ar v
10 010 120
«do
SUB (Y +d) 11111 101 S D 3 W | A= (Y +d)Ar trv
10 010 110
Cdo
SUBC SBC Ag 00l g s D 1 ¢ Ar-gr-c~Ar v
SBC A,(HL) 10 011 110 s | D 1 6 | Ar-(HL)w-c~Ar oo
SBC Am norio | s D 2 6 | Ar-m-coAr v
«m >
SBCAIX+d) | 11 011 101 S D 3 | Ar-(IX+d)u-c—Ar 1w
10 011 110
«d >
SBCA(Y+d) |11 111 101 5 D 3 W | Ar=(IY+d)u=c—Ar 1w
10 011 110
«d >
TEST TSTg** 11 101 101 S 2 T | Argr rs p
0g 100
TSTSHL)** [ 11100 101 s ? 10 | AriHDy 1 s P
00 110 100
TSTm** www | s 3 9 |Arm 1 s p
0l 100 100
¢ m
XOR XOR g 0101g S D 1 4| ArdgrAr 1 R P
XOR ‘HL) 10 101 110 s D ! 6 | AB(HLu—Ar I R P
XOR m 11 101 110 S D 2 6 ArBm—Ar 1 R P
«m )
XOR (IX+d) 11011 101 s D 3 U | AMB(IX +d)u-Ar I R P
10 101 110 I
< d )
XOR (IY +d) 10111 101 s D 3 4| ABUY+d)e~Ar I R P
10 101 120
<« d >
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(2) Rotate and Shift Instructions

Operation

MNEMONICS

OP code

Addressing

IMMED EXT

IND

Bytes

Operation

Rotate

Shift
Data

RLA
RLg

RL (HL)

RL (IX+d)

RL (IY +d)

RLCA
RLCg

RLC (HL)

RLC (IX+d)

RLC (IY +d)

RLD

RRA
RRg

RR (HL)

RR (IX+d)

RR (IY +d)

RRCA
RRCg

RRC {HL)

RRC (IX+d)

RRC (IY +d)

00 010 111
11 001 011
000g
11 001 011
00 010 110
o1 10
11 001 011
<d>
00 010 110
11 111 101
11 001 011
«d >
00 010 110
00 000 111
11 001 011
00 000 g
11 001 011
00 000 110
o1 101
11 001 011
«d>
00 000 110
111110
11 001 011
<d>
00 000 110
11 101 101
01 101 111
00 011 111
11 001 011
00011 g
11 001 011
00 011 110
11 011 101
11001 011
«d >
00 011 110
11111 101
11 001 011
Cd o>y
00 011 110
00 001 111
11001 011
00001 g
11 001 011
00 001 110
11011 101
11 001 011
<d>
00 001 110
11111 101
11001 011
<d>
00 001 110

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

s/D

S/D

S/D

T W —

€ V———

b ———t@® C

EXIEIES
LR R4
- =|ole

o
o
£l

LR
o x

£

LR

(to be continued)
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Operation

MNEMONICS

OP code

Addressing

IMME|

EXT

REGI

IMP

Bytes

Operation

Flag

PV

Rotate

RRD
SLAg
SLA (HL)

SLA (IX+d)

SLA (IY +d)

SRAg

SRA (HL)

SRA {IX+d)

SRA (1Y +d)

SRLg

SRL {HL)

SRL {IX+d)

SRL (IY +d)

11 101 101
01 100 111
11001 011
00100 g

11 001 01t
00 100 110
11011 101
11 001 011
«d >

00 100 110
111 101
11 001 011
< d o

00 100 110
11 001 011
0101 g

11 001 011
00 101 110
oo
11 001 011
Cdo

00 101 110
11110
11001 011
«d>

00 101 110
11001 011
W lillg

11 001 011
0 111110
11011 100
11001 011
«d>

00 111 110
11 11 100
11 001 011
«d>

00 111 110

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

S/D

Bit'Set

SET bg
SET b,(HL)

SET b,(IX+d)

SET b,{IY +d)

11 001 011
b g

11 001 011
b 10
om0
11 001 011
< d>

b 10
1wt
11 001 011
«d o

b 10

S/D

S/D

S/D

S/D

1-bgr
1-b+ (HL)u

I=b (IX+d)w

1=+b- (IY +d)u

Bit Reset

RES bg
RES b.(HL)

RES b.(IX+d)

RES b,{IY +d)

11 001 011
0b g

11 001 011
0b 110
11011 101
11 001 011
«do

0b 110
11111 100
11 001 011
<do

0b 10

S/D

S/D

S/D

S/D

0—bgr

0—b-(HL)u

0—b- (IX +d)u

0-+b- (IY +d)u

Bit Test

BIT bg
BIT b.(HL)

BIT b,(IX +d)

BIT b,(IY +d)

11 001 011
b g

11 001 011
b 10
moi
11001 011
< d

b 110
11111101
11 001 011
<d>

0b 110

bgrz

b (HL)u—z

b {(IX +d)uz
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(4) Arithmetic Instructions (16-bit)

Operation | MNEMONICS | OP code Addreming States |  Operation T2 10
IMMED] EXT | IND | REG | REGI| IMP H PV N C
ADD ADD HLww | 00wwl001 s D 7 | Hlatwwy-HLe X R !
ADD IXxx 101 101 s D 0| KetxxXe X - R I
00 xx1 001
ADD IY.yy 111110 S D 10 Natyye=IY, X R 1!
0 yyl 001 .
ADC ADC HLww | 11101 101 s D 10 | Hiatwwytc—HL, X VR 1
01 wwl 010 )
DEC DEC ww 00 ww011 S/D 4 ww,—1-oww, .
DEC IX 101 101 S/D 7| Ma-1-Xe
00 101 011
DECIY 11 111 101 S/D 1 ¥y -1-IY,
00 101 011
INC INC ww 00 ww0 Ol s/D 4 wwtloww,
INCIX 11011 101 S/D 7| atieiXe .
00 100 011
INCTY 11 0 S/D 7 | Ma+1-1Y,
00 100 011
SBC SBC HLww 11101 101 s D 10 | HLy-wwy-c—HL, X Vs 1
01 ww0 010




2 . Data Transfer Instructions

(1) 8-Bit Load

. . Flag
On::"m MNEMONICS | OP code Addressing Bytes | States Operation 7 6 4 2 1 0
MMED] EXT | IND | REG | REGL] MP S Z APVN C
Load Al 11101 100 ) 2 6 |I-Ar I 1 R IR R
8-bit Data 01010 111
LDAR 11101 101 sD 2 6 | ReeAr 1t RERR
oot 111
LD A(BC) 0 01 010 s | o 1 6 | (BOwAr .
LD A.(DE) 00 011 010 S D 1 6 (DE) y—Ar N
LD A, () 111 010 s D 3 2| (mohumAr
«n )
(mos
LDIA 101 101 /D 2 6 |Ae .
01 000 111
LDRA 10101 101 s/ 2 § | ARr .
o1 001 111
LD (BOIA 0 000 010 p|s 1 7| Ae(BON .
LD (DE)A 00 010 010 D S 1 7 Ar~(DE)y A .
LD (mo) A 0 110 010 D s 3 1B | Ar-imaly .
<n)
«m )
gy g ¢ S/D 1 ) &
LD g (HL) og 10 D s 1 6 | g .
Dgm w0g 10 S D 2 6 m-gr .
«m)
WDgX+d) | 1101 101 s| o 3 U | X+ .
g 110
< d >
LD g (TIY +d) 11 111 101 S D 3 u (Y +d)u—gr
g 10
Cdo
1D (HL)m wuouo | s D 2 9| me(HL) -
<m)
D (X+dm  |noOuW | S ) ! 5| meX+dh -
00 110 110
«d)>
<m )
LD (IY+d)m 11 111 101 S D 4 15 m~(IY+d)y A
00 110 110
<4
< m)
LD (HL)g ANog S D 1 7 gr~(HL)w . .
D (X+dg | 10100 p|s 3 15| giX+da .
0nlog
Cdo
LD (Y+dg |1 miiol pD|s 3 5| g-UY+de - .
00g
«d >

@ In the case of Rl and Z Mask, interrupts are not sampled at the end of LD A, Tor LD A, R.
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(2) 16-Bit Load

. : Flag
g:;“"’" MNEMONICS | OP code Addressing Bytes | States Operation 7 6 4 2 1 0
IMMED] EXT | IND | REG | REGI | IMP | REL S Z HPVN C
Load LD ww.mn 00 ww 001 S D 3 9 ma-ww, .
16-bit Data < n>
«m)>

LD X no | s D ‘ 2| e
0 100 001
< n)

«m)

LD Y.ma numwm | s D \ 2 |-,
100 001
<n)

v «m)

LD SPHL 111001 s/D 1 4| HL-sP

LD SPIX 101 101 s/D P 7| IXeSPe
1110

LD SPIY 1111100 s/D ? 1| ISP,

111 00

WDww(ma) | 11101 100 s [} ] | e
0l wwl 01l (mn) y~wwls
< n)

«<m )

LDHLima) | 00101010 s D 3 15| tmatl)u-Hr
< n) ‘mn) y—Lr
(m)

LD IX, mm) 11011101 s D \ 18| (mo+Du-IXHr
101 010 (ma)~IXLr
<n)

(m )

LD Y. mn) um o s ) ' 18| (ma+Da-IYHr
101 010 (mn)=I¥Le
< n)

«<m)

LD (m)ww | 11101 101 D s ‘ 19| wwHe(ma+Da
01 ww0 011 wwLr—(mn)w
< n)
< m)

LD (mm HL | 00100 010 D s 3 16 | He(mta
Cao Ls-+(ma)y
<m )

LD (mn).IX 1o 10 |} s ' 19| XHr-(ma+Da
00 100 010 IXLe—(ma)a
<0
< m)

LD (ma) JY 11 100 D s 4 8| YHe(m+Dy
100 010 I¥Le-+(mn)y
<n>
<m)




(3) Block Transfer

Operation

name

MNEMONICS

OP code

EXT

States

Operation

-

=~

ole

Block
Transfer
Search
Data

CPD

LDDR

11101 101
10 101 001

11 101 100
10 111 001

11101 101
10 100 001

1101 101
10 110 001

1101 101
10 101 000

11 101 101

10 111 000

1101 100

10 100 000

1101 101
10 110 000

S/D

S/D

S/D

S/D

14 (BC,#0)
12 (BG:=0)

14 (BG#0)
12 (BGe=0)

Ar- (HL)u
BC,-1-BCy
Hle-1~HLe
BCy#0 Ar# (HL)w
BCu=0 or Ar=(HL)u
Ar-(HL )
Q| BC-1-BCy
HL.-1~HL,
Repeat Q until
Ar=(HL)y or BC,=0
Ar-(HL)x
BC,-1-BCy
HLo+1~HLe
BG,#0 Ar (HL)w
BG =0 or Ar=(HL)u
Ar-(HL )u
Q| BG-1-BCy
Hly +1~HLy
Repeat Q until
Ar=(HL)x or BC,=0
(HL)w—(DE)y

(HL)u~(DE)w
BCe-1-BCy
DE,~1-DE,
HLe-1-HLs
Repeat Q until
BG=0
(HL)w~+(DE)w
BC-1-BGy
DE, +1-DEq
HLe+1-HLy
(HL)u~(DE)x
BC,-1-BCe
DEq +1-DEe
HLa+1~HLy
Repeat Q until
BG=0

—-@iN|e

-

- e

- -8 |3|e

- -
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(4) Stack and Exchange -

L : " Flag
| Operation| \NEMONICS | OP code Addressing Bytes | States |  Operation |7 6 4 2 1 0
: MED] EXT | TND | REG | RBGL| M S 7 APV N C
PUSH PUSH 2z 11 220 101 S D 1 1 22Lr-+(SP-2) . .
ul=(SP- D)y
o SPy-2-8Py
PUSH IX o0 S/D 2 ' IXLr—(SP-2)y . . .
. w0 ‘ IXHr~(SP-1u
| SPe-2-5P,
PUSH IY ni S/D 2 u IYLr—(SP-2)y R
11 100 101 IYHr~(SP-1)y
SPe-2-SP,
POP POP 2z 11 220 001 D S 1 9 (SP+1)u~zzHr .
(SP)uzzls
SPus 2P,
POPIX PRI S/D 2 12 (SP+1)y~IXHr . .
11 100 001 | (SP)u~IXLr
SPa+2-+SPy
POPIY 1111 101 S/D 2 12 (SP+1)u~IYHr . .
T (SPl-TVLe
SPy+2-8Py
Exchange | EX AFAF 00 001 000 S$/D 1 4 AFy-AFy . .
EX DEHL 11 101 011 S/D 1 3 DE,~HLe .
EXX 11 011 001 S/D 1 3 BG—~BGY
DE-DE:
| HL-HLy
EX'(SP) HL 11 100 011 S/D 1 16 Hr—(SP+1)u .
Lr—~(SP)u
ESPX  |nonm s P IR P T
11 100 011 IXLr—~(SP)u
KN  |umm s t | 1| MEePen
11 100 011 IYLr-(SP)y

@ In the case of POP AF, Flag is written a current contents of the stack.
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3 . Program Control Instructions

Jperation. | MNEMONICS | OP code Addressing Bytes | States Operati 7 6 4 2 1
IND | REG | REGI S 7 HPVN
Call CALL mm 11 001 101 3 16 | PCHr=(SP-1)u . .
[SLES) PCLr-+(SP-2)y
«(m) mn—PCe
SPy~2~SP,
CALL fmm n{ 100 3 |6(f: falee) | contine  fis false
<a) 16 (f  true) | CALL mn : { is true
< m)
Jump DINZj 00 010 000 2| 9(Br0) | Be-1-Be
[$333 2 7 (Be=0) | continue : Br=0
Plati~PCe. Brso
JP {ma ne oo 3 |6(f faise) | mn—PCy:fistrue .
<no 3 |9(ftrue) | continue: ! is false
«(m)
JPma 11 000 011 3 9 maPCy .
«n )
«m )
JP (HL) 11101 001 D 1 3 HL—~PCy .
JPax) 11011 101 D 2 6 | IXa=PC .
11 101 001
Py 1111 200 D 2 6 | IYaoPCy
11 101 001
IRj 00 011 000 2 ]
G2y
JRCj 00 111 000 2 6 .
G2 2 ]
JRNG} 00 110 000 2 6
G2 2 8
RZ 00 101 000 2 6
G2 2 8
JRNZj 00100 000 2 6 :
GO 2 8 PGy +i~PCa 1 2=0

Return | RET 11 001 001 1 9 (SP)u~PCLs
(SP+1)u=PCHr
SPy+2-SPy

RET{ ne oo 1 {5 (f: false) | continue : f is false
1 [10(f: true)| RET: f s true
RET1 11 101 101 2 [12(RO,RD | (SP)y=PCLr
01 001 101 2 2 (SP+1)u~PCHr
SPy+2-5Py
RETN 11 101 101 2 12 | (SPha=PCLr .
01 000 101 (SP+1)4=PCHr
SPy+2-SPy
[EF,~IEF,

Restart RSTv v m 1 1 PCHr—(SP-1),
PCLr~(SP-2)u
0~PCHr
v=PCLr
SPy-2-5Ps
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4 . 1/0 Instructions

Operation | NEMONICS

OP code

EXT

Bytes

States

Operation

o
-
~
-
°

~
=
o
2
z
o

INPUT

IN A, (m)

INg(©)

INO g, (m) **

IND

INDR

INI

INR

uoiuon
< m )

11101 101
0g 000

11 101 101
00g 000
(m>

DRLUBLY
10 101 016

11101 101

10 111 010

110

10 100 010

11101 101
10 110 010

W(Bre0)
12(Br=0)

W(Br0)
12(Br=0)

(Am),—Ar
m-A~Ar
ArvAg~Ay
(BC)y~gr
§=110: Only the
flags will
change.
CrAs~A,
Br—A,~Ay
(00m) y—gr
§=110: Only the
flags will
Change.
m—A,~A,
00—+A~Ay
{BC)y~(HL)x
HLy-1~HLy
Br-1-Br
CrAs~A;
Br-+Ay~Ay
(BC)i~(HL)w
Q, HL,-1-HLy
Br-1-Br
Repeat Q until
Br=0
Cr=Ay~Ar
Br—Ai~Au

(BC)~(HL)x
HLy+1-HLy
Be-1-Br
Cr=A~Ay
Br-sAs~Ay
(BC)~(HL)w
Q| HLy+1~HLe
Be-1-Br
Repeat Q until
Be=0
Cr=Ay~A,
Br—As~Ay

=
>
>

>
»
=

[

6 ©
ZzZNN

won N

* MSB of Data=1
: MSB of Data=0

{to be continued)
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Operation

name

MNEMONICS

OP code

Addressing

IMMED| EXT

IND

REG

REGI

Bytes

States

Operation

g

il

N

EAPS
3~
2|
ole

OUTPUT

OUT (m) A

OUT O'g

OUTO (m) g **

OTDM **

OTDMR **

OTDR

ouTl

TSTIOm**

OTIM **

OTIMR **

OUTD

11 010 011
«m )

11 101 101
01g 00l

11 101 101
0g 001
«m>
11 101 101
10 001 011

11101 101
10 011 011

11 101 101
10 111 011

11 101 101
10 100 011

11 101 100
10 110 011

11101 101
01 110 100
«m>
11 101 101
10 000 011

11 101 101
10 010 011

11 101 101
10 101 011

16(Br#0)
14(Br=0)

14(Br#0)
12(Br=0)

14(Br#0)
12(Br=0)

16(Br#0)
14(Br=0)

Ar—(Am),
m=A~As
Ar—A~Ay
@~(BC),
Cr+As~A
Br—A~Au
Z~(00m),
m—Ay~A,
00-+As~Ay
(HL) ~{00C),
HL.~1-HL.
Cr-1=Cr
Br-1~Br
CrAs~A
WA~ Ay
(HL)~(00C),
Q HLy-1-Hle
Cr-1~Cr
Br-1-~Br
Repeat Q until
Be=0
Cr—As~As
00—As~Ay
{HL)u~{BC),
Q| Hle-1-HLa
UBr-1-Br
Repeat Q until
Br=0

-Cr—A~A,

Br—As~As
(HL)~(BC)y
HLy+1-HLy
Br-1-Br
Cr=As~As
Br—A~Au
{(HL)u~(BC)
Q| HLy+1-HLy
{Br-1-Br
Repeat Q until
Br=0
Cr=A~Ay
BrAs~As
100C), - m
Cr—Ay~Ar
00-A~Ay
(HL)y~(00C),
HLe+1-HL
Cr+1-Cr
Br-1-Br
Cr—=Ay~As
00-A~Ay
{HL)w—(00C),
Q HL+1~HLy
Cr+lCr
Be-1-Br
Repeat Q until
Br=0
Cr—As~Ay
W0-A~Ai
(HL)u~(BC),
HLe-1-HLe
Br-1-Br
Cr—As~As
Br—A,~Ay

! MSB of Data=1
: MSB of Data=0
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5 .. Special Control Instructions

. . " Flag
peration | MNEMONICS | - OP code Addressing Bytes | States Operation 6 4 2 10
IMMED] EXT | IND REGI | IMP Z HPV N C
Special | DAA 00100 111 s/ 1 4 | Decimal [ IR
Function Adjust
Accumulator
Carry CCF 0 111 11 1 3 [T - R R 1!
Control | SCF 00120 111 1 3 |1~ R R S
CPU DI 11 110 011 1 3 O-[EF, 0~IEF, @ . .
Control o] e 1 3 1-[EF, 1-EF, @ . )
HALT 01 110 110 1 3 | CPU haited .
Mo 11101 101 H 6 | Inmemrupt . c.
01 000 110 mode 0
M1 11 101 101 2 6 | Interrupe e
01 010 110 mode 1
M2 11 101 101 2 6 | Interupt .
01 011 110 mode 2
NoP 00 006 000 1 3| No operation . co
sLp** 11 101 101 2 8 | Slep e
o1 110 10

@ Interrupts are not sampled at the end of DI or El
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B. Instruction Summary in Alphabetical Order

*+ : Added new instructions to Z80

MNEMONICS Bytes Machine Cycles States
ADC Am 2 2 6
ADC A g 1 2 4
ADC A, (HL) 1 2 6
ADC A, (IX+d) 3 6 14
ADC A, (IY+d) 3 6 14
ADD Am 2 2 6
ADD Ag 1 2 4
ADD A, (HL) 1 2 6
ADD A, (IX+d) 3 6 14
ADD A, (ly+d) 3 6 14
ADC HLww 2 6 10
ADD HLww 1 5 7
ADD IX,xx 2 6 10
ADD IY,yy 2 6 10
AND m 2 2 6
AND g 1 2 4
AND (HL) 1 2 6
AND (IX+d) 3 6 14
AND (IY+d) 3 6 14
BIT b, (HL) 2 3 9
BIT b, (IX+d) 4 5 15
BIT b, (IY+d) 4 5 15
BIT b,g 2 2 6
CALL fmn 3 2 6

(If condition is false)
3 6 16
(if condition is true)

{to ba continuad)
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MNEMONICS - Bytes . Machine Cycles States
CALL mn 3 6 16
CCF 1 1 3
CPD 12
CPDR 2 14
(if BCr#0 and Ar# (HL)w
2 6 12
(if BCR=0 or Ar=(HL)\)
CP (HU) 1 6
CPI 6 12
CPIR 14
' (if BCR¥0 and Ar+ (HL)\)
2 6 12
(if BCR=0 or Ar=(HL)\)
CP (X+d) 6 14
CP (IY+d) 3 6 14
CPL 1 1 3
CPm 2 2 6
CPg 1 2 4
DAA 1 2 4
DEC (HL) 1 4 10
DEC IX 2 3 7
DEC IY 2 ‘ 3 7
DEC (IX+d) 3 8 18
DEC (iY+d) - 3 8 18
DEC g 1 2 4
DEC ww 1 2 4
DI 1 1 A3

{to be continued)
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MNEMONICS Bytes Machine Cycles States

DJNZ j 9 (f Br#0)
2 7 (f Br=0)

El 1 1 3

EX AF.AF’ 1 2 4

EX DEHL 1 1 3

EX (SP),HL 1 6 16

EX (SP).IX 2 7 19

EX (SP).IY 2 7 19

EXX 1 1 3

HALT 1 1 3

IM O 2 2 6

M1 2 2 6

M 2 2 2 6

INC g 1 2 4

INC (HL) 1 4 10

INC (IX+d) 3 8 18

INC (iY+d) 3 8 18

INC ww 1 2 4

INC IX 2 3 7

INC IY 2 3 7

IN A,(m) 2 3 9

IN g.(C) 2 3 9

INI 2 4 12

INIR 2 6 14 (if Br+0)
2 4 12 (if Br=0)

IND 2 4 12

INDR 2 6 14 (if Br+0)

{to be continued)
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MNEMONI?S G Bytes Machine Cycles States
INDR ‘ 2 4 12 (if Br=0)
INO g,(m)** 3 4 12
JP fmn \ 3 2 6

(if f is false)
3 3 9
(if f is true)
JP (HL) 1 1 3
JP (IX) 2 2 6
JP (IY) 2 2 6
» JP mn 3 3 9
Rj 2 a4 8
JR Cij 2 2 6
(if condition is false)
2 4 8
. {If condition is true)
JR NC,j 2 2 6
(if condition is false)
2 4 8
(if condition is true)
JRZj 2 2 6
(if condition is false)
2 4 8
(if condition is true)
JR NZ,j 2 2 6
(if condition is false)
2 4 8

(if condition is true)

(to be continued)
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MNEMONICS Bytes Machine Cycles States -

LD A, (BC) 1 2 6

LD A, (DE) 1 2 6

LD Al 2 2 6

LD A, (mn) 3 4 12

LD AR 2 2 6

LD (BC).A 1 3 7

LDD 2 4 12

LD (DE)LA 1 3 7

LD ww,mn 3 3 9

LD ww, (mn) 4 6 18

LDDR 2 6 14 (if BCr#0)
2 4 12 (f BCR=0)

LD (HL),m 2 3 9

LD HL,(mn) 3 5 15

LD (HL).g 1 3 7

LD} 2 4 12

LD LA 2 2 6

LDIR 2 6 14 (f BCr#0)
2 4 12 (if BCr=0)

LD IX,mn 4 4 12

LD IX,(mn) 4 6 18

LD (IX+d),m 4 5 15

LD (X+d).g 3 7 15

LD IY,mn 4 4 12

LD IY,(mn) 4 6 18

LD (IY+d)\m 4 5 15

LD (y+d).g 3 7 15

(to be continued)




MNEMONICS Bytes Machine Cycles States

LD (mn),A 3 5 13

LD (mn),ww 4 7 19

LD (mn),HL 3 6 16

LD (mn),IX 4 7 19

LD (mn)lY 4 7 19

LD RA 2 2 6

LD g.(HL) 1 2 6

LD g,IX+d) 3 6 14

LD g.0Y+d) 3 6 14

LD g.m 2 2 6

LD g.g’ 1 2 4

LD SP,HL 1 2 4

LD SP.IX 2 3 7

LD SPIY 2 3 7

MLT ww** 2 13 17

NEG 2 2 6

NOP 1 1 3

OR (HL) 1 2 6

OR (IX+d) 3 6 14

OR (IY+d) 3 6 14

OR m 2 2 6

ORg 1 2 4

OTDM** 2 6 14

OTDMR** 2 8 16 (if Br+0)
2 6 14 (if Br=0)

OTDR 2 6 14 (Iif Br+0)
2 4 12 (if Br=0)

(to be continued)




MNEMONICS Bytes Machine Cycles States
oTIM** 2 6 14
OTIMR** 2 8 16 (if Br+0)
2 6 14 (f Br=0)
OTIR 2 6 14 (if Br+0)
2 4 12 (if Br=0)
OUTD 2 4 12
OuTI 2 4 12
OUT (m),A 2 4 10
OuUT (C).g 2 4 10
OUTO (m),g** 3 5 13
POP IX 2 4 12
POP IY 2 4 12
POP zz 1 3 9
PUSH IX 2 6 14
PUSH IY 2 6 14
PUSH 2z 1 5 1
RES b, (HL) 2 5 13
RES b, (IX+d) 4 7 19
RES b,(lY+d) 4 7 19
RES b,g 2 3 7
RET 1 3 9
RET f 1 3 5
(If condition is false)
1 4 10
(if condition is true)
RETI 2 4 (RO, R1) 12 (RO, R1)
10 (2) 22 (2)
RETN 2 4 12
(to be continued)
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MNEMONICS Bytes Machine Cycles States
RLA 1 1 3
RLCA 1 1 3
RLC (HL) 2 5 13
RLC (IX+d) 4 7 19
RLC (IlY+d) 4 7 19
RLC g 2 3 7
RLD 2 8 16
RL (HL) 2 5 13
RL (IX+d) 4 7 19
RL (IY+d) 4 7 19
RLg 2 3 7
RRA 1 1 3
RRCA 1 1 3
RRC (HL) 2 5 13
RRC (IX+d) 4 7 19
RRC (IY+ d) 4 7 19
RRC g 2 3 7
RRD 2 8 16
RR (HU) 2 5 13
RR (IX+d) 4 7 19
RR (IY+d) 4 7 19
RR g 2 3 7
RST v 1 5 11
SBC A,(HL) 1 2 6
SBC A, (IX+d) 3 6 14
SBC A,(lY+d) 3 6 14
SBC Am 2 2 6

{to be continued)




MNEMONICS Bytes Machine Cycles States
SBC Ag 1 2 4
SBC HL,ww 2 6 10
SCF 1 1 3
SET b,(HL) 2 5 13
SET b.(IX+d) 4 7 19
SET b,(Y+d) 4 7 19
SET bg 2 3 7
SLA (HU 2 5 13
SLA (X+d) 4 7 19
SLA (IY+d) 4 7 19
SLA g 2 3 7
SLP*® 2 2 8
SRA (HU) 2 5 13
SRA (X+d) 4 7 19
SRA (IY+d) 4 7 19
SRA g 2 3 7
SRL (HU) 2 5 13
SRL (IX+d) 4 7 19
SRL (iY+d) 4 7 19
SRL g 2 3 7
SUB (HL) 1 2 6
SUB (IX+d) 3 6 14
SuB (Iy+d) 3 6 14
SUB m 2 2 6
SUBg 1 2 4

**TSTIO m 3 4 12
*TSTg 2 3 7

{to be continued)
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MNEMONICS Bytes Machine Cycles States
TST m** 3 3 9
TST (HU)** 2 4 10
XOR (HL) 1 2 6
XOR (IX+d) 3 6 14
XOR (IY+d) 3 6 14
XOR m 2 2
XOR g 1 2 4
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C. Op-code Map

Table 1 1st op-code map
Instruction format : XX

ww (LO=ALL) LO=0~7
BC [ DE [ HL [ sP BC | DE | HL | AF
g (LO=0~7) NZ | NC | PO P f
B D H |(HL)]| B D H | (HL) OOH | 10H | 20H | 30H v
HI [ 0000|0001 |0010{0011]0100|0101|0110/0111|1000|{ 1001|1010{1011|1100|{ 1101|1110 1111
LO 0 1 2 3 4 5 6 7 8 9 A B C D E F
B [ 0000] O | NOP |DINZ||[JRNZ|[JRNC,] . RET f 0
C |o0001| 1 LD ww, mn I NOTE1) POP zz 1
D (0010 2 | LD(ww), A |LD(mn)|LD(mn) , JP f, mn 2
JHL | LA : JP mn|OUT(m) [EXSP)| DI | 3
E |[0011| 3 INC ww LD gs : ADD A|SUB s|AND s|OR s LA ,HL
H | 0100 4 INC g 1 NOTE1) X .S CALL f, mn 4
5L _[o101][ 5 DEC g NOTED | N R e PUSH zz 5
F[(HL) [0110] 6 LD gm 'NOTEN)| ~~ NOTE2) _ [HALT | NOTE2) | NOTE2) | NOTE2) | NOTE2)[ADD An[SUB m[AND m[OR m | 6
I{ A |0111| 7 |RLCA|{RLA|DAA | SCF RST v 7
I B [1000] 8 [EXAFAF] JRj[JRZ[|JR G, RET f 8
C |1001| 9 ADD HL, ww RET | EXX [P HL)|LDSP,| 9
» D [1010| A |LD A, (ww) [LD HL,|LD A, HL
(mn) | (mn) JP f,mn A
E [1011] B DEC ww LD gs ADC A|SBC A|XOR s| CP s [Tabe2 [NA m[EDOEH] EI | B
H | 1100 C INC g ,$ 8 CALL f,mn C
L [1101] D DECg |\ 1 _[CALLmn|NOTE3) | Table3 [NOTE3)| D
(HL) [ 1110] E Lbgm | NOTE2) | NOTE2) [ NOTE2) | NOTE2) | NOTE2) [ADC Am|{SBGAm|{XOR m{CP m| E
A [ 1111 | F [RRCA] RRA| CPL | CCF RST v F
0 1 2 3 4 5 6 7 8 9 A B C D E F
C E L A C E L A 4 C PE M f
g(LO=8~F) 08H | 18H | 28H | 38H v
LO=8~F




NOTE1) (HL) replaces g.
2) (HL) replaces s. ‘
3) If DDH is supplemented as 1st op-code for the instructions which have HL or (HL) as an operand in
Table 1, the instructions are executed replacing HL with IX and (HL) with (IX+d).
“ex. 22H : LD (mn), HL
DDH 22H : LD (mn), IX
If FDH is supplemented as ‘1st op~code for the instructions which have HL or (HL) as an operand in
Table 1, the instructions are executed replacing HL with 1Y and (HL) with (IY+d).
ox. 34H : INC (HL)
FDH 34H : INC (IY +d) .
However, JP (HL) and EX DE, HL are exception and note the followings.
If DDH is supplemented as 1st op-code for JP (HL), (IX) replaces (HL) as operand and JP (IX)
is executed.
If FDH is supplemented as 1st op-code for JP (HL), (1Y) replaces (HL) as operand and JP (IY)
is executed.
Even if DDH or FDH is supplemented as 1st op~code for EX DE, HL, HL is not replaced and the
instruction is-regarded as illegal instruction.
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Table 2 2nd op-code map

Instruction format : CB XX b (LO=0=7)

0246 [0][2]4]6]0]2]4]6

HI [0000[0001]0010[0011]{0100{0101]{0110{0111[1000[1001]1010[1011[1100[11CG1[1110[ 1111

LO 0O | 1| 23|45 6|7 8|9 | A[B|[C|DJE]F
B _[0000[ 0 0
C [ooo01] 1 1
D |o0oi10] 2 2
E |0011] 3 3
H [0100] 4 |RLCg|RL g|SLA g BIT b,g RES b,g SET b,g 4
JrcjJooifs] | |l 5
S| (HL)|0110] 6 NOTE|NOTEN|NOTED)| | | NOTEYD) | ___NOTEN) ___| __NOTEV) | 6
% A Joi1i]| 7 7
<[ B [1000] 8 8
C [1001] 9 9
w| D [1010] A A
E [1011] B B
H |[1100| C |RRC g|RR g|SRA g|SRL ¢ BIT b,g RES b,g SET b,g C
N R R e e D
(HL)]1110| E INOTEI)| NOTET) | NOTET) | NOTET)| | NOTE®) _ | ____! NOTE1) | ___NOTEL) | E
A N[ F F

ol 12713 5[ 6] 7| 8[9A[B|[C[DJE]F

1 3]s 7] 13 ] 7138|5857

b (LO=8~F)

NOTE 1) If DDH is supplemented as 15t op-code for the instructions which have (HL) as operand in Table 2, the mstructions are executed replacing (HL) with (IX+d).
If FDH 1s supplemented as 1st op-code for the mstructons whuch have (HL) as operand in Table 2, the instructions are executed replacing (HL) with (IY +d).
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Table 3 2nd op-code map

Instruction format : ED XX ww (LO=ALL)
BC|[DE[HL] SP
g (L0O=0~7) '
B[ DJ]H B[] DJ]H
HI [ 0000[0001][0010{0011{0100[0101]{0110[0111{1000]1001]1010]1011]1100] 110111101111

LO 0 1 2 3 4 5 6 7 8 9 Al B|C|DJ|ET]F
0000 O INO g, (m) IN g, (C) LDI [LDIR 0
0001| 1 | OUTO0 (m,g | ouT (0),g | CPI [CPIR 1
0010 2 SBC HL, ww INI | INIR 2
0011] 3 LD (mn), ww OTIMJOTIMR] OUTI| OTIR 3
0100 4 TST g [TSTH)| NEG [ TST m]TSTIOm 4
0101 5 RETN 5
0110] 6 MO |IM1 SLP 6
o111 7 LDI,A[LD AI| RRD 7
1000 | 8 INO g, (m) IN g, (C) LDD [LDDR 8
1001 | 9 oUTO0 (m),g OUT (C),g CPD |CPDR 9
1010 A ADC HL,ww IND |INDR A
1011 B LD ww, (mn) OTDM|OTDMR|OUTD|OTDR B
1100 C TST g MLT ww C
1101 | D RETI D
1110 E M 2 E
1M1 F LDRA[LD AR| RLD F

o[ 1 2 [ 3] a5 |6 7[8]o|A][B]J]C|DJ]E]F

C | E LAl C|]E]LT]A




D. Bus and Control Sighal Condition in each Machine Cycle
* (ADDRESS) : invalid

Z (DATA) : high impedance.
- . added new instructions to Z80
Machine —_ | — |  —
Instruction Cycle States ADDRESS DATA RD WR | MREQ| 1ORQ | M1 HALT | ST
1st op-code 1st
MC | T1T2Ta Address op-code 0 1 o] 1 0 1 (o]
ADD HLww
MC:
~MC= | TiTiTiTi - z 1 1 1 1 1 1 1
1st op-code 1st
MC. | T:T.Ts Address op-code (o] 1 [o] 1 0 1 [o]
ADD IX,xx 2nd op-code 2nd
ADD IY.yy MCz | TiT2Ts Address op-code 0 1 o 1 0 1 1
MCs
~MCe | TiTiTiTi . z 1 1 1 1 1 1 1
1st op-code 1st .
MC: | TiT2Ts Address op-code o] 1 o] 1 0 1 (o]
ADC HLww 2nd op-code 2nd
SBC HLww MC: | T1T2Ts Address op-code o] 1 (o] 1 0 1 1
MCs
—~MCe | TiTiTiTi ¢ z 1 1 1 1 1 1 1
ADD A g
ADC Ag 1st op-code 1st
SuBg MC: | TiT2Ta Address op-code [o] 1 [o] 1 0 1 [0]
SBC Ag
AND g
ORg
XOR g MCz | Ti . Zz 1 1 1 1 1 1 1
CPg
ADD Am
ADC Am : 1st op-code st
SUB m MC: | T1T2Ts Address op-code 0 1 0 1 0 1 []
SBC Am ’
AND m
ORm 1st operand
XOR m MCz | TT2Ts Address m 0 1 [0] 1 1 1 1
CPm
ADD A, (HU
ADC A, (HL) 1st op-code 1st
SUB (HL) MC: | T1T2Ts Address op-code o 1 (o} 1 0 1 [0}
SBC A, (HU
AND (HL)
OR (HL)
XOR (HL) MC: [ T1T2Ts HL DATA [0] 1 [¢] 1 1 1 1
CP (HU)
ADD A, (IX+d) 1st op-code 1st ‘
ADD A, (iY+d) MC: | TuT2Ts Address op-code o] 1 [o] 1 0 1 4]
ADC A, (IX+d}
ADC A, (IY+d)
SUB (IX+d) 2nd op-code 2nd
SuB (iy+d) MC2 | T1T2Ts Address op-code 0 1 o 1 c 1 1
SBC A, (IX+d)

{to be continued)




: Machine —
“Instruction Cycle States ADDRESS - DATA RD ST
SBC A, (iY+d) 1st operand
AND (IX+d) MCa | T1T2Ts Address d [} 1
AND (IY+d)
| OR (IX+d) MC.
OR (IY+d) ~MCs | TiTi . r4 1 1
XOR (IX+d)
XOR (iY+d)
CP (IX+d) X+d
CP (iY+d) MCe | T1T2Ts Iy+d DATA 0 1
1st op-code 1st
MC1 | TiT2Ta Address op-code [o] o]
BIT bg
2nd op-code 2nd
MCz | TiT2Ta Address op-code o] 1
1st op-c'bda 1st
MC: | T1T2Ts Address op-code o) o
2nd op-code 2nd
BIT b, (HL)
MC2 | TiT2Ta Address op-code o] 1
MCs | T1T2Tas HL DATA [o] 1
1st op-code 1st
MC: | T1T2Ta Address op-code 0 o
2nd op-code 2nd \
MC: | T1T2Ta Address op-code o 1
BIT b, (IX+d) 1st operand
BIT b, (Y+d) MCs | T1T2Ta Address d o 1
3rd op-code 3d
MC4 | T1T2Ts Address op-code (o] 1
IX+d
MCs | T1T2Ts y+d DATA 0o 1
1st op-code 1st .
MCy | TiT2Ta Address op-code o ]
1st operand
MC2 | T1T2Ts Address n o 1
2nd operand
MCs | T1T2Ts Address m (o] 1
CALL mn
MC« | Ti . 4 1 1
MCs | T1T2Ta SP—1 PCH 1 1
MCe | T1T2Ta SP—2 PCL 1 1
1st op-code ist
CALL f.mn MC | T1T2Ts Address op-code o] [o]
{if condition
is false) 1st operand
MC2 | T1T2Ta Address n o] 1
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Machine I . U
Instruction Cycle | Sttes ADDRESS DATA RD MREG | TORG | Wi |HALT | ST
1st op-code 1st
MC: | T1T2Ta Address op-code o] o] 1 [0} 1 o]
1st operand
MCz | T:1T2Ta Address n 0o 0 1 1 1 1
2nd operand
CALL fmn MCs | TiT2Ts Address m o (o] 1 1 1 1
{if condition
is true) me. | . z ! CO IR T T I
MCs | T1T2Ts SP—1 PCH 1 (o] 1 1 1 1
MCe | T1T2Ts SP—2 PCL 1 (] 1 1 1 1
1st op-code 1st
CCF MC: | T1T2Ts Address op-code o] (o] 1 [o] 1 o]
1st op-code 1st
MC, | T:T.Ta Address op-code o] (o] 1 (o] 1 o]
2nd op-code 2nd
(o] MC: | TiT2Ts Address op-code 1 0o 1 1
CPD MCs | T1T2Ta HL DATA 0 1 1 1 1
MC.
~MCe | TiTiTi : 4 1 1 1 1 1 1
1st op-code 1st
MC | TiT2Ta Address op-code o] o] 1 0 1 (o]
CPIR 2nd op-code 2nd
CPDR MCz | TiT2Ta Address op-code 0 o] 1 0 1 1
(if BCR#0 and
Ar# (HUW MCs | TiT2Ta HL DATA o] [o] 1 1 1 1
MC.
~MCs | TiITiTiTiTi * z 1 1 1 1 1 1
1st op-code 1st
MC1 | T1T2Ta Address op-code Q o] 1 0 1 (o]
CPR 2nd op-code 2nd
CPDR MC2 | T1T2Ta Address op-code (o] o] 1 0 1 1
(f BCo=0 or
Ar= (HLw) MCa [ TiT2Ta HL DATA 0 0 1 1 1 1
MC.
~MCe | TiTiTi * Z 1 1 1 1 1 1
cPL 1st op-code 1st
MC: | T1T2Ts Address op-code (o] Q 1 0 1 o]
1st op-code 1st
MC: | TiT2Ts Address op-code 0 (o] 1 0 1 (o]
DAA
MC2 | Ti M Y4 1 1 1 1 1 1
DI 1 1st op-code st
MC: | T:T2Ta Address op-code 0 0 1 0 1 0
*1 Interrupt request is not sampled. (to be continued)
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*2 DMA, REFRESH, or BUS RELEASE cannot be executed after this state. (Request is ignored)
*3 Interrupt request is not sampled.

Machine — U PN NI RN [e—
Instruction Cych~ States ADDRESS DATA RD WR [MREQ| IORQ | M1 |HALT | ST
1st op-code 1st
MC: | TiT2Ts Address op-code [o] 1 (o] 1 o] 1 (o]
DJINZ j MC: | Ti "2 . z 1 1 1 1 1 1 1
(tf Br=0) 1st operand
MCs | T1T2Ts Address 2 0 1 o 1 1 1 1
MC. '
~MCs | TiTi M z 1 1 1 1 1 1 1
1st op-code 1st
MC: | T4T2Ts Address op-code 0o 1 o 1 o] 1 (o]
DUNZ j
(if Br=0) MC: | Ti*1 . 2z 1 1 1 1 1 1 1
1st operand
MCa | TiT2Ts Address 2 o] 1 (o] 1 1 1 1
B3 1st op-code st
MC, | T1T2Ts Address op-code 0o 1 o] 1 0 1 0o
EX DE, HL 1st op-code 1st
EXX MC: | TiT2Ts Address op-code 0 1 o} 1 0 1 (o]
1st op-code st
MC: | TaT2Ta Address op-code (o] 1 o 1 (o] 1 0
EX AF, AF'
MCz | Ti . 4 1 1 1 1 1 1 1
1st op-code 1st
MC, | TaT2Ts Address op-code (o] 1 [o] 1 0o 1 (o]
MC: | TiT2Ta SP DATA 0 1 0 1 1 1 1
MCa | T1T2Ts SP+1 DATA [o] 1 (o] 1 1 1 1
EX (SP), HL
MC4 | Ti . 4 1 1 1 1 1 1 1
MCs | T1T2Ts SP+1 H 1 (o] o] 1 1 1 1
MCs | T1T2Ts SP L 1 (o] 1 1 1 1
1st op-code - 1st
MC: | TiT2Ts Address op-code (o] 1 [o] 1 0 1 o]
2nd op-code 2nd
MCz | TiT2Ts Address op-code [o] 1 [o] 1 (4] 1 1
EX (SP),IX .
EX (SP)LIY MCs | T;T.Ts SP DATA (o] 1 (o] 1 1 1 1
MC4 | TiT2Ta SP+1 DATA (o] 1 [o] 1 1 1 1
MCs | Ti * 4 1 1 1 1 1 1 1
{to be continued)
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Machine

Instruction Cycle States ADDRESS DATA RD WR | MREQ  iORQ ' ™M |HALT | ST
IXH
EX (SP), IX MCe | T1T2Ts SP+1 IYH 1 (o] (o] 1 1 1 1
EX (SP), IY IXL
MC7 | T1T2Ts SP YL 1 (o] [0] 1 1 1 1
1st op-code 1st
MC: | T1T.Ta Address op-code 0o 1 (o] 1 0 1 [o]
HALT
_ Next op-code Next
Address op-code [} 1 o 1 o o o}
1st op-code 1st
x ‘1’ MC: | T+T2Ts Address op-code 0 1 o 1 0 1 0
M2 2nd op-code 2nd
MC2 | T1T2Ta Address op-code 0 1 [o] 1 ] 1 1
1st op-code st
INCg MC, | T:T2Ts Address op-code o 1 o 1 0 1 ¢}
DEC g
MC:z | Ti N 4 1 1 1 1 1 1 1
1st op-code 1st
MC, | T1T2Ta Address op-code (o] 1 o 1 0 1 [o]
INC (HU MC: | T1T2Ts HL DATA o 1 o 1 1 1 1
DEC (HL)
MCa | Ti * z 1 1 1 1 1 1 1
MCs4 | TiT2Ts HL DATA 1 0 (0] 1 1 1 1
1st op-code st
MC: | T T2Ts Address op-code (o] 1 [o] 1 0 1 [o]
2nd op-code 2nd
MC2 | T1T2Ts Address op-code o] 1 o] 1 0o 1 1
1st operand
INC (IX+d) MCs | T1T2Ts Address d (0] 1 0 1 1 1 1
INC (IY+d)
MC.
DEC (X+d) ~MCs | TiTi . z 1 1 1 1 1 1 1
DEC (iY+d) X+d
MCs | T1T2Ts IY+d DATA o] 1 o 1 1 1 1
MCr | Ti . r4 1 1 1 1 1 1 1
IX+d
MCs | T1T2Ts IY+d DATA 1 o (o] 1 1 1 1
1st op-code 1st
INC ww MC: | T1T2Ts Address op-code 0 1 0 1 0 1 0
DEC ww
MCz | Ti ¢ 4 1 1 1 1 1 1 1
1st op-code 1st
INC 1X MC, | T1T2Ts Address op-dode (o] 1 0 1 0 1 0o
INC IY 2nd op-code 2nd
DEC IX MC: | T1T2Ta Address op-code 0 1 (o] 1 0 1 1
DEC IY
MCs | Ti ¢ 4 1 1 1 1 1 1 1
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Machine — | — —_ | —
Instruction | cyme | States ADDRESS DATA RD | WR | MREG|IORQ | Wi |HALT
1st op-code 1st
MC: | T1T2Ts Address op-code (o] 1 o 1 (o] 1
1st operand
N Afm) MC2 | T T2Ts Address m o] 1 1] 1 1 1
m to Ao~Ar
MCs | T1T2Ts Ato As~Ais DATA 0o 1 1 o] 1 1
1st op-code 1st
MC: | T1T2Ta Address op-code 0 1 o] 1 (o] 1
IN g.(0) 2nd op-code 2nd
i MC: | TiT2Ts Address op-code o | 1 o | 1 | o |
MC3 | TiT2Ta BC DATA (o] 1 1 0o 1 1
1st op-code st
MC: | T T2Ts Address op-code o] 1 (o] 1 (o] 1
2nd op-code 2nd
MC:2 | TiT2Ts Address op-code (] 1 ] 1 o] 1
INO g,(m)**
1st operand
MCa | TiT2Ta Address m o 1 (o] 1 1 1
. m to Ao~Ar
MC4 | TiT2Ts OO0H to As~A1s | DATA 0] 1 1 (o] 1 1
1st op-code st
MC, | TaT2Ts Address op-code (o] 1 (0] 1 0 1
2nd op-code 2nd
Nt . MCz | T:T2Ts Address op-code o] 1 o 1 o 1
IND
MCs | TiT2Ts BC DATA o] 1 1 (o) 1 1
MCs | TiT2Ta HL DATA 1 (o] (o] 1 1 1
1st op-code 1st 1
MC: | T1T2Ts Address op-code 0o 1 0 1 4] 1
2nd op-code 2nd
NR MC2 | T:T2Ts Address op-code (o] 1 (o] 1 (0] 1
|
INDR
(if Br#0) MCs | TiT2Ts BC DATA (o] 1 1 o 1 1
MC4 | TiT2Ts HL DATA 1 (o] (V] 1 1 1
MCs
~MCs | TiTi . z 1 1 1 1 1 1
1st op-code 1st
MC: | T1T2Ta Address op-code (o] 1 (o] 1 o] 1
2nd op-code 2nd .
INR MC: | TiT2Ts Address op-code o | 1 o | 1 o | 1
INDR
(if Br=0)
MC3 | TiT2Ta BC DATA o} 1 1 o 1 1
MC4 | TiT2Ts HL DATA 1 0 0 1 1 1




Machine _ | — —_—
Instruction Cycle States ADDRESS DATA RD | WR | MR e% 1oRa Mt | HALT
F S B
o5 X
1st op-code 1st
MCi | T1T2Ta Address op-code 0 1 (o] 1 0 1
P 1st operand
me MCz | T\T2Ta Address n 0 1 0 1 1 1
2nd operand
MCs | T1T2Ta Address m o] 1 0 1 1 1
1st op-code 1st
JP f,mn MC, | T1T2Ts Address op-code 0o 1 0 1 0 1
¥ ¢ ic false) ist operand
MCz2 | TiT2Ts Address n [o] 1 (o] 1 1 1
1st op-code st
MCy | TiT2Ts Address op-code [o] 1 0 1 0 1
JP f,mn 1st operand ,
{if f is true) MCz | TiT2Ta Address n [¢] 1 0 1 1 1
2nd operand
MCa | T1TTa Address m 0o 1 0 1 1 1
1st op-code 1st
9P Y MC1 | TiT2Ta Address op-code (o] 1 0 1 0 1
1st op-code 1st
JP (IX) MCs | TiT2Ts Address op-code 0 1 o 1 [ 1
JP (IY) 2nd op-code 2nd
MC2 | T1T2Ts Address op-code [o] 1 (o] 1 0 1
1st op-code 1st
MC: | TiT2Ts Address op-code 0 1 [o] 1 0 1
R 1st operand
) MCz | TiT2Ts Address 2 0 1 0 1 1 1
MCs
~MC.4 | TiTi N r4 1 1 1 1 1 1
JRCj JRNCj 1st op-code 1st
JRZj JRNZj MCi | TiT2Ta Address op-code [o] 1 o] 1 0 1
{if condition 1st operand
is false) MC: | T1T2Ts Address 2 o] 1 o] 1 1 1
1st op-code 1st
JR Cj JRNCj MCy | T1T2Ta Address op-code [¢] 1 0 1 0 1
JRZj JRNZj 1st operand
{if condition MC2 | T:T.Ts Address 2 o] 1 [o] 1 1 1
is true) MCs
~MCa4 | TiTi M 4 1 1 1 1 1 1
1st op-code 1st
MC: | TiT2Ts Address op-code ] 1 o] 1 0 1
LD g9’
MCz| Ti . z 1 1 1 1 1 1
* | 1st op-code 1st
MC, | T1T2Ta Address op-code [o] 1 0 1 [o] 1
LD gm
i 1st operand
MCz | T1T2Ts Address m 0 1 0 1 1 1




Machine RN (— —
Instruction Cyc. States ADDRESS DATA RD | WR |VRea| 1oRG | M1 HALT | sT
1st op-code 1st
MC: | T1T2Ta Address op-code 0 1 0 1 0 1 o
LD g, (HL
MC2 | T1T2Ts HL DATA o] 1 (o] 1 1 1 1
‘ 1st op-code 1st
MC: | T1T2Ts Address op-code [ 1 0 1 0 1 V]
2nd op-code 2nd ,
MC2 | T1T2Ta Address op-code [o] 1 [¢] 1 o] 1 1
LD g, (IX+d) 1st operand
LD g, iy+d) MCs | T1T2Ts Address d [o] 1 (0] 1 1 1 1
MCs
~MCs | TiTi . z 1 1 1 1 1 1 1
X+d
MCe | T1T2Ts IY+d DATA 0 1 0 1 1 1 1
1st op-code 1st
MC: [ T1T2Ts Address op-code o] 1 0 1 o] 1 (o]
1D tHu.g MC: | Ti . z 1 1 1 1 1 1 1
MCs | T1T2Ta HL g 1 0 0 1 1 1 1
1st op-code 1st
MC: | T1T2Ts Address op-code 0 1 o] 1 0 1 o]
2nd op-code 2nd
MC:2 | T1T2Ts Address op-code [o] 1 0 1 [o] 1 1
LD (IX+d).g 1st operand
LD (iY+d).g MCs | T1T2Ts Address d o] 1 0 1 1 1 1
MC. )
~MCe | TiTiTi N 4 1 1 1 1 1 1 1
) IX+d
MC7 | T:T2Ts Y+d ] 1 o] 0 1 1 1 1
1st op-code st
MC: | TiT2Ts Address op-code (¢} 1 0 1 0 1 o]
1st operand
L0 HUm MC: | T/T2Ts Address m o | 1 o | 1 1 1 1
MCs | TiT2Ta HL DATA 1 0 0 1 1 1 1
1st op-code 1st
MCs | TiT2Ta Address op-code [¢] 1 0 1 o] 1 0
2nd op-code 2nd
MC:2 | ThT2Ts Address op-code 0] 1 4] 1 [¢] 1 1
LD (X+d.m , 1st operand
LD (iY+d).m MCs | TiT2Ts Address d o] 1 0 1 1 1 1
2nd operand
MCs | T1T2Ta Address m 0o 1 0 1 1 1 1
. . X+d
MCs | T1T2Ts Y+d DATA 1 0 0 1 1 1 1
LD A, (BC) 1st op-code 1st .
LD A, (DE) MC: | T:TeTs Address op-code ] 0o 1 0 1 (V] 1 0
{to be continued)
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Machine — ‘_ — [ — —
nstuction |- cycie | Ot ADDRESS DATA RO | WR |WREG| ioRa | Wi . |HALT | ST
LD A, (BC) BC
LD A, (DE) MC: | T\ T.Ta DE DATA (o] 1 o 1 1 1 1
1st op-code 1st
MCy| TaT2Ta Address op-code (o] 1 0 1 0 1 o]
1st operand
MC:2 | T1T.Ts Address n 0 1 0 1 1 1 1
LD A,(mn)
2nd operand
MC3 | T1T2Ts Address m (4] 1 4] 1 1 1 1
MCy | TiT2Ts mn DATA o] 1 o] 1 1 1 1
1st op-code 1st
MC, | TiT2Ts Address op-code 0 1 0 1 0 1 0
LD (BC).A
LD (DE)A MC2 | Ti M z 1 1 1 1 1 1 1
BC
MC3 | T1T.Ta DE A 1 (o] o] 1 1 1 1
1st op-code 1st
MC, | TiT2Ts Address op-code (0] 1 o] 1 0 1 0
1st operand
MC2 | T1T2Ta Address n (o] 1 o] 1 1 1 1
2nd operand
LD {mn).A MCa | T1T2Ts Address m o | 1 o | 1 1 1 1
MCs | Ti ¢ z 1 1 1 1 1 1 1
MCs | ThT.Ts mn A 1 o] [¢] 1 1 1 1
LD Al 1st op-code 1st
D AR } 4 MC, | TiT2Ts Address op-code o | 1 o | 1 0 1 0
LD LA 2nd op-code 2nd
LD RA MCz | T:T2Ts Address op-code o] 1 [¢] 1 0 1 1
1st op-code 1st
MC: | T1T2Ta Address op-code o) 1 o] 1 0 1 [o]
1st operand
LD ww, mn MC: | TiT2Ta Address n o | 1 o | 1 1 1 1
2nd operand
MC; | TiT2Ts Address m [¢] 1 0 1 1 1 1
1st op-code st
MC, | T1T2Ts Address op-code o] 1 0 1 (4] 1 0
2nd op-code 2nd
LD IX,mn MCz | TiT2Ts Address op-code (o} 1 0 1 0 1 1
LD IY,mn 1st operand
MCs | T1T2Ts Address n 0 1 0 1 1 1 1
2nd operand
MC4 | TiT2Ts Address m [o] 1 (o} 1 1 1 1
1st op-code 1st
MC; | T'T2Ta Address op-code 0 1 [o] 1 [o] 1 o]
LD HL, (mn)
1st operand
MC2 | TiT2Ts Address n o 1 (] 1 1 1 1
*4 In the case of R1 and Z MASK. interrupt request is not sampied. (to be continued)
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Machine

Instruction Cycle States ADDRESS DATA MREQ | TORG | Wi ST
2nd operand
MCs | T1T2Ta Address m (4] 1 1 1
LD HL, {mn} MC. | TiT2Ts mn DATA o |1 1 1
MCs | T:1T2Ta mn+1 DATA [+] 1 1 1
1st op-code 1st
MC: | T1T2Ts Address op-code (4] 1 [o] (o]
2nd op-code 2nd
MC2 | TiT.T3 Address op-code (o] 1 0 1
1st operand
MCs | TiT2Ta Address n (0] 1 1 1
LD ww,(mn)
2nd operand
MC4 | T1T2Ts Address m 0 1 1 1
MCs | T1T2Ta mn DATA 0 1 1 1
MCs | T1T2Ta mn+1 DATA o] 1 1 1
1st op-code 1st
MC | TiT2Ta Address op-code (o] 1 0 0
2nd op-code 2nd
MC2 | ThT2Ts Address op-code 0 1 0 1
1st operand
LD IX,(mn) MCs | T1T2Ts Address n 0 1 1 1
LD IY,(mn) 2nd operand
MCa | TiT2Ta Address m (o] 1 1 1
MCs | T1T2Ts mn DATA 0 1 1 1
MCe | T:1T2Ta mn+1 DATA o] 1 1 1
1st op-code 1st
MC: | T1T2Ts Address op-code 0o 1 [0] [o]
1st operand
MC2 | T1T2Ts Address n 0 1 1 1
2nd operand
MCs | TiT2Ts Address m (o] 1 1 1
LD (mn),HL
MCs | Ti N 4 1 1 1 1
MCs | T1T2Ts " mn L 0 1 1 1
MCs | T:T2Ts mn+1 H 0 1 1 1
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Machine U,
Instruction Cycle | P ADDRESS DATA RO | WR | MREG| IORQ | Wi |WALT | ST
1st op-code 1st
MC: | TiT2Ts Address op-code (4] 1 o] 1 0 1 [o]
2nd op-code 2nd
MCz | T1T2Ts Address op-code 0] 1 o] 1 0 1 1
1st operand
MCs | T1T2Ts Address n [ 1 0 1 1 1 1
2nd operand
LD (mnl.ww MC4 | TiT2Ts Address m o | 1 o | 1 1 1 1
MCs [ Ti N z 1 1 1 1 1 1 1
MCs | T1T2Ta mn wwl 1 (o] o 1 1 1 1
MC7 | TT2Ts mn+1 wwH 1 o] (o] 1 1 1 1
1st op-code 1st
MCi | TiT2Ta Address op-cade 0 1 (0] 1 0 1 o]
2nd op-code 2nd
MC:2 | T1T2Ta Address op-code 0 1 (o] 1 0 1 1
1st operand
MCs | T1T2Ta Address n 0 1 o] 1 1 1 1
LD (mn),IX 2nd operand
LD (mn)lY MCs | T1T2Ts Address m o] 1 0 1 1 1 1
MCs | Ti M 4 1 1 1 1 1 1 1
IXL
MCs | T1T2Ts mn YL 1 (o] [} 1 1 1 1
IXH
MC7 | T1T2Ts mn+1 IYH 1 (0] (o] 1 1 1 1
1st op-code 1st
MC, | TiT2Ts Address op-code 0 1 0 1 0 1 [0]
LD SP, HL
MC: | Ti * 4 1 1 1 1 1 1 1
1st op-code st
MC: | T1T2Ta Address op-code [ 1 o 1 0 1 [¢]
LD SP.IX 2nd op-code 2nd
LD SP.IY MC2 | T1T2Ts Address op-code (o] 1 (o] 1 [¢] 1 1
MCs | Ti * 4 1 1 1 1 1 1 1
1st op-code st
MC: | T T2Ts Address op-code [o] 1 (4] 1 [o] 1 o]
2nd op-code 2nd
LDt MC2 | T1T2Ta Address op-code 4] 1 [0} 1 o 1 1
LDD
MCs | TT.Ta HL DATA [¢] 1 0 1 1 1 1
MC4 | T1T2Ts DE DATA 1 [o] 0 1 1 1 1
{to be continued)
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. Machine .
Instruction ™ | o, | Stetes ADDRESS DATA RD WREQ |ioRQ | W7 |HALT | ST
| 1st op-code 1st
MC: | T4T2Ts Address op-code o 0 1 o 1 0
2nd op-code 2nd
MCz | T1T2Ta Address op-code V] 0 1 o 1 1
LDIR
LDDR
MCs | TiT.T: HL DATA o] (0] 1 1 1 1
if BCa#0) il
MC4 | T:T2Ts DE DATA 1 [ 1 1 1 1
MCs
~MCs | TiTi . z 1 1 1 1 1 1
1st op-code st
MCy | T1T2Ts Address op-code [} 0 1 0 1 [¢]
2nd op-code 2nd
LDR MCz | T/TTs Address op-code 0 0 1 0 1 1
LDDR
(f BCR=0)
MCs | T1T2Ta HL DATA o] o] 1 1 1 1
MCs | T1T2Ts DE DATA 1 0 1 1 1|
1st op-code 1st
MCi | TiT2Ta Address op-code 0, [o] 1 0 1 [o]
2nd op-code 2nd
MILT ww*™ MC2 | T1T2Ta Address op-code 0 0 1 o] 1 1
TiTiTiT
MCa | TiTiTiTi . z 1 1 1 1 1 1
~MC1a| TiTiTi
1st op-code st
NEG MCi | T1T2Ta Address op-code (o] (o] 1 (0] 1 o]
2nd op-code 2nd
MCz | T1T2Ta Address op-code ] 0 1 0 1 1
NOP 1st op-code 1st
MC | T1T2Ta Address op-code o] 0 1 0 1 o]
1st op-code 1st
MC:1 | T1T2Ts Address op-code [o] 0 1 0o 1 0
1st operand
MCz | T1T2Ta Address m o] 0 1 1 1 1
OUT (m),A
MCs | Ti * 4 1 1 1 1 1 1
m to Ao—~A7
MC4 | T1T2Ts A to As—Aas A 1 1 0 1 1 1
(to be continued)
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hi — — | — |—
Instruction Mg:c:' States ADDRESS DATA RO | WR |MREG |foRG | Mi |HALT| ST
1st op-code 1st
MC: | T1T2Ts Address op-code (o] 1 o] 1 0 1 0
2nd op-code 2nd
MC2 | T1T2Ts Address op-code o] 1 o 1 0 1 1
ouT (C).g
MCs | Ti * 4 1 1 1 1 1 1 1
MC4 | ThT2Ts BC q 1 0 1 (0] 1 1 1
1st op-code 1st
MC1 | ThT2Ts Address op-code o] 1 o] 1 o 1 o}
2nd op-code 2nd
MCz2 | T1T2Ts Address op-code (o] 1 (4] 1 0 1 1
» 1st operand
0UTO (m)g MCa| TiT:Ts | Address m o | v o v ] ]|
MCs | Ti N z 1 1 1 1 1 1 1
m to Ao~A7
MCs | T1T2Ts OOHto Ai—~Ais | g 1 o] 1 (o] 1 1 1
1st op-code 1st
MCi | TiT2Ts Address op-code o} 1 [¢] 1 [o] 1 (0]
2nd op-code 2nd
MC: | T1T2Ts Address op-code o 1 o] 1 o] 1 1
oTiM* MCs| Ti * z 1 1 1 1 1 1 1
OTDM**
MCs | TiT2Ts HL DATA [o] 1 [o] 1 1 1 1
C to Ao~Ar
MCs | T:T2Ts OOH to As—~A1s | DATA 1 (4] 1 ] 1 1 1
MCes | Ti M 4 1 1 1 1 1 1 1
1st op-code 1st
MC: | T:iT2Ts Address op-code (0] 1 0 1 0 1 (o]
2nd op-code 2nd
MC2 | TiT2Ts Address op-code o] 1 0 1 [¢] 1 1
OTIMA™ MCs | Ti . z 1 1 1 1 1 1 1
OTDMR**
(If Br+£0)
MCs | T1T2Ta HL DATA (4] 1 [o] 1 1 1 1
C to Ao—~A7
MCs | T1TTs OOH to Ai~A1s | DATA 1 (0] 1 [o] 1 1 1
MCs
~MC,| TiTiTi N z 1 1 1 1 1 1 1
{to be continued)
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Machi - S
Instruction 20| States ADDRESS DATA AD | WR |MmEG |ORG | w7 |WALT | ST
1st op-code 1st
MCi | T1T2Ts Address op-code V] 1 o] 1 o] 1 0
2nd op-code 2nd .
MC: | T1T2Ts Address op-code o] 1 (o} 1 0 1 1
OTIMR"™ MCs | Ti . z 1 1 1 1 1 1 1
OTDMR**
(tf Br=0)
MCs | T1T2Ts HL DATA o 1 0 1 1 1 1
C to Ao—Ar
MCs | T1T2Ts OOH to As~A1s | DATA 1 0 1 0 1 1 1
MCe | Ti M r4 1 1 1 1 1 1 1
1st op-code 1st
MC: | T1T2Ts Address op-code 0 1 0 1 (4] 1 o]
2nd op-code 2nd
ouTl MCz | TiT2Ts Address op-code o 1 0 1 (o] 1 1
ouTD
MCs | T1T2Ta ‘| HL DATA o] 1 0 1 1 1 1
MCa4 | TiT2Ta BC DATA 1 0 1 [o] 1 1 1
1st op-code st
MC, | T1T2Ts Address op-code o] 1 o] i1 (o] 1 (o]
2nd op-code 2nd
MC2 | TiT2Ta Address op-code o 1 o] 1 o] 1 1
OTR .
OTDR .
Uf Br£0) MCs | TiT2Ts HL DATA (o] 1 o] 1 1 1 1
MC4 | TiT2Ts BC DATA 1 o 1 o] 1 1 1
MCs
~MCe | TiTi N z 1 1 1 1 1 1 1
. 1st op-code 1st
MC: | TiT2Ts Address op-code (o] 1 (o] 1 [o] 1 (o]
1 2nd op-code 2nd
OTR MC: | TiT2Ts Address op-code o | 1 o | 1 ].0 |1 1
OTDR
(i Br=0)
MCa | TiT2Ta HL DATA o] 1 o] 1 1 1 1
MCs | TiTeTs B8C DATA 1 [ o] 1 1 1
1st op-code 1st
MCi | TiT2Ts Address op-code 0 1 0 1 o] 1 0
POP zz
MC2 | TT2Ta sP DATA [o] 1 (o] 1 1 1 1
MCs3 | TiT2Ts SP+.1. DATA o] 1 o] 1 1 1 1
POP IX 1st op-code 1st
POP IY MCi | T1T2Ts Address op-code 0 1 4] 1 0 1 ]
{to be continued)
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. Machine — —_ e e | — | ——
Instruction Cycle States ADDRESS DATA RD WR | MREQ | IORQ M1 HALT | ST
2nd op-code 2nd
MC: | T\ T2Ts Address op-code o] 1 [o] 1 0 1 1
POP IX
POP tY MCs | TT2Ts SP DATA 0 1 (o] 1 1 1 1
MC. | T:T.Ta SP+1 DATA 0] 1 [0} 1 1 1 1
1st op-code st
MC. | T4T2Ts Address op-code o] 1 () 1 0 1 0
MC:
~MCs | TiTi * 4 1 1 1 1 1 1 1
PUSH 2z
MC. | TiT2Ts sP—1 2zH 1 0 0 1 1 1 1
MCs | T1T2Ts SP—2 2zl 1 (o] o 1 1 1 1
1st op-code 1st
MC, | T\T2Ts Address op-code 0 1 o 1 0 1 (o]
2nd op-code 2nd
MC: | T\T.Ts Address op-code [¢] 1 (o] 1 0 1 1
PUSH IX MCs
PUSH Iy ~MCsq | TiTi * z 1 1 1 1 1 1 1
IXH
MCs | T1T.Ts SP—1 IYH 1 0 (o] 1 1 1 1
IXL
MCe | T1T2Ts SP—2 YL 1 [o] o] 1 1 1 1
1st op-code 1st
MC, | T1T.Ts Address op-code 0 1 (o] 1 0 1 [o]
RET
MC: | TiT2Ts sp DATA 0 1 o 1 1 1 1
MCs | TiT2Ts SP+1 DATA 0 1 [o] 1 1 1 1
1st op-code 1st
zf“ f o MC, | TiT2Ts Address op-code o | 1 o | 1 0 1 o
is false) MC.
~MCs | TiTi * 4 1 1 1 1 1 1 1
1st op-code 1st
MC, | T1T2Ts Address op-code 0 1 0 1 0 1 (o]
RET f Mc: | Ti . z 1 1 1 1 1 1 1
(i it
is true)
MC5 | ThT2Ts SP DATA [o] 1 [o] 1 1 1 1
MCs | T4T2Ts SP+1 DATA (o] 1 0 1 1 1 1
1st op-code 1st
MC | T4T2Ts Address op-code [o] 1 [o] 1 0 1 [o]
2nd op-code 2nd
RETI (RO, R1) MC2 | TiT.Ts Address op-code 0o 1 1 0 1 1
RETN MCs | TiT2Ts SP DATA 0 1 1 1 1 1
MCs | TiT2Ts SP+1 DATA 0 1 1 1 1 1
(to be continued)
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*5 The upper and lower data show the state of TR when 10C= 1 and IOC=0 respectively.

Machi . -
Instruction m" Ststes ADDRESS DATA | RD | WR |wAEg |oRG | Wi |FALT| ST
1 = - : B
1st op-code 1st 05
MC; | T-T.Ts Address op-code 0 1 -0 1 1 1 0
2nd op-code 2nd 0°5
MC. | T\T.Ts Address op-code 0 1 0 1 1 1 1
MC; 16
~MC: | TiTiTi o z 1 1 1 1 1 1 1
1st op-code 1st 0°5
MCs | T'T2Ts Address op-code ] 1 0] 1 (4] 1 1
RETI (2)
145
MC; | Ti N z 1 1 1 1 1 1 1
2nd op-code 2nd 05
MCs | T1T2T3 Address op-code o] 1 0 1 [o] 1 1
1+
MCs | T4T.Ts SP data [o] 1 0 1 1 1 1
146
MC 1o T4T2Ts SP+1 data 0 1 0 1 1 1 1
RLCA
RLA 1st op-code 1st
RRCA MC, | TiT2Ts Address op-code (0] 1 (o] 1 [o] 1 0
RRA |
RLC g 1st op-code 1st
RLg MC: | TiT2Ta Address op-code 0 1 0 1 0 1 0
:zcgg 2nd op-code 2nd
M T.T.T A 1
SlA g C2 2Ta ddress op-code o] o] 1 o] 1 1
SRA g
SRL g MCs | Ti * z 1 1 1 1 1 1 1
1st op-code st
MC: | T:T2Ts Address op-code [0] 1 0 1 0 1 [o]
RLC (HU) 2nd op-code 2nd
RL (HL) MC: | T:T2Ts Address op-code o} 1 [0} 1 [0} 1 1
RRC (HL)
RR (HL)
MCs | T\T2T HL DATA 0] 1 o 1 1
SLA HU 3 1T2Ta 1 1
SRA (HL)
SRL (HL) MCs | Ti . z 1 1 1 1 1 1 1
MCs | T4T.Ts HL DATA 1 0 0o 1 1 1 1
(to be continued)
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M — J— R
Instruction ZCL:"" States ADDRESS DATA RD | WR [WRea|ioRa | Wi |PALT | ST
24
1st op-code 1st
RLC (IX+d) MC. | T.T2T3 Address op-code o 1 (o] H 0 1 [s)
RLC (iv+d) 2nd op-code 2nd
RL (Ix+d) MC: | TiT2T, Address op-code o | 1 o | 1 0 1 1
RL (IY+d)
RRC (IX+d) 1st operand
RRC (IY+d) MCy | TiT2Ts Address d o] 1 0 1 1 1 1
RR (IX+d) 3rd op-code 3rd
RR Y +d) MCs | T'T2Ty Address op-code (0] 1 o 1 0 1 1
SLA (IX+d) X+d
SLA (iv+d) MCs | T.T2Ts IY+d DATA o | 1 o | 1 1 1 1
SRA (IX+d)
SRA (IY+d) )
SAL (IX+d) MCe | Ti z 1 1 1 1 1 1 1
SRL (IY+d) IX+d
MC; | T:T2Ts IY+d DATA 1 (o] [o] 1 1 1 1
1st op-code 1st
MC, | T\T2Ts Address op-code o] 1 0 1 0 1 (o]
2nd op-code 2nd
MC:2 | T\T2Ts Address op-code 0 1 0 1 0 1 1
RLD
RRD MCs | TiT2Ts HL DATA [o] 1 0 1 1 1 1
MC
~MC; | TiTiTiTi N z 1 1 1 1 1 1 1
MCs | T:T2Ts HL DATA 1 [o] [o] 1 1 1 1
1st op-code 1st
MC, | T:T.Ts Address op-code 0 1 0 1 [o] 1 [o]
MC:
~MC; | TiTi * z 1 1 1 1 1 1 1
RST v
MCs | T4T2Ts SP—1 PCH 1 0 o] 1 1 1 1
MCs | T:T2Ts SP—2 PCL 1 o] 0 1 1 1 1
SCF 1st op-code 1st
MC,y | T:T2Ts Address op-code 0 1 o] 1 o] 1 (0]
1st op-code 1st
MC, | T\T2Ts Address op-code o] 1 0] 1 (o] 1 (o]
SET bg 2nd op-code 2nd
RES b,g MC2 | T\T.Ta Address op-code o] 1 0 1 o 1 1
MCs | Ti - z 1 1 1 1 1 1 1
1st op-code 1st
MC: | TiT2Ts Address op-code [0} 1 0 1 (0] 1 0
2nd op-code 2nd
MC2 [ T\T2 3 Address op-code (o] 1 [o] 1 [o] 1 1
SET b, (HU
RES b, (HU MCs | T\T2Ts HL DATA o] 1 [o] 1 1 1 1
MCs | Ti ¢ 4 1 1 1 1 1 1 1
MCs | TT2Ts HL DATA 1 o] o] 1 1 1 1
{to be continued)
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Machine

Instruction Cycle States ADDRESS DATA RD | WR |MREG |iORQ | Wi [HALT | ST
: 1st op-code st
MC, | T\ T.Ta Address op-code (o] 1 o] 1 0 1 [o]
2nd op-code 2nd
MC: | T:T.Ts Address op-code (o] 1 0o 1 o] 1 1
1st operand
SET b, (IX+d) MC; | T\T.Ts Address d 0 1 o] 1 1 1 1
SET b, (IY+d) 3rd op-code 3rd
RES b, (IX+d) MCs | TiT2Ts Address op-code o] 1 [o] 1 [o] 1 1
RES b, (IY+d) X+d
MCs | T\T2Ts IY+d DATA [o] 1 o] 1 1 1 1
MCs | Ti . r4 1 1 1 1 1 1 1
IX+d
MC; | TaT2Ts IY+d DATA 1 o] (o] 1 1 1 1
1st op-code 1st
sip MC,; | T:T2Ts Address op-code [o] 1 (o] 1 (o] 1 0
2nd op-code 2nd
MC2 | TiT.Ts Address op-code o] 1 (o] 1 o] 1 1
- - 7TFFFFH z 1 1 1 1 1 (o] 1
1st op-code 1st
MC, | TiT2Ts Address op-code (o] 1 0 1 o 1 0
2nd op-code 2nd
MC: | TiT2Ts Address op-code [¢] 1 [o] 1 [¢] 1 1
TSTIO m**
1st operand
MCs | T1T2Ts Address m [¢} 1 0 1 1 1 1
CtoAp—~A;
MC, | TT.Ts OOH to Ag~A:s | DATA (o] 1 1 [o] 1 1 1
1st op-code 1st
MC: | T\T.Ts Address op-code (o] 1 [o] 1 o 1 0
ST g* 2nd op—codg 2nd
MC: | T1T2Ta Address op-code o] 1 [o] 1 (o] 1 1
MCs | Ti N 4 1 1 1 1 1 1 1
1st op-code st
MC, | T1T.Ta Address op-code 0 1 (o] 1 [o] 1 [0}
= 2nd op-code 2nd
TSTm MC: | T4T.Ts Address op-code 0 1 0 1 o 1 1
1st operand
MCs | ThT.Ts Address m 0o 1 0 1 1 1 1
1st op-code 1st
MC. | TT2Ts Address op-code o] 1 o] 1 [o] 1 0
2nd op-code 2nd
MC: | TiT2Ts Address op-code (o] 1 (o] 1 o 1 1
TST (HL)**
MCs | Ti M z 1 1 1 1 1 1 1
MC. | TiT2Ts HL DATA 0o 1 0 1 1 1 1
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INTERRUPT

Machi o— —_— —
Instruction :: d':" States ADDRESS DATA RD | WR | WREG | ioRG | Wi |PALT | ST
» s i
Next op-code
MC. | T\T.Ty Address (PC) (0] 1 (0] 1 0 1 0
MC:
J— ~MCs | TiTi N 4 1 1 1 1 1 1 1
NMI
MC. | T\T.Ts SP—1 PCH 1 0] 0 1 1 1 1
MCs | T1T2Ts SP—2 PCL 1 (0] 0 1 1 1 1
TiT2Tw Next op-code 1st
MC: | TwTa Address (PC) op-code 1 1 1 ] [o] 1 0
MC:
J— ~MCs | TiTi M 4 1 1 1 1 1 1 1
INTo MODE O
(RST INSERTED)
MC4 | TT.Ta sP—1 PCH 1 [o] (0] 1 1 1 1
MCs | T,T.Ty SP—2 PCL 1 0 0 1 1 1 1
TiT2Ty Next op-code 1st
MC, | TyTs Address (PC) op-code 1 1 1 0 0 1 (o]
MC: | T:T2Ts PC - n 0 1 0 1 1 1 1
NTo MODE 0 MCs | TiT2Ts PC+1 m o 1 o 1 1 1 1
(CALL
INSERTED) MC. | Ti . z 1 1 1 1 1 1 1
MCs | T:T2Ts SP—1 PC+ 2(H) 1 (4] (V] 1 1 1 1
MCs | T4T2Ts SP—2 PC+2() 1 o] (4] 1 1 1 1
ThT2Tw Next op-code
MCi | TyTa Address (PC) 1 1 1 0 0 1 0
INTo MODE 1
MC: | T:T2Ts SP—1 PCH 1 o 0] 1 1 1 1
MC; | TiT2Ta SP—2 PCL 1 (o] (o] 1 1 1 1
TiTaTw Next op-code
MCi | TyTs Address (PC) Vector 1 1 1 [} o] 1 [o]
MC2 | Ti . 4 1 1 1 1 1 1 1
INTo MODE 2 MCs | TT2Ts SP—1 PCH 1 (o] 0] 1 1 1 1
MC4 | T4T.Ts SP—2 PCL 1 [o] o] 1 1 1 1
MCs | T1T2Ts I, Vector DATA (0] 1 0 1 1 1 1
MCq | T1T2Ts I, Vector+ 1 DATA o] 1 o] 1 1 1 1
{to be continued)
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Machine

Instruction Cycle | Sttes .|  ADDRESS DATA WD | WR |WREG | foRa | w7 |HALT | ST
TT2Tw Next op-code
MC: | TwTs Address (PC) 1 1 1 1 1. 1 0
MCz | Ti . z 1 1 1 1 1 1 1
INT,
NS MCa | T:T2Ts sP—1 PCH 1 0 0 1 1 1 1
Internal
Interrupts MCs | TiTTs | SP—2 PCL 1 0 0 1 1 1 1
MCs | T\T:T; I, Vector DATA 0 1 0 1 1 1 1
MCs | T:T2Ts I, Vector+ 1 DATA 0 1 0 1 1 1 1

106




L0}

Current | Normal Operation Interrupt
Status | (CPU mode) WAIT State | Refresh Cycle | Acknowledge | DMA Cycle | BYS R::ASE SLEEP mode | SYSTEM STOP
Request (I0STOP mode) Cycle m mode
WAIT Acceptable Acceptable Not p Accep Accep Not ptable | Not p Not acc bk
Refresh Request Refresh cycle Not acceptable | Not acceptable | Refresh cycle Refresh cycle Not ptable | Not Not P
(Request of begins at begins at begins at
Refresh by the on-chip the end of MC. the end of the end of
Refresh Controller) MC. MC.
DREQo DMA cycle DMA cycle Acceptable Acceptable Acceptable Al Not Not h
DREQ: begins at the begins at the | * Refresh cycle| DMA cycle | Refer to " After BUS
end of MC. end of MC. precedes. begins at the | “2.9 DMA RELEASE cycle,
DMA cycle end of MC. Controller” DMA cycle
begins at the for details. begins at the
end of one end of one
MC MC.
BUSREQ Bus is rek d Not le | Not ble | Bus is Bus is rek d | Continue Acceptable Acceptable
at the end of at the end of at the end of BUS RELEASE
MC.- MC. MC. mode.
Interrupt | WNTo, NT5, | Accepted after Accepted after | Not acceptable | Not acceptable | Not acceptable | Not ble | A ble A bk
NT: ing the Retum from Return from
current current SLEEP mode SYSTEM STOP
instruction. instruction to normal mode to normal
operation. operation.
Intemal Not acceptable
vo ! ! ! ! ! ! !
Interrupt
NMi Not acceptable | Acceptable Acceptable
Interrupt DMA cycle Return from
acknowledge stops. ’ SYSTEM STOP
cycle precedes. mode to normal
! 1 I NMi is accepted ! ! operation.
after executing
the next in-
struction.

NOTE) * : not acceptable when DMA Request is in level sense.

| : same as the above
MC : Machine Cycle

8po\ bunesadp yoez ul saoueydasdy }sanbay "L-3




E-2. Request Priority

The 280180 has the following three types of requests.

Type 1.
To be accepted in specifiedstate . ........................ WAIT
Type 2.
To be accepted in each machinecycle. . .................. Refresh Req.
DMA Req.
Bus Req.
Type 3.
To be accepted in eachinstruction .. ..................... Interrrupt Req.

Type 1, Type 2, and Type 3 requests priority is shown

as follows.
highest priority Type 1 > Type 2> Type 3 lowest priority

Each request priority in Type 2 is shown as follows.
highest priority Bus Req. > Refresh Req. > DMA Req.
lowest priority

(NOTE) If Bus Req. and Refresh Req. occurs simul—
taneously, Bus Req. is accepted but Refresh Req. is
cleared. .
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E-3. Operation Mode Transition

ol

A%
~~ RESET =0

RESET \

I0STOP

RELEASE
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NOTE} *1 NORMAL: CPU executes instructions normally in NORMAL mode.

*2  DMA request: DMA is requested in the following cases.
(1) DREQo, DREQ: = O (memory to/from (memory mapped) I/O DMA transfer)
(2) DEO = 1 (memory to/from memory DMA transfer)

*3 DMA end: DMA ends in the following cases.
(1) DREQo, DREQ1 = 1 (memory to/from {memory mapped) 1/0 DMA transfer)
(2) BCRO, BCR1 = OOQOOH (all DMA transfers)
(3) NMi = O (all DMA transfers)

Other operation mode transitions

The following operation mode transitions are also possible.
1. HALT 2~ [(DMA

1REFRESH
BUS RELEASE

{REFRESH
BUS RELEAS

I0STOP .~ [DMA
E

2. SLEEP BUS RELEASE

SYSTEM STOP 7 BUS RELEASE
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F-1. Status Signals
The following table shows pin outputs in each operating mode.

Mode - . Address | Data
Mi |MREG | ORa| RD | WR | REF |HALT [BUSACK| ST BUS BUS
Op-code Fetch
(15t op-code) 0 0 1 o] 1 1 1 1 0 A IN
Op-code Fetch
(except 1st o (o] 1 (o] 1 1 1 1 1 IN
op-code)
CPU
operation Memory Read 1 o] 1 (o] 1 1 1 1 1 A IN
Memory Write 1 0 1 1 0 1 1 1 1 A ouT
VO Read 1 1 0 0 1 1 1 1 1 A N
/O Write 1 1 (o] 1 0 1 1 1 1 A out
Intemal 1 1 1 1 1 1] 1 1 A IN
Operation
Refresh 1 ol 1|11 ]o | 1 . A N
nterrupt NMI 0 (o] 1 (o] 1 1 1 1 0 A IN
Acknowledge 3> ) o | 1 1 1 1 1 0 A IN
Cycle
(1st machine| INT+, INT2 & I T AT R AT IR AT A 1 0 A N
cycle) Intemal Interrupts .
BUS RELEASE 1 pa pa z pa 1 1 0 . z N
HALT 0 0 1 0 1 1 0 1 0 A N
SLEEP 1 1 1 1 1 1 0 1 1 1 N
Memory Read 1 [o] 1 (o] 1 1 . 1 (o] A IN
intemal Memory Write 1 0 1 1 0 1 . 1 0 A ouT
DMA /O Read 1 1 0 0 1 1 . 1 0 A N
/O Write 1 1 o} 1 o] 1 . 1 0 A out
RESET 1 1 1 1 1 1 1 1 1 z IN
NOTE) 1 : HIGH
0 :LOW
A : Programmable
Y4 : High Impedance
IN : Input
OUT : Output
. : Invalid

mn



_F-2. Pin Status during RESET and Low Power Operation Modes

Pin status in each operation mode .

Symbol Pin RESET SLEEP I0STOP SYSTEM STOP
WAIT - IN (N IN (N) IN (A) IN (N)
BUSACK - 1 ouT ouT ouTt
BUSREQ - IN(N) N (A) IN (A) IN (A)
RESET - 0 IN (A) IN (A) IN (A)
NMI - IN (N) IN (A) IN (A) IN (A)
NTo - IN (N) IN (A) IN (A) IN (A)
INT: - IN (N) IN (A) IN (A) IN (A)
INT2 - N (N) IN (A) IN (A) IN (A)
ST . - 1 1 ouT 1
Ao~Air, Ag - z 1 A 1
A1/TOUT Aty z 1 A 1

TOUT z ouT H H
Do~Dr~ - z Z z
RTSo - 1 H out H
CTSo - IN (N) IN (A) IN (N) IN (N)
DCDo - IN (N) IN (A) IN (N) IN (N)
TXAo -~ 1 out H H
RXAo - IN (N) IN(A) IN (N) IN (N)
CKAo/DREQo CKAo z ouTt z z
{intemal clock mode)
CKAo z IN (A) IN (N) IN (N)
(extemal clock mode)
DREQo z IN (N) IN (A) IN (N)
TXA1 - 1 out H H
RXA1 - IN (N) IN (A) IN (N) IN (N)
CKA1/TENDo CKA z out z z
{intemal clock mode)
CKA» z IN (A) IN (N) IN (N)
{extenal clock mode)
TENDo z 1 ouT 1
TXS - 1 _ouT H H
RXS/CTST RXS IN (N} IN (A) IN (N) IN (N)
CTS: IN (N) IN (A) IN (N) IN (N)
CKS cks z out 1 1
(internal clock mode)
CKS z IN (A) F3 z
(external clock mode)
DREQ : - IN (N) IN (N) IN (&) IN (N)
TEND+ = 1 1 out 1
HALT C - 1 o ouTt 0
RFSH - 1 1 ouT 1
ORQ - - 1 1 ouT 1
'MREQ - 1 1 ouTt 1
E - [o] E clock output - -
w - 1 1 ouT 1
WR - 1 1 ouTt 1
RD - 1 1 out 1
¢ - @ clock output - - —

1: HIGH O: LOW A: Programmable  Z: High Impedance

IN (A): Input (Active)

IN (N): Input (Not active)

OUT: Output
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G. Internal I/O Registers

By programming IOA7 and IOA6 in the I/O control register, internal I/O regis-
ter addresses are relocatable within ranges from 0000H to O0OFFH in the I/O address
space.

REGISTER LMNEMONICS ADDRESS REMARKS
ASCI Control Register A Channel O oo MPBR/

: CNTLAO bit MPE | RE TE |RTSO | gp [MOD2 [MOD1 |MODO

during RESET | 0 ¢} 0 1 |invalid | O [¢} 0

RW RW | RW | RW | RW | RW | RW | RW [ RW
MODE Selection
Multi Processor Bit Receive/

Error Flag Reset

Request To Send
Transmit Enable
Receive Enable
Multi Processor Enable

ASCI Control Register A Channel 1 01
: CNTLA1
bit MPe | RE | TE |cka1o|VEEr|MoD2 [MoD1 [Mobo
during RESET [o] (o] [o] 1 invalid | O [o] [o]
RW  |RW |RW [RW | RW [RW [ RW | RW | RW
l MODE Selection
Multi Processor Bit Receive/
Emor Flag Reset
CKA1 Disable
Transmit Enable
Receive Enable
Multi Processor Enable
MOD2, 1,0
000 Start + 7 bit Data + 1 Stop
00 1 Start+ 7 bit Data + 2 Stop
010 Start+ 7 bit Data + Parity + 1 Stop
011 Start + 7 bit Data + Parity + 2 Stop
100 Start + 8 bit Data + 1 Stop
101 Start + 8 bit Data + 2 Stop
110 Start + 8 bit Data + Parity + 1 Stop
111 Start + 8 bit Data + Parity + 2 Stop
(SC Control Register 8 Charrel 0 | 02 bit MPBT | MP 6:55’ PEO | DR | ss2 |ss1 | sso
during RESET |invakd | O . (4] 0 1 1 1
RW |RW [RW |RW [RW | RW | RW | RW | RW
Clock Source and
Speed Select
Divide Ratio

. —Parity Even or Odd
Clear To Send/Prescale
Multi Processor
Mutti Processor Bit Transmit

. CTS : Depending on the condition of CTS Pin.
PS : Cleared to 0.

(to be continued)




REGISTER MNEMONICS | ADDRESS REMARKS
ASCI Control Register B Channel 1 03 TTs/
g ONTLB1 e |mesT | mp |G | peo | DR | ss2 | ss1 | sso
during RESET |invalid | O 0 0o [ O 1 1 1
RW RW | RW | RW | RW | RW | R'W | RW | AW
Clock Source and
Speed Select
Divide Ratio
Parity Even or Odd
Clear To Send/Prescale
Mutti Processor
, L—Multi Processor Bit Transmit
General PS=0 PS=1
divide ratio (divide ratio=10) (divide ratio= 30)
$52,1,0 | DR=0 (X16)| DR=1 (x 64)| DR=0 (X 16) | DR=1 (X 64)
000 6+ 160 ¢+ 640 ¢+ 480 |o+ 1920
001 + 320 + 1280 + 960 + 3840
o010 640 + 2560 + 1920 + 7680
o111 + 1280 + 5120 3840 + 15360
100 + 2560 +10240 7680 + 30720
101 + 5120 +20480 5360 + 61440
110 +10240 +40960 +30720 +122880
111 Extemnal clock (frequency < ¢ +40)
ASCI Status Register Channel O 04 bit RDRF |OVRN | PE | FE | RIE |DCDO|TDRE | TE
: STATO during RESET o] 0 0o o] 0 . . 0
RW R R R R R'W R R RW
Transmit
Interrupt
Enable
Transmit Data
Register Empty
Data Camier Detect
Receive Interrupt Enable
Framing Error
Parity Eror *» CTSo Pin| TDRE
L Over Run Error L 1
L— Receive Data Register Full
* DCDo : Depending on the condition of DCDo Pin. H 0
JASCI Status Register Channel 1 05 bit RDRF |OVRN | PE FE RIE [CTS1E| TDRE | TIE
: STAT1 during RESET | 0 0 0 0 [¢] 0 1 0
RW R R R R RW | RW R RW
Transmit
Interrupt
Enable
-Transmit Data
Register Empty
CTS1 Enable
Receive Interrupt Enable
Framing Error
L Parity Error
L Over Run Emor
Receive Data Register Full

{ta ha eontinued)
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REGISTER ] MNEMONICS | ADDRESS REMARKS
ASCI Transmit Data Register Channe! 06
0
: TDRO .
ASCI Transmit Data Register Channel 07
1
: TDR1
ASCI Receive Data Register Channel 08
o
: TSRO
ASCI Receive Data Register Channel 09
1
: TSR1
CSVO Control Register | A bit EF | e€ | ReE | TE | — |ss2 | ss1 |sso
' duing RESET| 0 | 0 | 0 | 0 | 1 1 1 1
RIW R |RW |RW | RW RW | RW | RW
l Speed Select
Transmit Enable
Receive Enable
End Interrupt Enable
End Flag
$5210 | BauwdRate | $5210 | BaudRate
000 ¢+ 20 100 6+ 320
001 + 40 101 + 640
010 + 80 110 +1280
011 +160 111 |Extemal
(frequency < + 20)
CSVO Transmit/Receive Data 0B
Register
: TRDR
Timer Data Register Channel OL ocC
: TMDROL
Timer Data Register Channel OH 0D
: TMDROH
Timer Reload Register Channel OL 0 E
: RLDROL
Timer Reload Register Channel OH oF
: RLDROH
Timer Control Register ] '° bit TF1 | TR0 | TIE1 | TIEO {TOCT [TOCO | TDE1 | TDEO
’ during RESET | 0 0 0 0 0 0 0 0
RW R R |RW |RW [RW | RW | RW [ RW
l-‘l’irmar Down
Count Enable 1,0
Timer Output Control 1,0
Timer Interrupt Enable 1,0
Timer interrupt Flag 1,0
T0C1,0 A1s/TOUT
00 Inhibited
o1 Toggle
10 9]
1" 1

(to be continued)
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REGISTER MNEMONICS | ADDRESS REMARKS
Timer Data Register Channel 1L 14
: TMDR1L
Timer Data Register Channel 1H 15
: TMDR1H
Timer Reload Register Channel 1L 16
: RLDR1L
Timer Reload Register Channel 1H v
) - RLDR1H
Free Running Counter 18 read only
) : FRC
DMA Source Address Register - 20
Channel OL
: SAROL
DMA Source Address Register 21
Channel OH
: SAROH /
DMA Source Address Register 22 Bits 0-2 (3) are used for SAROB.
Channel 0B Ais'. Aws, Aiz, A’ | DMA Transfer Request
- SAR0B X X 0 o0 BREQ, (extemal)
X X (o] 1 RDRO (ASCIO)
X X 1 0 RDR1 (ASCI1)
DMA Destination Address Register 23 X X 1 1 Not Used
Channel OL
: DAROL
DMA Destination Address Register 2 4
Channel OH
: DAROH
DMA Destination Address Register 25 Bits 0-2 (3) are used for DAROB.
Channel OB Aig", Aa Az, Ais | DMA Transfer Request
: DAROB X X 0 o0 DREQG (external)
X X 0 1 TDRO (ASCIO}
X X 1 0 TDR1 (ASCI1)
DMA Byte Count Register Channel 26 X X 1 1 Not Used
oL
: BCROL
DMA Byte Count Register Channel 27
OH
: BCROH
DMA Memory Address Register 28
Channel 1L
: MARIL
DMA Memory Address Register 29 "
Channel 1H
: MARTH
DMA Memory Address Register 2 A Bits 0-2 (3) are used for MAR1B.
Channel 1B :
: MAR1B
DMA VO Address Register Channel 28 )
|18 .
:IARIL /
DMA VO Address Register Channel 2¢C
1H
{IARTH

. } {to be continued)
* In the R1 and Z Mask, these DMAC registers are expanded from 4 bits to 3 bits in the package version of CP-68
and FP-80.

116



REGISTER MNEMONICS | ADDRESS REMARKS
DMA Byte Count Register Channel 2 E
I
: BCRIL
DMA Byte Count Register Channel 2 F
1H
: BCR1H
DMA Status Register ostar] 2° bit DE1 | DEO |DWET [DWEO | DIE1 | DIEO | — | DME
' during RESET | O 0 1 1 ) 0 1 0
RW pw lrw | w | w [rw [rRW R
LDMA
Master
Enable
MA Interrupt Enable 1,0
| L—DMA Enable Bit Write Enable 1,0
DMA Enable ch 1,0
DMA Mode Register 31
: DMODE bit - — | om1 | oMo | SM1 | sMO (MMOD| -
during RESET | 1 1 0 0 ) 0 ) 1
RW RW |RW |RW [RW | RW
I—Memory
MODE
Select
L— Ch O Source
Mode 1,0
Ch 0 Destination
Mode 1, 0
DM1, 0| Destination| Address SM1, 0 | Source| Address
00 ) DARO+ 1 00| M | sARo+1
01 M DARO— 1 01| M | samro—1
10 M DARO fixed 10 M SARO fixed
1" vo DARO fixed 11| VO | SARO fixed
MMOD | Mode
0 Cycle Steal Mode
1 Burst Mode
{to be continued)
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REGISTER MNEMONICS | ADDRESS REMARKS
DMA/WAIT Control Register 32 bit MWIT |MWIO | WiI1 | IWIO |DMS1 |DMSO | DIM1 | DIMO
: DCNTL during RESET | 1 1 1 1 ) ) ) 5
RW R'W | RW | RW | R'W | RW | R'W | R'W | R/'W
DMA Ch 1
/0 Memory
Mode Select
- DREQi Select, i = 1,0
L—1/0 Wait Insertion
L— Memory Wait Insertion
The number of The number of
MWI1,0 wait states Wi,0 wait states
00 0 0o (]
01 1 01 2
10 2 10 3
11 3 11 4
DMSi
Edge sense
0 Level sense
DM1,0 |Transfer Mode| Address Increment/Decrement
00 M—I/0 MAR1+1 IAR1 fixed
01 M—V0 MAR1—1 IAR1 fixed
10 Vvo—m IAR1 fixed MAR1+1
11 Vo—Mm IAR1 fixed MAR1—1
Interrupt Vector Low Register 33 bit w7 ILs ILs _ _ _ _ _
L
during RESET [¢] (o] 0 0 (o] (o] 0 0
RW RW | RW | RW
Interrupt Vector Low
INT/TRAP Control Register 3 4 bit TRAP | UFO - - - ITE2 | TE1 | ITEO
ame during RESET | O 0 1 1 1 [¢] 0 1
R/W RW R RW | RW | R/W
L INT Enable 2,1,0
Undefined Fetch Object
TRAP
Refresh Control Register ReR 36 bit REFE [REFW | — | — | — | - |cver feveo
’ during RESET | 1 1 1 1 1 1 0 o
RW RW | RW RW | RW
[ Eyc‘e Select
Refresh Wait State
Refresh Enable
CYC1,0 ' Interval of Refresh Cycle
00 10 States
01 20
10 40
11 80
(to be continued)
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REGISTER 1 MNEMONICS | ADDRESS REMARKS
MMU Common Base Register | 3 8 bit cB7°| cB6 | cBS | cB4 | B3 | cB2 | cB1 | CBO
during RESET | 0 [ o |0 o | oo | o
RW RW |RW | RW | RW | RW | RW | RW | RW
L MMU Common Base Register
MMU Bank Base Register s8R 39 bit 887°| BB6 | BBS | B84 | BB3 | BB2 | BB1 | BBO
duingRESET [ 0 | 0 | 0 | 0 | 0 | 0 | o R
aw mw | aw |l rw Trw T aw | aw | e | aw
L MMU Bank Base Register
MMU Common/Bank Area Registee || 3 A bit CA3 | cA2 | ca1 | cao | BA3 | BA2 | BA1 | BAO
during RESET | 1 1 1 1 o | o | o )
RW RW |rRW | RW | BW [RW | RW [ RW | RW
1 MMU Bank
Area Register
MMU Common
Area Register
Operation Mode Control Register 3 E bit MiE |mie | ioc _ _ _ _ _
- OMCR during RESET | 1 7 1 1 7 1 1 1
R/W RW | W | AW
L L vo compativiity
M1 Temporary Enable
M Enable
VO Control Register 3F
1 ICR bit oa7 jioas llost] - [ - | = | - | -
during RESET[ 0 0 0 1 1 1 1 1
RW RW | RW | RW
|
L Lyo Stop
VO Address

These MMU registers are expanded from 7 bits to 8 bits in the PLCC package
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ORDERING INFORMATION

Codes

PACKAGE

P = Plastic Dip

V = Plastic Chip Carrier
F = Quad Flat Pack

TEMPERATURE
S§=0Cto+70 C
E = -40°C to +100°C

SPEED

06 = 6MHz
08 = 8MHz
10 = 10MHz

ENVIRONMENTAL
C = Plastic Standard

Example:
Z8018008PSC is an 80180 8 MHz, Plastic DIP, 0 C to
70 C, Plastic Standard Flow.

4 80180 08P S C

| I— Environmental Flow
Temperature

Package

Speed

Product Number
Zilog Prefix
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PACKAGE DIMENSIONS
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