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This user manual describes the features of the Z8018x Family MPUs.This
manual provides basic programming information for the Z80180/28S180/
Z8L.180. These cores and base perippheral sets are used in alarge family
of ZiLOG products. Below is alist of ZiLOG products that use this class
of processor, along with the associated processor family. This document is
also the core user manual for the following products:

Part
780180
785180
Z8L180
780181
780182
780S183
780185/195
780189

Family
780180
785180
Z8L180
780180
780180, Z8S180*
785180
785180
785180

* Part number-dependant

Intended Audience

This manual is written for those who program the Z8018x Family.

Manual Organization

The Z8018x Family User Manual is divided into five sections, seven
appendices, and an index.
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Sections

Z8018X M PU Operation

Presents features, a general description, pins descriptions, block
diagrams, registers, and details of operating modes for the Z8018x MPUs.

Softwar e Ar chitecture
Provides instruction sets and CPU registers for the Z8018x MPUs.
DC Characteristics

Presents the DC parameters and absolute maximum ratings for the
Z8X180 MPUs.

AC Characteristics
Presents the AC parameters for the Z8018x MPUs.
Timing Diagrams

Contains timing diagrams and standard test conditions for the Z8018x
MPUs.

Appendices

The appendixes in this manual provide additional information applicable
to the Z8018x family of ZiLOG MPUs:

® Instruction set
® |nstruction summary table
® Op Code map

® BusControl signal conditions in each machine cycle and interrupt
conditions

® QOperating mode summary
® Statussignals
® |/O registers and ordering information
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Z80180, 285180, Z8L 180 MPU Operation

FEATURES

® QOperating Frequency to 33 MHz

® On-Chip MMU Supports Extended Address Space

® Two DMA Channels

® On-Chip Wait State Generators

®  Two Universal Asynchronous Receiver/Transmitter (UART) Channels
® Two 16-Bit Timer Channels

®  On-Chip Interrupt Controller

® On-Chip Clock Oscillator/Generator

® Clocked Serial 1/0 Port

® Code Compatible with ZiLOG 280 CPU

® Extended Instructions

GENERAL DESCRIPTION

Based on a microcoded execution unit and an advanced CMOS
manufacturing technology, the 280180, Z8S180, Z8L.180 (Z8X180) isan
8-bit MPU which provides the benefits of reduced system costs and low
power operation while offering higher performance and maintaining
compatibility with alarge base of industry standard software written
around the ZiLOG Z8X CPU.

Higher performanceis obtained by virtue of higher operating frequencies,
reduced instruction execution times, an enhanced instruction set, and an

UMO005001-ZMP0400
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on-chip memory management unit (MMU) with the capability of
addressing up to 1 MB 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 functions such as dynamic RAM refresh control, wait state
generators, clock oscillator, and interrupt controller.

Not only does the Z8X 180 consume alow amount of power during
normal operation, but processors with Z8S180 and Z8L.180 class
processors 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 astopped state, thereby
consuming less current, while the on-chip 1/O device is still operating.
The SY STEM STOP made places both the CPU and the on-chip
peripherals into a stopped state, thereby reducing power consumption
even further.

When combined with other CMOS VLS| devices and memories, the
Z8X180 provides an excellent solution to system applications requiring
high performance, and low power operation.

Figures 1 through 3 illustrate the three pin packages in the Z8X180 MPU
family:

® 64-Pin Dual In-line Package (DIP), Figure 1
® 68-Pin Plastic Leaded Chip Carrier (PLCC), Figure 2
® 80-Pin Quad Flat Pack (QFP), Figure 3

Pin out package descriptions for other Z8X 180-based products are
covered in their respective product specifications.

Figure 4 depicts the block diagram that is shared throughout all
configurations of the Z8X180.

UMO005001-ZMP0400
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PIN DESCRIPTION

AO0-A19. Address Bus (Output, Active High, 3-state). AO-A19 form a 20-
bit address bus. The Address Bus provides the address for memory data
bus exchanges, up to 1 MB, and 1/0O data bus exchanges, up to 64K. The
address bus enters a high impedance state during RESET and external bus
acknowledge cycles. Address line A18 is multiplexed with the output of
PRT channel 1 (TOUT, selected as address output on RESET) and
address line A19 is not available in DIP versions of the Z8X180.

BUSACK . Bus Acknowledge (Output, Active Low). BUSACK indicates
that the requesting device, the MPU address and data bus, and some
control signals, have entered their high impedance state.

BUSREQ. Bus Request (Input, Active Low). Thisinput is used by
external devices (such as DMA controllers) to request 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 stops the
CPU from executing further instructions and places the address and data
buses, and other control signals, into the high impedance state.

CKAO, CKA1. Asynchronous Clock 0 and 1 (Bidirectional, Active High).
These pins are the transmit and receive clocks for the ASCI channels.
CKADO, is multiplexed with DREQO and CKA1 is multiplexed with
TENDO.

CKS. Sial Clock (Bidirectional, Active High). Thislineis the clock for
the CSIO channel.

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

CTS0, CTSL. Clear to Send 0 and 1 (Inputs, Active Low). Theselinesare
modem control signalsfor the ASCI channels. CTS1 is multiplexed with RXS.

UMO005001-ZMP0400
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DO0-D7. Data Bus (Bidirectional, Active High, 3-state). DO-D7 constitute
an 8-hit bidirectional data bus, used for the transfer of information to and
from I/O and memory devices. The data bus enters the high impedance
state during RESET and external bus acknowledge cycles.

DCDO. Data Carrier Detect O (Input, Active Low). Thisinputisa
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
deviceisready for aread or write operation. These inputs can be
programmed to be either level- or edge-sensed. DREQO is multiplexed
with CKADO.

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

EXTAL. External Clock/Crystal (Input, Active High). Crystal oscillator
connection. An external clock can be input to the Z8X 180 on this pin
when acrystal is not used. Thisinput is Schmitt-triggered.

HALT . Halt/Seep 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. HALT is also used with the M1 and ST signals to decode
status of the CPU machine cycle.

INT 0. Maskable Interrupt Request 0 (Input, Active Low). Thissignal is
generated by external 1/0O devices. The CPU honorsthis request at the end
of the current instruction cycle as long as the NMI and BUSREQ signals
are inactive. The CPU acknowledges this interrupt request with an
interrupt acknowledge cycle. During this cycle, both theM1 and IORQ
signals become Active.

INT1, INT2. Maskable Interrupt Requests 1 and 2 (Inputs, Active Low).
Thissignal is generated by external 1/0 devices. The CPU honors these
requests at the end of the current instruction cycle as long as the NMI,
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BUSREQ, and INTO signals are inactive. The CPU acknowledges these
interrupt requests with an interrupt acknowledge cycle. Unlike the
acknowledgment for INTO, during this cycle neither the M1 or IORQ
signals become Active.

IORQ. I/0O Request (Output, Active Low, 3-state). IORQ indicates that
the address bus contains a valid I/O address for an 1/O read or 1/O write
operation. IORQ is also generated, along with M1, during the
acknowledgment of the INTO 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.

M 1. Machine Cycle 1 (Output, Active Low). Together with MREQ, M1
indicates that the current cycle is the Op Code fetch cycle of an
instruction execution. Together with IORQ, M1 indicates that the current
cycleis for an interrupt acknowledge. It is also used with the HALT and
ST signal to decode status of the CPU machine cycle. Thissignal 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 amemory read or memory
write operation. This signal is analogous to the ME signal of the Z64180.

NM 1. Non-maskable Interrupt (Input, negative edge triggered). NMI has
ahigher 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 0066 H.

RD. Read (Output active Low, 3-state). RD indicates that the CPU wants
to read data from memory or an /O device. The addressed 1/O or memory
device must use this signal 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 must be used for refresh of dynamic memories. The low order
8 bits of the address bus (A7-A0) contain the refresh address.

This signal is analogous to the REF signal of the 264180.
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RTSO0. Request to Send 0 (Output, Active Low). Thisoutput isa
programmable modem control signal for ASCI channel 0.

RXAO, RXAL. 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). Thislineisthe
receiver datafor 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. Table 1
provides status summary.

Tablel.  Status Summary

ST HALT |M1 |Operation

0 1 0 CPU operation (1st Op Code fetch)

1 1 0 CPU operation (2nd Op Code and 3rd Op Code fetch)
1 1 1 CPU operation (M c? except for Op Code fetch)

0 x1 1 DMA operation

0 0 0 HALT mode

1 0 1 SLEEP mode (including SY STEM STOP mode)

1. X =Don'tcare

2. MC = Machine cycle

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

TEST. Test (Output, not on DIP version). Thispinis for test and must be
left open.
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TOUT. Timer Out (Output, Active High). TOUT is the pulse output from
PRT channel 1. Thislineis multiplexed with A18 of the address bus.

TXAO, TXAL 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). Thislineis
the transmitted data from the CSIO channel.

WAIT. Wait (Input; Active Low). WAIT indicates to the CPU that the
addressed memory or 1/0O devices are not ready for adata 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 input is sampled Low, then additional
Wait States are inserted until the WAIT input is sampled High, at which
time execution continues.

WR. Write (Output, Active Low, 3-state). WR indicates that the CPU data
bus holds valid data to be stored at the addressed 1/0O or memory location.

XTAL. Crystal (Input, Active High). Crystal oscillator connection. This
pin must be left open if an external clock is used instead of a crystal. The
oscillator input isnot aTTL level (reference DC characteristics).

Multiplexed pins are described in Table 2.
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Table2.  Multiplexed Pin Descriptions

M ultiplexed
Pins

Descriptions

Al18/TOUT

During RESET, this pinisinitialized as A18 pin. If either
TOC1 or TOCO hit of the Timer Control Register (TCR) is
setto 1, TOUT function is selected. If TOC1 and TOCO bits
are cleared to 0, A18 function is selected.

CKAO/DREQO

During RESET, this pinisinitialized as CKA g pin.
If either DM1 or SM1in DMA Mode Register (DMODE) is
set to 1, DREQO function is always selected.

CKAL/TENDO

During RESET, this pinisinitialized as CKAL1 pin. If
CKA1D bitin ASCI control register ch1 (CNTLAL) isset to
1, TENDO function is selected. If CKA1D bitissetto 0,
CKA1 function is selected.

RXS/CTS1

During RESET, this pinisinitialized as RXS pin. If CTS1E bit
in ASCI statusregister ch 1 (STAT1) issetto 1, CTS1 function
is selected. If CTSIE bit is 0, RXS function is selected.

ARCHITECTURE

The 28X 180 combines a high performance CPU core with avariety of
system and 1/O resources useful in abroad range of applications. The CPU
core consists of five functional blocks: clock generator, bus state controller
(including dynamic memory refresh), interrupt controller, memory
management unit (MMU), and the central processing unit (CPU). The
integrated 1/0 resources make up the remaining four functional blocks:

® Direct Memory Access (DMA) Control (2 channels)

® Asynchronous Serial Communications Interface (ASCI, 2 channels),
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® Programmable Reload Timers (PRT, 2 channels)
® Clock Seria 1/0 (CSIO) channel.

Other 28X 180 family members (such as Z80183, Z80S183, Z80185/195)
feature, in addition to these blocks, additional peripherals and are covered
in their associated Product Specification

Clock Generator

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

Bus State Controller

Thislogic 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 M anagement Unit

The MMU allows the user to map the memory used by the CPU (logically
only 64K) into the 1MB addressing range supported by the Z8X180. The
organization of the MMU object code features compatibility with the Z80
CPU while offering access to an extended memory space. This capability
is accomplished by using an effective common area - banked area
scheme.
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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 enhanced to allow
many of the instructions to execute in fewer clock cycles.

DMA Controller

The DMA controller provides high speed transfers between memory and
1/O devices. Transfer operations supported are memory-to-memory,
memory to/from 1/O and 1/0 to 1/O. Transfer modes supported are
REQUEST, BURST, and CY CLE STEAL. DMA transfers can access the
full 1IMB addressing range with ablock length up to 64KB, and can cross
over 64K boundaries.

Asynchronous Serial Communications I nterface (ASCI)

The ASCI logic provides two individual full-duplex UARTSs. Each
channel includes a programmabl e 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 containing a 16-bit
counter (timer) and count reload register. Thetime base for the countersis
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 1/0 (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.
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OPERATION MODES

The Z8X 180 can be configured to operate like the Hitachi HD64180. This
functionality is accomplished by allowing user control over the M1,
IORQ, WR, and RD signals. The Operation Mode Control Register
(OMCR), illustrated in Figure 5, determines the M 1 options, the timing of
the IORQ, RD, and WR signals, and the RET! operation.

Operation Mode Control Register

Bit 7 6 5 4 0
Bit/Field M1E  MI1TE 10C Reserved

RIW RIW W RIW -

Reset 1 1 1 -

Note: R = Read W = Write X = Indeterminate? = Not Applicable

Figure5.  Operation Mode Control Register

M1E (M1 Enable): This bit controlsthe M1 output and isset toa 1 during
RESET.

When M1Eis 1, the M1 output is asserted Low during the Op Code fetch
cycle, the INTO acknowledge cycle, and the first machine cycle of the
NMI acknowledge. This action also causes the M1 signal to be Active
during both fetches of the RETI instruction sequence, and may cause
corruption of the external interrupt daisy chain. Therefore, this bit must be
0 for the Z8X180. When M1E is 0 the M1 output is normally inactive and
asserted Low only during the refetch of the RETI instruction sequence
and the INTO acknowledge cycle (Figure 6).
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T1 T2 T3 T1 T2 T3

S S S N SO N

|

Write into OMCR Op Code Fetch

Figure6. M1 Temporary Enable Timing

M1TE (M1 Temporary Enable): This bit controls the temporary assertion
of the M1 signal. It isalways read back asa 1 and is set to 1 during
RESET. Thisfunction is used to armtheinternal interrupt structure of the
Z80PI1O. When a control word is written to the Z80PIO to enable
interrupts, no enable actually takes place until the PIO sees an active M1
signal. When M1TE is 1, thereis no change in the operation of the M1
signal and M 1E controlsits function. When M1TE is 0, the M1 output is
asserted during the next Op Code fetch cycle regardless of the state
programmed into the M 1E bit. This situation is only momentary (one
time) and the user need not reprogram a1 to disable the function (See
Figure 7).

10C: This bit controls the timing of the IORQ and RD signals. I0C is set
to 1 by RESET.

When IOC is 1, the IORQ and RD signals function the same as the
HD64180.
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Figure7. 1/0O Read and Write Cycleswith |OC =1 Timing Diagram

When 10C is 0, the timing of the TORQ and RD signals match the timing
required by the Z80 family of peripherals. The IORQ and RD signals go
active as aresult of therising edge of T2. Thistiming allows the Z8X180

to satisfy the setup times required by the Z80 peripherals on those two
signals (Figure).

T1 T2 T™W T3

Figure8. 1/0O Read and Write cycleswith IOC =0 Timing Diagram

For the remainder of this document, assume that M1E is 0 and IOC is 0.
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} Note: The user must program the Operation Mode Control Register
O€ pefore thefirst 1/0 instruction is executed.

CPU Timing
This section explains the Z8X 180 CPU timing for the following operations:
® |nstruction (Op Code) fetch timing
® Operand and data read/write timing
® |/O read/write timing
® Basicinstruction (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 /O, or it consists of one system clock (T1) during
CPU internal operations. The system clock is half the frequency of the
Crystal oscillator (that is, an 8-MHz crystal produces 4 MHz or 250 nsec).
For interfacing to slow memory or peripherals, optional Wait States (TW)
may be inserted between T2 and T3.

Instruction (Op Code) Fetch Timing

Figure 9 illustrates the instruction (Op Code) fetch timing with no Wait
States. An Op Code fetch cycle is externally indicated when the M1
output pinis Low.

In thefirst half of T1, the address bus (AO-A19) isdriven from the
contents of the Program Counter (PC). This address bus s the translated
address output of the Z8X 180 on-chip MMU.

In the second half of T1, the MREQ. (Memory Request) and RD (Read)
signals are asserted Low, enabling the memory.
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The Op Code on the data bus is latched at the rising edge of T3 and the
bus cycle terminates at the end of T3.

T1 T2 T3 T1 T2
Phi [ 1 I LI LTI 1
AO-A19 L
X . X
DO-D7 LT
:\l /
WAIT TN
M1 Lo
\ /
MREQ  ———\ /N
RD N\ /N

Figure9.  Op Code Fetch (without Wait State) Timing Diagram

Figure 10 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 programmable 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) isinserted. The address bus,
MREQ, RD and M1 are held stable during Wait States. When WAIT is
sampled inactive High at the falling edge of TW, the bus cycle enters T3
and completes at the end of T3.
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T™W
Phi [ LT LI LI

A0-A19 X E E — X

DO-D7 /me\

WA ---omooen SR R
ML —\ /

MREQ ~——— —\___
RD —\ M/

Figure10. Op Code Fetch (with Wait State) Timing Diagram

Operand and Data Read/Write Timing

Theinstruction operand and data read/write timing differs from Op Code
fetch timing in two ways:

* TheM1 output is held inactive

®* Theread cycletiming isrelaxed by one-half clock cycle because data
islatched at the falling edge of T3

Instruction operands include immediate data, displacement, and extended
addresses, and contain 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 T1, the data bus is driven with the write data.

At the 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.

UMO005001-ZMP0400



AO0—A19

DO-D7

WAIT

MREQ

18018x Fami ¥
MPU User Manual

-
"
&/
§7
V.
i A

Wait States (TW) are inserted as previously described for Op Code fetch
cycles. Figure 11 illustrates the read/write timing without Wait States
(Tw), while Figure 12 illustrates read/write timing with Wait States (TW).

Read Cycle Write Cycle
T1 T2 T3 T1 T2 T3 T1
e LIt
X Memorly address I X I Memo;y address X
@—E< Write data H
\ / : \__
Figure1l. Memory Read/Write (without Wait State) Timing Diagram
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[ Read Cycle | Write Cycle
I
Tl T2 T™™W T3 1 T2 T™W T3

A [ N I A I N e B e

WAIT "~ " TN .'.'/_iKIII_'I.'_'_'_'_'_'_' ............. N LII/TNDILLL
MREQ ——\ § /—\ -
RO\ / '

WR \ /

Figure12. Memory Read/Write (with Wait State) Timing Diagram

I/0O Read/Write Timing

I/0 Read/Write operations differ from memory Read/Write operationsin
the following three ways:

®* ThelORQ (I/O Request) signal is asserted Low instead of the MREQ
signal

® The 16-bit I/O addressis not translated by the MMU

* Al16-Al9areheld Low

At least one Wait State (TW) is aways inserted for 1/O read and write
cycles (except internal 1/0 cycles).

Figure 13 illustrates I/O read/write timing with the automatically inserted
Wait State (TW).
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| I/O Write Cycle
|

T1 T2 ™ T3 1 T2 ™ T3
B I S Y L 1 0 I 1T
X /O address NEE VO address

: @—:( Write data
SIIIIIIIIA T YR S Y 0
—\ /e /—
\ ./
\ [
Figure13. 1/0O Read/Write Timing Diagram

Basic I nstruction 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. The
example in Figure 14 illustrates the bus timing for the data transfer

instruction LD (I1X+d),g.
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Phi

AO0—A19

DO-D7

1stOp Code  2nd Op Code Displacement
‘ Fetch Cycle Fetch Cycle Read Cycle

CPU internal Memory Next instruction
Operation Fetch Cycle

‘ Write Cycle
<—’—‘—> <—>{<7

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T1 T1 T1 T2 T3 T1 T2

PC PC+1 PC+2 X _IX+d X PC+3
(DDH)  (7TOH-77H) d g
C o— ——< C_ —

/ “

N/ \
S/ N\
[ A N A N

Machine Cycle

| | | | | | | |
| | | L o |
MC1 MC2 MC3  MC4 MC5 MC6 MC7

NOTE: d = displacement

g = register contents

Figure14. Instruction Timing Diagram

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 (1X).

The instruction cycle begins with the two machine cycles to read the two
byte instruction Op Code as indicated by M1 Low. Next, the instruction
operand (d) is fetched.
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The external busis IDLE while the CPU computes the effective address.
Finally, the computed memory location is written with the contents of the
CPU register (g).

RESET Timing

Figure 15 depicts the Z8X 180 hardware RESET timing. If the RESET pin
is Low for six or more clock cycles, processing isterminated and the
Z8X180 restarts execution from (logical and physical) address 00000H.

RESET Start
e
RESET Op Code Fetch Cycle

< -
| < >

T1 T2

RESET _\:: 6 or more clocks =/:

, High impedance

— AN
A0—A19 >

{ Restart address (00000H)

Figure15. RESET Timing Diagram

BUSREQ/BUSACK Bus Exchange Timing

The Z8X 180 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 BUSREQ (Bus Request) input Low. After
the Z8X 180 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 Z8X 180 at the end of each machine cycle.
In this context, a machine cycle consists of a minimum of three clock
cycles (more if wait states are inserted) for Op Code fetch, memory read/
write, and /O read/write cycles. Except for these cases, a machine cycle
corresponds to one clock cycle.
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When the bus is released, the address (A0-A19), data (D0-D7), and
control (MREQ, IORQ, RD, and WR) signals are placed in the high
impedance state.

Dynamic RAM refresh is not performed when the Z8X 180 has released
the bus. The alternate bus master must provide dynamic memory
refreshing if the bus is released for long periods of time.

Figure 16 illustrates BUSREQ/BUSACK bus exchange during a memory
read cycle. Figure 17 illustrates bus exchange when the bus release is
requested during aZ8X 180 CPU internal operation. BUSREQ is sampled
at the falling edge of the system clock prior to T3, T1 and Tx (BUS
RELEASE state). If BUSREQ is asserted Low at the falling edge of the
clock state prior to Tx, another Tx is executed.

CPU memory read cycle Bus release cycle CPU cycle
‘ ‘4—

-« = T T e T e
T1 T2 T™W T3 X X T1 T1
[
|

ow LT L LI L LT L L

AO-A19 X ! —. : <
| |
D0O-D7 i ) i |
VT | | | |
MREQ
__IORO | | >— ! {
RD, WR | | | |
BUSREQ \ | | | /:
| | |
BUSACK | I\ /
| | |

Figure16. Bus Exchange Timing During Memory Read
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CPU Internal Operation ‘ Bus Release Cycle CPU Cycle
e e

T1 T1 T1 T1 TX TX TX T1

o L LT L

| | | | |
A —
D0-D7 | | | | |
MREQ | | | | |
_IORQ | | | D <
RD, WR | | | | |
BUSREQ | | \ | | | /
| | | | |
BUSACK N

Figure17. Bus Exchange Timing During CPU Internal Operation

Wait State Generator

To ease interfacing with slow memory and 1/O devices, the Z8X 180 uses
Wait States (TW) to extend bus cycletiming. A Wait State(s) is inserted
based on the combined (logical OR) state of the external WAIT input and
an internal 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 T3 to extend the bus cycle duration. The WAIT
input is sampled at the falling 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 isinserted into the bus cycle.

} Note:  WAIT input transitions must meet specified setup and hold
times. This specification can easily be accomplished by
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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 occurrence and duration of wait states (TW).
Figure 18 depicts WAIT timing.

T1 T2 T™W T™W T3 T1

i 1 LI LI LT 11 LT 1L

| |
WAIT \NIVARIVAVAA

Figure18. WAIT Timing Diagram

Programmable Wait State | nsertion

In addition to the WAIT input, Wait States (TW) can also be inserted by
program using the Z8X 180 on-chip Wait State generator (see Figure 19.
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. These bit pairs all 0—3 programmed Wait States for either 1/0 or
Memory access.
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MwiIi1 [ MWIO MwI1 [ MWIO

R/W R/W R/W R/W

Figure 19. Memory and |1/0 Wait State Insertion (DCNTL — DM A/W ait
Control Register)

The number of Wait States (TW) inserted in a specific cycleisthe
maximum of the number requested by the WAIT input, and the number
automatically generated by the on-chip Wait State generator.

Bit 7, 6: MWI1MWI0, (Memory Wait | nsertion)

For CPU and DMAC cycles which access memory (including memory
mapped 1/O), zero to three Wait States may be automatically inserted
depending on the programmed value in MWI1 and MWI0 as depicted in
Table 3

Table3. Memory Wait States

MW11 MWIO0 The Number of Wait States
0 0 0
0 1 1
1 0 2
1 1 3

Bit 5, 4: IWI1, IWIO (I/0O Wait I nsertion)

For CPU and DMA cycles which access external 1/0 (and interrupt
acknowledge cycles), one to six Wait States (TW) may be automatically
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inserted depending on the programmed value in IWI1 and IWI0. Refer to
Table 4.
Table4. Wait State Insertion
The Number ofW aitStates
For INT1, ForNM 1
NT2 and int mupt
For NTO intmal ack now Bdge
For int malljinte nrupt int mupts cyclls
Forexemall (WO ack now Bdge |ack now Bdge (when M1 is
W rgistrs |rgistrs cycls when |cyclls Low
W K| WD |accesses accesses M1 is Low (Not 2) (Not 2)
0 0 1 0 2 2 0
0 1 5 (Note 1) 4
1 0 3 5
1 1 4 6
Note:

1. For Zz8X180 internal 1/O register access (I/0O addresses 0000H-003FH), IWI1 and IWIO do not
determine wait state (TW) timing. For ASCI, CSI/O and PRT Data Register accesses, 0 to 4 Wait States
(TW) are generated. The number of Wait States inserted during access to these registersis a function of
internal synchronization requirements and CPU state. All other on-chip 1/O register accesses (that is,
MMU, DMAC, ASCI Control Registers, for instance.) have no Wait Statesinserted and thus require only
three clock cycles.

2. For interrupt acknowledge cycles in which M1 is High, such as interrupt vector table read and PC
stacking cycle, memory access timing applies.

WAIT Input and RESET

During RESET, MWI1, MWIO IWI1 and IWIO, are all 1, selecting the
maximum number of Wait States (TW) (three for memory accesses, four
for external 1/0 accesses).
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Also, the WAIT input isignored during RESET. For example, if RESET
is detected while the Z8X 180 isin a Wait State (TW), the Wait Stated
cyclein progressis aborted, and the RESET sequence initiated. Thus,
RESET has higher priority than WAIT.

HALT and Low Power Operation Modes (Z80180-Class

Processors Only)

The Z80180 can operate in two different modes:

® HALT mode

® |OSTOP mode

and two low-power operation modes:;

® SLEEP

® SYSTEM STOP

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:

® Theinternal CPU clock remains active
® All internal and external interrupts can be received

® Busexchange (BUSREQ and BUSACK) can occur

®*  Dynamic RAM refresh cycle (RFSH) insertion continues at the
programmed interval

® |/O operations (ASCI, CSI/O and PRT) continue
® The DMAC can operate

UMO005001-ZMP0400
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® TheHALT output pinis asserted Low

® Theexternal 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 asserted Low for at least six clock cycles,
HALT mode is exited and the normal RESET sequence (restart at
address 00000H) isinitiated.

® |nterrupt Exit from HALT mode

When an internal or external interrupt is generated, HALT modeis
exited and the normal interrupt response sequence is initiated.

If the interrupt source is masked (individually by enable bit, or globally
by IEF1 state), the Z80180 remainsin HALT mode. However, NMI
interrupt initiates the normal NMI interrupt response sequence
independent of the state of IEF1.

HALT timing isillustrated in Figure 20.
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EQIE:; gycféOde HALT mode !arg%lrcl)lv'\a/ltedge cycle
T1 T3 T1 T2 T3 T1 T2
Phi [ LI LI o I LI 1 I 1
AO0—A19 HALT Op Code address X HALT Op Code address + 1

HALT \ /S

M — / \ / \
MREQ /7 \ /2

RO /7 \ /2

Figure20. HALT Timing Diagram

SLEEP Mode

SLEEP mode is entered by execution of the 2-byte SLP instruction.
SLEEP mode contains the following characteristics:

®* Theinternal CPU clock stops, reducing power consumption
® Theinternal crystal oscillator does not stop

® Internal and external interrupt inputs can be received

®* DRAM refresh cycles stop

® |/O operations using on-chip peripherals continue

® Theinternal DMAC stop

® BUSREQ can be received and acknowledged

® Address outputs go High and all other control signal outputs become
inactive High
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® DataBus, 3-state
SLEEP mode is exited in one of two ways as described below.

® RESET Exit from SLEEP mode. If the RESET input is held Low for
at least six clock cycles, it exits SLEEP mode and begins the normal
RESET sequence with execution starting at address (logical and
physical) 00000H.

® |nterrupt Exit from SLEEP mode. The SLEEP mode is exited by
detection of an external (NMI, INTO, INT2) or internal (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 |EF1 and the individual interrupt
source enable bit.

If the individual interrupt condition is disabled by the corresponding
enable bit, occurrence of that interrupt isignored and the CPU remainsin
the SLEEP mode.

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 is 1) and an individually enabled
interrupt occurs, SLEEP mode is exited and the appropriate normal
interrupt response sequence is executed.

If interrupts are globally disabled (IEF1 is 0) and an individually enabled
interrupt occurs, SLEEP mode is exited and instruction execution begins
with the instruction following the SLP instruction. This feature provides a
technique for synchronization with high speed external events without
incurring the latency imposed by an interrupt response sequence.

Figure 21 depicts SLEEP timing.
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SLP 2nd Op Code Op Code Fetch or Interrupt
Fetch Cycle SLEEP mode Acknowledge Cycle
T2 T3 T1 T2 TS TS T1 T2 T3

G I o o B B B e

INT1, NMI \ /
AO—A19 "SLP2nd Op Code address X FFFFFH X
HALT
\ /
M1 / |

Figure2l. SLEEP Timing Diagram

IOSTOP Mode

IOSTOP mode is entered by setting the IOSTOP bit of the I/O Control
Register (ICR) to 1. In this case, on-chip I/0 (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

SY STEM STOP mode is the combination of SLEEP and IOSTOP modes.
SY STEM STOP mode is entered by setting the IOSTOP bit in ICR to 1
followed by execution of the SLP instruction. In this mode, on-chip I/O
and CPU stop operating, reducing power consumption. Recovery from
SY STEM STOP mode is the same as recovery from SLEEP mode, noting
that internal 1/O sources, (disabled by IOSTOP) cannot generate a
recovery interrupt.
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Low Power Modes (Z85180/Z28L180 only)

The following section is a detailed description of the enhancements to the
Z85180/L.180 from the standard Z80180 in the areas of STANDBY,
IDLE and STANDBY QUICK RECOVERY modes.

Add-On Features

There are five different power-down modes. SLEEP and SY STEM STOP
are inherited from the Z80180. In SLEEP mode, the CPU isin a stopped
state while the on-chip I/Os are still operating. In I/O STOP mode, the on-
chip I/Os are in a stopped state while leaving the CPU running. In

SY STEM STOP mode, both the CPU and the on-chip I/Os are in the
stopped state to reduce current consumption. The Z8S180 features two
additional power-down modes, STANDBY and IDLE, to reduce current
consumption even further. The differences in these power-down modes
are summarized in Table 5.
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Table 5. Power-Down M odes (Z28S180/Z8L 180-Class Processor s Only)

Power -

Down On-Chip Recovery Recovery Time

Modes CPU Core 1/0 Osc. CLKOUT Source (Minimum)

SLEEP Stop Running  Running Running  RESET, 1.5 Clock
Interrupts

/O STOP Running  Stop Running Running By -
Programming

SYSTEM Stop Stop Running Running  RESET, 1.5 Clock

STOP Interrupts

IDLE t Stop Stop Running Stop RESET, 8 + 1.5 Clock
Interrupts,
BUSREQ

STANDBY t Stop Stop Stop Stop RESET, 217 + 1.5 Clock
Interrupts, (Normal
BUSREQ Recovery)

25+ 1.5 Clock

(Quick Recovery)

T IDLE and STANDBY modes are only offered in the Z8S180. The minimum recovery time can
be achieved if INTERRUPT is used as the Recovery Source.

STANDBY Mode

The 285180/28L.180 is designed to save power. Two |low-power
programmable power-down modes have been added:

®* STANDBY mode

® |DLE mode

The STANDBY/IDLE mode is selected by multiplexing bits 1 and 3 of
the CPU Control Register (CCR, 1/O Address = 1FH).

To enter STANDBY mode:
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1. Setbits6and3to 1 and 0, respectively.
2. Setthel/O STOP bits (bit 5 of ICR, 1/O Address= 3FH) to 1.
3. Execute the SLEEP instruction.

When the deviceisin STANDBY mode, it performs similar to the

SY STEM STOP mode as it exists on the Z80180-class processors, except
that the STANDBY mode stops the external oscillator, internal clocks and
reduces power consumption to 50 nA (typical).

Because the clock oscillator has been stopped, arestart of the oscillator
requires aperiod of time for stabilization. An 18-bit counter has been
added in the 285180281180 to allow for oscillator stabilization. When
the part receives an external IRQ or BUSREQ during STANDBY mode,
the oscillator is restarted and the timer counts down 217 counts before
acknowledgment is sent to the interrupt source.

The recovery source must remain asserted for the duration of the 217
count, otherwise STANDBY restarts.

STANDBY Mode Exit with BUS REQUEST

Optionaly, if the BREXT hit (D5 of CPU Control Register) issetto 1, the
285180 exits STANDBY mode when the BUSREQ input is asserted. The
crystal oscillator is then restarted. An internal counter automatically
provides time for the oscillator to stabilize, before the internal clocking
and the system clock output of the Z8S180 are resumed.

The Z8S180 relinquishes the system bus after the clocking is resumed by:
® 3-State the address outputs A19—-A0

e 3-State the bus control outputs MREQ, IORQ, RD, and WR

® Asserting BUSACK

The Z8S180 regains the system bus when BUSREQ is deactivated. The
address outputs and the bus control outputs are then driven High. The
STANDBY modeis exited.
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If the BREXT bit of the CPU Control Register (CCR) is cleared, asserting
the BUSREQ does not cause the Z8S180/Z8L 180-class processors to exit
STANDBY mode.

If STANDBY mode is exited because of areset or an external interrupt,
the Z8S180/28L.180-class processors remains relinguished from the
system bus as long as BUSREQ is active.

STANDBY Mode EXit with External Interrupts

STANDBY mode can be exited by asserting input NMI. The STANDBY
mode may also exit by asserting INTO. INT1 or INTZ2, depending on the
conditions specified in the following paragraphs.

INTO wake-up requires assertion throughout duration of clock
stabilization time (217 clocks).

If exit conditions are met, the internal counter provides time for the
crystal oscillator to stabilize, before the internal clocking and the system
clock output within the Z8S180/Z8L 180-class processors resume.

® Exit with Non-Maskable Interrupts

If NMI is asserted, the CPU begins anormal NMI interrupt
acknowledge sequence after clocking resumes.

® Exit with External Maskable Interrupts

If an External Maskable Interrupt input is asserted, the CPU responds
according to the status of the Global Interrupt Enable Flag |IEF1
(determined by the ITEL bit) and the settings of the corresponding
interrupt enable bit in the Interrupt/Trap Control Register (ITC: 1/0
Address = 34H).

If an interrupt sourceis disabled in the ITC, asserting the corresponding
interrupt input does not cause the Z8S180/Z8L 180-class processors to
exit STANDBY mode. This condition istrue regardless of the state of the
Global Interrupt Enable Flag IEF1.
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If the Global Interrupt Enable Flag IEF1 is set to 1, and if an interrupt
sourceis enabled in the ITC, asserting the corresponding interrupt input
causes the Z8S180/Z8L.180-class processors to exit STANDBY mode.
The CPU performs an interrupt acknowledge sequence appropriate to the
input being asserted when clocking is resumed if:

®* Theinterrupt input follows the normal interrupt daisy-chain protocol
®* Theinterrupt sourceis active until the acknowledge cycle is complete

If the Global Interrupt Enable Flag IEF1 is disabled (reset to 0) and if an
interrupt source is enabled in the ITC, asserting the corresponding
interrupt input still causes the Z8S180/Z8L180-class processors to exit
STANDBY mode. The CPU proceeds to fetch and execute instructions
that follow the SLEEP instruction when clocking resumes.

If the Extend Maskable Interrupt input is not active until clocking
resumes, the Z8S180/Z8L 180-class processors do not exit STANDBY
mode. If the Non-Maskable Interrupt (NMI) is not active until clocking
resumes, the Z8S180/Z8L.180-class processors still exits the STANDBY
mode even if the interrupt sources go away before the timer times out,
because NMI is edge-triggered. The condition is latched internally when
NMI is asserted Low.

IDLE Mode

IDLE mode is another power-down mode offered by the Z8S180/
Z8L.180-class processors.

1. Setbits6and3to 0 and 1, respectively.
2. Setthel/O STOP bit (bit 5 of ICR, I/O Address= 3FHto 1.
3. Execute the SLEEP instruction

When the part isin IDLE mode, the clock oscillator is kept oscillating, but
the clock to the rest of the internal circuit, including the CLKOUT, is
stopped completely. IDLE mode is exited in asimilar way as STANDBY
mode, using RESET, BUS REQUEST or EXTERNAL INTERRUPTS,
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except that the 2+ bit wake-up timer is bypassed. All control signals are
asserted eight clock cycles after the exit conditions are gathered.

217

STANDBY-QUICK RECOVERY Mode

>

STANDBY-QUICK RECOVERY modeis an option offered in
STANDBY mode to reduce the clock recovery timein STANDBY mode
from 217 clock cycles (4 ns at 33 MHz) to 2° clock cycles (1.9 ns at 33
MHZz). This feature can only be used when providing an oscillator as
clock source.

To enter STANDBY -QUICK RECOVERY mode:

1. Setbits6and3to 1 and 1, respectively.

2. Setthel/O STOP bit (bit 5 of ICR, 1/0O Address= 3FH) to 1.
3. Execute the SLEEP instruction

When the partisin STANDBY -QUICK RECOVERY mode, the
operation is identical to STANDBY mode except when exit conditions
are gathered, using RESET, BUS REQUEST or EXTERNAL
INTERRUPTS. The clock and other control signals are recovered sooner
than the STANDBY mode.

Note: If STANDBY-QUICK RECOVERY isenabled, the user must
ensure stable oscillation is obtained within 64 clock cycles

Internal 1/0 Registers

The 28X 180 internal 1/O Registers occupy 64 1/0 addresses (including
reserved addresses). These registers access the internal 1/0 modules
(ASCI, CSI/O, PRT) and control functions (DMAC, DRAM refresh,
interrupts, wait state generator, MMU and 1/O relocation).
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I/O Control Register (ICR: 3FH)

To avoid address conflicts with external 1/O, the Z8X 180 internal 1/0
addresses can be relocated on 64-byte boundaries within the bottom 256
bytes of the 64KB 1/0O address space.

I/O Control Register (ICR)

ICR allows relocating of the internal 1/0 addresses. ICR also controls
enabling/disabling of the IOSTOP mode.

Bit 7 6 5 4 3 2 1 0
Bit/Field IOA7 IOA6 IOSTP — — — — —
R/W R/W R/W R/W

Reset 0 0 0

R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position  Bit/Field R/W

Value Description

76 IOA7:6 R/W IOA7 and |OAG relocate internal 1/0 as depicted in
Figure . The high-order 8 bits of 16-bit internal I/0
addresses are always 0. IOA7 and IOAG6 are cleared to O
during RESET.

5 IOSTP  R/W IOSTOP mode is enabled when IOSTP is set to 1.

Normal. I/O operation resumes when IOSTP is reset to 0.
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— 00FFH
IOA7 —I0A6=11 —»

00COH

00BFH
IOA7 —I0A6=10 —»

0080H

007FH
IOA7 —I0A6=01 —»

0040H

003FH
IOA7 — I0A6=00 —»

0000H

Figure22. 1/O Address Relocation

Internal 1/0 Registers Address M ap

Theinternal 1/0 register addresses are described in Table 6 and Table 7.
These addresses are relative to the 64-byte boundary base address specified
inICR.

I/O Addressing Notes

Theinternal 1/0 register addresses are located in the 1/0O address space
from 0000Hto 00FFH (16-bit 1/O addresses). Thus, to access the internal
I/O registers (using 1/O instructions), the high-order 8 bits of the 16-bit
I/O address must be 0.

The conventional I/O instructions (OUT (m), A/IN A, (m) / OUTI/INI,
for example) 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 internal 1/O register access, a number of new instructions
have been added, which force the high-order 8 bits of the 16-bit I/O

UMO005001-ZMP0400

43



218018x Fami¥
M PU User Manual

.8
s/
44 | %

E

addressto 0. Theseinstructions are INO, OUTO, OTIM, OTIMR, OTDM,
OTDMR and TSTIO (see Instruction Set).

When writing to an internal 1/O register, the same 1/O write occurs on the
external bus. However, the duplicate external 1/O write cycle exhibits
internal 1/0O write cycle timing. For example, the WAIT input and
programmable Wait State generator are ignored. Similarly, internal 1/0
read cycles also cause a duplicate external 1/0O read cycle. However, the
external read datais ignored by the Z8X180.

Normally, external 1/O addresses should be chosen to avoid overlap with
internal 1/0 addresses and duplicate I/O accesses.

Table6. 1/0 Address Map for Z80180-Class Processor s Only

Address
Register M nemonic Binary Hex Page
ASCI |ASCI Control Register A Ch0 CNTLAO XX000000 | OOH 125
ASCI Control Register A Ch 1 CNTLAL XX000001 01H 128
ASCI Control Register B Ch0 CNTLBO XX000010 | O2H 132
ASCI Control Register B Ch 1 CNTLB1 XX000011 03H 132
ASCI Status Register Ch 0 STATO XX000100 | 04H 120
ASCI Status Register Ch 1 STAT1 XX000101 05H 123
ASCI Transmit Data Register Ch 0 TDRO XX000110 | O6H 118
ASCI Transmit Data Register Ch 1 TDR1 XX000111 Oo7H 118
ASCI Receive Data Register Ch 0 RDRO XX001000 | 08H 119
ASCI Receive Data Register Ch 1 RDR1 XX001001 09H 119
CSI/O | CSI/O Control Register CNTR XX001010 | OAH 147
CSI/O Transmit/Receive Data Register |TRD XX1011 OBH 149
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Table6. 1/0 AddressMap for Z80180-Class Processors Only  (Continued)

Address

Register M nemonic Binary Hex Page

Timer |DataRegister ChOL TMDROL XX001100 | OCH 159

Data Register ChO H TMDROH XX001101 | ODH 159

Reload Register Ch O L RLDROL XX001110 OEH 159

Reload Register ChOH RLDROH XX001111 OFH 159

Timer Control Register TCR XX010000 | 10H 161
Reserved XX010001 11H
XX010011 13H

Data Register Ch 1 L TMDRIL XX010100 14H 160

Data Register Ch 1 H TMDR1H XX010101 15H 160

Reload Register Ch 1L RLDR1L XX010110 16H 159

Reload Register Ch1 H RLDR1H XX010111 17H 159

Others |Free Running Counter FRC XX011000 | 18H 172
Reserved XX011001 | 19H
XX011111 1FH
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Table6. 1/0 Address Map for Z80180-Class Processors Only  (Continued)

E

Address
Register M nemonic Binary Hex Page
DMA |DMA Source Address Register ChOL |SAROL XX100000 | 20H 93
DMA Source Address Register ChOH |SAROH XX100001 | 21H 93
DMA Source Address Register ChOB |SAROB XX100010 | 22H 93
DMA Destination Address Register Ch |[DAROL XX100011 | 23H 94
oL
DMA Destination Address Register Ch [DAROH XX100100 | 24H 94
OH
DMA Destination Address Register Ch |DAROB XX100101 25H 94
0B
DMA Byte Count Register Ch OL BCROL XX100110 26H 94
DMA Byte Count Register Ch OH BCROH XX100111 27H 94
DMA Memory Address Register Ch 1L |[MARI1L XX101000 | 28H 94
DMA Memory Address Register Ch 1H |MAR1H XX101001 | 29H 94
DMA Memory Address Register Ch 1B |MAR1B XX101010 | 2AH 94
DMA 1/0 Address Register Ch 1L IAR1L XX101011 2BH 102
DMA 1/0 Address Register Ch 1H IAR1H XX101100 | 2CH 102
Reserved XX101101 | 2DH
DMA Byte Count Register Ch 1L BCRI1L XX101110 2EH 94
DMA Byte Count Register Ch 1H BCR1H XX101111 2FH 94
DMA Status Register DSTAT XX110000 30H 95
DMA Mode Register DMODE XX110001 31H 97
DMA/WAIT Control Register DCNTL XX110010 32H 101
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Table6. 1/0 AddressMap for Z80180-Class Processors Only  (Continued)

Address
Register M nemonic Binary Hex Page
INT IL Register (Interrupt Vector Low IL XX110011 | 33H 67
Register)
INT/TRAP Control Register ITC XX110100 34H 68
Reserved XX110101 35H
Refresh | Refresh Control Register RCR XX110110 | 36H 88
Reserved XX110111 37H
MMU [MMU Common Base Register CBR XX111000 | 38H 61
MMU Bank Base Register BBR XX111001 39H 62
MMU Common/Bank Area Register CBAR XX111010 | 3AH 60
110 Reserved XX111011 3BH
J J
XX111101 | 3DH
Operation Mode Control Register OMCR XX111110 | 3EH 15
[/O Control Register ICR XX111111 | 3FH 42
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Table7. 1/0 Address M ap (28S180/Z8L 180-Class Processor s Only)

Address
Register M nemonic Binary Hex Page
ASCI |ASCI Control Register A Ch0 CNTLAO XX000000 | OOH 125
ASCI Control Register A Ch 1 CNTLAL XX000001 01H 128
ASCI Control Register B Ch0 CNTLBO XX000010 | O2H 132
ASCI Control Register B Ch 1 CNTLB1 XX000011 03H 132
ASCI Status Register Ch 0 STATO XX000100 | 04H 120
ASCI Status Register Ch 1 STAT1 XX000101 05H 123
ASCI Transmit Data Register Ch 0 TDRO XX000110 | O6H 118
ASCI Transmit Data Register Ch 1 TDR1 XX000111 Oo7H 118
ASCI Receive Data Register Ch 0 RDRO XX001000 | O8H 119
ASCI Receive Data Register Ch 1 RDR1 XX001001 O09H 119
ASCI0 Extension Control Register O ASEXTO XX010010 | 12H 135
ASCI1 Extension Control Register 1 ASEXT1 XX010011 | 13H 136
ASCIO Time Constant Low ASTCOL XX011010 | 1AH 137
ASCIO Time Constant High ASTCOH XX001011 1BH 137
ASCI1 Time Constant Low ASCT1L XX001100 | 1CH 138
ASCI1 Time Constant High ASCT1H XX001101 1DH 138
CSI0  |CSIO Control Register CNTR XX001010 | OAH 147
CSI0 Transmit/Receive Data Register |TRD XX1011 OBH 149
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Table7. 1/0 Address M ap (28S180/28L 180-Class Processors Only)  (Continued)
Address
Register M nemonic Binary Hex Page
Timer |DataRegister ChOL TMDROL XX001100 | OCH 159
Data Register ChO H TMDROH XX001101 | ODH 159
Reload Register Ch O L RLDROL XX001110 OEH 159
Reload Register ChOH RLDROH XX001111 OFH 159
Timer Control Register TCR XX010000 | 10H 161
Reserved XX010001 11H
Data Register Ch 1 L TMDRIL XX010100 14H 160
Data Register Ch 1 H TMDR1H XX010101 15H 160
Reload Register Ch 1L RLDR1L XX010110 16H 160
Reload Register Ch1 H RLDR1H XX010111 17H 160
Others |Free Running Counter FRC XX011000 | 18H 172
Reserved XX011001 | 19H
J J
XX011111 1DH
Clock Multiplier Register CMR XX011110 | 1EH 52
CPU Control Register CCR XX011111 | 1FH 53
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Table7. 1/0 Address M ap (28S180/28L 180-Class Processors Only)  (Continued)
Address

Register M nemonic Binary Hex Page

DMA |DMA Source Address Register ChOL |SAROL XX100000 | 20H 93
DMA Source Address Register ChOH |SAROH XX100001 | 21H 93
DMA Source Address Register ChOB |SAROB XX100010 | 22H 93
DMA Destination Address Register Ch |[DAROL XX100011 | 23H 94
oL
DMA Destination Address Register Ch [DAROH XX100100 | 24H 94
OH
DMA Destination Address Register Ch |DAROB XX100101 25H 94
0B
DMA Byte Count Register Ch OL BCROL XX100110 26H 94
DMA Byte Count Register Ch OH BCROH XX100111 27H 94
DMA Memory Address Register Ch 1L |[MARI1L XX101000 | 28H 94
DMA Memory Address Register Ch 1H |MAR1H XX101001 | 29H 94
DMA Memory Address Register Ch 1B |MAR1B XX101010 | 2AH 94
DMA 1/O Address Register Ch 1L IAR1L XX101011 2BH 102
DMA 1/O Address Register Ch 1H IAR1H XX101100 | 2CH 102
DMA 1/O Address Register Ch 1 IAR1B XX101101 | 2DH 94
DMA Byte Count Register Ch 1L BCRI1L XX101110 2EH 94
DMA Byte Count Register Ch 1H BCR1H XX101111 2FH 94
DMA Status Register DSTAT XX110000 30H 95
DMA Mode Register DMODE XX110001 31H 97
DMA/WAIT Control Register DCNTL XX110010 32H 101
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Table 7. 1/0 Address Map (285180/Z8L 180-Class Processors Only) (Continued)

Address
Register M nemonic Binary Hex Page
INT IL Register (Interrupt Vector Low IL XX110011 | 33H 67
Register)
INT/TRAP Control Register ITC XX110100 34H 68
Reserved XX110101 35H
Refresh | Refresh Control Register RCR XX110110 | 36H 88
Reserved XX110111 37H
MMU [MMU Common Base Register CBR XX111000 38H 61
MMU Bank Base Register BBR XX111001 39H 62
MMU Common/Bank Area Register CBAR XX111010 | 3AH 60
/10 Reserved XX111011 3BH
J J
XX111101 3DH
Operation Mode Control Register OMCR XX111110 | 3EH 15
[/O Control Register ICR XX111111 | 3FH 42
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Clock Multiplier Register (CMR: 1EH) (Z8S5180/L180-Class Processors Only)

Bit 7 6 | | | | |
Bit/Field X2 Reserved

RIW RIW ?

Reset 0 1

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W  Value Description

7 X2Clock R/W X2 Clock Multiplier Mode
Multiplier 0 Disable
Mode 1  Enable

60 Reserved ? ?  Reserved
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CPU Control Register (CCR: 1FH) (28S180/L180-Class Processors Only)

Bit 7 6 5 4 3 2 1 0
Bit/Field Clock | STAND | BREXT | LNPHI | STAND | LNIO | LNCPU | LNAD/
Divide BY/ BY/ CTL DATA
IDLE IDLE
Enable Enable
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position  Bit/Field R/W  Value Description
7 Clock R/W 0 XTAL/2
Divide 1 XTALA
6 STANDBY R/W In conjunction with Bit 3
/IDLE Mode 00 NoSTANDBY
01 IDLE after SLEEP
10 STANDBY after SLEEP
11 STANDBY after SLEEP 64 Cycle Exit (Quick
Recovery)
5 BREXT R/W 0 Ignore BUSREQ in STANDBY/IDLE
1  STANDBY/IDLE exit on BUSREQ
4 LNPHI R/W 0  Standard Drive
1  33% Drive on EXTPHI Clock
3 STANDBY R/W In conjunction with Bit 6
/IDLE Mode 00 NoSTANDBY
01 IDLE after SLEEP
10 STANDBY after SLEEP
11 STANDBY after SLEEP 64 Cycle Exit (Quick

Recovery)
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Bit
Position Bit/Field R/W  Value Description
2 LNIO R/W 0 Standard Drive
1 33% Drive on certain external 1/0
1 LNCPUCTL R/W 0 Standard Drive
1 33% Drive on CPU control signals
0 LNAD/ R/W 0 Standard Drive
DATA 1 33% drive on A10-A0, D7-D0O

Memory Management Unit (MM U)

The 28X 180 features an on-chip MMU which performs the translation of
the CPU 64KB (16-bit addresses 0000Hto FFFFH) logical memory
address space into a 1024KB (20-bit addresses 00000Hto FFFFFH)
physical memory address space. Address translation occurs internally in
parallel with other CPU operation.

L ogical Address Spaces

The 64KB CPU logical address space isinterpreted by the MMU as
consisting of up to three separate logical address areas, Common Area 0,
Bank Area, and Common Area 1.

As depicted in Figure 23, avariety of logical memory configurations are
possible. The boundaries between the Common and Bank Areas can be
programmed with 4KB resolution.
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Common Common Common
Area 1l Area 1 Area 1
Common
Bank Area Area 1
Bank Common
Area 0
Common Area
Area 0

Figure23. Logical Address Mapping Examples

L ogical to Physical Address Translation

Figure 24 illustrates an example in which the three logical address space
portions are mapped into a 1024KB 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 4KB
physical address boundaries). Common AreaO (if it exists) is always
based at physical address 00000H.
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E

FFFFH

Common Area 1 +| Common Base

Bank Area +| Bank Base

Common Area 0 +
0000H ﬂ

Xyz

Logical Address Space

A

FFFFFH

-

ﬁ X 00000H

Figure24. Physical Address Transition

MMU Block Diagram

Physical Address Space

The MMU block diagram is depicted in Figure 25. The MMU translates
internal 16-bit logical addresses to external 20-bit physical addresses.

< Internal Address/Data Bus >

7
@ ' LA12—L A15 @

MMU Common/Bank Area [ | < MML_J Common Base
Register; CBAR (8) " Memory . Register; CBR (8)
anetjgrﬁtmen < MMU Bank Base
Register; BBR (8)
8
PA12—PA19

Figure25. MMU Block Diagram
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Whether address translation (Figure 26) takes place depends on the type
of CPU cycle as follows.

® 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.

® |/O Cycles

The MMU islogically bypassed for 1/0 cycles. The 16-bit logical 1/0
address space corresponds directly with the 16-bit physical 1/0
address space. The four high-order bits (A16—A19) of the physical
address are always 0 during 1/0 cycles.

LA15 LAO
“0000” | | Logical Address

PA19 , PA16 PAI5 , PAO
| | | | Physical Address

Figure26. 1/0O Address Translation

® DMA Cycles

When the Z8X 180 on-chip DMAC is using the external bus, the

MMU is physically bypassed. The 20-bit source and destination
registersinthe DMAC are directly output on the physical address bus
(AO-A19).

MMU Registers

Three MMU registers are used to program a specific configuration of
logical and physical memory.
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* MMU Common/Bank Area Register (CBAR)
®* MMU Common Base Register (CBR)
®* 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 1024KB physical
address space. The resolution for both setting boundaries within the
logical space and relocation within the physical spaceis 4KB.

The CA field of CBAR determines the start address of Common Area 1
(Upper Common) and by default, the end address of the Bank Area. The
BA field determines the start address of the Bank Area and by default, the
end address 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. Figures 27 and 28
illustrate examples of logical memory organizations associated with
different values of CA and BA.

Common Common Common
Area 1 Area 1 Area 1l
Common
Bank Area Area 1
Bank Area Common
Area 0
Common
Area 0

Common Area 1 Common Area 1 Common Area 1 Common Area 1

Lower Limit Address Lower limit Address Lower Limit Address Lower Limit Address

> > = =

Bank Area Bank Area Bank Area Bank Area

Lower Limit Address Lower limit Address Lower Limit Address Lower Limit Address

> >

0000H 0000H

0000H 0000H
(RESET Condition)
Figure27. Logical Memory Organization
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D7 D6 D5 D4

MMU Common/Bank Area Register

FFFFH

DOOOH
CFFFH

3FFFH

nnn p4-—> 4000H

D3 D2 D1 DO

Figure28. Logical Space Configuration (Example)
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MMU Register Description

MMU Common/Bank Area Register (CBAR)

CBAR specifies boundaries within the Z8X 180 64KB logical address
space for up to three areas; Common Area 0, Bank Area and Common
Areal.

MMU Common/Bank Area Register (CBAR: 3AH)

Bit 7 6 5 4 3 2 1 0
Bit/Field CA3 CA2 CAl CAO BA3 BA2 BA1l BAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W  Value Description

74 CAT4 R/W CA specifies the start (low) address (on 4KB boundaries)
for the Common Area 1. This also determines the last
address of the Bank Area.

3-0 BA30 R/W BA specifiesthe start (low) address (on 4KB boundaries)

for the Bank Area. This also determines the last address
of the Common Area 0.
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MM U Common Base Register (CBR)

CBR specifies the base address (on 4K boundaries) used to generate a 20-
bit physical address for Common Area 1 accesses. All bits of CBR are
reset to O during RESET.

MMU Common Base Register (CBR: 38H)

Bit 7 6 5 4 3 2 1 0
Bit/Field CB7 CB6 CB5 CB4 CB3 CB2 CB1 CBO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W  Value Description

7-0 CB7-0 R/W CBR specifies the base address (on 4KB boundaries) used
to generate a 20-bit physical address for Common Area 1
accesses.
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MM U Bank Base Register (BBR)

BBR specifies the base address (on 4KB boundaries) used to generate a
20-hit physical address for Bank Area accesses. All bits of BBR are reset
to 0 during RESET.

MMU Bank Base Register (BBR: 39H)

Bit 7 6 5 4 3 2 1 0
Bit/Field BB7 BB6 BB5 BB4 BB3 BB2 BB1 BBO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position  Bit/Field R/W  Value Description
7-0 BB7-0 R/W BBR specifies the base address (on 4KB boundaries) used

to generate a 20-bit physical address for Bank Area
accesses.

Physical Address Translation

Figure 29 illustrates the way in which physical addresses are generated
based on the contents of CBAR, CBR and BBR. MMU comparators
classify an access by logical area as defined by CBAR. Depending on
which of the three potential logical areas (Common Area 1, Bank Area, or
Common Area 0) is being accessed, the appropriate 8- or 7-bit base
address is added to the high-order 4 bits of the logical address, yielding a
19- or 20-bit physical address. CBR is associated with Common Area 1
accesses. Common Area0, if defined, is always based at physical address
00000H.
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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 arereset to 0. The logical 64KB
address space corresponds directly with the first 64KB 0000Hto FFFFH)
of the 1024KB 00000H. to FFFFFH) physical address space. Thus, after
RESET, the Z8X 180 begins execution at logical and physical address 0.

MM U Register Access Timing

When data is written into CBAR, CBR or BBR, the value is effective
from the cycle immediately following the I/O write cycle which updates
these registers.

During MMU programming insure that CPU program execution is not
disrupted. The next cycle following MMU register programming is
normally an Op Code fetch from the newly translated address. One
techniqueisto localize al MMU programming routines in a Common
Areathat is always enabled.
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0

n/
I'\B/ImlL_(Jf-\:r%rgmo - 15 1211 ° Logical
Register Address
D7 —D4 Comparator |« (64K)
MMU Common/
Bank Area >
Register
D3 — DO
MMU Common Base Reg j‘
MMU Bank Base Reg. . A
8
oj0oj0j0|0|0O|O
A Y
V
Adder
8
Physical (19) 18 / 12 11 0
Address
(512 k or 1 M)
Figure29. Physical Address Generation
Logical 15 12 11 0
Address |
(64 k) | ‘ ;
7 43 + 0
Base Register | ‘ | ‘
(8 bit) ‘ : ! !
@M | oy 3
Physical (19) 18 16 '15 1211 0
Address | 5 ‘ ‘
Figure 30. Physical Address Generation 2
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} Note: Packages not containing an A19 pin or situations using TOUT
Ot instead of A18 yield an address capable of only addressing 512K
of physical space.

Interrupts

The Z8X 180 CPU has twelve interrupt sources, 4 external and 8 internal,
with fixed priority. (Reference Figure 31.)

This section explains the CPU registers associated with interrupt
processing, the TRAP interrupt, interrupt response modes, and the
external interrupts. The detailed discussion of internal interrupt
generation (except TRAP) is presented in the appropriate hardware
section (that is, PRT, DMAC, ASCI, and CSI/O).

Higher (1) TRAP (Undefined Op Code Trap). . . _ __ _Internal Interrupt
Priority  (2) NMI (Non Maskable Interrupt) 1
(3) INTO (Maskable Interrupt Level 0) External Interrupt
(4) INT1 (Maskable Interrupt Level 1) J
(5) INT2 (Maskable Interrupt Level 2)
(6) TimerO
(7) Timer1
(8) DMA channel 0
(9) DMA channel 1 >
(10) Clocked Serial I/O Port
Lower (11) Asynchronous SCIchannel O
Priority (12) Asynchronous SCI channel 1

Internal Interrupt

Figure 31. Interrupt Sources

Interrupt Control Registers and Flags. The Z8X 180 has three registers and
two flags which are associated with interrupt processing.
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Function Name Access M ethod

Interrupt V ector High I LD Al and LD I, A instructions
Interrupt V ector Low IL I/O instruction (addr = 33H)
Interrupt/Trap Control ITC I/O instruction (addr = 34H)
Interrupt Enable Flag 1,2 |IEF1, IEF2 |El and DI

Interrupt Vector Register (1)

Mode 2 for INTO external interrupt, INT1 and INT2 external interrupts,
and all internal interrupts (except TRAP) use a programmabl e vectored
technique to determine the address 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 byte of the table
address differs, all vectored interrupts use the contents of | as the most
significant byte of the table address. By programming the contents of I,
vector tables can be relocated on 256 byte boundaries throughout the
64KB logical address space.

Note: | isread/written withtheLD A, | and LD I, A instructions rather
than I/O (IN, OUT) instructions. | isinitialized to 00H during
RESET.

Interrupt Vector Low Register

Thisregister determines the most significant three bits of the low-order

byte of the interrupt vector table address for external interrupts 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
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vector table can be relocated on 32 byte boundaries. IL isinitialized to
00H during RESET.

Bit 7 6 5 2 | 1 | o
Bit/Field IL7 IL6 IL5 ?
RIW RIW RIW RIW 2
Reset 00H 00H 00H ?

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position  Bit/Field R/W  Value Description

7-5 IL7-5 R/W The IL register isan internal 1/0 register whichis
programmed with the OUTO instruction and can be read
using the INO instruction.

40 N/A Interrupt source dependent code

INT/TRAP Control Register (ITC)

ITC isused to handle TRAP interrupts and to enable or disable the
external maskable interrupt inputs INTO, INT1 and INT2.
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INT/TRAP Control Register (ITC: 34H)

Bit 7 6 5 | 4 | 3 2 1 0
BitFidld | TRAP | UFO ? ITE2 | ITEL | ITEO
RIW RIW R N/A RIW RIW RIW
Reset 0 0 0 0 0 1

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position

Bit/Field R/W Value Description

7

TRAP

R/W

Thisbit is set to 1 when an undefined Op Code is fetched.
TRAP can be reset under program control by writing it
with O, however, it cannot be written with 1 under
program control.

UFO

Undefined Fetch Object (bit 6).

When a TRAP interrupt occurs the contents of UFO allow
determination of the starting address of the undefined
instruction. This action is necessary since the TRAP may
occur on either the second or third byte of the Op Code.
UFO allowsthe 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, thefirst Op Code addressis
stacked PC-2.

2-0

ITE2-0

R/W

Interrupt Enable — ITE2, ITEL and ITEO enable and
disable the external interrupt inputs INT2, INT1 and
INTO, respectively. If reset to 0, the interrupt is masked.

Interrupt Enable Flag 1,2 (IEF1, |EF2)

IEF1 controls the overall enabling and disabling of all internal and
external maskable interrupts (that is, all interrupts except NMI and TRAP.
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If IEF1is0, all maskableinterrupts are disabled. IEF1 can bereset to0 by
the DI (Disable Interrupts) instruction and set to 1 by the El (Enable
Interrupts) instruction.

The purpose of IEF2 is to correctly manage the occurrence of NMI.
During NMI, the prior interrupt reception state is saved and all maskable
interrupts are automatically disabled (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) automatically restores
the interrupt receiving state (by copying IEF2 to IEF1) prior to the
occurrence of NMI.

Table 8 describes how the |EF2 state can be reflected in the P/V hit of the
CPU Status Register by executing LD A, | or LD A, Rinstructions.

Table8. Stateof IEF1and IEF2

CPU

Operation IEF1 I[EF2 REMARKS

RESET 0 0 Inhibits the interrupt except NMI
and TRAP.

NMI 0 IEF1 Copies the contents of IEF1 to
IEF2

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

Interrupt except |0 0 Inhibits the interrupt except NMI

NMI end TRAP end TRAP

RETI not affected |not affected

TRAP not affected |not affected

El 1 1

UMO005001-ZMP0400

69



218018x Fami¥
M PU User Manual

&
05"'/
70| ¥4 |

Table8. Stateof IEF1and IEF2 (Continued)

CPU

Operation IEF1 IEF2 REMARKS

DI 0 0

LD A, | not affected |not affected |Transfers the contents of IEF1 to
PV

LIDA,R not affected |not affected |Transfers the contents of IEF1 to
PV

TRAP Interrupt

The Z8X 180 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 O is used.

When a TRAP interrupt occurs the Z8X 180 operates as follows:
1. TheTRAP bit inthe Interrupt TRAP/Control (ITC) registerissetto 1.

2. Thecurrent PC (Program Counter) value, reflecting location of the
undefined Op Code, is saved on the stack.

3. The zZ8X180 vectorsto logical address 0. Note that if logical address
0000H is mapped to physical address 00000H. the vector is the same
asfor RESET. In this case, testing the TRAP bit in ITC reveals
whether the restart at physical address 00000H was caused by
RESET or TRAP.

The state of the UFO (Undefined Fetch Object) bitin ITC alows TRAP
mani pul ation software to correctly adjust the stacked PC, depending on

whether the second or third byte of the Op Code generated the TRAP. If
UFO is 0, the starting address of the invalid instruction is equal to the
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stacked PC-1. If UFO is 1, the starting address of the invalid instructionis
equal to the stacked PC-2.

Bus Release cycle, Refresh cycle, DMA cycle, and WAIT cycle cannot be
inserted just after TTP state which isinserted for TRAP interrupt
sequence. Figure depicts TRAP Timing - 2nd Op Code undefined and
Figure illustrates Trap Timing - 3rd Op Code undefined.

Restart from 0000H

B E—
2nd Op Code Op Code
Fetch Cycle PC Stacking Fetch Cycle
e e - >
T1 T2 T3 T Ti Ti Ti Ti IT1 T2 T3 ‘Tl T2 T3 |T1 T2 T3
Phi
A0—-A19 PC SP-1 SP-2 0000H ¥
D0O-D7 PCH PCL —
Undefined
J— Op Code
Ml — [
MREQ L] e e B
RD — [
WR \ | \ \

Figure32. TRAP Timing Diagram -2nd Op Code Undefined
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Restart from 0000H

3rd Op Code| Memory -
Fetch Cycle Read Cycle PC stacking
< 7 i B < ! il
Op Code
fetch cycle
Phi T1 T2 T3 !T1 T2 TTP T3 I!T1 Ti Ti Ti M1 T2 T3 T1 T2 T3 IT1 T2 T3
|
AQ0—A19 PC IX+d, IY+d SP-1 SP-2 0000H K
DO-D7 PCH pcL p— (o>
Undefined
m Op Code
|
MREQ [ \ 1 11 [
RD [ B
WR

UMO005001-ZM

Figure33. TRAP Timing - 3rd Op Code Undefined

External I nterrupts

The Z8X 180 features four external hardware interrupt inputs:

® NMI-Non-maskable interrupt

® |INTO-Maskable Interrupt Level O

® |INT1-Maskable Interrupt Level 1

® |INT2-Maskable Interrupt Level 2

NMI, INT1, and INT2 feature fixed interrupt response modes. INTO has 3
different software programmable interrupt response modes—Mode 0,

Mode 1 and Mode 2.

NMI - Non-M askable I nterrupt

The NMI interrupt input is edge-sensitive and cannot be masked by
software. When NM | is detected, the Z8X 180 operates as follows:

P0400



18018x Fami ¥
MPU User Manual

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

2. ThePC 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. |EFlisclearedto 0. Thisdisablesall external and internal maskable
interrupts (that is, all interrupts except NMI and TRAP).

5. Execution commences at logical address 0066 H.

Thelast instruction of an NMI service routine must be RETN (Return
from Non-maskable Interrupt). This restores the stacked PC, allowing the
interrupted program to continue. Furthermore, RETN causes |IEF2 to be
copied to |EF1, restoring the interrupt reception state that existed prior to
NMI.

Note:  NMI, becauseit can be accepted during Z8X 180 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, take special care to insure that interrupt inputs do not overrun
the NMI service routine. Unlimited NMI inputs without a corresponding
number of RETN instructions eventually cause stack overflow.

Figure 34 depicts the use of NMI and RETN while Figure 35 details NMI
response timing. NMI is edge sensitive and the internally latched NM|
falling edge is held until it is sampled. If the falling edge of NMI is
latched before the falling edge of the 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 T1 in the last machine cycle and
NMI acknowledge cycle begins at the end of the current machine cycle.
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EF1 ® EF2
0 ® EF1

Main
Program PCH® (SP-1)

PCL ® (SP-2)
NMI
B Interrupt Service
NMI Progra?n
EF1 - EF2
PCL- (SP)
PCH- (SP+1) RETN
Figure34. NMI Use
Last MC NMI acknowledge cycle
-« » < Pp»
PC is pushed onto stack Restart from 0066H
-«
‘ Op Code fetch
TL T1 T3 Ti T1 T1 T2 T3 T1 T2 T3 'T1 T2 T3
Phi
NMI | |
A0—A19 X PC X sp1 X sp2 X ooeeH X
Instruction
Do-D7 { pcH W pcL — )
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Figure35. NMI Timing

INTO - Maskable Interrupt Level O

The next highest priority external interrupt after NMI isINTO. INTOis
sampled at the falling edge of the clock state prior to T3 or T1 in the last
machine cycle. If INTO is asserted LOW at the falling edge of the clock
state prior to T3 or T1 in the last machine cycle, INTO is accepted. The
interrupt is masked if either the IEF1 flag or the ITEO (Interrupt Enable
0) bitinITC arereset to 0. After RESET the state is as follows:

1. IEF1is0,soINTO is masked

2. ITEOis1,soINTO isenabled by execution of the El (Enable
Interrupts) instruction

The INTO interrupt is unique in that 3 programmable interrupt response
modes are available - Mode 0, Mode 1 and Mode 2. The specific modeis
selected withthe IM O, IM 1 and IM 2 (Set Interrupt Mode) instructions.
During RESET, the Z8X 180 isiinitialized to use Mode O for INTO. The 3
interrupt response modes for INTO are:

® Mode O—Instruction fetch from data bus
® Mode 1-Restart at logical address 0038H
®* Mode 2-Low-byte vector table address fetch from data bus

INTOModeO

During the interrupt acknowledge cycle, an instruction is fetched from the
data bus (DO-D7) at the rising edge of T3. Often, thisinstruction is one
of the eight single byte RST (RESTART) instructions which stack the PC
and restart execution at afixed logical address. However, multibyte
instructions can be processed if the interrupt acknowledging device can
provide a multibyte response. Unlike all other interrupts, the PCis not
automatically stacked:
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Phi

INTO

AO0—A19

IORQ

DOD7

} Note:

Figure 36.

Last MC INTO acknowledge cycle

RST instruction execution
—

-
PC is pushed onto stack
[
T 72 W t™w T3 Ti Ti T1 T2 T3 T1 T2 T3

T | UUuL, U] L

X AC X SP-1 SP-2

/\

O\

\_l/
RST instjuction
e LL\

C: Mafhine Cycle
*Two Wait States are automatically inserted

\'1'—/ < PCH >—<pc|_

The TRAP interrupt occursif aninvalid instruction is fetched
during Mode 0 interrupt acknowledge. (Reference Figure 36.)

INTO Mode 0 Timing Diagram

INTOMode 1

When INTO isreceived, the PC is stacked and instruction execution
restarts at logical address 0038H. Both IEF1 and |IEF2 flags are reset to 0,
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disabling all maskable interrupts. The interrupt service routine normally
terminates with the El (Enable Interrupts) instruction followed by the
RETI (Return from Interrupt) instruction, to reenable the interrupts.
Figure 37 depicts the use of INTO (Mode 1) and RETI for the Mode 1
interrupt sequence.

Figure37. INTOMode 1 Interrupt Sequence

. 0 ® EF1,EF2
Pro'\gg”m PCH ® (SP-1) _0038H]
PCL ® (SP-2

INTO (Mode 1)
INTO — Interrupt Service

— > ==

(Mode 1) Program
PCL - (SP)
PCH - (SP+1)

E1(1® 1EF1, 1EF2)
RETI

Figure 38 illustrates INTO Mode 1 Timing.
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Last MC INTO Acknowledge Cycle Op Code Fetch Cycle
-

-
PC is pushed onto stack
- -

T T2 TW*TW*T3 T1 T2 T3 T1 T2 T3 T1 T2 T3

AO0-A19 PC SP-1 SP-2 0038H

DO—D7 PCH PCL

ST
*Two Wait States are automatically inserted

Figure38. INTOModel 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.

UMO005001-ZMP0400
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The vector table address is located on 256 byte boundaries in the 64KB
logical address space programmed in the 8-bit Interrupt V ector Register
(1). Figure 39 depicts the INTO Mode 2 Vector acquisition.

Memory

16-bit Vector

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

Vector + 1 | High-order 8 bits
of starting address 256 Bytes

" b Vector
Low-order 8 bits Table
Vector of starting address
Offset
> | €
|

Figure39. INTO Mode 2 Vector Acquisition

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-hit 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: External vector acquisition isindicated by both M1 and IORQ
LOW. Two Wait States (TW) are automatically inserted for
external vector fetch cycles.

During RESET the Interrupt Vector Register (1) isinitialized to 00Hand,
if necessary, should be set to a different value prior to the occurrence of a
Mode 2 INTO interrupt. Figure illustrates INTO interrupt Mode 2 Timing.

UMO005001-ZMP0400
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Phi

INTO

AOC—A19

DO-D7
ST

Op Code
Last MC INTO Acknowledge Cycle Fetch Cycle
- - >
Vector Lower :\r;lgerl]'irg&;ﬁon
Address Read PC is pushed onto stack Cycle
TL T2 Twrw+T3 Ti T1 12 T3 T1 T2 T3 T1 T2 T3 T1 T2 T1 T2 T3

BV

Starting address

PC sp1 X sP2 Vector X Vector+1 X
Starting Address Starting Address
Lower Vector (Lower Address) (Upper Address)

PCH >—< PCL

*Two Wait States are automatically inserted

Figure40. INTO Interrupt Mode 2 Timing Diagram

INT1, INT2

The operation of external interrupts INT1 and INT2 is a vector mode
similar to INTO Mode 2. The differenceis that INT1 and INT2 generate
the low-order byte of vector table address using the IL (Interrupt V ector
Low) register rather than fetching it from the data bus. This differenceis

UMO005001-ZMP0400
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also the interrupt response sequence used for all internal interrupts
(except TRAP).

As depicted in Figure 41, the low-order byte of the vector table address
has the most significant three bits of the software programmable IL
register while the least significant five bits are a unique fixed value for
each interrupt (INTZ, INT2 and internal) source:

Memory

16-bit Vector

L Fixed Code i -
(5 bits) T |
Vector + 1 | High-order 8 bits | | 35 gyaq
of starting address Vector
Vector | Low-order 8 bits Tavle
of starting address
L

Figure4l. [INT1, INT2 Vector Acquisition

INT1 and INT2 are globally masked by IEF1 is 0. Eachisalso
individually maskable by respectively clearing the ITEL and ITE2 (bits
1,2) of the INT/TRAP control register to 0.

During RESET, IEF1, ITEL and ITE2 bitsarereset to 0.

Internal Interrupts

Internal interrupts (except TRAP) use the same vectored response mode
asINT1 and INT2. Internal interrupts are globally masked by IEF1 is 0.

Individual internal interrupts are enabled/disabled by programming each
UMO005001-ZMP0400
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individual 1/0 (PRT, DMAC, CSI/O, ASCI) control register. The lower
vector of INT1 INT2 and internal interrupt are summarized in Table 9.

Table9. Vector Table

IL Fixed Code
Interrupt Source |Priority |b7 b6 b5 b4 b3 b2 bl b0
INTL Highest | _ I 0 0 0 0 0
INT2 A — — — 0 0 0 1 0
PRT channel 0 — — — 0 0 1 0 0
PRT channel 1 — — — 0 0 1 1 0
DMA channel 0 — — — 0 1 0 0 0
DMA channel 1 — — — 0 1 0 1 0
Csl/o \ | — — — 0 1 1 0 0
ASCI channel 0 Lowest |— — — 0 1 1 1 0
ASCI channel 1 — — — 1 0 0 0 0

Interrupt Acknowledge Cycle Timings

Figure 43 illustratesINT1, INT2, and internal interruptstiming. INT1 and
INT2 are sampled at the falling edge of the clock state priorto T2 or T1in
the last machine cycle. If INT1 or INT2 is asserted Low at the falling
edge of clock state prior to T3 or T1 in the last machine cycle, the
interrupt request is accepted.

UMO005001-ZMP0400
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Interrupt Sources During RESET

Interrupt Vector Register (1)

All bitsare reset to 0. Because | = 0 locates the vector tables starting at
logical address 0000H vectored interrupts (INTO Mode 2, INT1, INT2,
and internal interrupts) overlap with fixed restart interrupts 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 256 byte
boundaries by reprogramming | with the LD I, A instruction.

IL Register
Bits7 -5 areresetto 0

The IL Register can be programmed to locate the vector table for INT1,
INT2 and internal interrupts on 32-byte subboundaries within the 256
byte area specified by I.

|[EF1, IEF2 Flags

Reset to 0. Interrupts other than NMI and TRAP are disabled.

I TC Register

ITEOsetto 1. ITEL, ITE2 resetto 0. INTO can be enabled by the El
instruction, which sets |IEF1 to 1. Enabling INT1 and INT2 also requires
that the ITEL and ITE2 bits be respectively set to 1 by writingto ITC.

/O Control Registers

Interrupt enable bits reset to 0. All Z8X 180 on-chip I/O (PRT, DMAC,
CSI/O, ASCI) interrupts are disabled and can be individually enabled by
writing to each /O control register interrupt enable bit.

UMO005001-ZMP0400
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Return from Subroutine (RETI) Instruction Sequence

When the EDH/4 DH sequence is fetched by the Z8X 180, it is recognized as
the RETI instruction sequence. The Z8X 180 then refetches the RETI
instruction with four T-states in the EDH cycle allowing the Z80
peripherals time to decode that cycle (See Figure 42). This procedure
allowsthe internal interrupt structure of the peripheral to properly decode
the instruction and behave accordingly.

The M 1E bit of the Operation Mode Control Register (OMCR) must be
set to 0 so that M1 signal is active only during the refetch of the RETI
instruction sequence. This condition is the desired operation when Z80
peripherals are connected to the Z8018X.

T1 T2 T3 T1 T2 T3 Ti Ti Ti T1 T2 T3 Ti T1 T2 T3 T1

Zpninipipinipipipiainiatsiaiaiginial

A0-A18 (A19)::X rc X PC+1 X PC ‘
| EDH 4DH | EDH w 4DH
po-07 ————) —O—O—
ML (MIE=1) ] [ 1 [ | [ | [
M1 (M1E =0) | . —
R a L
J e B ey B
RD | | ] I ) | [

s

Note: RETI machine cycles 9 and 10 not shown.

Figure42. RETI Instruction Sequence

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

UMO005001-ZMP0400
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Z8X180. Figure 43 illustrates the INT1, INT2 and internal interrupts
timing.

Table10. RETI Control Signal States

MI

Machine —

Cycle States |Address|Data |RD |WR [MREQ |IORQ [M1E=1{M1E=0|HALT |ST

1 T1-T3 |1st EDH 0| 1 0 1 0 1 1 0
Op Code

2 TI-T3 |2nd 4DH 0| 1 0 1 0 1 1 1
Op Code

3 T1 Don't 3state | 1 | 1 1 1 1 1 1 1
Care

4 T1 Don't 3state | 1 | 1 1 1 1 1 1 1
Care

5 T1 Don't 3state | 1 | 1 1 1 1 1 1 1
Care

6 T1-T3 |1st EDH 0| 1 0 1 0 0 1 1
Op Code

7 T1 Don't 3state | 1 | 1 1 1 1 1 1 1
Care

8 T1-T3 |2nd 4DH 0| 1 0 1 0 1 1 1
Op Code

9 T1-T3 |SP data 0| 1 0 1 1 1 1 1

10 T1-T3 |SP+1 data 0| 1 0 1 1 1 1 1

|OC affects the IORQ/RD signals. M 1E affects the assertion of M 1. One state also reflectsa 1 while

the other reflects a0

UMO005001-ZMP0400
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Zhse
i i etch cycle
Last MG < INT1, INT2, internal interrupt acknowledge cycle
PC Stacking Vector Table Read
‘ ‘4 - e
T1 T2 TWSTW*T3 [Ti T1 T2 T3 T1 T2 T3 IT1 T2 T3 T1 T2 T3 [T1 T2 T3
Phi
INTL2 [ Starting
B A Address
AO—A19 PC SP-1 SP-2 Vector Vector+1
M1
MREQ [ |
IORQ
RD M /] I
WR [ / Starting Starting
address|(L) address (H)
DO—D7 PCH PCL —
ST M 1

MC: Machine Cycle * Two Wait States are automatically inserted.

Figure43. INT1, INT2and Internal Interrupts Timing Diagram

Dynamic RAM Refresh Control

The Z8X 180 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
systems which do not use dynamic RAM, the refresh function can be
disabled.

When theinternal refresh controller determinesthat arefresh cycle should
occur, the current instruction isinterrupted at the first breakpoint between
machine cycles. The refresh cycle isinserted by placing the refresh
address on AO-A7 and the RFSH output is driven Low.

UMO005001-ZMP0400
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Refresh cycles may be programmed to be either two or three clock cycles
in duration by programming the REFW (Refresh Wait) bit in the Refresh
Control Register (RCR). The external WAIT input and the internal Wait
State generator are not effective during refresh.

Figure 44 depicts the timing of arefresh cycle with arefresh wait (TRW)
cycle.

MCi Refresh cycle MCi+1
> >

TR1 TRW* TR2

SN s O e Y I
Refresh signal
(Internal signal)
Refresh address A0 — A7

MREQ

RFSH N S

NOTE: * If three refresh cycles are specified, TRW is inserted.
Otherwise, TRW is not inserted

MC: Machine Cycle

Figure 44. Refresh Cycle Timing Diagram
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Refresh Control Register (RCR)

The RCR specifies the interval and length of refresh cycles, while
enabling or disabling the refresh function.

Refresh Control Register (RCR: 36H)

Bit 7 6 s | 4 | 3 | 2 1 0
Bit/Field REFE | REFW ? CYCl | cyco
RIW RIW RIW ? RIW RIW
Reset 1 1 ? 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position Bit/Field R/W  Value Description

7 REFE R/W REFE: Refresh Enable
0 Disablestherefresh controller
1  Enables refresh cycle insertion.

6 REFW  R/W Refresh Wait (bit 6)
0  Causesthe refresh cycle to be two clocks in duration.
1  Causesthe refresh cycle to be three clocks in duration by
adding arefresh wait cycle (TRW).

1-0 CYC1-0 RW CycleInterval — CYC1 and CY CO specify the interval
(in clock cycles) between refresh cycles. In the case of
dynamic RAMs requiring 128 refresh cycles every 2 ms
(or 256 cyclesin every 4 ms), the required refresh interval
isless than or equal to 15.625 mrs. Thus, the underlined
values indicate the best refresh interval depending on
CPU clock frequency. CY C0O and CYCL1 arecleared to O
during RESET. Refer to Table 11.

UMO005001-ZMP0400
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Time Interval
I nsertion
CYC1 |CYCO |Interval 10 MHz 8 MHz 6 MHz 4 MHz 25MHz
0 0 10 states (1.0 me)* (2.25 ne)* 1.66ns (25N 40ns
0 1 20 states (2.0 my)* (2.5 ny)* 3.3ns 50ns 8.0ns
1 0 40 states (4.0 m)* (5.0 ny)* 6.8 100ns |16.0n%
1 1 80 states (8.0 my)* (10.0 ny)* 13.3ns (200ns  |32.0n®

89

* Calculated interval

Refresh Control And RESET

After RESET, based on the initialized value of RCR, refresh cycles occur
with an interval of ten clock cycles and are three clock cycles in duration.

Dynamic Ram Refresh Operation Notes

1. Refresh Cycleinsertion is stopped when the CPU isin the following
states:

— During RESET

—  When the busis released in response to BUSREQ
— During SLEEP mode

— During Wait States

2. Refresh cycles are suppressed when the busis released in response to
BUSREQ. However, the refresh timer continues to operate. Thus, the
time at which the first refresh cycle occurs after the Z8X180 re-
acquires the bus depends on the refresh timer and has no timing
relationship with the bus exchange.

UMO005001-ZMP0400
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3.

Refresh cycles are suppressed during SLEEP mode. If arefresh cycle
is requested during SLEEP mode, the refresh cycle request is
internally latched (until replaced with the next refresh request). The
latched refresh cycle is inserted at the end of the first machine cycle
after SLEEP modeis exited. After thisinitial 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.

Regarding (2) and (3), the refresh address is incremented by one for
each successful refresh cycle, not for each refresh request. Thus,
independent of the number of missed refresh requests, each refresh
bus cycle uses a refresh address incremented by one from that of the
previous refresh bus cycles.

DMA Controller (DMAC)

The Z8X 180 contains a two-channel DMA (Direct Memory Access)
controller which supports high speed data transfer. Both channels
(channel 0 and channel 1) feature the following capabilities:

UMO005001-ZMP0400

Memory Address Space

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

I/0 Address Space

I/0 source and destination addresses can be directly specified
anywhere within the 64KB 1/0 address space (16-bit source and
destination I/O addresses).

Transfer Length
Up to 64KB are transferred based on a 16- bit byte count register.
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* DREQ Input

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

TEND Output Used to indicate DMA completion to external devices.
®* Transfer Rate

Each byte transfer occurs every 6 clock cycles. Wait States can be
inserted in DMA cycles for slow memory or 1/O devices. At the
system clock (f ) = 6 MHz, the DMA transfer rateis as high as 1.0
megabytes/second (no Wait States).

Thereis an additional feature disc for DMA interrupt request by DMA
END. Each channel has the following additional specific capabilities:
Channel 0

® Memory to memory

® Memorytol/O

®*  Memory to memory mapped 1/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 to/from /O transfer

®  Memory address increment, decrement

DMAC Registers

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

UMO005001-ZMP0400
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Channel 0

®  SARO-Source Address Register

® DARO-Destination Address Register
® BCRO-Byte Count Register

Channel 1

* MAR1-Memory Address Register

® |AR1-1/O Address Register

® BCRI1-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
Figure 45 depicts the Z8X180 DMAC Block Diagram.

UMO005001-ZMP0400
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Internal Address/Data Bus >
DMA Source Address DMA Status
Register chO : SARO (20) Register : DSTAT (8) Priority & [ DREQO
DMA Destination Address DMA Mode Eeqt‘elst
Register ch0 : DARO (20) Register : DMODE (8 ool le— DREQL
DMA Byte Count DMA/WAIT Control
Register chO : BCRO (16) Regjister : DCNTL (8)
DMA Destination Address
Register chl : MAR1 (20)
DMA /O Address Yy Y
Register chl : IAR1 (16)
Bus & CPU

DMA Byte Count DMA Control Control
Register chl : BCR1 (16)

L TENDO

TEND1
| Incrementer/Decrementer (16) |

Figure 45.

DMAC Block Diagram

DMAC Register Description

Interrupt Request

DM A Source Address Register Channel 0 (SARO I/0O Address = 20H

to 22H)

Specifies the physical source address for channel O transfers. The register
contains 20 bits and can specify up to 1024KB memory addresses or up to
64KB 1/0 addresses. Channel 0 source can be memory, 1/0, or memory

mapped 1/0.
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DM A Destination Address Register Channel 0 (DARO I/O Address =
23H to 25H)

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

DM A Byte Count Register Channel 0 (BCRO 1/O Address = 26H to
27H)

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

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

Specifies the physical memory address for channel 1 transfers. This
address may be a destination or source memory address. The register
contains 20 bits and may specify up to 1024KB memory address.

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

Specifies the 1/O address for channel 1 transfers. This address may be a
destination or source I/O address. The register contains 16 bits and may
specify up to 64KB 1/0 addresses.

DM A Byte Count Register Channel 1 (BCR1: I/O Address=2EH to
2FH)

Specifies the number of bytes to be transferred. This register contains 16
bits and may specify up to 64KB transfers. When one byte is transferred,
the register is decremented by one.

UMO005001-ZMP0400
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DSTAT is used to enable and disable DMA transfer and DMA termination
interrupts. DSTAT also determines DMA transfer status, that is, completed

or in progress.

DMA Status Register (DSTAT: 30H)

Bit 7 6 5 4 3 2 1 0
Bit/Field DE1 DEO DWE1 | DWEO DIE1 DIEO ? DME
R/W R/W R/W W W R/W R/W ? R
Reset 0 0 1 1 0 0 ?

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W  Value Description

7 DE1 R/W Enable Channel 1 — WhenDE1=1and DME =1,

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

To perform a software write to DE1, DWEL is written with
0 during the same register write access. Writing DE1to 0
disables channel 1 DMA, but DMA isrestartable. Writing
DEZ1 to 1 enables channel 1 DMA and automatically sets
DME (DMA Main Enable) to 1. DE1 is cleared to O during

RESET.

UMO005001-ZMP0400
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Bit
Position Bit/Field R/W

Value Description

6 DEO R/W

Enable Channel 0 — When DEO =1 and DME =1,
channel 0 DMA is enabled. When a DMA transfer
terminates BCRO = 0), DEQ: isreset to 0 by the DMAC.
When DEO = 0 and the DMA interrupt is enabled (DIEO =
1), aDMA interrupt request is made to the CPU.

To perform a software write to DEO, DWEO must be written
with O during the same register write access. Writing DEO to
0 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 O during RESET.

5 DWE1L W

Bit Write Enable 1 — When performing any software
write to DEI, DWE1 must be written with O during the
same access. DWE1L write value of O is not held and
DWEL1 isawaysread as 1.

4 DWEO W

Bit Write Enable 0 — When performing any software
write to DEO, DWEO must be written with 0 during the
same access. DWEO write value of 0 is not held and
DWEOQ isalwaysread as 1.

3 DIE1 R/W

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

2 DIEO

DMA Interrupt Enable Channel 0 — When DIEQ is set
to 1, the termination channel 0 of DMA transfer
(indicated when DEOQ is 0) causes a CPU interrupt request
to be generated. When DIEOQ is O, the channel 0 DMA
termination interrupt is disabled. DIEO is cleared to O
during RESET.

UMO005001-ZMP0400
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Bit

Position Bit/Field R/W

Value Description

0

DME

R

DMA Main Enable — 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 isreset to 0, thus disabling
DMA activity during the NMI interrupt service
routine. To restart DMA, DEO and/or DE1 must be
written with 1 (even if the contents are already 1).
This action automatically sets DME to 1, allowing
DMA operations to continue. DME cannot be
directly written. It is cleared to 0 by NMI or
indirectly set to 1 by setting DEO and/or DE1 to
1.DME iscleared to O during RESET.

DMA Mode Register (DM ODE)

DMODE is used to set the addressing and transfer mode for channel 0.

DMA Mode Register (DMODE: 31H)

Bit 7 | s 5 4 3 2 1 0
Bit/Field ? DM1 | DMO | SM1 | SMO | MMOD ?
RIW ? RIW RIW RIW RIW RIW ?
Reset ? 0 0 0 0 0 ?

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position Bit/Field R/W  Value Description

54 DM1:0 R/W

Destination M ode Channel 0 — Specifies whether the

destination for channel 0 transfersis memory, 1/0 or
memory mapped /O and the corresponding address
modifier. Reference Table 12.

UMO005001-ZMP0400
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Bit
Position Bit/Field R/W

Value Description

32 SM1.0 W

Sour ce M ode Channel — Specifies whether the source
for channel 0 transfersis memory, 1/0O, or memory
mapped /O and the corresponding address modifier.
Reference Table 13.

1 MMOD R/W

DMA Memory Mode Channel 0 — 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 is 1) and CYCLE STEAL
(MMOQOD is0). 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 is0). In CY CLE STEAL mode,
the CPU is given acycle for each DMA byte transfer
cycle until the transfer is completed.

For channel 0 DMA with I/O source or destination, the
DREQO input times the transfer and thus MMOD is
ignored.

Table 12.

Channel 0 Destination

DM1

DMO

Memory/I/O

Address | ncr ement/Decr ement

0

0
1
1

0

1
0
1

Memory
Memory
Memory
I/0

+1
-1
fixed
fixed
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SM1 |SMO [(Memory/l/O Address Increment/Decr ement
0 0 Memory +1

0 1 Memory -1

1 0 Memory fixed

1 1 I/0 fixed

Table 14 describes all DMA TRANSFER mode combinations of DMO
DM1, SMO SM1. Because I/O to/from 1/O transfers are not implemented,

12 combinations are available.

Table14. Transfer M ode Combinations

DM1 |DMO |SM1 |[SMO |Transfer M ode I ncr ement/Decr ement
0 0 0 0 Memory to Memory SARO+1, DARO+1

0 0 0 1 Memory to Memory SARO-1, DARO+1

0 0 1 0 Memory* to Memory SARO fixed, DARO+ 1
0 0 1 1 1/0 to Memory SARO fixed DARO+1
0 1 0 0 Memory to Memory SARO+1, DARO-1

0 1 0 1 Memory to Memory SARO0-1,DARO-1

0 1 1 0 Memory to Memory SARQO fixed, DARO-1
0 1 1 1 1/0O to Memory SARQO fixed. DARO-1
1 0 0 0 Memory to Memory* SARO+ 1, DARO fixed
1 0 0 1 Memory to Memory* SARO-1, DARO fixed
1 0 1 0 Reserved

1 0 1 1 Reserved
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Table14. Transfer M ode Combinations

DM1 |DMO [SM1 |[SMO |Transfer Mode I ncrement/Decr ement
1 1 0 0 Memory to I/O SARO+1, DARO fixed
1 1 0 1 Memory to 1/0 SARO-1, DARO fixed
1 1 1 0 Reserved
1 1 1 1 Reserved

Note: *: includes memory mapped I/0.

DMA/WAIT Control Register (DCNTL)

DCNTL controls the insertion of Wait States into DMAC (and CPU)
accesses of memory or 1/0O Also, the DMA request 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.
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DMA/WAIT Control Register (DCNTL: 32H)

Bit 7 6 5 4 3 2 1 0
Bit/Field |MWI1 |MWIO |IWI1 IWI0 DMS1 |DMSO |DIM1 DIMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position

Bit/Field R/W

Value

Description

-6

MWI1-0 R/W

Memory Wait | nsertion —Specifies the number of wait
states introduced into CPU or DMAC memory access
cycles. MWI1 and MWIOQ are set to 1 during RESET. See
section on Wait State Generator for details.

IWI1I-0 R/W

Wait Insertion — Specifies the number of Wait States
introduced into CPU or DMAC 1/O access cycles. IWI1
and IWI0 are set to 1 during RESET. See section on Wait
State Generator for details.

32

DMS1-0 R/W

DMA Request Sense — Specifies the DMA reguest
sense for channel 0 (DREQO) and channel 1 (DREQ?1)
respectively. When reset to 0, the input is level-sense.
When set to 1, the input is edge-sense.

1-0

DIM1-0 R/W

DMA Channel 1 1/0 and Memory M ode — Specifies
the source/destination and address modifier for channel 1
memory to/from 1/O transfer modes. Reference Table 15.
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Table 15. Channel 1 Transfer M ode

DIM1 |DIMO |Transfer Mode Address | ncrement/Decr ement
0 0 Memory to I/O MARI +1, IAR1 fixed
0 1 Memory to I/O MARI -1, IAR1 fixed
1 0 1/0O to Memory IAR1 fixed, MAR1+1
1 1 1/O to Memory IAR1 fixed, MAR1-1

DMA 1/O Address Register Ch. 1 (IAR1B: 2DH) (28S180/L180-Class Processor Only)

Bit 7 6 5 4 3 2 1 0
Bit/Field Reserved

RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position Bit/Field R/W  Value Description

7 R/W Alternating Channels
0 DMA Channels are independent
1  Toggle between DMA channels for same device

E

Currently selected DMA channel when Bit 7 =1

54 Reserved R/W 0 Reserved. Must be 0.

E

TOUT/DREQ is DREQ In
1 TOUT/DREQis TOUT Out
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Position Bit/Field R/W  Value Description

2-0

R/W 000 DMAL ext TOUT/DREQ
001 DMA1ASCIO
010 DMA1ASCI1
011 DMA1ESCC
111 DMA1 PIA27-20 (P1284)

DM A Register Description

Bit 7

This bit must be set to 1 only when both DMA channels are set to take
their requests from the same device. If this bit is 1 (it resets to 0), the
TEND output of DMA channel o sets aflip-flop, so that thereafter the
device'srequest is visible to channel 1, but not visible to channel 0. The
internal TEND signal of channel 1 clears the FF, so that thereafter, the
device'srequest is visible to channel 0, but no visible to channel 1.

If DMA request are from differing sources, DMA channel O request is
forced onto DMA channel 1 after TEND output of DMA channel 0 sets
the flop-flop to alternate.

Bit 6

When both DMA channels are programmed to take their requests from
the same device, this bit (FF mentioned in the previous paragraph)
controls which channel the device srequest is presented to: 0 = DMADO, 1
=DMA |. When Bit 7 is 1, this bit is automatical ly toggled by the channel
end output of the channels.
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Bits 5-3

Reserved. Must be 0.

Bits 2-0

With DIM1, bit 1 of DCNTL, these bits control which request is
presented to DMA channel 1, as described below:

DIM1 1AR18-16 Request Routed to DMA Channel 1

0 000 DREQ1

0 001 ASCIO Tx

0 010 ASCI1 Tx

0 011 ext CKAO/DREQO
0 10X Reserved

0 1X0 Reserved

0 111 Reserved

1 000 ext DREQ1

1 001 ASCIO Rx

1 010 ASCI1 Rx

1 011 ext CKAO/DREQO
1 10X Reserved

1 1X0 Reserved

1 111 Reserved

DMA Operation

This section discusses the three DM A operation modes for channel O:
®  Memory to/from memory
®*  Memory to/from I/O

®  Memory to/from memory mapped 1/0
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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 to Memory—Channel 0

For memory to/from memory transfers, the external DREQO input is not
used for DMA transfer timing. Rather, the DMA operation istimed in one
of two programmable modes — BURST or CY CLE 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 termination. In this
case, the CPU cannot perform any program execution until the DMA
operation is completed. In CY CLE STEAL mode, the DMA and CPU
operation are alternated after each DMA byte transfer until the DMA is
completed. The sequence:

® 1 CPU Machine Cycle
* DMA Byte Transfer

isrepeated until DMA is completed. Figure 46 describes CY CLE STEAL
mode DMA timing.
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DMAcycle  CPU cycle DMA cycle (transfer 1 byte) CPU cycle DMA cycle
— > <P P ——————
| | |

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2

phi J U U

LD gm Source Destination LD gm

Op Code memory  memory operand

address address address address
Address X

MREQ ./ /NN
RO /™ / /v

m Read data Write data, m

Data CoO—C >

Figure 46. DMA Timing Diagram-CYCLE STEAL Mode

Toinitiate memory to/from memory DMA transfer for channel 0, perform
the following operations.

1. Load the memory source and destination addressinto SARO and DARO

2. Specify memory to/from memory mode and address increment/
decrement in the SM0 SM1, DMO and DM1 bits of DMODE.

Load the number of bytes to transfer in BCRO.
4. Specify burst or cycle steal mode in the MMOD bit of DCNTL.

Program DEO =1 (with DWEQ = 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 must be set to 1.
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Memory to I/O (Memory Mapped 1/0) — Channel 0

For memory to/from I/O (and memory to/from memory mapped 1/0) the
DREQO input is used to time the DMA transfers. In addition, the TENDO
(Transfer End) output is used to indicate 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 issampled Low. If DREQO is sampled High, after the next DMA
byte transfer, control is relinquished to the Z8X 180 CPU. Asillustrated in
Figure 47, DREQO is sampled at the rising edge of the clock cycle prior to
T3, (that is, either T2 or Tw).

DMA CPU DMA DMA
Write Machine Read Write
Cycle Cycle Cycle (I/O)

LCIG'»\«—»H—»H—»H—

Tw Tw T3 T1 T2 T3 T1 T2 T3 T1 T2 Tw Tw T3 T1 T2

DREQO ¢ W r

** DREQO is sampled at +

Figure 47. CPU Operation and DM A Operation DREQO 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 write cycle (that is T2 or Tw), the
DMAC continues operating. If an edge is not detected, the CPU is given
control after the current byte DMA transfer completes. The CPU
continues operating until a DREQO falling edge is detected before the
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Phi

DREQO

Phi

TENDO

rising edge of the clock prior to T3 at which time the DMA operation
(re)starts. Figure 48 depicts the edge-sense DMA timing.

DMA CPU DMA DMA CPU
Write Machine Read Write Machine
Cycle Cycle Cycle Cycle Cycle

Tw T3 T1 T2 T3 T1 T2 T3 T1 T2 Tw T3 T1 T2 T3

JUuUyU Uy

* DREQO is sampled at +

Figure 48. CPU Operation and DM A Operation DREQO 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 = OOH) DMA transfer
(Reference Figure 49).

Last DMA cycle (BCRO = 00H)

-
- o

DMA read cycle DMA write cycle
4—44—»

T1 T2 T3 T1 T2 ™ T3

S O B B 0 O e

Figure49. TENDO Output Timing Diagram

The DREQO and TENDO pins are programmably multiplexed with the
CKAO and CKA1 ASCI clock input/outputs. However, when DMA
channel 0 is programmed for memory to/from 1/0O (and memory to/from
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memory mapped |/O. transfers, the CKAO/ DREQO pin automatically
functions as input pin or output pin even if it has been programmed as
output pin for CKAO. And the CKA1/ TENDO pin functions as an input or
an output pin for TENDO by setting CKA1D to 1in CNTLAL.

To initiate memory to/from 1/O (and memory to/from memory mapped
I/0) DMA transfer for channel 0, perform the following operations:

1. Load the memory and 1/O or memory mapped 1/0O source and
destination addresses into SARO and DARQO.

1/0 addresses (not memory mapped 1/O are limited to 16 bits (AO-
A15). Make sure that bits A16, A17 and A19 are 0 (A18 isadon't
care) to correctly enable the external DREQO input.

2. Specify memory to/from I/O or memory to/from memory mapped 1/O
mode and address increment/decrement in the SM0, SM1, DMO and
DM1 bits of DMODE.

3. Load the number of bytesto 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 (withDWEO = 0 in the same access) in DSTAT
and the DMA operation begins under the control of the DREQO input.

Memory to ASCI - Channel 0

Channel 0 has extra capability to support DMA transfer to/from the on-
chip two channel ASCI. In this case, the external DREQO input is not
used for DMA timing. Rather, the ASCI status bits are used to generate an
internal DREQO The TDRE (Transmit Data Register Empty) bit and the
RDRF (Receive Data Register Full) bit are used to generate an internal
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DREQO for ASCI transmission and reception respectively. To initiate
memory to/from ASCI DMA transfer, perform the following operations:

1. Load the source and destination addresses into SARO and DARO
Specify the 1/0O (ASCI) address as follows:

a  Bits AO—A7 must contain the address of the ASCI channel
transmitter or receiver (1/0 addresses 6H-9H).

b. Bits A8—A15 must equal 0.

c. Bits SAR17-SAR16 must be set according to Table 16 to enable
use of the appropriate ASCI status bit as an internal DMA
request.

Table16. DMA Transfer Request

SAR18 | SAR17 | SAR16 |DMA Transfer Regquest
X 0 0 |DREQO
X 0 1  |RDRF (ASCI channel 0)
X 1 0 |RDRF (ASCI channel 1)
X 1 1 Reserved

Note: X = Don't care

DAR18 | DAR17 | DAR16 |DMA Transfer Request
X 0 0 DREQO
X 0 1  |TDRE (ASCI channel O)
X 1 0 |TDRE (ASCI channel 1)
X 1 1 Reserved

Note: X = Don't care
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2. Specify memory « /O transfer mode and address increment/
decrement in the SM0O, SM1, DMO and DM1 bits of DMODE.

3. Load the number of bytesto transfer in BCRO

4, The DMA request sense mode (DM SO0 bit in DCNTL) must be
specified as edge sense.

5. Enable or disable DMA termination interrupt with the DIEO bit in
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 isinitialized to alow 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 remaining 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 |/O DMA.

Toinitiate aDMA channel 1 memory to/from 1/O transfer, perform the
following operations:

1. Load the memory address (20 bits) into MARL.
2. Load the I/O address (16 bits) into IARL.

3. Program the source/destination and address increment/decrement
mode using the DIM1 and DIMO bitsin DCNTL.
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4. Specify whether DREQL islevel- or edge- senseinthe DMS1 bit in
DCNTL.

5. Enable or disable DMA termination interrupt with the DIE1 bit in
DSTAT.

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

DMA Bus Timing

When memory (and memory mapped 1/0) is specified as a source or
destination, MREQ goes Low during the memory access. When [/O is
specified as a source or destination, |ORQ goes Low during the 1/0O access.

When /O (and memory mapped 1/0) 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: External 1/O devices may not overlap addresses with internal 1/0
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: For memory mapped I/O accesses, this automatic 1/0 Wait State
is not inserted.

For memory to memory transfers (channel 0 only), the external DREQO
input isignored. Automatic DMA timing is programmed as either
BURST or CYCLE STEAL.

When aDMA memory address carry/borrow between bits A15 and A16
of the address bus occurs (crossing 64KB boundaries), the minimum bus
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cycleis extended to 4 clocks by automatic insertion of one internal Ti
Sstate.

DMAC Channel Priority

For simultaneous DREQO and DREQ1 requests, channel O 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, channel 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 Z8X 180 bus. BUSREQ and BUSACK take 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
I/O access. Since asingle byte DMAC transfer requires aread and awrite
cycle, it is possible for the DMAC to be suspended after the DMAC read,
but before the DM A C write. Hence, when the external master rel eases the
Z8X180 bus (BUSREQ High), the on-chip DMAC correctly continues
the suspended DMA operation.
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DMAC Internal Interrupts

Figure 50 illustrates the internal DMA interrupt request generation circuit.

IEF1

DE1

ﬂ BMA chl Interrupt
> equest
DIE1 / a
> DMA chO Interrupt
DEO Request
DIEO —

Figure50. DMA Interrupt Request Generation

DEO and DE1 are automatically cleared to 0 by the Z8X 180 at the
completion (byte count is 0) of aDMA operation for channel 0 and
channel 1, respectively. They remain 0 until a1 iswritten. Because DEO:
and DE1 use level sense, an interrupt occursif the CPU IEF1 flag is set to
1. Therefore, the DMA termination interrupt service routine disables
further DMA interrupts (by programming the channel DIE bit is0) before
enabling CPU interrupts (for example, IEF1 is set to 1). After reloading
the DMAC address and count registers, the DIE bit can be set to 1 to
reenable the channel interrupt, and at the same time DMA can resume by
programming the channel DE bit = 1.

DMAC and NMI

NMI, unlike all other interrupts, automatically 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 external DMA abort input,
recognizing that both channels are suspended by the clearing of DME.
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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 NMI response at the end of the current cycle. 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
Figure51.)

DMA read cycle | DMA write cycle | NMI acknowledge cycle

< >t > €«
T1 T2 T3 T1 T2 T3 T1

B e e e e s O O o O o A B

DME = “0” (DMA Stop)

o W
|

Figure51. NMI and DMA Operation Timing Diagram

DMAC and RESET

During RESET the bitsin DSTAT, DMODE, and DCNTL areinitialized
as stated in their individual register descriptions. Any DMA operationin
progress is stopped, allowing the CPU to use the bus to perform the
RESET sequence. However, the address register (SARO, DARO MARL1,
IAR1) and byte count register (BCR0O BCR1) contents are not changed
during RESET.

Asynchronous Serial Communication Interface (ASCI)

The Z8X 180 on-chip ASCI has two independent full-duplex channels.
Based on full programmability of the following functions, the ASCI
directly communicates with awide variety of standard UARTs (Universal
Asynchronous Receiver/Transmitter) including the 28440 SIO and the
Z85C30 SCC.
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The key functions for ASCI on 280180, Z8S180 and Z8L.180 class
processors are listed below. Each channel isindependently
programmable.

Full-duplex communication

7- or 8-bit data length

Program controlled 9th data bit for multiprocessor communication
1 or 2 stop hits

Odd, even, no parity

Parity, overrun, framing error detection

Programmable baud rate generator, /16 and /64 modes

Modem control signals — Channel 0 contains DCDO, CTS0 and
RTSO0; Channel 1 contains CTS1

Programmable interrupt condition enable and disable
Operation with on-chip DMAC

ASCI Block Diagram for the Z8S180/Z28L 180-Class
Processor s

Figure 52 illustrates the ASCI block diagram.
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ASCI Transmit Data Register

ch0: TDRO ch1:TDR1
TXAO <« ASCI Transmit Shift Register* IASCI Transmit Shift Register* —> TXAL
ch0: TSRO ch1:TSR1
ASCI Receive Data Register ASCI Receive Data Register
ch0: RDRO <t t1 ch1:RDR1
RXAO0 —»| Ascl Receive Shift Register* ASCI ASCI Receive Shift Register* <«— RXAL
ch 0: RSRO (8) Control ch1:RSR1(8)
ASCI Control Register A . <> ASCI Control Register A
RTSO <« ch 0: CNTLAO (8) ‘ ch 1:CNTLA1L (8)
CTso —»| ASCI Control Register B ASCI Control Register B <<— CTS1
ch 0:CNTLBO (8) ch1:CNTLBL1 (8)
DCDO —»| ASCI Status Register ASCI Status Register
ch0: STATO (8) ch1:STAT1 (8)
Y
CKAO<—> Baud Rate

Generator O

«— Phi

CKA1l «—>»

Baud Rate
Generator 1

Figure52. ASCI Block Diagram

ASCI Register Description

* Not program Accessible

The following subparagraphs explain 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.
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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
continuous High level. The TSR is not program-accessible.

ASCI Transmit Data Register 0, 1(TDRO0,1:1/0O Address = 06H, 07H)

Datawritten to the ASCI Transmit Data Register istransferred 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 transmitter is double buffered.
Data can be written into and read from the ASCI Transmit Data Register.

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

ASCI Transmit Data Register Ch. 0 (TDRO: 06H)

Bit 7 6 5 4 3 2 1 0
Bit/Field ASCI Transmit Channel 0

R/W R/W

Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

ASCI Transmit Data Register Ch. 1 (TDR1: 07H)

Bit 7 6 5 4 3 2 1 0
Bit/Field ASCI Transmit Channel 1

R/W R/W

Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable
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Thisregister receives data shifted in on the RXA pin. When full, datais

automatically transferred to the ASCI Receive Data Register (RDR) if it
isempty. If RSR is not empty when the next incoming data byte is shifted
in, an overrun error occurs. The RSR is not program-accessible.

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

When a complete incoming data byte is assembled in RSR, it is
automatically transferred to the RDR if RDR is empty. The next incoming
data byte can be shifted into RSR while RDR contains the previous
received data byte. Thus, the ASCI receiver on Z80180 is double-

buffered.

ASCI Receive Data Register Ch. 0 (RDRO: 08H)

Bit 7 6 5 4 3 2 1 0
Bit/Field ASCI Receive Channel 0

R/W R/W

Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

ASCI Receive Data Register Ch. 1 (RDR1: 09H)

Bit 7 6 5 4 3 2 1 0
Bit/Field ASCI Receive Channel 1

R/W R/W

Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

\

On the Z85180 and Z8L.180-class processors are quadruple buffered. The
ASCI Receive Data Register is aread-only register. However, if RDRF =
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0, data can be written into the ASCI| Receive Data Register, and the data
can beread.

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 ASCI interrupts.

ASCI Status Register 0 (STATO: 04H)

Bit 7 6 5 4 3 2 1 0
Bit/Field RDRF | OVRN PE FE RIE DCDO | TDRE TIE
RIW R R R R RIW R R RIW
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W

Value Description

7 RDRF

Receive Data Register Full — RDRF is set to 1 when an
incoming data byte is loaded into RDR. If aframing or
parity error occurs, RDRF remains 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.

6 OVRN

Overrun Error — OVRN isset to 1 when RDR is full
and RSR becomes full. OVRN is cleared to 0 when the
EFR bit (Error Flag Reset) of CNTLA iswrittento O,
when DCDO is High, in IOSTOP mode, and during
RESET.
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Bit

Position Bit/Field R/W

Description

5

PE

R

Parity Error — PE is set to 1 when a parity error is
detected on an incoming data byte and ASCI parity
detection is enabled (the MOD1 bit of CNTLA is set to
1). PE iscleared to 0 when the EFR bit (Error Flag Reset)
of CNTLA iswritten to 0, when DCDO is High, in
|OSTOP mode, and during RESET.

FE

Framing Error — If areceive data byte frameis
delimited by an invalid stop bit (that is, 0, should be 1),
FE issetto 1. FE is cleared to O when the EFR bit (Error
Flag Reset) of CNTLA iswritten to 0, when DCDO is
High, in IOSTOP mode, and during RESET.

RIE

R/W

Receive I nterrupt Enable — RIE must be setto 1 to
enable ASCI receiveinterrupt requests. 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
interrupt is also generated by the transition of the external
DCDO input from Low to High.

DCDO

Data Carrier Detect — Channel 0 has an external
DCDO input pin. The DCDO bit is set to 1 when the
DCDO input isHIGH. Itiscleared to 0 on thefirst read of
(STATO, following the DCDO input transition from
HIGH to LOW and during RESET. When DCDQis 1,
receiver unit is reset and receiver operation is inhibited.

TDRE

Transmit Data Register Empty — TDRE = 1 indicates
that the TDR is empty and the next transmit data byte is
written to TDR. After the byte iswrittento TDR, TDRE
iscleared to O until the ASCI transfers the byte from TDR
to the TSR and then TDRE isagain set to 1. TDRE is set
to 1in IOSTOP mode and during RESET. When the
external CTS input isHigh, TDRE is reset to 0.
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Bit
Position Bit/Field R/W  Value Description

0 TIE R/IW Transmit Interrupt Enable — TIE must be set to 1 to
enable ASCI transmit interrupt requests. If TIEis 1, an
interrupt isrequested when TDRE is 1. TIE iscleared to O
during RESET.
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ASCI Control Register AO, 1 (CNTLADO, 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 Status Register 1 (STAT1: 05H)

Bit 7 6 5 4 3 2 1 0
Bit/Field RDRF | OVRN PE FE RIE CTS1E | TDRE TIE
R/W R R R R R/W R/W R R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position

Bit/Field R/W

Value Description

7

RDRF

Receive Data Register Full — RDRFissetto 1 whenan
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 — OVRN isset to 1 when RDR is full
and RSR becomes full. OVRN is cleared to 0 when the
EFR bit (Error Flag Reset) of CNTLA iswrittento O,
when DCDO is High, in IOSTOP mode, and during
RESET.

PE

Parity Error — PE is set to 1 when a parity error is
detected on an incoming data byte and ASCI parity
detection is enabled (the MOD1 bit of CNTLA is set to
1). PE iscleared to O when the EFR bit (Error Flag Reset)
of CNTLA iswritten to 0, when DCDO is High, in
|OSTOP mode, and during RESET.

UMO005001-ZMP0400



218018x Fami¥
M PU User Manual

s////
.

05"'/

124 |

[

Bit
Position Bit/Field R/W  Value Description

4 FE R Framing Error — If areceive data byte frameis
delimited by an invalid stop bit (that is, 0, should be 1),
FE issetto 1. FE is cleared to O when the EFR bit (Error
Flag Reset) of CNTLA iswritten to 0, when DCDO is
High, in IOSTOP mode, and during RESET.

3 RIE R/IW Receive I nterrupt Enable — RIE must be setto 1 to
enable ASCI receive interrupt requests. 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
interrupt is also generated by the transition of the external
DCDO input from Low to High.

2 CTSIE R/W Channel 1 CTS Enable — Channel 1 has an external
CTS1 input which is multiplexed with the receive data
pin (RXS) for the CSI/O (Clocked Serial 1/0 Port).
Setting CTSIE to 1 selects the CTS1 function and
clearing CTSLIE to 0 selects the RXS function.

1 TDRE R Transmit Data Register Empty — TDRE = 1 indicates
that the TDR is empty and the next transmit data byte is
written to TDR. After the byte iswrittento TDR, TDRE
is cleared to O until the ASCI transfers the byte from TDR
to the TSR and then TDRE isagain set to 1. TDRE is set
to 1 in IOSTOP mode and during RESET. When the
external CTS input is High, TDRE is reset to 0.

0 TIE R/W Transmit Interrupt Enable — TIE must be set to 1 to
enable ASCI transmit interrupt requests. If TIEis 1, an
interrupt isrequested when TDRE is1. TIE isclearedto O
during RESET.
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ASCI Control Register AO, 1 (CNTLADO, 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 0 (CNTLAO: 00H)

Bit 7 6 5 4 3 2 1 0

Bit/Field MPE RE TE RTSO | MPBR/ | MOD2 | MOD1 | MODO
EFR

RIW RIW RIW RIW RIW RIW RIW RIW RIW

Reset 0 0 0 1 X 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W

Value Description

7

MPE

R/W

M ulti-Processor M ode Enable — The ASCI hasa
multiprocessor communication mode which utilizes an
extra data bit for selective communication when a number
of processors share acommon serial bus. Multiprocessor
data format is selected when the MP bit in CNTLB is set
to 1. If multiprocessor mode is not selected (MP bit in
CNTLB = 0), MPE has no effect. If multiprocessor mode
is selected, MPE enables or disables the wakeup feature
asfollows. If MPE isset to 1, only received bytesin
which the MPB (multiprocessor bit) is 1 can affect the
RDRF and error flags. Effectively, other bytes (with MPB
is0) are ignored by the ASCI. If MPE isreset to O, all
bytes, regardless of the state of the MPB data bit, affect
the RDRF and error flags.
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Bit
Position Bit/Field

R/W

Value

Description

6 RE

R/W

Receiver Enable— When RE is set to 1, the ASCI
receiver is enabled. When RE isreset 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 IOSTOP mode, and during
RESET.

R/W

Transmitter Enable — When TE is set to 1, the ASCI
transmitter is enabled. When TE isreset to 0, the
transmitter is disabled and any transmit 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, and during RESET.

4 RTSO

R/W

Reguest to Send Channel 0 — When RTSOisreset to O,
the RTS0 output pin goes Low. When RTS0 isset to 1,
the RTS0 output immediately goes High.

3 MPBR/
EFR

R/W

M ultiprocessor Bit Receive/Error Flag Reset — When
multiprocessor mode is enabled (MPin CNTLB is 1),
MPBR, when read, contains the value of the MPB bit for
the last receive operation. When written to 0, the EFR
functionis selected toreset all error flags (OVRN, FE and
PE) to 0. MPBR/EFR is undefined during RESET.
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Bit

Position Bit/Field R/W

Value Description

2-0

MOD2-0 R/W

ASCI Data Format Mode 2, 1, 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 described in Table 17.
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ASCI Control Register A 1 (CNTLA1: 01H)

Bit 7 6 5 4 3 2 1 0

Bit/Field MPE RE TE CKA1D | MPBR/ | MOD2 | MOD1 | MODO
EFR

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 X 0 0 0

R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W

Value Description

7

MPE

R/W

M ulti-Processor M ode Enable — The ASCI hasa
multiprocessor communication mode which utilizes an
extra data bit for selective communication when anumber
of processors share acommon serial bus. Multiprocessor
data format is selected when the MP bit in CNTLB is set
to 1. If multiprocessor mode is not selected (MP bit in
CNTLB = 0), MPE has no effect. If multiprocessor mode
is selected, M PE enables or disables the wakeup feature as
follows. If MPE is set to 1, only received bytes in which
the MPB (multiprocessor bit) is 1 can affect the RDRF
and error flags. Effectively, other bytes (with MPB = 0)
areignored by the ASCI. If MPE isreset to 0, all bytes,
regardless of the state of the MPB data bit, affect the
RDRF and error flags.

RE

R/W

Receiver Enable— When RE is set to 1, the ASCI
receiver is enabled. When RE isreset 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 IOSTOP mode, and during
RESET.
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Position

Bit/Field

R/W

Value Description

5

TE

R/W

Transmitter Enable — When TE is set to 1, the ASCI
transmitter is enabled. When TE isreset to 0, the
transmitter is disabled and any transmit 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, and during RESET.

CKA1D

R/W

CKA1 Clock Disable — When CKA1D issetto 1, the
multiplexed CKA1/TENDO pin is used for the TENDO
function. When CKA1 D isO, the pinisused as CKA1, an
external data dock input/output for channel 1

MPBR/
EFR

R/W

M ultiprocessor Bit Receive/Error Flag Reset— When
multiprocessor mode is enabled (MPin CNTLB is 1),
MPBR, when read, contains the value of the MPB bit for
the last receive operation. When written to 0, the EFR
functionis selected to reset all error flags (OVRN, FE and
PE) to 0. MPBR/EFR is undefined during RESET.
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Bit
Position Bit/Field R/W  Value Description

2-0 MOD2-0 R/W ASCI Data Format Mode 2, 1, 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 described in Table 17.

UMO005001-ZMP0400



18018x Fami ¥
MPU User Manual

L/
. &/
&
N
v/ 131

L

Table 17. Data Formats

MOD2 |(MOD1 [MODO |DataFormat

0 0 Start + 7 bit data + 1 stop
Start + 7 bit date + 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

P B P B O O O
B O O P B O O
F O kB O Fk O B

Start + 8 bit date + parity + 2 stop

ASCI Control Register BO, 1 (CNTLBO, 1)

Each ASCI channel control register B configures multiprocessor mode,
parity and baud rate selection.
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ASCI Control Register B 0 (CNTLBO: 02H)
ASCI Control Register B 1 (CNTLB1: 03H)

Bit 7 6 5 4 3 2 1 0
Bit/Field MPBT MP CTS/PS PEO DR SS2 SS1 SSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset X 0 0 0 0 1 1 1

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W

Value

Description

7

MPBT

R/W

M ultiprocessor Bit Transmit — When multiprocessor
communication format is selected (MP bitis 1), MPBT is
used to specify the MPB data bit for transmission. If
MPBT is 1, then MPB = 1 istransmitted. If MPBT is0,
then MPBT = 0 istransmitted. MPBT state is undefined
during and after RESET.

MP

R/W

M ultiprocessor M ode — When MP is set to 1, the data
format is configured for multiprocessor mode based on
the MOD2 (number of data bits) and MODO (number of
stop bits) bitsin CNTLA. The format is as follows.

Start bit + 7 or 8 data bits + MPB bit + 1 or 2 stop bits
Multiprocessor (MP = 1) format has no provision for
parity. If MPis 0, the data format is based on MODO
MOD1, MODZ2, and may include parity. The MP bit is
cleared to O during RESET.
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Bit

Position Bit/Field R/W

Value Description

5

CTS/IPS R/W

Clear to Send/Prescale— When read, CTS/PS reflects
the state of the external CTSinput. If the CTS input pin
isHigh, CTS/PSisread as 1. When the CTS input pinis
High, the TDRE bit is inhibited (that is, held at 0). For
channel 1, the CTS1 input is multiplexed with RXS pin
(Clocked Serial Receive Data). Thus, CTS/PSisonly
valid when read if the channel 1 CTSL1E bit is 1 and the
CST1 input pin function is selected. The read data of
CTS/PS is not affected by RESET.

When written, CT /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/PSis cleared to O, the
system clock is prescaled by 10.CTS/PSis cleared to O
during RESET.

PEO R/W

Parity Even Odd — PEO selects even or odd parity. PEO
does not affect the enabling/disabling of parity (MOD1
bit of CNTLA). If PEO is cleared to O, even parity is
selected. If PEO isset to 1, odd parity is selected.PEO is
cleared to O during RESET.

DR R/W

Divide Ratio — DR specifies the divider used to obtain

baud rate from the data sampling clock If DR isreset to O,
divide by 16 is used, whileif DR is set to 1, divide by 64
isused. DRiscleared to O during RESET.

2-0

SS2-0 R/W

Sour ce/Speed Select — Specifies the data clock source
(internal or external) and baud rate prescale factor. SS2,
SS1, and SSO are all set to 1 during RESET. Table 18
describes the divide ratio corresponding to SS2, SS1 and
SSO

The external ASCI channel 0 data clock pins are multiplexed with DMA
control lines (CKAO/DREQ and CKA1/TENDO). During RESET, these
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pins areinitialized as ASCI data clock inputs. If SS2, SS1 and SSO are
reprogrammed (any other value than SS2, SS1, SSO = 1) these pins
become ASCI data clock inputs. However, if DMAC channel 0 is
configured to perform memory to/from 1/O (and memory mapped 1/0)
transfers the CKAO/DREQO pin revertsto DMA control signals
regardless of SS2, SS1, SSO programming.

Also, if the CKA1D bit inthe CNTLA register is 1, then the CKAL/
TENDO reverts to the DMA Control output function regardless of SS2,
SS1 and SSO programming. Final data clock rates are based on CTS/PS
(prescale), DR, SS2, SS1, SS0 and the Z8X 180 system clock frequency
(Reference Table 19).

Table 18. Divide Ratio

4
3
4

Divide Ratio

1
2
4
8
16

.32
64

B

 +  + O O O O
r O O + +» O O
r O B O + O +» O

external clock

Each ASCI channel control register B configures multiprocessor mode,
parity and baud rate selection.
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ASCIO0 Extension Control Register (I/0O Address: 12H) (Z8S180/L180-Class Processors

Only)
Bit 7 6 5 4 3 2 1 0
Bit/Field RDRF DCDO CTSO X1 Bit BRGO Break Break Send
Int Disable | Disable Clk Mode | Feature | Detect Break
Inhibit ASCIO Enable (RO)
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W  Value Description

7 RDRF R/W 0 RDREF Interrupt Inhibit On
Interrupt 1 RDREF Interrupt Inhibit Off
Inhibit

6 DCDO R/W 0 DCDO Auto-enables Rx
Disable 1 DCDO advisory to SW

5 CTSO R/W 0 CTSO0 Auto-enable Tx
Disable 1 CTS0 advisory to SW

4 X1 Bit R/W 0 CKAOQ /16 or /64
Clk 1 CKAO is bit clock
ASCIO

3 BRGO R/W 0 AsS180
Mode 1 Enable 16-bit BRG counter

2 Break R/W 0 Break Feature Enable On
Feature 1 Break Feature Enable Off
Enable

1 Break R/W 0 Break Detect On
Detect 1 Break Detect Off
(RO)
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Bit
Position Bit/Field R/W  Value Description
0 Send R/W 0 Normal Xmit
Break 1 Drive TXA Low

Each ASCI channel control register B configures multiprocessor mode,
parity and baud rate selection.

ASCI1 Extension Control Register (I/0O Address: 13H) (Z8S180/L180-Class Processors

Only)
Bit 7 6 | 5 4 3 2 1 0
Bit/Field RDRF Reserved X1 Bit BRG1 Break Break Send
Int Clk Mode | Feature | Detect Break
Inhibit ASCI1 Enable (RO)
R/W R/W ? R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Bit

Position Bit/Field R/W  Value Description

7 RDRF R/W 0 RDRF Interrupt Inhibit On
Interrupt 1  RDRF Interrupt Inhibit Off
Inhibit

6-5 Reserved ? 0 Reserved. Must be 0

4 X1Bit RW 0 CKAl/l6o0r/64
Clk 1 CKAlishit clock
ASCI1

3 BRG1 RW 0 AsSi180
Mode 1  Enable 16-bit BRG counter
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Bit

Position Bit/Field R/W  Value Description

2 Break R/W 0 Break Feature Enable On
Feature 1 Break Feature Enable Off
Enable

1 Break R/W 0 Break Detect On
Detect 1 Break Detect Off
(RO)

0 Send R/W 0 Normal Xmit
Break 1 Drive TXA Low

Each ASCI channel control register B configures multiprocessor mode,

parity and baud rate selection.

ASCIO Time Constant Low Register (1/0 Address: 1AH) (Z8S180/L180-Class Processors

Only)

Bit 7 6 5 4 3 2 1 0
R/W R/W R/W R/W R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

ASCIO Time Constant High Register (1/0 Address: 1BH) (28S180/L180-Class Processors

Only)

Bit 7 6 5 4 3 2 1 0
R/W R/W R/W R/IW R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

UMO005001-ZMP0400

137



138

218018x Fami¥
M PU User Manual

7
o/
-/
&
o/
o )

ASCI1 Time Constant Low Register (I/0 Address: 1CH) (Z8S180/L180-Class Processors

Only)

Bit 7 6 5 4 3 2 1 0
R/W R/W R/W R/IW R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

ASCI1 Time Constant High Register (I/0 Address: 1DH) (Z85180/L180-Class Processors

Only)

Bit 7 6 5 4 3 2 1 0
R/W R/W R/W R/IW R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Modem Control Signals

ASCI channel 0 has CTS0, DCDO0 and RTS0 external modem control
signals. ASCI channel 1 has a CTS1 modem control signal whichis
multiplexed with Clocked Serial Receive Data (RXS).

CTS0: Clear to Send 0 (I nput)

The CTSO input allows external control (start/stop) of ASCI channel 0
transmit operations. When CTS0 is High, the channel 0 TDRE bit is held
at 0 whether or not the TDRO (Transmit Data Register) is full or empty.
When CTSO0 is Low, TDRE reflects the state of TDRO. The actual
transmit operation is not disabled by CT High, only TDRE isinhibited:

DCDO: Data Carrier Detect 0 (I nput)

The DCDO input allows external control (start/stop) of ASCI channel 0
receive operations. When DCDO is High, the channel 0 RDRF bit is held
at 0 whether or not the RDRO, (Receive Data Register) is full or empty.
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Theerror flags (PE, FE, and OV RN bits) are also held at 0. Even after the
DCDO input goes Low, these bits do not resume normal operation until
the status register (STATO, isread. Thisfirst read of (STATO, while
enabling normal operation, still indicatesthe DCDO input is High (DCDO
bit = 1) even though it has gone Low. Thus, the STATO register must be
read twice to ensure the DCDO bit is reset to 0:

RTS0: Request to Send 0 (Output)

RTSO allows the ASCI to control (start/stop) another communication
devices transmission (for example, by connection to that device's CTS
input). RTSO is essentially a 1-bit output port, having no side effects on
other ASCI registers or flags.

CTS1: Clear to Send 1 (Input)

Channel 1 CTSL1 input is multiplexed with Clocked Serial Receive Data
(RXS). The CTS1 function is selected when the CTSLE bit in STAT1 is
set to 1. When enabled, the CTSL1 operation is equivalent to CTS0,

Modem control signal timing is depicted in Figure 53 and Figure 54.

DCDO Pin #f |
DCDO Flag | I

Status Register Read ’%

Figure53. DCDO Timing Diagram
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RTSO Flag

RTSO Pin

DCDO

RDRFO
OVRNO
PEO

FEO

RDRF1
OVRN1

PE1
FE1

I/O Instruction

I/O write cycle

e

T1

T2 T3

T1

Phi [

WR

Figure54. RTS0 Timing Diagram

IEF1

TDREO —— D
TIEO —

D RIE1 —

TDRE1 —
TIELT —]
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Figure55. ASCI Interrupt Request Circuit Diagram

Figure 55 illustrates the ASCI interrupt request generation circuit.

ASCIO Interrupt
Request

ASCI1 Interrupt
Request
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ASCI to/from DMAC Operation

Operation of the ASCI with the on-chip DMAC channd 0 requiresthat the
DMAC be correctly configured to use the ASCI flagsas 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 external clock input mode, the external clock is directly input to
the sampling rate (, 16/, 64) as depicted in Figure 56.

Internal Clock Baud Rate Selection Prescaler Sampling Rate

Phi_| ,1t0,64 [ » 10, 30> 16,64

External Clock
fc £ Phi, 40

Figure56. ASCI Clock
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Table19. ASCI Baud Rate Selection
Sampling Baud Rate (Example)
Prescaler Rate Baud Rate (BPS) CKA
General
Divide SS2 [SS1 [SSO |Divide | Divide |f =6.144 |f =4.608 |f =3.072 Clock
PS |Ratio |DR |Rate Ratio Ratio |MHz MHz MHz 1/0 |Frequency
o |0 |0 1) f, 160 38400 19200 f, 10
o |0 |1 2 320 19200 9600 20
o |1 |0 4 640 9600 4800 40
0 |16
o |1 |1 8 1280 4800 2400 O 80
1 |0 |O 16 2560 2400 1200 160
1 0 |1 32 5120 1200 600 320
1 |1 |0 64 10240 600 300 640
0 |f,10 1 1 |1 —| fc, 16 — — — fc
0o |0 |O L1 0, 640 9600 4800 f, 10
o |0 |1 2 1280 4800 2400 20
o |1 |O 4 2560 2400 1200 40
1 lea |0 |1 |1 8 5120 1200 600 O 80
1 (0 |O 16 10240 600 300 160
1 (0 |1 32 20480 300 150 320
1 (1 |0 64 40960 150 75 640
1 (1 |1 —| fc, 64 — — — 1 fc
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Sampling Baud Rate (Example)
Prescaler Rate Baud Rate (BPS) CKA
General
Divide SS2 [SS1 |SSO [Divide | Divide |f =6.144 |f =4.608 |f =3.072 Clock
PS |Ratio |DR |Rate Ratio Ratio |MHz MHz MHz 1/0 |Frequency
o |o |o J1| f, 480 9600 f .30
0 0 1 2 960 4800 60
0 1 0 4 1920 2400 120
o |1 |0 [1 |1 8 3840 1200 0 |240
1 0 0 16 7680 600 480
1 0 1 32 15360 300 960
1 f 30 1 1 0 64 30720 150 1920
1 1 |1 —| fc, 16 — — —| 1 |fc
o |o |o J1| f, 1920 2400 f .30
0 0 1 2 3840 1200 60
0 1 0 4 7680 600 120
1 lea |0 |1 |1 8| 15360 300 0 |240
1 0 0 16 30720 150 480
1 0 1 32 61440 75 960
1 1 0 64 122880 375 1920
1 1 |1 —| fc, 64 — — —| 1 |fc

Baud Rate Generator

(£85180/28L180-Class Processors Only)

The 28S180/78L.180 Baud Rate Generator (BRG) features two modes.
Thefirst isthe same as in the Z80180. The second is a 16-bit down
counter that divides the processor clock by the value in a 16-bit time
constant register, and is identical to the DMSCC BRG. This feature
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allows a common baud rate of up to 512 Kbpsto be selected. The BRG
can also be disabled in favor of an external clock on the CKA pin.

The Receiver and Transmitter subsequently divide the output of the BRG
(or the signal from the CKA pin) by 1, 16, or 64, under the control of the
DR bit inthe CNTLB register, and the X 1 bit in the ASCI Extension
Control REgister. To compute baud rate, use the following formulas:

Where:
BRG mode is bit 3 of the ASEXT register
PSisbit 5 of the CNTLB register

TC isthe 16-bit value in the ASCI Time Constant register

If ss2.1.0 = 111, baud rate - fa/ Cl ock node

else if BRG node baud rate = fpy/ (2*(TC+2)*Cl ock npde)
el se baud rate -fpy/((10 + 20*PS) * 27ss*Cl ock node)
The TC value for agiven baud rateis:

TC = (fpy/ *2*baud rate*Cl ock node)) -2

Clock mode depends on bit 4 in ASEXT and bit 3in CNTLB, as
described in Table 20.

Table 20.Clock Mode Bit Values

X1 DR Clock Mode

0 0 16

0 1 64

1 0 1

1 1 Reserved, do not use
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2"\ss depends on the three least significant bits of the CNTLB register, as
described in Table 21.

Table21l. 2"ssValues

&
A
8
%’

o

16
32
64
External Clock from CKAO

PR RPRREPROOOO
PR OORRO
RPORORFRORO

The ASCIs require a 50% duty cycle when CKA is used as an input.
Minimum High and Low times on CKAO are typical of most CMOS
devices.

RDRF is set, and if enabled, an Rx Interrupt or DMA REquest is
generated when the receiver transfers a character from the Rx Shift
Register to the RX FIFO. The FIFO provides a margin against overruns.
When the is more than one character in the FIFO, and software or aDMA
channel reads a character, RDRF either remains set or is cleared and then
immediately set again. For example, if areceive interrupt service routine
does not real all the characters in the RxFIFO, RDRF and the interrupt
request remain asserted.

The Rx DMA request is disabled when any of the error flags PE or FE or
OVRN are set, so that software can identify with which character the
problem is associated.

If Bit 7, RDRF Interrupt Inhibit, is set to 1, the ASCI does not request a
Receiveinterrupt when its RDRF flag is 1. Set this bit when programming
aDMA channel to handle the receive datafrom an ASCI. The other
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causes for an ASCI Receiveinterrupt (PE, FE, OVRN, and for ASCIO0,
DCD) continue to request RX interrupt if the RIE bitis 1. The Rx DMA
request isinhibited if PE or FE or OV RN is set, so that software can
detect where an error occurred. When the RIE bit is 0, asit is after a
Reset, RDRF causes an ASCI interrupt if RIE is 1.

Clocked Serial I/O Port (CSI/O)

The 28X 180 includes a simple, high-speed clock, synchronous serial 1/0
port. The CSI/O includes transmit/receive (half-duplex), fixed 8-bit data,
and internal or external data clock selection. High-speed operation (baud
rate 200Kbps at fC = 4 MHz) is provided. The CSI/O isided for
implementing a multiprocessor communication link between multiple
Z8X180s. These secondary devices may typically perform a portion of the
system 1/O processing, (that is, keyboard scan/decode, LDC interface, for
instance).

CSI/O Block Diagram
The CSI/O block diagramisillustrated in Figure 57. The CSI/O consists

of two registers—the Transmit/Receive Data Register (TRDR) and Control
Register (CNTR).
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Internal Address/Data Bus >

Phi

!

TXS «—

RXS —»

CSI/O Transmit/Receive
Data Reqgister:
TRDR (8)

Baud Rate CKS

Generator

CSI/O Control Register:

1

Figure57. CSI/O Block Diagram

CSI/O Registers Description

CNTR (8)
v

Interrupt Request

CSI/O Control/Status Register (CNTR: 1/O 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.

CSI/O Control/Status Register (CNTR: 0AH)

Bit 7 6 5 4 3 2 1 0
Bit/Field EF EIE RE TE — SS2 SS1 SSO
R/W R R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 1 1

Note: R=Read W =Write X =Indeterminate ?= Not Applicable
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Bit

Position Bit/Field R/W

Value

Description

7 EF

R

End Flag — 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=1whenEFissetto 1, a
CPU interrupt request is generated. Program access of
TRDR only occursif EFis 1. The CSI/O clears EF to 0
when TRDR isread or written. EF is cleared to O during
RESET and IOSTOP mode.

6 EIE

R/W

End Interrupt Enable— ElIE issetto 1to enable EF =1
to generate a CPU interrupt request. The interrupt request
isinhibited if EIE isreset to 0. EIE is cleared to O during
RESET.

R/W

Receive Enable— A CSI/O receive operation is started
by setting RE to 1. When RE is set to 1, the dataclock is
enabled. In internal clock mode, the data clock is output
from the CKS pin. In external dock mode, the dock is
input on the CKS pin. In either case, datais 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 isset to 1, and an
interrupt (if enabled by EIE = 1) is generated. RE and TE
are never both set to 1 at the sametime. RE iscleared to O
during RESET and ISTOP mode.

RXS is multiplexed with CTS1 modem control input of
ASCI channel 1. In order to enable the RX'S function, the
CTSL1E bitin CNTA1 must be reset to 0.
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Bit

Position Bit/Field R/W

Value Description

4

TE R/W

Transmit Enable— A CSI/O transmit operation is
started by setting TE to 1. When TE is set to 1, the data
clock isenabled. When in internal clock mode, the data
clock is output from the CKS pin. In external clock mode,
the clock isinput on the CKS pin. In either case, datais
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 TEto O, EFisset to 1, and
an interrupt (if enabled by EIE = 1) is generated. TE and
RE are never both set to 1 at the sametime. TE is cleared
to O during RESET and IOSTOP mode.

2-0

SS2-0 R/W

Speed Select — Selects the CSI/O transmit/receive clock
source and speed. SS2, SS| and SSO are all set to 1 during
RESET. Table 22 shows CSI/O Baud Rate Selection.

CSI/O Transmit/Receive Data Register (TRDR: 1/0
Address = 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 CSI/O is
receiving data, the CSI/O does not work.

TRDR is not buffered. Attempting to perform a CSI/O transmit while the
previous transmit datais still being shifted out causes the shift data to be
immediately updated, thereby corrupting the transmit operation in
progress. Similarly, reading TRDR during a transmit or receive must be

avoided.

UMO005001-ZMP0400

149



150

18018x Fam i

M PU User Manual

7
o/
-/
&
o/
o )

CSI/O Transmit/Receive Register (TRDR: 0BH)

Bit 7 | 4 | 3 I
Bit/Field CSI/O Transmit/Receive Data
RW RIW
Reset 0
Note: R=Read W =Write X =Indeterminate ?= Not Applicable
Table22. CSI/O Baud Rate Selection
SS2 SS1 SSO |Divide Ratio Baud Rate

0 0 0 , 20 (200000)

0 0 1 , 40 (100000)

0 1 0 , 80 (50000)

0 1 1 , 160 (25000)

1 0 0 , 320 (12500)

1 0 1 , 640 (6250)

1 1 0 , 1280 (3125)

1 1 1 External Clock input (lessthan | 20)

Note: () indicates the baud rate (BPS) at Phi = 4 MHz.

After RESET, the CKS pinis configured as an external clock input (SS2,
SS1, SS0 = 1). Changing these val ues causes CK S 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 Figure 58.

UMO005001-ZMP0400
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IEF1

EF
EIE

Cslio
D— Interrupt Request

Figure58. CSI/O Interrupt Request Generation

CSI/O Operation
The CSI/O is operated using status polling or interrupt driven algorithms.
®  Transmit—Polling

a. Poll the TE bitin CNTR until TE = 0.

b. Writethe transmit datainto TRDR.

C. SettheTEbitinCNTR o 1.

d. Repeat steps 1 to 3 for each transmit data byte.
® Transmit-Interrupts

a. Poll the TE bitin CNTR until TE = 0.

b. Write thefirst transmit data byte into TRDR.
c. SettheTE and EIE bitsin CNTR to 1.
d

When the transmit interrupt occurs, write the next transmit data
byteinto TRDR.

e. SettheTEbitinCNTR o 1.

f. Repeat steps 4 and 5 for each transmit data byte.
® Receive—Polling

a. Poll the RE bit in CNTR until RE = 0.

b. Setthe REbitin CNTRto 1.
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c. Poall the RE bitin CNTR until RE = 0.
d. Read thereceive datafrom TRDR.
€. Repeat steps 2 to 4 for each receive data byte.

Receive-Interrupts
a  Poall the RE bitin CNTR until RE is 0.
b. Setthe RE and EIE bitsin CNTR to 1.

c. Whenthereceive interrupt occurs read the receive data from
TRDR.

d. SettheREbitinCNTRto 1.
€. Repeat steps 3 and 4 for each receive data byte.

CSI/O Operation Timing Notes

Transmitter clocking and receiver sampling timings are different from
internal and external clocking modes. Figure 59 to Figure 62 illustrate
CSI/O Transmit/Receive Timing.

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

CSI/O Operation Notes

UMO005001-ZMP0400

Disable the transmitter and receiver (TE and RE = 0) before
initializing or changing the baud rate. When changing the baud rate
after completion of transmission or reception, a delay of at |east one
bit timeisrequired before baud rate modification.

When RE or TE is cleared to 0 by software, a corresponding receive
or transmit operation isimmediately terminated. Normally, TE or RE
isonly cleared to 0 when EF is 1.

Simultaneous transmission and reception is not possible. Thus, TE
and RE are not both 1 at the same time.
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CSI/O and RESET

During RESET each bit inthe CNTR isinitialized as defined in the
CNTR register description. CSI/O transmit and receive operationsin
progress are aborted during RESET. However, the contents of TRDR are
not changed.

CKS | | | [ ] | | [
TXS )( LsB_ X ;; X X MSB
TE | |
e L

A

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

Figure59. Transmit Timing Diagram nternal Clock
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CKS e —
XS @ LsB J MSB
25f | | 25f- 2.5f - 2.5f
7.5 7.5 7.5 7 5f
B ] ¢ -

TE J \—
EF

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

Figure 60. Transmit Timing—External Clock
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[SB # MSB
1
11f 11f 11fT 11f T
W <> B
Sampling
17§

T

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

Figure61. CSI/O Receive Timing- nternal Clock
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CKS 7 "L [
1l
RXS LSB y MSB
1
11.5f | 11.5f4 11.5f 1 11.5f
16.5f 16.5f 16.5f 16.5f
| €
Sampling
RE
_ L
EF —

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

Figure62. CSI/O Receive Timing—External Clock

Programmable Reload Timer (PRT)

The Z8X 180 contains atwo 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 interrupt can be programmably enabled or disabled. Also, PRT
channel 1 featuresa TOUT output pin (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 depicted in Figure 63. The two channels
feature separate timer data and reload registers and a common status/
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control register. The PRT input clock for both channelsis equal to the

system clock divided by 20.
< Internal Address/Data Bus >
Phi, 20 Phi, 20

Timer Data Timer Data Timer Data Timer Data

Register OL | Register OH  |qm | <» |Register 1L | Register 1H

: TMDROL (8) |: TMDROH ®) Timer Control : TMDRLL (8) |: TMDR1H ©®| TOUT
Register o
:TCR (8) »

Timer Reload | Timer Reload Timer Reload | Timer Reload

Register OL | Register OH Register 1L | Register 1H

: RLDROL (8) | : RLDROH (8) :RLDRIL (8) |: RLDR1H (8)

Interrupt Register

Figure 63. PRT Block Diagram

PRT Register Description

Timer Data Register (TMDR: I/O Address - CHO: OCH, ODH; CH1: 15H,
14H). PRTO0 and PRT1 each contain 16-bit timer Data Registers (TMDR).
TMDRO and TMDRL1 are each accessed as low and high byte registers
(TMDROH, TMDROL and TMDR1H, TMDRI1L). During RESET,
TMDRO and TMDR1 are set to FFFFH.

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

TMDR isread and written by software using the following procedures.
The read procedure uses a PRT internal temporary storage register to
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return accurate data without requiring the timer to be stopped. The write
procedure requires the PRT to be stopped.

For reading (without stopping the timer), TMDR isread in the order of
lower byte - higher byte (TMDRnL, TMDRnNH). 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 operation all TMDR read routines must 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) bitsin the TCR
(Timer Control Register). Then, any or both higher and lower bytes of
TMDR can be freely written (and read) in any order.

CSI/O Transmit/Receive Data Register (TRDR: 1/0
Address = 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 CSI/O is
receiving data, the CSI/O does not work.

TRDR is not buffered. Attempting to perform a CSI/O transmit while the
previous transmit datais still being shifted out causes the shift data to be
immediately updated, thereby corrupting the transmit operation in
progress. Similarly, reading TRDR during a transmit or receive must be
avoided.
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Timer Data Register OL (TMDROL: OCH)

Bit 7 | e | 5 | 4 | 3 | 2 | 1 | o
Bit/Field Timer Data

RIW RIW

Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Timer Data Register OH (TMDROH: ODH)

Bit 7 | 6 | 5 | a4 | 3 | 2 | 1 | o0
Bit/Field Timer Data

RIW RIW

Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Timer Reload Register (RLDR: I/0O Address= CHO: OEH,
OFH, CHI, 16H, 17H)

PRTO and PRT1 each contain 16-bit Timer Reload Registers (RLDR).
RLDRO and RLDR1 are each 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.
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Timer Reload Register Channel OL (RLDROL: OEH)

Bit 7 | e | 5 | 4 | 3 |
Bit/Field Timer Reload Data
R/W R/W
Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Timer Reload Register Channel OH (RLDROL: OFH)

Bit 7 | 6 | 5 | a4 | 3 |
Bit/Field Timer Reload Data
R/W R/W
Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Timer Data Register 1L (TMDRIL: 14H)

Bit 7 | 6 | 5 | a4 | 3 |
Bit/Field Timer Data
RIW RIW
Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Timer Data Register 1H (TMDR1H: 15H)

Bit 7 | e | 5 | 4 | 3 |
Bit/Field Timer Data
RIW RIW
Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable
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Timer Reload Register Channel 1L (RLDRI1L: 16H)

Bit 7 | e | 5 | 4 | 3 | 2 | 1 | o
Bit/Field Timer Reload Data

RIW RIW

Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Timer Reload Register Channel 1H (RLDR1H: 17H)

Bit 7 | 6 | 5 | a4 | 3 | 2 | 1 | o0
Bit/Field Timer Reload Data

RIW RIW

Reset 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable

Timer Control Register (TCR)

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

Timer Control Register (TCR: 10H)

Bit 7 6 5 4 3 2 1 0
Bit/Field TIF1 TIFO TIE1 TIEO TOC1 TOCO TDE1 TDEO
R/W R R R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Note: R=Read W =Write X =Indeterminate ?= Not Applicable
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Bit
Position Bit/Field R/W

Value

Description

-6 TIFI-0 R

TIF1: Timer Interrupt Flag— When TMDR1
decrementsto O, TIF1 isset to 1. This generates an
interrupt request if enabled by TIE1 =1. TIFlisresetto O
when TCR isread and the higher or lower byte of
TMDR1 isread. During RESET, TIF1l iscleared to O.
When TMDRO decrementsto O, TIFO isset to 1. This
generates an interrupt request if enabled by TIEO = 1.
TIFO isreset to O when TCR is read and the higher or
lower byte of TMDRO isread. During RESET, TIFO is
cleared to 0.

54 TIEZO0 R/W

Timer Interrupt Enable— When TIELl issetto 1, TIF1
=1 generates a CPU interrupt request. When TIEL is reset
to 0, the interrupt request is inhibited. During RESET,
TIElisclearedto 0.

When TIEO issetto 1, TIFO = 1 generates a CPU interrupt
reguest. When TIEOQ isreset to 0, the interrupt request is
inhibited. During RESET, TIEO is cleared to O.

32 TOC10 R/W

Timer Output Control — TOC1, and TOCO control the
output of PRT1 using the multiplexed A18/TOUT pin as
shown in Table 23. 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. Reference Table 23.

1-0 TDE1O0 R/W

Timer Down Count Enable— TDE1 and TDEO enable
and disable down counting for TMDR1 and TMDRO
respectively. When TDEn (n=0, 1) isset 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 O during RESET
and TMDRn does not decrement until TDEn is set to 1.
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Table23. Timer Output Control

TOC1 TOCO |OUTPUT

0 0 Inhibited (A18/TOUT pinisselected asan
address output function.)

0 1 Toggled

1 0 0 A18/TOUT pinisselected asa
PRT1 output function!

1 1 1

Figure 64 illustrates timer initialization, count down, and reload timing.
Figure 65 depicts timer output (A18/TOUT) timing.

Timer Data Register 0<+<20
write (0004H)
RESET_‘ 20f 20f 20f 20f 20f 20f 20f 20f  20f
y \ B i B o g I g B e g e e B B
Tlr%eégl?s?;? FFFFH OOO4H: 0003H| 0002H |0001H |0000H|0003H|0002H| 0001H| OO00H 0003H
Timer Reload Register Write (0003H) ! Reload ! Reload
\ ‘ 1 1
Timer Reload FFFFH| 0003H, ‘ | ] |
Register |
“7 Write 1 to TDE
TDE Flag

TIF Flag 1

T— Timer Data Register Read

Timer Control
Register Read

Figure64. Timer Initialization, Count Down, and Reload Timing Diagram
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Timer Data Timer Data
Reg. = 0001H Reg. = 0000H
Phi
[ R I L L
TOUT

Figure65. Timer Output Timing Diagram

PRT Interrupts

The PRT interrupt request circuit isillustrated in Figure 66.

IEF1

TIF1
TIE1

ﬂ PRT1 Interrupt
Request

) PRTO Interrupt
TIFO Request
TIEO ——

Figure66. PRT Interrupt Request Generation

PRT and RESET

During RESET, the bitsin TCR areinitialized 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 revertsto the

address output function.
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PRT Operation Notes

TMDR datais accurately read without stopping down counting by
reading the lower (TMDRnL*) and higher (TMDRnH*) bytes in that
order. Also, TMDR isread or written by stopping the down
counting.t

Take care to ensure that atimer reload does not occur during or
between lower (RLDRnL*) and higher (RLDRnH*) byte writes. This
may be guaranteed by system design/timing or by stopping down
counting (with TMDR containing anon-zero value) during the RLDR
updating. Similarly, in applications where TMDR is written at each
TMDR overflow, the system/software design must guarantee that
RLDR can be updated before the next overflow occurs. Otherwise,
time base inaccuracy occurs.

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

PRT (channel 1) has not counted down to O.

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.

Secondary Bus Interface

E clock Output Timing

The Z8X 180 also has a secondary bus interface that allows it to easily
interface with other peripheral families.

1

*n=0,1
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These devices require connection with the Z8X 180 synchronous E clock
output. The speed (access time) required for the peripheral devices are
determined by the Z8X 180 clock rate. Table 24, and Figure 67 through
Figure 70 define E clock output timing.

Wait States are inserted in Op Code fetch, memory read/write, and I/O
read/write cycles which extend the duration of E clock output High.
During 1/0 read/write cycles with no Wait States (only occurs during on-
chip /O register accesses), E does not go High.

Table24. E Clock Timing in Each Condition

Condition Duration of E Clock Output High

Op Code Fetch Cycle T2rise- T3fdl (1.5 Phi + nw x Phi)
Memory Read/Write Cycle

I/O read Cycle 1st Twrise- T3 fal (0.5Phi + nw x Phi)
[/O Write Cycle 1st Twrise- T3rise  |In,, x Phi)

NMI Acknowledge 1st MC T2rise- T3fdl (1.5 Phi)

INTO Acknowledge 1st MC  |1st Twrise- T3 fall (0.50 + nw x Phi)
BUS RELEASE mode

SLEEP mode Phi fall - Phi fall (2 Phi or 1 Phi)
SYSTEM STOP mode

Note: nw = the number of Wait States; MC: Machine Cycle
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NMI
Acknowledge  INTO Acknowledge
1st MC

=

T1T2 T3|TLT2 T3|TL T2 Tw T3|TL T2 T3 |TL T2 T3|TL T2 TwTw T3
phi LMLy ML
E [\ [\ [\ \ I\ — \_
M1 T\ / ) [
MREQ T\ 1 / | S
IORQ \ AR [ |

NOTE : MC = Machine Cycle

* Two wait states are automatically inserted

Figure67. E Clock Timing Diagram (During Read/Write Cycle and
I nterrupt Acknowledge Cycle
Last < BUS RELEASE mode .
state ™ TX ™X TX
phi LI
BUSREQ — ] . 1
BUSACK - T
E / \ / I N

EF 1

Figure68. E Clock Timingin BUSRELEASE Mode
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SLP
Instruction
2nd Op Code Op Code
Fetch Cycle  SLEEP mode or SYSTEM STOP mode ~ Fetch Cycle
T T2 T3 M1 T2 Ts Ts Ts Ts M1 T2
phi | LI LT L e
DO-D7
_— — 76H .
INT, NMI £
E / /o N I U N
E E—\_/—\;i
E K—\—/—Li
E

Figure69. E Clock Timingin SLEEP Modeand SYSTEM STOP Mode

On-Chip Clock Generator

The Z8X 180 contains a crystal oscillator and system clock generator. A
crystal can be directly connected or an external clock input can be
provided. In either case, the system clock is equal to one-half the input
clock. For example, acrystal or external clock input of 8 MHz
corresponds with a system clock rate of 4 MHz.

Z8S180 and Z8L180-class processors also have the ability to run at X1
and X2 input clock.

Table 25 describesthe AT cut crystal characteristics (Co, Rs) and theload
capacitance (CL1, CL2) required for various frequencies of Z8X180
operation.
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Table25. Z8X180 Operating Freguencies
Clock
requency
Item 4AMHz AMHz<f£12MHz |12MHz<f £ 33MHz
Co <7pF <T7pF <7pF
Rs <60W <60W <60W
CL1, CL2 10to 22 pF = 10% 10to 22 pF + 10% 10to 22 pF = 10%

If an external clock input is used instead of acrystal, the waveform (twice
the clock rate) must exhibit a 50% + 10% duty cycle.

} Note:

The minimum clock input High voltage level isV - —0.6V. The
external clock input is connected to the EXTAL pin, while the
XTAL pinisleft open. Figure 70 depicts the external clock
interface.

3
EXTAL = <« [[]IJL External Clock Input

2

XTAL = —Open

Figure70. External Clock Interface

Figure 71 illustrates the Z8X 180 clock generator circuit while Figures 72
and 72 specify circuit board design rules.
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XTAL
-
2]
EXTAL
r3j
3]

¥

Z8X180

Note: Pin numbers are valid only for DIP configuration

Figure 71.

Clock Generator Circuit

Must be avoided

.

A B A, B Signal
Si na: c S -
9 cL || B
o m—— ‘ ‘ 2
7; CL o
%
7J/; | Z8X180

Figure72. Circuit Board Design Rules
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Signal line layout must
avoid shaded areas

/

Crystal

20 mm max

Z8X180

Note: Pin mumbers valid only
for DIP configuration

Top View

Figure 73. Example of Board Design

Circuit Board design should observe the following parameters.

®* | ocatethe crystal and load capacitors as close to the IC as physically
possible to reduce noise.

® Signal lines must not run parallel to the clock oscillator inputs. In
particular, the clock input circuitry and the system clock output (pin 64)
must be separated as much as possible.

® V¢ power lines must be separated from the clock oscillator input
circuitry.

® Resistivity between XTAL or EXTAL and the other pins must be
greater than 10M ohms.

Signal line layout must avoid areas marked with the shaded area of Figure
73.
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Miscellaneous

Free Running Counter (1/0 Address = 18H)

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

In IOSTOP mode, the free running counter continues counting down. It is
initialized to FFHduring RESET.

Free Running counter (FRC: 18H)

Bit 7 | e | 5 | 4 | 3 | 2 | 1 | o
Bit/Field Counting Data

RW R

Reset

?

Note: R=Read W =Write X =Indeterminate ?= Not Applicable
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Software Architecture

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.

Table 26.

Instruction Set Summary

New I nstructions

Operation

SLP Enter SLEEP mode

MLT 8-bit multiply with 16-bit result

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

OuTOo (m), g Output register contents to immediate 1/0O 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, 1/O port, and accumul ator
TSTg Non-destructive AND, register, and accumulator
TSTm Non-destructive AND, immediate data, and accumul ator
TST (HL) Non-destructive AND, memory data, and accumulator
SLP - Sleep

The SLP instruction causes the 280180 to enter the SLEEP low power
consumption mode. See page 32 for a compl ete description of the SLEEP

state.
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MLT- Multiply

The MLT performs unsigned multiplication on two 8-hit numbersyielding a
16-bit result. MLT may specify BC, DE, HL, or SP registers. The 8-hit
operands are loaded into each half of the 16-bit register and the 16-bit result
isreturned in that register.

OTIM, OTIMR, OTDM, OTDMR - Block /0

The contents of memory pointed to by HL is output to the 1/O addressin (C).
The memory address (HL) and I/O address (C) are incremented in OTIM
and OTIMR and decremented in OTDM and OTDMR, respectively. The B
register isdecremented. The OTIMR and OTDMR variants repeat the above
sequence until register B is decremented to 0. Since the 1/0 address (C) is
automatically incremented or decremented, these instructions are useful for
block 1/0 (such as 280180 on-chip 1/O) initialization. When /O is accessed,
OOH is output in high-order bits of address automatically.

TSTIO m - Test I/O Port

The contents of the I/O port addressed by C are ANDed with immediately
specified 8-bit data and the status flags are updated. The 1/O port contents
are not written (non-destructive AND). When 1/O is accessed, 00His
output in higher bits of address automatically.

TST g - Test Register

Perform an AND instruction on the contents of the specified register 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

Perform an AND instruction on the contents of the immediately specified
8-bit data with the accumulator (A) and the status flags are updated. The
accumulator is not changed (non-destructive AND).
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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 accumulator
are not changed (non-destructive AND).

INO g, (m) - Input, Immediate I /O address

The contents of immediately specified 8-bit 1/0 address are input into the
specified register. When 1/O is accessed, 00H is output in high-order bits
of the address automatically.

OUTO (m), g - Output, Immediate |/O address

The contents of the specified register are output to the immediately
specified 8-bit 1/0 address. When /O is accessed, 00H is output in high-
order bits of the address automatically.

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 Hlag Register
(F), and three General Purpose Registers (BC, DE, and HL) which may be
treated as 16-bit registers (BC, DE, and HL) or asindividua 8-bit registers
(B, C, D, E, H, and L) depending on the instruction to be executed. The
Register Set GR' isalternate register set of Register Set GR and al so contains
Accumulator (A"), Flag Register (F) and three General Purpose Registers
(BC, DE', and HL"). While the aternate Register Set GR' contents are not
directly accessible, the contents can be programmably exchanged at high
speed with those of Register Set GR.

The Specia Registers consist of 8-bit Interrupt V ector 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)
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Figure 74 depicts CPU register configurations.

Register Set GR

Accumulator A | Flag Register F
B Register C Register
General
D Register E Register Purpose
X ) Registers
H Register L Register
Register Set GR'
Accumulator A' | Flag Register F'
B' Register C' Register
General
D' Register E' Register Purpose
) ) Registers
H' Register L' Register
Special Register
Interrupt R Counter
Vector Register
I R
Index Register IX
Index Register Y
Stack Pointer SP
Program Counter PC

Figure 74. CPU Register Configurations

Accumulator

(A, A')

The Accumulator (A) isthe primary register used for many arithmetic,
logical, and /O instructions.
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Flag Registers (F, F')

The flag registers store status bits (described in the next section) resulting
from executed instructions.

General Purpose Registers (BC, BC', DE, DE', HL, HL")

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

Interrupt Vector Register (1)

For interrupts that require a vector table address to be calculated (INTO
Mode 2, INT1, INT2, and internal interrupts), the Interrupt \ ector
Register (1) provides the most significant byte of the vector table address.
| iscleared to 00H during reset.

R Counter (R)

The least significant seven hits of the R counter (R) count the number of
instructions executed by the Z80180. R increments for each CPU Op Code
fetch cycle (each M1 cycle). Riscleared to 00H during reset.

Index Registers (1X, 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 address.
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Stack Pointer (SP)

The Stack Pointer (SP) contains the memory address based LIFO stack.
SPis 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. PCis
cleared to 0000H during reset.

Flag Register (F)

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

Flag Register

Bit 7 6 5 4 3 2 1 0
Bit/Field S VA Not Used H NotUsed| PIV N C
R/W R/W R/W ? R/W ? R/W R/W R/W
Reset 0 0 ? 0 ? 0 0 0

R=Read W =Write X =Indeterminate ?= Not Applicable

Bit
Position Bit/Field R/W  Value Description

7 S RW 0 Sign. S stores the state of the most significant bit
(bit 7) of theresult. Thisisuseful for operations with
signed numbers in which values with bit 7 = 1 are
interpreted as negative.
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Position Bit/Field R/W  Value Description

6 4 RW 0 Zero.
Z is set to 1 when instruction execution produces O result.
Otherwise, Z isreset to 0.

5 Not Used ? ? Not used

4 H RW 0 Half Carry.
H isused by the DAA (Decimal Adjust Accumulator)
instruction to reflect borrow or carry from the least
significant 4 bits and thereby adjust the results of BCD
addition and subtraction.

3 Not Used ? ? Not used.

2 PN RW 0 P/V: Parity/Overflow.
P/V serves adual purpose. For logical operations P/V is
set to 1 if the number of 1 bit in the result is even and P/V
isreset to O if the number of 1 intheresult is odd. For two
complement arithmetic, P/V is set to 1 if the operation
produces aresult which is outside the allowable range
(+ 127 to -128 for 8-bit operations, + 32767 to - 32768 for
16-bit operations).

1 N RW 0 Negative.
N isset to 1if the last arithmetic instruction was a subtract
operation (SUB, DEC, CP, etc.) and N isreset to O if the
last arithmetic instruction was an addition operation (ADD,
INC, etc.).

0 C RW 0 Carry.

Cissetto 1 whenacarry (addition) or borrow (subtraction)
from the most significant bit of the result occurs. Cisalso
affected by Accumulator logic operations such as shifts
and rotates.
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Addressing M odes

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 that inherently reference the Accumulator, Index
Registers, Stack Pointer, and General Purpose Registers.

Register Direct (REG)

Many Op Codes contain bit fields specifying registers used for operation.
The exact bit field definitions vary depending on instruction depicted in
Figure 75.
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g or g field Register ww field Register
0 B 00 B C
001 C 01 D E
010 D 10 H L
011 E 11 S P

100 H

101 L xx field Register
110 — 00 B C
111 A 01 DE
10 I X
11 SP

16-bit Register

zz field Register yy field Register
00 B C 00 B C
01 D E 01 D E
10 H L 10 Y
11 AF 11 S P

Suffixed H and L ww,xx,yy,zz (ex. wwH,IXL) indicate upper and

lower 8-bit of the 16-bit register respectively.

Figure75. 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) asillustrated in Figure 76.

Figure 76. Register Indirect Addressing

B C

D E

H L \ Operand
Memory
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Indexed (INDX)

The memory operand address is calculated using the contents of an Index
Register (1X or 1Y) and an 8-bit signed displacement specified in the
instruction. Refer to Figure 77

Op Code 1
Op Code 2 _~— -

displacement (d) —+

e Operand

IXorlY }J Memory

Figure77. Indexed Addressing

Extended (EXT)

The memory operand address is specified by two bytes contained in the
instruction, as depicted in Figure 78.

Op Code

# m ‘ n v—“ > Operand

Memory

Figure 78. Extended Addressing
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The memory operands are contained within one or two bytes of the
instruction, as depicted in Figure 79.

Op Code

m

Op Code

8-bit
operand

n

m

16-bit
operand

Figure79. Immediate Addressing

Relative (REL)

Relative addressing mode is only used by the conditional and unconditional

branch instructions (refer to Figure 80). The branch displacement (relative to

the contents of the program counter) is contained in the instruction.

Op Code

displacement (d) —+

| Program Counter (PC) |

Figure 80. Relative Addressing
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10 (1/0)

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

1. Anoperand isoutput to AO-A7. The contents of accumulator is
output to A8—-A15.

2. The contents of Register B is output to AO—A7. The contents of
Register C is output to A8—-A15.

3. Anoperandisoutput to AO-A7. 00H isoutput to A8—-A15 (useful for
internal 1/O register access)

4. The contents of Register C isoutput to AO—A7. 00H s output to A8—
A15 (useful for internal 1/O register access).
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DC Characteristics

This section describes the DC characteristics of the Z8X 180 family and
absolute maximum rating for these products.

ABSOLUTE MAXIMUM RATING

Table27. Absolute Maximum Rating

ltem Symbol Value Unit
Supply Voltage Vce -03~+70 \%
Input Voltage Vin -0.3~Vce+0.3 \%
Operating Temperature Topr 0~70 °C
Extended Temperature Text -40 ~ 85 °C
Storage Temperature Tstg - 55 ~ +150 °C

Permanent | C 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 IC.
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Z80180 DC CHARACTERISTICS

E

Ve =5V £ 10%, Vgg = OV, Ta= 0° to +70°C, unless otherwise noted.)

Table28. 780180 DC Characteristics

Symbol |Item Condition Minimum|Typical |Maximum |Unit

VIH1 |Input High Voltage Vce-06 |- Vcc 0.3 |V
RESET, EXTAL NMI

VIH2 |Input High Voltage 20 Vcc 0.3 |V
except RESET, EXTAL
NMI

VIL1 |Input Low Voltage -0.3 0.6 \%
RESET, EXTAL NMI

VIL2 |Input Low Voltage -0.3 0.8 \%
except RESET, EXTAL Standard
NMI 7TLy L

VOH |Output High Voltage  |IOH =-200 nA 24 - - \%
all outputs IOH =-20 mA Vee-12 |- - \Y,

VOL  |Output Low Voltage IOL =2.2mA - - 0.45 \%
all outputs

e Input Leakage Current |V = 0.5~ - - 1.0 mA
all inputs except XTAL, |Vcc—-05
EXTAL

ITL Three-State Leakage - - 1.0 mA
Current

ICC Power Dissipation* f=6 MHz - 15 40 mA
(Normal Operation) f=8MHz - 20 50 mA

f=33MHz - 25 60 mA
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Symbol |Item Condition Minimum|Typical |Maximum |Unit
Power Dissipation* f=6MHz - 3.8 125 mA
(SYSTEM STOP mode) |f = 8 MHz - 5 15.0 mA

f=33 MHz - 6.3 175 mA

CP Pin Capacitance VIN=0V,f=1MHz |- - 12 pF

TA =25°C

Notes: * VIN min = V- -1.0V. VIL max = 0.8V (All output terminals are ano load.)
vee = 9.0V

Z8S180 DC CHARACTERISTICS

Ve =5V £ 10%, Vgg = OV, Ta= 0° to +70°C, unless otherwise noted.

Table29. Z8S180 DC Characteristics

Symbol |Item Condition Minimum|Typical |Maximum |Unit

VIH1 |Input High Voltage Vec—06 |- Ve 403 |V
RESET, EXTAL NMI

VIH2 |Input High Voltage 20 Ve 403 |V
except RESET, EXTAL
NMI

VIH3 |Input High Voltage 24 Vpp+0.3 |V
CKS, CKAO, CKA1l

VIL1 |Input Low Voltage -0.3 0.6 \%
RESET, EXTAL NMI

VIL2 |Input Low Voltage -0.3 0.8 \%
except RESET, EXTAL
NMI
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Table29. Z8S180 DC Characteristics (Continued)

Symbol |Item Condition Minimum|Typical |Maximum |Unit
VOH1 |Output High Voltage |IOH =-200 mA 24 - - \%
All outputs IOH =-20 mA Vee—-12 |- - \Y
VOH2 |Output High Voltage  |IOH =-200 nA Ve —0.6
Output High Phi
VOL1 |Output Low Voltage IOL =2.2mA - - 0.45 \%
All outputs
VOL2 |Output Low Voltage IOL =2.2mA - - 0.45 \%
Output Low Phi
L Input Leakage Current |[VIN =05~VCC-0.5 |- - 10 mA
all inputs except X TAL,
ETAL
ITL Three-State Leakage |VIN=0.5~VCC-05 |- - 1.0 mA
Current
ICC Power Dissipation* f=10 MHz - 15 - mA
(Normal Operation) f=20 MHz 30 50
f=33MHz 60 100
Power Dissipation* f=10 MHz - 15 - mA
(SYSTEM STOP f=20MHz 3 6
Mode) f=33 MHz 5 9
Power Dissipation* f=20 MHz - 4 10 mA
(IDLE Mode) f=33 MHz
Power Dissipation* External Oscillator, - 5 10 mA
(STANDBY Mode) Internal Clock Stops
CP Pin Capacitance VIN =0V, - - 12 pF
f=1MHz
TA =25°C

Notes: * VIN min= Ve —1.0V. VIL max = 0.8V (All output terminals are ano load.)

VCC =5.0V
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Ve =33V £10%, Vgg= OV, Ta=0° to +70°C, unless otherwise

noted.)

Table30. Z8L180 DC Characteristics

Symbol |Item Condition Minimum|Typical |Maximum |Unit

VIH1 |Input High Voltage Ve —0.6 - Ve +0.3 |V
RESET, EXTAL NMI

VIH2 |Input High Voltage 20 Ve +0.3 |V
except RESET, EXTAL
NMI

VIL1 |Input Low Voltage -0.3 0.8 \%
RESET, EXTAL NMI

VIL2 |Input Low Voltage -0.3 0.8 \%
except RESET, EXTAL
NMI

VOH1 |Output High Voltage |IOH =-200 nA 24 \%
all outputs

VOH2 |Output High Voltage  |IOH =-200 nA Ve —0.6 \%
Output High Phi

VOL  |Output Low Voltage IOL =4 mA - - 04 \%
all outputs

VOL2 |Output Low Voltage IOL =4 mA - - 04 \%
Output Low Phi

L Input Leakage Current |VIN =0.5~VCC-0.5 - - 1.0 mA
all inputs except XTAL,
EXTAL

ITL Three-State Leakage  |VIN =0.5~VCC-0.5 - - 1.0 mA
Current
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Table30. Z8L180 DC Characteristics (Continued)

Symbol |Item Condition Minimum|Typical |Maximum |Unit
ICC Power Dissipation* f=20 MHz 20 100 mA
(Normal Operation)
Power Dissipation* f=20 MHz 2 10 mA
(SYSTEM STOP
Mode)
Power Dissipation* f=20 MHz 3 10 mA
(IDLE Mode)
Power Dissipation* External Oscillator, 4 10 mA
(STANDBY Mode) Internal Clock Stops
CP Pin Capacitance VIN =0V, - - 12 pF
f=1MHz
TA =25°C

VCC =3.3V

Notes: * VIN min= Ve —1.0V. VIL max = 0.8V (All output terminals are ano load.)
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Z8L180
Typical ICCA at 4 MHz

5 — *
24
24
4 24
4
X4
2 — 4
24
24
1 *
[ [ [
3.0 3.3
VDD (VO'tS)
785180
Typical ICCA at 20 MHz
50 .
="
- -
40 .
-
- -
-
30 -
- -
- -
20 .
10+
1 I |
3 4 5
Vpp (Volts)
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AC Characteristics

This section describes the AC characteristics of the Z8X 180 family and
absolute maximum rating for these products.

AC CHARACTERISTICS—Z8S180

Table31. Z8S180 AC Characteristics Vpp =5V +10% or Vpp = 3.3V
+10%; 33-M Hz Characteristics Apply Only to 5V Operation

Z8S180—20  Z8S180—33

MHz MHz
No. Symbal Item Min Max Min Max  Unit
1 tcyc  Clock Cycle Time 50 DC 30 DC ns
2 tcyw  Clock “H” Pulse Width 15 — 10 — ns
3 tcew  Clock “L” Pulse Width 15 — 10 — ns
4 ter Clock Fall Time — 10 — 5 ns
5 tcr Clock Rise Time — 10 — 5 ns
6 tap PHI Rise to Address Valid Delay — 30 — 15 ns
7 tas  AddressValid to MREQ Fall or 5 — 5 — ns
IORQ Fall)
8 twep, PHI Fall to MREQ Fall Delay i — 15 ns
9 trppy PHI Fall to RD Fall Delay 10C=1 — p L J— 15 ns
PHI Riseto RD RiseDelay 10C= — 25 — 15
0
10 twips PHI Riseto M1 Fall Delay — 35  — 15 ns
11 tAH Address Hold Time from 5 — 5 — ns
MREQ, IOREQ, RD, WR High
12 twepz PHI Fall to MREQ Rise Delay — p L J— 15 ns
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Table31. Z8S180 AC Characteristics (Continued) Vpp =5V £10% or
Vpp = 3.3V £10%; 33-M Hz Characteristics Apply Only to 5V

Z8S180—20  Z8S180—33

MHz MHz

No. Symbol Item Min  Max Min Max  Unit
13 trppz  PHI Fall to RD Rise Delay — p L R— 15 ns
14 twipz PHI Riseto M1 Rise Delay — 40 — 15 ns
15 tprs  DataRead Set-up Time 10 — 5 — ns
16 topry  DataRead Hold Time 0 — 0 — ns
17 tstp;  PHI Fall to ST Fall Delay — 30 — 15 ns
18 tstpp  PHI Fall to ST Rise Delay — 30 — 15 ns
19 tws  WAIT Set-up Timeto PHI Fall 15 — 0 — ns
20 twy  WAIT Hold Time from PHI Fall 0 — 5 — ns
21 twpz PHI Riseto Data Float Delay — 35 — 20 ns
22 twrpy PHI Riseto WR Fall Delay — L R— 15 ns
23 twpop PHI Fal to Write DataDelay Time — 25 — 15 ns
24 twps WriteDataSet-up TimetoWRFal 10  — 10 — ns
25 twrp2 PHI Fall to WR Rise Delay — p L R— 15 ns
26 twrp  WR Pulse Width (Memory Write 80  — 45  — ns

Cycle)
26a WR Pulse Width (1/0O Write Cycle) 150 — 70 @ — ns
27 twpy Write DataHold Timefrom WRRise 10  — 5 — ns
28 tiopy PHI Fall to IORQ Fall Delay 10C — p 1 R— 15 ns

=1

PHI Riseto IORQ Fall Delay 10C — 25 — 15

=0
29 tiopz PHI Fall to IORQ Rise Delay — p 1 R— 15 ns
30 tiops M1Fall to IORQ Fall Delay 125 — 80  — ns
31 tints  INT Set-up Time to PHI Fall 20 — 15 — ns
32 ity INT Hold Time from PHI Fall 10 — 10 — ns
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Table31. Z8S180 AC Characteristics (Continued) Vpp =5V £10% or

Vpp = 3.3V £10%; 33-M Hz Characteristics Apply Only to 5V

Z8S180—20  Z8S180—33
MHz MHz
No. Symbol Item Min  Max Min Max  Unit
33 taviw  NMI Pulse Width 35— p L R— ns
34 tgrs BUSREQ Set-up TimetoPHI Fall 10  — 10 — ns
35 tgry BUSREQHold TimefromPHI Fall 10  — 10 ns
36 tgapy PHI Riseto BUSACK Fall Delay — — p L R— 15 ns
37 tgapz PHI Fall to BUSACK RiseDelay — — p L J— 15 ns
38 tgzp  PHI Riseto Bus Floating Delay Time — 40 — 30 ns
39 tvewn MREQ Pulse Width (High) 35  — p L J— ns
40 tyew. MREQ Pulse Width (Low) 35  — p L J— ns
41 trepy PHI Riseto RFSH Fall Delay — 20 — 15 ns
42 trepz  PHI Riseto RFSH Rise Delay — 20 — 15 ns
43 tuapy PHI Riseto HALT Fall Delay — 15 — 15 ns
44 tyapz PHI Riseto HALT Rise Delay — 15 — 15 ns
45 tbros DREQLSet-up TimetoPHIRise 20  — 15 — ns
46 toron DREQ1 Hold Time from PHI Rise 20 — 15 — ns
47 trgpy  PHI Fall to TENDi Fall Delay — 25 — 15 ns
48 trep,  PHI Fall to TENDI Rise Delay — 25 — 15 ns
49 tep1  PHI Riseto E Rise Delay — 30 — 15 ns
50 tep,  PHI Fall or Rise to E Fall Delay — 30 — 15 ns
51 Pwen E Pulse Width (High) 25 — 20 — ns
52 PweL  E Pulse Width (Low) 50 — 40 — ns
53 ter Enable Rise Time — 10 — 10 ns
54 tes Enable Fall Time — 10 — 10 ns
55 trop  PHI Fall to Timer Output Delay — 75 — 50 ns
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Table31. Z8S180 AC Characteristics (Continued) Vpp =5V £10% or
Vpp = 3.3V £10%; 33-M Hz Characteristics Apply Only to 5V

Z8S180—20  Z8S180—33

MHz MHz
No. Symbol Item Min  Max Min Max  Unit
56 tstpy CSI/O Transmit Data Delay Time  — 2 — 2 tcyc
(Internal Clock Operation)
57 tstpe CSI/O Transmit Data Delay Time — 75tcy — 75 tcyc ns
(External Clock Operation) c +60
+75
58 tsrg  CSI/O Receive Data Set-up Time 1 — 1 — teyc
(Internal Clock Operation)
59 tsgqi  CSI/O Receive Data Hold Time 1 — 1 — tcyc
(Internal Clock Operation)
60 tsrgge  CSI/O Receive Data Set-up Time 1 — 1 — tcyc
(External Clock Operation)
61 tsrye  CSI/O Receive DataHold Time 1 — 1 — tcyc
(External Clock Operation)
62 tres  RESET Set-up Timeto PHI Fall 40 — 25 — ns
63 trey  RESET Hold Time from PHI Fall 25 — 15 — ns
64 tosc  Oscillator Stabilization Time — 20 — 20 ns
65 texg  External Clock Rise Time (EXTAL) — 5 — 5 ns
66 texg  External Clock Fall Time (EXTAL) — 5 — 5 ns
67 trr RESET Rise Time — 50 — 50 ms
68 trre RESET Fall Time — 50 — 50 ms
69 tr Input Rise Time (except EXTAL, — 50 — 50 ns
RESET)
70 tie Input Fall Time (except EXTAL, — 50 — 50 ns
RESET)
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Timing Diagrams

10 Wiie Cycll>

Opcode et Cycll W Read Cycll=~
T T2 Tw T3 T T2 Tw T3 T
4—2> 3
—\ | r
e Ve VaVaVAVAVAY
|6
ADDRESS _>§ -Z !E<:
/X X
19 120 14 ][ 20
WA w =l
_ 4_1| 1B 1’21 11
MREQ N{ }f“
s " z| 1
DRQ " 4} |
28
—_— ;_, >
RD |
49-& / 7
9 |« e 11
W_R |22 254 | |-t
\ /
N 26 y
14
"N i
[
18
10
ST ]
1X 15| (|- 22
gl 15 16 PN
Data N. LL > YAVAN
23 24 |27
y'4
Data OUT <
r
62—+ |+
- 63 62> 1~
RESET = [« 63
68+ |« [« 67 67~ |==|l+68

Figure81l. AC Timing Diagram 1
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Memory Read/Write Cycle timing is the sam as I/O Read/Write Cycle
except there are no automatica Wait States (TW), and MREQ is active
instead of IORQ.

31> T 32 |
NTO,1,2 \
33
| |
NMI \ /
M1 \ -/_
30
-| 10 —> |<—— 28 - Izl
DRQ *
=T |29
S|~ 16
VAR VAVAN
o | R AR | B W A\, S N WA
—
MREQ A’ . /_
i% | 42
RFSH \l ;
s || 34 “F—ss |
BUSREQ
36 3L
BUSACK \L /‘“
38 38
A19-0, D7-0 ' —
MREQ, RD / X
WR, DRQ - OutputBufErOfF
43 44

S

Figure82. AC Timing Diagram 2
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Figure 83.

CPU Timing (DC = Pﬁ

J: 22

Read Cycl
Writ Cycl

CPU Timing (I0OC =0) (I/O Read Cycle, I/0 Write Cycle)
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CPU or DMA ReadAVrit Cycll (Onk DMA Write Cycll for TENDi)

A

Tl T2 TW T3 T]_
i

n ‘ / _

| _—

.46~
45—+
DREQ1
(e kense) -—_ - - - — — — I I
45 467"

et | N\ /] T

(edge sense)

cPUCycl
Stats
47 18
- -—p
48
>
_ y—
i DMA | 17
TENDi qu’c . - /
ST
Nots:

*pRros and Tpregy are specified fort e rising edge ofte chbc folbw ed by Ts.
*Tpros and Tprgy are specified for t e rising edge oftie clbck .

Figure84. DMA Control Signals
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Ty T Tw Tw T3
i L/ o/ \
— ‘4—49 . - <« 50
E
(Mem ory ReadAN rite) /r \_
49 50
e — |<— 1 - -
(W Read) / \_
R 50
c | N — -
(O Write) ﬁ =15= fl6
Ly
—\ 77T r 3
Do—P7 / AN X X

Figure85. E Clock Timing (Memory R/W Cycle) (I/0 R/W Cycle)

me [\

{BUS RELEASE m ode

SLEEP m ode
SYSTEM STOPm ode

Figure86. E Clock Timing (BUS RELEASE Mode, SLEEP M ode, and
SYSTEM STOP Mode
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T2 Tw T3 Ty T2
=N \ \ N/ '\ /T
E »l+50 5o -l =49
Exam pll ‘ 50 I\ "
W Read - 49 > |+ »||e+ 54 -+ [*+53
® Opcode Rt 5
E
(10 Write) <54

Figure87. E Clock Timing (Minimum Timing Example of PWEL and
PWEH)

v NN S S L

TimerData
Reg. = OOOOH

A18/To T

55

Figure88. Timer Output Timing
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NextOpcode Rt

T3 T T Ts Ts T T
i J \_/ \_/ w
31>
J— 32
INTI
NM 1
} 33K‘
Ao X ><
MREQ, M1 Z /
RD |43 - aae
HALT

Figure89. SLP Execution Cycle Timing Diagram
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E

EG =
(hemakcss ) ) A
57 57
Transm itData \
(ExemalChc ) )l )‘
Al 11ty
1 Ble,
TN, LI XIITTTIDC XTI
11-5fa;c 16.5t, 11514 16.5%,¢
A [1]X XL//X (//
60 61 s 61

Figure90. CSI/O Receive/Transmit Timing Diagram

—»| |« 65 —»| € 66
EXTALVILL [/f VIHL  VIHI\ 1

Figure91. External Clock Rise Time and Fall Time

70 - < 69

Figure92. Input Rise Time and Fall Time (Except EXTAL,RESET)
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STANDARD TEST CONDITIONS

The previous DC Characteristics and Capacitance sections 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 aload capacitance 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 address 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 Package Information section. Refer
to the Literature List for additional documentation.

+5V
2.1KW
From Output
Under Test
100 pf 200

Figure93. Test Setup
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| nstruction Set

This section explains the symbols in the instruction set.

REGISTER

0, ', ww, XX, yy, and zz specify aregister to be used. g and g' specify an
8-bit register. ww, xX, yy, and zz specify apair of 8-bit registers. Table 32
describes the correspondence between symbols and registers.

Table32. Register Values

0.9' |Reg.| \ww |Reg.| [xx |Reg.| |yy |Reg.| |zz Reg.
000 B 00 |BC 00 |BC 00 |BC 00 |BC
001 |C 01 |DE 01 |DE 01 |DE 01 |DE
010 D 10 |HL 10 |IX 10 |IY 10 |HL
011 |E 11 |SP 11 |SP 11 |SP 11 |AF
100 |H

101 |L

111 |A

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.

BIT

b specifies abit to be manipulated in the bit manipulation instruction.
Table 33 indicates the correspondence betweenb and bits.
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Table33. Bit Values

b Bit
000
001
010
011
100
101
110
111

N|/o|lg|~{WIN(FL|O

CONDITION

f specifies the condition in program control instructions. Table 34
describes the correspondence betweenf and conditions.

Table34. Instruction Values

f Condition
000 NZ Nonzero
001 4 Zero
010 NC Non Carry
011 C Carry
100 PO Parity Odd
101 PE Parity Even
110 P Sign Plus
111 M Sign Minus
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v specifies arestart address. Table 35 describes the correspondence

between v and restart addresses.

Table35. Address

Values
v Address

000 00H
001 08H
010 IOH
011 18H
100 20H
101 28H
110 30H
111 38H

FLAG

The symbols listed in Table 36 indicate the flag conditions.

Table36. Flag Conditions

< U O »n X

Not Affected
Affected
Undefined

Set to

1

Resetto 0

Parity

Overflow

UMO005001-ZMP0400
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MISCELLANEOUS

Table 37 lists the operations mnemonics.

Table37. Operations M nemonics

Om
O

Data in the memory address
Data in the I/O address

m or n 8-bit data

mn
r

R
b.()m
b.gr
dorj
S

D

**

UMO005001-ZMP0400

16-bit data

8-bit register

16-bit register

A content of bit b in the memory address
A content of bit b in the register gr
8-bit signed displacement

Source

Destination

AND operation

OR operation

EXCLUSIVE OR operation
Added new instructions to Z80
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Table38. Arithmetic and Logical I nstructions (8-bit)
Flags
Addressing 716 (4| 2 |1
Operation
Name Mnemonics Op Code Immed |Ext |Ind |Reg |Regl|Imp [Rel |Bytes | States [ Operation S |Z |H [PNV|N
ADD ADD Ag 100009 S D 1 4 Ar +gr® Ar - - 1- |V [R
ADD A, (HL) 10 000 110 S D 1 6 Ar + (HL)y® Ar - - 1- |V [R
ADD A, m 11000110 |S D 2 6 Ar+m® Ar - - 1- |V [R
<m>
ADD A(IX +d) (11011101 S D 3 14 Ar+(IX+dy®Ar |- |- [- |V |R
10 000 110
<d>
ADD A(lY +d) (11111101 S D 3 14 Ar+(IY +d)y®Ar |- |- [- |V |R
10000 110
<d>
ADC ADC Ag 10001 g S D 1 4 Ar +gr+c® Ar - - 1- |V [R
ADC A,(HL) 10001 110 S D 1 6 Ar+ (HL)y+c®Ar |- |- [- |V |R
ADC Am 11001110 |S D 2 6 Ar+m +c® Ar - - 1- |V [R
<m>
ADC A(IX +d) (11011101 S D 3 14 Ar+ (IX +d))y + - - 1- |V [R
c® Ar
10001 110
<d>
ADCA(lY +d) (11111101 S D 3 14 Ar+ (IY + d))y + - - 1- |V [R
c® Ar
10001 110
<d>
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Table38. Arithmetic and Logical Instructions (8-bit) (Continued)

Flags
Addressing 4 | 2
Operation
Name Mnemonics Op Code Immed |Ext |Ind |Reg |Regl|Imp [Rel |Bytes | States [ Operation H |PV
AND AND g 101009 S D 1 4 Arsgr® Ar S (P
AND (HL) 10100 110 S D 1 6 Ar*(HL)\® Ar S (P
AND m 11100110 |S D 2 6 Ar'm® Ar S (P
<m>
AND (IX+d) (11011101 S D 3 14 Ar¢(1X + d))y® Ar S (P
10100 110
<d>
AND (IY +d) (11111101 S D 3 14 Ar*(LY + d)v® Ar S (P
10100 110
<d>
Compare CPg 101119 S D 1 4 Ar-gr - |V
CP (HL) 10111110 S D 1 6 Ar-(HL)p -
CPm 11111110 |S D 2 6 Ar-m -
<m>
CP (IX +d) 11011101 S D 3 14 Ar-(IX + d))p - |V
10111110
<d>
CP (IY +d) 11111101 S D 3 14 Ar-(IY + d))m - |V
10111110
<d>
Compleme |CPL 00101111 S/D 1 3 Ar® Ar S
nt
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Table38. Arithmetic and Logical Instructions (8-bit) (Continued)
Flags
Addressing 716 (4| 2 (1|0
Operation
Name Mnemonics Op Code Immed |Ext |Ind |Reg |Regl|Imp [Rel |Bytes | States | Operation S |Z |H [PNV|N|C
DEC DECg 00g 101 S/D 1 4 gr-1® gr - - 1- |V [S
DEC (HL) 00110 101 S/ID 1 10 (HL)\-1® (HL)y - - 1- |V [S
DEC (IX+d) |11011101 S/D 3 18 (IX + d))-1® - - 1- |V S
00110 101 (IX + d))m
<d>
DEC (IY +d) |11111101 S/D 3 18 (1Y + d)y-1® - - 1- |V S
001101 01 (1Y + d)y
<d>
INC INCg 00 g 100 S/D 1 4 gr+1®gr - - 1- |V [R
INC (HL) 00 110 100 S/ID 1 10 (HL)m + 1® (HL)y - - 1- |V [R
INC (IX + d) 11011101 S/D 3 18 (X +d))y +1® - - 1- |V [R
00110 100 X+ d)m
<d>
INC (IY +d) 11111101 S/D 3 18 (IY +d)v+ 1® - - 1- v [R
00 110 100 (1Y +d)v
<d>
MULT MLT ww** 11101101 S/D 2 17 WWHI® wwLr® wwl
01 WwiI
100
NEGATE |NEG 11101 101 S/D 2 6 0-Ar® Ar - - 1- Y s
01 000 100
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Table38. Arithmetic and Logical Instructions (8-bit) (Continued)

Flags
Addressing 716 (4| 2
Operation
Name Mnemonics Op Code Immed |Ext |Ind |Reg |Regl|Imp [Rel |Bytes | States [ Operation S |Z [H |PNV
OR ORg 101109 S D 1 4 Ar +gr® Ar - |- |[R|P
OR (HL) 10110 110 S D 1 6 Ar + (HL)y® Ar - |- |[R|P
ORm 11110110 |S D 2 6 Ar+m® Ar - |- |[R|P
<m>
OR (IX +d) 11011101 S D 3 14 Ar+(IX+dy®Ar |- |- |[R|P
10110 110
<d>
OR (lY +d) 11111101 S D 3 14 Ar+(lY+d)y®Ar |- |- |[R|P
10110 110
<d>
SUB SUBg 100109 S D 1 4 Ar-gr® Ar B E R A
SUB (HL) 10010 110 S D 1 6 Ar-(HL)y® Ar - -]
SUBm 11010110 |S D 2 6 Ar-m® Ar - -]
<m>
SUB (IX +d) 11011101 S D 3 14 Ar-(IX + d)y-c®Ar |- |- |- |V
10011 110
<d>
SUB (IY +d) 11111101 S D 3 14 Ar-(IY + d)y-c®Ar |- |- |- |V
10010 110
<d>
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Table38. Arithmetic and Logical Instructions (8-bit) (Continued)
Flags
Addressing 716 (4| 2 0
Operation
Name Mnemonics Op Code Immed |Ext |Ind |Reg |Regl|Imp [Rel |Bytes | States | Operation S |Z [H |PNV C
SUBC SBCAg 10011g S D 1 4 Ar-gr-c® Ar B E R A
SBC A,(HL) 10011 110 S D 1 6 Ar-(HL)y-c® Ar B E R A
SBCAm 11011110 |S D 2 6 Ar-m-c® Ar EE E R A
<m>
SBC A,(IX+d) |11 011 101 S D 3 14 Ar-(IX + d)y-c®Ar |- |- |- |V
10011 110
<d>
SBC A,(lY +d) |11111101 S D 3 14 Ar-(IY + d)y-c®Ar |- |- |- |V
10011 110
<d>
TEST TST g** 11101 101 S 2 7 Ar-gr - |- |S|P R
00 g 100
TST {HL)** 11101101 S 2 10 Ar-(HL)y - |- |S|P R
00 110 100
TST m** 11101101 |S 3 9 Ar-m - |- |S|P R
01 100 100
<m>
XOR XOR g 10101¢g S D 1 4 ArA +gr® Ar - |- |[R|P R
XOR (HL) 10101 110 S D 1 6 ArA + (HL)y® Ar - |- |[R|P R
XORm 11101110 |S D 2 6 ArA + m® Ar - |- |[R|P R
<m>
XOR (IX+d) |11011101 S D 3 14 AA + (X +d)y®Ar |- |- [R|P R
10101 110
<d>
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Table38. Arithmetic and Logical Instructions (8-bit) (Continued)

Flags
Addressing 716 (4| 2
Operation
Name Mnemonics Op Code Immed |Ext |Ind |Reg |Regl|Imp [Rel |Bytes | States [ Operation S |Z [H |PNV
XOR (IY +d) 11111101 S D 3 14 AA + (Y +d)y®Ar |- |- [R|P
10101 110
<d>
Table39. Rotate and Shift I nstructions
Flags
Addressing 7 4 (2
Operation State
Name Mnemonics Op Code Immed|Ext |Ind [Reg|Regi|Imp |Rel |Bytes|s Operation S H [PV
Rotate RLA 00 010 1111 S/ID 1 3 . R|-
and ‘
Shift RLg 11001 011 S/ID 2 7 D mj](_‘ - R|P
Data 00 010
9 C  bl€— b0
RL (HL) 11001 011 S/ID 2 13 - R|P
00010 110
RL (IX +d) 11011101 S/D 4 19 - R|P
11001 011
<d>
00010 110 Y
RL(Y+d) [11111101 ) 4 |19 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘Ar - |- [RIP
11001 011 b7 bo
<d>
00010 110 ‘ ‘ ‘ ‘ ‘ ‘ ‘(HL)
RLC A 00000 111 S/ID 1 3 b7 b0 R|-
RLCg 11001 011 S/ID 2 7 - R|P
00000 g
RLC (HL) 11001 011 S/ID 2 13 b7q— b0 C |- R|P
00 000 110
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Table39. Rotate and Shift I nstructions (Continued)
Flags
Addressing 716 |4 |2
Operation State
Name Mnemonics Op Code Immed|Ext |Ind [Reg|Regi|Imp |Rel |Bytes|s Operation S|Z |H|PIV
RLC (IX+d) |11011101 S/D 4 19 - |- |IRIP
11001 011
<d>
00000 110
RLC (IY +d) |11111101 S/D 4 19 - |- |IRIP
11001 011
<d>
00000 110
RLD 11101 101 S/D 2 16 DMJ - |- |IRIP
01101111 c b7 %)
RRA 00011111 S/D 1 3 <l R
RRg 11001 011 S/D 2 7 - |- |IRIP
00011g
RR (HL) 11001 011 S/D 2 13 - |- |IRIP
00011110
RR (IX +d) 11011101 S/D 4 19 - |- |IRIP
11001 011
<d> L
00011110
RR (IY +d) 11111101 SID 4 19 B0 b7 Cl R|P
11001 011
<d>
00011 110
RRCA 00001 111 S/D 1 3 <l R
RRCg 11001 011 S/D 2 7 - |- |IRIP
00001 g
RRC (HL) 11001 011 S/D 2 13 - |- |IRIP
00001 110
RRC (X +d) |11011101 S/D 4 19 - |- |IRIP
11001 011
<d>
00001 110
RRC(IY +d) |11111101 S/D 4 19 - |- |IRIP
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Table39. Rotate and Shift I nstructions (Continued)

Flags

Addressing 716 |4 |2

Operation State
Name Mnemonics Op Code Immed|Ext |Ind [Reg|Regi|Imp |Rel |Bytes|s Operation S|Z |H|PIV

11001011
<d>

00 001 110
RRD 11101101 S/ID 2 16 \] - |- [RIP

SLAg 11001 011 s/D 2 |7 b7 b0 - - |IrlP
SLA (HL 2(1) ;22 311 SID 2 |13 i L] [ ¢ R|P
(HL) b7 | b0 - |-
00100 110
SLA(IX+d) 11011101 S/D 4 19 Dm‘o - |- |IRIP
11001 011 c W ~
<d>
00100 110
SLA(IY +d) [11111101 SID a4 |19 - |- [RIP
11001 011

<d>
00100 110
SRAg 11001 011 S/ID 2 7 - |- |R[P

-
B NiEEREEEiE
SRA (HL) 11001011 S/D 2 13 - |- |[R[P

b7 b0 C
00101110

SRA(IX+d) (11011101 S/ID 4 19 - |- |IRIP
11001011
<d>

00101 110
SRA(IY +d) (11111101 S/ID 4 19 - |- |IRIP
11001011

<d>

00101110 »

00111¢g b7 b0 C

UMO005001-ZMP0400



Table39. Rotate and Shift I nstructions (Continued)

Z8018x Family
MPU User Manual

219

Operation
Name

Mnemonics

Op Code

Addressing

Immed

Ext

Ind

Reg

Regi

Imp

Rel

Bytes|

State

Flags

PIV

I

Operation S|z

SRL (HL)

SRL (IX + d)

SRL (IY + d)

11001011
00111 110
11011101
11001011
<d>

00111 110
11111101
11001011
<d>

00111110

S/D

S/D

S/D

19

19

Bit Set

SETbg

SET b,(HL)

SET b,(IX + d)

SET b,(IY + d)

11001 011
11bg
11001 011
11b 110
11011101
11001 011
<d>

11b 110
11111101
11001 011
<d>

11b 110

S/D

S/D

S/D

S/D

13

19

19

1® b-gr

1® b- (HL)y,

1® b- (IX + d)y

[@b-(IY +d)y

Bit Reset

RESb,g

RES b,(HL)

RES b,(IX + d)

11001 011
10bg
11001 011
10b 110
11011101
11001 011
<d>

10b 110

S/D

S/D

S/D

13

19

0®b-gr

0 ® 6*b- (HL)y

0® b (IX + d)y
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Table39. Rotate and Shift I nstructions (Continued)

Operation

Name Mnemonics Op Code

Addressing

Immed

Ext

Ind

Reg

Regi

Imp

Rel

Bytes|

State

Operation

Flags

H |PIV

Bit Reset |RES b,(lY +d) (11 011 101
11001 01l
<d>

10b 110

S/D

0® b- (IY + d)y

Bit Test 11001 011
01lbg
11001 011
01b 110
11011101

11001011

BITb, g

BIT b,(HL)

BIT b,(IX + d)

<d>
01b110
11111101
11001011

<d>

BIT b,(IY + d)

01b110

15

15

=

(Y + d)y®@ z
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Table40. Arithmetic Instructions (16-bit)
Flags
Addressing 7 16 |4 |2 110
Operation
Name Mnemonics |Op Code Immed [Ext |Ind |Reg |Regl|[Imp |Rel [Bytes |States Operation S |Z |H |PNV|N |C
ADD ADD HL,ww |00 ww1l 001 S D 1 7 HLg + WWg®HLg |- |- |X |- R |-
ADD IX,xx 11011101 S D 2 10 IXg + XXg® *IXg S (X R |-
00 xx1 001
ADD IY,yy 11111101 S D 2 10 IYR + YYR® IYR S (X R |-
00 yyl 001
ADC ADC HL,ww |11 101101 S D 2 10 HLg +wwpg + - |- X[V IR
c®HLg
01 wwl 010
DEC DEC ww 00 wwl 011 S/ID 1 4 WWg -1® -wwg
DEC IX 11011101 S/ID 2 7 1IXR-1® IXg
00 101 011
DEC Y 11111101 S/ID 2 7 1YRr-1® IYg
00 101 011
INC INC ww 00 ww 0011 S/ID 1 4 WWg + 1@ wwg
INC IX 11011101 S/ID 2 7 IXg+1®IXg
00 100 011
INC IY 11111101 S/ID 2 7 1Yr+1®1YR
00 100 011
SBC SBC HLww (11101 101 S D 2 10 HLg-WWg-c® HLg |- |- |X |V [S |-
01 ww0 010
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DATA TRANSFER INSTRUCTIONS
Table4l. 8-Bit Load

Flags
Addressing 412
Operation
Name Mnemonics Op Code Immed |Ext |[Ind |[Reg |Regl [Imp |Rel |Bytes |States |Operation H |PNV
Load LD A 11101 101 S/D 2 6 1r® Ar R|IEF2
SD'aBtg 01010111
LD AR 11101101 S/D 2 6 Rr® Ar R|IEF2
01011111
LD A,(BC) 00001 010 D 1 6 (BC)u® Ar
LD A,(DE) 00011 010 D 1 6 (DE)u® Ar
LD A,(mn) 00111 010 S D 3 12 (mn)y® Ar
<n>
<m>
LDLA 11101 101 S/D 2 6 Ar® Ir
01000 111
LDRA 11101 101 S/D 2 6 Ar® Rr
01001111
LD (BC),A 00 000 010 D 1 7 Ar® (BC)y
LD(DE),A 00010 010 D 1 7 Ar® (DE)y
LD (mn),A 00110 010 D 3 13 Ar® (mn)y
<n>
<m>
LD g9’ 0lgg S/ID 1 4 gregr
LD g,(HL) 019110 D S 1 6 (HLM® gr
LD gm 00g 110 S D 2 6 m® gr
<m>
LD g,(X+d) |11011101 S D 3 14 (IX + d)ar
019110
<d>
LDg,(Y+d) |11111101 S D 3 14 (1Y + d)y® gr
019110
<d>
LD (HL),m 00110110 (S D 2 9 m® (HL)y
<m>

UMO005001-ZMP0400




Table41. 8-Bit Load (Continued)

Z8018x Family
MPU User Manual

Operation
Name

Mnemonics

Op Code

Addressing

Immed

Ext

Ind

Reg

Regl

Imp

Rel [Bytes [States |Operation S|Z|H|PNVN [N]|C

Load
8-Bit
Data

LD (HL),g
LD (IX +d),g

LD (IY +d),g

LD (IX+d),m |11011101

00110110

<d>

LD (IY +d)m |11111101

011109
<d>

<m>
011109
11011101
011109
<d>
11111101
011109

<d>

S

4 15 m® (IX + d)y

4 15 m® (1Y + d)y

1 7 gr® (HL)y
3 15 gr® (IX+d)y

3 15 gr® (IY + d)y

(1) In the case of R1 and Z Mask, interrupts are not sampled at the end of LD A, lor LD AR.

Table42. 16-Bit Load
Flags
Addressing 7161412 |1
Operation
Name Mnemonics |Op Code Immed [Ext |Ind |Reg |Regl [Imp |Rel |Bytes |States |Operation S|Z |H[PNV|N
Load LD ww,mn 00 wwO 001 S D 3 9 mn® wwg
16-Bit o>
Data
<m>
LD IX,;mn 11011101 S D 4 12 mn® IXg
00 100 001
<n>
<m>
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Table42. 16-Bit Load (Continued)

Flags
Addressing 412
Operation
Name Mnemonics |Op Code Immed [Ext |Ind |Reg |Regl [Imp |Rel |Bytes |States |Operation H PNV
Load LD IY,mn 11111101 S D 4 12 mn® IYg
é’ggit 00 100 001
<n>
<m>
LD SP,HL 11111001 S/D 1 4 HIr® SPg
LD SP,IX 11011101 S/D 2 7 IXg-SPRr
11111 001
LD SP,IY 11111101 S/D 2 7 IYR® SPr
11111 001
LD ww,(mn) (11101 101 S D 4 18 (mn + 1)y® wwHr
01 wwl 011 (Mn)y® wwLr
<n>
<m>
LD HL,(mn) |00 101 010 S D 3 15 (mn + 1)y® Hr
<n> (mn)y® Lr
<m>
LD IX,(mn) (11011101 S D 4 18 (mn + 1)y® IXHr
00 101 010 (mn)y® IXLr
<n>
<m>
LD IY,(mn) (11111101 S D 4 18 (mn + 1)\® IYHr
00 101 010 (mn)y ® IYLr
<n>
<m>
LD (mn)ww (11101 101 D S 4 19 WWHI® (mn + 1)y
01 wwO 011 WWLr® (mn)y,
<n>
<m>
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Table42. 16-Bit Load (Continued)
Flags
Addressing 71614 (2
Operation
Name Mnemonics |Op Code Immed [Ext |Ind |Reg |Regl [Imp |Rel |Bytes |States |Operation S|Z |H|PNV
Load LD (mn),HL |00 100 010 D S 3 16 Hr® (mn + 1)y
16-bit
Data <n> Lr® (mn)y
<m>
LD (mn),IX 11011101 D S 4 19 IXHr-(mn + 1)y
00 100 010 IXLI® (mn)y
<n>
<m>
LD (mn),lY 11111101 D S 4 19 IYHr® (mn + 1)
00 100 010 IYLI® (mn)y
<n>
<m>
Table43. Block Transfer
Flags
Addressing 6 |4 |2
Operation
Name Mnemonics{Op Code Immed |Ext |Ind |[Reg [Regl |Imp |Rel [Bytes |States Operation S |Z |H|PIV
Block 3) 2
Transfer _
Search CPD 11101101 S S 2 12 Ar = (HL)y - -]
Data 10101 001 BCgr-1® BCR
HLg-1® HLg 3) 2)
CPDR 11101101 S S 2 14 BCr* 0 Art (HL)y - -]
10111 001 12 BCr=0o0rAr=(HL)y
Ar-(HL)r
Q BCgr-1-BCr
HLg-1® HLg
Repeat Q until
Ar = (HL)y orBCR=0 3) )
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Table43. Block Transfer (Continued)

Flags
Addressing 6 |4 |2
Operation
Name Mnemonics{Op Code Immed |Ext |Ind [Reg [Regl |Imp |Rel [Bytes |States Operation Z |H|PNV
CPI 11101101 S S 2 12 Ar-(HL)y - - |-
10100001 BCgr-1® BCR
HLg + 1® HLg 3) )
CPIR 11101101 S S 2 14 BCr* 0 Ar¥(HL)y - - |-
10110001 12 BCr=0o0rAr=(HL)y
Ar-(HL)y
Q BCgr-1® BCR
HLg + 1® HLg
Repeat Q until
Ar = (HL)y orBCR=0 2)
LDD 11101 101 S/ID 2 12 (HL)y ® (DE)y R |-
10101 000 BCr-1®BCg
DER-1® DER
HLg-1® HLg
LDDR 11101101 S/ID 2 14(BCRr* 0) (HL)pm® (DE)y R (R
_ BCr-1® BCg
10111 000 12(BCr =0) Q DEg-1® DEg
HLR-1® HLg
Repeat Q until
BCr=0 2
LDI 11101101 S/ID 2 12 (HL)W® DE)r R |-
10 100 000 BCgr-1® BCR
DER + 1® DER
HLg + 1® HLg
LDIR 11101101 S/ID 2 14(BCRr*0) (HL)M® (DE)y R (R
_ Q BCgr-1® BCr
10110 000 12(BCr = 0) DEg + 10 DEg
HLg + 1® HLg
Repeat Q until
BCr=0
(2) PNV=0:BCr-1=0
PN =1:BCr-1t 0
8) Z=1:Ar=(HL)y
Z=0:Ar! (HL)y
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Table44. Stock and Exchange
Flags
Addressing 716 |4 (2 110
Operation
Name Mnemonics [Op Code [Immed |Ext |Ind |Reg |Regl |Imp |Rel [Bytes |States Operation S |Z |H [PNV]|N|C
PUSH PUSH zz 11zz 0101 S D 1 11 zzL® (SP-2)y
zzHr® (SP-1)y
SPR-2® SPr
PUSH IX 11011101 S/ID 2 14 IXLI® (SP-2)y
11100101 IXHM® (SP-1)
SPR-2® SPr
PUSH PUSH IY 11111101 S/ID 2 14 IYLI® (SP-2)y
11100101 IYH® (SP-1)y
SPR-2® SPr
POP POP zz 11 zz0 001 D S 1 9 (SP + 1)y® xxHr(4)
(SP)M® zzLx
SPR +2® SPg
POP IX 11011101 S/ID 2 12 (SP + 1)y® IXHr
11 100 001 (SP)u® IXLr
SPR +2® SPR
POP IY 11111101 S/ID 2 12 (SP + 1)y® IYHr
11100 001 (SP)w-IYLr
SPR +2® SPg
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Table44. Stock and Exchange (Continued)

Flags
Addressing 4 (2
Operation
Name Mnemonics [Op Code |[Immed |Ext |Ind |Reg |Regl |Imp |Rel [Bytes |States Operation H |PIV
Exchange |EX AFAF 00 001 000 S/ID 1 4 AFR-AFR
EXDE,HL |11101011 S/ID 1 3 DER-HLg
EX X 11 011 001 S/ID 1 3 BCRr-BCR'
DER® DER'
HLR® HLR'
EX (SP),HL |11100 011 S/ID 1 16 Hi® (SP + 1)
Lr® (SP)y
EX (SP),IX 11011101 S/ID 2 19 IXHM® (SP + 1)
IXLr-(SP)y
EX(SP),lY |11111101 S/ID 2 19 IYHr-(SP + 1)y
11100011 IYLI® (SP)y

(4) In the case of POP AF, Flag is written as current contents of the stack
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PROGRAM AND CONTROL INSTRUCTIONS
Table45. Program Control Instructions
Flags
Addressing 71614 (2 110
Operation
Name Mnemonics [Op Code |Immed [Ext [Ind [Reg |Regl |[Imp |Rel |Bytes|States Operation S |Z |H|PNV [N |C
Call CALL mn 11 001 101 D 3 16 PCHr® (SP-1)y
<n> PCLI® (SP-2)y,
<m> mn® PCg
SPR-2® SPg
CALL fmn (11 f 100 D 3 6 (f: false) |continue: fis false
<n> 16 (f: true) |CALL mn:fis true
<m>
Jump  |DINZ] 00 010 000 D 9(Brt 0) |Br-1®Br ]
<j-2> 2 7 (Br=0) |continue:Br=0
PCr +j®PCg: Brt 0
JP f,mn 11010 D 6 (f: false) |mn® PCg: fistrue
<n> 9 (f:true) |continue: f is false
<m>
JP mn 11 000 011 D 3 9 mn® PCg
<n>
<m>
JP (HL) 11101 001 D 1 3 HLRr® PCr
JP (IX) 11011101 2 6 IXg® PCr
11101 001
JP (lY) 11111101 D 2 6 IYR® PCr
11101 001
JRj 00 011 000 D |2 8 PCr +®PCr
<j-2>
JR Cj 00 111 000 D |2 6 continue: C=0
<j-2> 2 |8 PCRr+j®PCg:C=1
JR NCj 00 110 000 D |2 6 continue:C=1
<j-2> 2 |8 PCRr+j®PCr:C=0
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Table45. Program Control Instructions (Continued)

Flags
Addressing 2
Operation
Name Mnemonics [Op Code |Immed [Ext [Ind [Reg |Regl |[Imp |Rel |Bytes|States Operation PV
Jump JR Zj 00 101 000 D |2 6 continue:Z=0
<j-2> 2 8 PCRr, +j®PCr:Z =1
JR NZj 00 100 000 D |2 6 continue:Z=1
<j-2> 2 8 PCRr+®PCr:Z=0
Return RET 11001001 D 1 9 (SP)\® PCLr
(SP + 1)y® PCHr
SPR +2® SPR
RET f 11f 000 D |1 5 (f: false) |continue: fis false
1 10 (f: true) |RET :fistrue
RETI 11101101 D 2 12 (RO,R1) [(SP)\® PCLr
01001101 Z7(z) (SP + 1)y® PCHr
SPR +2® SPR
RETN 11101101 D 2 12 (SP)\® PCLr
01000101 (SP + 1)y® PCHr
SPR +2® SPR
IEF2® IEF1
Restart |RSTv 11v111 D 1 11 PCHr® (SP-1)y
PCLI® (SP-2)y
0® PCHr
v® PCLr
SPR-2® SPr
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Table46. 1/O Instructions
Flags
Addressing 716 1412 |1 |0
Operation
Name Mnemonics Op Code Immed [Ext [Ind [Reg |Regl|{Imp [Rel |Bytes |States Operation S |Z |H|PNV|N |C
INPUT IN A,(m) 11011011 D |S |2 9 (Am)1,® Ar
<m> m® A0~A7
Ar® A8~A16
IN g,(C) 11101101 D S |2 9 (BC)1® gr
01 g 000 g =110: Only the - |- |[R[P [R
flags change
Cr® AO~A7
Br® A8~16
INO g,(m)** 11101101 D S |3 12 (00m)g® gr - |- |[R[P [R
00 g 000 g =110: Only the
flags change
<m> m® A0~A7
(00)® A8B~A16 (5) (6)
IND 11101101 D S |2 12 (BC)M® (HL)\m X |- | X[X [- [X
10101 010 HI2® 1® HI2
Br® 1® Br
Cr® AO~A7 (6)
INDR 11101101 D S |2 14 (Br1 0) BO)1®(HL)y |X |S |X|X [- [X
10111 010 12 BR = Q ;fgé’? HL8
0)
Repeat Q until
Br=0
Cr® AO~A7
Br® A8~A16
®) ©)
INI 11101101 D S |2 12 (BC)1® (HL)y X |- | X[X [- [X
10100 010 HLg + 1® HLg
Br-1® Br
Cr® AO~A7
Br® A8~A16 (6)
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Table46. 1/0O Instructions (Continued)
Flags
Addressing 716 412 |1
Operation
Name Mnemonics Op Code Immed [Ext [Ind |Reg |Regl|{Imp [Rel |Bytes |States Operation S |Z |H|PIV|N
INPUT  [INIR 11101 101 D s |2 14 (Br 1 0) BO®@MHLY X |s [x|x |-
10110010 12@r=0)|? ';rL_%'Blr(@ Hir
Repeat Q until
Br=0
Cr® AO~A7
Br® A8® A16
OUTPUT |OUT (m)A 11010011 S |[D |2 10 Ar® (Am)1
<m> m® A0~A7
Ar® A8~A16
OUT (C).g 11101 101 s D |2 10 gr® (BC)1
01 g 001 Cr® AO~A7
Br® A8~A16
OUTO(m),g* |11 101 101 s D |3 13 gr® (00m)1
00 g 001 m® A0~A7
<m> 00® A8~A16 (5) (6)
OTDM** 11101101 S D |2 14 (HL)y® (00C)1 - - |- [P |-
10001 011 HLg-1® HLg
Cr-1® Cr
Br-1® Br
Cr® AO~A7
00® AB~A16 (6)
OTDMR** 11101 101 s D |2 16 (Brt 0) (HLUM® (00C)1|R |S [R|S |-
10011 011 14 (Br=0) 0 %';B‘lléHCLrR
Br-1® Br
Repeat Q until
Br=0
Cr® AO~A7
00® A8~A16 (6)
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Table46. 1/0O Instructions (Continued)
Flags
Addressing 716 412 |1
Operation
Name Mnemonics Op Code Immed [Ext [Ind [Reg|Regl|{Imp [Rel |Bytes |States Operation S |Z |H|PNV|N |C
OUTPUT |OTDR 11101 101 s D |2 14 (Br 1 0) (HOM® BO)ML X |S [X X |-
10111011 12 (Br=0) Q gﬁ;@ Hir
Repeat Q until
Br=0
Cr® AO~A7
Br® A8~A16 (5) (6)
ouTI 11101 101 S D |2 12 Q (HHL"FZ“_"ﬁgg{“; X |- X |x |- X
10100 011
Br-1® Br
Repeat Q until
BR=0
Cr® AO~A7
Br® A8~A16 (6)
OTIR 11101 101 s D |2 14 (Br 1 0) HLUM® BCO) X |S [X X |- |X
10110011 12@r=0)|? g:‘g é? Hir
Repeat Q until
Br=0
Cr® AO~A7
Br® A8~A16
TSTIOmM** 11101101 (S S |3 12 (00C)1*m - |- |S|P [R [R
01 110 100 Cr® AO~A7
<m> 00® A8~A16 (5) (6)
OTIM** 11101101 S D |2 14 (HL)® (00C), - - |- [P |-
10 000 011 HLg + 1® HLg
Cr+1® Cr
Br-1® Br
Cr® AO~A7
00® A8~A16 (6)
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Table46. 1/0O Instructions (Continued)

Address

ing

Operation
Name Mnemonics Op Code Immed [Ext [Ind [Reg

Regl|Imp

Rel

Bytes

States

Flags

Operation S

H |PIV

OTIMR** 11101101
10010011

OuTD 11101101
10101011

S

16 (Br t 0)
14 (Br=0)

12

(HL)\® (00C),

HLg + 1® HLg
Q Cr+1®Cr

Br-1® Br

Py

Repeat Q until
Br=0

Cr® AO~A7
00® A8~A16
(HUM® (BC), X
HLg-1® HLg
Br-1® Br
Cr® AO~A7

Br® A8~A16

®)

6)

(5)Z=1:Br-1=0
Z=0:Br11 0

(6) N =1:MSB of Data = 1
N =0:MSB of Data =0
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Special Control Instructions
Table47. Special Control | nstructions
Flags
Addressing 71614 |2 110
Operation
Name Mnemonics |Op Code Immed |Ext |Ind |Reg |[Regi |Imp |Rel |Bytes |States Operation S|Z |H|P/V [N|C
Special DAA 00100 111 S/ID 1 4 Decimal - - - [P -
Function Adjust
Accumulator
Carry CCF 00111111 1 3 cec R R |-
Control
SCF 00110111 1 3 1®C R RIS
CPU DI 11110011 1 3 0® IEF1,0® IEF2 (7)
Control
El 11111011 1 3 1® IEF1,1® |IEF2 (7)
HALT 01110110 1 3 CPU halted
IMO 11 101 101 2 6 Interrupt
01 000 110 Mode 0
IM1 11 101 101 2 6 Interrupt
01 010 110 Mode 1
M2 11 101 101 2 6 Interrupt
01011110 Mode 2
NOP 00 000 000 1 3 No operation
SLP** 11 101 101 2 8 Sleep
01110110

7) Interrupts are not sampled at the end of DI or EL.
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| nstruction Summary

** - Added new instructions to Z80

M achine
MNEMONICS Bytes Cycles States
ADCA,m 2 2 6
ADCAg 1 2 4
ADCA, (HL) 1 2 6
ADCA, (IX+d) 3 6 14
ADCA, (IY+d) 3 6 14
ADD A,m 2 2 6
ADDAJg 1 2 4
ADD A, (HL) 1 2 6
ADD A, (IX+d) 3 6 14
ADD A, (1Y +d) 3 6 14
ADC HL,ww 2 6 10
ADD HL,ww 1 5 7
ADD IX xx 2 6 10
ADD 1Y ,yy 2 6 10
AND m 2 2 6
ANDg 1 2 4
AND (HL) 1 2 6
AND (IX+d) 3 6 14
AND (IY+d) 3 6 14
BIT b, HU 2 3 9
BIT b, (IX+d) 4 5 15
BIT b, (I'Y+d) 4 5 15
BIT b,g 2 2 6
CALL f,mn 3 2 6
(If condition is false)
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Machine
MNEMONICS Bytes Cycles |States
3 6 16
(If condition is true)
CALL mn 3 6 16
CCF 1 1 3
CPD 2 6 12
CPDR 2 8 14
(If BCR! Oand Art (HL)p
2 6 12
(If BCgr=00r Ar = (HL)\
CP (HL) 1 2 6
CPI 2 6 12
CPIR 2 8 14
(If BCR! Oand Art (HL)p
2 6 12
(If BCR=0o0r Ar = (HL)
CP (IX+d) 3 6 14
CP (1Y +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
DEC1Y 2 3 7
DEC (IX+d) 3 8 18
DEC (1Y +d) 3 8 18
DECg 1 2 4
DEC ww 1 2 4
DI 1 1 3
DJINZ j 2 5 9(ifBrt 0)
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M achine

MNEMONICS Bytes Cycles States

2 3 7 (if Br=0)
El 1 1 3
EX AFAF 1 2 4
EX DE,HL 1 1 3
EX (SP),HL 1 6 16
EX (SP)I,IX 2 7 19
EX (SP),lY 2 7 19
EXX 1 1 3
HALT 1 1 3
IM O 2 2 6
IM 1 2 2 6
IM 2 2 2 6
INC g 1 2 4
INC (HL) 1 4 10
INC (IX+d) 3 8 18
INC (1Y +d) 3 8 18
INC ww 1 2 4
INC IX 2 3 7
INC Y 2 3 7
IN A,(m) 2 3 9
IN g,(C) 2 3 9
INI 2 4 12
INIR 2 6 14 (if Brt 0)

2 4 12 (If Br=0)
IND 2 4 12
INDR 2 6 14 (IfBrt 0)
INDR 2 4 12 (If Br=0)
INO g,(m)** 3 4 12
JPf,mn 3 2 6

(If fisfalse)
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M achine
MNEMONICS Bytes Cycles |States
3 3 9
(If fistrue)
JP (HL) 1 1 3
JP (IX) 2 2 6
JP (1Y) 2 2 6
JPmn 3 3 9
JR] 2 4 8
JRCj 2 2 6
(If condition is false)
2 4 8
(If condition is true)
JRNC 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)
JRNZ,j 2 2 6
(If condition is false)
2 4 8
(If condition is true)
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
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Machine

MNEMONICS Bytes Cycles |States

LD (DE),A 1 3 7

LD ww,mn 3 3 9

LD ww,(mn) 4 6 18

LDDR 2 6 14 (1f BCRr ! 0)
2 4 12(1f BCRr=0

LD (HL),m 2 3 9

LD HL,(mn) 3 5 15

LD (HL),9 1 3 7

LDI 2 4 12

LDIA 2 2 6

LDIR 2 6 14 (If BCRr ! 0)
2 4 12 (If BCRr=0)

LD IX,mn 4 4 12

LID IX,(mn) 4 6 18

LD (IX+d),m 4 5 15

LD (IX+d),g 3 7 15

LD IY,mn 4 4 12

LD 1Y ,(mn) 4 6 18

LD (1Y +d),m 4 5 15

LD (IY+d),g 3 7 15

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,(1Y +d) 3 6 14

LD gm 2 2 6
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M achine

MNEMONICS Bytes Cycles States

LD g,g 1 2 4

LD SP,HL 1 2 4

LD SP,IX 2 3 7

LD SP,lY 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 (1Y +d) 3 6 14

ORm 2 2 6

ORg 1 2 4

OTDM** 2 6 14

OTDMR** 2 8 16 (IfBrt 0)
2 6 14 (1f Br=0)

OTDR 2 6 14 (IfBrt 0)
2 4 12(1fBr=0

OTIM** 2 6 14

OTIMR** 2 8 16 (IfBrt 0)
2 6 14 (1f Br=0)

OTIR 2 6 14 (IfBrt 0)
2 4 12 (If Br=0)

OouTD 2 4 12

OuUTI 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

POPIY 2 4 12

POP zz 1 3 9
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Machine
MNEMONICS Bytes Cycles |States
PUSH IX 2 6 14
PUSH I'Y 2 6 14
PUSH zz 1 5 11
RES b,(HL) 2 5 13
RES b,(IX+d) 4 7 19
RES b,(I'Y +d) 4 7 19
RESb,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
RLA 1 1 3
RLCA 1 1 3
RLC (HL) 2 5 13
RLC (1X-1-dI 4 7 19
RLC (1Y +d) 4 7 19
RLCg 2 3 7
RLD 2 8 16
RL (HL) 2 5 13
RL (IX+d) 4 7 19
RL (1Y +d) 4 7 19
RL g 2 3 7
RRA 1 1 3
RRCA 1 1 3
RRC (HL) 2 5 13
RRC (1X+d) 4 7 19
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E

MNEMONICS

©
s
®

M achine
Cycles

States

RRC (1Y +d)
RRCg

RRD

RR (HL)

RR (IX+d)
RR (1Y +d)
RR g

RST v

SBC A,(HL)
SBC A, (I1X+d)
SBC A,(lY +d)
SBCA,m
SBCA,g
SBC HL,ww
SCF

SET b,(HL)
SET b,(I1X+d)
SET b,(I'Y +d)
SET b,g

SLA (HL)
SLA (IX+d)
SLA (1Y +d)
SLAg
SLp**

SRA (HL)
SRA (IX+d)
SRA (1Y +d)
SRA g

SRL (HL)
SRL (IX+d)

A NMNNDEBEDNMNNMNMNEBAEDNMNMNMBAEENENEDNOWEREERPNSAEDDDNMNDNODMDNDA

N O W N NOODN W NANOTWNNOOFP, ONNMNOODNOWSNSNO 0 wN

19

16
13
19
19

11

14
14

10

13
19
19

13
19
19

13
19
19

13
19
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M achine

MNEMONICS Bytes Cycles States
SRL (1Y +d) 4 7 19
SRL g 2 3 7
SUB (HL) 1 2 6
SUB (IX+d) 3 6 14
SUB (1Y +d) 3 6 14
SUB m 2 2 6
SUBg 1 2 4
**TSTIO m 3 4 12
**TST g 2 3 7
TST m** 3 3 9
TST (HL)** 2 4 10
XOR (HL) 1 2 6
XOR (IX+d) 3 6 14
XOR (1Y +d) 3 6 14
XORmM 2 2 6
XORg 1 2 4
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Table48. 1st Op Code Map Instruction Format: XX
ww (LO=ALL) L0=0~7
BC |DE |HL |SP BC |DE HL AF |z
9(LO=0~7) NZ |NC PO P
B D H JHy B o [0 JHo 00H [10H |20H  [30H |v
¢ tlocoo ooz o010 Joo11 Josco ozor orto Jorsr |1000 [wor w010 Jrowr Juoo uor Juio  Jun
Lo 0 1 2 3 & 5 6 |7 8 9 A B c D E F
B |0000 NP |DINZI[R R note 1) RET f 0
NZj [NCj
0001 LD ww, mn LDgs ADD |SUB's [ANDs|oRs [POPZ 1
D |oo10 LDww),A |LD [LD As Pf,mn 2
(mn) - |(mn),
HL
E |oo11 INCww Pmn [ouT  [Ex@P), [or |3
(mA |HL
H |o00 INCg notel CALLf,mn 4
L Jowo1 DECg notel PUSH 2z 5
(HL) |o110 LDgm notel |note2 HALT [note2 [note2 |note2 [note2 [ADD [suBm [ANDm [orRm 6
Am
AA ot RLCA |RLA [DAA [scF RSTv 7
4B [1000 EXAFA |R] |Rzj|RC| RET f
" F 8
T
Fc |01 ADD HL, ww RET |EXX |®PHL) LD |9
SP,
LDg,s ADC |SBC |XORs |cPs HL
D |i010 LD A,(ww) LD |LDA, As  |As Pf,mn A
HL, |(mn)
(mn)
E |iom DECww Table2 [INA(m) [EXDEH|EI  [B
L
H |1100 INCg CALLf,mn
L Juo DECg CALL |note3 [Table3 [noe3 [D
mn
(HL) (1110 LDgm note2 note2 |note2 |note2 |note2 |ADC |SBCAmM(XORm |CPm |E
Am
A | RRCA |RRA [cPL [ccF RSTv F
0 1 2 3 & 5 s |7 8 9 A B c D E F
c E L A Jc [ L |a z c PE Mo
oL0=8-F) 08H |18H |28H  |3BH |v
LO=8-F
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Note 1: (HL) replaces g.
Note 2: (HL) replaces s.

Note 3: If DDH is supplemented as first Op Code for the instructions
which have HL or (HL) as an operand in Table 48, the instructions are
executed replacing HL with IX and (HL) with (IX+d).

ex. 22H: LD (m), HL
DDH 22H : LD (m), IX

If FDH is supplemented as 1st Op Code for the instructions which have
HL or (HL) asan operand in Table 48, the instructions are executed
replacing HL with 1Y and (HL) with (1Y +d).

ex. 34H : INC (HL)
FDH 34H : I NC (IY+d)
However, JP (HL) and EX DE, HL are exceptions and note the following.

* |f DDH issupplemented as 1st Op Code for JP (HL), (I1X) replaces
(HL) as operand and JP (1X) is executed

®* |f FDH is supplemented as 1st Op Code for JP (HL), (1Y) replaces
(HL) as operand and JP (1Y) is executed

® Evenif DDH or FDH is supplemented as 1st Op Code for EX DE,
HL, HL is not replaced and the instruction is regarded asillegal
instruction.
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b(LO=0~7)
0 2 4 6 0 2 4 6 0 2 4 6
§ 1{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 [ D E F
B |oooo |0 0
c |ooor |1 1
D |oo10 [2 |[RLCg|RLg |SLAg 2
E |oo1 |3 3
H 0100 |4 BIT bg RESbg SET bg 4
L |owo1 |5 5
(HL |0110 |6 |NOTE|NOTE|NOTE NOTE1) NOTE1) NOTE1) 6
~D y v |y
Z|A o1 |7 7
% B |1000 |8 8
(¢ |1001 |o RRCg|RRg |SRAQ|SRLg 9
D [1010 (A BIThg RESbg SETbg A
E |1011 [B B
H [1100 |C c
L [1101 [D D
(HL |1110 [E |NOTE|NOTE|NOTE|NOTE |NOTE1) NOTE1) NOTE 1) E
) ] ] ] ]
A |uu |F F
0 1 2 3 4 5 6 7 8 9 A B [ D E F
1 3 5 7 1 3 5 7 1 3 5 7
b(LO=8~F)
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Table50. 2nd Op Code Map Instruction Format: ED XX

ww (LO=ALL)
BC | DE | HL | 53
G(L0=0-7)
B D |H B D H
K 1]oooo 0001 [0010 |o0011 [0100 [0101 [o110 [0111 [1000 [1001 [1010 [1011 [1100 [1101 [1110 [1111
Lo 0 1 2 3 4 5 6 7 8 9 A |8 c |o e F
0000 [0 |INOg, (m) INg, (©) LDl |LDIR 0
0001 |1 |ouTo(m)g ouT (O)g cAl |cPR i
0010 |2 SBC HL, ww IN|INIR 2|
001l |3 LD (mn), ww OTIM |OTIM |oUTI |OTIR 3|
R
0100 |4 |TsTg TST |NEG TSTm|TSTIO la |
(HL) m
o101 |5 RETN s |
0110 |6 MO [IM1 sLp s |
o1t |7 LDIA|LDAI |RRD 7]
1000 |8 |INOg (m) INg, (©) LDD |LDDR s |
1001 |9 |ouTo(m)g ouT(0),g CcPD | CPDR lo |
1010 |A ADC HLww IND |INDR A |
1011 |B LD ww, (mn) OoTD |OTD |ouTD|OTDR B |
M |MR
1100 |[c  |TsTg MLT ww lc |
1101 |D RETI D |
1110 |E M2 E |
111 |F LDR, |LDAR |RLD F ]
A
0 1 2 3 4 5 6 7 8 | 9 | A | B | c | D | E | F
EE L A |c L A
g(L0=8-F)
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Bus Control Signal Conditions

BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE
CYCLE

* (ADDRESS) invalid
Z (DATA) high impedance.
** added new instructions to Z80

Table51. Busand Control Signal Condition in Each M achine Cycle

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 |HALT |ST
MC1 T1T2T3 |1stOp Code |[1st Op 0 1 0 1 0 1 0
Address Code
ADD HL,ww [
MC2 TiTiTiTi|* z 1 1 1 1 1 1 1
~MC5
MC1 T1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
ADD [X xx " od q
ADD IY yy MC2 T1T2T3 |2nd Op Code |(2nd Op 0 1 0 1 0 1 1
Address Code
MC3 TiTiTiTi|* Z 1 1 1 1 1 1 1
~MC6
MC1 T1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
ADC HL,ww Address Code
SBC HL ,ww
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
MC3 TiTiTiTi|* Zz 1 1 1 1 1 1 1
~MC6
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
ADD A,g MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
ADCAg Address Code
SUB g - .
SBCAg MC2 Ti z 1 1 1 1 1 1
AND g
ORg
XORg
CPg
ADD A m MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
ADCA,m Address Code
SUB m
SBCAmM MC2 TA1T2T3 |1stoperand |m 0 1 0 1 1 1
AND m Address
ORm
XORmM
CPm
ADD A, (HL) MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
ADCA, (HL) Address Code
SUB (HL)
SBCA, (HL) MC2 T1T2T3 |HL DATA 0 1 0 1 1 1
AND HU
OR (HL)
XOR (HL)
CP (HL)
ADD A, (IX+d) [MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
ADD A, (IY+d) Address Code
ADCA, (IX+d)
ADCA, (IY +d) MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
SUB (IX+d) Address Code
SUB (1Y +d)
SBC A, (IX+d)
SBCA, (IY+d) |MC3 TA1T2T3 |1stoperand |d 0 1 0 1 1 1
AND (IX+d) Address
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 |HALT |ST
AND (1Y +d) MC4 TiTiTi  |* z 1 1 |1 1 1 1 1
OR (IX +d) ~MC6
OR (1Y +d)
XOR (IX +d)
XOR (1Y +d)
CP (IX+d) MC6 T1T2T3 |IX+d DATA 0 1 |0 1 1 1 1
CP (1Y +d) 1Y +d
MC1 T1T2T3 |1stOp Code |1st 0 1 |0 1 0 1 0
Address Op Code
BIT b,g
MC2 T1T2T3 |2nd Op Code |2nd 0 1 |0 1 0 1 1
Address Op Code
MC1 T1T2T3 |1stOp Code |1st 0 1 |0 1 0 1 0
Address Op Code
BIT b, (HL)
MC2 T1T2T3 |2nd Op Code |2nd 0 1 |0 1 0 1 1
Address Op Code
MC3 T1T2T3 |HL DATA 0 1 |0 1 1 1 1
MC1 T1T2T3 |1stOp Code |1stOp 0 1 |0 1 0 1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 |0 1 0 1 1
BIT b, (IX+d) Address Code
BITb, (IY+d)  |mc3 T1T2T3 |1stoperand |d 0o |1 |o 1 1 |1 1
Address
MC4 T1T2T3 |3rd Op Code |3rd Op 0 1 |0 1 0 1 1
Address Code
MC5 T1T2T3 |IX+d DATA 0 1 |0 1 1 1 1
1Y+d
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |1st operand n 0 1 0 1 1 1 1
Address
CALL mn MC3 T1T2T3 |2nd operand |m 0o |1 |o 1 1 |1 1
Address
MC4 Ti * z 1 1 1 1 1 1 1
MC5 T1T2T3 [SP-1 PCH 1 0 0 1 1 1 1
MC6 T1T2T3 [SP-2 PCL 1 0 0 1 1 1 1
CALL f,mn (If MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
condition is false) Address Code
MC2 T1T2T3 |1st operand n 0 1 0 1 1 1 1
Address
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |1st operand n 0 1 0 1 1 1 1
CALL f,mn Address
if conditionis  |pMc3 T1T2T3 |2nd operand |m o |1 |o 1 1 |1 1
true) Address
MC4 Ti * z 1 1 1 1 1 1 1
MC5 T1T2T3 [SP-1 PCH 1 0 0 1 1 1 1
MC6 T1T2T3 [SP-2 PCL 1 0 0 1 1 1 1
CCF MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 |HALT |ST
MC1 T1T2T3 |1stOp Code |1stOp o |1 |o 1 0 |1 0
Address Code
Pl MC2 T1T2T3 |2nd Op Code |2nd Op o |1 |o 1 0 |1 1
CPD Address Code
MC3 T1T2T3 |HL DATA o |1 |o 1 1 |1 1
MC4 TiTiTi |* z 1 (1 |1 1 1 |1 1
~MC6
MC1 T1T2T3 |1stOp Code |1stOp o |1 |o 1 0 |1 0
Address Code
CPIR
CPDR MC2 T1T2T3 |2nd Op Code |2nd Op o |1 |o 1 0 |1 1
(If BCg® Oand Address Code
Ar = (HL)y) MC3 T1T2T3 |HL DATA o |1 |o 1 1 |1 1
MC4~M |TiTiTi |* Z 1 (1 |1 1 1 |1 1
cs TiTi
MC1 T1T2T3 |1stOp Code |1stOp o |1 |o 1 0 |1 0
Address Code
CPIR
CPDR MC2 T1T2T3 |2nd Op Code |2nd Op o |1 |o 1 0 |1 1
(If BC=0 or Address Code
Ar=(HL)u) MC3 T1T2T3 |HL DATA 0o |1 |o 1 1 |1 1
MC4~M |TiTiTi |* Z 1 (1 1 1 1 |1 1
C6
CPL MC1 T1T2T3 |1stOp Code |1stOp o |1 |o 1 0 |1 0
Address Code
MC1 T1T2T3 |1stOp Code |1stOp o |1 |o 1 0 |1 0
DAA Address Code
MC2 Ti * Z 1 (1 1 1 1 |1 1
DI*1 MC1 T1T2T3 |1stOp Code |1stOp o |1 |o 1 0 |1 0
Address Code

* 1 Interrupt request is not sampled.
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)
Machine S -
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
DJINZj " N
(IfBrt 0) MC2 Ti*2 Z 1 1 1 1 1 1 1
MC3 T1T2T3 |1stoperand |j-2 0 1 0 1 1 1 1
Address
MC4~M | TiTi * 4 1 1 1 1 1 1 1
C5
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
DINZ] MC2 Ti*1 * 4 1 1 1 1 1 1 1
(If Br=0) :
MC3 T1T2T3 |1stoperand  |j-2 0 1 0 1 1 1 1
Address
EI*3 MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
EX DE, HL MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
EXX Address Code
MC1 T1T2T3 |1st Op Code |1st 0 1 0 1 0 1 0
EX AF, AF Address Op Code
MC2 Ti * 4 1 1 1 1 1 1 1
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
EX (SP), HL MC2 T1T2T3 |SP DATA 0 1 0 1 1 1 1
MC3 T1T2T3 |SP+1 DATA 0 1 0 1 1 1 1
MC4 Ti * 4 1 1 1 1 1 1 1
MC5 T1T2T3 |SP+1 H 1 0 0 1 1 1 1
MC6 T1T2T3 |SP L 1 0 0 1 1 1 1

*2 DMA,REFRESH, or BUS RELEASE cannot be executed after this state. (Request is ignored)

*3 Interrupt request is not sampled.
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
EX (SP),IX mMC2 T1T2T3 22(3 Op Code 2r(1)<(jj Op 0 1 0 1 0 1 1
EX (SP),IY Address Code
MC3 T1T2T3 |SP DATA 0 1 0 1 1 1 1
MC4 Ti1T2T3 |SP+1 DATA 0 1 0 1 1 1 1
MC5 Ti * z 1 1 1 1 1 1 1
MC6 Ti1T2T3 |SP+1 IXH 1 0 0 1 1 1 1
IYH
MC7 TiT2T3 |SP IXL 1 0 0 1 1 1 1
1YL
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
HALT
— — Next Op Code (NextOp |0 1 0 1 0 0 0
Address Code
IMO MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
IM1 Address Code
IM2
mMC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
INCg Address Code
DECg -
mMC2 Ti * z 1 1 1 1 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
INC (HL)
DEC (HL) mMC2 TA1T2T3 |HL DATA 0 1 0 1 1 1 1
MC3 Ti * z 1 1 1 1 1 1 1
MC4 TA1T2T3 |HL DATA 1 0 0 1 1 1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
INC (IX+ d) MC2 T1T2T3 ZZ%Op Code 2r(1)<(jj Op 0 1 0 1 0 1
INC (1Y +d) Address Code
MC3 TA1T2T3 |1stoperand |d 0 1 0 1 1 1
Address
DEC (IX+d) MC4~M | TiTi * Z 1 1 1 1 1 1
DEC (1Y +d) Cs
MC6 T1T2T3 |X+d DATA 0 1 0 1 1 1
IY+d
MC7 T1 * Z 1 1 1 1 1 1
MC8 T1T2T3 |IX+d DATA 1 0 0 1 1 1
1Y +d
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
INC ww Address Code
DEC ww -
MC2 Ti * Z 1 1 t 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
INC IX Address Code
INC 1Y
DEC IX MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
DEC IY Address Code
MC3 Ti * Z 1 1 1 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
IN A,(m) MC2 TA1T2T3 |1stoperand |m 0 1 0 1 1 1
Address
MC3 T1T2T3 |mto AO~A7 |DATA 0 1 1 0 1 1
A to A8~A15
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
IN g,(C) MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
' Address Code
MC3 T1T2T3 [BC DATA 0 1 1 0 1 1 1
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
INO g,(m)** Address Code
MC3 T1T2T3 |1st operand m 0 1 0 1 1 1 1
Address
MC4 T1T2T3 [mto AO~A7 |DATA 0 1 1 0 1 1 1
OOH to
A8~A15
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
INI MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
IND Address Code
MC3 T1T2T3 |BC DATA 0 1 1 0 1 1 1
MC4 T1T2T3 [HL DATA 1 0 0 1 1 1 1
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
INIR Address Code
INDR MC3 T1T2T3 |BC DATA 0o |1 |1 0 1 |1 1
(If Brt0)
MC4 T1T2T3 [HL DATA 1 0 0 1 1 1 1
MC5~-M |TiTi * VA 1 1 1 1 1 1 1
C6
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
INIR
INDR MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
(If Br=0) Address Code
MC3 T1T2T3 |BC DATA 0 1 1 0 1 1
MC4 T1T2T3 |HL DATA 1 0 0 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
Pmn MC2 TA1T2T3 |1st operand n 0 1 0 1 1 1
Address
MC3 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1
Address
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
JPf,mn Address Code
(if isfalse)
MC2 TA1T2T3 |1st operand n 0 1 0 1 1 1
Address
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
Jfmn MC2 T1T2T3 |1 d 0 1 0 1 1 1
(If fistrue) stoperand - n
Address
MC3 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1
Address
JP (HL) MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
JP (IX) Address Code
JP (1Y)
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
Address Code
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
Rj mMC2 TA1T2T3 |1stoperand |j-2 0 1 0 1 1 1 1
Address
MC3~M |TiTi * z 1 1 1 1 1 1 1
c4
JRC,jJIRNC, MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
JRZ,j IR NZjj Address Code
(if condition -
h mMC2 TA1T2T3 |1stoperand |j-2 0 1 0 1 1 1 1
isfalse)
Address
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
JRC,jJIRNC, Address Code
JRZj RNZj MC2 TiT2T3 |1 d |j-2 0o |1 |o 1 1 |1 1
(if condition AS(;(;’PH""” I-
istrue) res
MC3~-M |TiTi * z 1 1 1 1 1 1 1
c4
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
LD g0 Address Code
mMC2 Ti * z 1 1 1 1 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
LD gm
mMC2 TA1T2T3 |1stoperand |m 0 1 0 1 1 1 1
Address
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
LD g, (HL) Address Code
mMC2 TA1T2T3 |HL DATA 0 1 0 1 1 1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
LD g, (IX+d) Address Code
LD g, (IY+d) MC3 T1T2T3 |1stoperand |d 0o |1 |o 1 1 |1
Address
MC4~M |TiTi * VA 1 1 1 1 1 1
C5
MC6 T1T2T3 [IX+d DATA 0 1 0 1 1 1
1Y +d
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
Address Code
LD (HL).9 )
MC2 Ti * VA 1 1 1 1 1 1
MC3 T1T2T3 [HL g 1 0 0 1 1 1
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
LD (IX +d),g Address Code
LD (Y +d).g |mcC3 T1T2T3 |1stoperand |d 0o |1 |o 1 1 |1
Address
MC4~ TiTiTi * VA 1 1 1 1 1 1
MC6
MC7 T1T2T3 [IX+d g 1 0 0 1 1 1
1Y +d
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
Address Code
LD (HL),m
MC2 T1T2T3 |1st operand m 0 1 0 1 1 1
Address
MC3 T1T2T3 [HL DATA 1 0 0 1 1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
mMC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
LD (IX+d),m Address Code
LD (IY+d),m MC3 T1T2T3 |1stoperand |d 0o |1 |o 1 1 |1 1
Address
MC4 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1 1
Address
MC5 T1T2T3 |IX+d DATA 1 0 0 1 1 1 1
1Y +d
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
LD A, (BC) Address Code
LD A, (DE)
mMC2 T1T2T3 |BC DATA 0 1 0 1 1 1 1
DE
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
LD A,(mn) mMC2 TA1T2T3 |1stoperand |n 0 1 0 1 1 1 1
Address
MC3 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1 1
Address
MC4 TA1T2T3 |mn DATA 0 1 0 1 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
LD (BC),A - N
LD (DE),A MC2 Ti z 1 1 1 1 1 1 1
MC3 T1T2T3 |BC A 1 0 0 1 1 1 1
DE
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
MC2 TA1T2T3 |1st operand n 0 1 0 1 1 1
LD (mn),A Address
MC3 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1
Address
MC4 Ti * Z 1 1 1 1 1 1
MC5 T1T2T3 |mn A 1 0 0 1 1 1
LD A, *a MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
LD AR Address Code
LDI,A
LD RA MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
' Address Code
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
LD ww, mn
MC2 TA1T2T3 |1st operand n 0 1 0 1 1 1
Address
MC3 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1
Address
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
LD IX,mn MC2 T1T2T3 22(3 Op Code 2r(1)<(jj Op 0 1 0 1 0 1
LD IY,mn Address Code
MC3 TA1T2T3 |1st operand n 0 1 0 1 1 1
Address
MC4 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1
Address

*4 |n the case of R1 and Z MASK, interrupt request is not sampled.
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |1st operand n 0 1 0 1 1 1 1
LD HL, (mn) Address
MC3 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1 1
Address
MC4 T1T2T3 [mn DATA 0 1 0 1 1 1 1
MC5 T1T2T3 [mn+l DATA 0 1 0 1 1 1 1
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
LD ww,(mn) MC3 T1T2T3 |1stoperand |n 0o |1 |o 1 1 |1 1
Address
MC4 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1 1
Address
MC5 T1T2T3 [mn DATA 0 1 0 1 1 1 1
MC6 T1T2T3 [mn+1 DATA 0 1 0 1 1 1 1
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
LD IX,(mn) Address Code
LD 1Y (mn) MC3 T1T2T3 |1stoperand |n 0o |1 |o 1 1 |1 1
Address
MC4 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1 1
Address
MC5 T1T2T3 [mn DATA 0 1 0 1 1 1 1
MC6 T1T2T3 [mn+l DATA 0 1 0 1 1 1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
mMC2 TA1T2T3 |1stoperand |n 0 1 0 1 1 1 1
LD (mn),HL Address
MC3 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1 1
Address
MC4 Ti * z 1 1 1 1 1 1 1
MC5 TA1T2T3 |mn L 1 0 0 1 1 1 1
MC6 T1T2T3 [mn+l H 1 0 0 1 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
mMC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
MC3 TA1T2T3 |1stoperand |n 0 1 0 1 1 1 1
LD (mn),ww Address
MC4 TA1T2T3 |2ndoperand |m 0 1 0 1 1 1 1
Address
MC5 Ti * z 1 1 1 1 1 1 1
MC6 TA1T2T3 |mn wwL 1 0 0 1 1 1 1
MC7 T1T2T3 [mn+l wwH 1 0 0 1 1 1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)
Machine S -
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
MC3 T1T2T3 |1st operand n 0 1 0 1 1 1 1
LD (mn),IX Address
LD (mn),lY
MC4 T1T2T3 |2ndoperand |m 0 1 0 1 1 1 1
Address
MC5 Ti * 4 1 1 1 1 1 1 1
MC6 T1T2T3 |mn IXL 1 0 0 1 1 1 1
1YL
MC7 TIT2T3 |mn+l IXH 1 0 0 1 1 1 1
IYH
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
LD SP, HL Address Code
MC2 Ti * 4 1 1 1 1 1 1 1
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
LD SP,IX
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
LD SP1Y
Address Code
MC3 Ti * Z 1 1 1 1 1 1 1
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
LDI
LDD MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
MC3 T1T2T3 |HL DATA 0 1 0 1 1 1 1
MC4 T1T2T3 |DE DATA 1 0 0 1 1 1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
LDIR MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
LDDR Address Code
(If BCR0) MC3 T1T2T3 |HL DATA 0o |1 |o 1 1 |1
MC4 T1T2T3 |DE DATA 1 0 0 1 1 1
MC5~M | TiTi * Z 1 1 1 1 1 1
Cc6
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
LDIR
LDDR MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
(If BCR=0) Address Code
MC3 T1T2T3 |HL DATA 0 1 0 1 1 1
MC4 T1T2T3 |DE DATA 1 0 0 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
MLT ww** MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
Address Code
MC3 TiTiTTi |* Z 1 1 1 1 1 1
~MC13 |TiTiTiTi
TiTiTi
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
NEG Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
Address Code
NOP MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code

UMO005001-ZMP0400



Z8018x Family
MPU User Manual

Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
OuT (M)A MC2 TA1T2T3 |1st operand m 0 1 0 1 1 1 1
’ Address
MC3 Ti * 1 1 1 1 1 1 1
MC4 T1T2T3 |mtoAO~A7 |A 1 0 1 0 1 1 1
A to A8~A15
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
OUT (C).g MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
MC3 Ti * Z 1 1 1 1 1 1 1
MC4 T1T2T3 |BC g 1 0 1 0 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
OUTO (m),g** Address Code
MC3 TA1T2T3 |1st operand m 0 1 0 1 1 1 1
Address
MC4 Ti * Z 1 1 1 1 1 1 1
MC5 T1T2T3 |mto AO~A7 |g 1 0 1 0 1 1 1
OOH to
A8~A15
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)
Machine S -
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TAT2T3 |1stOp Code |1stOp 0o |1 |o 1 0 |1
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0o |1 |o 1 0 |1
OTIM** Address Code
OTDM** MC3 Ti * z 1 (1 1 1 1 |1
MC4 TAT2T3 |HL DATA 0o |1 |o 1 1 |1
MC5 T1T2T3 |Cto AO~A7 |DATA 1 |0 |1 0 1 |1
O0H to
A8~A15
MC6 Ti * z 1 |1 |1 1 1 |1
MC1 TAT2T3 |1stOp Code |1stOp 0o |1 |o 1 0 |1
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0o |1 |o 1 0 |1
OTIMR** Address Code
OTDMR** MC3 Ti * z 1 |1 |1 1 1 |1
(If Br10)
MC4 TAT2T3 |HL DATA 0o |1 |o 1 1 |1
MC5 T1T2T3 |Cto AO~A7 |DATA 1 |0 |1 0 1 |1
O0H to
A8~A15
MC6~M |TiTiTi |* z 1 |1 |1 1 1 |1
c8
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 T1T2T3 |1stOp Code |1stOp o |1 |o 1 0 |1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op o |1 |o 1 0 |1 1
OTIMR** Address Code
OTDMR** MC3 Ti * z 1 |1 |1 1 1 |1 1
(if Br=0)
MC4 T1T2T3 |HL DATA o |1 |o 1 1 |1 1
MC5 T1T2T3 |Cto AO~-A7 |DATA 1 o |1 0 1 |1 1
00H to
A8~A15
MC6 Ti * z 1 |1 |1 1 1 |1 1
MC1 T1T2T3 |1stOp Code |1stOp 0o |1 |o 1 0 |1 0
Address Code
OouTI
ouTD MC2 T1T2T3 |2nd Op Code |2nd Op o |1 |o 1 0 |1 1
Address Code
MC3 T1T2T3 |HL DATA 0o |1 |o 1 1 |1 1
MC4 T1T2T3 |BC DATA 1 o |1 0 1 |1 1
MC1 T1T2T3 |1st Op Code |1stOp o |1 |o 1 0 |1 0
Address Code
OTIR MC2 T1T2T3 |2nd Op Code |2nd Op o |1 |o 1 0 |1 1
OTDR Address Code
(IfBr't 0) MC3 T1T2T3 |HL DATA 0o (1 |0 1 1 |1 1
MC4 T1T2T3 |BC DATA 1 o |1 0 1 |1 1
MC5~M |TiTi * z 1 |1 |1 1 1 |1 1
c6
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
Address Code
OTIR
OTDR MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
(if Br=0) Address Code
MC3 T1T2T3 [HL DATA 0 1 0 1 1 1
MC4 T1T2T3 (BC DATA 1 0 1 0 1 1
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
Address Code
POP zz
MC2 T1T2T3 [SP DATA 0 1 0 1 1 1
MC3 T1T2T3 |SP+1 DATA 0 1 0 1 1 1
MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
Address Code
POP IX
POP IY MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
Address Code
MC3 T1T2T3 [SP DATA 0 1 0 1 1 1
MC4 T1T2T3 |SP+1 DATA 0 1 0 1 1 1
PUSH zz MC1 TA1T2T3 |1stOp Code |1stOp 0 1 0 1 0 1
Address Code
MC2 TiTi * Zz 1 1 1 1 1 1
~MC3
MC4 T1T2T3 [SP-1 zzH 1 0 0 1 1 1
MC5 T1T2T3 [SP-2 zzL 1 0 0 1 1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)
Machine S -
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 TAT2T3 |1stOp Code |1stOp 0o (1 |0 1 0 |1 0
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0o (1 |0 1 0 |1 1
Address Code
PUSH IX MC3~M |TiTi * z 1 (1 1 1 1 |1 1
PUSH IY ca
MC5 T1T2T3 |SP-1 IXH 1 |0 |o 1 1 |1 1
IYH
MC6 T1T2T3 |SP-2 IXL 1 |0 |0 1 1 |1 1
YL
MC1 TAT2T3 |1stOp Code |1stOp 0o (1 |0 1 0 |1 0
Address Code
RET
MC2 T1T2T3 |SP DATA 0o (1 |0 1 1 |1 1
MC3 TAT2T3 [SP+1 DATA 0o (1 |0 1 1 |1 1
MC1 TAT2T3 |1stOp Code |1stOp 0o (1 |0 1 0 |1 0
RET f Address Code
(If condition - N
is false) MC2~-M | TiTi z 1 (1 |1 1 1 |1 1
c3
MC1 TAT2T3 |1stOp Code |1stOp 0o (1 |0 1 0 |1 0
Address Code
RET f - -
(If condition MC2 Ti z 1 (1 |1 1 1 |1 1
istrue) MC3 T1T2T3 |SP DATA 0o |1 |o 1 1 |1 1
MC4 TIT2T3 [SP+1 DATA 0o (1 |0 1 1 |1 1
MC1 T1T2T3 |1stOp Code |1stOp 0o (1 |0 1 0 |1 0
Address Code
RETI (RO, R1) MC2 T1T2T3 |2nd Op Code |2nd Op 0o (1 |0 1 0 |1 1
RETN Address Code
MC3 T1T2T3 |SP DATA 0o (1 |0 1 1 |0 1
MC4 TIT2T3 [SP+1 DATA 0o (1 |0 1 1 |1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0*5 |1 0
Address Code 1
mMC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0*5 |1 1
Address Code 1
MC3 TiTiTi |* z 1 1 1 1 1*5 |1 1
~MC5 1
MC6 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0*5 |1 1
RETI (2) Address Code 0
MC7 Ti * z 1 1 1 1 1*5 |1 1
1
MC8 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0*5 |1 1
Address Code 0
MC9 T1T2T3 |SP data 0 1 0 1 1*5 |1 1
1
MC10 T1T2T3 |SP+1 data 0 1 0 1 1*5 |1 1
1
RLCA MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
RLA Address Code
RRCA
RRA
RLCg MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
RLg Address Code
RRC g mMC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
RRg Address Code
SLAg MC3 Ti * z 1 1 1 1 1 1 1
SRA g !
SRL g

*5 The upper and lower data show the state of M1 when 10C = 1 and IOC = O respectively.
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)
Machine S -
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 T1T2T3 |1stOp Code |1st Op 0o |1 |o 1 0 |1 0
RLC (HL) Address Code
RL (HL)
RRC (HL) MC2 T1T2T3 |2ndOpCode |2ndOp [0 |1 |0 1 0 |1 1
RR (HL) Address Code
SLA (HL) MC3  |T1T2T3 |HL DATA [0 |1 |0 1 1 |1 1
SRA (HL)
SRL (HL) MC4 Ti * z 1 {1 |1 1 1 1 1
MC5 T1T2T3 |HL DATA 1 |o |o 1 1 1 1
RLC(IX +d)  |MC1 T1T2T3 |1stOp Code |1st Op o (1 |o 1 0o |1 0
RLC(IY +d) Address Code
RL (IX +d)
MC2 T1T2T3 |2nd Op Code |2ndOp 0o |1 |o 1 0 |1 1
RL (1Y +d) ad o
RRC (X + ) Address  |Code
RRC(IY +d)  |mc3 T1T2T3 |1stoperand |d 0o |1 |o 1 1 |1 1
RR (IX +d) Address
RR(IY +d)
SLA (IX +d)  |MC4 T1T2T3 |3rdOpCode |3rdOp [0 |1 |0 1 0 |1 1
SLA (1Y +d) Address Code
SRA(IX+d) s [T1T2T3 |IX+d DATA [0 (1 |0 11 (1 |1
SRA (1Y +d)
1Y+d
SRL (IX +d)
SRL (IY +d) MC6 Ti * z 1 {1 |1 1 1 |1 1
MC7 T1T2T3 |IX+d DATA 1 (o |o 1 1 |1 1
1Y+d
MC1 T1T2T3 |1stOp Code |1st Op 0o |1 |o 1 0 |1 0
Address Code
MC2 T1T2T3 |2ndOpCode |2ndOp [0 |1 |0 1 0 |1 1
RLD Address Code
RRD MC3 T1T2T3 |HL DATA o (1 |o 1 1 |1 1
MC4~M | TiTiTiTi z 1 {1 |1 1 11 1
c7 *
McC8 T1T2T3 |HL DATA 1 |o |o 1 11 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
RST v MC2 TiTi * Z 1 1 1 1 1 1
~MC3
MC4 T1T2T3 |SP-1 PCH 1 0 0 1 1 1
MC5 T1T2T3 |SP-2 PCL 1 0 0 1 1 1
SCF MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
SET b,g
RESbg MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
' Address Code
MC3 Ti * Z 1 1 1 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
SET b. (HL) MC2 T1T2T3 22(3 Op Code 2r(1)<(jjOp 0 1 0 1 0 1
RESb, (HL) Address Code
MC3 T1T2T3 |HL DATA 0 1 0 1 1 1
MC4 Ti * Z 1 1 1 1 1 1
MC5 T1T2T3 |HL DATA 1 0 0 1 1 1
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |MREQ [IORQ (M1 |HALT |ST
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
mMC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
SET b, (IX+d) |mcC3 T1T2T3 |1stoperand |d 0o |1 |o 1 1 |1 1
SET b, (IY +d) Address
RESb, (1X+d)
RESb, (Y +d) MC4 T1T2T3 |3rd Op Code |3rd Op 0 1 0 1 0 1 1
Address Code
MC5 TA1T2T3 |IX+d DATA 0 1 0 1 1 1 1
1Y +d
MC6 Ti * z 1 1 1 1 1 1 1
MC7 TAT2T3 |IX+d DATA 1 0 0 1 1 1 1
1Y +d
MC1 T1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
SLP**
mMC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
Address Code
— — 7FFFFH z 1 1 1 1 1 0 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1 0
Address Code
mMC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1 1
TSTIO m** Address Code
MC3 TA1T2T3 |1stoperand |m 0 1 0 1 1 1 1
Address
MC4 T1T2T3 |Cto AO~A7 |DATA 0 1 1 0 1 1 1
00H to
A8~A15
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Table51. Busand Control Signal Condition in Each M achine Cycle (Continued)

Machine
Instruction Cycle States |Address Data RD |WR |[MREQ [IORQ (M1 [HALT
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
TST g**
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
Address Code
MC3 Ti * Z 1 1 1 1 1 1
MC1 TA1T2T3 |1st Op Code |1stOp 0 1 0 1 0 1
Address Code
TST m** MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
Address Code
MC3 TA1T2T3 |1st operand m 0 1 0 1 1 1
Address
TST (HL)** MC1 T1T2T3 |1st Op Code |1stOp 0 2 0 2 0 2
Address Code
MC2 T1T2T3 |2nd Op Code |2nd Op 0 1 0 1 0 1
Address Code
MC3 Ti * Z 1 1 1 1 1 1
MC4 T1iT23 |HL Data 0 1 0 1 1 1
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INTERRUPTS
Table52. Interrupts
Machine I _
Instruction Cycle States Address Data RD |WR |MREQ |IORQ |M1 |HALT |ST
MC1 T1T2T3 Next Op 0 1 0 1 0 1 0
Code
Address (PC)
NMI
MC2 TiT1 * VA 1 1 1 1 1 1 1
~MC3
MC4 T1T2T3 SP-1 PCH 1 0 0 1 1 1 1
MC5 T1T2T3 SP-2 PCL 1 0 0 1 1 1 1
MC1 TiT2TW Next Op 1st(PC) 1 1 1 0 0 1 0
TWT3 Code Op Code
INTOMode O Address
(RST Inserted)
MC2 TiT1 * VA 1 1 1 1 1 1 1
~MC3
MC4 T1T2T3 SP-1 PCH 1 0 0 1 1 1 1
MC5 T1T2T3 SP-2 PCL 1 0 0 1 1 1 1
MC1 TiT2Tw Next Op 1st 1 0 0 1 0
TWT3 Code Op Code
Address (PC)
TNTOMode 0 MC2 T1T2T3 PC n 0 1 0 1 1 1 1
(Call MC3 T1T2T3 PC+1 m 0o |1 |o 1 1 |1 1
Inserted)
MC4 Ti * VA 1 1 1 1 1 1 1
MC5 T1T2T3 SP-1 PC+2(H) (1 0 0 1 1 1 1
MC6 T1T2T3 SP-2 PC+2(L) (1 0 0 1 1 1 1
MC1 TiT2TW Next 1 1 1 0 0 1 0
o TWT3 Op Code
INTO Mode 1 Address (PC)
MC2 T1T2T3 SP-1 PCH 1 0 0 1 1 1 1
MC3 T1T2T3 SP-2 PCL 1 0 0 1 1 1 1
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Table52. Interrupts (Continued)
Machine S -
Instruction Cycle States Address Data RD |WR |MREQ |IORQ |M1 |HALT |ST
MC1 TIT2TW Next Vector 1 |1 |1 0 0 |1 0
TWT3 Op Code
Address (PC)
INTOMode 2 -
MC2 Ti * z 1 |1 |1 1 1 |1 1
MC3 T1T2T3 SP-1 PCH 1 |0 |o 1 1 1
MC4 T1T2T3 SP-2 PCL 1 |0 |o 1 1 |1 1
MC5 T1T2T3 I, Vector DATA 0o |1 |o 1 1 |1 1
MC6 T1T2T3 I, Vector+1 |DATA 0o |1 |o 1 1 |1 1
T1T2,TW
MC1 TIT2,TW  |[Next 1 |1 |1 1 1 |1 0
TWT3 Op Code
INT1 Address (PC)
INT2 MC2 Ti * z 1 |1 |1 1 1 |1 1
Internal :
Interrupts MC3 T1T2T3 SP-1 PCH 1 |0 |o 1 1 |1 1
MC4 T1T2T3 SP-2 PCL 1 |0 |o 1 1 |1 1
MC5 T1T2T3 I, Vector DATA 0o |1 |o 1 1 |1 1
MC6 T1T2T3 I, Vector+1 |DATA 0o |1 |o 1 1 |1 1
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REQUEST ACCEPTANCES IN EACH OPERATING MODE
Table53. Request Acceptancesin Each Operating M ode
Current | Normal
Status | Operation
(CPU mode Interrupt BUS SYSTEM
and |OSTOP Refresh Acknowledge RELEASE |SLEEP STOP
Request Mode) WAIT State |Cycle Cycle DMA Cycle |Mode Mode Mode
WAIT Acceptable Acceptable |Not Acceptable Acceptable | Not Not Not
acceptable acceptable |acceptable |acceptable
Refresh Request | Refresh cycle | Not Not Refresh cycle | Refresh cycle | Not Not Not
Request of Refresh | beginsat the | acceptable  |acceptable |begins at the begins at the |acceptable |acceptable |acceptable
by the on-chip end of Machine end MC end of MC
Refresh Controller | Cycle (MC)
DREQO DMA cycle DMA cycle |Acceptable |Acceptable Acceptable | Acceptable |Not Not
DREQ1 beginsatthe |beginsatthe |Refreshcycle|DMA cycle Refer to *After BUS | acceptable |acceptable
end of MC end of MC precedes. begins at the “DMA RELEASE
DMA cycle |endof MC. Controller” cycle, DMA
begins at the for details. cyclebegins
end of one at the end of
MC oneMC
BUSREQ Busisreleased | Not Not Busisreleased |Busis Continue Acceptable | Acceptable
at the end of acceptable  |acceptable | at the end of released at the | BUS
MC MC end of MC RELEASE
mode
Interrupt [INTO, | Accepted after | Accepted Not Not Not Not Acceptable | Acceptable
INT1, executing the | after acceptable | acceptable acceptable acceptable | Return from | Return from
INT2 current executing the SLEEP SYSTEM
instruction. current mode to STOP mode
instruction normal to normal
operation. | operation
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Table53. Request Acceptancesin Each Operating M ode

Current | Normal
Status | Oper ation
(CPU mode Interrupt BUS SYSTEM
and IOSTOP Refresh Acknowledge RELEASE [SLEEP STOP
Request Mode) WAIT State |Cycle Cycle DMA Cycle |Mode Mode Mode
Internal |- - - - - - - Not
110 acceptable
Interrupt
NMI - - - Not acceptable |Acceptable Acceptable
Interrupt DMA cycle Return from
acknowledge  |stops SYSTEM
cycle precedes. STOP mode
NMI is accepted to normal
after executing operation
Note: * Not acceptable when DMA Request isin level-sense.
-: Same as above.
MC: Machine Cycle

REQUEST PRIORITY
The 280180 features three types of requests.

Table 54. The Z80180 Types of Requests

Typel Accepted in specified state WAIT

Type?2 Accepted in each machinecycle Refresh Request, DMA
Request, and Bus Request.

Type3 Accepted in each instruction Interrupt Request

Type 1, Type 2, and Type 3 requests priority asfollows.

® Highest priority Type 1> Type 2 > Type 3 lowest priority

® Each request priority in Type 2 is shown as follows. highest priority
Bus Reqg. > Refresh Reg. > DMA Request lowest priority
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Note: If Bus Request and Refresh Request occur simultaneously,
Bus Request is accepted but Refresh Request is cleared.

OPERATION MODE TRANSITION

NORMAL *1

13534

(0]

dO1SOl

dO1SOl

(0]

T

IOSTOP
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Figure 94. Operation M ode Transition

* 1. NORMAL: CPU executes instructions normally in NORMALmode.

* 2. DMA request: DMA isrequested in the following cases.

— DREQO,DREQ1=0
memory to/from (memory mapped) I/0 DMA transfer

— b. DEO =1 (memory to/from memory DMA transfer)

* 3. DMA end: DMA ends in the following cases:

UMO005001-ZMP0400



Z8018x Family
MPU User Manual

&/ -
Y/
Y./ ]| 285

— DREQO,DREQ1=1
memory to/from (memory mapped)
I/O DMA transfer

— BCRO, BCR1 =0000H (all DMA transfers)
— NMI =0 (all DMA transfers)

OTHER OPERATION MODE TRANSITIONS

The following operation mode transitions are also possible.

1 HALT - DMA
- REFRESH
BUSRELEAS
|OSTOF - DMA
- REFRESH
BUSRELEAS
2. SLEEP > BUS RELEASE
-
SYSTEMSTOP 5 BUS RELEASE
-
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PIN OUTPUTS IN EACH OPERATING MODE
Table 55 describes pin outputs in each operating mode.
Table55. Pin Outputsin Each Operating M ode
_ N Address |Data

Mode M1 [MREQ [IORQ |RD |WR |RFSH|HALT |[BUSACK [ST |BUS |BUS
CPU Op CodeFetch [0 |0 1 0 |1 |1 1 1 0 |A IN
Operation (1st Op Code)

Op CodeFetch [0 |0 1 0 |1 |1 1 1 1 |A IN

(except 1 st Op

Code)

MemRead 1 |0 1 0 |1 |1 1 1 1 |A IN

Memory Write |1 [0 1 1 |0 |1 1 1 1 |A ouT

1/0 Read 1 |1 0 0 |1 |1 1 1 1 |A IN

1/0 Write 1 |1 0 1 |0 |1 1 1 1 |A ouT

Internal 1 |1 1 1 |1 |1 1 1 1 |A IN

Operation
Refresh 1 |0 1 1 |1 |o 1 1 = |A IN
Interrupt NMI 0 |o 1 0 |1 |1 1 1 0 |A IN
Acknowledge [——
Cydle INTO 0 |1 0 1 |1 |1 1 1 0 |A IN
(1stMachine (INT1,INT2Z & |1 |1 1 1 1 1 1 1 0 |A IN
Cycle) Internal

Interrupts
BUS RELEASE 1 |z Z zZ |z 1 1 0 * IN
HALT 0 |o 1 0 |1 |1 0 1 0 |A IN
SLEEP 1 |1 1 1 |1 |1 0 1 1 IN
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Table55. Pin Outputsin Each Operating Mode (Continued)

- R Address | Data
Mode M1 [MREQ [IORQ |RD [WR |RFSH|HALT [BUSACK |ST |BUS |BUS
MemoryRead | 1 0 1 |of1| 1 * 1 0 IN
Internal ) N
DMA Memory Write | 1 0 1 |1]o0]| 1 1 0 A |ouT
/0 Read 1 1 o |o|1] 1 * 1 0 A IN
/0 Write 1 1 o |1]0] 1 * 1 0 A |ouT
RESET 1 1 1 |11 1 1 1 1 z IN
® 1:High
* O:Low
® A Programmable
® Z: HighImpedance
® IN: Input
® OUT : Output
e *:lnvaid
PIN STATUS

Tables 56 describes the status of each ping during RESET and LOW

POWER OPERATION modes.
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Table56. Pin StatusDuring RESET and LOW POWER OPERATION M odes

Pin Statusin Each Operation M ode
SYSTEM

Symbol Pin Function RESET SLEEP IOSTOP |STOP
WAIT — IN (N) IN (N) IN (A) IN (N)
BUSACK — 1 ouT ouT ouT
BUSREQ — IN (N) IN (A) IN (A) IN (A)
RESET — 0 IN (A) IN (A) IN (A)
NMI — IN (N) IN (A) IN (A) IN (A)
INT, — IN (N) IN (A) IN (A) IN (A)
INT, — IN (N) IN (A) IN (A) IN (A)
INT, — IN (N) IN (A) IN (A) IN (A)
ST — 1 1 ouT 1
A0-A17,A19 |— z 1 A 1
A18/TOUT  |A18 z 1 A 1

TOUT z ouT H H
DO-D7 — z z z
RTSO — 1 H ouT H
CTSO — IN (N) IN (A) IN (N) N (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 ouT z z

(Internal Clock Mode)
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Table56. Pin StatusDuring RESET and LOW POWER OPERATION Modes (Continued)

Pin Statusin Each Operation M ode
SYSTEM

Symbol Pin Function RESET SLEEP IOSTOP |STOP

CKAO z IN (A) IN (N) IN (N)

(External 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 |CKA1 z ouT z z

(Internal Clock Mode)

CKA1 z IN (A) IN (N) IN (N)

(External Clock Mode)

TENDO z 1 ouT 1
TXS — 1 ouT H H
RXS/CTS; RXS IN (N) IN (A) IN (N) IN (N)

CTS1 IN (N) IN (A) IN (N) IN (N)
CKS CKS z ouT 1 1

(Internal Clock Mode)

CKS z IN (A) z z

(External Clock Mode)
DREQ, — IN (N) IN (N) IN (A) IN (N)
TEND, — 1 1 ouT 1
HALT — 1 0 ouT 0
RFSH — 1 1 ouT 1
I0RQ — 1 1 ouT 1
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Pin Statusin Each Operation M ode

SYSTEM
Symbol Pin Function RESET SLEEP IOSTOP |STOP
MREQ — 1 1 ouT 1
E — 0 E Clock - -
Output
M1 — 1 1 ouT 1
WR — 1 1 ouT 1
RD — 1 1 ouT 1
Phi — Phi Clock |- = =
Output

® 1:HIGH 0: LOW A: Programmable Z: High Impedance
IN (A): Input (Active) IN (N): Input (Not active) OUT: Output

® - :sameastheleft

H: Holds the previous state
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/O Registers

INTERNAL I/O REGISTERS

By programming IOA7 and I0AG6 as the 1/O control register, internal 1/0
register addresses are relocatable within ranges fromrD000Hto 00FFHIn
the 1/O address space.

Table57. Internal I/O Registers

Register Mnemonics Address Remarks
ASCI Control Register A CNTLAO 0 0 — Tmmer
Channel 0: bit MPE RE TE | RTSD | p | MOD2| MOD1| MODO
during RESET 0 0 0 1 invalid 0 0 0
RW RW RW RW RW RW RW | RW RW

\‘ [MODE Selection

Multi Processor Bit Receive/
Error Fldg Reset
Request to Send
Transmit Enable
Receive Enable
Multi Processor Enable

ASCI Control Register A CNTLA1 0 1 MPBR
Channel 1: bit MPE RE TE CKALD| oo MOD2 | MOD1 | MODO
during RESET 0 9] 9] 1 invalid 0 9] 9]
RW RW | RW | RW |RW |RW |RW |RW |RW

\‘ [MODESdection

Multi Processor Bit Receive/
Error Flag Reset
CKA1Disable
Transmit Enable
Receive Enable
Multi Processor Enable

MOD2 10
0 0 0 Start+ 7 bit Data+ 1 Stop
0 0 1 Start+ 7 bit Data+ 2 Stop
0 1 0 Start+ 7 bit Data+ Perity + 1 Stop
0 1 1 Start+ 7 bit Data+ Perity + 2 Stop
10 0 Start+8bit Data+ 1 Stop
10 1 Start+8bit Data+ 2 Stop
110 Start+8bit Data+ Parity + 1 Stop
11 1 Start+8bit Data+ Parity + 2 Stop
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Table57. Internal I/O Registers (Continued)

Register Mnemonics Address Remarks
ASCI Control Register B CNTLBO 0 2 p—
Channel 0: bit MPBT | MP | 5 | PEO | DR | SS2 | SSL | ss0
during RESET | invalid o] * o] o] 1 1 1
RW RW RW RW RW RW RW RW RW

{ [ Clock Source and

Divide Ratio Speed Select

Parity Even or Odd
Clear to send/Prescale
Multi Processor
Multi Processor Bit Transmit

* CTS Depending on the condition Of CTSPin.

PS: Cleared to 0.
ASCI Control Register B CNTLB1 0 3
Channel 1: [&F]
bit MPBT| MP s PEO | DR | S2 | ss1 SS0
during RESET | invaid 0 [0 9 9] 1 1 1
RW RW RW RW RW RW RW RW RW
C Clock Source and
Speed Select
Divide Ratio
Parity Even or Odd
Clear to Send/Prescale
Multi Processor
Multi Processor Bit Transmit
General PS=0 PS=1
divideratio (divideratio=10) (divide ratio=30)
SS2 10 | DR=0(X 16) DR=1 (X 64) DR=0 (X 16) DR=1 (X 64)

000 [f, 160 f . 640 f, 480 | f | 1920
001 N 320 N 1280 N 960 N 3840
010 N 640 N 2560 N 1920 N 7680
011 . 1280 N 5120 N 3840 N 15360
100 . 2560 . 10240 . 7680 . 30720
101 . 5120 . 20480 - 15360 N 61440
110 . 10240 , 40960 . 30720 . 122880
111 External clock (frequency <f | 40)
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Table57. Internal I/O Registers (Continued)

Register Mnemonics Address Remarks
ASCI Status Channel 0: STATO 0 4
bit RDRF | OVRN | PE FE RIE DCDO | TDRE | TIE
during RESET 0 9 9 9] invalid * *x 0
RW R R R R | RW R R | RW
L L Tr‘lnsmit Interrupt Enable
Transmit Data Register Empty
Data Carrier Detect
Receive Interrupt Enable
Framing Error
Parity Error

Overrun Error o e o
. . CTS Pin| TDRE
Receive Data Register Full S P

L 1
* DCDy: Depending on the condition of DCD Pin. H 0
ASCI Status Channel 1: STAT1 0 5
bit RDRF | OVRN | PE FE RIE CTSIE |TDRE | TIE
during RESET 0 9 9] 9] 0 0 1 9]
RW R R R R | RW R | RW
\
t Transmit Interrupt Enable
Transmit Data Register Empty
CTSl1Enable
Receive Interrupt Enable
Framing Error
Parity Error

Overrun Error
Receive Data Register Full
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Table57. Internal I/O Registers (Continued)
Register Mnemonics Address Remarks
ASCI Transmit Data TDRO 0 6
Register Channel O:
ASCI Transmit Data TDR1 0 7
Register Channel 1:
ASCI Receive Data TSRO 0 8
Register Channel O:
ASCI Receive Data TSR1 0 9
Register Channel 1:
CSI/O Control Register: CNTR 0 A it o el re | e | — |s2 |ss | so
during RESET 9 0 0 0 1 1 1 1
RW R RW RW RW RW | RW RW
CSpeed Sdlect
Transmit Enable
Receive Enable
End Interrupt Enable
End Flag
ss210 Baud Rate Ss210 Baud Rate

000 [phi, 20 100 |Phi, 320

001 40 101 640

010 80 110 1280

011 160 111 External

frequency <, 20)
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Table57. Internal I/O Registers (Continued)
Register Mnemonics Address Remarks
CSI/O Transmit/ TRDR 0 B
Receive Data Register:
Timer Data Register TMDROL 0 C
Channel OL:
Timer Data Register TMDROH 0 D
Channel OH:
Timer Reload Register RLDROL 0 E
Channel OL:
Timer Reload Register RLDROH 0 F
Channel OH:
Timer Control Register TCR 1 0 bit TFL |TFO | TEL | TEO | Toci | Toco | TDEL | TDEO
Channel OL: aringreser | O o o o o o o o
RwW R R RW | RW | RW RW | RW | RW
=
Timer Down
Count Enable 1,0

TOC1,0
00
01
10
11

A1g/TOUT
Inhibited
Toggle
9]
1

L Timer Interrupt Flag 1,0

L Timer Interrupt Enable 1,0

L— Timer Output Control 1,0

UMO005001-ZMP0400



298

Z8018x Family
MPU User Manual

Table57. Internal I/O Registers (Continued)

Register Mnemonics Address Remarks

Timer Data Register TMDRI1L 1 4

Channel 1L:

Timer Data Register TMDR1H 1 5

Channel 1H:

Timer Reload Register RLDRI1L 1 6

Channel 1L

Timer Reload Register RLDR1H 1 7

Channel 1H:

Free Running Counter: FRC 1 8 Read only

DMA Source Address SAROL 2 0

Register Channel OL:

DMA Source Address SAROH 2 1

Register Channel OH:

DMA Source Address SAROB 2 2 Bits 0-2 (3) are used for SAROB DMA Transfer Request
Register Channel 0B: CRN R T

DMA Destination Address DAROL 2 3 X x o 1 D D
Register Channel OL: X X 1 0 RDRL (ASCI1)
DMA Destination Address DAROH 2 4 xoxoor 1 Not used
Register Channel OH:

DMA Destination Address DAROB 2 5 Bits 0-2 (3) are used for DAROB DMA Transfer Request
Register Channel 0B: N S—
DMA Byte Count Register BCROL 2 6 X x o 1 O o)
Channel OL: X X 1 0 TDR1 (ASCI1)
DMA Byte Count Register BCROH 2 7 xoxoor No used
Channel OH:

DMA Memory Address MARI1L 2 8

Register

Channel 1L:

DMA Memory Address MAR1H 2 9

Register

Channel 1H:

* Inthe R1 and Z mask, these DMAC registers are expanded from 4 bitsto 3 bitsin the
package version of CP-68.
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M nemonics Address

Remarks

Table 57.
Register
DMA Memory Address MAR1B
Register
Channel 1B:

DMA 1/O Address Register IAR1L
Channel 1L:

DMA 1/O Address Register IAR1H
Channel 1H

DMA Byte Count Register BCRI1L
Channel 1L:

DMA Byte Count Register

Channel 1H: BCR1H
DMA Status Register: DSTAT
DMA Mode Register: DMODE

Bits 0 - 2 are used for MAR1B

E
=
0 bit DE1 DEO | DWEL | DWEC | DIEL | DIEO | — DME
during RESET | 0 o 1 1 RW | o 1 o
RW RW | RW w w RW
—y Y L DMA Master enable
DMA Interrupt Enable 1,0
L_ DMA Enable Bit Write Enable 1,0
L DMA enablech 1,0
1
bit — — | DM1 | DMO | SM1 | SMO |[MMOD| —
during RESET | 1 1 o 0 0 0 [ 1
RIW RIW RW | RW RW | RW
RN v [ Memory MODE select
— Ch 0 Source Mode 1,0
L_Ch 0 Destination Mode 1,0
DM1,0 Destination Address SM1,0 Source Address
00 M DARO+1 00 M SARO+1
01 M DARO-1 01 M SARO-1
10 M DARO fixed 10 M SARO fixed
11 10 | DARO fixed 11 1o SARO fixed
MMOD Mode
0 Cycle Steal Mode
1 Burst Mode

UMO005001-ZMP0400



Z8018x Family
MPU User Manual

300 | ¥
Table57. Internal I/O Registers (Continued)
Register Mnemonics Address Remarks
MMU Common Base CBR 3 8
Regl ster: bit CB7 CB6 CB5 CB4 CB3 CB2 CB1 CBO
during RESET 0 0 0 0 0 0 0 0
RW RIW RW | RW| RW| RW | RW | RW | RW
\CMMU Common Base Register
MMU Bank Base Register BBR
bit BB7 BB6 BB5 BB4 BB3 BB2 BB1 BBO
uring RESET 0 0 0 0 0 0 0 0
RW RIW RW | RW| RW| RW | RW | RW RIW
\CMMU Bank Base Register
MMU Common/Bank CBAR
Regl ster bit CA3 CA2 CAl CAO BA3 BA2 BA1 BAO
during RESET 1 1 1 o o o o
RW RW RW | RW| RW| RW | RW | RW | RW
\C MMU Bank
Area Register
MMU Common Area Register
Operation Mode Control  OMCR E bit MIE | MITE | TOC | — — - | =] =
Regl ster during RESET 1 1 1 1 1 1 1 1
RIW RIW w RIW
L L 1/0 compatibility
‘M1 Temporary Enable
M1 Enable
1/0 Control Register: ICR 3 F
bit IOA7 | IOA6 | IOSTP — — —_ — —
during RESET 0 0 0 1 1 1 1 1
RW RW | RW | RW
L 1o sop
L—1/O Address
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Register

M nemonics Address

Remarks

DMA/WAIT Control
Register:

DCNTL

3

2

bit MWwI1| MWIO wii IWIO | DMSL | DMSO | DIMAY DIMAO|
during RESET 1 1 1 1 0 0 0 0
RW RW | RW | RW| RW| RW | RW| RW | RW
Y
DMA Ch1
1/0 Memory
Mode Sefect
X L DREQi Sdlect, i=1,0
— I/O Wait Insertion
— Memory Wait Insertion
The number of The number of
MWIL,0 wait states IWI1,0 wait states
00 0 00 9
01 1 01 2
10 2 10 3
11 3 11 4
DMSI Sense
1 Edge sense
0 Level sense

DIM1,0 Transfer Mode ~ Address Increment/Decrement

00
01
10
11

M® I/0 MAR1+1 IAR1 fixed
M® I/0 MAR1-1 IAR1 fixed
1/10® M IAR1 fixed MAR1+1
1/10® M IAR1 fixed MAR1-1
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Table57. Internal I/O Registers (Continued)

Register Mnemonics Address Remarks
Interrupt Vector Low IL 3 3
Register bit w7 | e | s | — —_ | = [
during RESET 9] 9 9] 9] 9] 9] 9] 9]
RW RW RW | RW

Interrupt Vector Low

| NT./TRAP Control ITC 3 4 o e | oo | — - ~ Tre e e
Register
during RESET 0 0 1 1 1 o [5) o
RW RW R RW | RW | RW
L j INT Enable 2,1,0
Unidentified Fetch Object
TRAP
Refresh Control Register: RCR 3 6 bit REFE |RERW| — | — | — | — |cyarjcve
during RESET 1 1 1 1 1 1 o o
RwW RIW RW| RW | RW
L Cycle select
Refresh Wait State
Refresh Enable
‘ Interval of Refresh Cycle
00 10 states
01 20
10 20
11 80
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ORDERING INFORMATION

Codes

Package

P = Plastic Dip

V = Plastic Chip Carrier
F = Quad Flat Pack

Temperature
S=0°Cto+70°C
E =-40°Cto 100°C

Speed

06 =6 MHz
08 =8 MHz
10=10 MHz

Environmental
C = Plastic Standard

Example

Z8018x Family

MPU User Manual

Z8018008PSC isan 80180 8 MHz, Plastic DIP, 8C to

70°C, Plastic Standard Flow.

4 80180 o8 P S C

L Environmental Flow

Temperature
Package
Speed

ZILOG Prefix

Product Number
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MMU 56
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Central processing unit (CPU) 14
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CPU timing
Basic instruction 23
BUSREQ/BUSACK Bus Exchange25
HALT and Low Power modes 31
I/O data read/write 22
Internal 1/O registers41
MMU register description 60
Op Code fetch timing 18
Operand and data read/write20
RESET 25
Wait state generator 27
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CSI/O
Baud rate selection 150
Block diagram 146

Control/Status register 147, 150, 159,
160, 161,172

External clock receivetiming diagram156
External clock transmit timing diagram

154
Internal clock receivetiming diagram155
Internal clock transmit timing diagram

153
interrupt request generation151
Operation 151
Receive/Transmit timing diagram 204
Timer initialization, count down and reload
timing diagram 163
Timer output control 163
Timer output timing diagram 164

Cycle timing 87

D

Dataformats 131

DC characteristics
Absolute maximum ratings 185
780180186
z8L180189
285180187

DCDO timing diagram 139
Description, general 1

Design rules, circuit board 170
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Direct register bit field definitions 181
Divide ratio 134

DMA

Controller (DMAC) 90

CYCLE STEAL mode timing diagram
106

Edge-sense timing diagram 108
Interrupt request generation114
Level-sense timing diagram 107
Mode register (DMODE) 97
Operation 104

Status register (DSTAT) 95
TENDO output timing diagran 108
Transfer request 110

WAIT control register 100

DMAC

Block diagram 92

Register 93
DRAM refresh intervals 89
Dynamic RAM refresh control 86

E

E clock

BUS RELEASE, SLEEP and SYSTEM
STOP modes timing diagram 201

Memory and I/0O R/W cycles timing dia-
gram 201

Minimum timing example of PWEL and
PWEH timing diagram 202

Timing conditions 166
Timing diagram (R/W and INTACK cy-



cles) 167

Timing diagram (SLEEP and SY STEM
STOP modes) 168

Extended addressing 182
External clock rise and fall time204

F

Features 1

H

HALT mode 31

/O

Addressing 184

Control register (ICR) 42
1/O control register 42

Immediate addressing
Addressing
Immediate 183
Indexed addressing 182
Indirect addressing 181

Input ris and fall time (except EXTAL and RE-
SET) timing diagram 204
Instruction set

CPU registers 175

Flag register 178

Summary 173
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INTO
Interrupt mode 2 timing 80
Mode 1 interrupt sequence 77
Mode 1 timing 78

INTO mode O timing 76

Interrupt
Acknowledge cycle timings82
Control registers and flags65
Controller 13
CSI/O request generation 151
DMA request generation 114
Enable (ITE) 68
INT/TRAP control register (ITC) 67
Maskable interrupt O (INTO) 75
Non-maskable 72
PRT request generation 164
Sources 65
Sources during reset 83
TRAP 70
Vector register (1) 66

|OSTOP mode 35

L

Level-sense programming 109

Logical memory organization 58

M

M1 temporary enable timing 16
Maskable interrupt level 0 75
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Memory and 1/0O Wait state insertion 29
Memory management unit (MMU) 13
Memory to ASCI 109

Memory to memory 105

MMU Register description 60

Mode
HALT 31
IOSTOP 35
SLEEP 33
SYSTEM STOP 35

Modem control signals 138

N

NMI

and DMA operation timing diagram115
Use 74

Non-maskable interrupt 72

O

On-chip clock generator
Circuit board design rules170
External clock interface 169
Operating frequencies168

Operation modes
Control register 84
CPU timing 18
I0C 16
M1 Enable 15
M1 temporary enable 16
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P

Pin description
A0 through CTS17
BUSREQ through RFSH 9
DO through INT2 8
RTSO0 through TEND1 10
TEST through XTAL 10

Pin package
64-pinDIP 3
68-pin PLCC 4
80-pin QFPS
Programmable reload timer (PRT) 14

Programming
Level-sense 109

PRT
Block diagram 157
Bus release mode timing diagram 167
Interrupt request generation 164
Timer control register 161

R

Refresh 87
Control register 88

Register
ASCI Control A0 125
ASCI Control A1128
ASCI Control B 131
ASCI Status 0 120
ASCI Status 1 123



CSI/O control/status 147, 150, 159,
160, 161,172

Direct bit field definitions 181
DMA mode (DMODE) 97
DMA status 95

DMA/WAIT control 100

Flag 178

1/0 Control 42

1/0 control (ICR) 42

Indirect addressing 181
INT/TRAP control (ITC) 67
Interrupt Vector (1) 66

MMU bank base (BBR) 62
MMU common bank area (CBAR) 60
MMU common base (CBR) 61
Operation mode control 15, 84
PRT timer control register 161
Refresh control 88

Relative addressing

Addressing
Relative 183

RETI
control signal states85
Instruction sequence 84

RTSO0 timing diagram 140

S

Secondary bus interface 165
SLEEP mode 33

SLP execution cycle timing diagram
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Timing diagram
SLP execution cycle 203

Status summary table 10
SYSTEM STOP mode 35

T

Test conditions, standard 205

Timer initialization, count down and reload
163
Timer output timing diagram
Timing diagram
Timer output 202
Timing diagram 163
AC 197

Bus Exchange Timing During CPU Inter-

nal Operation 27

Bus Exchange Timing During Memory
Read 26

CPU (1/0 Read/Write cycles) 199
CSI/O external clock receive 156
CSI/O external clock transmit 154
CSl/O internal clock receive 155
CSI/O internal clock transmit 153
CSI/O receiveftransmit 204
CSI/O timer output 164

DCDO0 139

DMA control signals200

DMA CYCLE STEAL mode 106
DMA edge-sense 108

DMA level-sense 107
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DMA TENDO output 108 SLEEP 35
E clock (memory and /O R/W cycles) 201 TRAPtiming - 2nd Op Code Undefined 71
E clock (R/W and INTACK cycles) 167

E clock (SLEEP and SYSTEM STOP TRAP timing - 3rd Op Code Undefined 72

modes) 168 WAIT 28
E clock BUSRELEASE, SLEEPand SY S

TEM STOP modes) 201 TRAP 68
E clock minimum timing example of Interrupt 70

PWEL and PWEH) 202
External clock rise and fall 204
HALT 33
I/0 Read and Write cycleswithIOC =017 U
I/O read and write cycles with 10C=117
1/0 read/write timing 23
Input rise and fall time 204

Timing 71

Undefined Fetch Object (UFO) 68

Instruction 24 \Y
INTO interrupt mode 2 80 -
Vector acquisition
INTO mode 0 76
INTO mode 1 78 INTO mode 2 79
INTZ, INT2 and Internal interrupts 86 INTL, INT2 81
M1 temporary enable 16
Memory read/write timing (with Wait Vector table 82
state) 22
Memory read/write timing (without Wait W
state) 21
NMI and DMA operation 115 Wait state generation

Op Code Fetch timing (with Wait state) 20
Op Code Fetch timing (without Wait state)

[/O Wait insertion 29

19 Memory and 29
PRT bus release mode 167 Programmable Wait state insertion28
Refresh cycle 87 Wait input and reset 30
RESET 25
RTSO0 140 Wait state insertion 30
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