This Materi al

Product Specification

280180
Z180 MPU
FEATURES:
® Operating Frequency to 12.5 MHz ® On-Chip Interrupt Controller
& On-Chip MMU Supports Extended Address Space ®  On-Chip Clock Oscillator/Generator
& Two DMA Channels ® Clocked Serial {/O Port
® On-Chip Wait State Generators ® Code Compatible with Zilog Z80 CPU
® Two UART Channels ¢ Extended Instructions
® Two 16-Bit Timer Channels e 6 MHz Version Supports 6.144 MHz CPU Clock

Operation

GENERAL DESCRIPTION:

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

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

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

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

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

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

Ao-A19. Address Bus (Output, active High, 3-state). Ao-A1e
form a 20-bit address bus. The Address Bus provides the
address for memory data bus exchanges, up to 1 Mbyte,
and I/O data bus exchanges, up to 64K. The address bus
enters a high impedance state during reset and extemal
bus acknowiedge cycles. Address line A1g is multiplexed
with the output of PRT channel 1 (TOUT, selected as ad-
dress output on reset) and address line A, is not available
in DIP versions of the Z80180.

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

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

CKAo, CKA1. Asynchronous Clock 0 and 1 (Bidirectional,
active High). These pins are the transmit and receive
clocks for the synchronous channeis. CKAg is multiplexed
with DREQo and CKA; is multiplexed with TENDo.

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

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

CTSo-CTS4. Clear to Send 0 and 1 (Inputs, active Low).
These lines are modem control signats for the ASC! chan-
nels. QT§1 is multiplexed with RXS.

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

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

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

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

EXTAL. External Clock/Crystal (Input, active High). Crys-
tal oscillator connection. An external clock can be input to
the Z80180 on this pin when a crystal is not used. This input
is Schmitt triggered.

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

INTo. Maskable Interrupt Request O (Input, active Low).
This signal is generated by external /O devices. The CPU
will honor this request at the end of the current instruction
cydle as long as the NMI and BUSREQ signals are inac-
tive. The CPU acknowledges this interrupt request with an
interrupt acknowledge cycle. During this cycle, both the M1
and 1ORQ signals will become active.

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

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

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

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

NMI. Non-maskable Interrupt (Input, negative edge trig-
gered). NMI has a higher priority than INT and is always
recognized at the end of an instruction, regardless of the
state of the interrupt enable flip-flops. This signal forces
CPU execution to continue at location 0066H.
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RD. Read (Output, active Low, 3-state). RD indicates that
the CPU wants to read data from memory or an I/O device.
The addressed I/O or memory device should use this sig-
nal to gate data onto the CPU data bus.

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

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

RTS50. Request to Send 0 (Output, active Low). This is a
programmable modem control signal for ASCI channel 0.

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

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

Note that the output from M1 is affected by the status of the
M1E bitin OMCR register. Table 1 shows the status while
MIE=1.

ST |RALT | W Operation
o] 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
{MC except for op-code fetch)
0 X 1 DMA operation
o o o] HALT mode
1 o] 1 SLEEP mode (including
SYSTEM STOP mode)
NOTE X: Don’t care

MC: Machine cycle

Table 1. Status Summary

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

TEST (Output): This pin is for test and is left open.

TOUT. Timer Out (Output, active High). TOUT is the pulse
output from PRT channel 1. This line is multiplexed with
A1 of the address bus.

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

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

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

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

XTAL. Crystal (Input, active High). Crystal oscillator con-
nection. This pin should be ieft open if an external clock is
used instead of a crystal. The oscillator input is nota TTL
level (reference DC characteristics).

Multipiexed pin descriptions
A1g/TOUT During RESET, this pin is initialized
as A, pin. If either TOC1 or TOCO
bit of the Timer Control Register
(TCR) is set to 1, TOUT function is
selected. If TOC1 and TOCO bits are
cleared to 0, A,, function is selected.

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

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

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

to 1, CTS+ function is selected.

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

The Z80180 combines a high performance CPU core with
a variety of system and l/O resources useful in a broad
range of applications. The CPU core consists of five func-
tional blocks: clock generator, bus state controller (includ-
ing dynamic memory refresh), interrupt controller, memory
management unit (MMU), and the central processing unit
(CPU). The integrated 1/0O resources make up the remain-
ing four functional blocks: direct memory access (DMA)
control (2 channels), asynchronous serial communications
interface (ASCI, 2 channeis), programmable reload timers
(PRT, 2 channels), and a clock serial I/0 (CSIO) channel.

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

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

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

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

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

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

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

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

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

OPERATION MODES:

The Z80180 can be configured to operate like the 64180.
This is accomplished by allowing the user to have control
over the M1, IORQ, WR, and RD signals. The Operation
Mode Control Register (OMCR) determines the M1 op-
tions; the timing of the TORQ, RD, and WR signals; and the
RET! operation.

o7 Joefos [—]—[—-[—]—]

(R/W) Res'erved

g

Figure 4. Operation Mode Control Register
(/0 Address = 3 EH)

: This bit controls the M1 output and is set
toa 1 during reset.

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

Ty T2 T3 T, T2 Ta
g:__r_7__J—_L_J_—l__r_1__f——L_J_—1__
W——

" %
Write into OMCR ' ~Opcode Fetch

Figure 5. M1 Temporary Enable Timing
MITE (M1 Temporary Enable): This bit controls the tem-
porary assertion of the M1 signal. Itis always read back as
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a Y andissetto 1 during reset. This function is used to
"arm" the intemnal interrupt structure of the Z8OPIO. 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 MT1TE-=1, there is no change in the opera-
tion of the M1 signal and M1E controls its function. When
MITE=0, the M1 output will be asserted during the next
opcode fetch cycle regardless of the state programmed
into the M1E bit. This is only momentary (one time) and the
user need not reprogram a 1 to disable the function (See
Figure 5).

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

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

Ty T2 Tw T3
g - LT LT LI LT

e —

RD

W—R__.'r_;.l

111

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

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

Ty T2 Tw Ta

iORQ _—‘_l
;

— 1
Rl I
f_

™

.

Figure 7. /0 Read and Write Cycles with10C = 0

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

TIMING:

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

Instruction (op-code) fetch timing.

Operand and data read/write timing.

I/0 read/write timing.

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

BUSREQ/BUSACK bus exchange timing.

The basic CPU operation consists of one or more "Machine
Cycles” (MC). A machine cycle consists of three system
clocks, T1, T2, and T3 while accessing memory or /O, or
it consists of one system clock (T1) during CPU intemal
operations. The system clock is half the frequency of the
Crystal oscillator (e.g., an 8 MHz crystal produces 4 MHz

or 250 nsec). For interfacing to slow memory or .

peripherals, optional wait states (Tw) may be inserted be-
tween T2 and T3.

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

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

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

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

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

Op-code fetch cycle |

T T2 Ta o T T2

@ w
Ao—Aw X ' PC. X_PC + 1
Do—D7 —<Op-code
WAT ___TCIC Z.‘.'_7i_\1'_'_'_'.'_'_'_'_'_'_'_’_'.:'_'_
M T Ly

v

MREQ — 1 ./ 1\
D —\_

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

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

Op-code fetch cycle

! o
~ hal
TS T2 Tw Tw T3 T T2
¢ ] 1 I H
1 ( 1 !
+ A ‘.
Ao— A X : M L X
! 1
i ! )
Do—Dy ! ! 4_/01,..;“.
T [
: I 1 1
WAN TN T NI
| [
W —\ 1 1 ! [ 2
T 1 T T
I I 1
WEG i N L S\
' | [ [
1 1
"D —\ ! ' | S\
| ' [ d

Figure 9. Opcode Fetch Timing (With Walt State)

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

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

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

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.

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

Aoc—An X Msﬂ\o;y address . X ! Memory address X
Do—07 fiosd aon 1 Write data
0 1 i
wam TN : Y/ W
WREG —\ SRV i /S N\
i : : ;
BT\ ! _
wE ! ! T N A
Figure 10. Memory Read/Write Timing (Without Wait
State)
L Read cycie s Write cycle
T Tz Tw Ts T T2 Tw Ts
' : i i | ;
Ao—as Y 0 ] YT 0 i
, j j ! ; i
Do—07 : : A—S—r’ : Vi ams
WAN TN L NI N L N
__ i ! 5 : : !
MREQ —\ i ' TR ! ; /
w® | | L i
—/\ : i S T T )
— T T T ! I !
WR i 1 " : :
N 1 i T

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

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

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

2. The 16-bit VO address is not translated by the MMU.

3. A16-Atg are held LOW.

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

Fig. 12 shows I/O read/write timing with the automatically

inserted wait state (Tw).

L VO read cycie L VO write cycle .

1, T. Tw T, T, T2 Tw T,
¢ LSl L7 g erer

Ac-as _X VG sooress ; ” X VO address

Do--D7 ‘ 3 » Write data >
WA CTTTII j:::.‘f‘(::': """ RIS A U
) ' s

NOTE: Are—Ag = O for VO cycles '

Figure 12. I/0 Read/Write Timing
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Basic Instruction Timing. An instruction may consist of a
number of machine cycles including op-code fetch,
operand fetch, and data read/write cycles. An instruction
may also include cydes for internal processes which make
the bus idle.

CPU intarmal
16t opcode  2nd op-code Dwplecement  OPeTInOr Memory Next instruction
| fotch cycle | fetchcycle  resdcyde | T | write cycle | fetch cycle
g L L ML | T 1 L

Ty T2 Ts To Tz T3 To T2 Ts T T Ti T T, Ts T Ta

¢

Ao—An pcr1 X PC+2 X x+a_ X _rc+a
DO (TOH—77M) d 9

Do-D: Y

N/ N

MREO /T
® N T
A _/

Machine Cycie

k i l
Tmer T me2

I |
MC3  'MCAMCSMCE  MC7 |

NOTE: d = displecement
© = regrter contents

Figure 13. instruction Timing

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

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

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

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

RESET Stant

RESET | OP-code fetch cycle

"

b
T, T:

P2 I S I [ S S U

6 or more than 6 clocks_

RESET

Restart address(00000H

Ao—Aw > il ]
Figure 14. Reset Timing

BUSREQ/BUSACK Bus Exchange Timing. The 280180
can coordinate the exchange of control, address and data
bus ownership with another bus master. The alternate bus
master can request the bus release by asserting the BUS-

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

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

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

Note that dynamic RAM refresh is not performed when the
Z80180 has released the bus. The alternate bus master
must provide dynamic memory refreshing if the bus is
released for long periods of time.

Fig. 15 iflustrates BUSREQ/BUSACK bus exchange
during a memory read cycle. Fig. 16 illustrates bus ex-
change when the bus release is requested during a
280180 CPU internal operation. BUSREQ is sampled at
the falling edge of the system clock prior to T3, Ti and Tx
(BUS RELEASE state). f BUSREQ s asserted LOW atthe
talling edge of the clock state prior to Tx, another Tx is ex-
ecuted.

CPU memory read cycle

| Bus release cycle | CPU cycle
T o

L
b

T, T2 Tw Ts Tx Tx Tx T

JRR I O I I O A O

Do—Dr J\_./i\
MREQ,
ORQ
RD. WR
BUSREQ
BUSACK
Figure 15. Bus Exchange Timing
N CPU internal operation | Bus release cycle , CPU cycle
| na— - f
Ti T T T Tx Tx Tx T
, JUUUUUyyuL
Ao—An
Bo-D:
MAEQ,
1ORQ
TD. WR
BUSREQ ——_\_—_———/——“——
BUSACK pR—

Figure 16. Bus Exchange Timing
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WAIT State Generator

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

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

Dynamic RAM refresh is not performed during wait states
(Tw) and thus system designs which use the automatic

refresh function must consider the affects of the occur-
rence and duration of wait states (Tw). Figure 17
shows WAIT timing.

T, T2 Tw Tw L) T

o —J LT LI LTLIureri
WA \ /\ /7 X

Figure 17. WAIT Timing

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

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

HALT and Low Power Operation Modes

The 280180 can operate in 4 different modes. HALT mode,
I0OSTOP mode and 2 low power operation modes - SLEEP
and SYSTEM STOP. Note that in all operating modes, the
basic CPU clock (XTAL, EXTAL) must remain active.
HALT mode. HALT mode is entered by execution of the
HALT instruction (op-code = 76H) and has the following
characteristics.

(1) The intemal CPU clock remains active.

(2) Allinternal and external interrupts can be received.
(3) Bus exchange (BUSREQ and BUSACK) can occur.

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

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

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

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

HALT mode can be exited in the following two ways.

RESET Exit from HALT mode. If the RESET input is as-

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

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

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

HALT timing is shown in Fig 18.

Interrupt
HALT op-code fetch cycle HALT mode L
T T
P Ta Ta T T2 Ts Ty T2

NT;, NV \ r
Ao~Aw  HALT op-code address X HALT op-code address + 1
HATT —\ S
L] / \ / \
WREQ / \ / \
T \ / \

Figure 18. HALT Timing

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

360

Copyrighted By Its Respective Manufacturer



This Materi al

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

(2) The internal crystal oscillator does not stop.

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

(5) 1/0 operations using on-chip peripherals continue.

(6) The internal DMAC stop.

(7) BUSREQ can be received and acknowledged.

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

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

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

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

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

In the case of all other interrupts, the interrupt response gy g

depends on the state of the global interrupt enable flag
(IEF1) and the individual interrupt source enable bit.

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

Assuming the individual interrupt condition is enabled, the
response to that interrupt depends on the global interrupt
enable flag (IEFq). If interrupts are globally enabled

AcAw SLP 2nd op-code address X

(IEF1=1) and an individually enabled interrupt occurs,
SLEEP mode is exited and the appropriate normal inter-
rupt response sequence is executed.

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

Figure 19 shows SLEEP timing.

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

SYSTEM STOP mode. SYSTEM STOP mode is the com-
bination of SLEEP and IOSTOP modes. SYSTEM STOP
mode is entered by setting the IOSTOP bitin ICR to 1 fol-
lowed by execution of the SLP instruction. In this mode,
on-chip /O and CPU stop operating, reducing power con-
sumption. Recovery from SYSTEM STOP mode is the
same as recovery from SLEEP mode, noting that intemal
I/0 sources (disabled by IOSTOP) cannot generate a
recovery interrupt.

SLP 2nd op-code

Op-code fetch or interrupt
fetch cycle 1

_[_Uckmwhdge cycle

LSS VOO N (I N U N

FFFFFH X

RALT
i Y S

— ~

Figure 19. SLEEP Timing

Trap and Interrupts

The Z80180 CPU has twelve interrupt sources, 4 extemal
and 8 internal, with fixed priority. (Reference Figure 20).

Higher {1)  TRAP (Undefined Op-code Trap} ... .......... Internal Interrupt
Prionty  (2) NN (Non Maskabie interrupt
(3} WTo (Maskabie Interrupt Levet O)
4)  NT. (Maskable interrupt Levet 1}
(5} INT: (Maskable intermupt Level 2)
6) Timer O
(7} Timer 1
{8) DMA channel O
(3}  DMA channel 1
(10)  Clocked Senal VO Port
Lower (11)  Asynchronous SCI channel O
Prionty (12} Asynchronous SCI channel 1

Extemnal interrupt

intemal interrupt

Figure 20. Interrupt Sources
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TRAP Interrupt. The Z80180 generates a non-maskaable
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 acknowl-
edge cycle for INT, when Mode 0 is used.

When a TRAP interrupt occurs the 280180 operates as fol-
lows.

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

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

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

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

(1) NMI - Non-maskable Interrupt

(2) INTo - Maskable Interrupt Level 0
(3) INT4 - Maskable Interrupt Level 1
(4) INT2 - Maskable Interrupt Level 2

NMI, INT1 and INT2 have fixed interrupt response modes.
INTo has 3 different software programmable interrupt
response modes - Mode 0, Mode 1 and Mode 2.

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

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

(2) The PC is pushed onto the stack.

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

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

(5) Execution commences at logical address 0066H.

The last instruction of an NMI service routine should be
RETN (Return from Non-maskable Interrupt). This restores
the stacked PC, allowing the interrupted program to con-
tinue.

INTo - Maskable interrupt Level 0 -
The next highest priority external interrupt after NMI is
INTo. INTo is sampled at the falling edge of the clock state
prior to Ta or T1 in the last machine cycle. It INTo is as-
serted LOW at the falling edge of the clock state prior to Ta
or T1 in the last machine cycle, INTo is accepted. The in-
terrupt is masked if either the IEF1 flag or the ITEQ (inter-
rupt Enable 0) bit in ITC are reset to 0.

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

(1) Mode O - instruction fetch from data bus.

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

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

INTo Mode 0.

During the interrupt acknowiedge cycle, an instruction is
fetched from the data bus (D0-D7) at the rising edge of T3.
Often, this instruction is one of the eight single byte RST
(RESTART) instructions which stack the PC andrestartex-
ecution at a fixed logical address. However, multibyte in-
structions can be processed if the interrupt acknowledging
device can provide a multibyte response. Unlike all other
interrupts, the PC is not automatically stacked.

Note that TRAP interrupt will occur if an invalid instruction
is fetched during Mode O interrupt acknowledge.

iNTo Mode 1

When INTo is received, the PC is stacked and instruction
execution restarts at logical address 0038H. Both IEF 1 and
|EF2 flags are reset to 0, disabling all maskable interrupts.
The interrupt service routine should normmally terminate
with the El (Enable Interrupts) instruction followed by the
RETI (Return from Interrupt) instruction, to reenable the in-
terrupts.

iNTo Mode 2

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

The vector table address is located on 256 byte boundaries
in the 64K byte logical address space programmed in the
8-bit Interrupt Vector Register (1).

During the INTo Mode 2 acknowledge cycle, the low-order
8 bits of the vector is fetched from the data bus at the rising
edge of T3 and the CPU acquires the 16-bit vector.
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Next, the PC is stacked. Finally, the 16-bit restart address
is fetched from the vector table and execution begins at
that address.

Note that external vector acquisition is indicated by both
M1 and IORQ LOW. Two wait states (Tw) are automatical-
ly inserted for external vector fetch cycles.

INT4, INT2

The operation of external interrupts INT1 and INT2is a vec-
tor mode similar to INTo Mode 2. The difference is that INT4
and INT2 generate the low-order byte of vector table ad-
dress using the IL (interrupt Vector Low) register rather
than fetching it from the data bus. This is also the interrupt
response sequence used for all intemnal interrupts (except
TRAP).

Internal Interrupts. Internal interrupts (except TRAP) ise
the same vectored response mode as INT1 and INT2.
Internalinterrupts are globally masked by IEF1 = 0. Individ-
ual intemal interrupts are enabled/disabled by program-
ming each individual /O (PRT, DMAC, CSI/O, ASCI)
control register. The lower vector of INT', INT2 andintemal
interrupt are summarized in Table 2.

Priority *.
br be bs

interrupt Source

o
o
b

o
o
o
b4

INT- Highest
NT; N
PRT channel O - . -
PRT channel 1

DMA channel O
DMA channel 1
CSI'0

ASCI channel O
ASCi channei 1

-lololojololo|o|o
ol={=+|={+|olojo|o
ol=|=|oloj~l-lo|c
o|-jol-lo|=|lo|-

o|lo|o|o|o|oc|lo|o|o

Lowest

* Programmabie

Table 2. Vector Table

RETI Instruction Sequence:

When the EDH/4DH sequence is fetched by the Z80180,
it is recognized as the RETI instruction sequence. The
780180 will then refetch the RETI instruction with 4 T-
states in the EDH cycle to allow the Z80 peripherals time
to decode that cycle (See Figure 21). This allows the inter-
nal interrupt structure of the peripheral to properly decode
the instruction and behave accordingly.

The M1E bit of the Operation Mode Control Register
(OMCR) should be set to' 0 so that M1 signal is active
only during the refetch of the RETI instruction sequence.
This is the desired operation when Z80 peripherals are
connected to the Z80180.

L L LL L LT L L L L LT, LT
¢ JUJUUYUUUUUUYrUU

Ac-As A _ X PC_ X PC+1 X_pc X pc+r X
EDH 4DH EDH 4DH
DoD> Y o N
)
Wi (wmiE=1)
Wi (wE=0)
MREQ

L)

‘ 1 T
B

sT

Figure 21. RETI Instruction Sequence

The RET! instruction takes 22 T-states and 10 machine
cycles.

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

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

A instructions

(2) Interrupt Vector Low iL I/O instruction
(addr=33H)
(3) Interrupt/Trap Control ITC /O instruction
(addr=34H)
(4) Interrupt Enable Flag 1EF1,IEF2 El and DI

12

Interrupt Enable/Disable Operation

Two flags, |IEF, and IEF,, are used to signal the Z80180
CPU interruptstatus. IEF controls the overall enabling and
disabling of all internal and external maskable interrupts
(i.e. all interrupts except NMI and TRAP).

It IEF1 = 0, all maskable interrupts are disabled. IEF1 can
be reset to 0 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 dis-
abled (IEF1 copied to IEF2 and then |EF cleared to 0). At
the end of the NMI interrupt service routine, execution of
the RETN (Return from Non-maskable Interrupt) will
automatically restore the interrupt receiving state (by copy-
ing 1EF2 to IEF1) prior to the occurrence of NMI.

|IEF2 state can be reflected in the P/V bit of the CPU Status
Register by executing LD A, 1 or LD A, R instructions.
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CPU Operstion €, €F2 REMARKS Internal I/O Registers

RESET 0 [ :;:-::: the interrupt except NMI and

NN ° € Copres the contents of IEF . to IEF; The 280180 intemal /O Registers occupy 64 1/O addres-

e L ses (including reserved addresses). These registers ac-

NMI and TRAP TRAP cess the internal VO modules (ASC!, CSI/O, PRT) and

':2'? ;‘::“: "°:‘""::: control functions (DMAC, DRAM refresh, interrupts, wait

o — L state generator, MMU and /O relocation).

e} [ 2]

LD A1 not atfected not attected ;rm-sms the contents of IEF; to PV To avoid address confhcts VV“h ex‘ema| |/0' the 2801 80

DA R not affected | not aHlectsd | Transfers the contents of IEF: to PV internal 1/O addresses can be relocated on 64 byte boun-
fiog daries within the bottom 256 bytes of the 64K byte I/O ad-

dress space.
Table 3. State of IEF, and IEF,
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Internal 1/0 Registers

By programming IOA7 and IOA6 in the I/O control register, internal I/0 regis-
ter addresses are relocatable within ranges from 0000H to 00FFH in the I/O address

space.
REGISTER | mnemonics | aboress REMARKS
ASC! Controt Register A Channel O [+ +} MPBR/
: CNTLAO bit MPE | RE TE |ATSD | cen [MOD2 {MOD1|MODO
during RESET (o} 4] o] 1 invaiid ] [o] o]
RW | RW |[RW [RW | AW [ RW | RW [ RW | RW
l L MODE Selection
Multi Processor Bit Receive/
Error Flag Reset
Request To Send
Transmit Enable
Receive Enable
Multi Processor Enabie
ASCI Control Register A Channel 1 0o
: CNTLA1
bt mpe | Re | Te jekatn|MEEM|mobz |mob1 {mopo
during RESET o] o] (o] 1 invahd o] [+] [+
RW RW (RW [|RW | R'W | R'W [ RW | RW | AW
[ MODE Seiection
Mutti Processor Bit Receive/
Error Flag Reset
CKA1 Disable
Transmit Enabie
Receive Enable
Multi Processor Enable
MOD2, 1,0
000 Start + 7 bit Data + 1 Stop
001 Start + 7 bit Data + 2 Stop
010 Start + 7 bit Data + Parity + 1 Stop
o111 Start + 7 bit Data + Parity + 2 Stop
100 Start + 8 bit Data + 1 Stop
101 Start + B bit Data + 2 Stop
110 Start + 8 bit Data + Parity + 1 Stop
111 Start + 8 bit Data + Parity + 2 Stop
(ASCI Control Register B Chanret 00| 22 bit MPBT | MP C;I’sS/ PEO | DR | ss2 | ss1 | sso
during RESET [invelid | O . [5) [+) 1 1 1
R'W RW | RW | W | RW | R'W | RW | R'W | R'W

Clock Source and
Speed Select
Divide Ratio
'— Parity Even or Odd
Clear To Send/Prescale
Multi Processor
Mutti Processor Bit Transmit

« CTS : Depending on the condition of CTS Pin.

PS : Cleared to O.

(to be continued)
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REGISTER l MNEMONICS | ADDRESS REMARKS
ASCI Control Register B Channel 1 03 il
ontrol Reg ONTLE bit meet | e |©2 | peo | DR | ss2 | ss1 | sso
during RESET | invahid o] (o] [¢] [s] 1 1 1
RW RW { RW | R'W | RW | RW | RW | RW | R/W
L Clock Source and
Speed Select
Divide Ratio
Parity Even or Odd
Clear To Send/Prescale
Multi Processor
Mutti Processor Bit Transmit
General PS=0 PS=1
divide ratio (divide ratio= 10) {divide rato= 30}
$82.1.0 DR=0 (X 16) | DR=1 (X 64}| DR=0 {X 18)| DR=1 {x 64}
000 &+ 1860 &+ 640 ¢+ 480 &+ 1820
001 + 320 + 1280 + 960 + 3840
010 + 640 + 2560 + 1920 + 7680
011 + 1280 5120 + 3840 + 15360
100 + 2560 0240 + 7680 + 30720
101 + 5120 + 20480 + 153680 + 61440
110 + 10240 + 40960 +30720 + 122880
11 External clock (frequency < ¢ +40)
ASCI Status Register Channel O 0 a4 bit RDRF |OVRN { PE FE RIE DCDO | TDRE | T
: STATO during RESET o] o} o] (4] 0 . oo ]
RW R R R R AW R R RW
|
Transmit
Interrupt
Enable
Transme Data
Register Empty
Data Camier Detect
Receive intermupt Enable
Framing Error
Parity Ermor *» TS0 Pin| TORE
Over Run Error L 1
L— Receive Data Register Full
* BTOs . Depending on the condition of DCDo Pin. H 0
ASCI Status Register Channel 1 0 s bit RDRF [OVRN| PE | FE | RIE |[CTSIE|TDRE | TE
: STATY during RESET | © 0 0 0 0 4] 1 )
R'W R R R R R/W | RW R R'W
Transmit
Interrupt
Enable
-Transmit Data
Register Empty
CTS1 Enable
Receive interrupt Enable
Framing Error
Parity Error
Over Run Emor
L Receive Data Register Full

Hn ha enntnuad)
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REGISTER [Musmoucs ADDRESS REMARKS
ASCI Transmit Dats Register Channel os
o
N : TORO .
ASC! Tranamit Data Register Channel 07
1
: TOR1
ASC! Receve Data Register Channel 08
o
: TSRO
ASCI Receive Dsta Register Channel 0os
1
: TSR1
CSVO Control Register . eNTR 0 A bit EF EE RE TE - $S§2 | SS1 $S0
’ during RESET | © 0 0 ) 1 1 1 1
AW R _|rw |RW | RW AW | W | RW
[ Speed Select
Transmit Enable
Receive Enable
End Intermupt Enable
End Flag
55210 | Baudrate | s$5210 | BaudRame
000 ¢+ 20 100 &+ 320
001 + 40 101 + 640
010 + 80 110 +1280
ot +180 111 |Extemal
tfrequency < + 20}
CSVO Transmit/Recsive Data o8
Register
: TRDR
Timer Data Register Channel OL ocC
: TMDROL
Timer Data Register Channel OH [+ I ]
: TMDROH
Timer Reload Register Channel OL 0E
: RLDROL
Timer Relosd Register Channet OH 0F
: RLDROH
Timer Controt Register 1cR 10 bit TF1 | TF0 | TE1 | TEO [TOCT |TOCO | TDEY | TDEO
' during RESET | O -] 3] -] [) ) ) )
RW R R [Aw [rRW [RW | rRW | rRW [ RW
LT'mchown
Count Enable 1,0
Timer Output Control 1,0
Timer Iinterrupt Enable 1.0
- Timer Interrupt Fiag 1,0
toc10 | awTour
00 inhibited
o1 Toggle
10 o
11 1

{to be continued}
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REGISTER { MNEMONICS | ADDRESS REMARKS
Timer Dats Register Channel 1L 14
: TMDR1L
Timner Data Register Channel 1H 15
: TMDR1H
Timer Relosd Register Channel 1L 18
: RLDRIL
Timer Reload Register Channe! 1H 17
: RLDR1H
Free Running Counter 18 read only
: FRC
DMA Source Address Register 20
Channel OL
: SAROL
DMA Source Address Register 21
Channel OH
: SAROH
DMA Source Address Register 22 Bits 0-2 (3) are used for SAROB.
Chennel 0B A’ Aa Air, Ais | DMA Transfer Request
- SAR0B X X 0 0 DREQ. (extemal
X X o] 1 RDRO (ASCIO}
X X 1 ] RDR1 {ASCIt)
OMA Destination Address Register 223 X X 1 1 Not Used
Channel OL
: DAROL
DMA Destination Address Register 2 4
Channel OH
: DAROH
DMA Destination Address Register 25 Bits 0-2 (3} are used for DAROB.
Channel 08 A’ Aia A, Ase 1 DMA Transfer Request
: DAROB X X 0 o0 DREQL (externall
X X o 1 TDRO {ASCIO}
X X 1 0 TDR1 {ASCIt)
DMA Byte Count Register Channel 2 8 X X 1 1 Not Used
oL
: BCROL
DMA Byts Count Register Channel 27
OH
: BCROH
DMA Memory Address Register 28
Channel 1L
:MARHL
DMA Memory Address Register 29
Channel 1H
: MARTH
DMA Memory Address Register 2 A Bits 0-2 (3) are used for MAR1B.
Channel 18
: MAR1B
DMA O Address Register Channel 28
1
: {ARTL
DMA VO Address Register Channel 2C
1™
1ARTH

ito be continued)
 in the R1 and Z Mask, these DMAC registers are expanded from 4 bits to 3 bits in the package version of CP-68
and FP-80.
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REGISTER MNEMONICS | ADDRESS REMARKS

DMA Byts Count Register Channel 2 E
L
) : BCRIL
DMA Byte Count Register Channel 2 F
TH
: BCR1H
DMA Status Register . OSTAT 30 bit DEV | DEO |DWET |DWEO | DIt | DIEO | ~ | DME
’ during RESET | O 0 1 1 0 0 1 0
RW R'W | AW w w RW | R'W R
Master
Ensble
interrupt Enable 1,0
DMA Ensbie Bit Writs Enable 1.0
‘— DMA Enable ch 1,0
DMA Mode Register 31
: DMODE bit - - DM1 | DMO | SMY | SMO [MMOD| -
duning RESET 1 1 o [+] [+] ] o] 1
RW RW | RW | RW | RW | RW
L Memory
MODE
Select
L— Ch O Source
Mode 1,0
Ch O Destination
Mode 1, 0
DM1, O Dest-nanon[ Address SM1, 0 | Source| Address
00 M DARO+ 1 00| ™ SARO+ 1
01 M DARO— 1 01 M SARO—1
10 M DARO fixed 10 M SARO fixed
1 vo DARO fixed 11| vo SARQ fixed

Cycle Steat Mode
Burst Mode

fto be contirued)
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REGISTER MNEMONICS | ADDRESS REMARKS
DMA/WAIT Control Register 32 bit MWIT [MWIO | W11 | W0 [OMS1 [DOMSO | DM1 | DIMO
: DCNTL during RESET | 1 1 1 1 o [ [) [
W RW [AW |RW | rw [ AW | RW | RW | AW
[DMA Cht
O Memory
Mode Select
L GREQi Select. i = 1,0
VO Wait insertion
— Memory Wait insertion
The number of The number of
MWI1,0 wait states w0 wait states
00 [) 00 [
01 1 01 2
10 2 10 3
11 3 1M a
Address Increment/Decrement
MAR1+ 1 IAR1 fixed
MAR1—1 I1AR1 fixed
1AR1 fixed MARY+ 1
1AR1 fixed MAR1— 1
Interrupt Vector Low Register 33 bit %) e L5 - - - - -
R
during RESET | 0 [4) 0 4] 0 0 0 0
W RW | RW | W
interrupt Vector Low
INT/TRAP Control Register 34 bit TRAP | UFO | - - - | mE2 | ME1 | MEO
sme duing RESET | 0 | © 1 1 1 o | o 1
RW aw | R RW | RW | rRW
i. T-ﬂ"l’ Enable 2,1,0
Undefined Fetch Object
TRAP
Refresh Control Register a 36 bit REFE |REFW | - - - -~ |cyer |cyeo
- RCR during RESET 1 1 1 1 1 1 [¢] [}
RW W | R'W RW | RW
l Eych Select
h Wait State
L Refresh Enable
CcYCct,0 l interval of Refresh Cycle
00 10 States
01 20
10 40
11 80

{to be contnued)
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REGISTER [ MNEMONICS | ADDRESS REMARKS
MMU Common Base Regster | 3 8 bit c87*] cBe | cBs | ces | CB3 | cB2 | cBt | cBO
during RESEY [ 0 0 ) ) 0 0 ) )
RAW RW | RW | RW | RW | RW | RW | RW | RW
L MMU Common Base Register
MMU Bork Base Rogater  nl ° bit 87| see | Bes | mea [ Ba3 | Be2 | BBt | BEO
during RESET [ 0 0 ) ) o 0 0 0
RW RW | RW | AW | RW | AW | RW | RW | RW
L_ MMU Bank Base Register
MMU Common/Bank Area MZ:AR 3 A bit cA3 | ca2 | ca1 | cao | Ba3 | Baz | BAY | BAO
during RESET | 1 1 1 1 ° ) 0 )
W AW | RW | RW | BW [ RW | RW | RW | RW
L MMU Bank
Area Register
MMU Common
Ares Register
Operation Mode Controf Regsot;cn 3 E bit M1E |MTTE| iOC - - - - -
k during RESET [ 1 1 ) 1 1 1 1
RAW RW | W |RW
_L 1O Compatibikty
_ M1 Temporary Enable
M1 Enable
VO Control Register 3F
JICR bit 10A7 | 1046 |IOSTP| — - - - -
during RESET[ 0 ) ) 1 1 1 1 1
RW RW | RW | RW
l-vo Stop
VO Address

These MMU registers are sxparded from 7 bits io 8 bits in the PLCC package
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Memory Management Unit (MMU)

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

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

Asshown in Fig.22, a variety of logical memory configura-
tions are possible. The boundaries between the Common
and Bank Areas can be programmed with 4K byte resolu-
tion.

Common Area 1 Common Area 1 Common Area 1

Common Area 1

Bank Area

Bank Area Common Area O

Common Ares O

Figure 22. Logical Address Mapping Examples

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

(1) Memory Cycles

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

(2) 1/0 Cycles

The MMU is logically bypassed for I/O cycles. The 16-bit
logical /O address space corresponds directly with the 16-
bit physical /O address space. The four high-order bits
(A16-A19) of the physical address are always 0 during 10
cycles.

tArs LAo
[ ] Logical Address
0000 T
PAxg H PAss PA:s PAo
Il ] [ ] Physical Address

Figure 23. YO Address Translation

(3) DMA Cycles

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

Physical address translation. Fig. 24 shows the way in
which physical addresses are generated based on the con-
tents of CBAR, CBR and BBR. MMU comparators classify
an access by logical area as defined by CBAR. Depend-
ing on which of the three potential logical areas (Common
Area 1, Bank Area, or Common Area 0) is being accessed,
the appropriate 8-bit base address is added to the high-
order 4 bits of the logical address, yielding a 20-bit physi-
cal address. CBR is associated with Common Area 1
accesses. Common Area 0, if defined, is always based at
physical address 00000H.
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MMU Common- 4 Logica!
Bank Area Address
Register 164x)
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Bank Area
Register
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MMU Bank Base Reg
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H I ] Address
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Logcal
Address
64w
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A |
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Base Register 0 '
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g 18 16118 120 fo)
Phvsical M
Address !
(1M N

Figure 24. Physical Address Generation
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Dynamic RAM Refresh Control

The 280180 incorporates a dynamic RAM refresh control
circuit including 8-bit refresh address generation and
programmable refresh timing. This circuit generates
asynchronous refresh cycles inserted at the programmable
interval independent of CPU program execution. For sys-
tems which do not use dynamic RAM, the refresh function
can be disabled.

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

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

Fig. 25 shows the timing of a refresh cycle with a refresh
wait (TRw) cycle.

MCi _,__Refresh cycle | MCi+ 1

Tri Tew" a2

Refresh signal / \

{Uinternal signal)

Refresh address X Ao— A7 X

* if three refresh cycles are specified, Taw. is inserted
Otherwise, Tgy is not inserted
MC: Machine Cycle

Figure 25. Refresh Cycle Timing

DMA Controller (DMAC)

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

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

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

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

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

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

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

There is an additional feature disc for DMA interrupt re-
quest by DMA END. Each channel has the following addi-
tional specific capabilities.

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

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

-Higher priority than DMAC channel 1.

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

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

Channel 0

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

Channet 1

MAR1 - Memory Address Register
IAR1 - /O Address Register
BCR1 - Byte Count Register

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

DSTAT - DMA Status Register
DMODE - DMA Mode Register
DCNTL - DMA Control Register
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DMAC Block Diagram. Fig.26 shows the Z64180 DMAC
Block Diagram.

< Intemal Address/Data Bus >
DMA Source Address DMA Status
Register chO - SARO (20} Register  DSTAT (8) Pronty & |~ DREG:
DMA Destination Address DMA Mode Request
Regsster chO : DARO (20} Register DMODE (8] Controt -— DREG:

DMA Byte Count
Register chO . BCRO (16!

DMA Memory Address |
Register ch1 . MAR1 (20} H

DMA 1O Address l l
Register cht : IAR1 {16)

DMA Byte Count

DMA'WAIT Control
Register - DCNTL (8]

DMA Control Bus & CPU

Register ch1 - BCR1 (16) Controt
‘ | ' TEND,
= TEND:

Incrementer/Decrementer (19} —= Interrupt Request

Figure 26. DMAC Block Diagram

Asynchronous Serial Communication Interface (ASCI)

The Z80180 on-chip ASCl has two independent full-duplex
channels. Based on full programmability of the following
functions, the ASCI directly communicates with a wide
variety of standard UARTs (Universal Asynchronous
Receiver/Transmitter) including the Z8440 SIO and the
78530 SCC.

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

-Full-duplex communication.

-7- or 8-bit data length.

-Program controlled Sth data bit for multiprocessor
communication.

-1 or 2 stop bits.

-Odd, even, no parity.

-Parity, overrun, framing error detection.

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

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

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

-Programmabile interrupt condition enable and disable.

-Operation with on-chip DMAC.

ASCI Block Diagram. Fig. 27 shows the ASCI Block
Diagram.

>

< Intemal Address/Data Bus

: interrupt Request 1

ASC) Transmit Data Reg:ster ASCI Transmit Data Register
ch O TORO ¢ch 1 : TDR1

)}
TXAs =1ASCI Transmit Shift Register’| | IASCI Transmit Shift Register|~ TXA:
ch O TSRO i ch 1 TSR1
ASCI Recewve Data Rogister __J ASCI Receive Data Register
ch O RDRO 1 ch 1 RDA1
RXAo + A5CI Receive Shift Register® asct | [asci Recewe Snift Register [~ RXA.
ch O . RSRO (8) Cormrol ch 1 - RSR1 (8)

ASCt Control Register A
RTSc~{ ¢hO CNTLAQ (8)

TTEc ~{ ASCI Control Register B
ch O CNTLBO (8}

|| ASCI Control Register A
ch 1 - CNTLAY (B}

ASC! Control Register 8 [~ CTS:
ch 1 CNTLB1 (8)

L ‘
DCDo ~ ASCI Status Register ASCI Status Register
ch O STATO i8) i ch 1 : STATY (8)
CKAo=—«  Baud Rate
Generator 0 jo— g
CKA Rate Not program Accessible
Generator 1

Figure 27. ASCI Block Diagram
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Clocked Serial I/0 Port (CSI/O)

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

CSI/0 Block Diagram. The CSIO block diagram is shown
in Fig. 28. The CSI/O consists of two registers - the Trans-
mit/Receive Data Register (TRDR) and Control Register
(CNTR).

CSKO Transmit/Receive Data Register (TRDR: /O Ad-
dress = 0BH). TRDR is used for both CSI/O transmission
and reception. Thus, the system design must insure that
the constraints of half-duplex operation are met (Transmit
and receive operation cannot occur simultaneously). For
example, if a CSI/O transmission is attempted while the
CSI/O is receiving data, a CSI/O will not work. Also note
that TRDR is not buffered. Therefore, attempting to per-
form a CSVO transmit while the previous transmit data is
still being shifted out causes the shift data to be immediate-
ty updated, thereby corrupting the transmit operation in

progress. Similarly, reading TRDR while a transmit or
receive is in progress should be avoided.

<

Internal Address/Data Bus

@
4
TXS - gSI/O Transmit/Receive Baud Rate [~ CKS
ata Register: Generator
RXS —~{ TRDR (8)

CSY/0O Controt Register:
CNTR (8)

Interrupt Request

Figure 28. CSI/O Block Diagram

CSI/0 Register Description

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

Programmable Reload Timer (PRT)

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

PRT block diagram. The PRT block diagram is shown in
Fig. 29. The two channels have seperate timer data and
reload registers and a common status/controlregister. The
PRT input clock for both channels is equal to the system
clock divided by 20.

internal Address/Data Bus

< >

¢ + 20 ¢ + 20
‘ +

Timer Data  [Timer Data Timer Data | Timer Data

Register OL  |Register OH Timer Control Register tL (Register 1H | TOUT
TMDROL (8)|: TMDROH (81" | pegister [—{: TMDRIL (8] TMDRIH {8F — ~

TCR®) Timer Reload | Timer Reload

Register 1L |Register 1H
TLDR1L (8} {: TLDRIH (8)

Timer Reload | Timer Reload
Register OL | Register OH
RLDROL (8) | : RLDROH (8)

L interrupt Reguest

Figure 29. PRT Block Diagram

Secondary Bus Interface

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

These devices require connection with the Z80180

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

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

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

Clock Frequency

Itern

4MHz

AMHz < 1< 12MHz

12MHz < £ 16MHz

Co

<7 pF

<7 pF

<7 pF

Rs

<6002

<6011}

<60}

CL.. CL2

10 to 22 pF £ 10%

10 10 22 pF £ 10%

If an extemal clock input is used instead of a crystal, the
waveform (twice the clock rate) should exhibita 50% + 10%
duty cycle. Note that the minimum clock input HIGH volt-
age level is Vcc-0.6V. The extemal clock input is con-
nected to the EXTAL pin, while the XTAL pin is left open.
Fig. 30 shows external clock interface.

3
EXTALS ——— ﬂ.ﬂ.ﬂ. Extemal Clock Input

XTAL| . Open

10 to 22 pF £ 10%

‘Table 4.

Figure 30. External Clock Interface

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

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

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

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

This Materi al
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SOFTWARE ARCHITECTURE

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

New Instructions  Operation
SLP Enter SLEEP mode
MLT 8-bit multiply with 16-bit result

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

ouUT0(m), g Output register contents to immediate
1/O 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
accumulator

TSTg Non-destructive AND, register, and
accumulator

TSTm Non-destructive AND, immediate data
and accumulator.

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

and accumulator.

SLP - Sleep. The SLP instruction causes the 280180 to
enter the SLEEP low power consumption mode. See sec-
tion 2.4 for a complete description of the SLEEP state.

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

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

OTIM, OTIMR, OTDM, OTDMR - Block 1/O. The contents
of memory pointed to by HL is output to the /O address in
(C). The memory address (HL) and /O address (C) are in-
cremented in OTIM and OTIMR and decremented in
OTDM and OTDMR, respectively. The B register is decre-
mented. The OTIMR and OTDMR variants repeat the
above sequence untilregister Bis decremented to 0. Since
the 1/O address (C) is automatically incremented or decre-
mented, these instructions are useful for block VO (such
as 280180 on-chip I/O) initialization. When 1/O is ac-
cessed, 00H is output in high-order bits of address
automatically.

TSTIO m - Test I/O Port. The contents of the I/O port ad-
dressed by C are ANDed with immediately specified 8-bit
data and the status flags are updated. The /O port con-
tents are not written (non-destructive AND). When 1/O is
accessed, 00H is output in higher bits of address automati-
cally.

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

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

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

INO g, (m) - Input, Immediate /O address. The contents
of immediately specified 8-bit IO address are input into the
specified register. When 1/O is accessed, O0H is output in
high-order bits of the address automatically.

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

The 280180 CPU registers consist of Register Set GR,
Register Set GR’ and Special Registers.

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

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

Fig. 31 shows CPU registers configuration.

Register Set GR

Register Set GR'

Accumulator Fiag Register
A’ F

B’ Register C’ Register

D’ Register E’ Register

H’' Register L’ Register

Special Registers

Interrupt R Counter
Vector Register
| R
Index Register X
Index Register Y
SP

Stack Pointer

General
Purpose
Registers

Accumulator | Flag Register Program Counter PC
A F
B Register C Register
- - General Figure 31. CPU Registers
D Register E Register Purpose
Registers
H Register L Register
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280180 ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

temn Symbol Value Unit

Supply Voltage Vee -03~+70 v
Input Voltage Vi —0.3 ~ Vc+03 \'
Opersting Temperature Standard Topr 0-70 °C
Extended Topr -40- 85 °C

Storage Temperature Targ —55 —~ +150 °C

[NOTE] Permanent LS! da?nage mey occur if maximum ratings are exceeded. Normal operation
should be under recommended operating conditions. if these conditions sre exceeded. it
could affect reliability of LSI.

DC CHARACTERISTICS
(Vec=5V £10%Vss = 0V, over specified temperature range, uniess otherwise noted.)

Symbol e Condtion min typ max Unit
input “H’ Voltage
Vi RESET. EXTAL NMT Vee— 086 - Vee+03 \Y
nput “'H"" Voitage —
Va2 Except RESET. EXTAL, NMi 20 - Vec+03 v
input “L” Voltage
Vina RESET, EXTAL. NMI -03 - 06 Y
Input “’L"" Voltage _
V2 Except RESET. EXTAL, NMI -03 - 08 v
Output “H" Voltage on = —200uA 24 - -
Vor Al outputs v
onw = —20uA Vee— 12 - -
Output “"L" Voltage
Voo AR Outputs bl = 22mA - - 045 v
input Leakage
u Current Al Inputs Vin=05 ~ V¢c—05 - - 10 uA
Except XTAL EXTAL
Three State Laskage
[ Current Vin=05 ~ Vec— 05 - - 10 Yy
Power Disspaton® =6 MH2 - 15 40
(Norma! Operstion} = 8 MHz - 20 50 mA
. 1=10MHz - 25 60
kc f =12 MHZ - 30 70
Power Disspaton® = 6 MH2 - 38 125
(SYSTEM STOP mode) = 8 MH:2 - 5 150
t=10MH2 - 63 175
t= 12 MHz - TBD 20
Vin=0V, =1 MHz
Cp Pin Capacitance To=25°C - - 12 pF

* Voene = Vee— 10V, Vigmar = 0BV (all output terminals are st no load.}

Vec=5.00V
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Z80180 AC CHARACTERISTICS

(Vee=5V £ 10%, V=0V, over specified temperature range, unless otherwise noted.)

2018006 28018008 28018010 28018012[3,4] Unit Note

No Sym Parameter Min Max Min  Max Min Max Min Max ns
1 tcyc Clock Cycle time 162 2000 125 2000 100 2000 80 2000 ns [1]
2  tCHW  Clock Pulse width (high) 65 55 40 35 ns [1)
3 CLW  Clock Pulse width (low) 65 55 40 35 ns (1]
4 tcf Clock Fall time 15 15 10 5 ns [1]
5 fer Clock Rise time 15 15 10 5 ns 1]
6 tAD Address vaild from Clock Rise 90 80 70 50 ns
7 1AS Address valid to /MREQ, /IORQ Fall 30 20 10 10 ns
8 tMED1  Clock Fall to /MREQ Fall delay 60 50 50 45 ns
9  tRDD1  Clock Fall to /RD Fall (/iOC=1) 60 50 50 45 ns

Clock Rise to /RD Fall (//0C=0) 65 60 55 50 ns
10 tMID1  Clock Rise to /M1 Fali delay 80 70 60 50 ns
11 tAH Address Hold time (/MREQ, /IORQ, /RD, /WR) 35 20 10 10 ns
12 tMED2  Clock Fall to /MREQ Rise Delay 60 50 50 45 ns
13 tRDD2  Clock Fall to /RD Rise delay 60 50 50 45 ns
14 tM1D2  Clock Rise to /M1 Rise delay 80 70 60 50 ns
15 DRS Data Read Setup Time 40 30 25 20 ns
16 tDRH  DataRead Hold time 0 0 0 0 ns
17 tSTDt  Clock Edge to ST Fall 90 70 60 50 ns
18 tSTD2  Clock Edge to ST Rise 90 70 60 50 ns
19 WS JWAIT setup time to Clock Fall 40 40 30 20 ns
20 tWH /WAIT Hold time from Clock Fall 40 40 30 20 ns
21 tWDZ  Clock Rise to Data Float Delay 95 70 60 60 ns
22 tWRD1 Clock Rise to /WR Fall delay 65 60 50 30 ns
23 tWDD  Clock Fall to Write Data Delay 90 80 60 50 ns
24 tWDS  Write Data Setup time to /WR 40 20 15 10 ns
25 tWRD2 Clock Fall to /WR Rise 80 60 50 45 ns
26 tWRP  /WR Pulse Width (Memory Write Cycles) 170 130 110 85 ns
262 /WR Pulse Width (/0 Write Cycles) 332 225 210 165 ns
27 tWDH  Write Data Hold time from /WR Rise 40 15 10 10 ns
28 tIoD1  Clock Fall to /IORQ Fali delay (/I0C=1) 60 50 50 45 ns

Clock Rise to /IORQ Fall delay (/IOC=0) 65 60 55 50 ns
29 tIoD2  Clock Fall /IOQR Rise Delay 60 50 50 50 ns
30 tIOD3 /M1 Fall to /iORQ Fali delay 340 250 200 160 ns
31 tINTS  /INT Setup Time to Clock Fall 40 40 30 20 ns
32 tINTH  /INT Hold Time from Clock Fall 40 40 30 20 ns
33 INMIW  /NM! Pulse width 120 100 80 60 ns
34 BRS  /BUSREQ Setup Time to Clock Fali 40 40 30 20 ns
35 BRH  /BUSREQ Hold Time from Clock Fall 40 40 30 20 ns
36 BAD1  Clock Rise to /BUSACK Fall delay 9% 70 60 50 ns
37 tBAD2  Clock Fall to /BUSACK Rise delay 95 70 60 50 ns
38 BZD Clock Rise to Bus Floating Delay Time 125 90 80 60 ns
39 tMEWH /MREQ Pulse Width (High) 110 90 70 60 ns
40 tMEWL /MREQ Pulse Width (LOW) 125 100 80 60 ns
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280180 AC CHARACTERISTICS (Continued)

(Vee=5V £ 10%, V=0V, over specified temperature range, un

less otherwise noted.)

2018006 28018008 78018010 28018012 [34) Unit Note

No Sym Parameter Min Max Min Max Min  Max Min  Max ns

41 RFD1  Clock Rise to /RFSH Fal! Delay 90 80 60 40 ns

42 tRFD2  Clock Rise to /RFSH Rise Delay 90 80 60 40 ns

43 tHAD1  Clock Rise to /HALT Fall Detay 90 80 50 30 ns

44 tHAD2  Clock Rise to /HALT Rise Delay 90 80 50 30 ns

45 IDRQS /DREQi Setup Time to Clock Rise 40 40 30 20 ns

46 IDRQH /DREQi Hold Time from Clock Rise 40 40 30 20 ns

47 tTED1  Clock Fall to /TEND:i Fall Delay 70 60 50 50 ns

48 {TED2  Clock Fall o /TENDi Rise Delay 70 60 50 50 ns

49 D1 Clock Rise to E Rise Delay 95 70 60 40 ns

50 tED2 Clock Edge to E Fall Delay 95 70 60 40 ns

51  PWEH  E Pulse Width (High) 75 65 55 45 ns

52 PWEL  E Pulse Width (Low) 180 130 110 90 ns

53 {Er Enable Rise Time 20 20 20 10 ns

54 et Enable Fall Time 20 20 20 10 ns

55 {TOD  Clock Fall to Timer Output Delay 300 200 150 120 ns

56 tSTDI  CSI/0 Tx Data Delay Time 200 200 150 120 ns
(Internal Clock Operation)

57 tSTDE  CSY/O Tx Data Delay Time 7 5tcyc+300 7 Stcyc+200 7.5tcyc+150 7 5tcyc+120 ns
(Extemal Clock Operation)

58 SRSI  CSI/O Rx Data Setup Time 1 1 1 1 tcyc
(Internal Clock Operation)

59 {SRHI  CSI/0 Rx Data Hold Time 1 1 1 1 tcyc
(Internal Clock Operation)

60 SRSE  CSI/O Rx Data Setup Time 1 1 1 1 tcyc
(Extemat Clock Operation)

61 tSRHE  CSI/0 Rx Data Hold Time 1 1 1 1 tcyc
(Extemai Clock Operation)

62 tRES /RESET Setup time to Clock Fait 120 100 80 60 ns

63 {REH /RESET Hold time from Clock Fall 80 70 50 45 ns

64 t0SC Oscillator Stabilization Time 20 20 20 20 ms

65 tEXr External Clock Rise Time (EXTAL) 25 25 15 10 ns

66 {EXf External Clock Fall Time (EXTAL) 25 25 15 10 ns

67 tRr /RESET Rise Time 50 50 50 50 ms {21

68 IRf /RESET Fall Time 50 50 50 50 ms [2]

69 tir Input Rise Time (Except EXTAL, /RESET) 100 100 100 80 ns (2]

70 U input Fall Time (Except EXTAL, /RESET) 100 100 100 80 ns (2

Notes:

[1] tocyc=tCHW+CLW+tcf+ter

{2] This parameter has to be modified if other specification(s) can not
be met.

{3] For Z8018012, V, range is limited to £ 5%.

[4] Numbers are preliminary and subject to change without notice.
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Figure 5a. 280180 Timing Diagram
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External Clock Rise Time and Fall Time

70 69

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

STANDARD TEST CONDITIONS:

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

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

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

+5V
21K

FROM OUTPUT
UNDER TEST
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