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Features

High Performance, High Integration CPU.

Operating Frequency to 6 MHz.

On-Chip MMU Supports 512k Bytes Memory and 64k Bytes I/0 Address Space.
Two Channel DMAC With Memory<—> Memory, Memory<—>1/0 and
Memory €«<—> Memory Mapped I/0 Transfer Capability.

WAIT Input and Wait State Generator for Slow Memory and 1/0 Device Inter-
face.

Programmable Dynamic RAM Refresh Addressing and Timing.

Two Channel, Full Duplex Asynchronous Serial Communication Interface
(ASCI) with Programmable Baud Rate Generator and Modem Control Hand-
shake Signals. ,

Clocked S)erial I/0 Port (CSI/O) with High Speed Operation (200k Bits/Second
at 4 MHz).

Two Channel 16-bit Programmable Reload Timer (PRT) for Counting, Timing
and Output Waveform Generation.

Versatile Interrupt Controller Manages Four External and Eight Internal Inter-
rupt Sources.

‘Dual Bus’ Interface Compatlble With All Standard Memory and Peripheral LSI.
On-chip Clock Generator.

Enhanced Standard 8-bit Software Architecture.

Fully Compatible with Z80® CPU, CP/M-80, CP/M Plus, and Existing System and
Application Software.

Seven new Instructions including Multiply.

On-chip I/0 Address Relocation Register for Board Level Compatibility with
Existing Systems and Software.

SLEEP mode and SYSTEM STOP mode for Low Power Operation.

VLSI CMOS Process Technology.

Low Power Operation — 75 mW at 6 MHz Operation.
19 mW SYSTEM STOP mode at 6 MHz operation
Vce = 5V £ 10% — Fully TTL Compatible.
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Signai Description (Figure 1)

XTAL {IN) [2]

76C 06501

D
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Crystal oscillator connection. Should be left open if an external TTL clock is
used. It is noted this input is not a TTL level input. See Table D.C. characteristics.

EXTAL (IN) [3]

Crystal oscillator connection. An external TTL clock can be input on this line.
This input is schmitt triggered.

¢ (OUT) [64]

System Clock. The frequency is equal to one-half of crystal oscillator.

RESET — CPU Reset (IN) [7] ,
When LOW, initializes the Z64180 CPU. All output signals are held inactive

during RESET.,
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Figure 1a. 68-Pin Chip Carrier
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Aoc-A17 — Address Bus {OUT, 3-STATE) [13-30]
A1s/TOUT [31]

19-bit address bus provides physical memory addresses of up to 512k bytes. The
address bus enters the high impedance state during RESET and when another de-
vice acquires the bus as indicated by BUSREQ and BUSACK LOW. Ais is multip-
lexed with the TOUT output from PRT channel 1. During RESET, the address
function is selected. TOUT function can be selected under software control.

Do-D7 — Data Bus (IN/OUT, 3-STATE) [34-41]

Bidirectional 8-bit data bus. The data bus enters the high impedance state ce state during
RESET and when another device acquires the bus as indicated by BUSREQ and
BUSACK LOW.

RD — Read (OUT, 3-STATE) [63]
Used during a CPU read cycle to enable transfer from the external memory or
1/0 device to the CPU data bus.

WR — Write (OUT, 3-STATE) [62]
Used during a CPU write cycle to enable transfer from the CPU data bus to the
external memory or I/0 device.

ME — Memory Enable (OUT, 3-STATE) [59] L
Indicates memory read or write operation. The Z64180 asserts ME LOW in
the following cases.
(a) When fetching instructions and operands.
(b) When reading or writing memory data.
(c) During memory access cycles of DMA.
(d) During dynamic RAM refresh cycles.

IOE — 1/0 Enable (OUT, 3-STATE) [58] .

Indicates I/0 read or write operation. The Z64180 asserts IOE LOW in the
following cases.

(a) When reading or writing 1/0 data.

(b) During I/0 access cycles of DMA.

(c) During INTo acknowledge cycle

WAIT — Bus Cycle Wait (IN) [4]

Introduces wait states to extend memory and I/O cycles. If LOW at the falling
edge of Tz, a wait state (Tw) is inserted. Wait states will continue to be inserted
until the WAIT input is sampled HIGH at the falling edge of Tw, at which time the
bus cycle will proceed to completion.

7 E — Enable (OUT) [60]
( : Synchronous clock for connection to other peripheral LSIs.
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BUSREQ — Bus Request (IN) [6]

Another device may request use of the bus by asserting BUSREQ LOW. The
CPU will stop executing instructions and places the address bus, data bus, RD, WR,
ME and IOE in the high impedance state. :

BUSACK — Bus Acknowledge (OUT) [5]
When the CPU completes bus release (in response to BUSREQ LOW), it will

assert BUSACK LOW. This acknowledges that the bus is free for use by the re-
questing device.

HALT — Halt/Sleep Status (OUT) [56]

Asserted LOW after execution of the HALT or SLP instructions. Used with LIR
and ST output pins to encode CPU status.
LIR — Load Instruction Register (OUT) [61]

Asserted LOW when the current cycle is an op-code fetch cycle. Used with
HALT and ST output pins to encode CPU status. )

ST — Status (OUT) [12]
Used with the HALT and LIR output pins to encode CPU status.

Table 1. Status Summary

ST |[HALT | LR 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 (Machine cycle
except for op-code fetch)

0 X 1 DMA operation

0 0 0] HALT mode

1 0 1 SLEEP mode f(including

SYSTEM STOP mode)

NOTE X: Don‘t care

REF — Refresh (QUT) [57]
When LOW, indicates the CPU is in the dynamic RAM refresh cycle and the
low-order 8 bits (Ao-A17) of the address bus contain the refresh address.

, A
o )}
UR e
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DREQo — DMA Request — Channel O (IN) [47]

When LOW (programmable edge or level sense), requests DMA transfer serv-
ice from channel 0 of the Z64180 DMAC. DREQo is used for Channel 0 memory
<—> ]/0 and memory <—> memory mapped I/O transfers. DREQo is not used
for memory <—> memory transfers. This pin is multiplexed with CK Ao.

TENDo — Transfer End — Channel 0 (OUT) [50]

Asserted LOW synchronous with the last write cycle of channel 0 DMA transfer
to indicate DMA completion to an external device. This pin is multiplexed with
CKA..

NMI — Non-Maskable Interrupt (IN) [8]

When edge transition from HIGH to LOW is detected, forces the CPU to save
certain state information and vector to an interrupt service routine at address
0066H. The saved state information is restored by executing the RETN (Return
from Non-Maskable Interrupt) instruction.

INTo — Maskable Interrupt Level 0 (IN) [9]

When LOW, requests a CPU interrupt (unless masked) and saves certain state
information unless masked by software. INTo requests service using one of three
software programmable interrupt modes.

Mode Operation
0 Instruction fetched and executed from data bus.
1 Instruction fetched and executed from address OO38H.
2 Vector System — Low-order 8 bits vector table address fetched from
data bus.

In all modes, the saved state information is restored by executing RETI (Return
from Interrupt) instruction.

INT1, INT: — Maskable Interrupt Level 1, 2 (IN) [10,11]

When LOW, requests a CPU interrupt (unless masked) and saves certain state
information unless masked by software. INT1 and INTz (and internally generated in-
terrupts) request interrupt service using a vector system similar to Mode 2 of INTo.

DREQ: — DMA Request — Channel 1 (IN) [54]

When LOW (programmable edge or level sense), requests DMA transfer serv-
ice from channel 1 of the 764180 DMAC. Channel 1 supports Memory <—> 1/
O transfers.

TEND: — Transfer End — Channel 1 (OUT) [55]
Asserted LOW synchronous with the last write cycle of channel 1 DMA transfer
to indicate DMA completion to an external device.

TXAo — Asynchronous Transmit Data — Channel 0 (OUT) [45]
Asynchronous transmit data from channel 0 of the Asynchronous Serial Com-
munication Interface (ASCI).
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RXAo — Asynchronous Receive Data — Channel O (IN) [46]
Asynchronous receive data to channel 0 of the ASCI.

CKAo — Asynchronous Clock — Channel 0 (IN/OUT) [47]
Clock input/output for channel 0 of the ASCI. This pin is multiplexed (software
selectable) with DREQo.

RTSo — Request to Send — Channel 0 (OUT) [42]
Programmable modem control output signal for channel 0 of the ASCIL.

CTSo — Clear to Send — Channel 0 (IN) [43]
Modem control input signal for channel 0 of the ASCL.

DCDo — Data Carrier Detect — Channel O (IN) [44]
Modem control input signal for channel 0 of the ASCL

TXA: — Asynchronous Transmit Data — Channel 1 (OUT) [48]
Asynchronous transmit data from channel 1 of the ASCI.

RXA: —~ Asynchronous Receive Data — Channel 1 {IN) [49]
Asynchronous receive data to channel 1 of the ASCI.

CKA: — Asynchronous Clock — Channel 1 (IN/OUT) [50]
Clock input/output for channel 1 of the ASCI. This pin is multiplexed (software
selectable) with TENDo.

CTS: — Clear to Send — Channel 1 (IN) [52]
Modem control input signal for channel 1 of the ASCL This pin is multiplexed
(software selectable) with RXS.

TXS — Clocked Serial Transmit Data (OUT) [51]
Clocked serial transmit data from the Clocked Serial I/O Port (CSI/0).

RXS — Clocked Serial Receive Data (IN) [52] _
Clocked serial receive data to the CSI/O. This pin is multiplexed (software selec-
table) with ASCI channel 1 CTS: modem control input.

CKS — Serial Clock (IN/OUT) [53]
Input or output clock for the CSI/O.

TOUT — Timer Output (QUT) [31]

Pulse output from Programmable Reload Timer channel 1, This pin is multip-
lexed (software selectable) with Ais (Address 18).
Veec — Power Supply [32]

Vss — Ground [1,33]
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Mulitiplexed pin descriptions

A1s/TOUT [31] During RESET, this pin is initialized as Ais pin. If either
TOC1 or TOCO bit in Timer Control Register (TCR) is set
to 1, TOUT function is selected.

If TOC1 and TOCO bits are cleared to 0, Az function is
selected.

CKAo/DREQo [47] During RESET, this pin is initialized as CKAo pin. If either
DM1 or SM1 in DMA Mode Register (DMODE) is set to
1, DREQo function is always selected.

CKA/TENDoe [50] During RESET, this pin is initialized as CKA: pin. If
CKAID bit in ASCI control register ch 1 (CNTLA1) is set
to 1, TENDo function is selected. If CKAI1D bit is set to 0,
CKA\ function is selected.

RXS/CTS: [52]1 During RESET, this pin is initialized as RXS pin. If CTSIE
bit in ASCI status register chl (STAT1) is set to 1, CTS:
function is selected.

If CTSIE bit is set to 0, RXS function is selected.

ARCHITECTURE (Figure 2)

Clock Generator

Generates the system clock (¢) from an external crystal or external clock input.
Also, the system clock is programmably prescaled to generate timing for the on-chip
170 and system support devices.

Bus State Controller :

Performs all status/control bus activity. This includes external bus cycle wait
state timing, RESET, DRAM refresh, and master DMA bus exchange. Generates
‘dual-bus’ control signals for compatibility with peripheral devices.

Interrupt Controller
Monitors and prioritizes the four external and eight internal interrupt sources. A
variety of interrupt response modes are programmable.

Memory Management Unit (MMU)

Maps the CPU 64k bytes logical memory address space into a 512k bytes physi-
cal memory address space. The MMU organization preserves software object code
compatibility while providing extended memory access and uses an efficient ‘com-
mon area — bank area’ scheme. 1/0 accesses (64k bytes I/0 address space) bypass
the MMU.

Central Processing Unit (CPU)

The CPU is microcoded to implement an upward compatible superset of the
Z80 bit standard software instruction set. Many instructions require fewer clock
cycles for execution and seven new instructions are added.
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Figure 2. Block Diagram
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The two channel DMAC provides high speed memory <——> memory, memo-
ry <—> I/0 and memory <—> memory mapped I/O transfers. The DMAC fea-
tures edge or level sense request input, address increment/decrement/no-change
and (for memory <—> memory transfers) programmable burst or cycle steal
transfer. In addition, the DMAC can directly access the full 512k bytes physical
memory address space (the MMU is bypassed during DMA) and transfers (up to
64k bytes in length) can cross 64k bytes boundaries. See Fig. 18 for further de-
tails.

Asynchronous Serial Communication Interface (ASCI)

The ASCI provides two separate full duplex UARTS and includes programmable
baud rate generator, modem control signals, and a multiprocessor communication
-format. The ASCI can use the DMAC for high speed serial data transfer, reducing
CPU overhead. See Fig. 19 for further details.

Clocked Serial I1/0 Port (CSI/O)

The CSI/O provides a half duplex clocked serial transmitter and receiver. This
can be used for simple, high speed connection to another microprocessor or micro-
computer. See Fig. 20 for further details.

Programmable Reload Timer (PRT)

The PRT contains two separate channels each consisting of 16-bit timer data and
16-bit timer reload registers. The time base is divided by 20 (fixed) from the system
clock and PRT channel 1 has an optional output allowing waveform generation. See
Fig. 21 for further details.

CPU BUS TIMING

Opcode Fetch

Fig. 3 shows the instruction (op-code) fetch timing with no wait states.

An op-code fetch cycle is externally indicated when the LIR (Load Instruction
Register) output pin is LOW.

In the first half of Ti, the address bus (Ao-Ais) is driven with the contents of
the Program Counter (PC). Note that this is the translated address output of the
Z64180 on-chip MMU. _ .

In the second half of Ti, the ME (Memory Enable) and RD (Read) signals are
asserted LOW, enabling the memory.

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

Memory Read/Write (Figure 4)

The instruction operand and data read/write timing differs from op-code fetch
timing in two ways. First, the LIR output is held inactive. Second, the read cycle
timing is relaxed by one-half clock cycle since data is latched at the falling edge of
Ts.
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Do~Dr , Op-code>
WAT __T°C”CC ::75—\,:'_:.:-_:'_'_-_'_'.:'.:: -

Figure 3. Opcode Fetch Timing
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: | : ]
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I i
ME \ : i/ : \ : / \
1 ! ] i
. | f ] !
RD \ { W4 ! | \__
t ]
! i | |
! t t !
WR : . N/
[} I |

Figure 4. Memory Read/Write Timing (without wait state)

Instruction operands include immediate data, displacement and extended ad-
dresses and have the same timing as memory data reads.

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

At the start of Tz, the WR signal is asserted LOW enabling the memory. ME
and WR go inactive in the second half of Ts followed by deactivation of the write
data on the data bus.

10
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f . >
T T2 Tw Ta T T2 Tw Ts
¢ I 1 L1 ! I L 1 ] L I
| | | |
| | I | |
| ! ! | '
Ao—Aia X /O address ! X 1 }/O address
] 1 | t i
1 I ! ]
—_— i
Do—-D7 : ;4. lead daltar E\’ ' Write data >-
________ | S e o} e o o e e o — —————— — -
L L — B/ 1 N s SP SORSY i hp
TOE p— ! i I : [
] | H ] |
RD —\ | ; Vanm !
I K | ! I
WR : i g T\ /-
1 ' .
NOTE: Ais—Ais = O for I/O cycles ' ' ' '
Figure 5. /0 Read/Write Timing

1/0 read/write

1/0 instructions cause data read/write transfer which differs from memory data
transfer in the following three ways. The IOE (I/O Enable) signal is asserted LOW
instead of the ME signal. The 16-bit I/O address is not translated by the MMU and
A1s-A1s are held LOW. At least one wait state (Tw) is always inserted for I/0 read
and write cycles (except internal 1/0 cycles).

Fig. 5 shows 1/0 read/write timing with the automatically inserted wait state
(Tw).

RESET
Fig. 6 shows the Z64180 hardware RESET timing. If the RESET pin is
LOW for six or more than six clock cycles, processing is terminated and the

764180 restarts execution from (logical and physical) address 00000H.
: ._RESET Start
) RESET OP-code fetch cycle
e
Ts T2
¢ __1' [ I_"J O O A
I .
I |
: 6 or more than 6 clocks }
RESET Y T !
| I
( Ao—Aia ™o Impedance {Restart address(00000H)
Figure 6. RESET Timing
11
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Bus Exchange

The 764180 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 Z64180
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 Z64180 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 inserted) for op-code fetch, memory read/write and 1/0 read/write cycles.
Except for these cases, a machine cycle corresponds to one clock cycle.

When the bus is released, the address (Ao-Ais), data (Do-D7) and control (ME,
T0OE, RD, and WR) signals are placed in the high impedance state.

Note that dynamic RAM refresh is not performed when the Z64180 has re-
leased the bus. The alternate bus master must provide dynamic memory refreshing
if the bus is released for long periods of time.

L CPU memory read cycle | Bus release cycle 1 CPU cycle
| | |
T T2 Tw Ts Tx Tx Tx T1
s L

Ao—A1s X > \
Do—D2 \ /
ME, 10E . —_ V—
D, WR / —
BUSREQ \ /
BUSACK ‘\ /_

Figure 7a. Bus Exchange Timing

Fig. 7a. illustrates BUSREQ/BUSACK bus exchange during a memory read
cycle. Fig. 7b. illustrates bus exchange when the bus release is requested during an
264180 CPU internal operation. BUSREQ is sampled at the falling edge of the
system clock prior to Ts, Ti 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.

12
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L CPU internal operation | Bus release cycle [ CPU cycle
| T 7 T1-49-17-07

Ti Ti Ti Ti Tx Tx Tx T1

- L
Ao—Aisg \r A 7
Do—-D7 ‘
VE, TOF \ N
RD, WR 4 —
BUSREQ _ \ /
BUSACK \ N

Figure 7b. Bus Exchange Timing
Wait

To ease interfacing with slow memory and 1/0 devices, the Z64180 uses wait
states (Tw) to extend bus cycle timing. A wait state(s) is inserted based on the com-
bined (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 (Tw) are inserted
between Tz and Tz to extend the bus cycle duration. The WAIT input is sampled at
the falling 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 cy-
cle. Note that WAIT input transitions must meet specified set-up and hold times.
This can easily be accomplished by externally synchronizing WAIT input transitions
with the rising edge of the system clock.

Dynamic RAM refresh is not performed during wait states (Tw) and thus sys-
tems designs which uses the automatic refresh function must consider the affects of
the occurrence and duration of wait states (Tw).

Figure 8 shows WAIT timing.

¢ A N S D I B

N/ N /N

Figure 8. WAIT Timing

g
>
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HALT (Figure 9) 17-07
HALT mode is entered by execution of the HALT instruction (op-code =
76H) and has the following characteristics. g
(1) The internal CPU clock remains active. ¥
(2) All internal and external interrupts can be received.
(3) Bus exchange (BUSREQ and BUSACK) can occur.
(4) Dynamic RAM refresh cyclé (REF) insertion continues at the programmed
interval.
(5) 1/0 operations (ASCI, CSI/O and PRT) continue.
(6) The DMAC can operate.
(7) The HALT output pin is asserted LOW.
(8) The external bus activity consists of repeated ‘dummy’ fetches of the op-code
following the HALT instruction.
Essentially, the Z64180 operates normally in HALT mode, except that in-
struction execution is stopped. :
Interrupt
HALT op-code fetch cycle | HALT mode , 1 acknowledge cycle
' r D
i
¢ T2 Ta T4 T2 Ta T T2 o
IITITIIILI1|-I_
2
S 1
Ao—A1s HALT op-code address X HALT op-code address + 1
ALT
i \_ / i
R — /L / \
ME / \ /T
- /L / | W
Figure 9. HALT Timing
14
Ef*—‘—*" T R A R N 1 R T A R Ay CE T =
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The 764180 generates a non-maskable (not affected by the state of IEF:)
TRAP interrupt when an undefined op-code fetch occurs. This feature can be used
to increase software reliability, implement an ‘extended’ instruction set, or both.
TRAP may occur during op-code fetch cycles and also if an undefined op-code is
fetched during the interrupt acknowledge cycle for INTo when Mode 0 is used.

When a TRAP interrupt occurs the Z64180 operates as follows.

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

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

(3) The Z64180 vectors to logical address 0. Note that if logical address 0000H is
mapped to physical address 00000H, the vector is the same as for RESET. In
this case, testing the TRAP bit in ITC will reveal whether the restart at physical
address 00000H was caused by RESET or TRAP.

The state of the UFO (Undefined Fetch Object) bit in ITC allows TRAP
manipulation software to correctly ‘adjust’ the stacked PC depending on whether
the second or third byte of the op-code generated the TRAP. If UFO = 0, the start-
ing address of the invalid instruction is equal to the stacked PC—1, If UFO = 1,
the starting address of the invalid instruction is equal to the stacked PC—2. Fig.
10 shows TRAP Timing.

Note that Bus Release cycle, Refresh cycle, DMA cycle and WAIT cycle can’t
be inserted just after Tp state which is inserted for TRAP interrupt sequence.

15
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| NMi (Figure 11) T-49-17-07

The NMI interrupt input is edge sensitive and cannot be masked by software,
When NMI is detected, the Z64180 operates as follows.

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

(2) The PC is pushed onto the stack.

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

(4) IEF: is cleared to 0. This disables all external and internal 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 continue. Furthermore, RETN causes IEF: to be copied to IEF:, restor-
ing the interrupt reception state that existed prior to the NMI.

Note that NMI, since it can be accepted during Z64180 on-chip DMAC opera-
tion, can be used to externally interrupt DMA transfer. The NMI service routine
can reactivate or abort the DMAC operation as required by the application.

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 Ts or Ti in the last machine cycle. If
INTo is asserted LOW at the falling edge of the clock state prior to T3 or Ti in the
last machine cycle, INTo is accepted. The interrupt is masked if either the IEF: flag
or the ITEO (Interrupt Enable 0) bit in ITC are reset to 0. Note that after RESET
the state is as follows.
(1) IEF: is 0, so INTo is masked.
(2) ITEQ s 1, so INTv is enabled by execution of the EI (Enable Interrupts) instruction.
The INTo interrupt is unique in that three programmable interrupt 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 Z64180 is initialized to use Mode 0 for INTo.
The three interrupt response modes for INTo are...
(1) Mode 0 — Instruction fetch from data bus.
(2) Mode 1 — Restart at logical address 0038H.
(3) Mode 2 — Low byte vector table address fetch from data bus.

et gt e mm

O INTo Mode 0

During the interrupt acknowledge cycle, an instruction is fetched from the data
bus (Do-D7) at the rising edge of Ts. Often, this instruction is one of the eight single
byte RST (RESTART) instructions which stack the PC and restart execution at a
fixed logical address. However, multibyte instructions can be processed if the inter-
rupt acknowledging device can provide a multibyte response. Unlike all other inter-
rupts, the PC is not automatically stacked.

Note that TRAP interrupt will occur if an invalid instruction is fetched during
Mode 0 interrupt acknowledge. -

Fig. 12a. shows INTs Mode 0 Timing. ' -

TR
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NMi acknowledge cycle

| PC is pushed onto stack | Restart from 0066H
I Op-code fetch

Ty T2 Ta Ti Ti Ty Ta Ta T1 T2 Ta

! o  MUUUUUUUiriiiin
: gl

X PC X__SP-1_X_SP-2 X 0066H X

Instruction

T A0

{pen < PCL

Ao~Ate

38§ 38 3 9

Do—-D7

__/

Figure 11. NMI Timing

Last MC J‘iNTo acknowledge cyclel RST instruction execution

1 T

. PCis pushed onto stack
I
To Te W TW'Ts Ti Ti Ti Tz Ts Te Tz Ta

N/
X PC X sp1_ X sP2
N/
N/
\_/  \_
n__/
RST instruction
{(O———en et

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

Figure 12a. INT, Mode 0 Timing (RST Instruction on the Data Bus)
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INTo acknowledge cycle Op-code fetch cycle

> _
| PC is pushed onto stack ' T-49-17-07

Ti T2 TW"TW*'Ts Tr Tz Ta Tt T2 To Tr To Ts

PC X__sp-1 X sP-2_ X 0038H_X

N/

n_/

) —

N/

LastMCl
¢
AV
Ao—A1s X
e
ME
TOE
RD
WR
Do—-D>

O INTo Mode 1
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* Two wait states are automatically inserted.

Figure 12b. INT, Mode 1 Timing

When INTo is received, the PC is stacked and instruction execution restarts at
logical address 0038H. Both IEF: and IEF: flags are reset to 0, disabling all maskable
interrupts. The interrupt service routine should normally terminate with the EI
(Enable Interrupts) instruction followed by the RETI (Return from Interupt) in--
struction, so that the interrupts are reenabled.

Fig. 12b. shows INTo Mode 1 timing.
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7 T-49-17-07 op_code
Last MC "INTo acknowledge cycle fetch cycleI

Vector lower ipulati
address read I PE is pushed onto stack'lnterrupt mamptxcll(e)n

N T T "

Ti ToTWTW' T Ti Th T2 Ta T1 T2 Ta T1 T2 Ta T1 T2 Ta Ty T2 Ts

¢
iNTo 7\ /

Starting address

X PC X_SP-1_X_sP-2 X Vector XVector+ X _ )&
T\ / ' [
N\ _ S\ /S

/"

T/
: Starting address Starting address
Lower vector (lower address) (upper address)
Do—D: L O——<pcH > PCL

e T \_/

¢ Two wait stétes are automatically inserted.
Figure 12c. INT, Mode 2 Timing

O 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 ad-
dresses stored in low byte, high byte order.

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

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

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

Note that external vector acquisition is indicated by LIR and TOE both LOW.
Two wait states (Tw) are automatically inserted for external vector fetch cycles.

During RESET the Interrupt Vector Register (I) is initialized to 00H and, if nec-
essary, should be set to a different value prior to the occurrence of a Mode 2 INTo
interrupt. Fig. 12c. shows INTo interrupt Mode 2 Timing.
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INT:, INTz (Figure 13) L T-49-17-07
___The operation of external interrupts INT: and INT: is a vector mode similar to
[NTo Mode 2. The difference is that INT1 and INTz generate the low-order byte of
vector table address using the IL (Interrupt Vector Low) register rather than fetch-
ing it from the data bus. This is also the interrupt response sequence used for all in-
ternal interrupts (except TRAP).

The low-order byte of vector table address is comprised of 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 (INT1, INT2 and internal) source.

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

During RESET, IEFi, ITE] and ITE2 bits are reset to 0.

Dynamic RAM DRAM Refresh Control

The Z64180 incorporates a dynamic RAM refresh control circuit including 8-
bit refresh address generation and programmable refresh timing. This circuit gener-
ates asynchronous refresh cycles inserted at the programmable interval independent
of CPU program execution. For systems which don’t use dynamic RAM, the re-
fresh function can be disabled.

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

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

Fig. 14. shows the timing of a refresh cycle with a refresh wait (Trw) cycle.
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I l

Tri Trw" Tr2

Refresh signal / O\

(Intemal signal)

Refresh address X Ac—A7 X
ME T /N Y 2 W
REF AN /

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

MC: Machine Cycle

Figure 14. Refresh Timing

Instruction Set

The Z64180 is object code compatible with the Z80 standard operating system and
application software. The instruction set also contains a number of new instructions to
improve system.and software performance, reliability and efficiency.

New Instructions Operation

SLP Enter SLEEP mode

MLT 8-bit multiply with 16-bit result

INO g, (m) Input contents of immediate I/0 address into register
OUTO0 (m), g Output register contents to immediate I/O address
OTIM Block output — increment

OTIMR Block output — increment and repeat

OTDM Block output — decrement

OTDMR Block output — decrement and repeat

TSTIO m Non-destructive AND, 1I/0 port and accumulator
TST g Non-destructive AND, register and accumulator

TST m Non-destructive AND, immediate data and accumulator
TST (HL) Non-destructive AND, memory data and accumulator
SLP — Sleep

The SLP instruction causes the Z64180 to enter SLEEP low power consump-
tion mode.

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

24
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INO g, (m) — Input, Immediate 1/0 address T-49-17-07

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

OUTO (m), g — Output, immediate 1/O address

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

OTIM, OTIMR, OTDM, OTDMR — Block I/0

The contents of memory pointed to by HL is output to the I/O address in (C).
The memory address (HL) and I/O address (C) are incremented in OTIM and
OTIMR and decremented in OTDM and OTDMR respectively. B register is decre-
mented. The OTIMR and OTDMR variants repeat the above sequence until register
B is decremented to 0. Since the I/0 address (C) is automatically incremented or
decremented, these instructions are useful for block I/0 (such as Z64180 on-chip
1/0) initialization. When 1/0 is accessed, 00H is output in high-order bits of address
automatically. '

TSTIO m — Test I/O Port

The contents of the I/0 port addressed by C are ANDed with immediately spec-
ified 8-bit data and the status flags are updated. The I/O port contents are not writ-
ten (non-destructive AND). When I/0 is accessed, 00H is output in higher bits of
address automatically. '

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 immediately specified 8-bit data are ANDed with the ac-
cumulator (A) and the status flags are updated. The accumulator is not changed
(non-destructive AND).

TST (HL) — Test Memory

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

PERIPHERALS
Memory Management Unit (MMU)

The Z64180 contains an on-chip MMU which performs the translation of the
CPU 64k bytes (16-bit addresses- 0000H to FFFFH) logical memory address space
into a 512k bytes (19-bit addresses- 00000H to 7FFFFH) physical memory address
space. Address translation occurs internally in parallel with other CPU operation.

25
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on Area 0, Bank Area and

As shown in Fig. 15 a variety of logical memory configurations are possible.
The boundaries between the Common and Bank Areas can be programmed with 4k

Common Area 1

Bank Area

Common Area O

Common Area 1

Common Area 1

Bank Area

Common Area O

Common Area 1

Figure 15. Logical Address Mapping Examples
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"~ The MMU translates internal 16-bit logical addresses to external 19-bit physical ad-
dresses (Figure 16). 7 1-49-17-07

Whether address translation 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.

I/0 Cycles

The MMU is logically bypassed for 1/0 cycles. The 16-bit logical I/O address
space corresponds directly with the 16 bit physical 1/O address space. The three high
order bits (Ais-A1s) of the physical address are always 0 during 1/0 cycles (Figure 17).

LA1s LAo
r | Logical Address
llooo'l
PA1s I PAie PAis PAo
r J r | Physical Address
Figure 17. /0 Address Translation
DMA Cycles :

When the Z64180 on-chip DMAC is using the external bus, the MMU is
physically bypassed. The 19-bit source and destination registers in the DMAC are di-
rectly output on the physical address bus (Ac-Aus). (Figure 18).

Interrupt Controller

The Z64180 CPU has twelve interrupt sources, four external and eight internal, with
fixed priority (Tables 2 and 3).

Table 2. Interrupt Sources

Higher (1) TRAP {Undefined Op-code Trap) ............covivveenneee. internal Interrupt
; Priority  (2) 'NMI (Non Maskable Interrupt)
i (3) INTo (Maskable Interrupt Level 0) External Interrupt

(4} TNTy (Maskable Interrupt Level 1)
{5) TNTz (Maskable interrupt Level 2)

(6) Timer O

{7) Timer 1

(8) DMA channel O

(9) DMA channel 1 Intemnal Interrupt

{10) Clocked Serial I/O Port
tower (11} Asynchronous SCI channel O
Priority (12) Asynchronous SCI channel! 1
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Interrupt control registers and flags 1-49-17-07
The Z64180 contains three registers and two flags which are associated with
interrupt processing.

Function Name Access Method
Interrupt Vector High I LD A,Tand LD, A instructions
Interrupt Vector Low IL I/0 instruction (addr=33H)
Interrupt/Trap Control ITC I/0 instruction (addr=34H)

Interrupt Enable Flag 1,2 IEF;,IEF: EI and DI

Table 3. Interrupt Source and Lower Vector

Interrupt Source Priority I Fixed Code

bz be bs{bs bs b2 bi bo
INT1 Highest [ « « =+« |0 0 0 0 O
INT2 + + «]o 0 0 1 o0
PRT channel O « +« [0 0 1t 0 O
PRT channel 1 « +« «10 0 1 1 O
DMA channel O * *+ <10 1t 0 0 O
DMA channel 1 * + 10 1 0 1 O
CSi/0 -+« 10 1T 1 0 O
ASCI channel O * ¢+ +10 1 1 1 O
ASCI channel 1 Lowest * +« 11 0 O O O

* Programmable

DMA Controller (DMAC) (Figure 18).

The Z64180 contains a two channel DMA (Direct Memory Access) controller
which supports high speed data transfer. Both channels (channel 0 and channel 1) have
the following capabilities.

Memory Address Space

Memory source and destination addresses can be directly specified anywhere within
the 512k bytes physical address space using 19-bit source and destination memory ad-
dresses. In addition, memory transfers can arbitrarily cross 64k bytes physical address
boundaries without CPU intervention.

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

Transfer Length .
Up to 64k bytes can be transferred based on a 16-bit byte count register.

28
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DREQ Input T-49-17-07
Level and edge sense DREQ input detection are selectable.

TEND Output
Used to indicate DMA completion to external devices.

Transfer Rate

Each byte transfer can occur every six clock cycles. Wait states can be inserted in
DMA cycles for slow memory or I/0 devices. At the system clock (¢) = 6 MHz, the
DMA transfer rate is as high as 1.0 megabytes/second (no wait states).

Additional feature disc for DMA interrupt request by DMA END.
Each channel has the following additional specific capabilities.

Channel 0

Memory €<—> memory, memory <—> [/O, memory <—> memory mapped
1/0 transfers

Memory address increment, decrement, no-change

Burst or cycle steal memory <—> memory transfers

DMA to and from both ASCI channels

Higher priority than DMAC channel 1

0000 O

Channel 1
O Memory <—> 1/0 transfer
O Memory address increment, decrement

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

Channel 0

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

Channel 1

MAR1 — Memory Address Register
JAR1 — 1/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

29

Powered by ICminer.com Electronic-Library Service CopyRight 2003




ZILOG INC ?h DEI 99864043 000529 H r

9984043 ZILOG INC

76C 06529 D

Internal Address/Data Bus

<

>

7 T-49-17-07

DMA Source Address DMA Status
Register chO : SARO (19) Register : DSTAT (8) Priority & |~ DREQo
DMA Destination Address DMA Mode Request
Register chO : DARO (19) Register : DMODE (8) Control | . PREa;
DMA Byte Count DMA/WAIT Control
Register chO : BCRO (16) Register : DCNTL (8)
DMA Memory Address
Register ch1 : MAR1 (19)
DMA 1/O Address
Register ch1 : IAR1 (16)
DMA Byte Count DMA Control s & CPU
Register ch1 : BCR1 (16)

L. e

l‘ TEND;
I Incrementer/Decrementer (19) I Interrupt Request

Figure 18. DMAC Block Diagram

Asynchronous Serial Communication Interface (ASCI) (Figure 19).

The Z64180 on-chip ASCI has two independent full duplex channels. Based on full
programmability of the following functions, the ASCI can communicate directly with a
wide variety of standard UARTS (Zilog’s Serial 170 Controller (SIO), Dual Asynchronous
Receiver/Transmitter (DART), Serial Communications Controller (SCC), and the Asyn-
chronous Serial Communications Controller (ASCC).

The key functions for ASCI are shown below. Each channel is independently
programmable.

Full duplex communication

7- or 8-bit data length .

Program controlled 9th data bit for multiprocessor communication

1 or 2 stop bits

0Odd, 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, CTSs and RTSe Channel 1 has
CTS:

Programmable interrupt condition enable and disable

Operation with on-chip DMAC -

OO0 O 0000000
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Clocked Serial 1/0 Port (CSI/0)

The Z64180 includes a simple, high speed clock synchronous serial I/0 port. The
CSI/0 includes transmit/receive (half duplex), fixed 8-bit data and internal or external
data clock selection. High speed operation (baud rate as high as 200k bits/second at
fc =4 MHz) is provided. The CSI/O is ideal for implementing a multiprocessor communi-
cation link between the Z64180 and the Z8 MCU Family as well as additional Z64180 CPUs.
These secondary devices typically may perform a portion of the system 1/0 processing
such as keyboard scan/decode and LDC interface.

The CSI/O block diagram is shown in Fig. 20. The CSI/O consists of two
registers — the Transmit/Receive Data Register (TRDR) and Control Register

(CNTR).

&

ZILOG INC 7k Iﬂ 89484043 000LS30 O I
76C 065/3,0,0,,,L

<

TXAo0

RXAo

ASCI Receive Data Register
¢ch O : RDRO 1
ASCI Receive Shift Register” ASCI
ch O : RSRO (8} Control
ASCI Control Register A
ch O : CNTLAO (8)
-+{ ASCI Control Register 8
ch O : CNTLBO (8}
DCDo —+{ ASCI Status Register
ch 0 : STATO (8)
CKAo «—» Baud Rate
Generator O
CKA 1 +—* Baud Rate
Generator 1

Internal Address/Data Bus

>

!

ASCI Transmit Data Register
’ c¢h 0 : TORO

Interrupt Request

*1ASCI Transmit Shift Register®

ch O : TSRO

!

ASCI Transmit Data Register
: ch 1: TDR1

ASCI Transmit Shift Registarl™ TXAs
ch 1 : TSR1

= ch 1 : RDR1

ASCI Receive Data Register

ASCI Receive Shift Register* [~ RXA1
ch 1 : RSR1 (8)

ASCI Controt Register A

ch 1: CNTLA1 (8)

ASCI Control Register B

- CTS:
ch 1 : CNTLB1 (8} '

ASCI Statds Register
ch 1 : STAT1 (8)

—p

*Not program Accessible

Figure 19. ASCI Block Diagram

< Interal Address/Data Bus >

TXS +-|CSY/O Transmit/Receive

Data Register:
RXS — TRDR (8)

CNTR (8}

CSI/0 Control Register:

l

Interrupt Request

é
{

Baud Rate [*" CKS

Generator

]

Figure 20. CSI/O Block Diagram

© T-49-17-07 ‘
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Programmable Reload Timer (PRT) T-49-17-07

The Z64180 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 can be directly read and written and a down counter overflow interrupt can
be programmably enabled or disabled. In addition, PRT channel 1 has a TOUT out-
put pin (pin 31 — multiplexed with Ais) which can be set HIGH, LOW or toggled.
Thus PRT1 can perform programmable output waveform generation.

The PRT block diagram is shown in Fig. 21. The two channels have separate
timer data and reload registers and a common status/control register. The PRT
input clock for both channels is equal to the system clock (¢) divided by 20.

< Internal Address/Data Bus >
¢ + 20 ¢ + 20
{ i

Timer Data {Timer Data Timer Data |Timer Data

Register OL  |Register OH Timer Control Register 1L |Register 1H | TOUT

: TMDROL (8}{: TMDROH (8) Register : TMDR1L (8): TMDR1H (8)

Timer Reload | Timer Reload + TCR(8) Timer Reload | Timer Reload

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

: RLDROL (8} |: RLDROH (8) : TLDR1L (8} |: TLDR1H (8)

L Interrupt Request

Figure 21. PRT Block Diagram

WAIT State Generator
Wait state timing

To ease interfacing with slow memory and I/0 devices, the Z64180 uses wait
states (Tw) to extend bus cycle timing. A wait state(s) is inserted based on the com-
bined (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.

Programmable wait state insertion

In addition to the WAIT input, wait states (Tw) can also be programmably in-
serted using the Z64180 on-chip wait state generator. Wait state (Tw) timing ap-
plies for both CPU execution and on-chip DMAC cycles.

By programming the 4 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, 5 specify the number of wait states (Tw)
inserted for I/O access and bits 6, 7 specify the number of wait states (Tw) inserted
for memory access.

32
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The number of wait states (Tw) inserted in a specific cycle is the maximum of
the number requested by the WAIT input, and the number automatically generated

PO

by the on-chip wait state generator. 7 T249-17-07

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

For CPU and DMAC cycles which access memory (including memory mapped
1/0), 0 to 3 wait states may be automatically inserted depending on the programmed
value in MWI1 and MWIO.

MWwi1 MWIO |wait states
0 0 0
o 1 1
1 0 2
1 1 3

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

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

the number of wait states

For extemat /O | For intemal VO For INTo interrupt | For INT1, INTz and | For NMI interrupt
registers accesses | registers accesses acknowledg_;g_ cy- | intemal interrupts acknowledsﬁ cy-
cles when LIR is acknowledge cy- | cles when LIR is
Low cles Low
{Note (2)) (Note (2))
wi1 IWIO
4] 0 1 2
0 1 2 0 4
2 o
1 0 3 (Note (1)) 5
1 1 4 [}
Note:

(1) For Z64180 internal 1/0 register access (I/0 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) will be generated. The number of wait states inseried during access to these
registers is a function of internal synchronization requirements and CPU state.
All other on-chip I/O register accesses (i.e. MMU, DMAC, ASCI Control Registers, etc.)
have 0 wait states inserted and thus require only three clock cycles.

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

33
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On-chip Clock Generator T-49-17-07

The Z64180 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, 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 characteristics (Co, Rs) and the

load capacitance (CL1, CL2) required for various frequencies of Z64180 opera-
tion.

Table 4. Crystal Characteristics

Clock Frequency
4AMHz 4MHz < f < 12MHz {12MHz < f £ 16MHz
ltem
Co <7 pF <7 pF  <7pF
Rs <600 <600 <600
CLy, CL2 10 t0 22 pF =10% | 10to 22 pF =10% | 10 to 22 pF £10%

If an external clock input is used instead of a crystal, the waveform (twice the ¢
clock rate) should exhibit a 50% =% 5% duty cycle. Note that the minimum clock
input HIGH voltage level is Vcc—0.6V. The external clock input is connected to

the EXTAL pin, while the XTAL pin is left open. Fig. 22. shows external clock
interface.

3
EXTALZ | | l | | | External Clock Input

XTALZ— Open

Figure 22. External Clock Interface
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POWER-DOWN MODES T-49-17-07
SLEEP mode

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

The internal CPU clock stops, reducing power consumption.

The internal crystal oscillator does not stop.

Internal and external interrupt inputs can be received.

DRAM refresh cycles stop.

1/0 operations using on-chip peripherals continue.

The internal DMAC stop.

BUSREQ can be received and acknowledged.

Address outputs go HIGH and all other control signal output become inactive

HIGH.

Data Bus, 3-state.

SLEEP mode is exited in one of two ways as shown below.

RESET Exit from SLEEP

If the RESET input is held LOW for at least six clock cycles, the Z64180 will
exit SLEEP mode and begin the normal RESET sequence with execution starting at
address (logical and physical) 00000H.

interrupt Exit from SLEEP
The SLEEP mode is exited by detection of an external (NMI, INTo-INT2) or in-

ternal (ASCI, CSI/O, PRT) interrupt.

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

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

If the individual interrupt condition is disabled by the corresponding enable bit,
occurrence of that interrupt is ignored and the CPU remains in the SLEEP state.

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

If interrupts are globally disabled (IEFi=0) and an individually enabled inter-
rupt occurs, SLEEP mode is exited and instruction execution begins with the in-
struction following the SLP instruction. Note that this provides a technique for syn-
chronization with high speed external events without incurring the latency imposed
by an interrupt response sequence.

Fig. 23. shows SLEEP timing.
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’ T-49-17-07
SLP 2nd op-code Op-code fetch or interrupt
fetch cycle | SLEEP mode [acknowledge cycle
| |
T2 Ta T T2 Ts Ts Ti T2 Ta
¢
INT;, NMT —\_/
Ao—A1s SLP 2nd op-code address X 7FFFFH X
HALT
\_ /
TR _/ \_
Figure 23. SLEEP Timing
1I0OSTOP

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

SYSTEM STOP

SYSTEM STOP mode is the combination of SLEEP and IOSTOP modes. SYS-
TEM STOP mode is entered by setting the IOSTP bit in ICR to 1 followed by ex-
ecution of the SLP instruction. In this mode, on-chip I/0 and CPU stop operating,
reducing power consumption. Recovery from SYSTEM STOP mode is the same as
recovery from SLEEP mode, noting that internal 1/0 sources (disabled by IOSTOP)
cannot generate a recovery interrupt.
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ELECTRICAL CHARACTERISTICS
B ABSOLUTE MAXIMUM RATINGS

T76C 06536

D
T-49-17-07

ftem Symbol Value Unit
Supply Voltage Vee —03 ~+70 Vv
Input Voltage Vi —03 ~ Vgc+03 Vv
Operating Temperature Topr 0~+70 °C
Storage Temperature Teg —55 ~ +150 °C

[NOTE] Permanent LS| damage may occur if maximum ratings are exceeded. Normal operation
should be under recommended operating conditions. If these conditions are exceeded, it

B DC CHARACTERISTICS (Voo = 6V +

could affect reliability of LSI.

10%, Vss =0V, Ta=0 ~

+70°C)
Symbol ftem Condition min typ max | Unit
input “H"” Voltage
Vi RESET, EXTAL, NMI Vee— 06 - Vee+03 v
input “H"” Voltage _
Viiz Except RESET, EXTAL, NMI 20 - Vecet0.3 v
Input “L"” Voltage
Vi RESET, EXTAL, NMI ~03 - 0.6 v
Input “L" Voltage .
Viz Except RESET, EXTAL, NMi —-03 - 08 v
Output “H"" Voltage lon = —200pA 24 - -
Vou All Qutputs Vv
oy = —20uA Vee—1.2 - -
Output “L"” Voltage
Vou All Outputs lop = 1.6 mA - - 045 v
input Leakage
" Current Al inputs Vin=05 ~ Vgc—056 - - 1.0 A
. Except XTAL, EXTAL
Three State Leakage
e Current Vin=0.5 ~ Vgc—05 - - 10 rA
Power Dissipation f=4 MHz — 10 20
e {Normal Operation) f=6 MHz - 16 30 mA
¢ Power Dissipation =4 MHz - 125 60
(SYSTEM STOP mode) f=6 MHz - 38 75 mA
Vin=0V, f=1 MHz
Cp Pin Capacitance Ta=26°C - - 12 pF
37
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B AC CHARACTERISTICS

T T T T
T-49-17-07

Voo = 5V +£10% Vgg == OV, Ta = 0 ~ +70°C)

4 MHz 6 MHz
Symbol Hem min typ max min typ max Unit
toye Clock Cycle Time 250 - 2000 162 - 2000 ns
toHwW Clock “H”* Pulse Width 110 - - 57 - - ns
torw Clock “L" Puise Width 100 - - 57 - - ns
tos Clock Fall Time - - 25 - - 25 ns
ter Clock Rise Time - - 20 - - T .20 ns
tap Address Delay Time - - :;g. - - :g:, ns
tas Addrsssﬁet-up Time 45 _ - 10 _ _ ns
{ME or I0E {) 30 —15*
tmeps ME Delay Time 1 - - 85 - - 75 ns
tr0D1 RD Delay Time 1 - - 85 - - 75 ns
o LR Delay Time 1 - - " 2100.?. - - " 11:,?. ns
tan g:_::“.&ﬁ Time go | - - % | - - ns
tmep2 ME Delay Time 2 - - 85 - - 75 ns
tRoD2 RD Delay Time 2 - - 85 - - 75 ns
tip2 TR Delay Time 2 - - 105 - - 100 ns
toRs Data Read Set-up Time 60 - - 45 - - ns
toms Data Read Hold Time 0 - - 0 - - ns
tsTD1 ST Delay Time 1 - - 110 - - 100 ns
tsTD2 ST Delay Time 2 - - 110 | - - 100 | ns
tws WAIT Set-up Time 80 - - 70 - - ns
twh WAIT Hold Time 70 - - 60 - - ns
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NOTE) Each symbols shows the value at the following conditions.

*1. Just after RESET (Restart address = OOOQOH)

2. At the beginning of SLEEP mode or SYSTEM STOP mode
(Starting address = 7FFFFH)

3. After BUS RELEASE mode

**1. Just after RESET (Restart address = 00000H)
2, After BUS RELEASE mode

***1. Just after RESET (Restart address = OQO00H)

{to be continued)
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Ve = 6V :10% Vgg = OV, Ta = 0 ~ +70°C)
= 4 MHz 6 MHz
Symbol tem - Unit
e min typ max min typ max
Write Data Floating
twoz Delay Time - - 100 - - 95 ns
twoD Write Data Delay Time - - 110 - - 90 ns
Write Data Set-up Time
twos WR ) 60 - - 40 - - ns
twro2 WR Delay Time 2 - - 90 - - 80 ns
twap WK Pulse Width 220 - - 136 - - ns
: T
twoH V(\%lﬁt.ell))eta Hold Time 60 _ _ 40 _ _ ns
fop1 TOE Delay Time 1 - - 85 - - 75 ns
top2 T0E Delay Time 2 - - 85 - - 75 ns

] —— y

§ %op3 I(%g?;ﬂay Time 3 540 - - 340 - - ns

; o ot INT Set-up Time 80 _ _ 70 - _ ns

g @
i o T Hold Time 70 _ - 60 - - ns
b 1)

: traaw ‘NMT Pulse Width 120 - - 120 - - ns
tors ?;SJEQ Set-up Time 80 _ _ 70 _ _ ns
torud ?‘;JSII)?EQ Hold Time 70 _ _ 80 _ _ ns
tgAD1 BUSACK Delay Time 1 - - 100 - - 95 ns

t taap2 BUSACK Delay Time 2 - - 100 - - 95 ns

s taz0 Bus Floating Delay Time Z Z 130 - - 125 ns

ME Pulse Width
tMEWH (HIGH) 200 - - 110 - - ns
‘ME Pulse Width
tmEWL LOW) 210 - - 125 - - ns

q AR
QA

{to be continued)
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T-49-17-07
(Vee = BV =10% Vgg = 0OV, Ta = 0 ~ +70°C)
4 MHz 6 MHz
Symbol ftem - - Unit
min typ max min typ max
tarp1 REF Delay Time 1 - - 110 - - 100 ns
trrD2 REF Delay Time 2 - - 110 - - 100 ns
tiapt HALT Delay Time 1 - - 110 - - 100 ns
1HAD2 HALT Delay Time 2 - - 110 — - 100 ns
toras DREQi Set-up Time 80 - - 70 - - ns
toraH DREQI Hold Time 70 - - 60 - - ns
tyeD1 TENDI Detay Time 1 - - 85 - - 70 ns
trep2 TENDi Delay Time 2 - - 85 - - 70 ns
tep1 Enable Delay Time 1 - - 100 - -~ 95 ns
ten2 Enable Delay Time 2 - - 100 - - 95 ns
trop Timer Output Delay Time - - 300 - - 300 ns
CSVO Transmit Data.
tstol Delay Time - - 200 - - 200 ns
(ntemal Clock Operation)
CSl/0 Transmit Data 75 75
tsToE Delay Time - - teye - - teye ns
; (Extemnal Clock Operation) +300 +300
: CSV/O Receive Data
tsas| Set-up time 1 - - 1 - - tcye
(intemal Clock Operation)
CSI/0 Receive Data
tsrHi Hold Time 1 - - 1 - - teyc
(intermnal Clock Operation)
CSV/O Receive Data
tsRSE Set-up Time 1 - - 1 - - teyc
(External Clock Operation)
CSI/O Receive Data
tSRHE Hold Time 1 - - 1 - - teyc
(External Clock Operation)
tRes RESET Set-up Time 120 - - 120 - - ns
' then RESET Hold Time 80 - - 80 - - ns
Oscillator Stabilization
tosc Time - - 20 - - 20 ms
i
i 40
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tenw touw . T-49-17-07
[t ! L
WL VA VAVAVAVAVA Y

D 1
Y

>
<]
o
3
m
n
»
S 15

4 X

~SJE
A€
I

tMED1 tAs tion2tan
10E ) /
tiopi
troD2
RD T
tRoD))
[‘wro1 twRD2
WR twrp 1
N 1"
|to2
OR—
o9
tsTD2
A
tsIQ_,

rs| |toRH| |twpz

t
toRs tbRH DRS|
L TXT

; t

; 1 'WDH
' Data o }_

; ouT :

tREH °1

! taes N tR§§{ j +—tREH
: RESET j Y

CPU Timing (1) *1 Output buffer is off at this point.
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¢ _/_\L/_\_/r—\_/_\ﬁ_/_\\_/{_\_i/_\_/—\_/—
! tnTs | tNTH
t&mw
I/
TR *1 W\’( /——
l tioD3 /
oET N /S
tprs| _| toRH
¢ Data VAVARY ﬁ@_—
i IN*1 A NN, |
| tMEWH '
ME *2 )
A
tRED1 | TMEWL tRFp2
REF *2
tons, 1 tBRH " tgrs i tBRH
' BUSREQ =
: tsap1 BAD2
g y
,, ADDRESS tezp tazp
i %QT% X
: 3 '
3
tHAD1 D2
HALT
K
*1 during INTo acknowledge cycle
. *2 duri fresh |
CPU Timing (2) *3 Ol:;;tgxtrzurf.}sér izygfg at this point.
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PACKAGING INFORMATION F-49-17-07.

87 8.2 2681
58 Omax
12 283mexl
33
anaafoananoasanaaaanaaaannanon

[}

i 1908
i 10.750)

1s |
(=4

fl \ 015 ob‘

o0Ay
) o\o Y002

2 Samen S Tmax
{0 100mwn) (0.200max)

I 1781026

0481010

(007010010 (001910 004)

64-Pin Dual-In-Line Package (DIP)

PIN1

45° x 0.045 qu\ ‘j‘i““’“ e /"~ IDENTIFICATION 45° x 0.84 MAX )
abfonannongdnannn —_ ?
)

— 4 L]
‘} ::f 1 E O/ :u ;z
NOMINAL <=
g J
q ]
q ]
g J
[
3 0.95250 . 0928
4 p | ossesa
h 2
g ] i3
g h
& 1]
d ] —Lo.ma
xd h ; +
a5 x 0.010!3‘:{ ° ] - 0.021
-] 0.008
0.170

68-Pin Plastic Chip Carrier (PCC)

Qm:m “n,:;vj
"‘-u‘.L‘J

i NOTE.: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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ORDERING INFORMATION 1-49-17-07.

&

264180 MPU 4 MHz
68-pin DIP
2641804 PS

764180 MPU 6 MHz
68-pin DIP
764180-6 PS

68-pin PCC
2641804 VS

68-pin PCC
7641806 VS

Codes

First letter is for package; second letter is for temperature.

C = Ceramic DIP R = Protopack
P = Plastic DIP T = Low Profile Protopack
L = Ceramic LCC DIP = DualIn-Line Package
V = Plastic PCC LCC = Leadless Chip Carrier
PCC = Plastic Chip Carrier (Leaded)
TEMPERATURE FLOW
S =0°Cto +70°C B = 883ClassB
E —40°Cto +85°C

M*= —55°Cto +125°C

Example: PS is a plastic DIP, 0°C to +70°C.

* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications.
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