Z8001/28002

16-Bit Microprocessors

DISTINCTIVE CHARACTERISTICS

® 4 MHz CPU Clock
High throughput with low system clock rate for easi-
er system design

® Powerful General Register Architecture
16 general registers provide high throughput in ail
types of applications.

e Wide Variety of Data Types
Instructions operate on bits, bytes, 16- and 32-bit
words for efficient programming of a wide variety of
functions.

¢ Partitioned for Operating System Protection
Hardware bit protects privileged instructions from ex-
ecution except by operating system.

® Supports 3 Types of interrupts
Separate pins provided for vectored, non-vectored
and non-maskable interrupts

® Two Compatible CPUs
Compact 40-pin Z8002 supports 64kB memory; larg-
er 48-pin Z8001 supports 8MB memory.

GENERAL DESCRIPTION

The Z8001* is a general-purpose 16-bit CPU belonging to
the Z8000 family of microprocessors. Its architecture is
centered around sixteen 16-bit general registers. The CPU
deals with 23-bit address spaces and hence can address
directly 8MB of memory. The 23-bit address consists of two
components: 7-bit segment number and 16-bit offset.
Facilities are provided to maintain three distinct address
spaces — code, data and stack. The 28001 implements a
powerful instruction set with flexible addressing modes.
These instructions operate on several data types — bit,

byte, word (16-bit), long word (32-bit), byte string and word
string. The CPU can execute instructions in one of two
modes — System and Normal. Sometimes these modes
are also known as Privileged and Non-Privileged, respec-
tively. The CPU also contains an on-chip memory refresh
facility. The Z8001 is software compatible with the Z8002
microprocessor. The Z8001 is fabricated using silicon-gate
N-MOS technology and is packaged in a 48-pin DIP. The
Z8001 requires a single +5 power supply and a single
phase clock for its operation.

GENERAL REGISTERS
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Z8001/28002

CONNECTION DIAGRAM
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LOGIC SYMBOL
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LS001271

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following:
Device number, speed option (if applicable), package type, operating range and screening option (if desired).

ORDERING INFORMATION

28001/78002 _ _

Device j L Temperature
C - Commercial (0°C to 70°C}
|- Industrial (-40°C to 85°C)

Speed Package

Blank = 4MHz P - Plastic Dip
A = 6MHz D - Ceramic Dip
A-8 = 8MHz L - Ceramic LCC

Consult the local AMD sales office to con-
firm availability of specific valid combinations,
check for newly released valid combinations
and/or obtain additional data on AMD's stan-
dard military grade product.

Valid Combinations

ZB001
ZBOO1A DC, PC, LG, DI, LI
ZBOD1A-8

28002
Z8G02A DC, PC, LC, D), LI
Z8002A-8

Valid Combinations

5.3
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Z8001/Z8002

Z8001 PIN DESCRIPTION

Pin No.

Name

170

Description

11

Vce

+ 5V Power Supply.

36

Vss

Ground.

1, 38-40, 43,
41, 44, 45, 48,
2-6, 10, 9

ADO-AD15

170

Bidirectional, 3-State. Address/Data Bus. This 16-bit muitiplexed address/data bus is used for afl
170 and memory transactions. HIGH on the bus comresponds to 1 and LOW comresponds to 0.
ADO is the least significant bit position with AD15 is most significant. The AS output and DS
output will indicate whether the bus is used for address offset or data. The status output lines
ST0-ST3 will indicate the type of transaction: memory or 1/0.

34

3-State. Address Strobe. LOW on this output indicates that the AD0-AD15 bus contains address
information. The address information is stable by the time of the LOW-to-HIGH transition of the
AS output (see timing diagram). The status outputs STO-ST3 indicate whether the bus contains a
memory address or 1/0 address.

19

3-State. Data Strobe. LOW on this output indicates that the ADO-AD15 bus is being used for data
transfer. The R/W output indicates the direction of data transfer - read (or in) means data into
the CPU and write (or out) means data from the CPU. During a read operation, data can be gated
on to the bus where DS goes LOW. A LOW-to-HIGH transition on the DS output indicates that
the CPU has accepted the data (see timing diagram). During a write operation, LOW on the DS
output indicates that data is set up on the bus. Data will be removed sometime after the LOW-to-
HIGH transition of the DS output (see timing diagram}.

30

/W

3-State. Read/Write. This output indicates the direction of data flow on the ADO-AD15 bus.
HIGH indicates a read operation, i.e., data into the CPU, and LOW indicates a write operation,
i.6., data from the CPU. This output is activated at the same time as AS going LOW and remains
stable for the duration of the whole transaction (see timing diagram).

32

B/W

3-State. Byte/Word. This output indicates the type of data transferred on the ADO-AD15 bus.
HIGH indicates byte (8-bit} and LOW indicates word (16-bit) transfer. This output is actvated at
the same stage as going LOW and remains valid for the duration of the whole transaction
(see timing diagram). The address generated by the CPU is always a byte address. However, the
memory is organized as 16-bit words. All instructions and word operands are word aligned and
are addressed by even addresses. Thus, for all word transactions with the memory, the least
significant address bit will be zero. When addressing the memory for byte transactions, the least
significant address bit determines which byte of the memory word is needed; even address
specifies the most significant byte, and odd address specifies the least significant byte. In the
case of |/Q transactions, the address information on the ADO-AD15 bus refers to an 170 port,
and B/W determines whether a data word or data byte will be transacted. During 1/0 byte
transactions, the least significant address bit AO determines which half of the AD0O-AD15 bus will
be used for the I/0 transactions. The ST0-ST3 outputs will indicate whether the cument
transaction is for memory, normal 1/O or special 1/0.

23-20

ST0-ST3

3-State. Status. These four outputs contain information regarding the current transaction in a
coded form. The status line codes are shown in the table on the following page.

28

WAIT

Wait. LOW on this input indicates to the CPU that memory or I/0 is_not ready for the data
transfer, and hence, the current transaction should be stretched. The WAIT input is sampled by
the CPU at certain instances during the transaction (see timing diagram). If input is LOW at
these instances, the CPU will go into wait state to prolong the transaction. The wait state will
repeat until the WAIT input is HIGH at the sampling instant.

N

N/S

3-State. Normal/System Mode. HIGH on this output indicates that the CPU is operating in
Normal Mode and LOW indicates operation in System Mode. This output is derived from the Flag
Control Word (FCW) register. The FCW register is described under the processor status
information section of this document.

18

3-State. Memory Request. LOW on this output indicates that a CPU transaction with memory is
taking place.

27

Bus Request. LOW on this input indicates to the CPU that another device (such as DMA) is
requesting 1o take control of the bus. The BUSRQ input can be driven LOW anytime. The CPU
synchronizes this input internally. The CPU responds by activating BUSAK output LOW to
indicate that the bus has been relinquished. Relinquishing the bus means that the ADO-AD15,
AS, DS, B/W, R/W, N/5, ST0-ST3, SNO-SN6 anggﬁm outputs will be in the high impedance
state. The requesting device should control these lines in an identical fashion to the CPU to
accomplish transactions. The BUSRQ input must remain LOW as long as needed to perform all
the transactions and the CPU will keep the BUSAK output LOW. After completing the
transactions, the device must disable the AD0-AD15, AS, DS, B/W, R/W, N/5, ST0-ST3, SNO-
SN6 and into the high impedance state and stop driving the BU! input LOW. The CPU
will make BUSAK output HIGH sometime later and take back the bus control.

Bus Acknowledge. LOW on this output indicates that the CPU has relinquished the bus in
response to a bus request.

Non-Maskable Interrupt. A HIGH-to-LOW transition on this input constitutes non-maskable
interrupt request. The CPU will respond with the Non-maskable Interrupt Acknowledge on the
ST0-ST3 outputs and will enter an interrupt sequence. The transition on the NMI can occur
anytime. Of the three kinds of interrupts ilable, the non-maskable interrupt has the highest
priority.

12

Vectored Interrupt. LOW on this input constitutes vectored interrupt request. Vectored interrupt
is next lower to the non-maskable interrupt in priority. The NVIE bit in the Flag and Control Word
register must be 1 for the vectored interrupt to be honored. The CPU will respond with Vectored
Interrupt Acknowledge code on the STO-ST3 outputs and will begin the interrupt sequence. The
VI input can be driven LOW anytime and should be held LOW until acknowledged.

009718
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Z8001 PIN DESCRIPTION (Cont.)

Pin No. Name 110 Description

13 1Y) 1 Non-Vectorad iInterrupt. LOW on this input constitutes non-vectored interrupt request. Non-
vectored has the lowest priority ot the three types of interrupts. The NVIE bit in the Flag and
Control Word register must be 1 for this request to be honored. The CPU will respond with Non-
Vectored Interrupt Acknowledge code on the ST0-ST3 outputs and will begin the interrupt
sequence. The NVI input can be driven LOW anytime and should be held LOW until
acknowledged.

8 o t Micro-In. This input participates in the resource request daisy chain. See the section on
multimicroprocessor support facilities in this document.

17 w0 [o] Micro-Out. This output participates in the resource request daisy chain. See the section on
multimicroprocessor support facilities in this document.

16 RESET 1 Reset. LOW on this input initiates a reset sequence in the CPU. See the section on Initialization
for details on reset sequence.

35 CLK i Clock. All CPU operations are controlled from the signal fed into this input. See DC
Characteristics for clock voltage level requirernents.

7 STOP 1 Stop. This active LOW input facilitates one instruction at a time operation. Sese the section on

N single stepping.

26, 25, 37, 24, | SNO-SN6 o] 3-State. Segment Number. These seven outputs contain the segment number part of a memory

42, 48, 47 address. A HIGH on the output corresponds to 1 and a LOW corresponds to 0. SNO is the least
significant bit position and SN6 is the most significant bit position.

14 BEGT I Segment Trap. LOW on this input constitutes a segment trap request. If the line is driven LOW,

the CPU will respond with the ment Trap Acknowledge code on the Status lines and
commence a trap sequence. The input may be driven LOW at any time and is customarily
held LOW until acknowledged. This input hag priority over the interrupts.

Status Line Codes

ST3 ST2 STt STO

L

L

L L Internal Operation

Memory Refresh

Normal 1/0 Transaction

Special /0O Transaction

Segment Trap Acknowledge

Non-Maskable Interrupt Acknowledge

Non-Vectored intemupt Acknowledge

Vectored Interrupt Acknowledge

Memory Transaction for Operand

Memory Transaction for Stack

Reserved

Reserved
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Memory Transaction for Instruction
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Z8001/Z8002

Z8002 PIN DESCRIPTION

Pin No.

Name

170

Description

10

Vce

+5Y Power Supply.

3

Vss

Ground.

40, 32-39,
15,98

ADO-AD15

Ie)

Bidirectional, 3-State. Address/Data Bus. This 16-bit multiplexed address/data bus is used for all I/0 and memory
transactions. HIGH on the bus corresponds to 1 and LOW corresponds to 0. ADO is the least significant bit position
with AD15 is most significant. The AS output and DS output will indicate whether the bus is used for address offset
or data. The status output lines STO-ST3 will indicate the type of transaction: memory or 1/O.

29

3-State. Address Strobe. LOW on this output indicates that the ADO-AD15 bus contains address information. The
address information is stable by the time of the LOW-to-HIGH transition of the AS output (see timing diagram). The
status outputs STO-ST3 indicate whether the bus contains a memory address or 1/0 address.

3-State. Data Strobe. LOW on this output indicates that the AD0O-AD15 bus is being used for data transfer. The R/W
output indicates the direction of data transfer - read (or in) means data into the CPU and write (or out) means data
from the CPU. During a read operation, data can be gated on to the bus where DS goes LOW. A LOW-to-HIGH
transition on the output indicates that the CPU has accepted the data (see timing diagram). During a write
operation, LOW on the output indicates that data is set up on the bus. Data will be removed sometime after the
LOW-t0-HIGH transition of the DS output (see timing diagram).

25

R/W

3-State. Read/Write. This output indicates the direction of data flow on the ADO-AD15 bus. HIGH indicates a read
operation, i.e., data into the CPU, and LOW indicates a write operation, i.e., data from the CPU. This output is
activated at the same time as A3 gong LOW and remains stable for the duration of the whole transaction (see
timing diagram).

27

B/W

3-State. Byte/Word. This output indicates the type of data transferred on the ADO-AD15 bus. HIGH indicates byte
(8-bit) and LOW indicates word (16-bit) transfer. This output is activated at the same stage as AS going LOW and
remains valid for the duration of the whole transaction (see timing diagram). The address generated by the CPU is
always a byte address. However, the memory is organized as 16-bit words. All instructions and word operands are
word aligned and are addressed by even addresses. Thus, for all word transactions with the memory, the least
significant address bit will be zero. When addressing the memory for byte transactions, the least significant address
bit determines which byte of the memory word is needed; even address specifies the most significant byte, and odd
address specifies the least significant byte. In the case of 1/O transactions, the address information on the ADO-
AD15 bus refers to an 170 port, and B/W determines whether a data word or data byte will be transacted. During i/
QO byte transactions, the least significant address bit A0 determines which half of the AD0-AD15 bus will be used for
the 1/0 transactions. The ST0-ST3 outputs will indicate whether the current transaction is for memory, normat I/0
or special 1/0.

21-18

ST0-ST3

3-State. Status. These four outputs contain information regarding the current transaction in a coded form (see table
on previous page).

23

WAIT

Wait. LOW on this input indicates to the CPU that memory or I/Q is not ready for the data transfer, and hence, the
current transaction should be stretched. The WATT input is sampled by the CPU at certain instances during the
transaction (see timing diagram). If WATT input is LOW at these instances, the CPU will go into wait state to prolong
the transaction. The wait state will repeat until the WAIT input is HIGH at the sampling instant.

26

N/S

3-State. Normal/System Mode. HIGH on this output indicates that the CPU is operating in Normal Mode and LOW
indicates operation in System Mode. This output is derived from the Flag Control Word (FCW) register. The FCW
register is described under the processor status information section of this document.

16

MREQ

3-State. Memory Request. LOW on thss output indicates that a CPU transaction with memory is taking place.

22

BUSRQ

Bus Request. LOW on this input indicates to the CPU that another device (such as DMA) is requesting to take
control of the bus. The EU'SF{S input can be driven LOW anytime. The CPU synchronizes this input internally. The
CPU responds by activating BUSAK output LOW to indicate that the bus has been relinquished. Relinquishing the
bus means that the ADO-AD15, AS, DS, B/W, R/W, N/5, ST0-ST3, SNO-SN6 and MREQ outputs wil be in the high
impedance state. The requesting device should control these lines in an identical fashion to the CPU to accomplish
transactions. The BU. input must remain LOW as long as needed to perform all the transactions and the CPU
will keep the BUSAK output LOW. After completing the transactions, the device must disable the ADO-AD15, AS
DS, B/%, R/W, N/, STO-ST3, SNO-SN6 and wmﬂn into the high impedance state and stop driving the BU
input LOW. The CPU will make BUSAK output HIGH sometime later and take back the bus control

24

Bus Acknowledge. LOW on this output indicates that the CPU has relinquished the bus in response to a bus
request.

Non-Maskable Interrupt. A HIGH-to-LOW transition on this input constitutes non-maskable interrupt request. The
CPU will respond with the Non-maskable Interrupt Acknowledge on the ST0-ST3 outputs and will enter an interrupt
sequence. The transition on the NMI can occur anytime. Of the three kinds of interrupts available, the non-
maskable interrupt has the highest priority.

1

Vectored Interrupt. LOW on this input constitutes vectored interrupt request. Vectored interrupt is next lower to the
non-maskable interrupt in priority. The VIE bit in the Fiag and Control Word register must be 1 for the vectored
interrupt to be honored. The GPU will respond with Vectored Interrupt Acknowledge code on the ST0-ST3 outputs
and will begin the interrupt sequence. The VI input can be driven LOW anytime and should be held LOW until
acknowledged.

12

Ed

Non-Vectored Interrupt. LOW on this input constitutes non-vectored interrupt request. Non-vectored has the lowest
priority of the three types of interrupts. The NVIE bit in the Flag and Control Word register must be 1 for this request
to be honored. The CPU wilt respond with Non-Vectored Interrupt Acknowtedge code on the ST0-ST3 outputs and
will begin the interrupt sequence. The NVi input can be driven LOW anytime and should be heid LOW until
acknowledged.

Micro-in. This input participates in the resource request daisy chain. See the section on multimicroprocessor
support facilities in this document.

Micro-Out. This output participates in the resource request daisy chain. See the section on multimicroprocessor
support facilities in this document.

Reset. LOW on this input initiates a reset sequence in the CPU. See the section on Initialization for details on reset
sequence.

Clock. All CPU operations are controllad from the signal fed into this input. See DC Characteristics for clock voltage
level requirements.

Stop. This active LOW input facilitates one instruction at a time operation. See the section on single stepping.

009718
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DETAILED DESCRIPTION
The following is a description of the Z8001 and Z8002 CPUs.
General Purpose Registers

The CPU is organized around sixteen 16-bit general purpose
registers RO through R15 as shown in Figure 1. For byte
operations, the first eight registers (RO through R7) can also
be addressed as sixteen 8-bit registers designated as RLO,
RHO and so on to RL7 and RH7. The sixteen registers can
also be grouped in pairs RRO, RR2 and so on to RR14 to form
eight long word (32-bit) registers. Similarly, the sixteen regis-
ters can be grouped in quadruples RQO, RQ4, RQ8 and RQ12
to form four 64-bit registers.

Stack Pointer (Z8001)

The ZB001 architecture allows stacks to be maintained in
memory. Any general-purpose register pair except RRO can be
used as a stack pointer in stack manipulating instructions,
such as PUSH and POP. The designated register pair holds a
23-bit segmented address. Certain instructions (such as sub-
routine call and return) make implicit use of the register pair
RR14 as the stack pointer. Two implicit stacks are allowed —

normal stack using RR14 as the stack pointer and system
stack using RR14’ as the system stack pointer (see Figure 1).
If the CPU is operating in the Normal Mode, RR14 is active,
and if the CPU is in System Mode, RR14’ will be used instead
of RR14. The implied stack pointer is a part of the general
registers and hence can be manipulated using the instructions
available for register operations.

Stack Pointer (Z8002)

The 28002 architecture allows stacks to be maintained in the
memory. Any general purpose register except RO can be used
as a stack pointer in stack manipulating instructions, such as
PUSH and POP. However, certain instructions such as subrou-
tine call and return make implicit use of the register R15 as the
stack pointer. Two implicit stacks are maintained — normal
stack using R15 as the stack pointer and system stack using
R15’ as the system stack pointer (see Figure 1). If the CPU is
operating in the Normal Mode, R15 is active, and if the CPU is
in System Mode, R15’ will be used instead of R15. The implied
stack pointer is a part of the general registers and hence can
be manipulated using the instructions available for register
operations.

[T ]
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| RHI \ R ]
RGO
w2 | RH2 L }
RR2
L) HEC] |
e | RtM H aLe ]
RA4
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Figure 1. CPU General Registers
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Z8001/Z8002
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Figure 2. CPU Processor Status

Processor Status

The CPU status consists of the 16-bit flag and controt word
(FCW) register, and the 16- or 23-bit program counter (see
Figure 2). A reserved word is also included for future expan-
sion. The following is a brief description of the FCW bits.

SEG: Segmented/Non-Segmented Bit. Indicates whether
the Z8001 is running in segmented or non-segment-
ed mode. 1 indicates segmented; 0 indicates non-
segmented. See the section on non-segmented
mode, eisewhere in this document. This bit is always

0 in the Z8002.

S/N: System/Normal - 1 indicates System Mode, and 0
indicates Normal Mode.

VIE: Vectored Interrupt Enable - 1 indicates that Vectored
Interrupt requests will be honored.

NVIE: Non-Vectored Interrupt Enable -1 indicates that

Non-vectored interrupt requests will be honored.

C: Carry - 1 indicates that a carry has occurred from the
most significant bit position when performing arith-
metic operations.

Z: Zero - 1 indicates that the result of an operation is
zero.
S: Sign - 1 indicates that the result of an operation is

negative; i.e., most significant bit is one.

P/V: Parity/Overflow - 1 indicates that there was an over-
flow during arithmetic operations. For byte logical
operations, this bit indicates parity of the result.

DA: Decimal Adjust - Records byte arithmetic operations.

H: Half Carry — 1 indicates that there was a carry from
the most significant bit of the lower digit during byte
arithmetic.

Data Types

The CPU instructions operate on bits, digits (4 bits), bytes (8
bits), words {16 bits), long words (32 bits), byte strings and
word strings type operands. Bits can be set, reset or tested.
Digits are used to facilitate BCD arithmetic operations. Bytes
are used for characters and small integers. Words are used for
integer values and addresses while long words are used for
large integer values and addresses. All operands except
strings can reside either in memory or general registers.
Strings can raside in memory only.

Interrupt and Trap Structure

Interrupt is defined as an external asynchronous event requir-
ing program interruption. For example, interruption is caused
by a peripheral needing service. Traps are synchronous
events resulting from execution of certain instructions under
some defined circumstances. Both interrupts and traps are
handled in a similar manner.

The CPU supports three types of interrupts in order of
descending priority — non-maskable, vectored and non-vec-
tored. The vectored and non-vectored interrupts can be
disabled by appropriate control bits in the FCW. The CPU has
four traps — system call, segment trap, unimplemented op-
code and privileged instruction. The traps have higher priority
than interrupts.

When an interrupt or trap occurs, the current program status is
automatically pushed onto the system stack. The program
status consists of processor status (i.e., PC and FCW) plus a
16-bit identifier. The identifier contains the reason, source and
other coded information relating to the interrupt or trap.

After saving the current program status, the new processor
status is automatically loaded from the new program status
area located in the memory. This area is designated by the
New Program Status Area Pointer (NPSAP) register.

Segmented Addressing (28001 Only)

The Z8001 can directly address up to BMB of memory space,
using a 23-bit segmented address. The memory space is
divided up into 128 segments, each up to 64kB in size. The
upper seven bits of address designate the segment number
and are available on the SNO-SN6 outputs during a memory
transaction. See the section on memory transactions for
details.

The lower sixteen bits of address designate an offset within
the segment, relative to the start of the segment, and are
available on ADO-AD15 during part of the memory transaction.
See the section on memory transactions for details.

The segmented address may be stored as a long word in
memory or in a register pair. The segment number and offset
can be manipulated saparately or together by suitable use of
the instruction set.

When the segmented address is contained in code space, a
short offset format may be adopted. The segmented address
is stored as one word, seven bits of segment number and
sight bits of offset. Figure 3 shows the format for segmented
addresses.

Addressing Modes

Information contained in the CPU instructions consists of the
operation to be performed, the operand type and the location
of the operands. Operand locations are designated by general
register addresses, memory addresses or /0 addresses. The
addressing mode of a given instruction defines the address
space referenced and the method to compute the operand
address. Addressing modes are explicitly specifiaed or implied
in an instruction. Figure 4 illustrates the eight explicit address-
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ing modes: Register (R}, immediate (IM), Indirect Register (IR),
Direct Address (DA), Indexed (X), Relative Address (RA), Base
Address (BA) and Base Indexed (BX).

"ILLM ]Looonoonl“mm
“":I — Iﬂm
[ o]
| — ]
[[ e Trorveey]
| g llucoo:anc:
[ | o ]

Figure 3. Segmented Address Formats

When an effective segmented address is being computed
according to the designated addressing mode, the segment
number is not affected by any camy from the 16-bit offset.

Non-Segmented Mode on the Z8001

The Z8001 can execute code designed to run on the non-
segmented Z8002. This is achieved by changing the mode of
execution of the Z8001 from segmented to non-segmented by
writing a 0 to the SEG bit in the FCW. (See the saction on
processor status.) The change to non-segmented mode sets
up a suitable environment for running non-segmented code.
However, the environment only exists within the code seg-
ment that caused the change of mode from segmented to
non-segmented.

SNO-SN6 will continue to indicate the code segment until a
reset, interruption or return to segmented mode is encoun-
tered.

The effects of the non-segmented mode of operation
28001 are described below:

a) The Z8001 will interpret instruction length like it was a
non-segmented Z8002.

b) The 28001 will implement address computation in an
identical manner to the Z8002.

Other CPU functions, such as interrupt and trap handling,
reset and stack pointer manipulation, are unaltered. These
functions are characterized by the type of CPU, not by
the state of the SEG bit in the FCW.

Input/Output

A set of 1/0 instructions are provided to accomplish byte or
word transfers between the CPU and |/0 devices. I/0 devices
are addressed using 16-bit I/0 port addresses, and /0
address space is not a part of the memory address space.
Two types of 1/Q instructions are provided, each with its own
16-bit address space. I/O instructions include a comprehen-
sive set of In, Out and Block transfers.

on the

CPU Timing

The CPU accomplishes instruction execution by stepping
through & pre-determined sequence of machine cycles, such
as memory read, memory write, etc. Each machine cycle
requires between three and ten clock cycles. But Requests by
DMA devices are granted at machine cycle boundaries. No
machine cycle is longer than ten clock cycles, thus assuring
fast response to a Bus Request (assuming no extra wait
states). The start of a machine cycle is always marked by a
LOW puise on the AS output. The status output lines ST0-ST3
indicate the nature of the current cycle in a coded form.

Status Line Codes

Status line coding was listed in the table shown under Pin
Description. The following is a detailed description of the
status codes.

Internal Operation:

This status code indicates that the CPU is going through a
machine cycle for its internal operation. Figure 5 depicts an
internal operation cycle. It consists of three clock periods
identified as T1, T2 and T3. The AS output will be activated
with a LOW pulse by the Z8001 to mark the start of a machine
cycle. The ST0-ST3 will reflect the code for the internal
operation. The MREG, DS and R/W outputs will be HIGH. The
N/5 and SNO-SN6 outputs will remain at the same level as in
the previous machine cycle. The CPU will ignore the WAIT
input during the internal operation cycle. The CPU wili drive
the ADO-AD15 bus with unspecified information during T1,
However, the bus will go into high-impedance during T2 and
remain in that state for the remainder of the cycle. The B/W
output is also activated by the CPU with unspecified informa-
tion.

Memory Refresh:

This status code indicates that CPU is accessing the memory
to refresh. The refresh cycle consists of three clock periods as
depicted in Figure 6. The CPU will activate the AS output with
a LOW pulse to mark the beginning of a machine cycle, and
STO-ST3 outputs will reflect the refresh cycle code. The least
significant 8 lines of the AD0-AD15 bus contain the refresh
address. Because the memory is word organized, the ADO will
always be LOW. The rnost significant 7 bus lines are not
specified. The DS output will remain HIGH for the entire cycle,
while R/W, B/W, SNO-SN6 and N/3 outputs will remain at the
same level as in the machine cycle prior to refresh. The ADO-
AD15 bus will go into high-impedance state during T2 period
and remain there for the remainder of the cycle. The CPU will
activate the MREQ output LOW during the refresh cycle. It
should be noted that WAIT input is ignored by the CPU for
refresh operations.

1/0 Transactions:

There are two status line codes used for I/0 transaction
cycles. The CPU provides two separate 1/0 spaces and two
types of instructions calied Normal |70 and Special 170. Each
170 space is addressed by a 16-bit address called port
address. The timing for both types of 1/O transactions is
essentially identical. A typical 1/0 cycle consists of four clock
periods T1, T2, TWA and T3 as shown in Figure 7. The TWA is
the wait state; insertion of one wait state for an 1/0 cycle is
always automatic. Additional wait cycles can be inserted by
LOW on the WAIT input. The WAIT input is sampled during
every TW state. If this input is LOW, one more wait state will
be inserted. Insertion of wait states continues until WAIT input
is HIGH. T3 state will follow the last wait state to complete the
170 cycle.
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Mode Operand Addressing Operand Value
In the Instruction  In a Register In Memory
R REGISTER ADDRESS |—={ OPERAND
Register L - I The content of the register.
X OPERAND
Immediate In the instruction
. The content of the location
Indirect REGISTER ADDRESS }—] MREH [ opERAND |
Regi L whose address is in the regis-
egister
ter.
. The content of the locations
Direct ADDRESS OPERAND
! : :I whose address is in the instruc-
Address i
tion.
REGISTER ADDRESS |-~ DISPLACEMENT I_A The content of the location
index BASE ADDRESS O, Iopzmnl YNhose .addres§ is the address
in the instruction, offset by the
content of the working register.
, CERm by o e e,
e 1 Ir is the conten
Relative DISPLACEMENT e OPERAND of the program counter, offset
Address " N .
by the displacement in the in-
struction.
REGISTER ADDRESS |—] BASE ADDRESS]ﬁ\ The content of the location
Base DISPLACEMENT @ Iopemol whose address is the address
Address in the register, offset by the
displacement in the instruction.
REGISTER ADDRESS BASE ADDRESS The content of the location
Base REGISTER ADDRESS |—={ DISPLACEMENT ) OPERAND whose address is the address
Index in the register, offset by the

displacement in the register.

Figure 4. Addressing Modes

During 1/0O cycles the ST0-ST3 outputs will reflect the appro-
priate code depending on the type of instruction being
executed (Normal I/0 or Special 1/0). AS output will be pulsed
LOW to mark the beginning of the cycle. The CPU drives the
ADO-AD15 bus with the 16-bit port address specified by the
current instruction. The N/S output will be LOW indicating that
the CPU is operating in the system mode. It should be recalled
that the N/S output is derived from the appropriate bit in the
FCW register. All 1/O instructions are privileged instructions
and will be allowed to execute only if the FCW specifies
system mode operation. The MREQ output will be HIGH. The
17O instructions provide both word or byte transactions. The
B/W output will be HIGH or LOW depending whether the
instruction specifies a byte or word transfer. The SNO-SN6
output will remain at the same level as in the machine cycle
prior to the I/O cycle.

Two kinds of 1/0 transfers should be considered: Data in
means reading from the device, and Data Out means writing
into the device. For In operations, the R/W output will be
HIGH. The ADO-AD15 bus will go into high-impedance state
during T2. During byte input instructions, the CPU reads either
the even or odd half of the Data Bus dependent upon the port
address. If the port address is even, the most significant half of
the Data Bus is read. If the port address is odd, the ieast
significant half of the Data Bus is read. During word input
instructions, the CPU reads all 16 bits of the Data Bus. The
CPU will drive the DS output LOW to signal to the device that
data can be gated onto the bus. The CPU will accept the data
during T3, and DS output will go HIGH signaling the end of an
170 transaction.
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Figure 7. Z8001 1/0 Cycle

For Data Out, the R/W output will be LOW. The CPU will
provide data on the ADO-AD15 bus and activate the DS output
LOW during T2. During byte output instructions, the CPU
duplicates the byte data onto both the high and low halves of
the Data Bus, and external logic, using AO, enables the
appropriate byte port. During word output instructions the CPU
outputs data onto all 16 bits of the Data Bus. The DS output
goes HIGH during T3 and the cycle is complete.

Memory Transactions:

There are four status line codes that indicate a memory
transaction:

a) Memory transaction to read or write an operand;

b} Memory transaction to read from or write into the
stack;

¢) Memory transaction to fetch the first word of an in-
struction {sometimes called IF1); and

d) Memory transaction to tetch the subsequent word of
an instruction (sometimes called IFN).

5.12
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Figure 8. Memory Transactions

It can be appreciated that alil the above transactions essential-
ly tall into two categories: memory read and memory write. In
the case of IF1 and IFN cycles, the memory will be read at the
address supplied by the program counter. All instructions are
multiples of 16-bit words. Words are always addressed by an
even address. Thus IF1 and IFN cycles involve performing a
memory read for words. On the other hand, a memory
transaction for operand and stack operation could be a read or
write. Morsover, an operand could be a word or a byte. For
stack operation involving the implied stack pointer, the ad-
dress will be in the appropriate stack pointer register (R15,
R15’, RR14 or RR14’). For operand transactions, the memory
address will come from several sources depending on the
instruction and the addressing mode. Memory transaction
cycle timing is shown in Figure 8. It typically consists of three
clock periods: T1, T2 and T3. Wait states (TW) can be inserted
between T2 and T3 by activating the WAIT input LOW. The
WAIT input will be sampled during T2 and during every

subsequent TW. The ST0-ST3 outputs will reflect the appropri-
ate code for the current cycle early in T1, and the AS output
will be pulsed LOW to mark the beginning of the cycle. The N/
§ output will indicate whether the normal or system address
space will be used for the current cycle. As shown in the
figure, the MREQ output will go LOW during T1 to indicate a
memory operation.

The segment number becomes valid on the segment lines one
clock period before the state of the memory operation and
remains valid until the state of T3.

Consider a read operation first. The R/W output will be HIGH.
The CPU wili drive the AD0O-AD15 with the appropriate address
early in T1. During T2, the bus will go into high-impedance
state, and DS output will be activated LOW by the CPU. The
data can be gated onto the bus when DS is LOW. During T1
the B/W will also be activated to indicate which byte or word
will be transacted. The memory is word organized, and words

00971B
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are addressed by even addresses. However, when addressing
bytes, the memory address may be odd or even, an even
address for the most significant byte of a word and the next
odd address for the least significant byte of that word. When
reading a byte from the memory, the least significant address
bit can be ignored and the whole word containing the desired
byte is gated onto the bus. The CPU will pick the appropriate
byte automatically and will drive the D3 output HIGH indicating
data acceptance.

Consider the write operation next. The R/W output will be
LOW. The CPU removes the address and gates out the data to
be written on the bus and activates the DS output LOW during
T2. if the data to be written is a byte, then the same byte will
be on both halves of the bus. The DS output will go HIGH
during T3, signifying completion of the cycle.

Interrupt and Segment Trap Acknowledge:

There are four status line codes devoted to interrupt and trap
acknowledgement. These correspond to non-maskable, vec-

tored and non-vectored interrupts, as well as segment trap.
The Interrupt Acknowledge cycle is illustrated in Figure 9. The
NMI input of the Z8001 is edge detected; i.e., a HIGH-to-LOW
input level change is stored in an internal latch. Similar internal
storage is not provided for the Vi, NVI, and SEGT inputs. For
Vi and NVI inputs to cause an interruption, the corresponding
interrupt enable bits in the FCW must be 1. For the following
discussion, both the NVIE and VIE bits in the FCW are
assumed to be 1.

As shown in the figure, the Vi, NV1 and SEGT input and the
internal NMI latch output are sampled during T3 of the last
machine cycle of an instruction.

A LOW on these signals triggers the corresponding interrupt
acknowledge sequence described below. The CPU executes a
dummy IF1 cycle prior to entering the actual acknowledge
cycle (see memory transactions for IF1 cycle description).

| LE OF ANY ouemty ACKNOWLEOGE STATUS
WETRUCTION W1 CYCLE cYoLE SAVING
AUTOMATIC WAIT STATES
L) T2 T3 L 7 n T2 TWA  TWA  TWA _ TWA _ TWA 2 T4 5

s L MULLO LT L LALLM L

Y LI

s/ NS
s SRR | AR

NIy

$70-3T3

ACKNOWLEDGE

" /T
|
»_ XD (Coomeen )
= G
BNO-SNS * J SAME AS PREVIOUS CYCLE x
WF005250
*Z8001 only

Figure 9. Interrupt Acknowledge Cycle

During this dummy IF1 cycle, the program counter is not
updated; instead, the implied-system stack pointer (RR14’) will
be decremented. Following the dummy IF1 cycle is the actual
interrupt/trap acknowledge cycle.

The interrupt acknowledge cycle typically consists of 10 clock
periods: T1 through T5 and five automatic TW (wait states). As

usual, the AS output will be pulsed LOW during T1 to mark the
beginning of a cycle. The STO-ST3 outputs will reflect the
appropriate interrupt acknowledge code; the MREQ output will
be HIGH; the N/S output remains the same as in the
preceding cycle; the R/W output will be HIGH; and the B/W
output will be LOW. The CPU will drive the AD0O-AD15 bus with

009718
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unspecified information during T1, and the bus will go into the
high-impedance state during T2. Three TWA states will
automatically foliow T2. The WAIT input will be sampled during
the third TWA state.

if LOW, an extra TW state will be inserted and the WAIT will be
sampled again during TW. Such insertion of TW states
continues until the WAIT input is HIGH. After the last TW state,
the DS output will go LOW and two more automatic wait states
(TWA) follow. The interrupting device can gate up to a 16-bit
identifier onto the bus when the DS output is LOW. The WAIT
input will be sampled again during the last TWA state. If the

WAIT input is LOW, one TW state will be inserted, and the’

WAIT will be sampled during TW. Such TW insertion continues
until the WAIT input is HIGH. After completing the last TW
state, T3 will be entered, and the DS output will go HIGH. The
interrupting device should remove the identifier and cease
driving the bus. T4 and T5 states will follow T3 to complete the
cycle. Following the interrupt acknowledge cycle will be
memory transaction cycles to save the status on the stack.
Note that the N/S output will be automatically LOW during
status saving. The SNO-SN6 outputs are undefined during the
acknowledge cycle.

The internal NMi latch will be reset to the initial state as AS

going HIGH in the interrupt acknowledge cycle. The VI, NVI
and SEGT input should be kept LOW until this time also.

Status Saving Sequence:

The machine cycles following the interrupt acknowledge cycle
push the old status information on the system stack in the
following order: program counter, the flag and control word,
and the interrupt/trap identifier. Subsequent machine cycles
fetch the new program status from the new program status
area and then branch to the interrupt/service routine.

Bus Request/Bus Acknowledge Timing:

A LOW on the BUSRQ input is an indication to the CPU that
another device (such as DMA) is requesting control of the bus.
The BUSRQ input is synchronized internally at T1 of any
machine cycle. (See next paragraph for exception.) The
BUSAK will go LOW after the last clock period of the machine
cycle. The LOW on the BUSAK output indicates acknowledge-
ment. When BUSAK is LOW, the following outputs will go into
the high-impedance state: ADO-AD15, AS, DS, MREQ, ST0-
ST3, B/W, R/W, SNO-SN6 and N/S. The BUSRQ must be
held LOW until all transactions are completed. When BUSRQ
goes HIGH, it is synchronized internally; the BUSAK output will
go HIGH, and normal CPU operation will resume. Figure 10
illustrates the BUSRQ/BUSAK timing.

ANY M CYCLE

T2

CLOCK

AVAILABLE

BUSRQ
1
WNTERNAL
BUSRC
BUSAK \
= N\ / /
s \ V4
/ \
AD \ !
/- : [ N
- |
Wmﬁﬁ J\ \saue AS;PuEmus cch:X
T 1
WF005260
*28001 only

Figure 10. Bus Request/Acknowiedge Cycle

execution of TSET/TSETB instructions. BUSRQ will not be
honored once execution of these instructions has started.

It was mentioned that BUSRQ will be honored during any
machine cycle with one exception. This exception is during the
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Single Stepping

The STOP input of the CPU facilitates one instruction at a time
or single step operation. Figure 11 illustrates STOP input
timing. The STOP input is sampled on the HIGH-to-LOW
transition of the clock input that immediately precedes an iF1
cycle. If the STOP is found LOW, ZB001 introduces a memory
refresh cycle after T3. Moreover, STOP input will be sampled
again at T3 in the refresh cycle. If STOP is LOW, one more
refresh cycle will follow the previous refresh cycle. The STOP
will be sampled during T3 of the refresh cycle, also. One
additional refresh cycle will be added every time STOP input is
sampled LOW. After completing the last refresh cycle which
will oceur after STOP is HIGH, the CPU will insert two dummy
states, T4 and T5, to complete the IF1 cycle and resume its
normal operations for executing the instruction. See appropri-
ate sections on memory transactions and memory refresh. It
should be noted that refresh cycles will occur even if the
refresh facility is disabled during single stepping.

Multimicroprocessor Facllities

The CPU is provided with hardware and software facilities to
support multiple microprocessor systems. The uO and i
signals of the CPU are used in conjunction with the MBIT,
MREQ, MRES and MSET instructions for this purpose. The O
output can be activated LOW by using appropriate instruction
to signal a request from the CPU for a resource. The ul input is
tested by the CPU before activating the uO output. LOW at the
4l input indicates that the resource is busy. The CPU can
examine the ul input after activating the uO output LOW. The
ul will be tested again to see if the requested resource
became available.

Initialization

A LOW on the Reset input starts the CPU initialization. The
initialization sequence is shown in Figure 12. Within five clock
periods after the HIGH-to-LOW level change of the Reset
input, the following will occur:

a) ADO-AD15 bus will be in the high-impedance state.

b) AS, DS, MREQ, BUSAK and 1O outputs will be HIGH.
c) STO-ST3 outputs will be LOW.

d) Refresh will be disabled.

e) R/W, B/W and N/S outputs are not affected. For a
power-on reset, the state of these outputs is not spec-
ified.

f) SNO-SN6 outputs will be LOW.

After the Reset input returns HIGH and remains HIGH for
three clock periods, two (three for the Z8001) 16-bit memory
read operations will be performed as follows. Note that the
N/3 output will be LOW, and ST0-ST3 outputs will reflect IFN
code.

a) The contents of the memory location 0002 (segment
0) will be read. This information will be loaded into the
FCW of the CPU.

b) The contents of the memory location 0004 (segment
0) will be read. This information will be loaded into the
program counter segment number.

¢) (28001 only.) The contents of the memory location
0006 (segment 0) will be read. This information will be
loaded into the program counter offset.

This completes initialization sequence, and an IF1 cycle will
follow to fetch the first instruction to begin program execution.
See the section on memory transactions for timing.
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Figure 11. Single Step Timing
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Z8001/2 CPU INSTRUCTION SET

ARITHMETIC LOGICAL
Mrie- Addr. | Clock Mne- Addr. | Clock
monice | Operands | Modes | Cyclest Operation monics | Operands | Modes | Cyclest Operation
+ |aoc A, s R 5 |add with cany AND R. ser R a4 |anD
ADCB AR + arc + cany ANDB M 7 |R-R AND wc
ADD R, src R 4 |Add Ao ; ;
Add ADDB M 7 |B-R+sc 10
ADDL IR 7
DA 9 CcoM dst R 7 |Complement
X 10 COMB dst.-NOT dst
cP R, wc 4 Compare with Register Com ' ,I:,HA :i
cP8 ™ 7 |R-src M 16
GPL IR 7
Compars X 10 OR R. src ] 4+ |om
ORB M 7  |R-ROR src
cP dst, 1M IR 11 [Compare with Immediate oR R 7
cPB DA 14 |dst-mm DA 9
X 15 M 10
DAB ad R S [Decwnal Adjust TEST dst A 7 |7EST
DEC P R 4 |Decrement by n TESTB R 8 |dstOR O
Decrement |DECB 1R 11 [ast.dst-r Test TESTL DA u
DA 13 |n=1. 19 X 12
X 14 TGC oc, dst R 5  [Test Condon Code
Div R. sc R 107  |Divida {signed) ycee Set LSB A cc is true
DIVL ™ 107 {Word. Rn + 1e-Rnn+ 1+ s XOR A, src a + |Excluswe OR
R 107 Rn — remainder XORB ™ 7 |R—R XOR src
Divide DA 108 |Long Word: A +2n+3 XOR iR 7
X 109 —Ap n+3:erc DA 9
Ann +1 X 10
—remainder
EXTS dst R Extend Sign
Extend EXTS8 11 |Extena sign of low order half of
EXTSL st through high order hall of dst
INC asi, n R 4 Increment by n
increment |INCB ] 11 |dst-dst+n
DA 13 in=1. .18
X 14
MULT R, sec R 70 |Muttiply (signad)
MULTL M 70 Word: Rpn+1-Rp+18src
Munipty [} 70 lLong Word: Ry n+3
DA 7t —Rn+2 +3e@sc
X 72 "Plus seven cycles for each 1
n the multiplicand
NEG dst R 7 |Negate
Negate NEGB R 12 |ost..0-dst
DA 15
X 16
SBC R, src R 5 |Subtract with Cary
SBCB R.—R - sr¢c ~camy
Subtract  |SUB R, src R 4 |Subtract
SuBB M 7 |R-R-src
SuBL [} 7
DA ]
X 10

tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4
additional cycles. Some long word data require more cycles.
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LOAD AND EXCHANGE BIT MANIPULATION
Mne- Addr, | Clock Mne- Adar. | Clock
monics | Opsrande | Modes | Cyciest Operation monics | Operands | Modes | Cyclest Operation
CLR dst ] 7 |Cleer g dst. b R 4 [Test Bit Static
CLRB R 8 [dst-0 BiT8 R 8 [Z fag—NOT dst bit specified
Clear DA i DA 10 |wo
X 12 Test X ]
EX R, sic R 6  |Exchange BIT dat, R R 10 |Test Bit Dynamic
EXB R 12 [Resrc BITB Z fiag. NOT dsi bt specified
Exchange DA 15 by contents of R
X 16 RES atb | A 4 |Resot Btt Statc
LD R, stc R 3 |Load into Register RESB R 11 [Aeset dst bit spacified by b
LoB ™ 7 |Resc oA 1
1oL R 7 Reset x 14
EA A RES @R | R 10 [Reset Bit Dynamic
AA ™ RESB Reset dst brt specified by
BA 14 contents of R
BX 14 SET dst b R 4 |Set Br Static
) @R | R & |Load into Memory (Store) ot SET® ['; " Set dat bit specified by b
LDB DA 1 |es1-R “ it
LOL x 12
RA 14 SET dst. R A 10 [Set Bit Dynamic
BA 14 SETB Set dst bit specified by
8x 14 contents of R
Lo dst, M R 5 |Load immediate into Memory Test TSET dst A 7 |Test and Set
LDB R 1 [dstim and TSETB R 1 |S flag.-MS@ of det
DA 1 Set DA 14 [dst_an 18
x 5 X 15
Losd LOA R, s DA 12 |Load Address
X 13 R —source address
:: :: ROTATE AND SHIFT
8x 15 Mne- Adde. | Clock
monics | Operand | Modes | Cycles’ Operation
LOAR 8/, sc AA 15 |Load Address Relative 1
R .—source address RLDB R, src R ] Rotale Digt Left
LK R, src M 5  |Load Constant RADB R, sic R 9  |Rotate Digt Right
R.n(n=0.15) RL dt, n A 6 [Rotate Lot
1..] Roac,n| B | 11430 |Load Muttipie RLB A by n bifs n=1.2)
OA ] 14+3n |A.src (n consacutive words) Rotate  [RLC atn | R 6 |Rotte Lon through Cany
x |15+30 fa=1.18 ALCE A by n bits (n =1, 2)
LOM e, R.on | ® | 11430 JLosa Muttiple (Store Muttipie) AR astn A s |Rotate Right
DA 14 + 3n |dst—A (n consecutive words) RRB A by n bits (n=1, 2)
X | 15+3n [n=1.18) - - =
- R dast, n (] FAotate Fight through Carry
LOR A, s RA 14 [Load Relative RACS R by n bits 0= 1, 2)
LDRB R.src -
LORL (reniga - 32768... + 32767) SDA dst. R R | 15+3n |Stit Dynamic Anthmetic
- SDAB Shift ast left or right by
LDR dst, R RA 14 |Load Relative (Store Reiative) SoAL | contenta of R
LDRB dst—R
LORL (range — 32768... + 32767) SDL dat, R R | 15+ 3n |Shitt Dynamic Logical
soLe Shift dst left or right by
PoP ost, A R 8 [|Pop soLL contenta of R
Pop POPL IR 12 |dstoim
oA 16 Autoincrement contenta of R SLA dst, n R 13 +3n |Shitt Left Arithmetic
x 16 SLAB by n bits
Shift SLAL
PUSH IR, src R ] Push -
PUSHL (Y] 12 |Autodecrement contents of R SLL dst. n R 13+ 3n |Shift Lett Logical
Push A 13 |IR-src SLLB by n bits
DA " SLLL
X Lo SRA dst, n R | 13+3n |Shift Right Arithmetic
SRAB by n bas
SRAL
SRL dat, n R | 13+3n [Shift Right Logical
SRLB by n bits
SALL

tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4
additional cycles. Some long word data require more cycles.
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Z8001/Z8002

BLOCK TRANSFER AND STRING MANIPULATION

AUTO INCREMENT/DECREMENT AND REPEAT)

Mne-

Operands

Addr.
Modes

Clook
Cyclest

monice
CPD
CPDB

Ax. orc,
Ry, cc

L]

20

Ry.~Ry~1

Ax, src,
Ry. cc

t+9n

Ax, src,
Ry, cc

Ry, sre,

Ry, cc

11480

11+ 140

(o]

CPSIAB

11+ 14n

g8

11+8n

st arc
Autodecrement det and erc

R-R-1
Repeat untl A =0

BLOCK TRANSFER AND STRING MANIPULATION (Cont.)

Mne-

Operands

Addr.
Modes

Clock
Cyolest

Operation

monics
1]
LB

oe, we,
R

[

2

oad and increment
dat.—mrc

Autoincrement dat and src
addresses

R~-R-1y

LDIR
LDIR8

11 +9n

Loed, increment and Repeat
dst . src

Autoincrement dst snd src
addressas

A-R-1

Aepeat until R =0

28

Translate and Decrement
dst.—src {dst)

dst address
R.-A-1

TRDAB

11+ 14n

Transiate, Decrement
and Repeat
dst.—src (dst)
dst address
R-R-1
Repeat unti R = 0

TRIB

Transiate and Increment
dst.arc (dst)
Awoincrement dst address
R-R-10

TRIRB

dst. s,
]

11+ 14n

Transtate, Increment

and Repeat

ast.. src (dst)
Autoincrement dst address
ReR-1

Repoat until A = 0

Tranelate

Tost

oc 1,
orc 2, R

25

Translate and Test,
Decrement

RAH1 —src 2 (src 1)
Autodecrement

arc 1 address
R-R-1t

sc 1,
sc 2, R

11+ 14n

Translate and Test,
Decrement and Aapeat
RH1.-arc 2 (src 1)
Autodecrement

src 1 mddress
R~R-1

Repost unth A =0

of RH1 = 0

TRTIS

%c 2, R

25

Translate and Test,
Increment

RH1 —arc 2 (src 1)
Aut

TRTIRB

oc 1,
o’ 2, R

11+14n

Translate and Test,
increment and FRepeat
RH1.src 2 (src 1)

{Clock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4
additional cycles. Some long word data require more cycles.
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INPUT/OUTPUT INPUT/OUTPUT (Cont.)
Mne- Addr. | Clock Mne- Addr. | Clock
monics | Operands | Modes | Cyclest Operation monics | Opsrands | Modes | Cyciest Operation
IN* R. src L] 10 |nput SOUT* dst. src | DA 12 {Special Output
INB* DA 12 R. src souTe* dst.-src
IND* ast, sic, IR 21 Inpul and Decrement SOuTD* dst, src IR 21 Special Output
INDB* R dst. src SOuUTDB* R and Decrement
Autodecrement dst address dst.src
R-RA-1 Autodecrement src address
INDR® | dst s, | 1R | 11+ 10n [inpur, Decrement R-R-1
INDAB* R and Repsat Specisl SOTDR* | dst, src, A 11 +10n { Special Qutpul, Decr.
det. src Qutput SOTDRB"| R and Repeat
input Autodecrement dsi address | Gidenticat N dsl - sec
R.R-1 to output, Autodecrement src address
Repeat untl A =0 but R-R-1
- dtwc, | R 2t [ioput and (ncrement chtteront Fepeat untl R = 0
INB* R del.. oI SOuT)* dst, src IR 21 Special Output
Autoincrement dst address } souTiB* R and Increment
A-R-1 dst.src
NR* | dst sc. [ R |11+ 100 [input, Increment RUancrement sic addrese
INIRE" R and Aepeat b
dst._src SOTIR* dst, src R 11 + 10n |Special Output, incr
Autoincrement dst address SOTIRg* R and Repeat
A_R-1 dst.src
Repeat untit R =0 Autoincrement src address
R R-1
ouT* dsi, R IR 10 Output
OuTB* DA 12 P Repeat untl A =0
ouTD* dat, src. R 21 Output and Decrement
ouTDB* R dstsrc
Autodecrement scc address CPU CONTROL
R-A-1 Mne- Acdr. | Clock
OTOR" | ast, arc, | IR | 11 + 10n [Output and Decrement monics | Operands | Modes | Cyclest Operation
OTORE* A dat.—src o nt - 7 |owable ntermupt
(Autodecrement src address Interrupts (Any combination of
Output R-A-1 NVI, Vi)
Repeat untl R = ¢
" e nt - 7 Enable Intemupt
OUTH a8, s, IR 21 Output and Increment (Any combunation of
ouTIB® A dst.sic NVI, V1)
Autoincrement src addrass
R-R-1 Halt HALT* - - 8+3n (HALT
OTIR* dst, src, IR | 11+ 10n |Output, incrament LoeTL: CTLA R 7 Load into Control Register
OTIRB* L] and Repeat src CTLA -src
dat. src LoCTL dst, R 7 |Load mto Contros Register
Aucncrement s address CTLR dst._CTLA
Repest untl =0 w°°' w‘""' LocTis | dst, R 7 |Load mto Flag
FLGR Byte Register
SIN® Rowc | DA 12 |Special input FLGR. src
SINB* R.sc
- LDPS* src IR 12 Load Program Status
SIND* dst, src, L] 21 |Special Input DA 16 |ps._src
SINDB* R and Decrement X 17
dst.src
Autodecrement dst address MBIT* - - 7 Test Multi-Micro Bit
R-R-1 Set S if yi 18 HIGH;
Motd reset S if ul 18 LOW
Special  [SINDR* | ost, arc A | 11+ 10n | Special input, Decr. Micro
input SINDRB® | R and Ropoat MREQ* dst R | 12+7n [Muti-Micro Request
(dentical dst.src -
to loput Autodecrement dst address MRES* - - 5 Multi-Micro Resat
but R-R-1 MSET* - 5 |Muti-Mcro Set
ditterant Repesat untl R =0
status NOP NOP 7 No Operation
SINI* dst, arc, R 21 |Special Input
code)  lsinie: R and Increment RESFLG | flag 7 |Reset Flag
dst— src Fiags 7 {Any combination of
Autoincrement dst address C.Z s Pw
A-R-1 SETFLG | fag 7 |Set Flag
SINIR* | dst, src, IR | 11 + 10n [Special Input, Incr. (Any combinaton of
SINIRB* A and Repeat C.Z S. P/W
dat . src COMFLG | flags - 7 |Compiement Flag
[Autoincrement dst address (Any combination of
R-F-1 C. Z S PV)
Repeat untit R = 0

*Privileged matructons. Executed in system mode onty

1Clock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4
additional cycles. Some long word data require more cycles.
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28001/Z8002

PROGRAM CONTROL

Mne- Addr.
monice | Operands | Modes
CALL dst R

SR8 §§
i
g

PC—PC + dst

PS .- System Call PS

DJNZ R, ds1 RA " Decrement and Jump
DBINZ if Non-Zero

R-A-1

IF A =0: PC..PC + dst
(range - 254 to 0)
IRET* - - 13 |interrupt Aewm
PS.-@SP

Jump Autoincrement SP
Jump Conditional

It cc 18 true: PC..dst

DA

x
o|lowt

Jump Conditional Relative
if cc & true. PC.-PC + dsi
(range —258 10 + 254}

RET - - 10 |Return Conditional
1f cc 18 true: PC.- 8SP
Autodecrement SP

Return HRET" - - 13 interrupt Return
PS. 8SP
Autosncrement SP

*Privileged instructions. Executed in system mode only.

tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4
additional cycles. Some long word data require more cycles.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65 to +150°C

MUFE oo 4MHz 6MHz 8MHz
Voltage at any Pin
Relative to Vss...... ~0.5 to +7.0V Z800X | Z800XA |Z8OOXA-8
Power Dissipation...................coo 2.5W Commercial Operating

Range ZBOOXDC? | ZBOOXADC | Z8OOXA-8DC

' Ta=0 to 70°C ZBOOXPC | ZBOOXAPC | ZBOOXA.

Stresses above those listed under ABSOLUTE MAXIMUM Véc=53 +5% zsoo)(Lg zaoox;\fg zaoox,x—_gfg
RATINGS may cause ‘pe(maner'wl dgvice failure. Functionality industrial Operating Range
at or above these limits is not implied. Exposure to absolute TAa=-40 to +85°C 2800XDi | ZBOOXAD! | Z8OOXA-BDI
maximum ratings for extended periods may affect device Vcc =5V £10% ZB0OXLI | Z80OXAL! | ZBOOXA-8LI

reliability.

4, 6MHz Devices

DC CHARACTERISTICS over operating range unless otherwise specified

ality of the device is guaranteed.

OPERATING RANGES

Notes: 1. TA = Ambient Temperature
2. Add suffix B to indicate bumn-in requirement.

Operating ranges define those limits over which the function-

Parameters Description Test Conditions Min Max Units
VcH Clock Input High Voltage Driven by External Clock Generator Voco-0.4 Vee+0.3 Volts
Voo Clock Input Low Voltage Driven by External Clock Generator -0.3 0.45 Volts
Viy Input High Voltage 2.0 Vco+0.3 Volts
\Ffl':se";m' Input High Voitage 24 Veg+ 0.3 Volts
ViL Input Low Voltage -03 0.8 Volts
VoH Output High Voltage loH = - 250uA 24 Volts
VoL Output Low Voitage loL = +2.0mA 0.4 Volts
he nput Leakage G4 <V)N<+24V £10 HA
oL Output Leakage 0.4 <Vout < +2.4V 10 uA
ICC Ve Supply Current Commercial 300 mA
8MHz Devices
DC CHARACTERISTICS over operating range unless otherwise specified
Parameters Description Test Conditions Min Max Units
VCH Clock Input High Voltage Driven by External Clock Generator Veo-0.4 Vec+0.3 Voits
VoL Clock input Low Voltage Driven by Externa! Clock Generator -0.3 0.45 Volts
ViH input High Voltage 20 Veo+0.3 Volts
‘F"':me input High Voltage 24 Vot 0.3 Volts
ViL Input Low Voitage -0.3 0.8 Volts
VoH Qutput High Voitage loH =~ 250uA 24 Volts
VoL Output Low Voltage loL = +2.0mA 04 Volts
liL input Leakage 04 <Vy<+24V +10 A
oL Output L.eakage 0.4 <Vour € +2.4V £10 pA
Icc Vo Supply Current Commercial 325 mA

009718
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Z8001/28002

Standard Test Conditions

The characteristics below apply for the following test conditions, unless otherwise noted. All voltages are referenced to
GND. Positive current flows into the referenced pin. Standard conditions are as follows:

Standard Test Load

FROM OUTPUT o=

UNDER TEST

TC001702

Open Drain Test Load

+5V

22K

FROM QUTPUT
UNDER TEST

"1

TC001711

SWITCHING CHARACTERISTICS over operating range unless otherwise specified

4MHz Devices 6MHz Devices
COML/IND COML/IND
Number | Parameters Description Min Max Min Max Units

1 TeC Clock Cycle Time 250 2000 165 2000 ns
2 TwCh Clock Width (HIGH) 105 2000 70 2000 ns
3 TwCH Clock Width (LOW) 105 2000 70 2000 ns
4 TIC Ciock Fall Time 20 10 ns
5 TC Clock Rise Time 20 10 ns
6t TdC(SNv) Clock t to Segment Number Valid (S0pF Load} 130 10 ns
7t TdC(SNn) Clock t to Segment Number Not Valid 20 10 ns

TdC(Bz) Clock t to Bus Float 65 55 ns

TdC(A) Clock t to Address Valid 100 75 ns
10 TdC(A2) Clock t to Address Float 65 55 ns
1 TdA(D)* Address Valid to Data In Required Valid 475 305 ns
12 TsDIC) Data In to Clock 1 Set-up Time 30 20 ns
13 TdDS(A)* DS t to Address Active 80 45 ns
14 TdC(DO) Clock t to Data Out Valid 100 75 ns
15 ThDI(DS) Data In to S 1 Hold Time [1} 0 ns
16 TdDO(DS)* Data Qut Valid to DS 1 Delay 295 195 ns
17 TdA(MR) Address Valid to MREQ | Delay 55 35 ns
18 TAC(MR) Clock | to MREQ 1 Delay 80 70 ns
19 TwMRh* MRAEQ Width (HIGH) 210 135 ns
20 TdMA(A)* MAEQ 1 to Address Not Active 70 35 ns
21 TdDO(DSW)* | Data Out Valid to DS | (Write) Delay 55 35 ns
22 TdMR(D)* WMAEQ & to Data In Required Valid 375 225 ns
23 TdC(MR) Clock | to MREQ t Delay 80 60 ns
24 TAC(ASf) Clock 1 to AS | Delay 80 60 ns
25 TdA(AS)* Address Valid to AS 1 Delay 55 35 ns
26 TdC(ASH) Clock t to AS t Delay 90 80 ns
27 TAAS(DI)* AS 1 to Data In Required Valid 360 215 ns
28 TdDS(AS)* D3 1 to AS | Delay 70 35 ns
29 TwAS* AS Width (LOW) 85 55 ns
30 TdAS(A)* AS 1 to Address Not Active Delay 70 a0 ns
N TdAz(DSR) Address Float to DS (Read) i Delay 0 [} ns
32 TAAS(DSR)* |AS 1 to DS (Read) | Delay 80 35 ns

009718
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Cont.)

4MHz Devices 6MHz Devices
COML/IND COML/IND
Number |Parameters Description Min Max Min Max Units
33 TdDSR(DN)* | DS (Read) ) to Data In Required Valid 205 130 ns
34 TdC(DSn Clock i to DS t Delay 70 65 ns
35 TdDS(DO)* DS 1 to Data Out and STATUS Not Valid 75 45 ns
36 TdA(DSR)* Address Valid to DS (Read) . Delay 180 110 ns
37 TdC(DSR) Clock 1 to DS (Read) . Delay 120 85 ns
38 TwDSR* DS (Read) Width (LOW) 275 185 ns
39 TdC(DSW) Clock 1 to DS (Write) . Delay 95 80 ns
40 TwDSW* DS (Write) Width (LOW) 185 110 ns
41 TdDSHD)* BS (inputy 1 to Data in Required Valid 330 200 ns
42 TdC(DSI) Clock- 1 to DS (1/0) 1 Delay 120 100 ns
43 TwDS* B3 (1/0) Width (LOW) 410 255 ns
44 TAS(DSA) | AS 1 to DS (Acknowiedge) . Delay 1065 690 ns
45 TdC(DSA) Clock t to DS (Acknowledge) ! Delay 120 85 ns
46 TdDSA(DNH* b5 {Acknowledge) | to Data In Required Delay 455 295 ns
47 TdC(S) Clock t to Status Valid Delay 110 85 ns
48 TdS(AS)* Status Valid to AS t Delay 50 30 ns
49 TsR(C) RESET to Clock 1 Set-up Time 180 70 ns
50 ThR(C) RESET to Clock 1t Hold Time )} 0 ns
51 TwNMI NMI Width (LOW) 100 70 ns
52 TsNMI(C) NMi to Clock 1 Set-up Time 140 70 ns
53 TsVI(C) Vi, NVI to Clock © Set-up Time 110 50 ns
54 ThVKC) Vi, NVI to Clock t Hold Time 20 20 ns
55¢ TsSGT(C) SEGT to Clock t Set-up Time 70 55 ns
56t ThSGT(C) BEGT to Clock t Hold Time 0 o ns
57 TsMIC) Mi to Clock 1 Set-up Time 180 110 ns
58 ThMKC) Mi to Clock t Hold Time 0 0 ns
59 TdC(MO) Clock 1 to MO Delay 120 85 ns
60 TsSTP(C) STOP to Ciock | Set-up Time 140 80 ns
61 ThSTP(C) STOF to Clock 4 Hold Time 0 0 ns
62 TSWT(C) WAIT to Clock | Set-up Time 50 30 ns
83 ThWT(C) WAIT to Clock | Hold Time 10 10 ns
B4 TsBRQ(C) BUSRQ to Clock 1 Set-up Time 90 80 ns
85 ThBRQ(C) BUSRQ to Clock 1t Hold Time 10 10 ns
66 TdC(BAKr) Clock t to BUSAK 1 Delay 100 75 ns
67 TAC(BAKS Clock t to BUSAK 1 Delay 100 75 ns
68 TwA Address Valid Width 150 95 ns
69 TdOS(S) B3 1 to STATUS Not Valid 80 55 ns

*Clock-cycle-time-dependent characteristics. These numbers are computed assuming the clock characteristics are at the limits given in parameters 1
through 5. For other clock frequencies, these parameters can be derived from other specs and the clock characteristics. See tables on following

pages.
tZ8001 and ZBOO1A oniy.
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Z8001/28002

SWITCHING CHARACTERISTICS over operating range unless otherwise specified

8MHz Devices

COML/IND
Number Parameters Description Min Max Units
1 TeC Clock Cycle Time 125 2000 ns
2 TwCh Clock Width (HIGH) 55 2000 ns
3 TwCl Clock Width (LOW} 55 2000 ns
4 TIC Clock Fali Time 10 ns
5 TrC Clock Rise Time 10 ns
61 TdC(SNv) Clock 1 to Segment Number Valid (50pF Load) 100 ns
7t TdC(SNn) Clock 1 to Segment Number Not Valid 10 ns
8 TdC(Bz) Clock t to Bus Fioat 50 ns
9 TdC(A) Clock 1 to Address Valid 65 ns
10 TdC(Az) Clock 1 to Address Float 45 ns
" TdA(DD* Address Valid to Data In Required Valid 225 ns
12 TsDI(C) Data in to Clock . Setup Time 15 ns
13 TdDS(A)* DS t to Address Active 40 ns
14 TdC{DQ) Clock t to Data Out Valid 65 ns
15 ThDI(DS) Data In to BS t Hoid Time 0 ns
16 TdDO(DS)* Data Out Valid to DS t Delay 150 ns
17 TdA(MR)* Address Valid to MREQ . Delay 30 ns
18 TdC(MR) Clock | to MREQ . Delay 55 ns
19 TwMRh* MRAEQ Width (HIGH) 105 ns
20 TdMR(A)* MAED 1| 1o Address Not Active 35 ns
21 TdDO(DSW)* Data Qut Valid to DS | (Write) Delay 30 ns
22 TdMR(DI)* MREQ . to Data In Required Valid 175 ns
23 TAC(MR) Clock | to MREQ 1 Delay 55 ns
24 TAC(ASH) Clock 1 to AS | Delay 55 ns
25 TdA(AS)” Address Valid to AS 1 Delay 30 ns
26 TdG(ASr) Clock | to AS 1 Delay 65 ns
27 TdAS(D))* AS 1 to Data In Required Valid 170 ns
28 TdDS(AS)* DS t to AS | Delay 35 ns
29 TwAS* AS width (LOW) a5 ns
30 TdAS(A)* AS 1 to Address Not Active Delay 30 ns
31 TdAz(DSR) Address Float to DS (Read) i Delay 4] ns
32 TdAS(DSR)* AS 1 to DS (Read) . Delay 30 ns
33 TdDSR(Di)* DS (Read) : to Data In Required Valid 115 ns
34 TdC(DST) Clock 1 to DS 1 Delay 65 ns
35 TdDS(DO)* DS 1 to Data Out and STATUS Not Vaiid 40 ns
36 TdA{DSR)* Address Valid to DS (Read) 1 Delay 85 ns
ferd TdC(DSR) Clock t to DS (Read) | Delay 70 ns
38 TwDSR* DS (Read) Width (LOW) 140 ns
39 TdC(DSW) Clock 1 to DS (Write) | Delay 65 ns
40 TwDSW*" DS (write) Width (LOW) 85 ns
41 TdOoSI(D)* DS (Input) | to Data In Required Valid 135 ns
42 TdC(DSH) Clock | to DS (170) 4 Delay 85 ns
43 TwDS* B3 (1710) width (LOW) 200 ns
44 TJAS(DSA)" AS 1 to DS (Acknowledge) | Delay 520 ns
45 TdC(DSA) Clock 1 to D5 (Acknowledge) | Delay 65 ns
+Z8001A-8 only.
00971B
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SWITCHING CHARACTERISTICS (Cont)

8MHz Devices

Number Parameters Description Min Max Units
48 TdDSA(D)* DS (Acknowledge) | to Data In Required Delay 235 ns
47 TdC(S) Clock t to Status Valid Delay 75 ns
48 TdS(AS)* Status Valid to AS 1 Delay 25 ns
49 TsR(C) RESET to Clock 1 Set-up Time 70 ns
50 ThR(C) RESET to Clock 1 Hold Time 4] ns
51 TwNMI NMI Width (LOW) 50 ns
52 TsNMI(C) NMI 1o Clock 1 Set-up Time 70 ns
53 TsVI{C} Vi,NVT, to Clock 1 Set-up Time 50 ns
54 ThVI(C) VI.RVT to Clock 1 Hold Time 20 ns
55t TsSGT(C) SEGT to Clock t Set.up Time 45 ns
561 ThSGT(C) BEGT to Clock t Hold Time 0 ns
57 TsMKC) Wi to Clock 1 Set-up Time 90 ns
58 ThMI{C) Wi to Clock 1 Hold Time 0 ns
59 TdC(MO) Clock 1 to MO Delay 65 ns
60 TsSTP(C) STOP to Clock 1 Set-up Time 75 ns
61 ThSTP(C) BTGP to Clock 1 Hold Time 0 ns
62 TsWT(C) WAIT to Clock | Set-up Time 25 ns
63 ThWT(C) WAIT to Clock & Hold Time 10 ns
64 TsBRQ(C) BUSRQ to Clock 1 Set-up Time 60 ns
65 ThBRQ(C) BUSRQ to Ciock 1 Hold Time 10 ns
66 TdC(BAKr) Clock t to BUSAK t Delay 60 ns
67 TAC{BAKT) Ciock 1 10 BUSAK | Delay 60 ns
68 TwA* Address Valid Width 90 ns
60 TdDS(S)" B | to STATUS Not Valid 45 ns

*Clock-cycle-time-dependant characteristics. These numbers are computed assuming the clock characteristics are at tha limits given in parameters 1
through 5. For other clock frequencies, three parameters can be derived from other specs and the clock characteristics. See following table.

1Z8001A-8 only.
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Z28001/Z28002

CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS

The parameters listed below are also shown in the switching specification. However, they are dependent on the actual values of the
clock periods. The equations below define that dependence, so the correct limit for these parameters may be determined for any

system, regardless of the actual clock characteristics.

Number Parameters 4MHz Devices 6MHz Devices
11 TdA(DI) 2TcC + TwCH - 125ns ' 2TcC + TwCh-95ns
13 TdDS(C) TwCl - 25ns TWCI - 30ns
16 TdDO(DS) TeC + TwCh - 60ns TcC+ TwCh - 40ns
17 TdA(MR) TwCh - 50ns TwCh - 35ns
19 TwMRh TcC-40ns TeC~30ns
20 TdMR(A) TwCl -35ns TwCi - 35ns
21 TdDO(DSW) TwCh - 50ns TwCh - 35ns
22 TdMR(DI) 2TcC - 126ns 2TcC - 105ns
25 TdA(AS) TwCh - 50ns TwCh - 35ns
27 TdAS(DI) 2TeC - 140ns 2TcC-115ns
28 TdDS(AS) TwCl - 35ns TwCl - 35ns
29 TwAS TwCh - 20ns TwCh - 15ns
30 TdAS(A} TwCl - 36ns TwCl ~ 40ns
32 TJAS(DSR) TwCl ~ 25ns TwCi - 35ns
33 TJDSR(DI) TeC + TwCh - 150ns TeC+ TwCh-105ns
35 TdDS(DO) TwCl - 30ns TwCl - 25ns
36 TJA(DSR) TcC-70ns TeC - 55ns
8B TwDSR TcC + TwCh - 80ns TcC+ TwCh-50ns
40 TwDSW TcC - 65ns TcC-55ns
41 TdDSI(DI) 2TcC~170ns 2TcC - 130ns

‘43 TwDS 2TcC - 90ns 2T¢C-75ns
44 TdAS(DSA) 4TcC + TwCh ~ 40ns 4TcC - TwCi - 40ns
46 TdDSA(DI) 2TcC + TwCh - 150ns 2TcC+ TwCh- 105ns
48 TdS(AS) TwCh - 55ns TwCh - 40ns
68 TwA TeC - 90ns TcC -~ 70ns
69 TdDS(S) TwCli - 25ns TwCl - 15ns
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CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS

The parameters listed below are also shown in the switching specification. However, they are dependent on the actual values of the
clock periods. The equations below define that dependence, so the correct limt for these parameters may be determined for any

system, regardless of the actual clock characteristics.

Number | Parameters 8MHz Devices
1 TdA(DI) 2TcC + TwCh - 80ns
13 TdDS(A) TwCl - 15ns
16 TdDO(DS}) TeC + TwCh - 30ns
17 TdA(MR) TwCh - 25ns
19 TwMRh TcC-20ns
20 TdMR(A) TwCl - 20ns
21 TdDO(DSW) TwCh - 25ns
22 TdMR(DI) 2TcC - 75ns
25 TdA(AS) TwCh - 25ns
27 TdAS(DI} 2TcC - 80ns
28 TdDS(AS) TwCl - 20ns
29 TwAS TwCh-10ns
30 TdAS(A) TwCl - 25ns

' 32 TdAS(DSR) TwCl - 25ns
33 TdDSR(DI) TcC + TwCh - 65ns
35 TdDS(DO) TwCi - 15n8
36 TdA(DSR) TcC - 40ns
38 TwDSR TcC + TwCh - 40ns
40 TwDSW TcC - 40ns
41 TdDSI(DI) 2TcC-115ns
43 TwDS 2TcC - 50ns
44 TdAS(DSA) 4TcC + TwCl - 35ns
46 TdDSA(DI) 27¢C + TwCh - 70ns
48 TdS(AS) TwCh - 30ns
68 TwA Tec - 35ns
69 TdOS(S) TwCl - 10ns
009718
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Z8001/Z8002

Z8001 TIMING DIAGRAM

Timing Measurements are made at the
following voltages.
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This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the detailed timing relationships of
individual edges. Use the praceding illustrations as an explanation of the various timing sequences.
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This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the detailed timing relationships of
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28002 TIMING DIAGRAM

Timing Measursments are made at the

following voltages.
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