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| Z8003/4 Z8000° VMPU
Virtual Memory ;
Processing Unit

-Producl
Specification

April 1985

FEATURES
® Regular, easy-to-use architecture.

m Instruction set more powerful than many minicomputers.

m Direct addressing capability of up to 8 Mbytes in each
address space.

W Supports implementation of virtual memory systems

B Eight user-selected addressingmodes.” : - -

m Wide range of data types including bits, bytes. words, .

32-bitlong words, and byte and word strings. -~
m Code-compatible with Z8001/2 CPUs. .

B Separate System andf Normal operating modes.
® Sophisticated interrupt structure.

Resource-sharing capabilities for multiprocessing
systems.

Multi-programming support.

32-bit operations, including signed multlply and divide.
Z-BUS® compatible. LT

Multlp!e clock rates: 4, 6, or10 MHz.

x

GENERAL DESCRIPTION

The Virtual Memory Mlcrop}ocgééor Unnté (280(53 and
28004 Z-VMPUs) accommodate applications that range

from the simplest to the most complex.

The 78003 Z-VMPU uses both segmented and non-

segmented address spaces: It also provides facilities for the

implementation. of demand segment swapping or a de-

mand paged virtual memory system.

The Z8004 Z-VMPU uses ohly nonsegmented address
spaces. It also provides facilities for the lmplementatlon ofa
demand paged virtual memory system.- ~™ : b

Both Z-VMPUs interface with the entire Z8000 Family of sup-
port components. Used alone or with Z8000 Family compo-
nents, the advanced architecture of these LS| Z-VMPUs
permits the implementation of systems that have the flexibil-
ity and the sophisticated features usually associated wnth
minicomputers or malnframe computers.

"The 2860314 rﬁicroproéessors are code compatible with

other Z8000 Family microprocessors. The features that dis-
tinguish these microprocessors from the Z8001 and 28002
microprocessors are the abort capablhty and the Test and
Set status. . .

"An abort request f functlon alds in the lmplementahon of vir-

tual memory systems. The abort function is initiated by

- memory management circuitry external to the Z-VMPU

when an address issued by the Z-VMPU references infor-
mation (data or instructions) that is not in main memory. After
the abort interrupt function, a service routine must bring the

. page or segment containing the addressed data into main

memory. The mainstream program is then restarted at the
point of interruption. An abort interrupt differs from a stand-
ard interrupt in that the executing instruction is stopped im-
mediately upon detection of the interrupt; this prevents the
loss of infor mation needed for a successful restart,

441

T49-7~1b

NdKWA $/€008Z




g Lo

=3

984043 0005557 §

semaphore test and set function, causes status code
1111 to be placed onto output lines STp-ST3 during the
data read bus transaction. It can be used by external cir-
cuitry to lock memory to prevent it from being accessed
by any other device during the execution of the current
TSET instruction.

The architectural features of the Z-VMPU combine to
produce a powerfu! and versatile microprocessor. These
featurt_as result in the following benefits:

The Test and Set instruction (TSET), in -addition to jts

The Z-VMPU is designed so that a powerful memory
management system can be used to improve the utiliza-
tion of the main memory elther as a standard memory or
as a virtual memory configuration. Zilog produces
Memory Management Units (Z-MMUs) designed for use
with the Z8003 Z-VMPU to implement both virtual and
nonvirtual memory systems.

The architectural resources of the Z-VMPUs include six-
teen [6-bit registers, seven data types (ranging from bits
to 32-bit words, and byte and word strings), eight ad-

"- dressing modes, and a powerfu! instruction set.

m High-density code A general mechanism has been provided for extending
- the baslc Instruction set through the use of external
m  Efficlent compilation of programs . devices called Extended Processing Units (EPUS). In
m Support for typical operating system operations general, an EPU Is dedicated to performing complex and
time-consuming tasks (such as floating-polnt arithmetic)
m  Complex data structures so as to unburden the Z-VMPU. Figure 1 shows a
@ Large-scale virtual memory systems simplified block diagram of the Z-VMPU.
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General-Purpose Registers

The Z-VMPU is a register-oriented machine that contains
sixteen 16-bit general-purpose registers. All general-
purpose reglsters can be used as accumulators and all
but one can be used as index registers or memory
pointers.

Register flexibllity Is created by grouping and overiap-
ping multiple registers (Figure 2). For byte operations,
the first eight 16-blt registers can be treated as sixteen
8-bit reglisters. The sixteen 16-bit registers can also be
grouped In pairs to form elght 32-bit long-word registers.
Similarly, the register set can be grouped in quadruples
to form four 64-bit registers.

Stacks. Z-VMPUs can use stacks located anywhere in
main memory. Call and Return instructions, as well as in-
terrupts and traps, use an implied stack. Two stack
pointers are avallable, the System Stack Pointer and the
Normal Stack Pointer. The two stacks separate
operating system (System mode) information from ap-
plication program {Normal mode) information. The user
can manipulate the Stack Pointer with any instruction
avallable for reglster operations because the Stack
Polnter Is part of the general-purpose register group.

In the Z8003 Z-VMPU, register pair RR14 is the implied
Stack Pointer for segmented operation. Reglster R14
contains the 7-bit segment number and R15 contains the
16-bit offset. Reglster R15 is used as the Stack Pointer
during nonsegmented operation. Since the Z8004 runs
only In the nonsegmented mode, register R15 Is used as
the Stack Pointer.
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Speclal-Purpose Reglsters

The Z-VMPUs also provide 16-bit special-purpose
registers. These registers inciude Program Status
registers, Program Status Area Pointer register(s), and a
Refresh Counter. The configurations of the special-
purpose registers for the Z8003 and Z8004 Z-VMPUs are
shown in Figure 3.

Program Status Reglsters. This group of registers con-
sists of the Program Counter (PC) register and the Fiag
and Control Word (FCW) register. The PC register con-
tains the address of the next Instruction to be loaded into
the CPU. The low-order byte of the FCW register con-
tains the following flags:

C, Carry flag, is used to indicate that a carry was made
out of the high-order bit position of a register used as an
accumulator.

Z, Zero flag, is generally used to indicate that the resuit
of an operation was zero.

S, Sign flag, is generally used to indicate that the resuit
of an operation was negative.

P/V, Parity/Overflow tlag, Is generally used to Indicate
either even parity (after logical operations on byte
operands) or an overflow condition (after arithmetic
operations).

D, Decimal-Adjust flag, Is used in BCD arithmetic to in-
dicate the type of instruction that was executed (addition
or subtraction).
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Figure 2. ZVMPU General-Purpose Registers
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H, Half Carry ﬂ.ag, is used to convert the binary result of
a previous addition or subtraction Into the correct
decimal (BCD) result. :

The high-order byte of the FCW reglster contains controf
bits which are used to control the Z-VMPU operating
modes and to enable various types of interrupts. The
following control bits are contained in the FCW:

NVIE, Nonvectored Interrupt Enable bit. This bit must
be 1 to enable the Z-VMPU to accept non-vectored inter-
rupts,

VIE, Vectored Interrupt Enable bit. This bit must be 1
to enable the Z-VMPU to accept vectored interrupts.

S/N, System/Normal bit. This bit indicates the current Z-
VMPU aperating mode. When 0, S/N specifies Normal
mode; when 1, S/N specifies System mode. The Z-VMPU
output N/S represents the complement of this bit.

EPA, Extended Processor Architecture mode bit. This
bit, when 1, indicates that the system contains an Extended
Processing Unit (EPU) and extended instructions are to be
executed by the appropriate EPU, When 0, this bit specifies
that extended instructions will be trapped for software emu-
lation.

SEG, Segmentation mode bit (Z8003 only). When 1, this
bit specifies that the Z-VMPU is in segmented addressing
mode; when 0 it specifies that the Z-VMPU is in the non-
segmented addressing mode.

AESERVED
IDIOIOIB'ODOOOODGOO °|°‘]\|IORD

FLAQ AND
moanooomlicL

ISEGI Uﬂ]ﬂk | VIE ]NV!EI o ey

|°| . 1EGHENTNUHIEH ], o ¢ o

PROQRAM
COUNTER

I SEQMENT OFFAET
L1 ] ] L1

28003

WORD
ADDRESS 1 PROGRAN
I | ] 1.1 1 L I COUNTER

28004

18 o
I ] 2 IS K I I X N

Figure 3. Program Status Reglisters

Program Status Area Polnter (PSAP) Register. A Pro-
gram Status Area (PSA) array in main memory is used to
store new program status information (i.e., sets of FCW
and PC values). Each time an interrupt or trap oceurs,
the current program status is saved and a new program
status is loaded into the status registers from the Pro-
gram Status Area. The address of the table that contains
new program status values is contained in a Program
Status Area Pointer (PSAP) register (Figure 4). The low-
order byte of the offset address Is assumed to be all
zeros; therefore, the Program Status Area must start on
a 256-byte boundary.

Refresh Reglster. The Z-VMPU contalns a program-
mable counter that automatically refreshes dynamic
memory. The Refresh Counter register conslsts of a 9-bit
row counter, a 6-bit rate counter, and an Enable bit
(Figure 5). The 9-bit row counter can address up to 256
rows and Is Incremented by two each time the rate
counter reaches end-of-count. The rate counter deter-
mines the time between successive refreshes. It con-
sists of a programmable, 6-bit modulo-n prescaler (n =
1-64), driven at one-fourth the Z-VMPU clock rate.
Refresh can be disabled by programming the refresh
Enable/Disable bit. If this register is not needed for
memory refresh, It can function as an on-board internal
timer.
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SYSTEM AND NORMAL MODES

The Z-VMPUs can run in elther System or Normal mode.
In System mode, all instructions can be executed and all
Z-VMPU control registers can be accessed. This mode is
useful in programs that perform operating system func-
tions.

In Normal mode, some Instructions, such as the 1/0 in-
structions, cannot be executed. In addition, the Z-VMPU
control reglsters cannot be accessed. This mode Is In-
tended for use by application (user) programs.

The use of separate Z-VMPU System and Normal modes
promotes the integrity of the system by preventing user
programs from having access to the operating system
and the control registers. The current operating mode is
specified by the S/N bit of the FCW register. The comple-
ment of the state of this bit is output by the Z-VMPU on
line N/S. Output N/S can be used to separate System and
Normal address spaces.

ADDRESS SPACES

Programs and data can be located In the main memory
of the computer system or in peripheral devices. In
elther case, the location of the Information must be
specified by an address before that Information can be
accessed. A set of these addresses Is called an address
space. :

The Z-VMPUs support two different types of addresses
and thus two categorles of address space:

®m Memory addresses, whlch specify locations in main
memory,

B /O addresses, which specify the ports through
which peripheral devices are accessed.

Within the two general types of address spaces (memory
and 1/0), there are several subcategories. Figure 6
shows the address spaces that are avallable on both
types of Z-VMPUs.

The difference between the 28003 and the Z8004
Z-VMPUs lies not In the number and type of address
spaces, but rather In the organization and size of each
space. For the Z8003, the memory address space con-
tains 8M bytes of addresses grouped Into 128 separate
segments. For the Z8004, the memory space Is a
homogeneous collection of 64K bytes of addresses. In
both the Z8003 and the Z8004, each 1/0 address space
contains 32K byte port addresses and 64K word port ad-
dresses, - - - .

When an address Is used to access data, the address
spaces can be distinguished by the state of the status
lines (STp-STa) and by the value of the Normal/System
line (N/S). The states of the four status lines are deter-
mined by the way the address was generated. The value
of the N/S output line Is the complement of the S/N con-
trol bit in the FCW register.

The 23-bit segmented addresses are divided Into 7-bit
segment I[dentifiers (segment numbers) and 16-bit off-
sets to address locations relative to the beginning of the
specified segment. In hardware, segmented addresses
are contalned in a register pair or in a long-word memory
locatlon. The segment number and offset of an address
can be manipulated separately or together by all
available word and long word operations.

In aninstruction, a segmented address can have one or two
representations; long-offset or short-offset. A long-offset ad-
dress occupies two words, with the first word containing the
7-bit segment number and the second word containing the
16-bit offset. A short-offset address requires only one word,
which combines the 7-bit segment number with an 8-bit off-
set (range 0-256). The short-offset mode allows very dense
encoding of addresses and minimizes the need for long ad-
dresses to directly access each 8M byte address space.

Nonsegmented addresses are 16 bits and permit access of
up to 64K of contiguous byte locations.

The Z8004 operates only in the nonsegmented address
mode. The Z8003 can operate in either the segemented or
nonsegmented address mode. When the Z8003 is in non-
segmented mode, all address representations assume im-
plicitly the segment number contained in the 7-bit segment
number field of the PC.

1/0 Addresses

There is a set of I/0 instructions that performs 8- or 16-bit
transfers between a Z-VMPU andits /0 devices. /O devices
are addressed with 16-bit I/O port addresses. An I/O port
address is similar to a memory address; however, the /O ad-
dress space is not part of the memory address space.
Memory-mapped /O can be implemented by dedicating
memory locations to 1/0 device registers. Two types of I/O
instruction are available: Standard and Special. Each type
has its own address space. Special /O instructions are used
for loading and unloading memory management units,

MEMORY ADDRESS SPACES
SYSTEM MODE | NORMAL MODE

INSTRUCTIONS | INSTRUCTIONS
DATA DATA
8TACK STACK

NO ADDRESS SPACES
8YSTEM MODE

STANDARD ¥O | SPECIAL VO

Flgure 6. Address Spaces on the 28003 and 28004

2084-006

445

] 9984043 0005 401,(4_,7 -

NdHWA ¥/€008Z




INSTRUCTION ADDRESSING MODES

The information included in Z-VMPU instructions con-
sists of the function to be performed, the type and size of
data elements to be manipulated, and the locations of
the data elements. Locations are designated by register
addresses, memory addresses, or /O addresses. The
addressing mode of a given instruction defines the
method -used to compute the address. Addressing
modes are explicitly specified or implied by the instruc-
tion. Locations are designated using one of the following
addressing modes:

m Register Mode (R). The data element Is located in
one of the 16 general-purpose registers or a control
register.

s Immediate Mode (IM). The data element is located
in the instruction.

m Indirect Register Mode (IR). The data element can
be found in the location whose address is givenin a
- specified register.

m Direct Address Mode (DA). The data element can
be found In the location whose address is given In
the instruction.

m Index Mode (X). The data element can be found In
the location whose address Is the sum of the con-
tents of an index value in a specified register and an
address In the instruction.

m Relatlve Address Mode (RA). The data element
can be found in the location whose address is the
sum of the contents of the Program Counter and a
displacement given in the Instruction.

m Base Address Mode (BA). The data element can be
found in the location whose address is the sum of a
base address in a specified register and a displace-
ment given in the Instruction.

m Base Index Mode (BX). The data element can be
found in the location whose address Is the sum of a
base address in one specified register and an index
value In a second specified register.

INSTRUCTION SET

Major Groups

The major groups of instructions provided by the
Z-VMPU are described In the following paragraphs. A
detailed summary of the instructions Is presented in
Table 3 (located at the back of this document).

Load and Exchange. These instructions move data
among registers or between registers and main memory.

Arithmetic. These instructions perform integer
arithmetic. The basic instructions (e.g., add, subtract,
multiply and divide) In this group use standard two’s
complement binary format. Support Is also provided for
implementing BCD arithmetic.

Loglcal. These instructions perform logical operations
(.., AND, OR, XOR, and complementation) on the bits of
specified operands. The operands can be bytes or
words. The Test Long (TESTL) instruction, however, per-
mits logical operations to be performed on 32-bit quan-
tities.

Program Control. These instructions affect the Pro-
gram Counter, thereby controlling program flow.

Bt Manlpulation. These Instructions manipulate in-
dividual bits in registers or main memory.

Rotate and Shift. These instructions shift and rotate the
contents of registers.

Block Transfer and String Manlpulation. These In-
structions perform string comparisons, string transla-
tions, and block transfer functions.

Input/Output. These instructions transfer bytes, words,
or blocks of data between peripheral devices and the
Z-VMPU registers or main memory.

"ZVMPU Control. These instructions modify Z-VMPU

control and status registers or perform those functions
that do not fit into any of the preceding instruction
groups.

Extended. These instructions perform Extended Pro-
cessor Unit (EPU) internal operations, data transfers be-
tween memory and EPU, data transfers between EPU
and the Z-VMPU, and data transfers between EPU flag
registers and the Z-VMPU Flag And Controi Word (FCW).

Processor Flags

The processor fiags contained by the program status
registers provide a link between sequentiaily executed
instructions. The Iink Is provided in the sense that the
result of executing one instruction may aiter one or more
flags. The new flag values (states) can'then.be used to
determine the operation of a subsequent Instruction
(typlcally a conditionat jump Instruction). The following
six flags are avallable for use by the programmer and the
processor:

Carry (C)

Zero (Z) .

Sign (S)
Parlty/Overilow (PIV)
Decimal-Adjust (D)
Half Carry (H)
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Table 1. Condition Codes

CC Field
Code Meaning Flag Settings Binary Hex
F  Always false - 0000 0
T  Always true - 1000 8
Z Zero Z=1 0110 6
'NZ Not zero Z=0 1110 E
C Cary C=1 o111 7
NC No carry C=0 . 1111 - F
PL Plus S=0 1101 D
Ml - Minus - §=1 0101 5
NE Not equal Z=0 1110 E
EQ Equal Z=1 0110 6
OV Overllow PN =1 0100 4
NOV No overflow PN =0 1100 o]
PE Parity is even PN =1 0100 4
PO Parlty Is odd PN =0 1100 -C
GE Greater than or equal (signed) (SXORPV) =0 1001 9
LT Less than (signed) (S XOR PNV} = 1 0001 1
GT  Greater than (signed) [Z OR (8 XOR PV} = 1010 A
LE Less than or equal (signed) [ZOR(SXORPV)] =1 _ 0010 2
UGE Unsigned greater than or equal C=0 1M F
ULT Unsigned less than Cc=1 o111 7
UGT Unsigned greater than (C =0)AND (Z = 0)] =1 1011 B
ULE Unsigned less than or equal (CORZ) =1 0011 3
. :givo Sgg\e condition codes have ldentlca| flag settings and binary fields in the Instruction, l.e,, Z = EQ, NZ = NE, C = ULT, NC = UGE, OV = PE,
Condition Codes - Ists on the four flags. Sixteen functions of the flag set-

Flags C, Z, S, and P/V are used to control the operation
of conditional Instructions (such as Conditional Jump).
The operations performed by this type of instruction de-
pend on whether or not a specified Boolean condition ex-

tings found to be frequently used are encoded in a 4-bit
condition code (CC) field, which forms a part of all condi-
tional Instructions. These 16 codes are described in
Table 1.

MULTI-MICROPROCESSOR RESOURCE
CONTROL

The Z8003 and Z8004 Z-VMPUs Include both hardware
and software support for controlling access to shared
resources In multi-microprocessor systems. Z-VMPU
pins MI (Multi-Micro In) and MO (Multi-Micro Out) and in-
structions MSET (Set MO), MREQ Q (access request),
MBIT (Test MI), and MRES (reset MO) can be used to

form a prioritized resource access control system. Such
a system would, for a Z-VMPU, 1) Issue requests for ac-
cess to a shared resource, 2) test the access status for
the resource (avalilable/not available) and 3) when ac-
cess is granted, exclude alt other Z-VMPUs In the system
from the resource until-use of the resource is complete.
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TEST AND SET INSTRUCTION (TSET)

The TSET instruction implements synchronization
mechanisms in multiprogramming and muitiprocessing

environments, TSET tests and sets semaphores that
control access to shared resources, The testing and set-
ting of a semaphore requires the semaphore to be read
from memory, modified, then written back into the same
memory location. To prevent other processors from re-
questing access to a resource during a test and set pro-
cess, status code 1111 is placed onto status lines
STg-STa during the data read transaction to specify that

_an uninterruptable memory operation is taking place.

Status code 1111 is particularly useful in a multiple
microprocessor environment to permit external circuitry
to preclude memory access by another device between
the read transaction and the write transaction of the test
and set operation. Request input BUSREQ is aiso dis-
abled during a test and set operation to ensure that the
test and set operation Is not interrupted; this action Is
useful in a single-processor system.

EXTENDED PROCESSING ARCHITECTURE

The Z-VMPU has an Extended Processing Architecture
(EPA) facllity which extends the basic functions of the
Z-VMPU by using external devices called Extended Pro-
cessing Units (EPUs). A special set of extended Instruc-
tions controls the operations to be performed by each
EPU. When a Z-VMPU encounters an extended instruc-

tion, it either traps the Instruction, or it performs the data
transfer portion of the instruction. The data manipulation
portion of the instruction is executed by the involved
EPU. Whether the Z-VMPU traps or transfers data
depends on the setting of an EPA bit in its Flag and Con-

~ trol Word (FCW) status register.

EXCEPTIONS

The 78003 and Z8004 Z-VMPUs support four types of ex-
ceptions (conditions that alter the normal flow of pro-

gram execution): interrupts, traps, instruction aborts, -

and reset.

Interrupt and Trap Structure

The 78003 and Z8004 Z-VMPUs have a flexible and
powerful interrupt and trap structure. Interrupts are ex-
ternal events requiring Z-VMPU attention and are
generally triggered by peripherals needing service.
Traps are synchronous events resulting from the execu-
tion of certain Instructions. .

Both Z8003 and Z8004 Z-VMPUs support three Inter-

rupts: nonmaskable (NMI), vectored (Vi), and nonvec-
tored (NVI).

Both Z-VMPUs support several types of traps: System
Call, EPU Instruction, and privileged instruction. In addi-
tion, the 28003 supports a Segment/ Address Translation
(SAT) trap. Of the above traps, only the last is Initiated by
external events. Such events are normally generated by
a memory management system. The remalning traps oc-
cur when instructions fimited to the System mode are
used in the Normal mode, when a System Call instruc-
tion ls executed, or when an EPA instruction Iis en-
countered.

The descending order of priority for traps and interrupts
ls: Internal traps, nonmaskable interrupts, segment/ad-

_tored interrupts.

dress translation fraps, vectored interrupts, and nonvec-

When an interrupt or trap occurs, the current program
status Information Is automatically pushed onto the
System stack. The new program status is then
automatically loaded into the Program Status registers

- from the Program Status Area In System program

memory. This area of memory is identified by the Pro-
gram Status _Area Pointer (PSAP). -

Instruction Abort Function

The Z-VMPU monitors its ABORT input during each bus
transaction it generates. The timing for an_Instruction
Abort operation Is shown in Figure 7. If the ABORT input
is asserted during ciock cycle Tz of a memory access,
the currently executing Instruction is automatically
aborted. f no abort Is Indicated but input WAIT Is
asserted, input ABORT Is also tested during each wait
cycle (Ty). When an Instruction Abort condition [s In-
dicated (ABORT Is asserted) the WAIT input must also be
asserted for five cycles to permit the Z-VMPU internal
control mechanism to abort the current instruction.
When the WAIT input is deasserted, the Z-VMPU
acknowledges any pending interrupt request. Therefore,
the memory management clrcuitry that caused the Inter-
rupt to be aborted should also request an interrupt to-the
software routine that restores the Z-VMPU registers and
the main memory so that the aborted instruction can be
reissued.
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Figure 7. Instruction Abort Timing

VIRTUAL MEMORY SYSTEMS

Virtual memory systems permit’ programs to reference
an address space that exceeds the main (physical)
memory. In virtual memory systems, high-speed main
memory Is supported by medium- and low-speed storage
devices (secondary memory) such as hard disks or flop-
py disks. When a Z-VMPU In a virtual system lIssues an
address that references Information not in main
memory, a software swap operation must be initiated.
This swap retrieves the block containing the referenced
location, loads it into main memory, and restarts the
aborted mainstream program at the point of interruption.
The swap operation is transparent to the user and to the
executing program; therefore, the system appears to
have a memory that is not constrained by physical size.
The maximum size of a virtual memory is determined by
the address structure used and by the capabllities of the
system memory management hardware and software.

Segﬁenled and ﬁaged Virtual Mémﬁﬂes

External circuitry can be used to implement either a
segmented virtual memory or a paged virtual memory. In
a segmented virtual memory, information is transferred
between main memory and secondary storage devices
on a segment-by-segment basis. The Z8003 Z-VMPU
permits use of varlable-length segments of up to 64K
bytes. - - .

In a paged virtual memory system, each segment Is
divided into fixed-size pages (standard size is 2048
bytes). Main memory Is divided into page “frames.” in-
formation is then transferred between main memory and
the secondary storage devices on a page-by-page basis.
The 28003 Z-VMPU can ‘support both segmented or
paged virtual memory systems. The Z8004 supports only
the paged virtual memory approach.

External Hardware Support

The detection of a logical address that references a loca-
tion outside main memory (i.e., an addressing fault) and
the initiation of the required swap operation must be per-
formed by memory management circuitry external to the
Z\VMPU,

A swap operation Is started by the initiation of a
Segment/Address Translation (SAT) trap request func-
tion in the Z-VMPU. Since the 28004 does not have a
SAT Input, one of the NMI, VI or NVI inputs must be used
instead. Low levels on Z-VMPU Inputs ABORT, SAT and
WAIT Initiate SAT requests.

These inputs are sampled at the falling clock of the sec-
ond clock cycle of a bus transaction. Input WAIT must be
asserted for at least five clock cycles. Input ABORT must
be deasserted on or before the rising edge of the WAIT
signal. The same timing can be used for both WAIT and
ABORT. Input SAT should be asserted until the trap
acknowledge bus transaction is Indicated by Z8003
Z-VMPU status code 0100.

External circuitry is needed to record the information for
Instruction restart. The following assumptions about the
operating system must also be true:

® The fault handler does not generate a fauit until all
critical data is saved.

B Accessing the System stack never causes a fauit.
(Either the segment is in memory or a memory
management mechanism warns of a potential stack
overflow.)

B /O buffers are always in main memory, so /O in-
structions never cause a fauit.

2084-007
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m The Program Status Area Is always in main memory.

The following Information must be saved by external cir-
cultry to restart the Instruction interrupted by the ad-
dressing fault:

® The value of the Program Counter durlng the Initial
instruction fetch cycle (cycle identified by status
code 1101).

B The address that caused the fault.

B The code that was on the status lines durlng the
aborted cycle.

® For paged memorles, the number of successfui data
accesses made by the instruction.

SOilware Support

The software required for virtual memory operation nor-
mally consists of a fault handler and a restart routine.
The fault handler is started during each Z-VMPU abort
request operation. The fault handler is responsible for
saving Information about the aborted instruction and for
the initlation of a request which brings the segment (or
page) contalning the referenced location In main

memory. The state of the aborted program (Flag and
Control Word (FCW), Program Counter (PC), and the
register file must be saved and another process dis-
patched while the missing segment (or page) Is being
fetched from secondary memory.

When the page or segment containing the referenced
location Is loaded into main memory, an Instruction
restart routine must be executed. This instruction restart
routine must restoré the operating environment that ex-
isted when the instruction/program abort was initiated.
This routine must establish the PC value that points to
the aborted Instruction. It must also decode the instruc-
tion's opcode to determine whether or not any of the
Z-VMPU's registers were modified before the instruction
execution cycle in which the abort occurred. If registers
were modified, the Instruction restart routine must return
these registers to a state in which the restarted Instruc-
tion behaves as if no abort had occurred. The flow chart
in Figure 8 lllustrates a possible control sequence for a
software restart routine. The instructions requiring
remodification of system registers and the manner in
which these registers must be modified depend upon the
type (segmented or paged) of virtual memory system Im-
plemented. .

BUS TRANSACTIONS

Status Oulputs

The Z-VMPUs provide output that speclfles the type of
transaction on the Address/Data bus. Output line RAW
specifies whether a read or write operation Is Involved.
Output line B/W specifles whether the transaction In-
volves byte or word data. Qutput line N/S specifies the
mode of operation, Normal or System. In addition to

INSTRUCTION :
ABORT N
READ ABORT
DATA FROM MEMORY
MANAGEMENT
SYSTEM

BACK-UP
PROGRAM COUNTER

ABORT DURING
INSTRUCTION
FETCH CYCLE?

ABORTED
INSTRUCTION

TO CORRECT STATE

Figure 8. Flow Chart of an Instruction Restart Routine

these lines, output lines STp-ST3 encode additional
characteristics of the current bus transaction. These
lines can present any of sixteen 4-bit status codes which
define specific characteristics of the current bus trans-
action. The avallable status codes are Irsted and defined
in Table 2,

Table 2, Status Codes

ST3-STp

Blnary Deflnition

0000 Internal Operation

0001 Memory Refresh

0010 1/0 Reference

0011 Special /0 Reference (e.g., to an MMU)

0100 Segment/Address Translation Trap
Acknowledge

0101 Nonmaskable Interrupt Acknowledge

0110 Nonvectored Interrupt Acknowledge

0111 Vectored Interrupt Acknowledge

1000 Data Memory Request

1001 Stack Memory Request

1010 Data Memory Request (Extended Process-

ing Architecture)

1011 Stack Memory Request, (Extended Process-
_Ing Architecture)

1100 Instruction Space Access

1101 Instruction Fetch, First Word

1110 Extended Processing Unit—Z-VMPU
Transfer

1111 Bus Lock, Data Memory Request
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Memory Read ind Write

Memory read and instruction fetch cycles are identical,
except for the status code on the STp-ST3 outputs:
Memory write Is similar to memory read except for the
R/W status and the timing of DS and data valid true. Dur-
ing a memory cycle, a 16-bit offset address is placed on
the ADg~AD5 outputs early In the first clock period
(Figure 9). In the Z8003, a 7-bit segment number Is also
output on SNg-SNg one. clock period earlier than the
16-bit address offset. Issuing the segment number early
minimizes address transiation overhead by enabling the
memory management circuitry to overlap its operations
with the Z-VMPU instruction execution cycle.

T T2

Avalid address is Indicated by the rising edge of Address
Strobe (AS). Status and mode Information becomes valid
early in the memory access cycle and remains stable
throughout it. The access cycle can be extended In
length by the addition of walt cycles.

The Read/Write line (R/W) indicates the direction of the
data transfer. R/W is High for transfers to the Z-VMPU.
R/W is Low for transfers from the Z-VMPU,

Word data (B/W is Low) to or from the Z-VMPU Is
transmitted on lines ADg-AD1s. Byte data to the Z-VMPU
s transmitted in ADyo-AD7, from odd addresses
(ADg=1) and in ADg-ADis from even addresses
(ADg=0). Byte data from the Z-VMPU Is replicated in
ADg-AD7 and ADg-AD1s, regardiess of address.

Ts

CLOCK I

%
2]
S

La— INSERT WAIT STATE(S] AT THIS TIME

STATU
(ll’%. ng X
8T,-5Ty)

X

SNo-SHg SEGMENT NUMBER x

T\
\

X
/7
/]

LU Xu:uonv E J‘)- -
= \
w_/

WRITE

AD Xu:uonv ADDRESS X

DATA OUT

I\

/]

Figure 9. Memory Read and Write Timing

NI

2084-009

451

:'"I,b

AdNWA $/€008Z




9984043 2ILOG INC

72C 05567

uv rransacuons

1/O transactions, which are generated by the execution
of )/O Instructions, move data to or from peripherals or
ZVMPU support devices. As shown in the timing
diagram presented in Figure 10, I/O transactions have a
minimum length of four clock cycles; wait cycles can be
added to lengthen transaction periods to meet the needs
of siow peripherals. Status line outputs indicate whether
access Is to the Standard /O (0010) or Speclal 110 (0011)
address spaces.

1/0 transactions are always performed with the Z-VMPU

ADg-AD1s. Since the I/O address is always 16 bits long,
the segment number {ines in Z8003 are undefined.

For byte transfers (B/W = High) in Standard 1/0 space,
addresses must be odd; for byte transfers in Special /O
space, addresses must be even.

Word data (B/W = Low) fo or from the CPU is transmit-
ted on ADg-AD1s. Byte data (B/W = High) Is transmitted
on ADg-ADs5 for Special 1/0. This allows peripheral
devices or CPU support devices to attach to only eight of
the 16 ADg-AD4g llnes. The Read/Write line (RW) in-
dicates the dlrectlon of the data transfer: peripheral-to-

in System mode (N/S = Low). The rising edge of AS In-  CPU (Read: RIW = High) or CPU-to-peripheral (Write:
dicates that a valid address is present on {ines R/W = Low).
T Ta Twa T
CLOCK I l 1
WA .
| INSERT WAIT STATEIS) AT THIS TIME
wtttns T XC xX_
NiS
s [ \__/
— HiaH

INPUT

)
a0 Xpom ADDRESS|  Jremsmemmmmmen

[0
|

QUTPUY

» X XC

DATA OUT

N

Figure 10. Input/Output Transaction
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Wait Add-On Cycles
As shown in Figures 9 and 10, the WAIT Input line is

sampled on a falling edge of CLK one cycle before data -

is sampled (DS s Low for a read or write operation). If
the WAIT Input line Is Low when sampled, another cycle
Is added to the transaction before data is sampled or DS
is deasserted (goes High). During an added wait cycle,
input WAIT is sampled again on the falling clock edge; If
It Is Low, another wait cycle is added to the transaction.
This use of the WAIT input permits transactions to be ex-
tended arbitrarily to accommodate, for example, slow
memorles or /O devices that are not yet ready for data
transfer, ; .

Memory Refresh Timing

When the 6-bit prescaler In the refresh counter has been
decremented to zero, a refresh cycle is started (Figure
11). The 9-bit refresh counter value is put on ADo-ADsg;
lines ADg-AD4s are undefined. Unless disabled, the
presettable prescaler runs continuously, therefore any
delay In starting a refresh cycle is not cumulative.

While the STOP Input Is Low, a continous stream of
memory refresh cycles Is executed without using the
refresh prescaler. The refresh count, however, Is in-
cremented.

Internal Operation Timing

Certaln instructions, such as multiply and divide, need
additional time to execute internal operations. In these
cases, the Z-VMPU goes through a sequence of internal
operation machine cycles, each three {o eight clock
cycles long (Figure 12). This allows fast response to bus
and refresh requests because a bus request or a refresh

L W——

cLocK I I l

ATp-8Ty PEFRESH

cycle can be Inserted at the end of any internal machine
cycle.

Although the address ouiputs during clock cycle Ty are
undefined, Address Strobe (AS) is generated to satisfy
the requirements of Z-BUS-compatible peripherals and
self-refresh dynamic memories. -

Reset Funeilon-

A Low on the RESET Input causes the following resuits
within five clock cycles (Figure 13):

1. ADo~AD15 are 3-stated.

2. AS, DS, MREQ, BUSACK, MO, and STg~ST3 are forced
High.

3. SNg-SNg are forced Low.

4. Refresh Is disabled.

5. RIW, B/W and N/S are undefined.

When RESET is again High, the Z8003 Z-VMPU executes
three memory read cycles in a System mode of opera-
tion. During these three word read cycles, the ZVMPU
reads, in sequence, the following information from seg-
ment 0:

1. The flag and control word (FCW) from offset location
0002.

2. The Program Counter segment number from location
0004 and offset from location 0006,

In the Z8004 Z-VMPU, only two read cycles are per-
formed. During the first cycle, the FCW lIs read from
location 0002. During the second cycle, the 16-bit PC
value Is read from location 0004, The program [s started
during the following machine cycle. ’

n ] n

1 | |

CLOCK

$75-8T
I
AD Xi UHDEFINED 4:)--

INTEANAL OPERATION

SFEG. 5% HAH

ao x REFAESH ADORESS ‘) 4‘1
- UNDEFINED
]
W, LW, m‘l} SAME AS PAEVIOUS CYCLE [ 3 BAME AS PREVIOUS CYCLE
I - f
Figure 11. Memory Refresh Tlmlnﬁ Flgure 12. Internal Operating Timing
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Flgure 13. Reset Timing

BUS REQUEST, INTERRUPT AND -
ACKNOWLEDGE

A Low on the BUSREQ Input indicates fo the Z-VMPU
that another device Is requesting the address/data and
control lines. The asynchronous BUSREQ Input is syn-
chronized at the beginning of any machine cycle (Figure

14). f BUSREQ is Low, an Internal synchronous
BUSREQ signal is generated, which, after completion of
the current machine cycle, causes the BUSACK output
to go Low and all bus outputs to go Into the high-
impedance state. The requesting device (typically a
DMA) can then control the bus.

When BUSREQ is released, It Is synchronized with the
rising clock edge. The BUSACK output goes High one
clock period later to indicate that the Z-VMPU will take
control of the bus.

Interrupt and Segment/Address Translation Trap
Request and Acknowledge

Any High-to-Low transition on the Z-VMPU's ‘NMI Input
(Figure 15) Is_asynchronously edge- -detected and sets
the Internal NMT latch. The VI, NVl and SAT inputs, as
well as the state of the internal NMi latch, are samp|ed at
the beginning of Ta. .

In response to an interrupt or trap, the subsequent IFy
cycle Is exercised. The Pragram Counter, however, Is

not updated, but the System Stack Pointer is
decremented in preparation for storing status informa-
tion on the System stack.

The next machine cycle is the interrupt acknowledge
cycle. This cycle has five automatic wait states, and ad-
ditional wait states are possible.

After the last wait state, the Z-VMPU reads the informa-
tion on ADg-AD15 and stores it temporarily, to be saved
on the stack later in the acknowledge sequence. This
word identifies the source of the interrupt or trap. For in-
ternal traps, the identifier Is the first word of the trapped
Instructlon. For external events, the identifier is the con-
tents of the Data bus as sampled during T3 of the
acknowledge cycle. During nonvectored and non-
maskable Interrupts, all 16 bits can represent peripheral
device status information. For the vectored interrupt, the
low byte is the jump vector, and the high byte can be
used for extra status. For a SAT trap (assuming that a
Zllog 28010 Z-MMU Memory Management Unit is used)
the high byte Is the memory management unit identifier
and the low byte is undefined.

After the acknowledge cycle, the N/S output indicates
the automatic change to System mode.
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"PIN DESCRIPTIONS

The Z8003 Z-VMPU is produced in a-48-pin package; the
28004 Z-VMPU Is produced In a 40-pin package. The pin
functions of both the Z8003 and Z8004 are illustrated in
Figure 186; the pin assignments are illustrated in Figure
17. The signal names assigned to the Z-VMPU 1/0 pins
are listed alphabetically and are descrlbed In the follow-
Ing paragraphs.

‘ABORT Abort Request (input, active Low) ThIS lnput is

used to implement virtual memory: It is asserted by external
: circuitry when an address does hot correspond‘to alocation
in main memory.

When ABORT is asserted with input SAT in the Z8003, or
with input NIMI, VI, or NVT in the Z8004, it initiates an Abort
Interrupt in the Z-VMPU.

ADg-AD15, Address/Data (inputs/outputs, active High,
3-state). These multiplexed address and data lines are used
beth for I/0 and memory.

AS. Address Strobe (output, active Low, 3-state). The rising
edge of AS indicates that addresses are valid.

BUSACK. Bus Acknowledge (outpui, active Low). A Low on
this line indicates that the Z-VMPU has relinquished control
of the bus.

BUSREQ. Bus Request (input, active Low). This fine must
be driven Low to request the bus from the Z-VMPU.

B/W. Byte/Word (output, Low = Word, 3-state). This I|ne de
fines the size of the data being transferred

CLK. System Clock (input). CLK isa +5V smgle phase,
time-base input. -

<—- AS ADi5 fo— )
ﬂu‘mu ~-—{08 ADy fa—sm
«——1 HFEG ADys |a—
ADy; >
««—— READ/WRITE ADy fa—tm
~a—— NORMALSTSTER ADyq [t
~+—] BYTE/WORD ADs ft—
AD; f4— | ADDRESS/
STATUS --—{8Ty ADy fu—» [ DATA
“——15Ty - ADy [
-—1 8Ty ADg [—=p-
<—--ST. ADy [—>
TSR T ja00s A, [
— 1 WAIT VMPU AD; fa—t-
cou'rnor. P00 AD; e
ot RESET ADy Je—> )
—| 6USREQ
com‘no { «—] suEATR s}~ -
. SNgl—p
—»1 KKI sy —>
INTERRUPTS, —»{¥ - st f—n L:ﬁ(‘:‘rﬁ:‘r
—{ V] N> )
Sy —»
MULYI: mcno{ —>lui SNy —»)
CONTROL) «—1wp
N SAT|«— SEGMENT-PAGE
: or TRANSLATION

DS. Data Strobe (output, active Low, 3-state). This line
strobes data in and out of the Z-VMPU.

W1, MO. Multi-Micro In, Multi-Micro Out (input and output,
active Low). These two lines form a resource-request daisy
chain that allows only one Z-VMPU in a multi-
- microprocessor system to access a shared resource at the
_sametime.

MREQ. Memory Request (output, active Low, 3-state). A
Low on this line indicates that a memory reference is in
progress.

NMI. Nonmaskable interrupt (edge-triggered, input, active
Low). A High-to-Low transition on NMI requests a non-
maskable interrupt.

N/S. Normal/System Mode (output, Low = System mode,
3-state). N/S indicates the current Z-VMPU operating mode
(System or Normal),

NVI. Nonvectored Interrupt (input, active Low). A Low on

this line requests a nonvectored interrupt.

. RESET. Reset (lnput active Low) A Low on this line resets
the Z-VMPU.

SAT. Segment Address Translation Trap (Z8003 only, input,
active Low). A Low on this input requests a Segment Ad-
dress Translation trap.

STOP. (Input, active Low). When asserted this line suspends
CPU operation either after the fetch of the first word of an
instruction or during an EPU instruction if the EPU is busy.

«—iAS ADjs fat—n )
Mgy <% ADy o>
~— HREG ADyy [~
N ADyz >
«t——] READ/WRITE ADyy fa—p
at—— NORMALSSYSTER ADqp [t
~«— BYTE/WORD i ADs |—>
ADy [« | ADDRESS/
status | Mo 0, }«s (DATA
ey STy ADy [t
-ty 8Ty ADg fat—p-
-—]ST, - ADy [
—1 ABOAT AD, [
S el
coutnm. S AD; fu—
——»- FES] AD; s
—»| BUSREQ
cou'rno ] sumAeR
—»1 HHT
INTERAUPTS, —»]¥i
=1 RVI
MULTE HIORD —={ur
CONTROL) w55
+6Y GND OLK

" Flgure 18. Pin Functions
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Flgure 17. Pin Assignments

INSTRUCTION SET SUMMARY

The Z8003/04 instruction set Is presented in the Instruc-
tlon set summary. This summary lists the mnemonics,
operands, addressing modes, timing, and operation for
each Instruction.

Timing Is given as the number of CPU clock cycles re-
quired for instruction execution. Timing requirements
are glven for the three possible addressing representa-
tions used in word, byte and long word operations:

m NS nonsegmented addresses
® SS segmented short-offsét addresses
m SL segmented Iong-offset'adqresses-

The SS and SL address rebfésentations apply only to
those instructions for which the address of the operand

is contained within the Instruction itself, The only instruc-
tions of this type are those using the DA and X address-
ing modes. :

With few exceptions, timing requirements are the same
for all insfructions in either segmented or nonsegmented
mods, except for those Instructions that employ the S8S
and SL addresses. The timing for these instructions will
differ since the number of fetches needed to load the ad-
dress, one word or two words, will vary.

NOTE

Timing values are given In the SS and SL columns of the Instruction set summary
for all addressing modes, even where the address representation does not apply.
Thess values are glven to indicate that the time requirements are the same for
bolh segmented and nonsegmented modes.

lNS’fRUCTION SET SUMMARY

The Z8003/4 provides the following types of Instructions:
® Load and Exchange

B Arithmetic

B Logical

® Program Control

m  Bit Manipulation

m Rotate and Shift

H Block Transfer and String Manipulation
R Input/Output

m CPU Control

2084-017
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Load and Exchange . . . '
Clock Cycles
Addr. Word, Byte Long Word
Mnemonics  Operands Modes NS SS SL NS SS SL  Operation
CLR dst . R L1 7 7 Clear
CLRB " IR . 8 8 8 i dst ~ 0
- DA - . 11 12 14
) X 12 12 15
EX R.src R ’ 6 6 6 . Exchange
EXB : ) IR 12 12 12 R « sr¢
. - DA . 15 16 18
X 16 16 19
LD Rsre - R 3 3 3 5 5 5 Load Into Reglster
LDB M - 7 7 7 11 " 1 Resrc
LDL IM 5(byte only)
: R - 7 7 7 N iA! 1"
DA 9 " 10 12 12 13 15
X 10 10 13 13 13 16
BA 14 14 14 17 17 17
BX 14 14 14 17 17 17
LD dst,R IR 8 8 . 8 11 11 - 11 Load Into Memory (Store)
LDB DA 11 12 14 14 15 17 dst =R
LoL : X 12 7 12 7 16 15 15 18
BA 14 14 14 17 17 17 -
BX 14 14 14 17 17 17
LD dst, IM IR 11 11 11 ! Load Immediate Into Memory
LDB B DA 14 15 17 dst — IM
X 165 15 18 - . -
LDA R,src DA 12 i3 . 15 Load Address
Lo X 13 13 16 L R «— source address
BA 5. 15 . 15 ’
BX 15 15 15
LDAR R, src RA 15 - 15 15 ’ Load Address Relative
. ' R « source address
LDK R,src IM 5 5 . .5 . Load Constant
R—n{n=0...15)
LDM R.sC,N R 1 11 Load Multiple
DA 14 15 17 +3n R ~— src (n consacutive words)
X 15 15 18 : (n=1..16) |
LDM dst,R,n IR 11 11, 1 .. . Load Multiple (Store Multiple) . i
DA 14 15 17 +3n dst — R (n consecutive words) |
X 15 15 18 “(n=1...16)
LDR R,src RA 14 | 14 14 17 17 17 Load Relative
LDRB : - R — src - }
LDRL - {range -32768 ... +32767) . |
LDR dst,R RA 14 14 14 17 17 17 Load Relative (Store Relative)
LDRB dst -~ R |
LDRL ‘ (range -32768 ... +32767) |
|
POP dst, IR R '8 8 -8 12 12 12 Pop . ' |
POPL IR 12 12 12 19 19 19 dst—IR |
DA 16 16 18 28 23 25  Autcincrement contents of R |
X 16 16 19 23 23 26 |
PUSH IR,8rc R 9 9 9 12 12 12 Push
PUSHL IM 12 12 12 Autodecrement contents of R
iR 13 13 13 20 20 20 [IR.~src
DA 13 14 16 21 21 23
X 14 14 17 21 21 24
458
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Arithmetic
Clock Cycles
Addr. Word, Byte Long Word !
Mnemonics  Operands Modes NS §S SL NS SS SL  Operation
ADC R,src R 5 5 5 Add with Carty
ADCB R ~ R + carry + src
ADD R,src R 4 4 4 8 8 8 Add
ADDB M 7 7 7 14 14 14 R~—AR+ src
ADDL IR 7 7 7 14 14 14
DA 9 10 i2 18 16 18
X 10 10 13 16 16 19
cp R,src R 4 4 4 8 8 . 8 Compare with Reglster
CcPB M 7 7 7 14 14 14 R-src
CPL IR 7 7 7 14 14 14
DA 9 10 12 15 16 18
X 10 10 13 186 16 19
cp dst, IM iR 11 1 11 Compare with Inmediate
CPB DA 14 15 17 dst - IM
X 15 15 18 ’
DAB dst R 5 5 5 Decimat Adjust
DEC dst,n R 4 4 4 Decrement by n
DECB IR 11 11 1 dst «— dst~n
DA 13 14 i6 n=1..16)
X 14 14 17
DIV A,src R 107 107 107 744 744 744  Dlvide (signed)
DIVL M 107 107 107 744 744 744 Word: Rpgq = Rpne1 + STC
IR 107 107 107 744 744 744 Rp ~ remainder
DA 108 109 111 745 746 748 Long Word: Rn42,n+3 « An...n+3 + 81C
X 109 109 112 746 746 749 n,n+1 — rematnder
EXTS dst R 11 H 1M1 1 1 11 Extend Sign
Extend sign of low order half of dst
through high order haif of dst
R 4 4 4 Increment by n
R 11 11 11 dst — dst + n
DA 13 14 16 (n=1..16)
X 14 14 17
R 70 70 70 282* 282* 282* Mulllply (signed)
M 70 70 70 282+ 282* 282* Word: Rypn44 * Rn4 1 ° SrC
IR 70 70 70 282+ 282* 282* Long Word: Ry, .n+3 — Bn+2in+3*81C
DA KAl 72 74 283* 284* 286* *Plus seven cycles for each 1 In the
X 72 72 75 284* 284* 287*  absolute value of the low order word of
the muitipticand
R 7 7 7 Negate
R 12 12 12 dst — -dst
DA 15 16 18
X 16 16 19
R 5 5 5 Subtract with Cany
R — R - src - carry
R 4 4 4 8 8 8 Subtract
M 7 7 7 14 14 14 Re-—R-sre
IR 7 7 . 7 14 14 14
DA 9 10 12 15 16 18
X 10 10 13 16 16 19
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Loglcal

Clack Cycles
Addr. Word, Byte Long Word
Mnemonics  Operands Modes NS SL NS SS SL  Operatlon
AND .
ANDB R,src R 4 4 4 And
IM 7 7 7 R — R AND src
IR 7 7 7
DA 9 10 12
X 10 10 13
COoM dst R 7 7 7 Complement
COMB IR 12 12 12 dst — NOT dst
DA 15 16 18
X 16 16 19
OR R,src R 4 4 4 OR
ORB M 7 7 7 R —~ RORsrc
IR 7 7 7
DA 9 10 12
X 10 10 13
TEST dst R 7 7 7 13 13 13 Test
TESTB IR 8 8 8 13 13 i3 dstORO
TESTL DA 1 12 14 16 17 19
X 12 12 15 17 17 20
TCC co,dst R 5 5 5 Test Condition Code
TCCB Set LSB If cc Is true
XOR R,src R 4 4 4 Exclusive OR
XORB M 7 7 7 R -~ R XOR src
IR 7 7 7
DA [} 10 12
X 10 10 13
Program Control
Clock Cycles
Addr. Word, Byte Long Word
Mnemonics  Operands Modes NS sS SL NS S8 SL  Operation
CALL dst IR 10 15 15 Call Subroutine
DA 12 18 20 Autodscremsnt SP
X 13 18 21 @ SP —~ PC
PC ~ dst
CALR dst RA 10 15 15 Call Relative
Autodecrement SP
@ SP —~ PC
PC «— PC + dst .
(range -4094 to + 4096)
DJINZ R, dst RA 11 " 11 Decrement and Jump If Non-Zero
DBJINZ R~R-1
ifR # 0: PC — PC + dst
{range -254 fo 0)
IRET* 13 16 16 interrupt Return
PS — @ SP
Autoincrement SP
JP co,dst R 10 15 15 (taken) Jump Conditional- -
iR 7 7 7 {(not taken) If cc Is true: PG — dst
DA 7 8 10 ’
X 8 8 11

*Privileged instructions; executed in system mode only.
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Program Control (Continued)

Clock Cycles
Addr. Word, Byte Long Word
Mnemonics  Operands Modes NS sS SL NS 8S SL  Operation
RET ce ) - 10 13 13 (taken) Return Conditional
: : 7 7 7 (not taken) If ¢c is true: PC — @SP
) Autolncrement SP
sC src M 33 39 39 System Call
Autoincrement SP
@ SP «~ Old PS

Push Instruction
PS ~ System Call PS

BIT dst,b R 4 4 4 Teost Bit Statlc
BITB IR 8 8 8 Z flag — NOT dst bit specified by b
DA 10 1 13 N
X 1 11 14 0
BIT dst,R R 10 10 10 Test Bit Dynamic 8
BITB Z flag — NOT dst bit spacified by (%]
: contents of R ;
Bit Manlpulation ;
-]
Clock Cycles (-]
Addr. Word, Byte Long Word
Mnemonics  Operands Modes NS sS SL NS sS SL Operation
RES dst,b R 4 4 4 Reset Bit Statlc
RESB IR 1 1 1 Reset dst bit specified by b
3 ’ DA 13 14 16
X 14 14 17
RES dst,R R 10 10 10 Reset Bit Dynamic
RESB Reset dst bit specified by contents R
SET dst,b R 4 4 4 Set Bit Statle
SETB IR 1 1 1. Set dst bit specifled by b
SET dst,R R 10 10 10 Set Bit Dynamle
SETB Set dst blt specified by contents of R
TSET dst R 7 7 7 Test and Set
TSETB IR 11 1 1 Stlag ~ MSB of dst
DA 14 15 17 dst — ali 18
X 15 15 18
Rotate and Shift
Clock Cycles
i Addr. Word, Byte Long Word
Mnemonlcs  Operands Modes NS §S SL NS S8 8L  Operation
RLDB R,sre R ] 9 9 Rotate Left Digit
RRDB R,sro R 9 ) -] Rotate Right Digilt
AL dst,n R 6forn=1 Rotate Left
ALB R 7forn=2 Rotate dst by n bits (n = 1,2)
RLC dst,n R 8forn=1 Rotate Left through Carry
RLCB R 7forn=2 Rotate dst by n bits (n = 1,2)
: RR dst,n R 6forn=1 Rotate Right
i RRB R 7forn=2 Rotate dst by nbits (n = 1.2)
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Clock Cycles
Addr. Word, Byte Long Word
Mnemonics  Operands Modes NS 8§ SL NS §S SL  Operation
RRC dst,n R gforn=1 Rotate Right through Canry
RRCB R 7forn=2 Rotate dst by n bifs (n = 1,2)
SDA dst,R R (15 + 3n) (15 + 3n) Shift Dynamic Arithmetlc
SDAB Shift dst left or right by contents of R
SDAL
SDL dst,R R (15 + 3n) (15 + 3n) Shift Dynamic Logical
SDLB Shift dst left or right by contents of R
SDLL
SLA dst,n R (13 + 3n) (13 + 3n) Shift Left Arithmetic
SLAB Shift dst left by n bits
SLAL
SLL dst,n 3] (13 + 3n) (13 + 8n) Shift Left Logical
SLLB . Shift dst left by n bits
SLLL
SRA dst,n R (13 + 3n) (13 + 3n) Shift Right Arithmetic
SRAB Shift dst right by n bits
SRAL
SRL dst,n R (13 + 3n) (13 + 3n) Shift Right Loglecal
SRLB . Shift dst right by n bits
SRLL
Block Transfer and String Manlpulation
Clock Cycles
Addr., Word, Byte Long Word
Mnemonics  Operands Modes NS Ss SL NS 8§ SL Operation
CPD Ry, src, IR 20 20 20 Compare and Decroment
CPDB Ry,cc Ry - src
Autodecrement src address
Ry = Ry -1
CPDR Ry, src, IR (11 + 9n) Compare, Decrement and Repeat
CPDRB Ry.cc Ry - src
Autodecrement src address
Ry = Ry -1
Repeat until cc is true or Ry = 0
CPI Ry, sre, IR 20 20 20 Compare, Decremsnt and Repeat
CPDRB Ry,co Ry - sre
Autodecrement src address
Ry — Ry -1
CPIR Ry, 810, IR (11 + 9n) Compare, Increment and Repeat
CPIRB Ry,co Rx - src
Autolncrement src address
Ry = Ry-1
Repeat untll cc is true or Ry = 0
CPSD dst, src, IR 25 25 25 Compare String and Decrement
CPSDB R,c0 dst «— src
Autodecrement dst and src addresses
R—AR-1
CPSDR dst, sre, IR (11 + 14n) Compare String, Decroment and Repeat
CPSDRB R,cc dst — src
- Autodecrement dst and src addresses -
Re~R-1 o
Repeat until cc Istrue or R = 0
462 -




| 9984043 z1L06 inc =

TZILOG INC 72
...  _12c 05518 DT-44-17-1p

TR

E

3 N S R S L SN R
D 9984043 0005

Block Transfer and String Manipulation (Continued)

Mnemonics

Operands

Clock Cycles

Addr.
Modes

Word, Byte
NS $S

SL NS

SL Operation

CPS!I
cpsiB

dst,sre,
R,cc

25 25 25

Compare String and Increment

dst - sre

Autoincrement dst and $rc addresses
R~R-1

CPSIR
CPSIRB

dst,src,
R,cc

(11 + 14n)

Compare String, Increment and Repeat
dst - src

Autoincrement dst and src addresses
R~R-1

Repeat untll ce istrueor R = 0

LDD
LDDB

dst,src, R

Load and Decrement

dst « src

Autodecrement dst and src addresses
R~R-1

LDDR -
LDDRB

dst,src, R

(11 + 9n)

Load, Decrement and Repeat

dst — src

Autodecrement dst and src addresses
R~R-1 ’

Repeat untiiR = 0

LDI
LDIB

dst,sre,R

20 20 20

Load and Incroment

dst ~ src

Autoincrement dst and src addresses
R~R-1

LDIR
LDIRB

dst,sre,R

(11 + 8n)

Load, Increment and Repeat

dst «— src

Autoincrement dst and src addresses
R—~R-1

Repeat untiiR = 0

TRDB

dst,sre,R

26 25 25

Translate and Decrement
dst — src (dst)
Autodecrement dst address
R—~R-1

TRORB

dst,src,R

(11 + 14n)

Translate, Decrement and Repeat
dst — sro (dst)

Autodecrement dst address
R~R-1

Repeat untiiR = 0

TRIB

dst,src,R

25 25 25

Translate and Increment
dst «~ src (dst)
Autolncrement dst addre:
R~R-1 .

TRIRB

dst,sre, R

(11 + 14n)

Translate, Increment and Repeat
dst — src (dst)

Autolncrement dst address
R~R-1

Repeat untilR = 0

TRTDB

src1,src2,R

IR -

25 25 25

Translate and Test, Decrement
RH1 — sre 2 (sret)
Autodecrement srci1 address
ReR-~1

TRTDRB

grci,8re2,R

IR

(1 + 14n)

Transldte and Test, Decrement
and Repeat
RA1 «— sro2 (srct)
~Autodecrement src1 address
< R+~=R~1
Repeat untiilR = O or RH1 = 0
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Block Transfer and String Manipulation (Continued) =~ .. - . : S0 e
' Clock Cycles - -
’ Addr. Word, Byte Long Word .
Mnemonics  Operands Modes NS $S SL NS SS SL Operation .
TRTIB . . _srei,sre2,R-. IR .~ - 25 25 25 - Translate and Test, Increment :
L - - i RH1 «-~ src2 (srct) <
S TE T el e L n el - Autoincrement src1 address
: i R~R-1
TRTIRB srci,src2, R IR . (11 + 14n) . . Translate and Test, Increment
R and Repeat .
T - R RHT « sro2 (sre1)
PR . i ~ Autoincrement src1 address
B o R~R-1
- - - Repeatuntiil R = OorRHY = 0
Input/Output
L. Clock Cycles . .
- . Addr. Word, Byte Long Word - -
Mnemonics  Operands Modes NS SS SL NS §S SL  Operation
. IN* R,src TR 10 10 10 Input
5 INB* - DA . 12 12 12 R+~ sre
IND* | dsi.src,R R .- 21 21 21 : Input and Decrement
INDB* . dst -~ sre
: . ) Autodecrement dst address
R~R-1
INDR* dst,src,R | IR ,' (11 + 10n) i Inpdt, Decrement and Repeat
INDRB* . dst — sre
- . Autodecrement dst address
R—~R-1
- Repeat untilR = 0
CINg dsterqR R . 21 21 21 ' input and Increment
INIB* R dst « sre
. . Autolncrement dst address
R—R~1
- |
INIR* dst,erc,B . IR . . (11 + 10n) R Input, Increment and Repeat |
INIRB* , - dst « src ‘
. .. Autolncrement dst address
Re—R-1. ‘
Repeat untifR = 0 |
out* dstR . R 0 10 10 . . Output - |
ours* . DA 12 12 12 dst — R ‘
ouTD* dst,sre, R IR .21 21 21 Output and Decrement
ourtbs* . . . Lo dst — src
e Autodecrement src address
R=R-1
OTDR* dst,src,R R (11 + 10n) Output, Decrement and Repeat
OTDRB* ) = ) dst — src |
. U o “ - - Autodecrement src address |
e e . R~R-1 - ‘ |
: : Repeatuntl R = 0 |
outi* dstere,R IR 21 20 21 Output and Increment
ouTIB* . . S . dst = src
Coee L : ) . Autoincrement src address
e " R=R-~-t1

*Privileged instructions; executed in system mode only.
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Clock Cycles - ~

Autoincrement src address
R~R-1
Repeat untiiR = 0

Addr. Word, Byte Long Word
Mnemonics  Operands " Modes NS §S SL NS S§S SL  Operation
OTIR* dsl,src.ﬂ‘ . » i) (it + 10n) Output, increment and Repeat
OTIRB* . . dst « sro .
. Autolncrement src address
R—R-1
. Repeat untllR = 0
SIN* R,src DA 12 12 12 Speclal Input
SINB* . R «~ src
SIND* dst,sre,R IR 21 21 21 Speclal Input and Dscrement
SINB* e dst «— sre
Autodecrement dst address
. R~R-1
SINDR* dst, sre, R ‘IR (11 + 10n) Speclal Input, Decrement and Repeat
SINDRB* . . . dst — src
- Autodecrement dst address P
R~R-1
Repeat untliiR = 0
SINI* dst,src,R . IR 21 21 21 Speclal Input and increment
SINIB* . - dst — src
Autoincrement dst address,
R~R-1
SINIR* dst,sre,R .. IR (11 + 10n) Speclal Input, Increment and Repeat .
SINIRB* o .. dst = src S
Autoincrement dst address
R«~R-1
Repeat untilR = 0
souT* dst,sre DA 12 12 12 Speclal Output
souTts* = dst - src
SOuUTD* dst,sre,R IR 21 21 21 Speclal Output and Decrement
SOUTDB* . . dst « src
R o Autodecrement src address
R~R-1
SOTDR* dst,src,R ' R (11 + 10n) Speclal Qutput, Decrement and Repeat
SOTDRB* .. dst — src . .
. Autodecrement src address
R~R-~1
Repeat untiiR = 0
souTI* dst, src,R IR 21 21 21 Speclal Output and Incremant
sSouTiB* dst — sre
Aufoincrement src address
R«~R-1 :
SOTIR* dst,src,R R (11 + 10n) Special Qutput, Increment and Repoat
SOT!RB' dst «— src

*Privileged instructions; executed in system mode only.
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CPU Control
Clock Cycles
L Addr. Word, Byte Long Word
Mnemonics Operands .  Modes NS SS SL NS SS SL Operation
COMFLG flags - 7 7 7 Complement Flag
) T oo (Any combination of C,Z,S,PIV)
DI* int - - & 7 7 7 Disable Interrupt
(Any combination of NVI, VI)
El* Int ’ 7 07 7 ; . Enable Interrupt
) . . (Any comblnation of NVI, Vi)
HALT* ) 8 + 3n) _— HALT
LoCTL* CTLR,src R 7 7 7 Load Into Control Reglster
) CTLR — src
LDCTL®* dst,CTLR R 7 7 7 Load from Control Register
. N : dst — CTLR
LDCTLB FLGR,src ~ R ’ 7 7 7 Load Into Flag Byte Reglster
. FLGR + src
LDCTLE dstFLGR A . 7 7 7 Load from Flag Byte Register
. : = dst — FLGR
LDPS* 1 - IR 12 16 16 Load Program Status
DA 16 20 22 PS -~ src
X 17 20 23 -
MBIT* R 7 7 7 Test Multl-Micro BIt
Co. : Set S if Ml is Low;
clear § if Mi is High
MREQ* dst R (12 + 7n) Multi-Micro Request
MRES* 5 5 5 Mult-Micro Reset
MSET* : 5 5 5 ) Multi-Micro Set
NOP 7 7 7 No Operation
RESFLG flag - ' 7 7 7 Reset Flag
RN B (Any comblnation of C,Z,S,P/V)
SETFLG flag 7 7 7 . Set Flag
’ (Any comblnation of C,Z,S,PV)

*Privileged instructions; executed in system made only.
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Ly

Extended Instructions

Clock Cycles
Addr.
Function o Modes NS §s SL  Operation
Memory —~ EPU - R (11 +3n) (11 +3n) (11 + 3n) Load Memory from EPU
T ’ DA (15'+ 3n) (15 + 3n) (18 + 3n) Write n words from EPU Into memory
X (14 + 3n) (15+ 3n) (17 + 3n) .
EPU «— Memory IR (11 + 3n) (11 +3n) (11 + 3n) Load EPU from Memory
DA (15 + 3n) (15 + 3n) (18 + 3n) Read n words from memory into EPU
X (14 + 3n) (15 + 3n) (17 + 8n)
CPU — EPU Registers (11 +4n) (11 + 4n) (11 + 4n) Load VMPU from EPU
Transfer n words from EPU to Z-VMPU registers
EPU —~ CPU Regléters (11 + 4n) (11 +4n) (11 + 4n) Load EPU from VMPU
Transfer n words from Z-VMPU registers to EPU
Flags — EPU 15 15 15 Load FCW from EPU
Load Information from EPU Into flags of the
Z-VMPU's Flag and Control Word
EPU + Flags 15 15 15 Load EPY from FCW

Transfer information from Z-VMPU's Flag and
Control Word to EPU

EPU Internal Operations

(11 + 4n) (11 +4n) (11 + 4n)

Internal EPU Operations

Z-VMPU treats this template as a "‘no-operations";

it is typically used to initiate an internal EPU
operation. The character Is a fleld in the
Instruction.
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ABSOLUTE MAXIMUM RATINGS

Voltages on all pins with respect

POGND . . i it -0.3Vto +7.0V
Operating Ambient Temperature . . ....... 0°Cto +70°C
Storage Temperature . ... ... ... -65°Cto +150°C

Stresses greater than those listed under Absolute Maximum Ratings may
cause permanent damage to the device. This is a stress rating only; opera-
tion of the device at any condition beyond those indicated inthe operational
section of this specification is not implied. Exposure to absolute maximum °
rating conditions for extended pariods may affect device reliability.

.STANDARD TEST CONDITIONS

Standard test temperature/operating voltage ranges are

presented below. All voltages are referenced to GND. Posi- -

tive current flows into the referenced pin.
m 0°Cto +70°C, +4.75V < Voo < +5.26V
m -40°Cto +85°C, +4.75V< Voo < +5.25V

All ac parameters assume a load capacitance of 100 pf max,
except for parameter 6, which has a load capacitance of 50
pf max. Timing references between two output signals as-
sume a load difference of 50 pf max.

The Ordering Information section lists package temperature
ranges and product numbers. Package drawings are in the

Package Information section. Refer to the Literature List for

additional documentation.
+6V

21K
FROM QUTPUT
UNDER TEST

250

100 pt ]: A

Figure 18, Standard Test Load

DC CHARACTERISTICS
Symbol Parameter Min Max Unit Condition
VeH Clock Input High Voltage Vcc—-0.4 Vec+0.3 \ Driven by External Clock Generator
VoL Clock Input Low Voltage -0.3 0.45 \ Driven by External Clock Generator
ViH Input High Voltage 2.0 Ve +0.3 v
ViL Input Low Voltage -03 0.8 \
VoH Output High Voltage 24 v loH = —250A
VoL Qutput Low Voltage 0.4 \ loL = +2.0mA
IR Input Leakage +10 A 0.4V +2.4V
loL Output Leakage +10 A 0.4Vout + 2.4V
lcc Vcc Supply Current 300 mA 4 + 6 MHz commercial
' 400 mA Extended Temp. Range
400 mA 10 MHz Speed Range
AC CHARACTERISTICSt
Z8003/28004 ZBO0D3A/Z8004A Z8003B/Z8004B
(4 MH2) (6 MHz) (10 MH2)
Number Symbol Parameter Min Max Min Max Min Max
1 TeC Clock Cycle Time 250 2000 165 2000 100 2000
2 TwCh Clock Width (High) 105 2000 70 2000 40
3 TwCl Clock Width (Low) 105 2000 70 2000 40
4 TIC Clock Fall Time 20 10 10
5 TrC Clock Rise Time 20 15 10
6 TAC(SNv) Clock 1 to Segment Number Valid 130 110 70
(50 pF load) -
7 TdC(SNn) Clock | to Segment Number Not Vaild 20 10 5
8 TdC(Bz) Clock 1 to Bus Float 65 55 40
9 TdC(A) Clock t to Address Valid 100 75 50
10 TdC(Az) Clock { to Address Float 65 ) 40
" TdA(DR) Address Valid to Read Data Required Vaild 475* - 305* 180*
12 TsDR(C) Read Data to Clock | Setup Time 30 20 10
13 TdDS(A) DS 1 to Address Active 80* . 45* 20*
14 TdG(DW) Clock t to Write Data Valld 100 75 50
156 ThDR(DS) Read Data to DS 1 Hold Time 0 0 0
16 TdDW(DS) Write Data Valid to DS t Delay 205* 195* 110*
1 Timings are pretiminary and subject to change. Unitsin nanoseconds.
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AC CHARACTERISTICSt (Continued)

Z8003/Z8004 Z8003A/Z8004A Z8003B/Z8004B
(4 MH2) (6 MH z) (10 MH2) -

Number Symbol Parameter Min Max Min ax Min Max

17 TdAMR) Address Valld to MREQ | Delay 55*  35* 20*

18 TdC(MR) Clock | to MREQ | Delay 80 70 40

19 TwMRh MREQ Width (High) 210* 135* 80*

20 TdMR(A) MREQ ! to Address Not Active 70* 35* 20*

21 TdDW(DSW) Write Data Valid to DS | (Write) Delay 55* 35* 15*

22 TdMR(DR) MREQ }_to Read Data Required Valid 370* 230* 140*

23 TdC(MR) Clock | MREQ t Delay 80 60 45

24 TdC(ASf) Clock 1 to AS | Delay 80 ‘60 40

25 TdA(AS) Address Valid to AS 1 Delay 55* 35* 20*

26 TdC(AST) Clock | to AS 1 Delay 90 80 40

27 TdAS(DR) AS 1 to Read Data Requlred Valid 360" 220* 140*

28 TdDS(AS) DS t to AS | Delay 70* 35* 15*

29 TwAS AS Width (Low) 85* 55* 30*

30 TdAS(A) AS 1 to Address Not Active Delay 70* 45* 20*

3 TdAz(DSR) Address Float to DS (Read) | Delay 0 0 0

32 TdAS(DSR) AS t 1o DS (Read) | Delay 80* 55* 30*

33 TdDSR(DR) DS (Read) | to Read Data Required Valid 205* 130* 70*

34 TdC(DSr) Clock | to DS 1 Delay 70 65 45

35 TdDS(DW) DS t to Write Data Not Valid . 75* 45* 25*

36 TdA(DSR) Address Valid to DS (Read) | Delay 180* 110* 65*

37 TdC({DSR) Clock 1 to DS (Read) | Delay 120 85 60

38 TwDSR DS (Read) Width (Low) 275* 185* 110*

39 TdC(DSW) Clock | to DS (Write) | Delay 95 80 60

40 TwDSW DS (Write) Width (Low) 185* 110* 75*

41 TdDSI(DR) DS (1/0) | to Read Data Requilred Valid 330* 210* 120*

42 TdC(DSf) Clock | to DS (//0) § Delay 120 90 60

43 TwDS DS (110) Width (Low) 410* 255* 160*

44 TdAS(DSA) AS { to DS (Acknowledge) | Delay 1065* 690* 410*

45 TdC(DSA) Clock 1 to DS (Acknowledge) | Delay 120 . 85 65

46 TdDSA(DR) DS (Acknowledge) | to Read Data 455* 206* 165*

Required Delay

47 TdC(S) Clock t to Status Valid Delay 110 85 60

48 TdS(AS) Status Valid to AS t Delay 50* 30* 10*

49 TsR(C) RESET to Clock 1 Setup Time 180 70 50

50 ThR(C) RESET to Clock { Hold Time 0 0 0

51 TwiNMI NMI Width (Low) 100 70 50

52 TsNMI(C) NMI to Clock t Setup Time 140 70 50

53 TsVI(C) V_, NVI to Clock t Setup Time 110 50 40

54 ThVI(C) L_NV to Clock 1 Hold Time 20 20 10

55 TsSGT(C) SAT to Clock t Setup Time 70 55 40

56 ThSGT(C) SAT to Clock t Hold Time 0 0 0

57 TsMI(C) M to Clock 1 Setup Time 180 110 80

58 ThMI(C) Ml to Clock 1. Hold Time 0 0 0

59 TdC(MO| Clock t to MO Delay 120 85 70

60 TsSTP(C, STOP to Clock | Setup Time 140 80 50

61 ThSTP(C) STOP to Clock | Hold Time 0 0 0

62 TsW(C) WAIT to Clock { Setup Time 50 30 20

63 ThW(C) AT to Clock | Hold Time 10 10 5

64 TsBRQ(C) BUSREQ to Clock 1 Setup Time 90 80 60

65 ThBRQ(C) BUSREQ to Clock 1 Hold Time 10 10 ) 5

66 TdC(BAKT) Clock 1 to BUSACK 1 Delay 100 75 60
. 67 TdC(BAK() Clock 1 to BUSACK | Delay 100 75 60

68 TwA Address Valld Wldth 150* 95* 50*

69 TdDS(S) DS t to STATUS Not Valid 8o* 55* 30*

70 TsABT(C) ABORT | to Clock 1 Setup Time 50 30 25

7 ThABT(C) ABORT | to Clock | Hold Time 0 0 0

*Clock-cycle-time-dependent characteristics. See table on
followlng page.

1Timings are preliminary and subject to change. Unlts In
nanoseconds(ns).
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COMPOSITE AC TIMING DIAGRAM
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CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS
28003 Z8003A ~ Z8003B
Number Symbol Equation Equation Equation
11 TdA(DR) 2TcC + TwCh-130 ns 2TcC + TwCh-95ns 2TcC + TwCh -~ 60 ns
13  TdDS(A) TwCl - 25 ns TwCl - 25 ns TwCI-20 ns
16 TdDW(DS) TcC + TwCh~-60ns TeC + TwCh -40 ns TeC + TwCh-30 ns
17 TdAMR) TwCh-50 ns TwCh - 35 ns TwCh-20 ns
19  TwMRh TeC-40 ns TcC-30ns TeC-20ns
20 TdMR(A) TwCl - 35 ns TwCl - 35 ns TwCl - 20 ns
21 TdDW(DSW) TwCh - 50 ns TwCh - 35 ns TwCh - 25 ns
22 TdMR(DR) 2TcC-130 ns 2TcC - 100 ns 27cC-60ns
25 TdA(AS) TwCh-50 ns TwCh - 35 ns TwCh-20ns
27 TdAS(DR) 2TcC -~ 140 ns 2TcC-110ns 2TcC~ 60 ns
28 TdDS(AS) TwCI - 35 ns TwCl - 35 ns TwCI-25 ns
29 TwAS TwCh -20 ns TwCh - 15 ns TwCh-10ns
30 TdAS(A) TwCl - 35 ns TwCl - 25 ns TwCl-20 ns =
32 TdAS(DSR) TwCl - 25 ns TwCi-15ns TwCl - 10 ns »
33 TdDSR(DR) TeC + TwCh - 150 ns . TeC + TwCh- 105 ns TcC + TwCh-70 ns
35 TdDS({DW) TwCl - 30 ns TwCl =25 ns TwCl - 15 ns
36 TdA(DSR}) TeC-70ns TeC - 55 ns TcC-35ns
38 TwDSR TcC + TwCh - 80 ns TeC + TwCh ~50 ns TeC + TwCh-30 ns
40 TwDSW TcC-65ns TcC - 55 ns TeC-25ns
41 TdDSI(DR) 2TcC - 170 ns 2TcC ~ 120 ns 2TcC - 80 ns
43 TwDS 2TcC-90 ns 2TcC~75ns 2TcC-40ns
44 TdAS(DSA) 4TcC + TwCl ~ 40 ns 4TcC + TwCl- 40 ns 4TcC + TwCl - 30 ns
46 TdDSA(DR) 2TcC + TwCh - 150 ns 2TcC + TwCh - 105 ns 2TcC + TWCh-75ns
48 TdS(AS) TwCh-55 ns TwCh-40ns TwCh - 30 ns
68 TwA TeC-90 ns TeC-70ns TeC - 50 ns
69 TdDS(S) TwCl-25ns TwCl-15ns TwCi-10 ns
\
|
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ORDERING INFORMATION :
28003 Segmented VMPU, 4.0 MHz . o Z8004 Nonsegmented VMPU, 4.0 MHz
48-pin DIP e 40-pin DIP
28003 PS . : 78004 PS
Z8003CS - R 28004 CS
- Z8003PE - . 28004 PE
28003 CE 28004 CE
Z8003A Segmentéd VMPU, 6.0 MHz ) Z8004A Nonsegniented VMPU, 6.0 MHz
48-pinDIP | 40-pin DIP
ZBOO3APS ) ' Z8004A PS
Z8003ACS Z8004A CS
Z8003A PE Z8004A PE
Z8003A CE SR Z8004A CE
Z8003B Segmented VMPU, 10.0 MHz : . Z8004B Nonsegmented VMPU, 10.0 MHz
48-pin DIP P 40-pin DIP
Z8003B PS - Z8004B PS
Z8003B CS B Z8004B CS
Z8003B PE : Z8004B PE
Z8003BCE . ) Z8004B CE
Codes

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

C = Ceramic DIP EA R- = Protopack

P = PlastcDIP -~ - - . - - T = Low Profile Protopack
L = CeramiclCC - .7 . . DIP = DualIn-Line Package
V = Plastic PCC T LCC = Leadless Chip Carrier
PCC = Piastic Chip Carrier (Leaded)
TEMPERATURE R . - FLOW . R
= 0°Cto +70°C B =883ClassB

E = —-40°Cto +85°C
M*= —55°Cto +125°C

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

FAvailable soon.
* For Military Orders, contact your local Zilog Sales Office for Military Electricaf Specifications.
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