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1.0 INTRODUCTION

The term ‘‘microcomputer’’ has been used to describe virtually every type of small
computing device designed within the last few years. This term has been applied to
everything from simple “microprogrammed’ controllers constructed out of TTL MSI up
to low end minicomputers with a portion of the CPU constructed out of TTL LSI “bit
slices.” However, the major impact of the LS| technology within the last few years has been
with MOS LSi{. With this technology, it is possible to fabricate complete and very powerful
computer systems with only a few MOS LSI components.

The Mostek Z80 family of components is a significant advancement in the state-of-art of
microcomputers. These components can be configured with any type of standard semi-
conductor memory to generate computer systems with an extremely wide range of
capabilities. For example, as few as two LSl circuits and three standard TTL MSI packages
can be combined to form a simple controller. With additional memory and 1/O devices a
computer can be constructed with capabilities that only a minicomputer could previously
deliver. This wide range of computational power allows standard modules to be constructed
by a user that can satisfy the requirements of an extremely wide range of applications.

The major reason for MOS LS| domination of the microcomputer market is the low cost of
these few LS! components. For example, MOS LSI microcomputers have already replaced
TTL logic in such applications as terminal controllers, peripheral device controllers, traffic
signal controliers, point of sale terminals, intelligent terminals and test systems. In fact the
MOS LS! microcomputer is finding its way into almost every product that now uses
electronics and it is even replacing many mechanical systems such as weight scales and
automobile controls.

The MOS LS| microcomputer market is already well established and new products using
them are being developed at an extraordinary rate. The Mostek Z80 component set has been
designed to fit into this market through the following factors:
1. The Z80 is fully software compatible with the popular 8080A CPU offered from
several sources. Existing designs can be easily converted to include the Z80 as a
superior alternative.

2. The Z80 component set is superior in both software and hardware capabilities to
any other 8-bit microcomputer system on the market. These capabilities provide the
user with significantly lower hardware and software development costs while also
atlowing him to offer additional features in his system.

3. A complete development and OEM system product line including full software
support is available to enable the user to easily develop new products.

Microcomputer systems are extremely simple to construct using Z80 components. Any such
system consists of three parts:

1. CPU (Central Processing Unit}
2. Memory

3. Interface circuits to peripheral devices
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The CPU is the heart of the system. Its function is to obtain instructions from the memory
and perform the desired operations. The memory is used to contain instructions and in most
cases data that is to be processed. For example, a typical instruction sequence may be to
read data from a specific peripheral device, store it in a location in memory, check the
parity and write it out to another peripheral device. Note that the Mostek component set
includes the CPU and various general purpose |/Q device controllers, as well as a wide range
of memory devices. Thus, all required components can be connected together in a very
simple manner with virtually no other external logic. The user’s effort then becomes
primarily one of software development. That is, the user can concentrate on describing his
problem and translating it into a series of instructions that can be loaded into the micro-
computer memory. Mostek is dedicated to making this step of software generation as simple
as possible. A good example of this is our assembly language in which a simple mnemonic
is used to represent every instruction that the CPU can perform. This language is self docu-
raenting in such a way that from the mnemonic the user can understand exactly what the
instruction is doing without constantly checking back to a complex cross listing.



2.0 Z80-CPU ARCHITECHURE

A block diagram of the internal architecture of the Z80-CPU is shown in Figure 2.0-1
The diagram shows all of the major elements in the CPU and it should be referred to

throughout the following description.

Z80-CPU BLOCK DIAGRAM

FIGURE 2.0-1
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2.1 CPU REGISTERS

The Z80-CPU contains 208 bits of R/W memory that are accessible to the programmer.
Figure 2.0-2 illustrates how this memory is configured into eighteen 8-bit registers and
four 16-bit registers. All Z80 registers are implemented using static RAM. The registers
include two sets of six general purpose registers that may pe used individually as 8-bit
registers or in pairs as 16-bit registers. There are also two sets of accumulator and flag

registers.

Special Purpose Registers

1. Program Counter (PC). The program counter holds the 16-bit address of the current

instruction being fetched from memory. The PC is automatically incremented after
its contents have been transferred to the address lines. When a program jump OCcurs
the new value is automatically placed in the PC, overriding the incrementer.

. Stack Pointer (SP). The stack pointer holds the 16-bit address of the current top of

a stack located anywhere in external system RAM memory. The external stack
memory is organized as a last-in first-out {(LIFO) file. Data can be pushed onto the
stack from specific CPU registers or popped off of the stack into specific CPU regis-
ters through the execution of PUSH and POP instructions. The data popped from the
stack is always the last data pushed onto it. The stack allows simple implementation
of multiple levei interrupts, unlimited subroutine nesting and simplification of many
types of data manipulation.

>
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Z80-CPU REGISTER CONFIGURATION

FIGURE 2.0-2
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3. Two Index Registers (IX & 1Y). The two independent index registers hold a 16-bit

base address that is used in indexed addressing modes. In this mode, an index register
is used as a base to point to a region in memory from which data is to be stored or
retrieved, An additional byte is included in indexed instructions to specify a dis-
placement from this base. This displacement is specified as a two's complement
signed integer. This mode of addressing greatly simplifies many types of programs,
especially where tables of data are used.

. Interrupt Page Address Register (1}. The Z80-CPU can be operated in a mode where

an indirect call to any memory location can be achieved in response to an interrupt.
The | Register is used for this purpose to store the high order 8-bits of the indirect
address while the interrupting device provides the lower 8-bits of the address. This
feature allows interrupt routines to be dynamically located anywhere in memory with
absolute minimal access time to the routine.

. Memory Refresh Register (R). The Z80-CPU contains a memory refresh counter to

enable dynamic memories to be used with the same ease as static memories. This 7-bit
register is automatically incremented after each instruction fetch. The data in the
refresh counter is sent out on the lower portion of the address bus along with a
refresh control signal while the CPU is decoding and executing the fetched instruc-
tion. This mode of refresh is totally transparent to the programmer and does not
siow down the CPU operation. The programmer can load the R register for testing
purposes, but this register is normally not used by the programmer,

Accumulator and Flag Registers

The CPU includes two independent 8-bit accumulators and associated 8-bit flag registers.
The accumulator holds the results of 8-bit arithmetic or logical operations while the flag
register indicates specific conditions for 8 or 16-bit operations, such as indicating whether
or not the result of an operation is equal to zero. The programmer selects the accumulator
and flag pair that he wishes to work with with a single exchange instruction so that he may
easily work with either pair.
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General Purpose Registers

There are two matched sets of general purpose registers, each set containing six 8-bit regis-
ters that may be used individually as 8-bit registers or as 16-bit register pairs by the prog-
rammer. One set is called BC, DE, and HL white the complementary set is called BD’, DE’
and HL’. At any one time the programmer can select either set of registers to work with
through a single exchange command for the entire set. In systems where fast interrupt
response is required, one set of general purpose regisiers and an accumulator/flag register
may be reserved for handling this very fast routine. Only a simple exchange command need
be executed to go between the routines. This greatly reduces interrupt service time by
eliminating the requirement for saving and retrieving. register contents in the external
stack during interrupt or subroutine processing. These general purpose registers are used for
a wide range of applications by the programmer. They also simplify programming, especially
in ROM based systems where little external read/write memory is available.

2.2 ARITHMETIC & LOGIC UNIT (ALU)

The 8-bit arithmetic and logical instrdctions of the CPU are executed in the ALU. Internally
the ALU communicates with the registers and the external data bus on the internal data bus.
The type of functions performed by the ALU include:

Add Left or right shifts or rotates (arithmetic and logical)
Subtract Increment

Logical AND Decrement

Logical OR Set bit

Logical Exclusive OR Reset bit

Compare Test bit

2.3 INSTRUCTION REGISTER AND CPU CONTROL

As each instruction is fetched from memory, it is placed in the instruction register and
decoded. The control section performs this function and then generates and supplies all of
the control signals necessary to read or write data from or to the registers, controls the
ALU and provides all required external control signals.
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3.0 Z80-CPU PIN DESCRIPTION

The Z80-CPU is packaged in an industry standard 40 pin Dual In-Line Package. The i/0
pins are shown in Figure 3.0-1 and the function of each is described below.

Z80 PIN CONFIGURATION
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FIGURE 3.0-1
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Ag-A15
(Address Bus)

’ Do-D7
{Data Bus)

M
{(Machine Cycle one)

MREQ
{(Memory Request)

Tri-state output, active high. Ag-A15 constitute a 16-bit address
bus. The address bus provides the address for memory (up to 64K
bytes) data exchanges and for 1/O device data exchanges. 1/0
addressing uses the 8 lower address bits to allow the user to
directly select up to 256 input or 256 output ports. Ag is the
least significant address bit. During refresh time, the lower 7 bits
contain a valid refresh address.

Tri-state input/output, active high. Dg-D7 constitute an 8-bit
bidirectional data bus. The data bus is used for data exchanges
with memory and |/O devices.

Output, active low. TVT1 indicates that the current machine cycle
is the OP code fetch cycle of an instruction execution. Note that
during execution of 2-byte op-codes, M—1 is generated as each op
code byte is fetched. These two byte op-codes always begin with
CBH, DDH, EDH, or FDH. M1 also occurs with IORQ to indicate
an interrupt acknowledge cycle.

Tri-state output, active low. The memory request signal indicates
that the address bus holds a valid address for a memory read or
memory write operation.

13
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Family

fORQ
(Input/Output Request)

RD
(Memory Read)

WR
{(Memory Write)

RFSH
(Refresh)

HALT
(Halt state)

WAIT*
{Wait)

iNT
(Interrupt Request)

2
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Tri-state output, active low. The TORQ signal indicates that the
lower half of the address bus holds a valid 1/0 address for a |/O
read or write operation. An |ORQ signal is also generated with
an M_1 signal when an interrupt is being acknowledged to indicate
that an interrupt response vector can be placed on the data bus.
Interrupt Acknowledge operations occur during Mq time while
1/0 operations never occur during M time.

Tri-state output, active low. RD indicates that the CPU wants to
read data from memory or an 1/0 device. The addressed 1/0 device
or memory should use this signal to gate data onto the CPU data
bus.

Tri-state output, active low. WR indicates that the CPU data bus
holds valid data to be stored in the addressed memory or /O
device.

Output, active low. RFSH indicates that the lower 7 bits of the
address bus contain a refresh address for dynamic memories and
current MREQ signal should be used to do a refresh read to all
dynamic memories, A7 is a logic zero and the upper 8 bits of the
Address Bus contains the | Register.

Output, active low. HALT indicates that the CPU has executed a
HALT software instruction and is awaiting either a non maskable
or a maskable interrupt (with the mask enabled) before operation
can resume. While halted, the CPU executes NOP’s to maintain
memory refresh activity.

Input, active low. WAIT indicates to the Z80-CPU that the add-
ressed memory or |/O devices are not ready for a data transfer.
The CPU continues to enter wait states for as long as this signal is
active. This signal allows memory or 1/0 devices of any speed to
be synchronized to the CPU.

Input, active low. The Interrupt Request signal is generated by
1/0 devices. A request will be honored at the end of the current
instruction if the internal software controlled interrupt enable
flip-flop {IFF) is enabled and if the BUSRQ signal is not active.
When the CPU accepts the interrupt, an acknowledge signal
(TORQ during M1 time) is sent out at the beginning of the next
instruction cycle. The CPU can respond to an interrupt in three
different modes that are described in detail in section 8.

Input, negative edge triggered. The non maskable interrupt request
line has a higher priority than INT and is always recognized at the
end of the current instruction, independent of the status of the
interrupt enable flip-flop. NMI automatically forces the Z80-CPU
to restart to location 0066p. The program counter is automati-
cally saved in the external stack so that the user can return to the
program that was interrupted. Note that continuous WAIT cycles
can prevent the current instruction from ending, and that a
BUSRQ will override a NMI.



RESET Input, active low. RESET forces the program counter to zero and
initializes the CPU. The CPU initialization includes:

1) Disable the interrupt enable flip-flop
2) Set Register | = 00H

3) Set Register R = 00H

4) Set Interrupt Mode 0

During reset time, the address bus and data bus go to a high
impedance state and all control output signals go to the inactive
state. No refresh occurs.

BUSRQ Input, active low. The bus request signal is used to request the
{Bus Request) CPU address bus, data bus and tri-state output control signals to
go to a high impedance state so that other devices can control
these buses. When BUSRQ is activated, the CPU will set these

buses to a high impedance state as soon as the current CPU
machine cycle is terminated.

BUSAK* Qutput, active low. Bus acknowledge is used to indicate to the

(Bus Acknowledge) requesting device that the CPU address bus, data bus and tri-
state control bus signals have been set to their high impedance
state and the external device can now control these signals.

[i?) Single phase system clock.

*While the Z80-CPU is in either a WAIT state or a Bus Acknowledge condition, Dynamic Memory Refresh -
will not occur.

15
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4.0 CPU TIMING

The Z80-CPU executes instructions by stepping through a very precise set of a few basic
operations. These include:

Memory read or write
1/0 device read or write

Interrupt acknowledge

All instructions are merely a series of these basic operations. Each of these basic operations
can take from three to six clock periods to complete or they can be lengthened to syn-
chronize the CPU to the speed of external devices. The basic clock periods are referred to as
T states and the basic operations are referred to as M (for machine) cycles. Figure 4.0-0
illustrates how a typical instruction will be merely a series of specific M and T cycles. Notice
that this instruction consists of three machine cycles (M1, M2 and M3). The first machine
cycle of any instruction is a fetch cycle which is four, five or six T states long {unless
tengthened by the wait signal which will be fully described in the next section). The fetch
cycle (M1) is used to fetch the OP code of the next instruction to be executed. Subsequent
machine cycles move data between the CPU and memory or 1/0 devices and they may have
anywhere from three to five T cycles (again they may be lengthened by wait states to
synchronize the external devices to the CPU). The following paragraphs describe the timing
which occurs within any of the basic machine cycies. In section 7, the exact timing for
each instruction is specified.

BASIC CPU TIMING EXAMPLE

Machine Cycle

M1 M2 [ M3
{OP Code Fetch) {(Memory Read) {Memory Write}

Instruction Cycle

FIGURE 4.0-0

All CPU timing can be broken down into a few very simple timing diagrams as shown in
Figure 4.0-1 through 4.0-7. These diagrams show the following basic operations with and
without wait states (wait states are added to synchronize the CPU to slow memory or
1/0 devices).

4.0-1. Instruction OP code fetch (M1 cycle)

4.0-2. Memory data read or write cycles

4.0-3. 1/O read or write cycles

4.0-4. Bus Request/Acknowledge Cycle

4.0-5. Interrupt Request/Acknowledge Cycle

4.0-6. Non maskable Interrupt Request/Acknowledge Cycle
4.0-7. Exit from a HALT instruction

17
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INSTRUCTION FETCH

Figure 4.0-1 shows the timing during an M1 cycle (OP code fetch). Notice that the PC is
placed on the address bus at the beginning of the M1 cycle. One half clock time later the
MREQ signal goes active. At this time the address to the memory has had time to stabilize
so that the falling edge of MREQ can be used directly as a chip enable clock to dynamic
memories. The RD line also goes active to indicate that the memory read data should be
enabled onto the CPU data bus. The CPU samples the data from the memory on the data
bus with the rising edge of the clock of state T3 and this same edge is used by the CPU
to turn off the RD and MREQ signals. Thus the data has already been sampled by the CPU
before the RD signal becomes inactive, Clock state T3 and T4 of a fetch cycle are used to
refresh dynamic memories. (The CPU uses this time to decode and execute the fetched
instruction so that no other operation could be performed at this time). During T3 and T4
the lower 7 bits of the address bus contain a memory refresh address and the RFSH signal
becomes active to indicate that a refresh read of all dynamic memories should be accom-
plished. Notice that a RD signal is not generated during refresh time to prevent data from
different memory segments from being gated onto the data bus. The MREQ signal during
refresh time should be used to perform a refresh read of all memory elements. The refresh
signal can not be used by itself since the refresh address is only guaranteed to bhe stable
during MREQ time,

INSTRUCTION OP CODE FETCH

M1 Cycle
T Ty T3 Ta T

@ T (B U B R
A0 ~ A5 PL i REFRESH ADDR, )|
wees T L Im T
RD __——L |
LU OO O A s St S i
Wi o / O L
50 - D7 —{ N ]}—
AFSH I__'r

FIGURE 4.0-1
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Figure 4.0-1A illustrates how the fetch cycle is delayed if the memory activates the WAIT
line. During T2 and every subsequent Tw, the CPU samples the WAIT line with the falling
edge of &. If the WAIT line is active at this time, another wait state will be entered during
the following cycle. Using this technique the read cycle can be lengthened to match the
access time of any type of memory device.



INSTRUCTION OP CODE FETCH WITH WAIT STATES

M Cycle
T T2 Tw Tw T3 Tq
® — \ \ \ \ \ [
AQ ~ A15 1 PC REFRESH ADDR. 1
wRea |\ L T
D T\ [
D0 — D7 ; ﬂ}:
i At | |
waTt :::::_—:___\_J'___i’:f\_f_;:.'/_j__#_____—_____i‘_i::___'f:
T r
I

FIGURE 4.0-1A

MEMORY READ OR WRITE

Figure 4.0-2 illustrates the timing of memory read or write cycles other than an OP code
fetch (M1 cycle). These cycles are generally three clock periods long unless wait states are
requested by the memory via the WAIT signal. The MREQ signal and the RD signal are used
the same as in the fetch cycle. in the case of a memory write cycle, the MREQ also becomes
active when the address bus is stable so that it can be used directly as a chip enable for
dynamic memories. The WR line is active when data on the data bus is stable so that it can
be used directly as a R/W pulse to virtually any type of semiconductor memory. Further-
more the WR signal goes inactive one half T state before the address and data bus contents
are changed so that the overlap requirements for virtually any type of semiconductor
memory type will be met.

MEMORY READ OR WRITE CYCLES

Memory Read Cycle Memaory Wrire Cycle ————————

T Ty T3 T Tz T3
¢ -4 1 \ \ \ \ \
AO - ATS Y MEMORY ADDR 1 MEMORY ADDR 1
mREG |\ 1 1\ 1 N
b T /
R |
paresus - oo
war T oo T

i T
FIGURE 4.0-2
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Figure 4.0-2A illustrates how a WAIT request signal will lengthen any memory read or
write operation. This operation is identical to that previously described for a fetch cycle.
Notice in this figure that a separate read and a separate write cycle are shown in the same
figure although read and write cycles can never occur simultaneously.

MEMORY READ OR WRITE CYCLES WITH WAIT STATES

™ T2 Tw Tw T3 T
M A \ \ \ S
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FIGURE 4.0-2A

20

INPUT OR OUTPUT CYCLES

Figure 4.0-3 illustrates an 1/O read or 1/O write operation. Notice that during |/O operations
a single wait state is automatically inserted. The reason for this is that during /O operations,
the time from when the 1ORQ signal goes active until the CPU must sample the WAIT line
is very short and without this extra state sufficient time does not exist for an |/O port to
decode its address and activate the WAIT line if a wait is required. Also, without this wait
state it is difficult to design MOS 1/0 devices that can operate at full CPU speed. During
this wait state time the WAIT request signal is sampled. During a read 1/O operation, the
RD line is used to enable the addressed port onto the data bus just as in the case of a
memory read. For 1/0 write operations, the WR line is used as a clock to the /O port, again
with sufficient overlap timing automatically provided so that the rising edge may be used as
a data clock.

Figure 4.0-3A illustrates how additional wait states may be added with the WAIT line.
The operation is identical to that previously described.

BUS REQUEST/ACKNOWLEDGE CYCLE

Figure 4.0-4 illustrates the timing for a Bus Request/Acknowiedge cycle. The BUSRQ
signal is sampled by the CPU with the rising edge of the last clock period of any machine
cycle. If the BUSRQ signal is active, the CPU will set its address, data and tri-state control
signals to the high impedance state with the rising edge of the next clock pulse. At that
time any external device can control the buses to transfer data between memory and 1/0
devices. (This is generally known as Direct Memory Access [DMA] using cycle stealing).
The maximum time for the CPU to respond to a bus request is the length of a machine
cycle and the external controller can maintain control of the bus for as many clock cycles
as is desired. Note, however, that if very long DMA cycles are used, and dynamic memories
are being used, the external controller must also perform the refresh function. This situation
only occurs if very large blocks of data are transferred under DMA control. Also note that
during a bus request cycle, the CPU cannot be interrupted by either a NMI or an INT signal.



INPUT OR OUTPUT CYCLES
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INPUT OR OUTPUT CYCLES WITH WAIT STATES
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BUS REQUEST/ACKNOWLEDGE CYCLE

Any M Cycle Bus Available States
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FIGURE 4.04

INTERRUPT REQUEST/ ACKNOWLEDGE CYCLE

Figure 4.0-5 illustrates the timing associated with an interrupt cycle. The interrupt signal
(TNT) is sampled by the CPU with the rising edge of the last clock at the end of any in-
struction. The signal will not be accepted if the internal CPU software controlled interrupt
enable flip-flop is not set or if the BUSRQ signal is active. When the signal is accepted a
special M1 cycle is generated. During this special M1 cycle the IDRQ signal becomes active
{(instead of the normal MREQ) to indicate that the interrupting device can place an 8-bit
vector on the data bus. Notice that two wait states are automatically added to this cycle.
These states are added so that a ripple priority interrupt scheme can be easily implemented.
The two wait states allow sufficient time for the ripple signals to stablilize and identify
which 1/0 device must insert the response vector. Refer to section 8.0 for details on how the
interrupt response vector is utilized by the CPU.

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

Last M Cycle LS ]
of Instruction
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FIGURE 4.0-5
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