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Zilog Z80 Family
An Industry Standard 8-Bit Architecture
with 16-Bit Migration Path

Zilog remains an industry leader, thanks to continuing
innovation in integrated design and new superintegration
technology. At Zilog, innovation means using proven,
sophisticated mainframe and minicomputer concepts and
translating them into the latest LSI technologies. Integra-
tion means more than designing an ever-greater number of
functions onto a single chip.

This guide to the Z80 family of state-of-the-art micropro-
cessors andintelligent peripheral controllers demonstrates
Zilog's continued support for the Z80 microprocessor and
the other members of the Z80 product family - family first
introduced in 1976 that continues to enjoy growing cus-
tomer support while family chips are upgraded to newer
and ever-higher standards.

The Z8400/84C00 CPU Central Processing Unit rapidly
establisheditself as the most sophisticated, most powerful,
and most versatile 8-bit microprocessor in the world.

In addition to being source-code compatible with the 8080A
microprocessor, the Z80 offers more instructions than the
8080A (158 vs 78) and numerous other features that
simplify hardware requirements and reduce programming
effort while increasing throughput. The dugl-register set of
the Z80 CPU allows high-speed context switching and
more efficient interrupt processing. Two index registers
give additional memory addressing flexibility and simplify
the task of programming. Interfacing to dynamic memory
is simplified by on-chip, programmable refresh logic. Block
moves plus string and bit manipulation instructions reduce
programming effort, program size, and execution time.
The CMOS versions of the family retain all the functions of
the standard NMOS components while providing dramatic
power savings and increased reliability.

The four traditional functions of a microcomputer system
(parallel /O, serial I/O, counting/timing, and direct memory
access) are easily implemented by the following well-
proven family of Z80 peripheral devices: Z80 PIO, Z80 SIO,
780 DART, Z80 CTC, and Z80 DMA.

The easily programmed, dual channel Z8420/84C20 Z80
PIO Parallel Input/Output Controller offers two 8-bit I/O
ports with individual handshake and pattern recognition
logic. Both I/O ports operate in either a byte or a bit mode.
In addition, this device can be programmed to generate
interrupts for various status conditions.

All common data communications protocols, asynchro-
nous as weil as synchronous, are remarkably well handled
by the 28440/84C40 Z80 SIO Serial Input/Output Con-
troller. This dual-channel receiver/transmitter device of-
fers on-chip parity and CRC generation/checking. FIFO
buffering and flag and frame detection generation logic are
also offered.

It asynchronous-only applications are required, the cost
effective Z8470 Z80 Dart Dual Asynchronous Receiver/
Transmitter can be used in place of the Z80 SIO. The Z80
Dart offers all Z80 SIO asynchronous features in two
channels.

Timing and event-counting functions are the forte of the
78430/84C30 Z80 Counter/Timer Controller. The CTC
provides four counters, each with individually program-
mable prescalers. The CTC is a convenient source of
programmable clock rates for the SIO.

With the Z8410/84C10 Z80 DMA Direct Memory Access
Controller, data can be transferred directly between any
two ports (typically, /O and memory). The DMA transfers,
searches, or search/transfers data in Byte-by-Byte, Burst,
or Continuous modes.

The Z180 microprocessor integrates an enhanced Z80
CPU and many of the functions traditionally assigned to
peripheral circuits onto asingle chip. The Z180 provides an
easy software upgrade path. Old Z80 designs can be
converted to the Z180 with essentially no loss in software
investment. New designs will benefit from the processor’s
low cost, powerfulinstruction set, real low power consump-
tion, and high level of integration. Recent advances in
CMOS technology and chip-packing densities inspired the
Z180. The processor is essentially a Z80 core (with a few
addedinstructions), and anumber of on-board peripherals.
The most important of these is Memory Management Unit
(MMU), which translates 16 bit addresses to 20 bits.
Although this translation gives programs access to 1 MB of
memory, the code uses only 16 bit (64K) addresses. Z80
software compatibility is thus completely maintained. Other
Z180 peripherals include two 16 bit counter/timers, pro-
grammable refresh and wait state generation, a pair of
DMA controllers, and three serial ports with on-chip baud
rate generation. '

The Z80280 brings 16-bit CPU and sophisticated features




required by complex, high performance applications to the
Z80 architecture. 7280 maintains complete object code
compatibility with the Z80. One of the unique features of
the Z280 is its bus size. By strapping a single pin on the
chip, the designer can select 8 or 16 bit bus widths. Thus
to use existing designs, an 8-bit Z80 compatible bus can be
used. Higher performance systems can be designed using
the Z280’s 16 bit mode, in which all memory references use
true 16 bit accesses. A single processor can be used in
both medium and high performance products, without
changing the software. The 7280 includes a Memory
Management Unit (MMU), which gives the processor ac-
_cess to 16 MB of memory. Other features of the Z280
include on-chip instruction and cache memory, 3-stage
pipeline, dual operating modes, four channel DMA Control-
ler, three 16 bit counter/timers, programmable refresh and
wait state generation, and a serial port with on-chip baud
rate generation.

Zilog’s Superintegration Strategy

In these days, when success in the semiconductor busi-
ness requires that each competitor have a significant
“edge”, Zilog finds itself in a unique position. Customers
have welcomed ASIC products specifically tailored for their
particular needs. As these chips grow larger, however,
economics dictates that there be a higher degree of organi-
zation in the architecture of the chips than exists with
conventional gate arrays and standard cells; the micropro-
cessor “core” offers the ideal, may be even umque solution
to this requirement.

There are only three or four microprocessor families which
are sufficiently well known in the industry to be recognized
by awide user base. The Zilog Z80 microprocessor family
is well positioned in that ranking.

Zilog is making its microprocessor cores and peripheral
cells available to the industry in a concept we have called
“Superintegration”. In this concept, popular one-chip ar-
rangements of the Zilog cores and cells are offered to our
customers as “standard products” which may be tailoredin
software to meet particular customer needs.

The Zilog Superintegration concept offers three major
benefits:

e The economics, quality and reliability of standard
structures.

e The familiar Zilog product architectures and operat-
ing systems.

®  User customization via software.

One of the first “Superintegration” products of the 780
family is the Z84C90 Killer 1/0 (KIO). This chip combines
the features of Z84C30 (CTC), Z84C4x (SIO), Z84C20
(P10O), abyte-wide bit programmable 1/O port, and a crystal
oscillator on a single chip. The Z84C01 isthe Z80 CPU with
abuilt-in clock generator/controller. The Z84C80 GLUis a
collection of various circuits required to interface Z80 with
memory and /O peripheral devices. The features included
on this chip include; the crystal oscillator, dynamic memory
interface controller, static memory interface, memory and
chip I/O selects, watch-dog timer, five types of wait state
generators, and Z8500 peripheral interface.




ADVANCED INFORMATION

Product Specification

Z8400/Z284C00 NMOS/CMOS
Z80° CPU ‘
Central Processing Unit

January 1989

FEATURES

' The extensive instruction set contains 158 instructions,

including the 8080A instruction set as a subset.
Single 5 volt power supply.

m NMOS versionforlow cost high performance solutions,

-~+——— MREQ Ay p——>
SYSTEM | <—]IORQ Ay >
CONTROL \| «———RD Ay p—
<«——WR As fF—>

CMOS version for high performance low power de-
signs.

NMOS 70840004 - 4 MHz, Z0840006 - 6.17 MHz,
270840008 - 8 MHz.

CMOS 784C0004 - DC to 4 MHz, Z84C0006 - DC to
6.17 MHz, Z84C0008 - DC to 8 MHz, Z84C0010 - DC
to 10 MHz.

6 MHz version can be operated at 6.144 MHz clock.
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Figure 1. Pin Functions

m The Z80 microprocessors and associated family of
peripherals can be linked by a vectored interrupt sys-
tem. This system can be daisy-chainedto allowimplem-
entation of a priority interrupt scheme.

m Duplicate set of both general-purpose and flag registers.
m Two sixteen bit index registers.

B Three modes of maskable interrupts:
Mode 0—8080A similar;
Mode 1—Non-Z80 environment, location 38H;
Mode 2—Z80 family peripherals, vectored interrupts.

m On-chip dynamic memory refresh counter.
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A [ 2 39 [ A

A3 s 38 [] As

A s 7] A
Aas [ s 36 [ As
ck[Je 35[] As
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o [ e 33[] As
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INT [] 16 25 ['] BUSREQ
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Figure 2.40-pin Dual-In-Line (DIP), Pin Assignments
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GENERAL DESCRIPTION

The CPUs are fourth-generation enhanced microproc-
essors with exceptional computational power. They offer
higher system throughput and more efficient memory
utilization than comparable second- and third-generation
microprocessors. The internal registers contain 208 bits of
read/write memory that are accessible to the programmer.
These registers include two sets of six general-purpose
registers which may be used individually as either 8-bit
registers or as 16-bit register pairs. In addition, there are two
sets of accumulator and flag registers. A group of
“Exchange” instructions makes either set of main or
alternate registers accessible to the programmer. The
alternate set allows operation in foreground-background
mode or it may be reserved for very fast interrupt response.

The CPU also contains a Stack Pointer, Program Counter,
two index registers, a Refresh register (counter), and an
Interrupt register. The CPU is easy to incorporate into a
system since it requires only a single + 5V power source. All
output signals are fully decoded and timed to control
standard memory or peripheral circuits; the CPU is
supported by an extensive family of peripheral controllers.
The internal block diagram (Figure 3) shows the primary
functions of the processors. Subsequent text provides more
detail on the I/O controller family, registers, instruction set,
interrupts and daisy chaining, and CPU timing.

8-BIT
DATA BUS

DATA BUS
INTERFACE
INSTRUCTION INSTRUCTION ALU
DECODER <: REGISTER [\ /NIERNAL DATA BUS
+5V —»
GND —> lL REGISTER
ARRA
CLOCK —» ’ v
cpu
TIMING
CONTROL TIMING
ADDRESS
LOGIC AND
BUFFERS
BSYSTEMS S CPU
AND CPU CONTROL
CONTROL  INPUTS 16-BIT
OUTPUTS ADDRESS BUS

Figure 3. Z80C CPU Block Diagram




CPU REGISTERS

Figure 4 shows three groups of registers within the CPU.
The first group consists of duplicate sets of 8-bit registers: a
principal set and an alternate set [designated by ' (prime),
e.g., A']. Both sets consist of the Accumulator register, the
Flag register, and six general-purpose registers. Transfer of
data between these duplicate sets of registers is
accomplished by use of “Exchange” instructions. The
result is faster response to interrupts and easy, efficient
implementation of such versatile programming techniques

MAIN REGISTER SET

as background-foreground data processing. The second
set of registers consists of six registers with assigned
functions. These are the | (Interrupt register), the R (Refresh
register), the IX and 1Y (Index registers) the SP (Stack
Pointer), and the PC (Program Counter). Tne third group
consists of two interrupt status flip-flops, plus an additional
pair of flip-flops which assists in identifying the interrupt
mode at any particular time. Table 1 provides further
information on these registers.

ALTERNATE REGISTER SET

A ACCUMULATOR F FLAG REGISTER

" ACCUMULATOR F

FLAG REGISTER

B GENERAL PURPOSE

C GENERAL PURPOSE

' GENERAL PURPOSE

C' GENERAL PURPOSE

D GENERAL PURPOSE

E GENERAL PURPOSE

' GENERAL PURPOSE

E' GENERAL PURPOSE

H GENERAL PURPOSE L GENERAL PURPOSE

" GENERAL PURPOSE L’ GENERAL PURPOSE

8 BITS

16 BITS

IX INDEX REGISTER

1Y INDEX REGISTER

SP STACK POINTER

PC PROGRAM COUNTER

I INTERRUPT VECTOR R MEMORY REFRESH

8 BITS >

INTERRUPT FLIP-FLOPS STATUS

IFFy IFFy

STORES IFF1
DURING NMi
SERVICE

0 = INTERRUPTS DISABLED
1 = INTERRUPTS ENABLED

INTERRUPT MODE FLIP-FLOPS

IMF, IMFy,

0 INTERRUPT MODE 0
1 NOT USED

0 INTERRUPT MODE 1
1 INTERRUPT MODE 2

~~o0co

Figure 4. CPU Registers

INTERRUPTS: GENERAL OPERATION

The CPU accepts two interrupt input signals: NMI and INT.
The NMI is a non-maskable interrupt and has the highest
priority. INT is a lower priority interrupt and it requires that
interrupts be enabled in software in order to operate. INT
can be connected to multiple peripheral devices in a
wired-OR configuration.

The Z80 has a single response mode for interrupt service
on the non-maskable interrupt. The maskable interrupt,
INT, has three programmable response modes available.
These are:

B Mode 0 — similar to the 8080 microprocessor.

m Mode 1 — Peripheral Interrupt service, for use with
non-8080/Z80 systems.

m Mode 2 - a vectored interrupt scherhe, usually daisy-
chained, for use with the Z80 Family and compatible
peripheral devices.

The CPU services interrupts by sampling the NMi and INT
signals at the rising edge of the last clock of an instruction.
Further interrupt service processing depends upon the type
of interrupt that was detected. Details on interrupt
responses are shown in the CPU Timing Section.

Non-Maskable Interrupt (NMi). The nonmaskable
interrupt cannot be disabled by program control and
therefore will be accepted at all times by the CPU. NMT is
usually reserved for servicing only the highest priority type
interrupts, such as that for orderly shutdown after power
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Table 1. Z80C CPU Registers

Register Size (Bits) Remarks

A A Accumulator 8 Stores an operand or the results of an operation.

FF’ Flags 8 See Instruction Set.

B, B’ General Purpose 8 Can be used separately or as a 16-bit register with C.

[oNe General Purpose 8 Can be used separately or as a 16-bit register with C.

D, D’ General Purpose 8 Can be used separately or as a 16-bit register with E.

E, E’ General Purpose 8 Can be used separately or as a 16-bit register with E.

H,H’ " General Purpose 8 Can be used separately or as a 16-bit register with L.

L L General Purpose 8 Can be used separately or as a 16-bit register with L.

Note: The (B,C), (D,E), and (H,L) sets are combined as follows:
B — High byte C — Low byte
D —Highbyte E— Low byte
H — High byte L — Low byte |

| Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt
processing.

R Refresh Register 8 Provides user-transparent dynamic memory refresh. Automatically
incremented and placed on the address bus during each
instruction fetch cycle.

IX Index Register 16 Used for indexed addressing.

Y Index Register 16 Used for indexed addressing

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in instruction
set.

PC Program Counter 16 Holds address of next instruction.

IFF4-IFF2 Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4).

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4).

failure has been detected. After recognition of the NMI
signal (providing BUSREQ is not active), the CPU jumps to
restart location 0066H. Normally, software starting at this
address contains the interrupt service routine.

Maskable Interrupt (INT). Regardless of the interrupt
mode set by the user, the CPU response to a maskable
interrupt input follows a common timing cycle. After the
interrupt has been detected by the CPU (provided that
interrupts are enabled and BUSREQ is not active) a special
interrupt processing cycle begins. This is a special fetch
(M1) cycle in which IORQ becomes active rather than
"MREQ, as in a normal M1 cycle. In addition, this special M1
cycle isautomatically extended by two WAIT states, to allow
for the time required to acknowledge the interrupt request.

Mode 0 Interrupt Operation. This mode is similar to the
8080 microprocessor interrupt service procedures. The
interrupting device places an instruction on the data bus.
This is normally a Restart instruction, which will initiate a call

to the selected one of eight restart locations in page zero of
memory. Unlike the 8080, the Z80 CPU responds to the
Call instruction with only one interrupt acknowledge cycle
followed by two memory read cycles.

Mode 1 Interrupt Operation. Mode 1 operation is very
similar to that for the NMI. The principal difference is that the
Mode 1 interrupt has only one restart location, 0038H.

Mode 2 Interrupt Operation. This interrupt mode has been
designed to most effectively utilize the capabilities of the
Z80 microprocessor and its associated peripheral family. The
interrupting peripheral device selects the starting address
of the interrupt service routine. It does this by placing an 8-
bit vector on the data bus during the interrupt acknowledge
cycle. The CPU forms a pointer using this byte as the lower
8 bits and the contents of the | register as the upper 8 bits.
This points to an entry in a table of addresses for interrupt
service routines. The CPU then jumps to the routine at that




address. This flexibility in selecting the interrupt service
routine address allows the peripheral device to use several
different types of service routines. These routines may be
located at any available location in memory. Since the
interrupting device supplies the low-orderbyte of the 2-byte
vector, bit 0 (A ) must be a zero.

Interrupt Enable/Disable Operation. Two flip-flops, IFF4
and IFFy, referred to in the register description, are used to
signal the CPU interrupt status. Operation of the two
flip-flops is described in Table 2. For more details, refer to
the Z80 CPU Technical Manual (03-0029-01) and Z80
Assembly Language Programming Manual (03-0002-01).

Table 2. State of Flip-Flops

Action IFFy IFF Comments
CPU Reset 0 0 Maskable interrupt
INT disabied
Dl instruction execution 0 0 Maskable interrupt
INT disabled
El instruction execution 1 1 Maskable interrupt
INT enabled
LD A\l instruction execution . . IFFo — Parity flag
LD AR instruction execution e . IFFo — Parity flag
Accept NMI 0 e Maskable interrupt
INT disabled
RETN instruction executon ~ IFFp e IFFp = IFFy at
completion of an
NMI service
routine.
INSTRUCTION SET
The microprocessor has one of the most powerful and O Bit set, reset, and test operations
versatile instrgction sets availat?le in any 8-bit micro- O Jumps
processor. It includes such unique operations as a block
move for fast, efficient data transfers within memory, or [ Calls, returns, and restarts
between memory and 1/O. It also allows operations on any .
O Input and output operations

bit in any location in memory.

The following is a summary of the instruction set which
shows the assembly language mnemonic, the operation,
the flag status, and gives comments on each instruction. For
an explanation of flag notations and symbols for mnemonic
tables, see the Symbolic Notations section which follows
these tables. The Z80 CPU Technical Manual (03-0029-01),
the Programmer's Reference Guide (03-0012-03), and
Assembly Language Programming Manual (03-0002-01)
contain significantly more details for programming use.

The instructions are divided into the following categories:
O 8-bit loads

O 16-bit loads

Exchanges, block transfers, and searches

8-bit arithmetic and logic operations
General-purpose arithmetic and CPU control

16-bit arithmetic operations

Rotates and shifts

A variety of addressing modes are implemented to permit
efficient and fast data transfer between various registers,
memory locations, and input/output devices. These
addressing modes include:

(1 Immediate

7 Immediate extended
Modified page zero
Relative

Extended

Indexed

Register

Register indirect
Implied

Bit




PIN DESCRIPTIONS

Ag-A15. Address Bus (output, active High, 3-state). Ag-A1s
form a 16-bit address bus. The Address Bus provides the
address for memory data bus exchanges (up to 64K bytes)
and for I/O device exchanges.

BUSACK. Bus Acknowledge (output, active Low). Bus
Acknowledge indicates to the requesting device that the
CPU address bus, data bus, and control signals MREQ,
TORQ, RD, and WR have entered their high-impedance
states. The external circuitry can now control these lines.

BUSREQ. Bus Request (input, active Low). Bus Request
has a higher priority than NMI and is always recognized at
the end of the current machine cycle. BUSREQ forces the
CPU address bus, data bus, and control signals MREQ,
IORQ, RD, and WR to go to a high-impedance state so that
other devices can control these lines. BUSREQ is normally
wired-OR and requires an external pullup for these
applications. Extended BUSREQ-periods due to extensive
DMA operations can prevent the CPU from properly
refreshing dynamic RAMs.

Do-D7. Data Bus (input/output, active High, 3-state). Do-D7
constitute an 8-bit bidirectional data bus, used for data
exchanges with memory and I/O.

HALT. Halt State (output, active Low). HALT indicates that
the CPU has executed a Halt instruction and is awaiting
either a nonmaskable or amaskable interrupt (with the mask

_enabled) before operation can resume. While halted, the
CPU executes NOPs to maintain memory refresh.

INT. Interrupt Request (input, active Low). Interrupt Request
is generated by 1/0 devices. The CPU honors a request at
the end of the current instruction if the internal
software-controlled interrupt enable flip-flop (IFF) is
enabled. INT is normally wired-OR and requires an external
pullup for these applications.

IORQ. Input/Output Request (output, active Low, 3-state).
IORQ indicates that the lower half of the address bus holds a
valid I/0 address for an I/O read or write operation. IORQ is
also generated concurrently with M1 during an interrupt
acknowledge cycle to indicate that an interrupt response
vector can be placed on the data bus.

M1. Machine Cycle One (output, active Low). M1, together
with MREQ, indicates that the current machine cycle is the
opcode fetch cycle of an instruction execution. M1, together
with IORQ, indicates an interrupt acknowledge cycle.

MREQ. Memory Request (output, active Low, 3-state).
MREQ indicates that the address bus holds a valid address
for a memory read or memory write operation.

NMI. Non-Maskable Interrupt (input, _negative edge-
triggered). NMI has a higher priority than INT. NMI is always
recognized at the end of the current instruction,
independent of the status of the interrupt enable flip-flop,
and automatically forces the CPU to restart at location
0066H.

RD. Read (output, active Low, 3-state). RD indicates that the

CPU wants to read data from memory or an I/O device. The
addressed /0O device or memory should use this signal to
gate data onto the CPU data bus.

RESET. Reset (input, active Low). RESET initializes the CPU
as follows: it resets the interrupt enable flip-flop, clears the
PC and Registers | and R, and sets the interrupt status to
Mode 0. During reset time, the address and data bus goto a
high-impedance state, and all control output signals go to
the inactive state. Note that RESET must be active for a
minimum of three full clock cycles before the reset operation
is complete.

RFSH. Refresh (output, active Low). RFSH, together with
MREQ, indicates that the lower seven bits of the system’s
address bus can be used as a refresh address to the
system’s dynamic memories.

WAIT. Wait (input, active Low). WAIT indicates to the CPU

- that the addressed memory or I/O devices are not ready for

a data transfer. The CPU continues to enter a Wait state as
long as this signal is active. Extended WAIT periods can
prevent the CPU from properly refreshing dynamic

‘memory.

WR. Write (output, active Low, 3-state). WR indicates that the
CPU data bus holds valid datato be stored at the addressed
memory or |/O location.




CPU TIMING

The Z80 CPU executes instructions by proceeding through
a specific sequence of operations:

m Memory read or write

m |/O device read or write

® Interrupt acknowledge

The basic clock periodis referred toasa T time or cycle, and
three or more T cycles make up a machine cycle (M1, M2 or
M3 for instance). Machine cycles can be extended either by
the CPU automatically inserting one or more Wait states or
by the insertion of one or more Wait states by the user.

Instruction Opcode Fetch. The CPU places the contents
of the Program Counter (PC) on the address bus at the start
of the cycle (Figure 5). Approximately one-half clock cycle
later, MREQ goes active. When active, RD indicates that the
memory data can be enabled onto the CPU data bus.

The CPU samples the WAIT input with the falling edge of
clock state T». During clock states T and T4 of an M1 cycle,
dynamic RAM refresh can occur while the CPU starts
decoding and executing the instruction. When the Refresh
Control signal becomes active, refreshing of dynamic
mermory cain lake piace.

[ ) )'S y 4
CLOCK _/*@.. <D \ / ’
<_®_—> rga
Apo-Aqs ) PC ;,’ y, REFRESH ADDR
<@ ”
O~ © @i~ &
MREQ \x /L ® C / J
-@®
EB ] *’ 7L '}7
: ' -+ @" 4+

7

2N
<

WAIT
<) |
w1 ,, /
— <—@ <> >
— (II7 7 —
Do~D7 VALID DATA
— oS \
\'4—» — <—@
Vg4
RFSH

Figure 5. Instruction Opcode Fetch




becomes active when the address bus is stable. The WR line
is active when the data bus is stable, so that it can be used
directly as an R/W pulse to most semiconductor memories.

Memory Read or Write Cycles. Figure 6 shows the timing
of memory read or write cycles other than an opcode fetch
(M) cycle. The MREQ and RD signals function exactly as in
the fetch cycle. In a memory write cycle, MREQ also

T T Tw T3
¥ \ R
cLOCK _/ [ \ \
L, L/
Mo - ® =~
Ao-A1s y vlf’uo ADDRESS x
o 45
- + @ |-
MR—EQ g4 g4
o= = 1 |
> |+ @»I e |
WAt . \
— \L*@ — @}:
RD /L
READ .J<_
OPERATION - @ |+
oo-D; ) ayay __/ ) @R
) | @) |~
| @
WR ' F*———/ @~
OPERATION @~ ~®~
Do-D7 { "" DATA OUT

Figure 6. Memory Read or Write Cycles
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Input or Output Cycles. Figure 7 shows the timing for an
I/0 read or 1/O write operation. During I/O operations, the
CPU automatically inserts a single Wait state (Tya). This

extra Wait state allows sufficient time for an 1/0O port to
decode the address from the port address lines

T2 Twa Tw T3 ‘
< [\ [\ W W
9, - ®
=/ ’C
Ao-A7 X VALID PORT ADDRESS e
@ @~
I0RQ X\ £ Ko /-
-~ (@— - «(5) —
@»\L | O+ ~®
L
. /
WAIT py / R
@ —-»@4———
Ty 4
RD \ . A
110 | -—
READ ] 1 @] [
OPERATION L 1
po-0r ] & ” &
® o
|
WR /5 /T @~
1o (D ®
WRITE Tl @l
OPERATION s
Do-0; — . DATA OUT ) g

Twa = One wait cycle automatically inserted by CPU.

Figure 7. Input or Output Cycles
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Interrupt Request/Acknowledge Cycle. The CPU  During this M1 cycle, IORQ becomes active (instead of
samples the interrupt signal with the rising edge of the last ~ MREQ) to indicate that the interrupting device can place an
clock cycle at the end of any instruction (Figure 8). Whenan  8-bit vector on the data bus. The CPU automatically adds
interrupt is accepted, a special M1 cycle is generated.  two Wait states to this cycle.

Tu T1 T2 Twa Twa Tw T3
cLocK S Z!_\_
BYAYAVAVAY
iNT
® ®
Ao-A1s PC I:l: x
® —
i ) /5 A
- @) [ ' — 52
ioRG ‘ ~ }]t 1F
50, 1 > —-- |- —
®*\l ~ [ el
WA /7 \
—| " @—> -
Do-D7 ) < - X vaLip pATA

NOTES: 1) T = Last state of any instruction cycle.
2) Twa = Wait cycle automatically inserted by CPU.

Figure 8. Interrupt Request/Acknowledge Cycle
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Non-Maskable Interrupt Request Cycle. Wﬁampled memory read operation except that data put on the bus by
atthe same time as the maskable interruptinput INT buthas ~ the memory is ignored. The CPU instead executes a restart
higher priority and cannot be disabled under software (RST) operation and jumps to the NMI service routine

control. The subsequent timing is similar to that of a normal located at address 0066H (Figure 9).
LAST M CYCLE M
Tu Tt T2 T3 Ts Ts
CLOCK ﬁ\—/
______ Ol o= R I U AN D R
- A4 ]

Ao—-A1s x PC REFRESH K

®
X
@

/ |

aiOhs - ® - @ |«

MREQ \L / y
/|
@

m—; —

@

— - | |-—
RFSH 4
|
|

*Although NM is an asy input,tog its being ized on the following hine cycle, NMT's falling edge must occur no later than the rising edge
of the clock cycle preceding the last state of any instruction cycle (Tyj).

Figure 9. Non-Maskable Interrupt Request Operation
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Bus Request/Acknowledge Cycle. The CPU samples  to a high-impedance state with the rising edge of the next
BUSREQ with the rising edge of the last clock period ofany  clock pulse. At that time, any external device can take
machine cycle (Figure 10). If BUSREQ is active, the CPU control of these lines, usually to transfer data between
sets its address, data, and MREQ, IORQ, RD, and WR lines  memory and I/O devices.

Tx

AU
G '

o=

— X

<@~ - ® |-
BUSACK ) :

BUSREQ

— —
" FLOAT
Ao-A1s >——-/f - <
— —
. FLOAT e
Do-D7 / A
— - |~®
MREQ
iﬁ’__n. E " FLOAT ' -
IORQ | S—

L
'
TL?

RFSH

N

HALT UNCHANGED

NOTES: 1) Tum = Last state of any M cycle.
2) Tx = Anarbitrary clock cycle used by requesting device.

Figure 10. BUS Request/Acknowledge Cycle
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Halt Acknowledge Cycle. When the CPU receives a HALT
instruction, it executes NOP states until either an INT or NMTI
input is received. When in the Halt state, the HALT output is

actlve and remains so until an interrupt is received (Figure
11). INT will also force a Halt exit.

CLOCK

HALT \

Hait Instruction
Received

"

*Although NMI is an asynchronous input, to guarantee its being r

gl d on the followi hine cyci
later than the rising edge of the clock cycle preceding the last state of any instruction cycle (Ty)-

e, NMI's falling edge must occur no

Figure 11. Halt Acknowledge

Reset Cycle. RESET must be active for at least three clock
cycles for the CPU to properly accept it. As long as RESET
remains active, the address and data buses float, and the
control outputs are inactive. Once RESET goes inactive, two

internal T cycles are consumed before the CPU resumes
normal processing operation. RESET clears the PC register,
so the first opcode fetch will be to location O000H
(Figure 12).

T T
\,\/\ /)
N ~@
RESET / \
\ 4
Ao-A1s > [ frmm
- @ |~
\ . FLOAT
Do-D7 4
7
— @ -
/5
. 7
_MREQ,
RD, WR
2 g
RFSH,
BUSACK

Figure 12. Reset Cycle
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Power-Down mode of operation (Only applies to CMOS
280 CPU).

CMOS 780 CPU supports Power-Down mode of operation.

_ This mode is also referred to as the "standby mode”, and

supply current for the CPU goes down as low as 10 uA
(Where specified as Icc,).

Power-Down Acknowledge Cycle. When the clock input
to the CPU 1s stopped at either a High or Low level, the CPU
stops its operation and maintains all registers and control
signals. However. l..» (standby supply current) is
guaranteed only when the system clock is stopped at a Low

Th T2 T3 Ta

T1

level during T, of the machine cycle following the execution
of the HALT instruction. The timing diagram for the
power-down function, when implemented with the HALT
instruction, is shown in Figure 13.

T2

T3 Ta

frmmmen

HALT

\

s
el

Figure 13. Power-Down Acknowledge
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Power-Down Release Cycle. The system clock must be
supplied to the CPU to release the power-down state. When
the system clock is supplied to the CLK input, the CPU
restarts operations from the point at which the power-down
state was implemented.

The timing diagrams for the release from power-down mode
are shown in Figure 14.

NOTES:

1) When the external oscillator has been stopped to enter the power-down
state. some warm-up time may be required to obtain a stable clock for
the release.

2) When the HALT instruction is executed to enter the power-down state,
the CPU will also enter the Halt state. An interrupt signal (either NMIT or
iNT) or a RESET signal must be applied to the CPU after the system
clock 1s supplied in order to release the power-down state.

g

HALT /
-

r

Figure 14a.

Ty T2 T3 Ts

o L r
7/ 7

—_ 7
RESET /
7L
7/
7L 7 L
__ ria 77/
Mi
HALT /
7L 7 L
7/ 7 F

Figure 14b.

Ty T2

Ta Ts T T2 Twa Twa

! L rd '
77 7 i

INT

HALT-

7 L g4

Figure 14c.

Figure 13. Power-Down Release
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ABSOLUTE MAXIMUM RATINGS

Voltage on Vg with respecttoVsg. . ... . .. -0.3Vto +7V
Voltages on all inputs with respect

toVgs oo -0.3Vto Ve + 0.3V
Operating Ambient

Temperature ... ........... See Ordering Information
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;
operation of the device at any condition above those indicated in the
operational sections of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

STANDARD TEST CONDITIONS

The DC Characteristics and capacitance sections. below
apply for the following standard test conditions, unless
otherwise noted. All voltages are referenced to GND (0V).
Positive current flows into the referenced pin.

Available operating temperature ranges are:

m S=0°Cto +70°C
Voltage Supply Range:
NMOS: +4.75V > V. > +5.25V
CMOS: +4.50V 2 V., > 5.50V
m E =-40°C to 100°C, +4.50V > V. > +5.50V

All ac parameters assume a load capacitance of 100 pf. Add
10 ns delay for each 50 pfincrease in load up to a maximum
of 200 pf for the data bus and 100 pf for address and control
lines. AC timing measurements are referenced to 1.5 volts
(except for clock, which is referenced to the 10% and 90%
points).

The Ordering Information section lists temperature ranges
and: product numbers. Package drawings are in the
Package Information section. Refer to the Literature List for
additional documentation.

+5V
21K

FROM OUTPUT
UNDER TEST

250

100pf:[ Y
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DC CHARACTERISTICS (z84C00/CMOS Z80 CPU)

Symbol Parameter Min Max Unit Condition
ViLe Clock Input Low Voltage -03 0.45 Y
ViHC Clock Input High Voltage Vec—- 6 Vee+-3 Y
ViL Input Low Voltage -0.3 0.8 \
ViH Input High Voltage 2.2 Vee Y
VoL Output Low Voltage 0.4 \Y loL = 20mA
VOHj Output High Voltage 2.4 " loH = —1.6mA
VOH, Output High Voitage Vecg—-0.8 \Y IoH = —250 uA
lccy Power Supply Current 4 MHz 20 mA Vee = 5V
6 MHz 30 mA Vig = Voo - 0.2V
8 MHz 40 mA ViL = 0.2V
10 MHz 50 mA
[ofe}) Standby Supply Current 10 uA Vee = 5V
CLK = (0)
Vi = Vog - 0.2V
ViL = 0.2V
L Input Leakage Current 10 A ViN = 0.4to Ve
Lo 3-State Output Leakage Current in Float -10 102 uA Vout = 0.4toVee

1. Measurements made with outputs floating.

2. Aq5-Ag, D7-Dg, MREQ, IORQ, RD, and WR.

3. Icc2 standby supply current is guaranteed only when the supplied clock is stopped at a low level during T4 of the machine cycle immediately following
the execution of a HALT instruction.

CAPACITANCE
Symbol Parameter Min Max Unit
CcLock Clock Capacitance 10 pf
CiNn Input Capacitance 5 pf
Cout Output Capacitance 15 pf

Ta = 25°C,f = 1 MHz.
Unmeasured pins returned to ground.
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AC CHAFtAc‘:TERISTlcs'r (Z84C00/CMOS Z80 CPU)

Z84C0004 Z84C0006 Z84C0008  Z84C0010

Number Symbol Parameter Min Max Min Max Min Max Min Max
1 TcC Clock Cycle Time 250* DC  162¢ DC 125 DC 100 DC
2 Twch Clock Pulse Width (High) 110 DC 65 DC 55 DC 42 DC
3 Twd Clock Pulse Width (Low) 110 DC 65 DC 55 DC 42 DC
4 TIC Clock Fall Time 30 20 10 10
5 TiC Clock Rise Time 30 20 . 10 10
6  TdCr(A) Clock t to Address Valid Delay 110 90 80 65
7  TdA(MREQf)  Address Valid to MREQ { Delay  65* 35+ 20* 22+ )
8  TdC{(MREQf)  Clock | to MREQ ¢ Delay 85 70 60 55
9  TdCr(MREQr) Clock t to MREQ ! Delay 85 70 60 55
10 TwMREQh MREQ Pulse Width (High) 110* 1+ 65* Tt 45+ 1T 32" 1t
11 TwMREQI MREQ Pulse Width (Low) 220% 1 135* ++ 100* ++ 75% +1
12 TdCHMREQr) Clock + to MREQ t Delay 85 70 60 55
13 TdCi(RDf) Clock + to RD | Delay 95 80 70 65
14  TdCr(RDr) Clock 1 to RD 1 Delay 85 70 60 55
15  TsD(Cr) Data Setup Time to Clock t 35 30 30 25
16  ThD(RDr) Data Hold Time to RD t ] 0 0 0
17 TsWAIT(Cf) WAIT Setup Time to Clock | 70 60 50 25
18 ThWAIT (Cf) WAIT Hold Time after Clock } 10 10 10 10
19 TdCr(M1f) Clock t to M1 | Delay 100 - 80 70 65
20  TdCr(Mir) Clock 1 to M1 t Delay 100 80 70 65
21 TdCr(RRSHf)  Clock t to RFSH { Delay 130 110 95 80
22 TdCr(RFSHr)  Clock t to RFSH t Delay 120 100 85 80
23 TdCi(RDr) Clock ¥ to RD 1 Delay 85 70 60 55
24 TdCr(RDf) Clock t to RD | Delay 85 70 60 55
25 TsD(Cf) Data Setup to Clock | during M,, 50 40 30 25"

M3, M‘, or Ms Cycles

26  TJA(IORQf)  Address Stable prior to IORQ+  180* 110* 75% 70*

27 TdCr(IORQf)  Clock t to IORQ } Delay 75 65 55 50
28  TdCf(IORQr)  Clock ¥ to IORQ ! Delay 85 70 60 55
29 TdD(WRf)Mw Data Stable prior to WR } 80* 25+ 5+ 40"

*For clock periods other than the minimums shown. calculate parameters using the table on the following page.
Calculated values above assumed TrC = TfC = 20 ns.

tUnits in nanoseconds (ns).

11 For loading > 50 pf. Decrease width by 10 ns for each additional 50 pf..
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AC CHARACTERISTICS! (z84C00/CMOS 780 CPU; Continued)

Z84C0004 Z84C0006 Z84C0008 Z84C0010

Number Symbol General Parameter Min Max Min Max Min Max Min  Max
30 TdCi(WRf) Clock + to WR | Delay 80 70 60 55
31 TwWR WR Pulse Width 220* 135% 100* 75*
32 TdCi(WRr) Clock + to WR 1 Delay 80 70 60 55
33  TdD(WRf)IO  Data Stable prior to WRY —10* —55% —55% -8*
34 TdCr(WRf) Clock t to WR 4 Delay 65 60 55 50
35 TdWRr(D) Data Stable from WR t 60* 30* 15*% 1o
36 TdCf(HALT) Clock | to HALT 1t or} 300 260 225 90
37 TwiMi Nivii Puise Width 80 70 60 60
38 TsBUSREQ(Cr) BUSREQ Setup Time to Clockt 50 50 40 30
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clockt 10 10 10 10
40 TdCr(BUSACK{) Clock t to BUSACK ¢ Delay 100 90 80 75
41 TdCi(BUSACKr) Clock | to BUSACK t Delay 100 90 80 75
42 TdCr(Dz) Clock 1 to Data Float Delay 90 80 70 65
43  TdCr(CTz) Clock t to Control Outputs 80 70 60 60
Float Delay(MREQ, TORQ,
RD, and WR)
44 TdCr(Az) Clock t to Address Float Delay 90 80 70 65
45 TdCTr(A) MREQ t,TORQ * , RD t, and 80* 35% 20% 30
WR t to Address Hold Time
46 TsRESET(Cr) RESET to Clock t Setup Time 60 60 45 40
47 ThRESET(Cr)  RESET to Clock ! Hold Time 10 10 10 10
48  TsINT{(Cr) INT to Clock t Setup Time 80 70 55 50
49  ThINTr(Cr) INT to Clock t Hold Time 10 10 10 10
50 TdMIf(IORQf) MI } to IORQ } Delay 565% 365* 270* 200*
51 TdCf(IORQf) Clock } to TORQ { Delay 85 70 60 55
52 TdCf(IORQr) Clock t to IORQ t Delay 85 70 60 55
53 TdCi(D) Clock + to Data Valid Delay 150 130 115 110

*For clock periods other than the minimums shown, calculate parameters using the following table. Calculated values above
assumed TrC = TfC = 20 ns.
FUnits in nanoseconds (ns).

FOOTNOTES TO AC CHARACTERISTICS

Number Symbol General Parameter Z84C0004 Z84C0006 Z84C0008  Z84C0010

1 TcC TwCh + TwCl + TrC + TiC

7 TAA(MREQf) TwCh + TiC —65 —50 —45 . .45
10 TWMREQh  TwCh + TiC —20 -20 -20 -20
11 TwMREQ! TcC -30 -30 —25 -25
26 TAA(IORQf)  TcC —170 —55 —50 -50
29 TdD(WRf) TcC -170 —140 -120 -60
31 TwWR TcC -30 -30 —25 25
33 TdD(WRf) TwCl + TrC —140 —~140 —-120 -60
35 TdWRr(D) TwCl + TrC ~70 —55 -50 -40
45 TdCTr(A) TwCl 4+ TrC —50 —50 —45 -30
50 TAMIf(IORQf) 2TcC + TwCh + TiC —65 —50 —145 -30

AC Test Conditions: Vi = 2.0V Von = 1.5V Viie = Voo ~0.6V FLOAT = +0.5V
Vi =08V VoL =15V ViLc = 045V
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DC CHARACTERISTICS (28400/NMOS 780 CPU)

All parameters are tested unless otherwise noted.

Symbol Parameter Min Max Unit Test Condition
ViLe Clock Input Low Voltage -03 0.45 \
VIHC Clock Input High Voltage Vec- 6 Vec+.3 \
ViL Input Low Voltage -03 0.8 v
VIH Input High Voltage 20! Vee %
VoL Output Low Voltage 0.4 \% loL=2.0mA
VOH Output High Voltage * 2.41 Vv loH= —250 uA
Icc Power Supply Current 200 mA Note 3
I Input Leakage Current 10 A ViN=0toVce
Lo 3-State Output Leakage Current in Float =10 ) 102 WA Vout=0.4t0 Voo
1. For military grade parts, refer to the Z80 Military Electrical Specification.
2. Ay5-Ag. D7-Do. MREQ. IORQG. RD. and WR.
3. Measurements made with outputs floating.
CAPACITANCE
Guaranteed by design and characterization.
Symbol Parameter Min ~Max Unit
CcLock Clock Capacitance 35 pf
Cin Input Capacitance 5 pf
Cout ‘Output Capacitance 15 pf
NOTES:

Ta = 25°C.f = 1 MHz
Unmeasured pins returned to ground.




AC CHARACTERISTICS' (z8400/NMOS Z80 CPU)

20840004 20840006 20840008
Number Symbol Parameter Min Max Min Max Min Max
1 TcC Clock Cycle Time 250 162~ 125*
2 TwCh Clock Pulse Width (High) 110 2000 65 2000 55 2000
3 TwCl Clock Pulse Width (Low) 110 2000 65 2000 55 2000
4 TfC Clock Fall Time 30 20 10
5 TC Clock Rise Time 30 20 10
6 TdCr(A) Clock t to Address Valid Delay 110 90 80
7 TAAMMREQf)  Address Valid to MREQ ¢ Delay 65" 35" 20"
8  TACfMREQf)  Clock ¢ to MREQ ¢ Delay 85 70 60
9  TdCr(MREQr)  Clock tto MREQ * Delay 85 70 60
10 TWMREQh MREQ Pulse Width (High) 110* 4 651t 45t
11 TwMREQI MREQ Pulse Width (Low) 220" 1 135t 100* 1
12 TdCfMREQr)  Clock  to MREQ t Delay 85 70 60
13 TdCf(RDf) Clock ¢ to RD ¢ Delay 95 80 70
14 TdCr(RDr) Clock tto RD 1 Delay 85 70 60
15 TsD(Cr) Data Setup Time to Clock t 35 30 30
16 ThD(RDr) Data Hold Time to RD t 0 0 0
17 TsWAIT(Cf) Ws_etup Time to Clock ¥ 70 60 50
18 ThWAIT(Cf) WAIT Hold Time after Clock ¢ 0 0 0
19 TdCr(M1f) Clock 1 to M1 4 Delay 100 80 70
20 TdCr(M1r) Clock tto M1 1 Delay 100 80 70
21 TdCrRFSHf)  Clock t to RFSH ¢ Delay 130 110 95
22 TdCrRFSHr)  Clock tto RFSH # Delay 120 100 85
23 TdCf(RDr) Clock $ toRD Delay 85 70 60
24 TdCr(RDf) Clock t to RD ¢ Delay 85 70 60
25 TsD(Cf) Data Setup to Clock  during Mo, M3, 50 40 30
My, or M5 Cycles
26 TdA(IORQ) Address Stable prior to IORQ 180* 110" 75*
27 TdCr(IORQf) Clock 1 to IORQ ¥ Delay 75 65 55
28 TdCf(IORQIr) Clock ¢ to IORQ t Delay 85 70 60
29 TdD(WRf) Data Stable prior to WR Y 80" 25" 5
30 TdCH(WRH) Clock ¥ to WR ¥ Delay 80 70 60
31 TWWR WR Pulse Width 220* 135~ 100"
32 TACH(WRr) Clock ¥ to WR 1 Delay 80 70 60
33 TdD(WRf) Data Stable prior to WR ¢ -10* -55* 55*
34 TdCr(WRf) Clock 1 to WR ¢ Delay 65 60 55
35 TdWRr(D) Data Stable from WR 1 60~ 30* 15>
36 TdCf(HALT) Clock ¥ to HALT t or ¢ 300 260 225
37 TWNMI NMI Pulse Width 80 70 60*
38  TsBUSREQ(Cr) BUSREQ Setup Timeto Clock 50 50 40

*For clock periods other than the minimums shown, calculate parameters using the table on the following page. Calculated values above

assumed TrC = TfC = 20 ns.
TUnits in nanoseconds (ns).

1+ For loading > 50 pf., Decrease width by 10 ns for each additional 50 pf.
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AC CHARACTERISTICS' (z8400/NMOS 280 CPU; Continued)

20840004 20840006 20840008
Number Symbol Parameter Min Max Min Max Min Max
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock 1 0 . 0 0
40  TdCr(BUSACKf) Clock tto BUSACK ¢ Delay 100 90 80
41 TdCH(BUSACKr) Clock ¢ to BUSACK 1 Delay 100 90 80
42 TdCr(Dz) Clock 1 to Data Float Delay 90 80 70
43 TdCr(CTz) Clock 1 to Control gnputs Iﬂgat Delay 80 70 60
(MREQ, IORQ, RD, and WR)
44 TdCr(Az) Clock t to Address Float Delay . 90 80 70
45  TdCTHA) MREQ*, IORQ*, RD*, and WR t to 80" 35* 20*
Address Hold Time
46 TsRESET(Cr) RESET to Clock * Setup Time 60 60 45
47 ThRESET(Cr) RESET to Clock t Hold Time 0 0 0
48 TsINTH(Cr) INT to Clock t Setup Time 80 70 55
49 ThINT(Cr) INT to Clock 1 Hold Time 0 0 0
50  TdM1fIORQf) M1 ¢toIORQ ¢ Delay 565* 365* 270*
51 TdCH(IORQf) Clock ¥ to IORQ ¥ Delay 85 70 60
52 TdCIORQr)  Clock tIORQ* Delay 85 70 60
53 TdCf(D) Clock-{ to Data Valid Delay 150 130 115
*For clock periods other than the minimums shown, calculate parameters using the following table. Calculated values above
assumed TrC = TfC = 20 ns.
tUnits in nanoseconds (ns).
FOOTNOTES TO AC CHARACTERISTICS
Number Symbol General Parameter 20840004 Z0840006 20840008
1 TcC TwCh + TwCl + TC + TfC
7 TJdA(MREQ) TwCh + TfC - 65 -50 -45
10 TWMREQh TwCh + TfC -20 -20 -20
11 TWMREQI TeC - 30 -30 -25
26 TdA(IORQ) TeC -70 -55 -50
29 TdD(WRf) TeC - 170 —-140 -120
31 TWWR TcC - 30 -30 -25
33 TdD(WRf) ™WwCl + TC - 140 -140 -120
35 TdWRr(D) ™WCl + TTC - 70 -55 -50
45 TdCTr(A) ™WCl + TC - 50 -50 —-45
50 TdM1f(IORQf) 2TcC + TwCh + TfC - 65 -50 -45
AC Test Conditions:
Vi = 20V VoH = 1.5V
VL =08V VoL =15V
Vine = Ve —0.6V FLOAT = +0.5V
ViLc =045V
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PRELIMINARY

Product Specification:

January 1989

Z84C01 Z80® CPU with
Clock Generator/Controller

FEATURES:

s Commands compatible with the Zilog Z80 MPU

u  Low power consumption

40mA Typ (5V, 10 MHz under RUN mode)
2mA Typ (5V, 10 MHz under IDLE1 mode)
10mA Typ (5V, 10 MHz under IDLE2 mode)
.51t A Typ (5V under STOP mode)

m  DC to 10 MHz operation (at 5V+10%)
m  Single 5V power supply (at 5V+10%)
m  Operating temperature (0° C to 70° C)
= On-chip clock generétor

= In the HALT state, the following 4 modes are

® Powerful set of 158 instructions

m  Powerful interrupt function

Non-maskable interrupt terminal (NMI)
Maskable interrrupt terminal (INT)

The following three modes are selectable:
8080 compatible interrupt mode (interrupt
by Non-Z80 family peripheral LSI) (Mode 0)
Restart interrupt (Mode 1) ]
Daisy-chain structure interrupt using Z80
family peripheral LS| (Mode 2)

®  An auxiliary register provided to each of
general purpose registers.

selectable: = 2index registers
RUN mode = 10 addressing modes
IDLE 1 mode
IDLE 2 mode = Built-in refresh circuit for dynamic memory
STOP mod
mode m Molded in 44-pin PLCC package
GENERAL DESCRIPTION:

The Z84C01 is an 8-bit microprocessor (hereinafter re-
ferred to as MPU) with a built-in clock generator/control-
ler, which provides low power operation and high perform-
ance.

Built into the Z84C01 is a control function and clock
generator for the standby function in addition to: six paired
general purpose registers, accumulator, flag registers, an
arithmetic-and-logic unit, bus control, memory control
and timing control circuits.

The Z84C01 is fabricated with Zilog CMOS technology
and molded in a 44-pin PLCC package.

Further, in the following text and explanations for charts
and tables, hexadecimal numbers are directly used with-
out giving an identification to explanation of address, etc.
so as not to cause confusions.
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PIN CONNECTIONS AND PIN FUNCTIONS:

The pin connections and I/O pin names and brief func-
tions of the Z84C01 are shown below.

Pin Connections. The pin connections of the Z84C01
are as shown in Fig. 1.

Pin Names and Functions. 1/O pin names and functions
are as shown in Table 1.

e 1B
éé%ti |
£ £ el plElE[2E
I
/65432 14443424140
RESET []7 39 [ ] iNT
M1 []8 38[ ] b7
CLK o 37 ] pe
Ve []10 36| | D5
A0 []11 35| ] D4
Ve (N[]12 34V (2
A1 13 33[] o3
A2 []14 32[ ] D2
A3 []15 31 ] b1
A4 16 30[] po
A5 [117 29[ ] ms2
18 19 20 21 22 23 24 2526 27 28
l_II_ll_lI_II_ILll_ILJL_lL_lL!
N O OO — AN M T W0 —
22222 [

Figure 1. Pin Connections (Top View)

Table 1 Pin Names and Functions

Pin Name Number Input/Output Function
of Pin 3-state :
A0 - A15 16 Output 16-bit address bus.
3-state Specify addresses of memories and I/O to be
accessed. During the refresh period, addresses
for refreshing are output.
MS1, MS2 2 Input Mode selection input.
One of 4 modes (Run, IDLE1/2, STOP) is -
selected according to the state of these 2 pins.
Do - D7 8 11O 8-bit bidirectional data bus.
3-state
INT 1 Input Maskable interrupt request signal.

Interrupt is generated by peripheral LSI. This signal is
accepted if the interrupt enable flip-flop (IFF) is set at "1".
INT is normally wired-OR and requires an external pull up
for these applications.
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Table 1 Pin Names and Functions (continued)

Pin Name Number Input/Output Function
of Pin 3-state
NMI 1 Input Non-maskable interrupt request signal. This interrupt

request has the higher priority than the maskable interrupt
request and does not rely upon the state of the interrupt
enable flip-flop (IFF).

HALT 1 Output Halt signal.
Indicates that the CPU has executed a Halt instruction.
MREQ 1 Output Memory request signal.
3-state When an effective address for memory access is on the

address bus, "0" is output.

IORQ 1 . Output I/O request signal.
3-state When addresses for I/O are on lower 8 bits (A0 - A7) of
the address bus in the I/0 operation, "0" is output. In
addition, IORQ signal is output together with M1 signal at
time of interrupt acknowledge cycle to inform peripheral
LSI of the state that the interrupt response vector may be
put on the data bus.

RD 1 Output Read signal.
3-state "0" signal is output for a period when MPU can receive
data from a memory or peripheral LSI. It is possible to put
data from a specified peripheral LS| or mamory on the
MPU data bus after gating by this signal.

WR 1 Output Wirite signal.
3-state This signal is output when data to be stored in a specified
memory or peripheral LSl is on the MPU data bus.

BUSACK 1 Output Bus acknowledge signal.
In response to BUSREQ signal, this signal informs a
peripheral LSI of the fact that the address bus, data bus,
MREQ, IORQ, RD and WR signals have been placed in
the high impedance state.

WAIT 1 Input Wait signal.
WAIT signal is a signal to inform MPU of specified
memory or peripheral LSl which is not ready for
data transfer. As long as WAIT signal as at
"0" level, MPU is continuously kept in the wait state.

BUSREQ 1 Input Bus request signal.
BUSREQ signal is a signal requesting placement of
the address bus, data bus, MREQ, IORQ, RD and
WR signals in the high impedance state. BUSREQ
signal is normally wired-OR. In this case, a pull-up
resistor is externally connected.
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Table 1 Pin Names and Functions (continued)

Pin Name Number Input/Output Function

of Pin 3-state

RESET 1 Input Reset signal.

RESET signal is used for initializing MPU and
must be kept in active state ("0") for a period of at
least 3 clocks.

Mi 1 Output Signal showing machine cycle 1. "0" is output
together with MREQ signal in the operation code
fetch cycle. This signal is output for every opcode
fetch when 2 byte opcode is executed. In the
maskable interrupt acknowledge cycle, this signal
is output together with IORQ signal.

XTAL 1

(XIN) 2 Input Crystal oscillator connecting terminal.

XTAL 2 Output

(XOuT)

CLK 1 Output Single-phase clock output. Clock polarity is in-

] phase with OSC-IN (XTAL 1) so that Z80 users
could use OSC-IN as clock input without needing
extra inverter on the board. When the HALT in
struction in STOP Mode is executed, MPU stops its
operation and holds clock output at "0" level.

VCC (1), 2 Power supply +5V

(2) Connect pin 34 and pin 12 externally.

VSS 1 Power supply ov
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FUNCTIONAL DESCRIPTION:

The system configuration, functions and basic operation
of the Z84C01 are described here.

Block Diagram. The block diagram of the internal con-
figuration is shown in Fig. 2.

MS1 MS2 CLK AO~A15
y v ¢
|
Vee — Address Bus Output Circuit
Clock Generator
xTaz e | E g Control Circuit [~ /\ Accumulator (A)JAccumulator (A)
5= Flug (F) Flug (F")
- O "
=8 le B Register |B Register
XTAL 1—# L C F(egister [9] Register
internal Counter D Register |D Register
for E Register |E Register
Start Up H Register |H Register
@ L Register L Register
@ IX Register 4—Vss
% 1Y Register
° Q M Stack Pointer (SP)
DO~D7 ‘f:% g Program Counter (PC)
[
g < £
(%]
3
@
vee—e| | £
[a} c .
=)
< ‘g k7]
2 § | i 5
£ nstruction -9
Decoder » 2T
: > 5¢&
o8 le— RESET
Q
Data I/0 »
/O Control Control
IFF1 | IFF2 Control Signal to
] Internal
A
In —» M1
Co:‘etrrr:'{);r Control Circuit for Control Bus
v vty oy v 1
NMI INT IORQ  HALT WAIT MREQ RD WR BUSREQ BUSACK

Fig. 2 Block Diagram




System Configuration. The Z84C01 has a built-in sys-
tem clock generator for CMOS Z80 in addition to the
standard functions of the Z84C00 MPU. The explanation
is provided here with emphasis placed on the halt function
relative to the clock generator, which is an additional
function. The intemal register group, reset and interrupt
function are identical to those of the Z84C00. For details,
please refer to the data sheet for the Z84C00.

In this section, the following principal components and
functions will be described:

(1) Generation of clock
2) Operation mode
(3) Start-up time at time of restart

Generating the System Clock.The Z84C01 has a built-
in oscillation circuit and required clock can be easily
generated by connecting an oscillator to the external
terminals (XTAL1, XTAL2). Clock in the same frequency
as input oscillation frequency is generated.

Examples of oscillator connection are shown in Fig. 0.0.

XTAL1 ? f XTAL2

Figure 3a Example of Oscillator Connection
and Constant

ouTt

22 33,

PF

Figure 3b Example of Oscillator Connection
and Constant

Operation Modes. There are four kinds of operation
modes available for the Z84C01 in connection with gen-
eration of clock; RUN Mode, IDLE1/2 Modes and STOP
Mode. One of these modes is selected by the mode select
inputs (MS1, MS2).

The operation mode is effective when the hait instruction
is executed. Restart of MPU from the stopped state under
IDLE1/2 Mode or STOP Mode is effected by inputting
either RESET signal or interrupt signal (INT or NMI).

Operations of these modes in the halt state are shown in
Table 2.
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Table 2 Clock Generating Operation Mode

Operation MS1 MS2 Description at HALT State
Mode
RUN Mode 1 1 MPU continues the operation and supplies clock to the

outside continuously.

IDLE 1 Mode 0 0 The internal oscillator's operation is continued. Clock
(CLK) output as well as internal operations are stopped at
"0" level of T4 state in the halt instruction operation code
fetch cycle.

IDLE 2 Mode 0 1 The internal oscillator's operation and clock (CLK) output are
continued but the internal operations are stopped at "0" level
of T4 state in the halt instruction operation code fetch cycle.

STOP Mode 1 0 All operations of the internal oscillator, clock (CLK) output,
and internal operation are stopped at "0" level of T4 state in
the halt instruction operation code fetch cycle.

Start-up Time at Time of Restart (STOP Mode). Further, in case of the restart by RESET signal, the
When MPU is released from the halt state by acceptingan internal counter does not operate for a quick operation at
interrupt request, MPU, then will execute an interrupt time of power ON.

service routine. Therefore, when an interrupt request is

accepted, MPU starts generation of internal system clock  Status Change Flowchart and Basic Timing. In this
and clock output after a start-up time by the internal section, the status change and basic timing when the
counter (2'44+2.5) TeC (TcC: Clock Cycle) to obtain a Z84C01 is operating are explained.

stabilized oscillation for MPU operation.
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Figure 4 (a) Status Change Flowchart
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‘ HALT Start ’

Run Mode /Mode.,\ Stop_Mode

\ /
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Internal Oscillation Start

Start Up

Internal System Clock Restart
Clock Output Restart Only Stop, IDLE1

Figure 4 (b) Status Change Flowchart




Basic Timing. The basic timing is explained here with
emphasis placed on the halt function relative to the clock
generator. Except RFSH signal output, the following
items are identical to those for the Z84C00. Refer to the
data sheet for the Z84C00.

Operation code fetch cycle

Memory read/write operation

Input/output operation

Bus request/acknowledge operation
Maskable interrupt request operation
Non-maskable interrupt request operation
Reset operation

Note that the Z84C01 does not have the refresh terminal
(RFSH), but refresh address is output on the address bus
in the operation code fetch cycle (M1) as in the Z84C00
since the on-chip refresh control circuit is available.

(1) Operation When HALT Instruction is Executed
When MPU fetches a halt instruction in the operation
code fetch cycle, HALT signal goes active (low level) in
synchronous with falling edge of T4 state for the periph-
eral LS| and MPU stops the operation. The system clock
generating operation after this differs depending upon
the operation mode (RUN Mode, IDLE1/2 Mode or STOP
Mode). If the internal system clock is running, MPU con-
tinues to execute NOP instruction even in the halt state.

a) RUN Mode (MS1=1, Mszm o ,
hown in Fig. 5is the basic timing when the halt instruction

is executed in RUN Mode.

In RUN Mode, system clock (2) in MPU and clock output
(CLK) are not stopped, even after the halt instruction is
executed. Therefore, until the halt state is released by the
interrupt signal (NMI or INT) or RESET signal, MPU
continues to execute NOP instruction.

M1 CYCLE | M1 CYCLE | _MiCYCLE
0 T4 T1 T2 13 T4 Ti T2 I3
CLK [ 1 I [
HALT
HALT OP CODE l )
FETCH CYCLE NOP EXECUTION | NOP EXECUTION

Figure 5 Timing of RUN Mode
(at Halt Command Execution)
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(b) IDLE1 Mode (MS1=0, MS2=0)
Shown in Fig. 6 is the basic timing when the halt instruc-
tion is executed in IDLE1 Mode.

In IDLE1 Mode, systemclock (2) in MPU and clock output
(CLK) are stopped and MPU stops its operation after the
haltinstruction is executed. However, the internal oscilla-
tor continues to operate.

T4
CLK z
INTERNAL | |
o0 SYSTEM CLOCK) ) MPU OPERATION STOP %
HALT I /
(4
v

wyn

M1

HALT INSTRUCTION OPERATION
CODE FETCH CYCLE

Figure 6 IDLE1 Mode Timing
(at Halt Instruction Execution)

(c) IDLE2 Mode (MS1=0, MS2=1)
Shown in Fig. 7 is the basic timing when the halt instruc-
tion is executed in IDLE2 Mode.

In IDLE2 Mode, system clock (2) in MPU is stopped and
MPU stops its operation after the halt instruction is exe-
cuted. However, the internal oscillator and clock output
(CLK) to the outside of MPU continues to operate.

T4

aw—1 L1 LT 11 Leb L
b N oy CLOCK) [ K MPU OPERATION STOP I
HALT | /‘ .
N

M

HALT INSTRUCTION OPERATION
CODE FETCH CYCLE

Figure 7 IDLE2 Mode Timing
(at Halt Instruction Execution)
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(d) STOP Mode (MS1=1, MS2=0)
Shown in Fig. 8 is the basic timing when the halt instruc-
tion is executed in STOP Mode.

wo_ T LT LI LI

In STOP Mode, internal operation and internal oscillator
are stopped after the halt instruction is executed. There-
fore, system clock (¢) in MPU and clock output (CLK) to
the outside of MPU are stopped.

CLK OUTPUT STOP

9 (INTsE\?gT‘ELM CLOCK) I I I [

MPU OPERATION STOP

HALT

M1————L—-_—_——I

HALT INSTRUCTION OPERATION
CODE FETCH CYCLE

)

Figure 8 STOP Mode Timing
(at Halt Instruction Execution)

(2) Release from Halt State

The halt state of MPU is released when “0” is input to
RESET signal and MPU is reset or an interrupt request is
accepted. An interrupt request signal is sampled at the
leading edge of the last clock cycle (T4 state) of NOP
instruction. In case of the maskable interrupt, interrupt will
be accepted by an active INT signal (“0” level). Also the
interrupt enable flip-flop must have been set to “1”. The
accepted interrupt process is started from next cycle.

Further, when the internal system clock is stopped
(IDLE1/2 Mode, STOP Mode), it is necessary first to
restart the internal system clock. The internal system
clock is restarted when RESET or interrupt signal

(NMI or INT) is input.

(@) RUN Mode (MS1, MS2=1)
The halt release operation by acceptance of interrupt
request in RUN Mode is shown in Fig. 9.

In RUN Mode the internal system clock is not stopped,
and therefore, if the interrupt signal is recognized at the
rise of T4 state of the continued NOP instruction, MPU will
execute the interrupt process from next cycle.

The halt release operation by resetting MPU in RUN Mode
is shown in Fig. 10. After reset, MPU will execute an in-
struction starting from address 0000H. However, in order
to reset MPU it is necessary to keep RESET signal at “0”
for at least 3 clocks. In addition, if RESET signal becomes
“17, after the dummy cycle for at least two T states, MPU
executes an instruction from address 0000H.
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HALT INSTRUCTION

EXECUTION ] NOP INSTRUCTION EXECUTION INTERRUPT PROCESS
M1
T4 T T2 T T2 T3 T4 0T T2
w LT L LT L L L L
® (INTERNAL
SYSTEM CLOCK)
HALT '__'l l___
[(d
L4
" L 1 T 1__T
— £C
NMI [d 1
_____ | _ _r—— MPU INTERNAL
LATCH FOR NMI
INT ¥ | |

Figure 9 Halt Release Operation Timing by interrupt
Request Signal in RUN Mode

HALT INSTRUCTION EXECUTE INSTRUCTION

EXECUTION l ‘ ADDRESS OOOOH

T T
CLK T4 2

0 (INTERNAL

U U L
(4

HALT ——'l

=

R
R

L

RESET |

R R

R

Figure 10 Halt Release Operation Timing by Reset
in RUN Mode

(b) IDLE1 Mode (MS1=0, MS2=0), IDLE2 Mode
(MS1=0, MS2=1)




The halt release operation by interrupt signal in IDLE1

The operation stop of MPU in IDLE1/2 Mode is taking

Mode is shown in Fig. 11 (a) and in IDLE2 Mode in Fig. 11 place at “0” level during T4 state in the halt instruction

(b).

operation code fetch cycle. Therefore, after being re-
started by the interruption signal, MPU executes one NOP

When receiving NMi or INT signal, MPU startsthe internal  instruction and samples an interrupt signal at the rise of
system clock operation. In IDLE1 Mode, MPU starts clock T4 state during the execution of this NOP instruction, and

output to the outside at the same time.

executes the interrupt process from next cycle.

N(;)P INSTRUCTION EXECUT{ON

ox I gigigiginin

£C.
»
® (INTERNAL 7
SYSTEM CLOCK) £
]
HALT | « : | )
4 1\ ]
M1 4 I ' " |
o ]
m v T
_________ L - - r=—MPU INTERNAL
o 3 LATCH FOR NMI
INT [od ! i
§
]
INTERRUPT SAMPLING TIMING
Figure 11 (a) IDLE1 Mode
NOP INSTRUCTION Execuz:on
1
T4 . T T2 T3 T4 T
o eTen PEEpEpEpEREN
SYSTEM CLOCK) £
1
HALT | “ / : I——
fpd i
—— [(d
M1 L4 I r—'f—"'||
J— « !
NMI L4 T :
......... L ~ - r=—MPU INTERNAL
_ « i LATCH FOR NMI
INT 2 ' I—_
]

INTERRUPT SAMPLING TIMING

Figure 11 (b) IDLE2 Mode

Figure 11 Halt Release Operation Timing by Interrupt
Request Signal in IDLE1/2 Mode
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If no interrupt signal is accepted during the execution of When RESET signal at “0” level is input into MPU, the
the first NOP instruction after the internal system clockis internal system clock is restarted and MPU will execute an

restarted, MPU is not released from the halt state and is  instruction stored in address 0000H.
placed in IDLE1/2 Mode again at “0” level during T4 state

ofthe NOP instruction, stopping the internal systemclock. At time of RESET signal input, it is necessary to take the

If INT signal is not at “0” level at the rise of T4 state, no same care as that in resetting MPU in RUN Mode.
interrupt request is accepted.

The halt release operation by resetting MPU-in IDLE1
Mode is shown in Fig. 12 (a) and that in IDLE2 Mode in
Fig. 12 (b).

EXECUTE INSTRUCTION FROM
ADDRESS OOOOH

T1 T2 T3

@ (INTERNAL
SYSTEM CLOCK)

HALT

=
b

=
-3

RESET l I I

Figure 12 (a) IDLE1 Mode

‘ EXECUTE INSTRUCTION FROM
ADDRESS OOOOH

T1 T2 13
# (INTERNAL

SYSTEM CLOCK)

HALT ’ I

R R
| —

£
w0

i

R

RESET

R

Figure 12 (b) IDLE2 Mode

Figure 12 Halt Release Operation Timing by
Reset in IDLE1/2 Mode
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(c) STOP Mode (MS1=1, MS2=0)
The halt release operation by interrupt signal in STOP
Mode is shown in Fig. 13.

When MPU received an interrupt signal, the internal
oscillator is restarted. In order to obtain stabilized oscilla-
tion, the internal system clock and clock output to the
outside are started after a start-up time of (2'“+2.5) TcC
(TcC: Clock Cycle) by the internal counter.

MPU executes one NOP instruction after the internal
system clock is restarted and at the same time, sampling
an interrupt signal at the rise of T4 state during the
execution of this NOP instruction. If the interrupt signal is
accepted, MPU executes the interrupt process operation
from next cycle.

At time of interrupt signal input, it is necessary to take the
same care as that in the interrupt signal input in IDLE1/2
Mode. The halt release operation by MPU resetting in
STOP Mode is shown in Fig. 14.

When RESET signal at “0” level is input into MPU, the
internal oscillator is restarted. However, since it performs
a quick operation at time of power ON, the internal
counter does not operate. Therefore, the operation may

‘not be carried out properly due to unstable clock immedi-
ately after the signalin STOP Mode, itis necessary to hold
RESET signal at “0”levelfor sufficient time. When RESET
signal becomes “1”, after the dummy cycle for at least 2T
states, MPU starts to execute an execution from address
0000H.

NOP COMMAND EXECUTION
]

i I

'
r<+—— MPU INTERNAL
LATCH FOR NMI

T4 T T2 13 T4 T1
CLK _J——I £
L4
O (INTERNAL I'—| / r‘] I"‘I I—l r‘] I—l I_
SYSTEM CLOCK) .
i
— 1
HALT | 1 I
£ 3
i i
—_— rid r(e
M1 [ » | I |' I
]
p— [(d [(d i
NMI [od fod i
i
R L LR R T P
—_ « 1
INT [od l ul
(4 i
d i
1

INTERRUPT SAMPLING TIMING

Figure 13 Halt Release Operation Timing by Interrupt
Request Signal in STOP Mode
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l EXECUTE INSTRUCTION FROM
i ADDRESS OOOOH

pigAgigigigiph

CLK ___J i % %
@ (INTERNAL l I /
SYSTEM CLOCK) % %
— £{
HALT | . « l 4
N 4
—-— r(d £
M1 N L4 l
(4 L
RESET fod l " I : I
4 v

Figure 14 Halt Release Operation Timing by Reset
in STOP Mode

Instruction Set. Instruction set of the Z84C01 is the  Method of Use. An example of the Z84C01 with the Z80
same as thatfor the Z84C00. For details referto the data  family peripheral LSI's is shown in Fig. 15.

sheet for the Z84C00.
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Figure 15 Example of 280 Family

Peripheral LSI
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CPU TIMING

- Timing Diagrams. The Z84C01 CPU executes instruc-
tions by proceeding through a specific sequence of op-
erations:

s Memory read or write
m 1/O device read or write
u Interrupt acknowledge

The basic clock period is referred to as a Time or Cycle,
and three or more T cycles make up amachine cycle (M1,
M2 or M3 for instance). Machine cycles can be extended
either by the CPU automatically inserting one or more
Wait states or by the insertion of one or more Wait states
by the user.

Instruction Opcode Fetch. The CPU places the con-
tents of the Program Counter (PC) on the address bus as
the start of the cycle (Figure 16). Approximately one-half
clock cycle later, MREQ goes active. When active, RD in-
dicates that the memory data can be enabled onto the
CPU data bus.

The CPU samples the WAIT input with the falling edge of
clock state T2. During clock states T3 and T4 of an M1
cycle, dynamic RAM refresh can occur while the CPU
starts decoding and executing the instruction.

T T2 Tw* T3 Ta
_[ X \_ { . 4
CLOCK ’ - 2> \le3 > \ / ’
4> |« > |le5 [_-/
1 - G »|
Ao-A1s PC i REFRESH ADDR X
-6 8 0 12
7 | 11
MREQ \t /£ <«10—> '
13 <{4>
ﬁi 7 L
8 - o
17 > —‘:— ~ 1 7~>| _dlar_
WAIT > X lL
T —t fd
-«—»—10 <_20.i
W ” /
—> 15 = - |<—1 6

-—40
— £
Dq-D7
— S £

{
VALID DATAX :
| d T

Figure 16 Instruction Opcode Fetch
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Memory Read or Write Cycles. Figure 17 shows the In a memory write cycle, MREQ also becomes active
timing of memory read or write cycles other than an  when the address bus is stable. The WR line is active
opcode fetch (M1) cycle. The MREQ and RD signals when the databus is stable, so that itcan be used directly

function exactly as in the fetch cycle. as an R/W pulse to most semiconductor memories.
T1 T2 Tw T3 :
_ \ Y [
CLOCK —/ - \ . \ ]
- :
S5
Ro-Ass X VALID ADDRESS x
7/ <43 > T
— '<— 8 — 12 |-
MREQ } e P
— 7
7> = —ir - —+| |-18
17> |+ 17 > <
ya
WAIT . \
-  |=13 —{ 21 |-
EB 7 L
! /
READ . ’16 L
OPERATION —= =40 23> <,-_> -
o Y (7 VAo
PoPr L nun » \_DATA )
o <28 | 30|«
| 29
WR
QP‘-—-/«’ »:40!«
WRITE |
OPERATION 51— 27~ ~ 33>
rga
Do-D7 < ';’ DATA OUT |

Figure 17 Memory Read or Write Cycles




Input or Output Cycles. Fig. 18 shows the timing for an  This extra Wait state allows sufficient time for an I/O port
I/O read or I/O write operation. During I/O operations, the  to decode the address from the port address lines.
CPU automatically inserts a single Wait state (T,,,)-

. T, Twa
cLock j \ [
6
|~
Ap-A7 ‘)r VALID PORT ADDRESS {
—
HTgs ; 426
! |
e 1 .
+— 24— *1» <18 = =18 |
17+ le| 17 Ll bl 43
y- " u
- \ VTR
22 — 21—
RD \k J L |
1o ! i (16
READ —| 40 |-+ 23 »! e
OPERATION J\ p— ’i !
—— iad VALID
Do-D7 p [ <X . ] )(
L eta2 I3}
—_—
WR 2 “ L. > 40 =
1o R 77 :
WRITE ;‘51:’ 31 e '33»;
OPERATION Y
Do-D7 ——-—i( - DATA OUT }——

Twa = One wait cycle automatically inserted by CPU

Figure 18 Input or Output Cycles
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Interrupt  Request/Acknowledge Cycle. The CPU During this M1 cycle, IORQ becomes active (instead of
samples the interrupt signal with the rising edge of thelast MREQ) to indicate that the interrupting device can place
clock cycle at the end of any instruction (Fig. 19). Whenan  an 8-bit vector on the data bus. The CPU automatically
interrupt is accepted, a special M1 cycle is generated. adds two Wait states to this cycle.

Tu T T2 Twa Twa Tw T3
- —j’_\—}'-_\__/—_\_/_-\__/_!N o N /Jr_-\_
l 47 )
=l
W\
6 6
Ao-A1s X pC . X
19 et 20
™1 Y /
—=i 40 [<— — 50
IORQ /4
- 48 ! 18 »18=r
7> I~ —=17=
WA /7 \
i 16
Do-D7 } < . VALID DATA

NOTES: 1) T = Last state of any instruction cycle.
2) Twa = Wait cycle automatically inserted by CPU.

Figure 19 Interrupt Request/Acknowledge Cycle
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Non-Maskable Interrupt Request Cycle. NMI is
sampled atthe same time as the maskable interrupt input
INT, but has higher priority and cannot be disabled under
software control. The subsequent timing is similar to that

of a normal memory read operation except that data put
on the bus by the memory is ignored. The CPU instead
executes a restart (RST) operation and jumps to the NMi
service routine located at address 0066H (Fig. 20).

LAST M CYCLE

- - ———

Ao-A1s PC X X
—(19 |- 20 =

" \ Ve
! ' 10
—>| 8 |- - O |e—> - 12'4—

MREQ \L I ]
l |e— ) —

—-13 I*— — 20 |-

"D i

‘A gh NMI is an asynch input,tog its being recog on'the f

cycle, NMI’s falling edge must occur no later than the rising edge

of the clock cycle preceding the last state of any instruction cycle (Ty)).

Figure 20 Non-Maskable Interrupt
Request Operation
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Bus Request/Acknowledge Cycle. The CPU samples WRilines to a high-impedance state with the rising edge of
BUSREQ with the rising edge of the last clock period of the next clock pulse. Atthat time, any external device can
any machine cycle (Fig. 21). If BUSREQis active, the CPU  take control of these lines, usually to transfer data be-
sets its address, data, and MREQ, IORQ, RD, and tween memory and /O devices.

Tim Tx

AVWAYA I\

-37 <37
36 » 36—»‘ -—
BUSREQ \ 4 }
1 | i
38> —»| 39 |<-
BUSACK /
— <—-42 — - 42
FLOAT e
Ao-Ays }—f/ J\
-  |=40 - |=40
B FLOAT f—
Do-D7 F 4\
- =41 - |41
MREQ
kit FLOAT y
RD,WR }——L’
iORG S

3
v
I t

UNCHANGED

X
>
r
-

NOTES: 1) T_m = Last state of any Mcycle.
2) Tx = An arbitrary clock cycle used by requesting device.

Figure 21 BUS Request/Acknowledge Cycle

48



Halt Acknowledge Cycle.

M1 | | M1
Ta T T2 T3 Ta T T2
CLOCK
0’- 34 — |<— 34
HALT L Vi
Halt Instruction !
Received 35 »
Nmi
*Although NMIi is an asynch input,to g its being ized on the followi hine cycie, NMI's falling edge must occur no

later than the rising edge of the clock cycle preceding the last stale of any instruction cycle (Ty-

Figure 22 Halt Acknowledge

Reset Cycle. RESET must be active for at least three  Once RESET goes inactive, two internal T cycles are
clock cycles for the CPU to properly acceptit. Aslong as  consumed before the CPU resumes normal processing
RESET remains active, the address and databuses float, operation. RESET clears the PC register, so the first

and the control outputs are inactive. opcode fetch will be location 0000H (Fig. 23).
T T
cLock ] \ / \ ’ \ ’_\_—_/—_—\_-
e R
RESET ! V \4 / \ . J \ /
Ao-A1s # — ;F
— 40 |-
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Figure 23 Reset Cycle
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PRECAUTIONS:

M

)

To reset MPU, itis necessary to hold RESET
signal input at “0” level for at least three clocks.

Inparticular, to release the HALT state by RESET
signal in STOP Mode, hold RESET signal at “0”
level for sufficient time in order to stabilize output
from the internal oscillator.

In releasing MPU from the HALT state by inter
rupt signal in IDLE1/2 Mode and STOP Mode,
MPU will noibe reieased irom the HALT state and

theinternal system clock will stop again unlessan
interrupt signal is accepted during the execution
of NOP instruction even when the internal system
clock is restarted by the interrupt signal input. In
particular, care must be taken when INT is used.

Other precautions are identical to those for the
Z84C00, except those for RFSH terminal. Refer

to the data sheet for the Z84C00.
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AC CHARACTERISTICS:

AC CHARACTERISTICS TA=0°Cto70°C,

VCC =5V +/-10%, VSS=0V.
Number Symbol Parameter Min Max Unit

1 TeC Clock cycle time 100 DC ns

2 TwCh High clock pulse width 40 DC ns

3 TwCl Low clock pulse width 40 DC ns

4 TiC Clock falling time 10 ns

5 TrC Clock rising time 10 ns

6 TdCr (A) Effective address output 60 ns
delay from clock rise

7 TdA (MREQf) Address output definite * ns
time prior to MREQ

8 TdCt (MREQf) Delay from clock fall 40 ns

" toMREQ="L"

9 TdCf (MREQr) Delay from clock rise 40 ns
to MREQ = “H”

10 TwMREQh MREQ high level pulse width  ** ns

11 TwMREQI MREQ low level pulse width ~ ** ns

12 TdCf (MREQr) Delay from clock fall 40 ns
to MREQ = “H"

13 TdCf (RDf) Delay from clock fall to 40 ns
RD ="

14 TdCr (RDr) Delay from clock rise 40 ns
to RD = “H"

15 TsD (Cr) " Data set-up time for 25 ns
clock rise

16 ThD (RDr) Data hold time for (V] ns

_ RDrise

17 TsWAIT (Cf) - WAIT signal set-up time - 30 ns
for clock fall

18* ThWAIT (Cf)  WAIT hold time after 0 ns
clock fall

19 TdCr (MIf) Delay from clock rise 40 ns
toM1 =“L"

20 TdCr (Mir) Delay from clock rise . 40 ns
to M1 =“H"

21 TdCf (RDr) Delay from clock fall 40 ns
toRD = “H"

22 TdCr (RDF)  Delay from clock rise 40 ns
to ﬁ =“L"

23 TsD (Cf) Data set-up time for 25 ns
clock fall

24 TdA (IORQf)  Address definite time i ns
prior to IORQ fall

25 Delay from clock rise 40 ns

TdCr (IORQY)

to IORQ =“L"
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AC CHARACTERISTICS (continued)

Number Symbol Parameter Min Max Unit
26 TdCf (IORQr) Delay from clock fall 40 ns
to IORQ “H”
27 TdD (WRF) Data definite time * ns
prior to WR fall
28 TdCt (WRF)  Delay from clock fall 40 ns
to WR =“L”
29 TwWR WR pulse width . ns
30 TdCt (WRr) Delay from clock fall 40 ns
toWR =“H"
31 TdD (WRf) Data definite time prior * ns
to WR fall
32 TdCr (WRf) Delay from clock rise 40 ns
to WR =“L"
33 TdWRr (D) Output data holding e ns
after WR = “H”
34 TdCf (HALT)  Delay from clock fall 100 ns
to HALT =“L" or “H’
35 TwNMI NMI pulse width 60 ns
36 TsBUSREQ (Cr)Set-up time for clock rise 35 ns
37t ThBUSREQ (Cr)BUSREQ hold time after 0 ns
clock rise
38 TdCr (BUSACK()Time from clock rise 40 ns
to BUSACK = “L"
39 TdCf (BUSACKTr) Time from clock fall 40 ns
to BUSACK = “H”
40 TdCr (Dz) Delay from clock rise 40 ns
to data bus float state
M1 TdCr (CT2) Delay from clock rise to 40 ns
control output float state
(MREQ, TORQ, RD, WR)
42 TdCr (Az) Delay from clock rise to 50 ns
address bus float state
43 TdCTr (A) Address hold time from ** ns
MREQ, IORQ, RD, or WR
44 TsRESET (Cr) RESET set-up time for 30 ns
clock rise
45* ThRESET (Cr) RESET hold time for 0 ns
clock rise
46 TsINTf(Cr)  INT set-up time for 50 ns
clock rise.
47* ThINTr (Cr)  INT hold time after ] ns
clock rise
49 TdCf (IORQf) Delay from clock fall 40 ns
to IORQ =“L"
50 TdCr (IORQr) Delay from clock rise 40 ns
to IORQ = “H”
51 TdCt (D) Delay from clock fall 80 ns
to data output
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AC CHARACTERISTICS (continued)

Number Symbol Parameter ' Min Max Unit
52 TRST1S Clock (CLK) restart time (typ) (2'*+2.5)xTcC  ns
by INT (STOP mode)
53 TRST2S Clock (CLK) restart time (typ) (2'4+2.5)xTcC ns
- by NMI (STOP mode)
54 TRST1I Clock (CLK) restart time (typ) 2.5 TcC ns
by INT (IDLE1/2 mode)
55 TRST2I Clock (CLK) restart time (typ) 2.5 TcC ns

by NMI (IDLE1/2 mode)

* Test conditions are: CL = 100 pf

** NOTES: AC Characteristics (per line item number).

Number Symbol General Parameter
1 TcC TwCh + TwCl + TrC + TIC
7 TdA(MREQf) TwCh + TfC - 45

10 TwMREQh TwCh + TfC - 25

11 TwMREQI TeC - 30

24 TdA(IORQf) TcC - 50

27 TdD(WRH) TeC - 100

29 TWWR TeC -25

31 TdD (WRH) TwCl + TrC - 100

33 TdWRr (D) TwCl + TrC - 50

43 TdCTr (A) TwCl + TrC - 45

48 TdM1f (IORQf) 2TcC +TwCh + TfC - 45

AC Test Conditions: V,, =3V V,, =2V Vi, =V, -0.6V FLOAT = +-0.5V
V, =5V V, =8V V=5V V,=451055V




DC CHARACTERISTICS VCC=5.0V +10%

Symbol Parameter Min Max Unit Condition
Voue Clock Output High Voltage VCC-0.6 -2mA
Vore Clock Output Low Voltage 0.4 \Y +2mA
Vi Input High Voltage 22 VvCC \Y
vV, Input Low Voltage -0.3 0.8 \
Vo Output Low Voltage 0.4° \ lo, =2.0mA
Vo Output High Voltage 2.4 \Y oy =-1.6mA
Vouo Output High Voltage VCC-0.8° Vv loy =-250uA
logy! Power Supply Current 10 MHz 50 mA V. =5V
Vi = Ve - 0.2V
V, =02V
XTALIN = 10 MHz
locara Power Supply Current (STOP Mode) 10 uA Voo =5V
locas Power Supply Current (IDLE1 Mode) 4 mA V=V - 0.2V
Vv, =02V
XTALIN = 10 MHz
bocas Power Supply Current (IDLE2 Mode) 15 mA V=V - 0.2V
Vv, _0.
XTALIN 10 MHz
I, Input Leakage Current -10 10* uA Vy =04toV,
Lo 3-State Output Leakage -10 102 uA Vour =0.4to V,

Current in Float

1. Measurements made with outputs floating.

2. A-A, DD, MREQ, IORQ, RD, and WR.

3. 1., standby current is guaranteed when the halt pin is low in STOP mode.
4. All pins except XTAL1, where | = +/-25 uA.

5. A A, D,-D,, MREQ, IORQ, RD, WR, HALT, M1, and BUSACK.

1 ,

“mA) 401 I
cct
30
20
10 1
/',’/ leca
5+ (DLE 2)
ICC@
" “inE 1) _

0 2 4 6 8 10  FREQ
l.c vs Freq (MHz)

CONDITIONS: V,, =V, =V 0.2V V. =5V, TEMP=0°Cto 70°C V, =V, =0.2V

Figure 26 Z84C01 Typical I vs Freq
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ELECTRICAL CHARACTERISTICS:

ABSOLUTE MAXIMUM RATINGS

Voltage on Vce with respect to Vss.......... -0.3Vio + 7V
Voltages on all inputs with respect to Vss..-0.3V to Vcc +
0.3V

Operating Ambient
Temperature....................... See Ordering Information
Storage Temperature............... -65°C to + 150°C

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. Thisis astress rating only; operation of the device at
any condition above those indicated in the operational
sections of these specifications is not implied. Exposure
to absolute maximum rating conditions for extended
periods may affect device reliability.

Standard Test Conditions

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

Available operating temperature ranges are:

S =0°Cto 70°C
Voltage Supply Range: +4.50V < Vec < + 5.50V

All AC parameters assume a load capacitance of 100 pf.
Add 10 ns delay for each 50 pf increase in load up to a
maximum of 150 pffor the databus and 100 pf for address
and control lines. AC timing measurements are refer-
enced to 1.5 volts (exceptfor clock, which isreferenced to
the 10% and 90% points). Maximum capacitive load for
CLK is 125 pf.

The Ordering Information section lists temperature
ranges and product numbers. Package drawings are in
the Package Information section. Refer to the Literature
List for additional documentation.

+5V

21K

FROM OUTPUT
UNDER TEST

wom ?
:[250
pa
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Product Specification

January 1989

Z8410/284C10 NMOS/CMOS
Z80° DMA Direct Memory
Access Controller

FEATURES

Transfers, searches, and search/transfers in Byte-at-a-
Time, Burst, or Continuous modes. Cycle length and
edge timing can be programmed to match the speed of
any port.

Dual port addresses (source and destination) generated
for memory-to-1/0O, memory-to-memory, or 1/O-to-1/0
operations. Addresses may be fixed or automatically
incremented/decremented.

Next-operation loading without disturbing current
operations via buffered starting-address registers. An
entire previous sequence can be repeated automatically.

Extensive programmability of functions. CPU can read
complete channel status.

NMOS version for high cost performance solutions

CMOS version for the designs requires low power
consumption

NMOS 70841004 - 4MHz

CMOS Z84C1006 - DC 4 MHz to 6.17 MHz,
Z784C1008 - DC to 8 MHz

6 MHz version supports 6.144 MHz CPU clock opera-
tion clock.

Standard Z80 Family bus-request and prioritized
interrupt-request daisy chains implemented without
external logic. Sophisticated, internally modifiable
interrupt vectoring.

Direct interfacing to system buses without external logic.

GENERAL DESCRIPTION

The Z80 DMA (Direct Memory Access), nereatfter referred
to as Z80 DMA or DMA, is a powerful and versatile device for
controlling and processing transfers of data. lts basic

Do Ag
Dy A f——
D2 Az p———
SYSTEM Ds A b—
DATA
BUS Ds Ay p——
Ds As p——>
D6 A f—»
o ar ——» | SYSTEM
ADDRESS
o Ag p———n BUS
BUSREQ Ay f——
BUS —_
CONTROL BAl Ao f——
BAO An p—>
Z80 DMA Az p—>
A3 p——
Ats p——n
M . A5 f—>
SYSTEM 10RG
CONTROL MREQ RDY j«——— |\ DMA
BUS 7D GEWATT |e—— [ CONTROL
WR INT/PULSE ey
INTERRUPT
— R L D } CONTROL
| RESET | IE0 p—>
L —
C-MOS DMA
PLCC PACKAGE ONLY

+5V  GND  CLK

Figure 1. Pin Functions

function of managing CPU-independent transfers between
two ports is augmented by an array of features that optimize
transfer speed and control with little or no external logic in
systems using an 8- or 16-bit data bus and a 16-bit address
bus.

As [ 1 u 0[] As
A2 39 [ A
a3 38 (] 1E1
ada 37 [J INT/PULSE
amds 36 ] 1e0
mns 35 [] o
ck [ 7 34 ] o
wr(]s 3[] o,
A6 ] o 32[] o5
i6Ra [ 10 31 [ os
+s5v [ 11 Z80 DMA 4 [ gnp
MREQ [ 12 29[} D5
BAG [] 13 28] b
BAI[] 14 27{] 07
BUSREQ [] 15 26 ] Mi
CEWAIT ] 16 25 [ ] RDY
s [ 17 2a[] As
ae [ 18 23] Ao
A [ 19 22 [] Aw
Az [] 20 21 [ A !

Figure 2a. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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Transfers can be done between any two ports (source and
destination), including memory-to-1/0O, memory-to-memory,
and 1/O-to-1/O. Dual port addresses are automatically
generated for each transaction and may be either fixed or
incrementing/decrementing. In addition, bit-maskable byte
searches can be performed either concurrently with
transfers or as an operation in itself.

The 780 DMA contains direct interfacing to, and
independent control of, system buses, as well as

sophisticated bus and interrupt controls. Many
programmable features, including variable cycle timing and
auto-restart, minimize CPU software overhead. They are
especially useful in adapting this special-purpose transfer
processor to a broad variety of memory, /0O and CPU
environments.

The Z80 DMA is packagedin a 40-pin plastic or Cerdip DIP,

or 44-pin PCC. It uses a single +5V power supply and the
standard Z80 Family single-phase clock.

FUNCTIONAL DESCRIPTION
Classes of Operation. The Z80 DMA has three basic
classes of operation:

B Transfers of data between two ports (memory or 1/O
peripheral)

W Searches for a particular 8-bit maskable byte at a single
port in memory or an |/O peripheral

m Combined transfers with simultaneous search between
two ports

Figure 4 illustrates .the basic functions served by these
classes of operation.

SYSTEM
BUSES

CPU DMA
+5V
INT % INT
—>{ RDY
1EI
+5V
1EI
ZCITO4
cTC
ZCITO2  INT p—— —
IEQ
IEI_ ___ lE0O
RxCA INT N INT
TxCA IEO IEI
RxCB
TxCB
WI/RDYA
WIRDYB RDY
sio DMA

Figure 3. Typical Z80 Environment

During a transfer, the DMA assumes control of the system
address and data buses. Byte by byte, datais read from one
addressable port and written to the other addressable port.
The ports may be programmed to be either system main
memory or peripheral 1/0 devices. Thus, a block of data
may be written from one peripheral to another, from one
area of main memory to another, or from a peripheral to main
memory and vice versa. .

During a search-only operation, data is read from the source
portand compared byte by byte with a DMA-internal register
containing a programmable match byte. This match byte
may optionally be masked so that only certain bits within the
match byte are compared. Search rates up to 2M bytes per
second can be obtained with the 4 MHz Z80 DMA.

In combined searches and transfers, data is transferred
between two ports while simultaneously searching for a
bit-maskable byte match.

Data transfers or searches can be programmed to stop, or
interrupt, under various conditions. In addition, CPU-
readable status bits can be programmed to reflect the
condition.

Modes of Operation. The Z80 DMA can be programmed
to operate in one of three transfer and/or search modes:

W Byte-at-a-Time: data operations are performed one byte
at atime. Between each byte operation the system buses
are released to the CPU. The buses are requested again
for each succeeding byte operation.

Z80 DMA
1o
B I U
Bo
MEMORY
pee{ | e
—)— o
-] (] PERIPHERAL
4o

Search memory

Transfer memory-to-memory (optional search)
Transfer memory-to-I/O (optional search)
Search 110

. Transfer 1/0-to-1/O (optional search)

Lol sl

Figure 4. Basic Functions of the Z80DMA
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W Burst: data operations continue until a port's Ready line
to the DMA goes inactive. The DMA then stops and
releases the system buses after Completmg its current
byte operation.

m - Continuous: data operations continue until the end of the
programmed block of data is reached before the system
buses are released. If a port's Ready line goes inactive
before this occurs, the DMA simply pauses until the
Ready line comes active again.

In all modes, once a byte of data is read into the DMA, the
operation on the byte will be completed in an orderly
fashion, regardless of the state of other signals (including a
port's Ready line).

Due to the DMA's high-speed buffered method of reading
data, operations on one byte are not completed until the
next byte is read in. This means that total transfer or search
block lengths must be two or more bytes, and that block
lengths programmed into the DMA must be one byte less
than the desired block length (count is N-1 where N is the
block length).

Commands and Status. The Z80 DMA has several
writable control registers and readable status registers
available to the CPU. Control bytes can be written to the
DMA whenever the DMA is not controlling the system
buses, but the act of writing a control byte to the DMA
disables the DMA until it is again enabled by a specific
command. Status bytes can also be read at any such time,
but writing the Read Status Byte command or the Initiate
Read Sequence command disables the DMA.

Control bytes to the DMA include those which affect
immediate command actions such as enable, disable,
reset, load starting-address buffers, continuey clear
counters, and clear status bits. In addition, many
mode-setting control bytes can be written, including mode
and class of operation, port configuration, starting
addresses, block length, address counting rule, match and
match-mask byte, interrupt conditions, interrupt vector,
status-affects-vector condition, pulse counting, auto restart,
Ready-line and Wait-line rules, and read mask.

Readable status registers include a general status byte
reflecting Ready-line, end-of-block, byte-match, and
interrupt conditions, as well as 2-byte registers for the
current byte count, Port A address, and Port B address.

Variable Cycle. The Z80 DMA has the unique feature of
programmable operation-cycle length. This is valuable in
tailoring the DMA to the particular requirements of other
system components (fast or slow) and maximizes the
data-transfer rate. It also eliminates external logic for signal
conditioning.

There are two aspects to the variable cycle feature. First, the
entire read and write cycles (periods) associated with the
source and destination ports can be independently
programmed as 2, 3, or 4 T-cycles long (more if Wait cycles
are used), thereby increasing or decreasing the speed with
which all DMA signals change (Figure 5).

Second, the four signals in each port specifically associated
with transfers of data (/0 Request, Memory Request, Read
and Write) can each have its active trailing edge terminated
one-half T-cycle early. This adds a further dimension of
flexibility and speed, allowing such things as
shorter-than-normal Read or Write signals that go inactive
before data starts to change.

Address Generation. Two 16-bit addresses are generated
by the Z80 DMA for every transfer operation, one address
for the source port and another for the destination port.
Each address can be either variable or fixed. Variable
addresses can increment or decrement from the
programmed starting address. The fixed-address capability
eliminates the need for separate enabling wires to 1/0 ports.

Port addresses are multiplexed onto the system address
bus, depending on whether the DMA is reading the source
port or writing to the destination port. Two readable address
counters (2 bytes each) keep the current address of each
port.

Auto Restart. The starting addresses of either port can be
reloaded automatically at the end of a block. This option is
selected by the Auto Restart control bit. The byte counter is
cleared when the addresses are reloaded.

The Auto Restart feature relieves the CPU of software
overhead for repetitive operations such as CRT refresh and
many others. Moreover, when the CPU has access to the
buses during byte-at-a-time or burst ‘transfers, different
starting addresses can be written into buffer registers during
transfers, causing the Auto Restart to begin at a new
location.

Interrupts. The Z80 DMA can be programmed to mterrupt
the CPU on four conditions:

W Interrupt on Ready (before requesting bus)
B Interrupt on Match

| Interrupt on End of Block

B Interrupt on Match and End of Block

Any of these interrupts causes an interrupt-pending status
bit to be set, and each of them can optionally alter the DMA's
interrupt vector. Due to the buffered constraint mentioned
under “Modes of Operation,” interrupts on Match at End of
Block are caused by matches to the byte just prior to the last
byte in the block.

o]

\
-—2.CY |
| ZoveLE— | EARLY ENDING
<—3»cvcua—é_>| FOR CONTROL SIGNALS

«—4.CYCLE f—>]

T2 V} T3 = Ta —->[

Figure 5. Variable Cycle Length
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The DMA shares the Z80 Family’s elaborate interrupt
scheme, which provides fast interrupt service in real-time
applications. In a Z80 CPU environment, the DMA passes
its internally modifiable 8-bit interrupt vector to the CPU,
which adds an additional eight bits to form the memory
address of the interrupt-routine table. This table contains the
address of the beginning of the interrupt routine itself. In this
process, CPU control is transferred directly to the interrupt
routine, so that the next instruction executed after an
interrupt acknowledge is the first instruction of the interrupt
routine itself.

Pulse Generation. External devices can keep track of how
many bytes have been transferred by using the DMA's pulse
output, which provides a signal at 256-byte intervals. The
interval sequence may be offset at the beginning by 1 to 255
bytes.

The Interrupt line outputs the pulse signal in a manner that
prevents misinterpretation by the CPU as an interrupt
request, since it only appears when the Bus Request and
Bus Acknowledge lines are both active.

PIN DESCRIPTION

Ag-Aq5. System Address Bus (output, 3-state). Addresses
generated by the DMA are sent to both source and
destination ports (main memory or I/0 peripherals) on these
lines.

BAI. Bus Acknowledge In (input, active Low). Signals that
the system buses have been released for DMA control. In
multiple-DMA configurations, the BAI pin of the highest
priority DMA is normally connected to the Bus Acknowledge
pin of the CPU. Lower-priority DMAs have their BAl connec-
ted to the BAO of a higher-priority DMA.

BAO. Bus Acknowledge Out (output, active Low). In a
multiple-DMA configuration, this pin signals that no other
higher-priority DMA has requested the system buses. BAI
and BAO form a daisy chain for multiple-DMA priority
resolution over bus control.

BUSREQ. Bus Request (bidirectional, active Low, open-
drain). As an output, it sends requests for control of the
system address bus, data bus, and control bus to the CPU.
As an input when muitiple DMAs are strung together in a
priority daisy chain via BAl and BAO, it senses when another
DMA has requested the buses and causes this DMA to
refrain from bus requesting until the other DMA is finished.
Because itis a bidirectional pin, there cannot be any buffers
between this DMA and any other DMA. It can, however,
have a buffer between it and the CPU because it is
unidirectional into the CPU. A pull-up resistor is connected
to this pin.

CE/WAIT. Chip Enable and Wait (input, active Low).
Normally this functions only as a CE line, but it can also be
programmed to serve a WAIT function. As a CE line from the
CPU, it becomes active when WR or RD and ITORQ are ac-
tive and the 1/O port address on the system address bus is
the DMA's address, thereby allowing a transfer of control,
command bytes from the CPU to the DMA, or status bytes
from the DMA to the CPU. As a WAIT line from memory or
I/0 devices, after the DMA has received a bus-request
acknowledge from the CPU, it causes wait states to be
inserted in the DMA's operation cycles thereby slowing the
DMA to a speed that matches the memory or /O device.

CLK. System Clock (input). Standard Z80 single-phase
clock.

Dg-D7. System Data Bus (bidirectional, 3-state). Commands
from the CPU, DMA status, and data from memory or /O

peripherals are transferred on these lines.

IEL. Interrupt Enable In (input, active High). This is used with
IEO to form a priority daisy chain when there is more than
oneinterrupt-driven device. A High on this line indicates that
no other device of higher priority is being serviced by a CPU
interrupt service routine.

IEO. Interrupt Enable Out (output, active High). IEO is High
only if IEl is High and the CPU is not servicing an interrupt
from this DMA. Thus, this signal blocks lower-priority
devices from interrupting while a higher-priority device is
being serviced by its CPU interrupt service routine.

INT/PULSE. Interrupt Request (output, active Low, open-
drain). While the CPU is the bus master, this output requests
a CPU interrupt. The CPU acknowledges the interrupt by
pulling its TORQ output Low during an MT cycle. It is typically
connected to the INT pin of the CPU with a pullup resistor
and tied to all other INT pins in the system. This pin can also
be used to generate periodic pulses to an external device
when the DMA is bus master (i.e., the CPU’s BUSREQ and
BUSACK lines are both Low and the CPU cannot see
interrupts). While the DMA is the bus master, this output can
be programmed to pulse each time 256 transfers have
occurred.

IORQ. /nput/Output Request (bidirectional, active Low,
3-state). As an input, this indicates that the lower half of the
address bus holds a valid I/0 port address for transfer of
control or status bytes from or to the CPU, respectively; this
DMA is the addressed port f its CE pin and its WR or RD pins
are simultaneously active. As an output, after the DMA has
taken control of the system buses, it indicates that the lower
half of the address bus holds a valid port address for another
1/0 device involved in a DMA transfer of data. When 10RQ
andMT are both active simultaneously, an interrupt
acknowledge is indicated.

M1. Machine Cycle One (input, active Low). Indicates that
the current CPU machine cycle is an instruction fetch. It is
used by the DMA to decode the return-from-interrupt
instruction (RETI, ED-4D) sent by the CPU. During two-byte
instruction fetches, M1 is active as each opcode byte is
fetched. An interrupt acknowledge is indicated when both
M1 and IORQ are active. On CMOS DMA, M1 signal has
another function. When M1 occurs without an active RD or
IORQ for at least two clock cycles, the DMA is reset.
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- MREQ. Memory Request (output, active Low, 3-state). This

indicates that the address bus holds a valid address for a
memory read or write operation. After the DMA has taken
control of the system buses, it indicates a DMA transfer
request from or to memory.

RD. Read (bidirectional, active Low, 3-state). As an input,
this indicates that the CPU wants to read status bytes from
the DMA's read registers. As an output, after the DMA has
taken control of the system buses, it indicates a
DMA-controlled read from a memory or I/O port address.

RESET. Reset (CMOS PLCC version only: mput active
Low). A low on this line resets the DMA.

RDY. Ready (input, programmable active Low or High). This
is monitored by the DMA to determine when a peripheral
device associated with a DMA port is ready for a read or
write operation. Depending on the mode of DMA operation
(Byte, Burst, or Continuous), the RDY line indirectly controls
DMA activity by causing the BUSREQ line to go Low or
High.

WR. Write (bidirectional, active Low, 3-state). As an input,
this indicates that the CPU wants to write control or
command bytes to the DMA write registers. As an output,
after the DMA has taken control of the system buses, it
indicates a DMA-controlled write to a memory or /O port
address.

INTERNAL STRUCTURE

The internal structure of the Z80 DMA includes driver and
receiver circuitry for interfacing with an 8-bit system data
bus, a 16-bit system address bus, and system control lines
(Figure 6). In a Z80 CPU environment, the DMA can be tied
directly to the analogous pins on the CPU (Figure 7) with no
additional buffering, except for the CE/WAIT line.

The DMA's internal data bus interfaces with the system data
bus and services all internal logic and registers. Addresses
generated from this logic for Ports A and B (source and
destination) of the DMA's single transfer channel are
multiplexed onto the system address bus.

Specialized logic circuits in the DMA are dedicated to the
various functions of external bus interfacing, internal bus
control, ‘byte matching, byte counting, periodic pulse
generation, CPU interrupts, bus requests, and address
generation. A set of 21 writable control registers and seven
readable status registers provides the means by which the
CPU governs and monitors the activities of these logic
circuits. All registers are eight bits wide, with double-byte
information stored in adjacent registers. The two address
counters (two bytes each) for Ports A and B are buffered by
the two starting addresses.

The 21 writable control registers are organized into seven
base-register groups, most of which have multiple registers.
The base registers in each writable group contain both

control/command bits and pointer bits that can be set to
address other registers within the group. The seven
readable status registers have no analogous second-level
registers.

The registers are designated as follows, according to their
base-register groups:

WRO-WR6—Write Register groups 0 through 6
(7 base registers plus 14 associated registers)

RRO0-RR6—Read Registers 0 through 6

Writing to a register within a write-register group involves first
writing to the base register, with the appropriate pointer bits
set, then writing to one or more of the other registers within
the group. All seven of the readable status registers are
accessed sequentially according to a programmable mask
contained in one of the writable registers. The section
entitled Programming explains this in more detail.

A pipelining scheme is used for reading data in. The
programmed block length is the number of bytes compared
to the byte counter, which increments at the end of each
cycle. In searches, data byte comparisons with the match
byte are made during the read cycle of the next byte.
Matches are, therefore, discovered only after the next byte is
read in.

PULSE
LoGIC

INTERRUPT
AND BUS
PRIORITY

LOGIC

ﬁ

INTERNAL BUS

SYSTEM
DATA
BUS
(8-BIT) !!

CONTROL
AND
STATUS
REGISTERS

' BUS
CONTROL CONTROL
LOGIC

BYTE
COUNTER PORT A
ADDRESS
i | SYSTEM
o ) gosness
! | (16-BIT)
PORT B
BYTE ADDRESS
MATCH
LOGIC

Figure 6. Block Diagram
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COMMON:

Z
3

BUSREQ

BUSACK cpPU M1
IORQ
MREQ
RD
WR
CLK

COMMON
Ao-A1s
Do-7
< SYSTEM BUSES >
COMMON COMMON
DECODER

BAO |— TO NEXT DMA

TO LOWER-PRIORITY

1EO = INTERRUPTING DEVICE

_ CE/WAIT —_ CEWAIT
L] BAI BAO Al
DMA
FROM HIGHER-PRIORITY I IEO 1€l D'~M
INTERRUPTING DEVICE RDY RDY
FROM FROM
110 110
DEVICE DEVICE

Figure 7. Multiple-DMA Interconnection to the Z80 CPU

In multiple-DMA configurations, interrupt-request daisy

chains are prioritized by the order in which their IEl and IEO
lines are connected. The system bus, however, may not be
pre-empted. Any DMA that gains access to the system
buses keeps them until it is finished.

Write Registers

Read Registers

RRO
RR1
RR2
RR3
RR4
RR5
RR6

Status byte

Byte counter (low byte)

Byte counter (high byte)

Port A address counter (low byte)
Port A address counter (high byte)
Port B address counter (low byte)

Port B address counter (high byte)

WRO0

WR1

WR2

WR3

WR4

WR5
WR6

Base register byte
Port A starting address (low byte)
Port A starting address (high byte)
Block length (low byte)
Block length (high byte)

Base register byte
Port A variable-timing byte

Base register byte
Port B variable-timing byte

Base register byte
Mask byte
Match byte

Base register byte
Port B starting address (low byte)
Port B starting address (high byte)
Interrupt control byte
Pulse control byte
Interrupt vector

Base register byte

Base register byte
Read mask
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PROGRAMMING

The Z80 DMA has two programmable fundamental states:
(1) an enabled state, in which it can gain control of the
system buses and direct the transfer of data between ports,
and (2) a disabled state, in which it can initiate neither bus
requests nor data transfers. When the DMA is powered up
or reset by any means, it is automatically placed into the
disabled state. Program commands can be written to it by
the CPU in either state, but this automatically puts the DMA
in the disabled state, which is maintained until an enable
command is issued by the CPU. The CPU must program the
DMA in advance of any data search or transfer by
addressing it as an I/O port and sending a sequence of
control bytes using an Output instruction (such as OTIR for
the Z80 CPU).

Reading. (Figure 8a) The Read Registers (RRO-RR6) are
read by the CPU by addressing the DMA as an 1/0O port
using an Input instruction (such as INIR for the Z80 CPU).
The readable bytes contain DMA status, byte-counter
values, and port addresses since the last DMA reset. The
registers are always read in a fixed sequence beginning with
RRO and ending with RR6. However, the register read in this

sequence is determined by programming the Read Maskin

WR6. The sequence of reading is initialized by writing an
Initiate Read Sequence or Set Read Status command to
WR6. After a Reset DMA, the sequence must be initialized
with the Initiate Read Sequence command or a Read Status
command. The sequence of reading all registers that are not
excluded by the Read Mask register must be completed
before a new Initiate Read Sequence or Read Status
command.

Writing. Control or command bytes are written into one or .

more of the Write Register groups (WR0-WR6) by first writing
to the base register byte in that group. All groups have base
registers and most groups have additional associated
registers. The associated registers in a group are
sequentially accessed by first writing a byte to the base
register containing register-group identification and pointer
bits (1’s) to one or more of that base register’s associated
registers.

READ REGISTER 0
D; Dg Ds Dy D3 D, Dy Dy
[XIxI T T [x] [ ] sratusevte

| L——-—- 1 = DMA TRANSFER HAS OCCURRED
0 = READY ACTIVE
0 = INTERRUPT PENDING
0
0

= MATCH FOUND
= END OF BLOCK

DO

READ REGISTER 1

L1 [ [ 1 [ | [ | BYrecounTerHiGH BYTE)

This s illustrated in Figure 8b. In this figure, the sequence in
which associated registers within a group can be writtento is
shown by the vertical position of the associated registers.
For example, if a byte written to the DMA contains the bits
that identify WRO (bits DO, D1 and D7), and also contains 1’s
in the bit positions that point to the associated “Port A
Starting Address (low byte)” and “Port A Starting Address
(high byte),” then the next two bytes written to the DMA will
be stored in that order in these two registers.

Fixed-Address Programming. A special circumstance
arises when programming a destination port to have a fixed
address. The load command in WR6 only loads a fixed
address to a port selected as the source, not to a port
selected as the destination. Therefore, a fixed destination
address must be loaded by temporarily declaring it a
fixed-source address and subsequently declaring the true
source as such, thereby implicitly making the other a
destination.

The following example illustrates the steps in this procedure,
assuming that transfers are to occur from a variable-address
source (Port A) to a fixed-address destination (Port B):

1. Temporarily declare Port B as source in WRO.

2. Load Port B address with LOAD command to WR6.
3. Declare Port A as a source in WRO.

4. Load Port A address with LOAD command to WR®6.
5. Enable DMA in WRe.

Figure 9 illustrates a program to transfer data from memory
(Port A) to a peripheral device (Port B). In this example, the
Port A memory starting address is 1050y and the Port B

- peripheral fixed address is 054. Note that the data flow is

1001y bytes—one more than specified by the block length.
The table of DMA commands may be stored in consecutive
memory locations and transferred to the DMA with an
output instruction such as the Z80 CPU’s OTIR instruction.

READ REGISTER 2

LT

READ REGISTER 3

L1 [ 1]

READ REGISTER 4
L[]
READ REGISTER 5
LT T[T ]
READ REGISTER 6

' 1 1 [ 1 [ 1 [ | PORTB ADDRESS COUNTER (HIGH BYTE)

T] BYTE couNTER (LOW BYTE)

| ] porT A ADDRESS COUNTER (LOW BYTE)

1 | ] ] ] PORT A ADDRESS COUNTER (HIGH BYTE)

] ] PORT B ADDRESS COUNTER (LOW BYTE)

Figure 8a. Read Registers
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WR ENDS ¥: CYCLE EARLY =0

WR ENDS

WRITE REGISTER 0 GROUP

D, Dy D D, D, D, D,.D,
T
[o] [T T T ] ]easerecistereyre

0 0 DONOTUSE
0 1 = TRANSFER
10 = SEARCH
11 = SEARCHITRANSFER

0 = PORT B ~ PORT A

1 = PORT A — PORT B

PORT A STARTING ADDRESS
(LOW BYTE)

PORT A STARTING ADDRESS
(HIGH BYTE)

[ ]

1 BLOCK LENGTH

L1 | | | J(owBYTE)

BLOCK LENGTH

H 1 L I (HIGH BYTE)

WRITE REGISTER 1 GROUP

D,

Dy D

D, Dy D, D, Dy

[o

[ T T170]0]saserecistersyTe

a-oo

= PORT A IS MEMORY

PORT A IS I/O

PORT A ADDRESS DECREMENTS
PORT A ADDRESS INCREMENTS

PORT A ADDRESS FIXED

[T = p—

“oao
n

[

T T T

| | l PORT A VARIABLE TIMING BYTE

D ENDS_*; CYCLE EARLY =

MREQ ENDS ¥2 CYCLE EARLY

CYCLE LENGTH
CYCLE LENGTH
CYCLE LENGTH
DO NOT USE

ENDS ¥2 CYCLE EARLY

4
3
2

0
0 =

o

0

Q-nc_o_

1
11
0 =i0ORQ

WRITE REGISTER 2 GROUP

D, Dy Dy D,

Dy D, D, D,

[o]

l

[0 [0 | o |sask reaisTer BYTE

[

“w00

= PORT B IS MEMORY

= PORT B IS IIO

PORT B ADDRESS DECREMENTS
PORT B ADDRESS INCREMENTS

} = PORT B ADDRESS FIXED

L1

[ ]porr B vaRIABLE TiMING BYTE

EN Y2 CYCLE EARLY =0 0 0= CYCLELENGTH = 4
RD ENDS %2 CYCLE EARLY = 0 1 =CYCLELENGTH =3
MREQ ENDS % CYCLE EARLY = 0 1 0= CYCLE LENGTH = 2
1_1 DO NOT USE
= IORQ ENDS 2 CYCLE EARLY
WRITE REGISTER 3 GROUP
Dr Ds Ds D, Da D; Dy Dy

[ [o[o|easerecistEr BYTE

DMA ENABLE = 1
INTERRUPT ENABLE =

= STOP ON MATCH

| 1

IMASK BYTE (0 = COMPARE)

[T [ 11

| matcH BYTE

| |

Figure 8b. Write

STATUS AFFECTS VECTOR =

WRITE REGISTER 4 GROUP

D, Dg Dy D, Dy D, D, D,
[*T [ T T T Tol1]saserecisten syre
BYTE 0
CONTINUOUS 1
BURST 0
DO NOT PROGRAM 1

PORT B STARTING ADDRESS
(LOW BYTE)

I 1
L |

PORT B STARTING ADDRESS

T
LI (HIGH BYTE)

] INTERRUPT CONTROL BYTE

1]

INTERRUPT ON RDY =1

1T

= INTERRUPT ON MATCH
1 = INTERRUPT AT END OF BLOCK
= PULSE GENERATED

l PULSE CONTROL BYTE

"] wreRRUPT VECTOR

VECTOR IS AUTOMATICALLY
MODIFIED AS SHOWN

ONLY IF “STATUS

AFFECTS VECTOR” BIT IS SET

INTERRUPT ON RDY
INTERRUPT ON MATCH
INTERRUPT ON END OF BLOCK
= INTERRUPT ON MATCH

AND END OF BLOCK

WRITE REGISTER 5 GROUP

D; Dg Ds Dy

D, D,

D, Do

0=

1=
0=S§
1=AU

READY ACTIVE LOW
READY ACTIVE HIGH

CE ONLY
CE/WAIT MULTIPLEXED
OP ON END OF BLOCK
UTO RESTART ON END OF BLOCK

WRITE REGISTER 6 GROUP
D, Dy Ds D, Dy D, D, D,
[ 1 1 i—‘r | : I [ 1 ] BASE REGISTER BYTE

| | | | ‘ HEX COMMAND NAME
1 0 0 0 0=C3=RESET
1 0 0 0 1 =C7=RESET PORT A TIMING
1 0 0 1 0=CB=RESET PORT B TIMING
10 0 1 1=CF=LOAD
10 1 0 0=D3=CONTINVE
0 1 0 1 1=AF = DISABLE INTERRUPTS
0 1 0 1 0= AB = ENABLE INTERRUPTS
0 1 0 0 0=A3 = RESET AND DISABLE INTERRUPT:
0 1t 1 0 1=B7 =ENABLE AFTER RETI
0 1 1 1 1=BF =READSTATUS BYTE
0 0 0°1 0= 8B =REINITIALIZE STATUS BYTE
0 1 0 0 1=A7=INITIATE READ SEQUENCE
0 1 1 0 0=B3=FORCE READY
0 0 0 0 1=87 =ENABLE DMA
0 0 0 0 0-=83=DISABLE DMA

[———— 0 1 1 1 0=BB=READ MASK FOLLOWS

T T T T _
[o] T T T T T T renomask o1 = enasLe)

STATUS BYTE
BYTE COUNTER (LOW BYTE)
BYTE COUNTER (HIGH BYTE)

=

Registers

PORT A A OW BYTE)
PORT A ADDRESS (HIGH BYTE)
PORT B A LOW BYTE)
PORT B A (HIGH BYTE)

S
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99

Comments D7 De Ds Da D3 D2 D4 Do HEX
WRO sets DMA to receive 0 1 1 1 1 0 0 1 79
block length, Port A start- Block Length Block Length Port A Port A B—»A
ing address and temporarily Upper Lower Upper Lower Temporary
sets Port B as source. Follows Follows Address Address for Transfer, No Search

Follows Follows Loading B

Address*

Port A address (lower) 0 1 0 1 0 0 0 0 50
Port A address (upper) 0 0 0 1 0 0 0 0 10
Block length (lower) 0 0 0 0 0 0 0 0 00
Block length (upper) 0 0 0 1 0 0 0 0 10
WR1 defines Port A as 0 0 0 1 0 1 0 0 14
memory with fixed No Timing Address Address Portis -
incrementing address. Follows Changes Increments Memory
WR2 defines Port B as 0 0 1 0 1 0 0 0 28
peripheral with fixed No Timing Fixed Port is
address. Follows Address 110
WR4 sets mode to Burst, 1 1 0 0 0 1 0 1 C5
sets DMA to expect Port B ‘B M No Interrupt No Upper Port B Lower
address. urst Mode Control Byte Address Address

Follows Follows
Port B address (lower) 0 0 0 0 0 1 0 1 05
WR5 sets Ready active High. 1 0 0 0 1 0 1 0 8A

No Auto No Wait RDY
Restart States Active High
WR6 loads Port B address 1 1 0 0 1 1 1 1 CF
and resets block counter.*
WRO sets Port A as source.* 0 0 0 0 0 1 1 05
No Address or Block A —B Transfer, No Search
Length Bytes

WR6 loads Port A address 1 1 0 0 1 1 1 1 CF
and resets block counter.
WR6 enables DMA to start 1 0 0 0 0 1 1 1 87

operation.

NOTE: The actual number of bytes transferred is one more than specified by the block length.
*These entries are necessary only in the case of a fixed destination address.

Figure 9. Sample DMA Program




INACTIVE STATE TIMING
(DMA as CPU Peripheral)

Inits disabled or inactive state, the DMA is addressed by the
CPU as an I/0 peripheral for write and read (control and
status) operations. Write timing is illustrated in Figure 10.

Reading of the DMA's status byte, byte counter, or port
address counters is illustrated in Figure 11. These

LI LT 1LIL

o _| \

Pty T —————
I0ORQ \
WR Y S —
Do-D7

Figure 10. CPU-to-DMA Write Cycle

operations require less than three Tcycles. The CE, TORQ,
and RD lines are made active over two rising edges of CLK,
and data appears on the bus approximately one Tcycle
after they become active.

Figure 11. CPU-to-DMA Read Cycle

ACTIVE STATE TIMING
(DMA as Bus Controller)

Default Read and Write Cycles. By default, and after
reset, the DMA's timing of read and write operations is
exactly the same as the Z80 CPU'’s timing of read and write
cycles for memory and I/O peripherals, with one exception:
during a read cycle, data is latched on the falling edge of T3
and held on the data bus across the boundary between
read and write cycles, through the end of the following write
cycle.

Figure 12 illustrates the timing for memory-to-/O port
transfers and Figure 13 illustrates 1/O-to-memory transfers.

Memory-to-memory and 1/O-to-l/O transfer timings are
simply permutations of these diagrams.

The default timing uses three T-cycles for memory
transactions and four T-cycles for I/O transactions, which
include one automatically inserted wait cycle (Twa) between
To and T3. Ifthe CE/WAIT line is programmed to act as a
WAIT line during the DMA's active state, it is sampled on the
falling edge of T, for memory transactions and the falling
edge of Ty for I/ transactions. If CE/WAIT is Low during
this time, another T-cycle is added, during which the

<«———— MEMORY READ

110 WRITE

\ [T

DATKA BUS DRIVEN BY DMA

e X
MREG \ J
READ
= 7
ioRa \
WRITE
WR
\ | wmemory /-
Do-D7 | I Tomvesoara \
cenmar —T——TTTT——T——
—_— e ! \...__.+.__

—_——t e ——-
—_

-—-——-’——

Figure 12. Memory-to-1/O Transfer
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CE/WATT line will again be sampled. The duration of
transactions can thus be indefinitely extended.

Variable Cycle and Edge Timing. The Z80 DMA's default
operation-cycle length for the source (read) port and
destination (write) port can be independently programmed.
This variable-cycle feature allows read or write cycles
consisting of two, three, or four T-cycles (more if Wait cycles
are inserted), thereby increasing or decreasing the speed of
all signals generated by the DMA. In addition, the trailing
edges of the TORQ, MREQ, RD, and WR signals can be
independently terminated one-half cycle early. Figure 14
illustrates this.

In the variable-cycle mode, unlike default timing, TORG

comes active one-half cycle before MREQ, RD, and WR.

CE/MAIT can be used to extend only the 3 or 4 T-cycle
variable memory cycles and only the 4-cycle variable 1/0
cycle. The CE/WAIT line is sampled at the falling edge of T
for 3- or 4-cycle memory cycles, and at the falling edge of T3
for 4-cycle I/O cycles.

During transfers, data is latched on the clock edge causing
the rising edge of RD and held until the end of the write
cycle.

Bus Requests. Figure 15 illustrates the bus request and
acceptance timing. The RDY line, which may be
programmed active High or Low, is sampled on every rising
edge of CLK. Ifitis found to be active and if the bus is notin
use by any other device, the following rising edge of CLK
drives BUSREQ Low. After receiving BUSREQ, the CPU
acknowledges on the BAI input either directly or through a
multiple-DMA daisy chain. When a Low is detected on  BAI
for two consecutive rising edges of CLK, the DMA will begin
transferring data on the next rising edge of CLK.

Bus Release Byte-at-a-Time. In Byte-at-a-Time mode,
BUSREQ is brought High on the rising edge of CLK prior to
the end of each read cycle (search-only) or write cycle
(transfer and transfer/search) asillustrated in Figure 16. This
is done regardless of the state of RDY. There is no possibility
of confusion when a Z80 CPU is used since the CPU cannot

- /0 READ | MEMORY WRITE ——|
Tl T2 | Tw | Ts l T T2 | T
cLK
. | X C
ioRQ \ /
READ
A \ /
Do-D7 )4 Iio DRWE DATA I\ DMA DRIVES DATA BUS )—
WRITE
w /]
o TTC T\
Figure 13. 1/0-to-Memory Transfer
IR O O O

CLK :
ACTIVE " ;
Ly

——— e o — el
Ag-Aqss * 1 1 1 RDY ) \)
r - _————
fora H A susREa ___ |
MRE rrrroTrTr e . ——r—'ﬂ—\/
RD,WR ¥ N BV R A .IJ _____ o d
2-CYCLE 3-CYCLE 4-CYCLE |N231¢VE" = ACTIVE

EARLY END EARLY END EARLY END

Figure 14. Variable-Cycle and Edge Timing

Figure 15. Bus Request and Acceptance
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begin an operation until the following T-cycle. Most other

CPUs are not bothered by this either, although note should
 be taken of it. The next bus request for the next byte will

come after both BUSREQ and BAI have returned High.

Bus Release at End of Block. In Burst and Continuous
modes, an end of block causes BUSREQ to go High, usu-
ally on the same rising edge of CLK in which the DMA
completes the transfer of the data block (Figure 17). The last
byte in the block is transferred even if RDY goes inactive
before completion of the last byte transfer.

Bus Release on Not Ready. In Burst mode, when RDY
rising edge of CLK after the completion of its current byte
operation (Figure 18). The action on BUSREQ is thus
somewhat delayed from action on the RDY line. The DMA
always completes its current byte operation in an orderly
fashion before releasing the bus.

By contrast, BUSREQ is not released in Continuous mode
when RDY goes inactive. Instead, the DMA idles after
completing the current byte operation, awaiting an active
RDY again.

Bus Release on Match. If the DMA is programmed to stop
on match in Burst or Continuous modes, a match causes

BUSREQ to go inactive on the next DMA operation, i.e., at
the end of the next read in a search or at the end of the
following write in a transfer (Figure 19). Due to the pipelining
scheme, matches are determined while the next DMA read
or write is being performed.

The RDY line can go inactive after the matching operation
begins without affecting this bus-release timing.

Interrupts. Timings for interrupt acknowledge and return
from interrupt are the same as for the other Z80 peripherals.

Interrupt on RDY (interrupt before requesting bus) does not
directly affect the BUSREQ line. Instead, the interrupt
service routine must handle this by issuing the following
commands to WR6:

1. Enable after Return From

Command—Hex B7
2. Enable DMA—Hex 87

3. An RETI! instruction that resets the Interrupt Under
Service latch in the Z80 DMA.

Interrupt  (RETI)

CLK I | I I | I | | I

rgA

|
BUSREQ , gt

|

|

BAI
L,
1

DMA ACTIVE —->|<——DMA INACTIVE

Figure 16. Bus Release (Byte-at-a-Time Mode)

CLK I | ' I I

ACTIVE

RDY
INACTIVE

BUSREQ

7L
7/

| LAST BYTE

| OPERATION
IN BLOCK

DMA
| INACTIVE

Figure 17. Bus Release at End of Block
(Burst and Continuous Modes)
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CLK I I I | I

ACTIVE
RDY P
INACTIVE 4
BUSREQ
Py .
Za 3
CURRENT BYTE N ¢ DMA
OPERATION l INACTIVE
Figure 18. Bus Release When Not Ready
(Burst Mode)
e LT LI LILIL
ACTIVE
/f = fm———|———
RDY w
INACTIVE - 4ﬁ -
BUSREQ
/L ey
Z, Z
| BYTEn BYTEn+1 , DMA
| READIN | READ IN AND INACTIVE
- MATCH FOUND
ONBYTEn

Figure 19. Bus Release on Match
(Burst and Continuous Modes)
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ABSOLUTE MAXIMUM RATINGS

Voltages on Vg with respecttoVgs . . . . . -0.3Vto +7.0V Stresses greater than those listed under Absolute Maximum Ratings may

Voltages on all inputs with respect cause permanent dgmage to the dg\(lce. This is a stress rating only;

to VSS .......... ~0.3Vto VCC + 0.3V operat!on of the device at any copdntlon apove those indicated in the

""""" o ° operational sections of these specifications is not implied. Exposure to

Storage Temperature . .. ........... -65°Cto +150°C absolute maximum rating conditions for extended periods may affect
device reliability.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced 10 GND (0V). Positive current fiows into the finacidLads
referenced pin. Available operating temperature range is:
m S=0°Cto +70°C, V. Range
NMOS: =4.75V <V <+5.25V
CMOS: +4.50V <V _ <+5.50V
m E =-40°C to 100°C, +4.50V <V <+5.50V

DC CHARACTERISTICS (z84C10/ CMOS Z80 DMA)

Symbol Parameter Min Max Typ Unit Test Condition
ViLe Clock Input Low Voltage -0.3 +0.45 \
VIHC Clock Input High Voltage Vec—-0.6 Vec+0.3 \
ViL Input Low Voltage -03 +0.8 \%
VIH Input High Voltage +2.2 Vee \
VoL Output Low Voltage +0.4 \% loL = 2.0mA
VOoH4 Output High Voltage +2.4 \ loy = —1.6mA
VoHs, Output High Voltage Vcc—-0.8 \Y loH = —250 pA
1L Input Leakage Current +10 uA ViN = 0.4t0 Vo
ILo 3-State Output Leakage Current in
Float +10 uA Vout = 0.4to Ve
ICCq Power Supply Current 25/35 mA Vee = 5V
CLK = 6/8MHz
ViHc = VIH = Ve - 0.2V
ViLc = 0.2V
ICCo Standby Supply Current 10 0.5 uA Voo = 5V
CLK = (0)

ViHe = ViH = Vcc - 0.2V
ViLg = ViL = 0.2V

Over specified temperature and voltage range.

CAPACITANCE
Symbol Parameter Min Max Unit
C Clock Capacitance 5 pf
CiN Input Capacitance 5 pf
Cout Output Capacitance 10 pf

NOTES: Over specified temperature range; f = MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS (z84C10/ CMOS 780 DMA)

(Inactive State)

CLK

<—®—>
10 \
4—@—»‘
- \
—
INTERRUPT
CONDITION
BAI {
Qi) ~—@—
540
ADY ACTIVE
INACTIVE

NOTE: Signals in this diagram bear no relation to one another unless

ifically noted as a

item.
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AC CHARACTERISTICS (Z8410/ NMOS Z80 DMA)

(Inactive State)

20841004
Number Symbol Parameter Min Max  Unit
1 TcC Clock Cycle Time 250 4000 ns
2 TwCh Clock Width (High) 110 2000 ns
3 TwCl Clock Width (Low) 110 2000 ns
4 mc Clock Rise Time 30 ns
s mC Clock Fall Time 30 ns
6 Th Hold Time for Any Specified Setup Time 0 ns
7 TsC(Cr) TORQ, WR, CE ' to Clock t Setup 145 ns
8 TdDO(RDf) RD ¥ to Data Output Delay 380 ns
9 TsDI(Cr) Data In to Clock 1 Setup (WR or M1) 50 ns
10 TdDO(IOf) TORQ | to Data Out Delay (INTA Cycle) 160 ns
11 TdRDr(Dz) RD * to Data Float Delay (output buffer disable) 110 ns
12 TsIEI(IORQf) IEI to TORQ ¢ Setup (INTA Cycle) 140 ns
13 TdIEOr(IEIr) IEI tt0 IEO t Delay 160 ns
14 TdIEOA(IEIf) IEI $to IEO ¥ Delay 130 ns
15 TAM1(IEOf) MT to IEO ¥ Delay (interrupt just prior to M7 1) 190 ns
16 TsM1f(Cr) MT ¢ to Clock t Setup ' 90 ns
17 TsM1r(Cf) MT t to Clock Setup -10 ns
18 TsRDf(Cr) RD ¢ to Clock * Setup (M1 Cycle) 115 ns
19 TdI(INTf) Interrupt Cause to INT ¢ Delay (INT generated
only when DMA is inactive) 500 ns
20 TdBAIr(BAOr) BAI to BAO t Delay 150 ns
21 TdBAIf(BAOf) BAI {to BAO | Delay 150 ns
22 TsRDY(Cr) RDY Active to Clock * Setup 100 ns

NOTE: Negative minimum setup values mean that the first-mentioned event cari come after the second-mentioned event.
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AC CHARACTERISTICS (Z84C10/CMOS Z80 DMA)
(Active State)
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NOTE: Signals in ‘this diagram bear no relation to one another unless ifi noted as a item.
Z84C1006°+ t Z84C1008° 1
Number Symbol Parameter Min(ns) Max(ns)
1 TcC Clock Cycle Time 162 DC 125 DC
2 TwCh Clock Width (High) 65 DC 55 DC ‘
3 TwCl Clock Width (Low) 65 DC 55 DC
4 TC Clock Rise Time 20 10
5 TiC Clock Fall Time 20 10
NOTES:
° For clock periods other than the mini shown, calculate par using the following table.

1 Calculated values above assumed TrC = TfC = 20ns (6 MHz versnn) or 10ns (8 MHz version).
1 Data must be enabled onto data bus when RD is active.

* Parameter is not illustrated in the AC Timing Diagrams.

* Z84C10 timing p are preliminary and subject to change.
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AC CHARACTERISTICS (284C10/ CMOS Z80 DMA)

(Active State)
Z84C1006 Z84C1008
Number Symbol Parameter Min(ns) Max(ns) Min(ns) Max(ns)
6 TdA Address Output Delay 90 70
7 TdC(AZ) Clock * to Address Float Delay 80 70
8 TsA(MREQ) Address to MREQ  Setup (Memory Cycle)  35% 35¢t
9 TsA(IRW) Address Stable to IORQ, RD, WR  Setup ~ 110# 70%
(/O Cycle)
*10 TdRW(A) RD, WR 1 to Addr. Stable Delay 35¢ 15¢
11 TdRW(A2) RD, WR 1 to Addr. Float 60t 45%
12 TdCH(DO) Clock ¥ to Data Out Delay 130 110
*13 TdCr(Dz) Clock 1 to Data Float Delay (Write Cycle) 70 65
14 TsDI(Cr) Data In to Clock * Setup (Read cycle when 30 25
rising edge ends read)
15 TsDI(Cf) Data Into Clock ¥ Setup (Read cycle when 40
falling edge ends read) 30
*16 TsDO(WIM) Data Out to WR ¢ Setup (Memory Cycle) 25% 5%
17 TsDO(WHl) Data Out to WR ¥ Setup (I/O cycle) 55 40
*18 TdWr(DO) WR * to Data Out Delay 30% 104
19 Th Hold Time for Any Specified Setup Time 0 0
20 TdCr(Mf) Clock t to MREQ ¥ Delay 70 60
21 TdCHMT) Clock  to MREQ | Delay 70 60
22 TdCr(Mr) Clock tto MREQ * Delay 70 60
23 TdCf(Mr) Clock ¥ to MREQ * Delay 70 60
24 TwM1 MREQ Low Pulse Width 135% 95%
*25 TwMh MREQ High Pulse Width 65% 45%
26 TdCA(If) Clock ¥ to TORQ { Delay 70 60
27 TdCr(If) Clock to JORQ ¥ Delay 65 55
28 TdCr(Ir) Clock 1 to TORQ * Delay 70 60
*29 TdCH(Ir) Clock ¥ to TORQ * Delay 70 60
30 TdCr(Rf) Clock * to RD { Delay 70 60
31 TdCf(Rf) Clock ¥ to RD ¥ Delay 80 70
32 TdCr(Rr) Clock t to RD * Delay 70 60
33 TdCf(Rn) Clock ¥ to RD t Delay 70 60
34 TdCr(Wf) Clock * to WR ¥ Delay 60 55
35 TdCH(WH) Clock ¥ to WR ¥ Delay 70 60
36 TdCr(Wr) Clock #to WR 1 Delay 70 60
37 TdCH(Wr) Clock ¥ to WR * Delay 70 60
38 TwWI WR Low Pulse Width 135% 95%
39 TSWA(Cf) WAIT to Clock ¥ Setup 60 50
40 TdCr(B) Clock * to BUSREQ Delay 90 80
41 TdCr(I2) Clock * to TORQ, MREQ, RD, WR Float Delay 70 70
NOTES:

* All AC equations imply DMA default (standard) timing.
be enabled onto data bus when RD is active.

+ Data must
. B

is not ill

F

d in the AC Timing Diagrams.

* Numbers in parentheses are other parameter - numbers in this table;
* their values should be substituted in equations.
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FOOTNOTES TO AC CHARACTERISTICS

Number Symbol General Parameter Z84C1006 Z84C1008
8 TsA(MREQ) TwCh - TIC -35 -30
9 TsA(IRW) TceC -55 -55
10 TdRW(A) TwCl - TrC -50 -50
1 TdRW(Z) TwCl - TrC 25 -20
16 TsDO(WIM) TcC 140 120
18 TdWr(DO) TwCl - TrC -55 -55
24 TwM1 TeC -30 -30
25 TwMh TwCh - TfC -20 -20
38 TwWi TcC -30 -30
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AC CHARACTERISTICS (z8410 / NMOS Z80 DMA)

(Inactive State)
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AC CHARACTERISTICS (78410 / NMOS 780 DMA)

(Active State)
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NOTE: Signals in this diagram bear no relation to one another unless specifically noted as a numbered item,

20841004 °1t
Number Symbol Parameter Min(ns) Max(ns)

1 TeC Clock Cycle Time 250

2 TwCh Clock Width (High) 110 2000
3 TwCl Clock Width (Low) 110 2000
4 A(] Clock Rise Time 30
5 TC Clock Fall Time 30

NOTES:

° Numbers in parentheses are other parameter-numbers in this table; their values should be substituted in equations.
3 All equations imply DMA default (standard) timing.

1 Data must be enabled onto data bus when RD is active.

* Parameter is not illustrated in the AC Timing Diagrams.
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AC CHARACTERISTICS (Z8410 / NMOS Z80 DMA)

(Active State)
70841004 °#t
Number Symbol Parameter Min(ns) Max(ns)
6 TdA Address Output Delay 110
7 TdC(A2) Clock 1 to Address Float Delay 90
8 TsA(MREQ) Address to MREQ + Setup (Memory Cycle) (2)+(5)-75
9 TsA(IRW) Address Stable to TORQ, RD, WR ¢ Setup
(/0 Cycle) (1)-70
*10 TARW(A) RD, WR 1 to Addr. Stable Delay (3)+(4)- 50
11 TdRW(A2) RD, WR * to Addr. Float (3)+(4)-45
12 TdCHDO) Clock ¥ to Data Out Delay 150
"13 TdCr(Dz) Clock 1 to Data Float Delay (Write Cycle) 90
14 TsDI(Cr) DataIn tb Clock * Setup (Read cycle when
rising edge ends read) 35
15 TsDI(Cf) Data Into Clock ¥ Setup (Read cycle when
falling edge ends read) 50
*16 TsDO(WIM) Data Out to WR | Setup (Memory Cycle) (1)-170
17 TsDO(WHI) Data Out to WR 4 Setup (/O cycle) 100
*18 TdWr(DO) WR * to Data Out Delay (3)+(4)-70
19 Th Hold Time for Any Specified Setup Time 0
20 TdCr(Mf) Clock tto MREQ { Delay 85
21 TdCt(Mf) Clock ¥ to MREQ ¢ Delay 85
22 TdCr(Mr) Clock t to MREQ 1 Delay 85
23 TdCf(Mr) Clock ¥ to MREQ 1 Delay 85
24 TwM1 MREQ Low Pulse Width (1)-30
25 TwMh MREQ High Pulse Width (2)+(5)-20
26 TdCH(If) Clock  to TORQ ¢ Delay 85
27 TdCr(If) Clock 1to TORQ ¥ Delay 75
28 TdCr(ir) Clock t to TORQ * Delay 85
*29 TdCk(Ir) Clock ¥ to TORQ 1 Delay 85
30 TdCr(Rf) Clock t to RD ¥ Delay 85
31 TACA(Rf) Clock ¢ to RD ¥ Delay 95
32 TdCr(Rr) Clock #to RD * Delay 85
33 TdCf(Rr) Clock  to RD * Delay 85
34 TdCr(Wf) Clock tto WR ¥ Delay 65
35 TdCHW) Clock § to WR ¥ Delay 80
36 TdCr(wWr) Clock 1 to WR 1 Delay 80
37 TdCH(Wr) Clock ¥ to WR 1 Delay 80
38 Twwi WR Low Pulse Width (1)-30
39 TsWA(Cf) WATT to Clock ¥ Setup 70
40 TdCr(B) Clock t to BUSREQ Delay 100
41 TdCr(1z) Clock 10 TORQ, MREQ, RD, 80
NOTES:

+ All AC equations imply DMA default (standard) timing.
1 Data must be enabled onto data bus when RD is active

* Parameter is not illustrated in the AC Timing Diagrams.

* Numbers in parentheses are other parameter - numbers in this table;
their values should be substituted in equations.
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AC CHARACTERISTICS (z84C10 / CMOS Z80 DMA)
(Inactive State)

Z84C1006 Z84C1008
Number Symbol Parameter Min Max Min Max Unit
1 TeC Clock Cycle Time 162 DC 125 DC
2 TwCh Clock Width (High) 65 DC 55 DC
3 TwCl Clock Width (Low) 65 DC 55 DC
4 TC Clock Rise Time 20 10
5 TfC Clock Fall Time 20 10
6 Th Hold Time for Any Specified Setup Time 0 0 ns
7 TsC(Cr) TORQ, WR, CE ! to Clock * Setup 60 45 ns
8 TdDO(RDf) RD ¢ to Data Output Delay 300 220 ns
9 TsDI(Cr) Data In to Clock * Setup (WR or MT) 30 20 ns
10 TdDO(I0f) TORQ { to Data Out Delay (INTA Cycle) 110 85 ns
" TdRDr(Dz) RD 1 to Data Float Delay (output buffer disable) 70 50 ns
12 TsIEI(IORQ) IEl to TORQ { Setup (INTA Cycle)' 100 80 ns
13 TdIEOr(IElr) IEI *to IEO t Delay 100 70 ns
14 TdIEOA(IEIf) IEI} to IEO ¥ Delay 100 70 ns
15 TdM1f(IEOf) MT { to IEO ¥ Delay (interrupt just prior to M7 ¥) 100 80 ns
16 TsM1f(Cr) MT ¥ to Clock * Setup 70 45 ns
17 TsM1r(Cf) MT to Clock Setup -15 -15 ns
18 TsRDf(Cr) RD ! to Clock * Setup (M7 Cycle) 60 45 ns
19 TdI(INTH) Interrupt Cause to INT ¥ Delay (INT generated
only when DMA is inactive) 450 400 ns
20 TdBAIr(BAQr) BAI *to BAO 1 Delay 100 70 ns
21 TdBAIf(BAOf) BAI Vto BAO | Delay 100 70 ns
22 TsRDY(Cr) RDY Active to Clock * Setup 50 50 ns

NOTE: Negative minimum setup values mean that the first-mentioned event can come after the second-mentioned event.

*

Z84C10 Timing p

to change.

are preliminary and subject

M1 must be active for a minimum of two clock cycles to

reset the DMA (This feature is only with C-MOS 280

DMA).
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Product Specification

January 1989

Z8420/284C20 NMOS/CMOS
Z80®PIO
Parallel Input/Output

FEATURES
® Provides a direct interface between Z80 microcomputer
systems and peripheral devices.

m Two ports with interrupt-driven handshake for fast
response.

m Four programmable operating modes: Output, Input,
Bidirectional (Port A only), and Bit Control

m Programmable
« conditions.

interrupts  on  peripheral  status

m NMOS version for high cost performance solutions.

m CMOS version for the designs requiring low power con-
sumption.

m NMOS Z0842004 - 4 MHz, Z0842006 - 6.17 MHz.

m CMOS Z84C2004 - DC to 4 MHz, Z84C2006 - DC to
6.17 MHz, Z84C2008 - DC to 8 MHz.

m Standard Z80 Family bus-request and prioritized
interrupt-request daisy chains implemented without
external logic.

® The eight Port B outputs can drive Darlington transistors
(1.5mAat1.5V).

m 6 MHz version supports 6.144 MHz CPU clock opera-
tion.

GENERAL DESCRIPTION

The Z80 PIO Parallel I/O Circuit (hereinafter referred to as
the Z80 PIO or PIO) is a programmable, dual-port device
that provides a TTL-compatible interface between periph-
eral devices and the Z80 CPU (Figures 1 and 2 }. Note the
QFP package is only available in CMOS version. The CPU
configures the Z80 PIO to interface with a wide range of

{0, PAq |—>
1Dy PA; [——>
D2 PA; |¢——
DATA ) ~——}0; PA; f—s
BUS ] D, PA; [e———
| D5 PA5 [ PORT A
e Dy PAg j——>
| D7 PA; j———p
———| B/A SEL ARDY
——s| CiD SEL ASTE |
conrpid{ ——|w PO ol
—| P8, [—
——}iGRa PB; [
e} D PB; [—
PBy |
—l 5V PB; [— PORT B
——{GND PBg fe—

INTERRUPT
coNTROL \ — "'

{ ~«——INT BSTB |——
~4———— IEO

Figure 1. Pin Functions

peripheral devices that are compatible with the Z80 PIO
include most keyboards, paper tape readers and punches,
printers, and PROM programmers.

One characteristic of the Z80 peripheral controllers that
separates them from other interface controllers is that all

o [ 1 -/ 40 [] o,
o, [J2 39 [] o,
os[]3 38 []bs
CE[] 4 ar [Imi
cb]s 36 [] ioRaG
BA[] 6 35 [] RD
Par [ 7 3a[]re;
pas [ 8 33 [ res
Pas [ 9 32 ] pes
pag [ 10 280 PIO []re.
GND [ 11 30 [ Pes
Pag [ 12 29 [] P8,
Paz [] 13 28 [] P8y
PAL [ 14 27{] P8,
Pag ] 15 26[]+sv
ASTB[] 16 25 [ cux
8578 [ 17 2a[] 1B
Aroy [ 18 23 [ INT
Do [ 19 22 [} €O
0y [ 20 21 [ BROY

Figure 2a. 40-pin Duai-In-Line Package (DIP),
Pin Assignments
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Figure 2b. 44;pin Chip Carrier,
Pin Assignments
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Figure 2c. 44-pin Quad Flat Pack Pin
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Figure 3. PIO in a Typical Z80 Family Environment

data transfer between the peripheral device and the CPU is
accomplished under interrupt control. Thus, the interrupt
logic of the PIO permits full use of the efficient interrupt
capabilities of the Z80 CPU during /O transfers. All logic
necessary to implement a fully nested interrupt structure is
included in the PIO (Figure 3).

Another feature of the PIO is the ability to interrupt the CPU
upon occurrence of specified status conditions in the
peripheral device. For example, the PIO can be
programmed to interrupt if any specified peripheral alarm
conditions should occur. This interrupt capability reduces
the time the processor must spend in polling peripheral
status.

The Z80 PIO interfaces to peripherals via two independent
general-purpose I/O ports, designated Port A and Port B.
Each port has eight data bits and two handshake signals,
Ready and Strobe, which control data transfer. The Ready

output indicates to the peripheral that the port is ready for a
data transfer. Strobe. is an input from the peripheral that
indicates when a data transfer has occurred.

Operating Modes. The Z80 PIO ports can be programmed
to operate in four modes: Output (Mode 0), Input (Mode 1),
Bidirectional (Mode 2) and Bit Control (Mode 3).

Either Port A or Port B can be programmed to output data in
Mode 0. Both ports have output registers that are
individually addressed by the CPU; data can be written to
either port at any time. When data is written to a port, an
active Ready output indicates to the external device that
data is available at the associated port and is ready for
transfer to the external device. After the data transfer, the
external device responds with an active Strobe input, which
generates an interrupt, if enabled. .

Either Port A or Port B can be programmed to input data in
Mode 1. Each port has an input register addressed by the
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CPU. When the CPU reads data from a port, the PIO sets the
Ready signal, which is detected by the external device. The
external device then places data onthe I/O lines and strobes
the /O port, which latches the data into the Port Input
Register, resets Ready, and triggers the Interrupt Request, if
enabled. The CPU can read the input data at any time,
which again sets Ready.

Mode 2 is bidirectional and uses only Port A, plus the
interrupts and handshake signals from both ports. Port B
must be set to Mode 3 and masked off from generating
interrupts. In operation, Port A is used for both data input
and ouipui. Ouiput operation is simiiar to viode 0 except
that data is allowed out onto the Port A bus only when ASTB
is Low. For input, operation is similar to Mode 1, except that
the data input uses the Port B handshake signals and the
Port B interrupt, if enabled.

Both ports can be used in Mode 3. In this mode, the
individual bits are defined as either input or output bits. This
provides up to eight separate, individually defined bits for

f

each port. During operation, Ready and Strobe are not
used. Instead, an interrupt is generated if the condition of
oneinput changes, or if all inputs change. The requirements
for generating an interrupt are defined during the
programming operation; the active level is specified as
either High or Low, and the logic condition is specified as
either one input active (OR) or all inputs active (AND). For
example, ifthe portis programmed for active Low inputs and

the logic function is AND, then all inputs at the specified port
must go Low to generate an interrupt.

Data outputs are controlled by the CPlJ and can be written
or changed at any time.

® Individual bits can be masked off.

B The handshake signals are not used in Mode 3; Ready is
held Low, and Strobe is disabled.

m When using the Z80 PIO interrupts, the Z80 CPU
interrupt mode must be set to Mode 2.

INTERNAL STRUCTURE

The internal structure of the Z80 PIO consists of a Z80 CPU
bus interface, internal control logic, Port A 1/O logic, Port B
1/0logic, and interrupt control logic (Figure 4). The CPU bus
interface logic allows the Z80 PIO to interface directly to the
Z80 CPU with no other external logic. The internal control
logic synchronizes the CPU data bus to the peripheral
device interfaces (Port A and Port B). The two 1/0 ports (A
and B) are virtually identical and are used to interface
directly to peripheral devices.

Port Logic. Each port contains separate input and output
registers, handshake control logic, and the control registers
shown in Figure 5. All data transfers between the peripheral
unit and the CPU use the data input and output registers.
The handshake logic associated with each port controls the
data transfers through the input and the output registers.
The mode control register (two bits) selects one of the four
programmable operating modes.

The Bit Control mode (Mode 3) uses the remaining registers.
The input/output control register specifies which of the eight
data bits in the port are to be outputs and enables these bits;
the remaining bits are inputs. The mask register and the
mask control register govern Mode 3 interrupt conditions.
The mask register specifies which of the bits in the port are
active and which are masked or inactive.

The mask control register specifies two conditions: first,
whether the active state of the input bits is High or Low, and
second, whether an interrupt is generated when any one
unmasked input bit is active (OR condition) or if the interrupt
is generated when all unmasked input bits are active (AND
condition).

Interrupt Control Logic. The interrupt control logic section
handles all CPU interrupt protocol for nested-priority
interrupt structures. Any device’s physical location in a

INTERNAL
CONTROL L DATA
LOGIC
PORT OR CONTROL
<> A
[[e] HANDSHAKE
8
D
e cPU PERIPHERAL
BUS INTERNAL BUS INTERFACE
6,51 10 8
L DATA
CONTROL
PORT OR CONTROL
\2 B [ —
o HANDSHAKE
INTERRUPT
CONTROL

3

INTERRUPT CONTROL LINES

Figure 4. Block Diagram
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daisy-chain configuration determines its priority. Two lines

(IEl and IEO) are provided in each PIO to form this daisy
chain. The device closest to the CPU has the highest priority.
Within a PIO, Port A interrupts have higher priority than
those of Port B. Inthe byte input, byte output, or bidirectional
modes, an interrupt can be generated whenever the
peripheral requests a new byte transfer. In the bit control
mode, an interrupt can be generated when the peripheral
status matches a programmed value. The PIO provides for
complete control of nested interrupts. That is, lower priority
devices may not interrupt higher priority devices that have
not had their interrupt service routines completed by the
CPU. Higher priority devices may interrupt the servicing of
lower priority devices.

If the CPU (in interrupt Mode 2) accepts an interrupt, the
interrupting device must provide an 8-bit interrupt vector for
the CPU. This vector forms a pointer to alocation in memory
where the address of the interrupt service routine is located.
The 8-bit vector from the interrupting device forms the least
significant eight bits of the indirect pointer while the |
Register in the CPU provides the most significant eight bits
of the pointer. Each port (A and B) has an independent
interrupt vector. The least significant bit of the vector is
automatically set to 0 within the PIO because the pointer
must point to two adjacent memory locations for a complete
16-bit address.

Unlike the other Z80 peripherals, the PIO does not enable
interrupts immediately after programming. It waits until M1
goes Low (e.g., during an opcode fetch). This condition is
unimportant in the Z80 environment but might not be if
another type of CPU is used.

The PIO decodes the RETI (Return From Interrupt)
instruction directly from the CPU data bus so that each PIO
in the system knows at all times whether it is being serviced
by the CPU interrupt service routine. No other
communication with the CPU is required.

CPU Bus I/0 Logic. The CPU bus interface logic interfaces
the Z80 PIO directly to the Z80 CPU, so no external logic is
necessary. For large systems, however, address decoders
and/or buffers may be necessary.

Internal Control Logic. This logic receives the control
words for each port ‘during programming and, in turn,
controls the operating functions of the Z80 PIO. The control
logic synchronizes the port operations, controls the port
mode, port addressing, selects the read/write function, and
issues appropriate commands to the ports and the interrupt
logic. The Z80 PIO does not receive a write input from the
CPU; instead, the RD, CE, C/D and IORQ signals internally
generate the write input.

*
INPUT/

MODE
CONTROL
REGISTER

(2 BITS)

I

INTERNAL BUS

* -

OUTPUT
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(8 BITS)

(8 BITS)

OUTPUT
ENABLE

) 8-BIT /0 BUS
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MASK

CONTROL REGISTER négrsurTER
REGISTER (8 BITS)
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|
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specified state.
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Figure 5. Typical Port I/O Block Diagram
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PROGRAMMING

Mode 0, 1, or 2. (Input, Output, or Bidirectional).
Programming a port for Mode 0, 1, or 2 requires at least one,
and up to three, control words per port. These words are:

Mode Control Word (Figure 6). Selects the port operating
mode. This word is required and may be written at any time.

Interrupt Vector Word (Figure 7). The Z80 PIO is designed
for use with the Z80 CPU in interrupt Mode 2. This word
must be programmed if interrupts are to be used.

Interrupt Control Word (Figure 9) or Interrupt Disable
Word (Figure 11). Controls the enable or disable of the PIO
interrupt function.

Mode 3 (Bit Control). Programming a port for Mode 3
requires at least two, and up to four, control words.

Mode Control Word (Figure 6). Selects the port operating
mode. This word is required and may be written at any time.

1/0 Register Control Word (Figure 8). When Mode 3 is
selected, the Mode Control Word must be followed by the
I/0 Control Word. This word configures the /O control
register, which defines which port lines are inputs or outputs.
This word is required.

[erJoe]os[ou] 1 1 1]+
L IDENTIFIES MODE

CONTROL WORD

DON'T CARE
MODE SELECT

0 0 MODEO

1 1 MODE3

Figure 6. Mode Control Word

Lo [vevs[va[vs[va vt [vo]

L IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

R AR |

0 SETS BIT TO OUTPUT

1 SETS BIT TO INPUT

Figure 8. 1/0 Register Control Word

Interrupt Vector Word (Figure 7). The Z80 PIO is designed
for use with the Z80 CPU in interrupt Mode 2. This word
must be programmed if interrupts are to be used.

Interrupt Control Word. In Mode 3, handshake is not
used. Interrupts are generated as a logic function of the
input signal levels. The interrupt control word sets the logic
conditions and the logic levels required for generating an
interrupt. Two logic conditions or functions are available:
AND (if allinput bits change to the active level, an interrupt is
triggered), and OR (ifany cne of the input bitschangesteo the
active level, an interrupt is triggered). Bit D5 sets the logic
function, as shown in Figure 9. The active level of the input
bits can be set either High or Low. The active level is
controlled by Bit Ds.

Mask Control Word. This word sets the mask control
register, allowing any unused bits to be masked off. If any bits
are to be masked, then D4 must be set. When Dy is set, the
next word written to the port must be a mask control word
(Figure 10).

Interrupt Disable Word. This control word can be used to
enable or disable a port interrupt. It can be used without
changing the rest of the interrupt control word (Figure 11).

MsK

IDENTIFIES INTERRUPT CONTROL WORD
1 = MASK FOLLOWS (1)

1 = ACTIVE HIGH

1 = AND FUNCTION

1 = INTERRUPT FUNCTION ENABLE (2)

:

*NOTE:

1. Regardless of the operating mode, setting BitDs = 1
causes any pending interrupts to be cleared.

2. The port interrupt is not enabled until the interrupt
function enable is followed by an active M1.

Figure 9. Interrupt Control Word

BRI

MBg-MB; MASK BITS. A

BIT IS MONITORED FOR AN
INTERRUPT IF IT IS
DEFINED AS AN INPUT AND
THE MASK BIT IS SET TO 0.

Figure 10. Mask Control Word

forfos[osfoufofof1]1]

IDENTIFIES INTERRUPT

DISABLE WORD

DON'T CARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

Figure 11. Interrupt Disable Word

2006-007, 008, 009, 010, 011,012
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PIN DESCRIPTION

PAg-PA;. Port A Bus (bidirectional, 3-state). This 8-bit bus
transfers data, status, or control information between Port A
of the PIO and a peripheral device. PAg is the least
significant bit of the Port A data bus.

ARDY. Register A Ready (output, active High). The
meaning of this signal depends on the mode of operation
selected for Port A as follows: '

Output Mode. This signal goes active to indicate that the
Port A output register has been loaded and the peripheral
data bus is stable and ready for transfer to the peripheral
device. : .

Input Mode. This signal is active when the Port A input
register is empty and ready to accept data from the
peripheral device. .

Bidirectional Mode. This signal is active when data is
available in the Port A output register for transfer to the
peripheral device. In this mode, data is not placed on the
Port A data bus, unless ASTB is active.

Control Mode. This signal is disabled and forced to a Low
state.

ASTB. Port A Strobe Pulse From Peripheral Device (input,
active Low). The meaning of this signal depends on the
mode of operation selected for Port A as follows:

Output Mode. The positive edge of this strobe is issued by
the peripheral to acknowledge the receipt of data made
available by the PIO.

Input Mode. The strobe is issued by the peripheral to load
data from the peripheral into the Port A input register. Data is
loaded into the PIO when this signal is active.

Bidirectional Mode. When this signal is active, data from
the Port A output register is gated onto the Port A
bidirectional data bus. The positive edge of the strobe
acknowledges the receipt of the data.

Control Mode. The strobe is inhibited internally.

PBo-PB>. Port B Bus (bidirectional, 3-state). This 8-bit bus
transfers data, status, or control information between Port B
and a peripheral device. The'Port B data bus can supply 1.5
mA at 1.5V to drive Darlington transistors. PBy is the least
significant bit of the bus.

B/A. Port B or A Select (input, High = B). This pin defines
which port is accessed during a data transfer between the
CPU and the PIO. A Low on this pin selects Port A; a High
selects Port B. Often address bit Ag from the CPU is used for
this selection function.

BRDY. Register B Ready (output, active High). This signal is
similar to ARDY, except that in the Port A bidirectional mode
this signal is High when the Port A input register is empty
and ready to accept data from the peripheral device.

BSTB. Port B Strobe Pulse From Peripheral Device (input,
active Low). This signal is similar to ASTB, except that in the
Port A bidirectional mode this signal strobes data from the
peripheral device into the Port A input register.

C/D. Control or Data Select (input, High = C). This pin
defines the type of data transfer to be performed between
the CPU and the P1O. A High on this pin during a CPU write
to the PIO causes the Z80 data bus to be interpreted as a
command for the port selected by the B/A Select line. A Low
on this pin means that the Z80 data bus is being used to
transfer data between the CPU and the PIO. Often address
bit A4 from the CPU is used for this function.

CE. Chip Enable (input, active Low). A Low on this pin
enables the PIO to accept command or data inputs from the
CPU during a write cycle or to transmit data to the CPU
during a read cycle. This signal is generally decoded from
four 1/0 port numbers for Ports A and B, data, and control.

CLK. System Clock (input). The 780 PIO uses the standard
single-phase Z80 system clock.

Dg-D7. Z80 CPU Data Bus (bidirectional, 3-state). This busis
used to transfer all data and commands between the Z80
CPU and the Z80 PIO. Dy is the least significant bit.

IEL. Interrupt Enable In (input, active High). This signal is
used to form a priority-interrupt daisy chain when more than
one interrupt driven device is being used. A High level on
this pin indicates that no other devices of higher priority are
being serviced by a CPU interrupt service routine.

IEO. Interrupt Enable Out (output, active High). The IEOC
signal is the other signal required to form a daisy chain
priority scheme. It is High only if IEl is High and the CPU is
not servicing an interrupt from this PIO. Thus this signal
blocks lower priority devices from interrupting while a higher
priority device is being serviced by its CPU interrupt service
routine.

INT. Interrupt Request (output, open drain, active Low).
When INT is active the Z80 PIO is requesting an interrupt
from the Z80 CPU.

I0ORQ. /nput/Output Request (input from Z80 CPU, active
Low). IORQ is used in conjunction with B/A, C/D, CE, and
RD to transfer commands and data between the Z80 CPU
and the Z80 PIO. When CE, RD, and IORQ are active, the
port addressed by B/A transfers data to the CPU (a read
operation). Conversely, when CE and IORQ are active but
RD is not, the port addressed by B/A is written into from the
CPU with either data or control information, as specified by
C/D. Also, if IORQ and M1 are active simultaneously, the
CPU is acknowledging an interrupt; the interrupting port
automatically places its interrupt vector on the CPU data bus
if it is the highest priority device requesting an interrupt.
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M1. Machine Cycle (input from CPU, active Low). This signal
is used as a sync pulse to control several internal PIO
operations. When both the M1 and RD signals are active,
the Z80 CPU is fetching an instruction from memory.
Conversely, when both M1 and IORQ are active, the CPU is
acknowledging an interrupt. In addition, M1 has two other
functions within the Z80 PIO: it synchronizes the PIO

interrupt logic; when M1 occurs without an active RD or
IORQ signal, the PIO is reset.

RD. Read Cycle Status (input from Z80 CPU, active Low). If
RD is active, or an I/O operation is.in progress, RD is used
with B/A, C/D, CE, and IORQ to transfer data from the Z80
P10 to the Z80 CPU.

TIMING

The following timing diagrams show typical timing in a Z80
CPU environment. For more precise specifications refer to
the composite ac timing diagram.

Write Cycle. Figure 12 illustrates the timing for
programming the Z80 PIO or for writing data to one of its
ports. The PIO does not receive a specific write signal; it
internally generates its own from the lack of an active RD
signal.

Read Cycle. Figure 13 illustrates the timing for reading the
data input from an external device to one of the Z80 PIO
ports.

Ty T2 Twa T3 Ti

X

CID, BIA

L

DATA

&

*WR = RD » CE « IORQ * M1 _

Figure 12. Write Cycle Timing

CLK

WR*

Output Mode (Mode 0). An output cycle (Figure 14) is
always started by the execution of an output instruction by
the CPU. The WR* pulse from the CPU latches the data from
the CPU data businto the selected port's output register. The
WR™ pulse sets the Ready flag after a Low-going edge of
CLK, indicating data is available. Ready stays active until the
positive edge of the strobe line is received, indicating that
data was taken by the peripheral. The positive edge of the
strobe pulse generates an INT if the interrupt enable flip-flop
has been set and if this device has the highest priority.

T T2 Twa T3 Ty

cIiD, B/IA

S
hNg

*RD = RD * CE * IORQ * M1

Figure 13. Read Cycle Timing
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/
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p——

STROBE
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*WR = RD « CE « IORQ * M1

N

Figure 14. Mode 0 Output Timing
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Input Mode (Mode 1). When STROBE goes from Low to
High, data is latched .into the selected port input register
(Figure 15). While STROBE is Low, the input data latches are
transparent. The nextrising edge of STROBE activates INT, if
Interrupt Enable is set .and this is the highest-priority
requesting device. The following falling edge of CLK resets
Ready to an inactive state, indicating that the input register is
full and cannot accept any more data until the CPU
completes a read. When. a read is complete, the positive
edge of RD sets Ready at the next Low-going transition of
CLK. Atthis time new data can be loaded into the PIO.

CLK

Bidirectional Mode (Mode 2). This is a combination of
Modes 0 and 1 using all four handshake lines and the eight
Port A 1/O lines (Figure 16). Port B must be set to the bit
mode and its inputs must be masked. The Port A handshake
lines are used for output control and the Port B lines are
used for input control. If interrupts occur, Port A's vector will
be used during port output and Port B’s will be used during
port input. Data is allowed out onto the Port A bus only when
ASTB is Low. The rising edge of this strobe can be used to
latch the data into the peripheral.

/

STROBE

PORT
INPUT

READY

\_

Figure 15. Mode 1 Input Timing
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\

R
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iNT

Ny

BSTB

BRDY

*WR = RD ¢ CE + IORQ * M1

Figure 16. Mode 2 Bidirectional Timing
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Bit Control Mode (Mode 3). The bit mode does not utilize
the handshake signals, and a normal port write or port read
can be executed at any time. When writing, the data is
latched into the output registers with the same timing as the
output mode.

When reading (Figure 17) the PIO, the data returned to the
CPU is composed of output register data from those port
data lines assigned as outputs and input register data from
those port data lines assigned as inputs. The input register
contains data that was present immediately prior to the
falling edge of RD. An interrupt is generated if interrupts
from the port are enabled and the data on the port data lines
satisfy the logical equation defined by the 8-bit mask and
2-bit mask control registers. However, if Port A is
programmed in bidirectional mode, Port B does notissue an
interrupt in bit mode and must therefore be polled.

Interrupt Acknowledge Timing. During M1 time,
peripheral controllers are inhibited from changing their
interrupt enable status, permitting the Interrupt Enable
signal to ripple through the daisy chain. The peripheral with
IEl High and IEO Low during INTACK places a
preprogrammed 8-bit interrupt vector on the data bus at this
time (Figure 18). IEO is held Low until a Return From

CLK

Interrupt (RETI) instruction is executed by the CPU while [EI
is High. The 2-byte RETI instruction is decoded internally by
the PIO for this purpose.

Return From Interrupt Cycle. If a Z80 peripheral has no
interrupt pending and is not under service, then its IEO =
IEI. If it has an interrupt under service (i.e., it has already
interrupted and received an interrupt acknowledge) then its
IEQ is always Low, inhibiting lower priority devices from
interrupting. If it has an interrupt pending which has not yet
been acknowledged, IEO is Low unless an “ED" is decoded
as the first byte of a 2-byte opcode (Figure 19). In this case,
IEOQ goes High until the next opcode byte is deccded,
whereupon it goes Low again. If the second byte of the
opcode was a “4D,” then the opcode was an RETI
instruction.

After an "ED” opcode is decoded, only the peripheral
device which has interrupted and is currently under service
has its IEI High and its IEO Low. This device is the
highest-priority device in the daisy chain that has received
an interrupt acknowledge. All other peripherals have IEl =
IEQ. Ifthe next opcode byte decoded is “4D,” this peripheral
device resets its “interrupt under service” condition.

PORT
DATA BUS

DATA WORD 1 X

DATA WORD 2 X

INT DATA MM;\—_./

OCCURS HERE

iora /

b X /

{ oram D)

Do-D7 { DATA IN )
ZDATI\ WORD 1 PLACED ON BUS
Figure 17. Mode 3 Bit Control Mode Timing, Bit Mode Read
Lastr ’ s | . I twa | Twa | T ’ i T T T i i T T

CLK
SAMPLE
_ 7 INT /— r
INT

___ IORQ AND M1
ioRaG \ / INDICATE
INTERRUPT
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i /

Figure 18. Interrupt Acknowledge Timing
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Figure 19. Return From Interrupt
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ABSOLUTE MAXIMUM RATINGS

Voltages on Vg with respectto Vss . . . . . -0.3Vto +7.0V
Voltages on all inputs with respect

toVes .o -0.3VtoVgc+0.3V
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;
operation of the device at any condition above these indicated in the
operational sections of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced to GND (0V). Positive current flows into the
referenced pin. Available operating temperature range is:

m S=0°Cto +70°C, V.. Range
NMOS: +4.75V <V . < +5.25V
CMOS: +4.50V < Ve <+5.50V

®  E=-40°C to 100°C, +4.50V < V. < +5.50V

The Ordering Information section lists package temperature
ranges and product numbers. Refer to the Literature List for
additional documentation. Package drawings are in the
Package Information section.

+5V

21K
FROM OUTPUT
UNDER TEST

250
100 pf “A

CAPACITANCE

Symbol Parameter

Min Max Unit

C Clock Capacitance
CiNn Input Capacitance
Cout Output Capacitance

10 pf

15 pf

Over specified temperature range; f = 1 MHz.
Unmeasured pins returned to ground.
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DC CHARACTERISTICS (z84C20/CMOS Z80 PIO)

Symbol Parameter Min Max Typ Unit Test Condition
ViLe Clock Input Low Voltage -03 +0.45 v
ViHe Clock Input High Voltage Vec—-0.6 Vee+0.3 v
ViL Input Low Voltage -03 +0.8 \%
ViH Input High Voltage +2.2 Vee \
VoL Output Low Voltage +0.4 \ loL = 20mA
VOH4 Output High Voltage +2.4 \Y lou = —16mA
VoH, Output High Voltage Vec=-0.8 \ lon = —250 uA
I Input Leakage Current uA ViN = 0.4t0 Vo
Lo 3-State Output Leakage Current in Float +10 A Vout = 0.4to Ve
ICCq Power Supply Current 4 MHz 5 2 mA Vee = 5V
6 MHz 6 CLK =4 MHz,
6 MHz, 8 MHz
8 MHz 7 Vin = Voo — 0.2V
Vi =02V~
ICCo Standby Supply Current 10 0.5 A Vee = 5V
CLK = (0)
ViH = Vo - 0.2V
VL= 0.2V
loHD Darlington Drive Current, Port B only -15 -5.0 mA Von = 1.5V
Rext = 1.1KQ

Over specified temperature and voltage range.
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AC CHARACTERISTICS (z84C20/CMOS 780 PIO)

. 784C2004 Z84C2006 Z84C2008
No. Symbol Parameter ) Min Max Min Max Min Max ~ Notes
1 TeC Clock Cycle Time . 250 11 162 11 125 DC .
2 TwCh Clock Pulse Width (High) 105 DC 65 DC 55 DC
3  TwCl Clock Pulse Width (Low) 105 DCc 65 pc 55 bc
4 TiC Clock Fall Time 30 20 10
5 TrC Clock Rise Time 30 20 10
6  TsCS(RI) CE,B/A,C/D to RD,JORQ | Setup Time 50 50 40 6l
7 Th Any Hold Times for Specified
Setup Time 40 35 15
8  TsRIC) RD,JIORQ to Clock T Setup Time 115 70 60 )
9  TdRIDO) RD,IORQ | to Data Out Delay 380 300 200 2]
10  TdRI(DOs) RD,IORQ T to Data Out Float Delay 110 70 60
11 TsDI(C) Data In to Clock T Setup Time 50 40 30 CL=50 pf
12 TdIO(DOI) IORQ | to Data Out Delay
m_QN'rACK Cycle) 160 120 80 Bl
13 TsM1(Cr) 1 | to Clock T Setup Time 90 70 50
14 TsM1(Cf) M1 T to Clock | Setup Time (M1 Cycle) 0 0 0 i8]
15  TdM1(IEO) M7 L to IEO | Delay (Interrupt
Immediately Preceding M1 1) 190 100 70 [5.7]
16  TsIEI(IO) IEl to TORQ | Setup Time :
(INTACK Cycle) 140 100 80 71
17 TdIE(IEOf) IEl 4 to IEO | Delay 130 120 70 3]
) CL=50 pf
18  TdIEI(IEOY) IEI T to IEO T Delay (after ED Decode) 160 150 70 )|
19 TclO(C) IORQ T to Clock | Setup Time
(To Activate READY on
Next Clcok Cycle) 200 170 . 140
20 . TdC(RDYY) Clock | to READY T Delay 190 170 150 5
CL=50 pf
21 TdC(RDYf) Clock { to READY ! Delay 140 120 100 5
22 TwSTB STROBE Pulse Width 150 120 100 [4]
23  TsSTB(C) STROBE T to Clock | Setup Time '
(To Activate READY on
Next Clock Cycle) 220 150 120 I5]
24  TdIO(PD) IORQ T to PORT DATA Stable
Delay (Mode o% 180 160 140 sl
25 TsPD(STB) PORT DATA to STROBE T Setup Time
(Mode 1) 230 190 140
26 TdSTB(PD) STROBE | to PORT DATA Stable
(Mode 2 210 180 150 5]
27 TdSTB(PDr) STROBE T to PORT DATA Float :
Delay (Mode 2) 180 160 140 CL=50pf
28  TdPD(INT) PORT DATA Match to INT { Delay
Mode 3) 490 430 360
29 TdSTB(INT) STROBE T to INT | Delay 440 350 290

NOTES:
[1]TcC = TwCh + TwCl + TrC + TfC.
[2] Increase TdRI(DO) by 10 ns for each 50 pf increase in load up to

[6] TsCS(RI) may be reduced. However, the time subtracted from
TsCS(RI) will be added to TdRI(DO).

200 pf max. {712.56 TcC > (N-2)TdIEI(IEOf) + TAM1(IEO) + TsIEI(IO) + TTL Buffer
[3] Increase TdIO(DOI) by 10 nsfor each 50 pf, increase in loading up Delay, if any.

to 200 pf max. [8] M1 must be active for a minimum of two clock cycles to reset the
[4] For Mode 2: TWSTB > TsPD(STB). PIO:
[5] Increase these values by 2 ns for each 10 pf increase in loading up [9] All parameters in nanoseconds unless otherwise specified.

to 100 pf max.
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DC CHARACTERISTICS (Z8420/NMOS 780 PIO)

Symbol Parameter Min Max Unit Test Condition

ViLe Clock Input Low Voltage -0.3 +0.45 \Y

VIHC Clock Input High Voltage Vee-0.6 Vce+0.3 \Y

i Input Low Voltage -03 +0.8 \

Viy Input High Voltage +2.0 Vee \Y

VoL Output Low Voltage +0.4 \ loL =2.0mA

VoH Output High Voltage +2.4 \ loH = —250 uA

I Input Leakage Current +10 uA Ving = 0to Voo

Lo 3-State Output Leakage Current in Float +10 uA Vout = 0.4Vto Ve

lcc Power Supply Current 100 mA

IoHD Darlington Drive Current -15 mA VoH = 1.5V
Port B Only RexT = 390 Q

Over specified temperature and voltage range.
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AC CHARACTERISTICS (Z8420/NMOS Z80 PIO)

. 20842004 70842006
Number Symbol Parameter Min  Max Min Max Notes

1 TcC Clock Cycle Time 250 1] 162 [1]
2  TwCh Clock Width (High) 105 2000 65 2000
3 TwC1 Clock Width (Low) ’ 105 2000 65 2000
4 TiC Clock Fall Time ' 30 20
5 TC Clock Rise Time 30 20
6  TsCS(RI) CE, B/A, C/Dto RD, iORQ ¥ Setup Time 50 50 6]
7 Th Any Hold Times for Specified Setup Time 0 0 0
8 TsRIC) RD, IORQ to Clock t Setup Time 115 70
9  TdRI(DO) RD, IORQ | to Data Out Delay 380 300 2]
10  TdRI(DOs) RD, IORQ 1 to Data Out Float Delay 110 70
11 TsDI(C) Data In to Clock * Setup Time 50 40 CL = 50 pf
12 TdIO(DOI) fORQ ' to Data Out Delay (INTACK Cycle) 200 120 [3]
13 TsM1(Cr) M1 } to Clock t Setup Time 90 70
14 TsM1(Ch M1 1 to Clock ¢ Setup Time (M1 Cycle) o0 0 18]
15 TdM1(IEO) M1 ¥ to IEO ¢ Delay (Interrupt Immediately ' .
PrecedingM14) 190 100 [5,7]
16 TsIEI(IO) IEI to IORQ ¥ Setup Time (INTACK Cycle) . 140 100 ’ 7]
17 TdIEl(IEOf) IEl} to IEO { Delay 130 120 [5]
CL = 50 pf
18  TdIEKIEON) IEl1to [EO 1 Delay (after ED Decode) 160 150 [5]
19 TclO(C) IORQ *to Clock ¢ Setup Time (To Activate
READY on Next Clock Cycle) 200 170
20  TdC(RDYr) Clock ¢ to READY t Delay ‘ 190 170 [5]
CL = 50 pf
21 TdC(RDYf) Clock { to READY { Delay 140 120 [5]
22 TwSTB STROBE Pulse Width 150 120 [4]
23 TsSTB(C) STROBE 1 to Clock | Setup Time (To Activate
’ READY on Next Clock Cycle) 220 150 [5]
24 TdIO(PD) IORQ 1 to PORT DATA Stable Delay (Mode 0) 180 160 [5]
25  TsPD(STB)  PORT DATA to STROBE * Setup Time (Mode 1) 230 190
26 TdSTB(PD)  STROBE | to PORT DATA Stable (Mode 2) 210 180 [5]
27  TdSTB(PDr) STROBE 1 to PORT DATA Float Delay (Mode 2) 180 160 CL = 50 pf
28  TdPD(INT) PORT DATA Match to INT ¥ Delay (Mode 3) 490 430
29  TdSTB(NT) STROBE *toiNT } Delay 440 350
NOTES: '
[1] TcC = TwCh + TwCl + TC + TfC. [5] Increase these values by 2 ns for each 10 pf increase in loading up to
[2] Increase TdRI(DO) by 10 ns for each 50 pf increase in load up to 100 pf max.
200 pf max. [6] TsCS(RI) may be reduced. However, the time subtracted from TsCS(R!)
[3] Increase TdIO(DOI) by 10 ns for each 50 pf, increase in loading up to _will be added to TdRI(DO).
200 pf max. . * M1 must be active for a minimum of two clock cycles to reset the PIO.
[4] For Mode 2: TwSTB > TsPD(STB). 1 Units in nanoseconds (ns). :

*Clock-cycle time-dependent characteristics. See Footnotes
to AC Characteristics.
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AC TIMING DIAGRAM
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Product Specification

January 1989

Z28430/284C30 NMOS/CMOS
Z80 ®CTC
Counter/Timer Circuit

FEATURES

m Four independently programmable counter/timer
channels, each with a readable downcounter and a
selectable 16 or 256 prescaler. Downcounters are
reloaded automatically at zero count.

m Selectable positive or negative trigger initiates timer
operation.

B Three channels have Zero Count/Timeout outputs
capable of driving Darlington transistors.

m NMOS version for high cost performance solutions.

m CMOS version for the designs requires low power con-
sumption.

m NMOS 70843004 - 4 MHz, Z0843006 - 6.17 MHz.

m CMOS Z84C3004 - DC to 4 MHz, Z84C3006 - DC to
6.17 MHz, Z84C3008 - DC to 8 MHz.

m Interfaces directly to the Z80 CPU or—for baud rate
generation—to the Z80 SIO.

® Standard Z80 Family daisy-chain interrupt structure
provides fully vectored, prioritized interrupts without
external logic. The CTC may also be used as an interrupt
controller.

® 6 MHz version supports 6.144 MHz CPU clock opera-
tion.

GENERAL DESCRIPTION

The Z80 CTC, hereinafter referredto as Z80 CTC or CTC,
four-channel counter/timer can be programmed by system
software for a broad range of counting and timing applica-
tions. The four independently programmable channels of
the Z80 CTC satisfy common microcomputer system re-
quirements for event counting, interrupt andinterval timing,
and general clock rate generation.

System design is simplified because the CTC connects
directly to both the Z80 CPU and the Z80 SIO with no
additional logic. In larger systems, address decoders and
buffers may be required.

-« Do CLK/TRGy |*—
<] Dy ZCITOp pb—>
«—»| D2
CPU | «—»]| D3 CLKITRGy |——
DATA { _ ZCImoy f—a
BUS Ds 1 CHANNEL
-] Ds SIGNALS
~—>| Dg CLKITRG, |<*—
-«—| D7 ZCITO; p—>
—| CE
—| cs, CLKITRG3 |<—
cTc ° 3
CONTROL /| —>| CS1
FROM | ——| Wi RESET |e——o
CPU | . |ioma
—>| R0 Zz80CTC
DAISY ([ —»] IEI
CHAIN
INTERRUPT | ¥ IE0
CONTROL \ <=— INT

P

CLK +5V GND
Figure 1. Pin Functions

Programming the CTC is straightforward: each channel is
programmed with two bytes; a third is necessary when
interrupts are enabled. Once started, the CTC counts down,
automatically reloads its time constant, and resumes
counting. Software timing loops are completely eliminated.
Interrupt processing is simplified because only one vector
need be specified; the CTC internally generates a unique
vector for each channel.

The Z80 CTC requires asingle +5%V power supply and the
standard Z80 single-phase system clock. Itis packagedin
28-pin DIPs, a44-pin plastic chip carrier, and a44-pin Quad
Flat Pack. (Figures 2a, 2b, and 2c). Note that the QFP
package is only available for CMOS versions.

T
Ds [ 1 ~ 28] 3
Ds [ 2 27[] o,
Ds []3 26 ] o,
D; [ 4 25 [] Do
GND []s 24 ] +sv
Ro []s 23 [] CLKITRGo
zemo, [ 7 22 [] CLKITRG,
zcmo, [J8 Z80CTC 5 [ cLkmRe,
zcmo, [ 9 20 [] CLKITRG,
iora [ 10 197 csy
€0 [ 11 18] cso
iNT [ 12 17 [] RESET
1| [ 13 16 ] cE
mi []1a 15 ] cLk

Figure 22a. Pin Assighments
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GND |7 39 | nC
ne |8 38 | NC
RD |9 ‘37 | +sv
2CITO, | 10 36 | NC
Ne |11 35 | CLK/TRG,
ZC/T104 {12 280 CTC 34 | NC .
zciTo, | 13 33 | CLK/TRG,
IORQ | 14 32 | CLK/TRG,
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Figure 2b. 44-pin Chip Carrier, Pin Assignments
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e ] 107
44 12
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o < @
588220388¢
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Figure 2C. 44-Pin Quad Flat Pack
Pin Assignments

FUNCTIONAL DESCRIPTION

The Z80 CTC has four independent counter/timer channels.
Each channel is individually programmed with two werds: a
control word and a time-constant word. The control word
selects the operating mode (counter or timer), enables or
disables the channel interrupt, and selects certain other
operating parameters. If the timing mode is selected, the
control word also sets a prescaler, which divides the system
clock by either 16 or 256. The time-constant word is a value
from 1 to 256.

During operation, the individual counter channel counts
down from the preset time constant value. In counter mode
operation the counter decrements on each of the CLK/TRG
input pulses until zero count is reached. Each decrement is
synchronized by the system clock. For counts greater than
256, more than one counter can be cascaded. At zero
count, the down-counter is automatically reset with the time
constant value.

The timer mode determines time intervals as small as 2

ps(8 MHz), 3 us (6 MHz), or 4 us (4MHz) without additional
logicorsoftware timingloops. Time intervals are generated
by dividing the system clock with a prescaler that decre-
ments a preset down-counter.

Thus, the time interval is an integral multiple of the clock
period, the prescaler value (16 or 256), and the time
constant that is preset in the down-counter. A timer is
triggered automatically when its time constant value is
programmed, or by an external CLK/TRG input.

Three channels have two outputs that occur at zero count.
The first output is a zero-count/timeout pulse at the ZC/TO
output. The fourth channel (Channel 3) does not have a
ZC/TO output; interrupt request is the only output available
from Channel 3.

. The second output is Interrupt Request (INT), which occurs

ifthe channel hasits interrupt enabled during programming.
When the Z80 CPU acknowledges Interrupt Request, the
Z80 CTC places an interrupt vector on the data bus.

The four channels of the Z80 CTC are fully prioritized and fit
into four contiguous slots in a standard Z80 daisy-chain
interrupt structure. Channel O is the highest priority and
Channel 3 the lowest. Interrupts can be individually enabled
(or disabled) for each of the four channels.

INTERNAL STRUCTURE

The CTC has four major elements, as shown in Figure 3.
m CPUbus|/O

‘'m Channel control logic

B Interrupt logic

m Counter/timer circuits

CPU Bus /0. The CPU bus I/O circuit decodes the address
inputs, and interfaces the CPU data and control signals to
the CTC for distribution on the internal bus.

Internal Control Logic. The CTC internal control logic
controls overall chip operating functions such as the chip
enable, reset, and read/write logic.

Interrupt Logic. The interrupt control logic ensures that the
CTC interrupts interface properly with the Z80 CPU interrupt
system. The logic controls the interrupt priority of the CTC as
a function of the |EI signal. If IEl is High, the CTC has priority.
During interrupt processing, the interrupt logic holds IEO
Low, which inhibits the interrupt operation on lower priority
devices. If the IEl input goes Low, priority is relinquished
and the interrupt logic drives IEO Low.
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Figure 3. Functional Block Diagram

If a channel is programmed to request an interrupt, the
interrupt logic_drives IEO Low at the zero count, and
generates an INT signal to the Z80 CPU. When the Z80 CPU
responds with interrupt acknowledge (M1 and IORQ), then
the interrupt logic arbitrates the CTC internal priorities, and
the interrupt control logic places a unique interrupt vector on
the data bus.

If an interrupt is pending, the interrupt logic holds IEO Low.
When the Z80 CPU issues a Return From Interrupt (RETI)
instruction, each peripheral device decodes the first byte
(ED1g). If the device has a pending interrupt, it raises IEO
(High) for one M1 cycle. This ensures that all lower priority
devices can decode the entire RETI instruction and reset

properly.

CHANNEL
CONTROL
LOGIC

TIME
CONSTANT
REGISTER

INTERNAL BUS
—

DOWN

- p— 2CITO
COUNTER

CLK/TRG —————————|

CLK —| PRESCALER _j

Figure 4. Counter/Timer Block Diagram

Counter/Timer Circuits. The CTC has four independent
counter/timer circuits, each containing the logic shown in
Figure 4.

Channel Control Logic. The channel control logic
receives the 8-bit channel control word when the
counter/timer channel is programmed. The channel control
logic decodes the control word and sets the following
operating conditions:

B Interrupt enable (or disable)

m Operating mode (timer or counter)

m Timer mode prescaler factor (16 or 256)

m Active slope for CLK/TRG input

m Timer mode trigger (automatic or CLK/TRG input)
m Time constant data word to follow

m Software reset

Time Constant Register. When the counter/timer channel
is programmed, the time constant register receives and
stores an 8-bit time constant value, which can be anywhere
from 1 to 256 (0 = 256). This constant is automatically
loaded into the down-counter when the counter/timer
channel is initialized, and subsequently after each zero
count.

Prescaler. The prescaler, which is used only in timer mode,
divides the system clock frequency by a factor of either 16 or
256. The prescaler output clocks the down-counter during
timer operation. The effect of the prescaler on the
down-counter is a multiplication of the system clock period
by 16 or 256. The prescaler factor is programmed by bit 5 of
the channel control word.
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Down-Counter. Prior to each count cycle, the
down-counter is loaded with the time constant register
contents. The counter is then decremented one of two ways,
depending on operating mode:

® By the prescaler output (timer mode)

m By the trigger pulses into the CLK/TRG input (counter
mode)

Without disturbing the down-count; the Z80 CPU can read
the count remaining at any time by performing an /O read
operation at the port address assigned to the CTC channel.
When the down-counter reaches the zera count, the ZC/TO
output generates a positive-going pulse. When the interrupt
is enabled, zero count also triggers an interrupt request

signal (INT) from the interrupt logic.

PROGRAMMING

Each Z80 CTC channel must be programmed prior to
operation. Programming consists of writing two words to the
1/0 port that corresponds to the desired channel. The first
word is a control word that selects the operating mode and
other parameters; the second word is atime constant, which
is a binary data word with a value from 1 to 256. A time
constant word must be preceded by a channel control word.

After initialization, channels may be reprogrammed at any
time. If updated control and time constant words are written
to a channel during the count operation, the count
continues to zero before the new time constant is loaded into
the counter.

If the interrupt on any Z80 CTC channel is enabled, the
programming procedure should also include an interrupt
vector. Only one vector is required for all four channels,
because the interrupt logic automatically modifies the vector
for the channel requesting service.

A controt word isidentified by a 1inbit0. A1in bit 2 indicates
atime constant wordisto follow. Interrupt vectors are always
addressed to Channel 0, and identified by a O in bit O.

Addressing. During programming, channels are
addressed with the channel select pins CSy and CS;. A 2-bit
binary code selects the appropriate channel as shownin the
following table.

Channel CS4 CSp
0 0 0
1 0 1
2 1 0
3 1 1

Reset. The CTC has both hardware and software resets.
The hardware reset terminates all down-counts and disables
all CTC interrupts by resetting the interrupt bits in the control
registers. In addition, the ZC/TO and Interrupt outputs go
inactive, IEO reflects IEI, and Dg-D7y go to the
high-impedance state. All channels must be completely
reprogrammed after a hardware reset.

The software reset is controlled by bit 1 in the channel
control word. When a channel receives a software reset, it
stops counting. When a software reset is used, the other bits
in the control word also change the contents of the channel

-control register. After a software reset a new time constant
 word must be written to the same channel.

If the channel control word has both bits D4 and Dy setto 1,
the addressed channel stops operating, pending a new time
constant word. The channel is ready to resume after the new
constant is programmed. In timer mode, if D3 = 0,
operation is triggered automatically when the time constant
word is loaded.

Channel Control Word Programming. The channel
control word is shown in Figure 5. It sets the modes and
parameters described below.

Interrupt Enable. D7 enables the interrupt, so that an
interrupt output (INT) is generated at zero count. Interrupts
may be programmed in either mode and may be enabled or
disabled at any time.

Mode. Dg selects either timer or counter operating mode.

Prescaler Factor. (Timer Mode Only).

factor—either 16 or 256.

Ds selects

BINDIIESENENEY

INTERRUPT _]
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT ~

MODE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

PRESCALER VALUE*

L CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD

RESET
0 = CONTINUED OPERATION
1 = SOFTWARE RESET

1 = VALUE OF 256
0 = VALUE OF 16

CLKITRG EDGE SELECTION

TIME CONSTANT
0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

TIMER TRIGGER*

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKITRG PULSE STARTS TIMER

*TIMER MODE ONLY

Figure 5. Channel Control Word
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Clock/Trigger Edge Selector. D4 selects the active edge or
slope of the CLK/TRG input pulses. Note that
reprogramming the CLK/TRG slope during operation is
equivalent to issuing an active edge. If the trigger slope is
changed by a control word update while a channel is
pending operation in timer mode, the result is the same as a
CLK/TRG pulse and the timer starts. Similarly, if the channel
is in counter mode, the counter decrements.

Timer Trigger (Timer Mode Only). D3 selects the trigger
~ mode for timer operation. When Dy is reset to 0, the timer is
triggered automatically. The time constant word is
programmed during an /O write operation, which takes one
machine cycle. At the end of the write operation there is a
setup delay of one clock period. The timer starts
automatically (decrements) on the rising edge of the second
clock pulse (Tp) of the machine cycle following the write
operation. Once started, the timer runs continuously. At zero
count the timer reloads automatically and continues
counting without interruption or delay, until stopped by a
reset.

When D3 is setto 1, the timer is triggered externally through
the CLK/TRG input. The time constant word is programmed
during an /O write operation, which takes one machine
cycle. The timer is ready for operation on the rising edge of
the second clock pulse (To) of the following machine cycle.
Note that the first timer decrement follows the active edge of
the CLK/TRG pulse by a delay time of one clock cycle if a
minimum setup time to the rising edge of clock is met. If this
minimum is not met, the delay is extended by another clock
period. Consequently, for immediate triggering, the
CLK/TRG input must precede T» by one clock cycle plus its
minimum setup time. If the minimum time is not met, the
timer will start on the third clock cycle (T3).

Once started the timer operates continuously, without
interruption or delay, until stopped by a reset.

* Time Constant. A 1 in D, indicates that the next word
addressed to the selected channel is a time constant data
word for the time constant register. The time constant word
may be written at any time.

A 0in Dy indicates no time constant word is to follow. This is
ordinarily used when the channel is already in operation and
the new channel control word is an update. A channel will

B!

TC7 —]__] I-_‘L TCo
TCs TCy

TCs TC2
TCa TC3

Figure 6. Time Constant Word

not operate without a time constant value. The only way to
write a time constant value is to write a control word with Do
set.

Software Reset. Setting D1 to 1 causes a software reset,
which is described in the Reset section.

Control Word. Setting Dg to 0 identifies the word as a control
word.

Time Constant Programming. Before a channel can start
counting it must receive a time constant word from the CPU.
During programming or reprogramming, a channel control
word in which bit 2 is set must precede the time constant
word to indicate that the next word is a time constant. The
time constant word can be any value from 1 to 256 (Figure
6). Note that 0044 is interpreted as 256.

Intimer mode, the time interval is controlled by three factors:
® The system clock period (CLK)

® The prescaler factor (P), which multiplies the interval by
either 16 or 256

B Thetime constant (T), which is programmed into the time
constant register

Consequently, the time interval is the product of CLK x P x T.
The minimum timer resolution is 16 x CLK (4us with a 4MHz
clock). The maximum timer interval is 256 x CLK x 256
(16.4 ms with a 4MHz clock). For longer intervals timers may
be cascaded.

Interrupt Vector Programming. Ifthe Z80 CTC has one or
more interrupts enabled, it can supply interrupt vectors to
the Z80 CPU. To do so, the Z80 CTC must be
pre-programmed with the most-significant five bits of the
interrupt vector. Programming consists of writing a vector
word to the I/O port corresponding to the Z80 CTC Channel
0. Note that Dy of the vector word is always zero, to
distinguish the vector from a channel control word. D¢ and
Dy are not used in programming the vector word. These bits
are supplied by the interrupt logic to identify the channel
requesting interrupt service with a unique interrupt vector
(Figure 7). Channel 0 has the highest priority.

[or[0sJ0s [os [os[o. o [o |

V7-V3 j——

SUPPLIED
BY USER

I— 0 = INTERRUPT VECTOR WORD
1 = CONTROL WORD

CHANNEL IDENTIFIER
(AUTOMATICALLY INSERTED
BY CTC)

0 0 = CHANNELO

0 1 = CHANNEL1

1 0 = CHANNEL 2

1 1 = CHANNEL 3

Figure 7. Interrupt Vector Word
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PIN DESCRIPTION

CE. Chip Enable (input, active Low). When enabled the CTC
accepts control words, interrupt vectors, or time constant
data words from the data bus during an 1/O write cycle; or
transmits the contents of the downcounter to the CPU during
an 1/O read cycle. In most applications this signal is
decoded from the eight least significant bits of the address
bus for any of the four I/O port addresses that are mapped to
the four counter-timer channels.

'CLK. System Clock (input). Standard single-phase Z80
system clock.

CLK/TRGo-CLK/TRG3. External Clock/Timer Trigger
(input, user-selectable active High or Low). Four pins
corresponding to the four Z80 CTC channels. In counter
mode, every active edge on this pin decrements the
downcounter. In timer mode, an active edge starts the timer.

CSy-CS4. Channel Select (inputs active High). Two-bit
binary address code selects one of the four CTC channels
for an I/0 write or read (usually connected to Ag and Ay).

SYSTEM
BUSES

i

INT INT

IEl

+5V

T

IEl
2ZCITO4

cTC : ;
2CIT0z  INT pb—r —
IEO
IEl __IEO
RXCA  INT INT
TxCA  IEO [1=]
RxCB
TxCB
WI/RDYB RDY
sio ‘ DMA

Figure 8. A Typical Z80 Environment

Dgo-D7. System Data Bus (bidirectional, 3-state). Transfers all
data and commands between the Z80 CPU and the Z80
CTC.

IEL. Interrupt Enable In (input, active High). A High indicates
that no other interrupting devices of higher priority in the
daisy chain are being serviced by the Z80 CPU.

IEO. Interrupt Enable Out (output, active High). High only if
IEl is High and the Z80 CPU is not servicing an interrupt
from any Z80 CTC channel. IEO blocks lower priority
devices from interrupting while a higher priority interrupting
device is being serviced.

iNT. Interrupt Request (output, open drain, active Low). Low
when any Z80 CTC channel that has been programmed to
enable interrupts as a zero-count condition in its
downcounter.

I0ORQ. /nput/Output Request (input from CPU, active Low).
Used with CE and RD to transfer data and channel control
words between the Z80 CPU and the Z80 CTC. During a
write cycle, IORQ and CE are active and RD inactive. The
Z80 CTC does not receive a specific write signal; rather, it
internally generates is own from the inverse of an active RD
signal. In a read cycle, IORQ, CE, and RD are active; the
contents of the downcounter are read by the Z80 CPU. If
IORQ and M1 are both true, the CPU is acknowledging an
interrupt request, and the highest priority interrupting
channel places its interrupt vector on the Z80 data bus.

M1. Machine Cycle One (input from CPU, active Low).
When M1 and IORQ are active, the 280 CPU is
acknowledging an interrupt. The Z80 CTC then places an
interupt vector on the data bus if it has highest priority, and if
achannel has requested an interrupt (INT).

RD. Read Cycle Status (input, active Low). Used in
conjunction with IORQ and CE to transfer data and channel
control words between the Z80 CPU and the Z80 CTC.

RESET. Reset (input active Low). Terminates all
down-counts and disables all interrupts by resetting the
interrupt bits in all control tegisters; the ZC/TO and the
interrupt outputs go inactive; IEO reflects IEI; Do-D7 gotothe
high-impedance state.

ZC/TO(y-ZC/TO,. Zero Count/Timeout (output, active
High). Three ZC/TO pins corresponding to Z80 CTC
channels 2 through 0 (Channel 3 has no ZC/TO pin). In both
counter and timer modes the output is an active High pulse
when the downcounter decrements to zero.
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TIMING

Read Cycle Timing. Figure 9 shows read cycle timing. This
cycle reads the contents of a down-counter without
disturbing the count. During clock cycle Tp, the Z80 CPU
initiates a read cycle by driving the following inputs Low: RD,
fORQ, and CE. A 2-bit binary code at inputs CS1 and CSg
selects the channel to be read. M1 must be High to
distinguish this cycle from an interrupt acknowledge.

CSo, CS1, CE

x CHANNEL ADDRESS X
IORQ \ /

DATA ouT
Figure 9. Read Cycle Timing

Write Cycle Timing. Figure 10 shows write cycle timing for
loading control, time constant, or vector words.

The CTC does not have a write signal input, so it generates
one internally when the read (RD) input is High during T.
During T» IORQ and CE inputs are Low. M1 must be High to
distinguish a write cycle from an interrupt acknowledge. A
2-bit binary code at inputs CSy and CSg selects the channel
to be addressed, and the word being written is placed on the
Z80 data bus. The data word is latched into the appropriate
register with the rising edge of clock cycle T3.

T T2 Twa Ts Ti

X

CSo, CS1, CE CHANNEL ADDRESS X

DATA X IN X

Figure 10. Write Cycle Timing

Timer Operation. In the timer mode, a CLK/TRG pulse
input starts the timer (Figure 11) on the second succeeding
rising edge of CLK. The trigger pulse is asynchronous, and
itmust have aminimum width. A minimum lead time (210 ns)
is required between the active edge of the CLK/TRG and the
next rising edge of CLK to enable the prescaler on the
following clock edge. If the CLK/TRG edge occurs closer
than this, the initiation of the timer function is delayed one
clock cycle. This corresponds to the start-up timing
discussed in the programming section. The timer can also
be started automatically It so programmed by the channei
control word.

CLK/ITRG

INTERNAL
TIMER

START TIMING

Figure 11. Timer Mode Timing

Counter Operation. In the counter mode, the CLK/TRG
pulse input decrements the downcounter. The trigger is
asynchronous, but the count is synchronized with CLK. For
the decrement to occur on the next rising edge of CLK, the
trigger edge must precede CLK by a minimum lead time as
shown in Figure 12. Ifthe lead time is less than specified, the
count is delayed by one clock cycle. The trigger pulse must
have a minimum width, and the trigger period must be at
least twice the clock period. If the trigger repetition rate is
faster than 'z the clock frequency, then TsCTR(Cs), AC
Characteristics Specification 26, must be met.

The ZC/TO output occurs immediately after zero count, and
follows the rising CLK edge.

/SN

CLK/TRG LEAD
TIME
INTERNAL ")
COUNTER
ZCITO

Figure 12. Counter Mode Timing
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INTERRUPT OPERATION

The Z80 CTC follows the Z80 system interrupt protocol for
nested priority interrupts and return from interrupt, wherein
the interrupt priority of a peripheral is determined by its
locationin adaisy chain. Two lines—IEl and IEO—inthe CTC
connect it to the system daisy chain. The device closest to
the +5V supply has the highest priority (Figure 13). For
additional information on the Z80 interrupt structure, refer to
the Z80 CPU Product Specification and the Z80 CPU
Technical Manual. ‘

HIGHEST PRIORITY
DEVICE

DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 3

s O N O o s

Figure 13. Daisy-Chain Interrupt Priorities

LOWEST PRIORITY
VICE

Within the Z80 CTC, interrupt priority is predetermined by
channel number: Channel 0 has the highest priority, and
Channel 3 the lowest. If a device or channel is being
serviced with an interrupt routine, it cannot be interrupted by
a device or channel with lower priority until service is
complete. Higher priority devices or channels may interrupt
the servicing of lower priority devices or channels.

A 780 CTC channel may be programmed to request an
interrupt every time its downcounter reaches zero. Note that
the CPU must be programmed for interrupt mode 2. Some
time after the interrupt request, the CPU sends an interrupt
acknowledge. The CTC interrupt control logic determines
the highest priority channel that is requesting an interrupt.
Then, if the CTC IEl input is High (indicating that it has
priority within the system daisy chain) it places an 8-bit

Ty T2 Twa Twa T3 Ta

IORQ
RD
o 7 N___°
—_—— ———— —_——
DATA { vecTor )

Figure 14. Interrupt Acknowledge Timing

interrupt vector on the system data bus. The high-order five
bits of this vector were written to the CTC during the
programming process; the next two bits are provided by the
CTC interrupt control logic as a binary code that identifies
the highest priority channel requesting an mterrupt the
low-order bit is always zero.

Interrupt Acknowledge Timing. Figure 14 shows
interrupt acknowledge timing. After an interrupt request, the
780 CPU sends an interrupt acknowledge (M1 and TORQ).
All channels are inhibited from changing their interrupt
request status when M1 is active—about two clock cycles
earlier than IORQ. RD is High to distinguish this cycle from
an instruction fetch.

The CTC interrupt logic determines the highest priority

. channel requesting an interrupt. If the CTC interrupt enable

input (IEl) is High, the highest priority interrupting channel
within the CTC places its interrupt vector on the data bus
when JORQ goes Low. Two wait states (Twa) are
automatically inserted at this time to allow the daisy chain to
stabilize. Additional wait states may be added.

Return from Interrupt Timing. At the end of an interrupt
service routine the RETI (Return From Interrupt) instruction
initializes the daisy chain enable lines for proper control of
nested priority interrupt handling. The CTC decodes the
2-byte RETI code internally and determines whether it is
intended for a channel being serviced. Figure 15 shows
RETI timing.

If several Z80 peripherals are in the daisy chain, IEI settles
active (High) on the chip currently being serviced when the
opcode ED+g is decoded. If the following opcode is 4D1g,
the peripheral being serviced is released and its IEO
becomes active. Additional wait states are allowed.

Do-D7 { @ ) { ) ’
e ;’
IEO /

Figure 15. Return From Interrupt Timing
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ABSOLUTE MAXIMUM RATINGS

Voltages on Vg with respecttoVsg . . . . . -0.3Vto +7.0V Stresses greater than those listed under Absolute Maximum Ratings may
Voltages on all inputs with respect cause permanent damage to the device. This is a stress rating only;

to Vss —-0.3VtoVee+0.3V operation of the device at any condition above these indicated in the
Storage Temperature """""""""" _ é5°C to + 15(5°C operational sections of these specifications is not implied. Exposure to

absolute maximum rating conditions for extended periods may affect
device reliability.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test

conditions, unless otherwise noted. All voltages are 5V
referenced to GND (0V). Positive current flows into the T
referenced pin. Available operating temperature range is: 21K
® S =0°C to +70°C, V. Range FROM OUTPUT
NMOS: +4.75V < V. < +5.25V UNDER TEST
CMOS: +4.50V < V. <+5.50V
B E = -40°C to 100°C, +4.50V < V. < +5.50V
. . _ 100 pf 25,{’
The Ordering Information section lists package temperature a
ranges and product numbers. Refer to the Literature List for
additional documentation. Package drawings are in the
Package Information section. = = =
DC CHARACTERISTICS (z84C30/CMOS 780 CTC)
Symbol Parameter Min Max Unit Test Condition
ViLe Clock Input Low Voltage -03 +0.45 V
ViHC Clock Input High Voltage Veec—-0.6 Vee+0.3 \
ViL Input Low Voltage -03 +0.8 \Y
ViH Input High Voltage +22 Vee \
VoL Output Low Voltage +0.4 \ lo, = 2.0mA
VoH;4 Output High Voltage +2.4 v loy = —1.6mA
VoHy Output High Voltage Voc—-0.8 \Y lon = —250 KA
L Input Leakage Current +10 uA ViN = 0.4t0 Voo
Lo 3-State Output Leakage Current in Float +10 uA Vout = 0.4to Ve
ICC4 Power Supply Current 4 MHz 7 mA Voe = 5V
MHz CLK = 4 MHz, 6 MHz,
6 8 8 MHz
8 MHz 10 ViH = Voc — 0.2V
VL = 0.2V
ICCo Standby Supply Current 10 uA Vee = 5V
CLK = (0)
Vi = Ve - 0.2V
Vi = 0.2V
loHD Darlington Drive Current -1.5 -5.0 mA VoH = 1.5V
Rext = 1.1KQ
Over specifiéd temperafure and voltage range.
CAPACITANCE
Symbol Parameter Max Unit
CLK Clock Capacitance 10 pf
Cin Input Capacitance 10 pf
Cout Output Capacitance 15 pf

Tp = 25°C,f = 1 MHz
Unmeasured pins returned to ground.
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AC CHARACTERISTICS (Z84C30/CMOS Z80 CTC)
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AC CHARACTERISTICS (284C30/CMOS 780 CTC Continued)

Z84C3004 784C3006 Z84C3008
No. Symbol Parameter Min(ns) Max(ns) Min(ns) Max(ns) Min(ns) Max(ns) Notes*
1 TeC Clock Cycle Time 250  DC[1] 162 DCY1] 125 DC
2 TwCh Clcok Pulse Width (High) 105 DC 65 DC 55 DC
3 TwcCl Clock Pulse Width (Low) 105 DC 65 DC 55 DC
4 TIC Clock Fall Time 30 20 10
5 TrC Clock Rise Time 30 20 10
6 Th All Hold Times 0 0 0
7  TsCS(C) CS to Clock T Setup Time 160 100 50
8  TsCE(C) CE to Clock T Setup Time 150 100 50
9  TslO(C) IORQ ! to Clock T Setup Time 115 70 40
10 TsRD(C) RD ! to Clock T Setup Time 115 70 40
11 TdC(DO) Clock T to Data Out Delay 200 130 920 [2]
12 TdRIr(DOz) RD, IORQ T to Data Out Float Delay 50 40 40
13 TsDI(C) Data In to Clock T Setup Time 50 40 30
14 TsM1(C) M1 to Clock T Setup Time 90 70 50
15  TdM1(EO) M1 | to IEO | Delay (Interrupt
immediately preceeding M1) 190 130 90 3]
16 TdIO(DOI) TORQ ! to Data Out Delay (INTA 160 110 80  [2]16]
17 TdIE(IEOf) IE1 | to IEO | Delay 130 100 70 3]
18  TdIEKIEOTr) IEI T to IEO T Delay (after ED Decode) 160 110 70 [3]
19 TdC(INT) Clock T to INT | Delay (TeC (TeC (TeC [4]
+140) +120) +100)
20 TdCLK(INT) CLK/TRG Tto INT L
tsCTR(C) satisfied (19)+(26) (19)+(26) (19)+(26) 5]
tsCTR(C) not satisfied (1)+(19)+(26) (1)+(19)+(26) (1)+(19)+(26) [s]
21 TcCTR CLK/TRG Cycle Time (2TcC) (2TcC) (2TcC) [51
22 TrCTR CLK/TRG Rise Time 50 40 30
23 TiCTR CLK/TRG Fall Time 50 40 30
24 TwCTRI CLK/TRG Width (Low) 200 120 90
25 TwCTRh CLK/TRG Width (High) 200 120 90
26 TsCTR(Cs) CLK/TRG T to Clock T Setup Time
for Immediate Count 210 150 110 5]
27 TsCTR(CY) CLK/TRG T to Clock T Setup Time
for enabling of Prescaler on following
clock T 210 150 110 [4]
28 TdC(ZC/TOr) Clock T to ZC/TO T Delay 190 140 100
29 TdC(ZC/TOf) Clock | to ZC/TO | Delay 190 140 100
30 ThRIr(D) RD, TORQ T to Data Hold 20 20 10
31 ThC (CS) Clock } to CS hold 20 20 20

*RESET must be active for a minimum of 3 clock cycles.

NOTES:

[1] TeC = TwCh + TwCl + TrC + TfC.
[2] Increase delay by 10 ns for each 50 pf increase in loading, 200 pf
maximum for data lines, and 100 pf for control lines.

maximum.

[4] Timer mode.
[5] Counter mode
[6] 2.5 TcC > (n—2) TAIEI(IEOf) + TAM1(IEO) + TsIEI(IO) + TTL buffer

delay, if any.

[3] Increase delay by 2 ns for each 10 pf increase in loading, 100 pf
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DC CHARACTERISTICS (z8430/NMOS 780 CTC)

Symbol Parameter Min Max Unit Condition

ViLe Clock Input Low Voltage -0.3¢ +0.452 \%

ViHe Clock Input High Voltage Vcc-0.6a.  Vgo+0.30 \%

ViL Input Low Voltage -0.3¢ +0.82 \

ViH Input High Voltage +2.2a Veeb Y

VoL Output Low Voltage +0.42 \Y loL = 20mA

VoH Output High Voltage +2.4a Y loH = —250 uA

le%} Power Supply Current: +120a mA

I Input Leakage Current +102 uA ViN = 0.4to Voo

ILo 3-State Output Leakage Current in Float +10a HA Vout = 0.4to Vee

loHD Darlington Drive Current -1.52 mA VoH = 1.5V

RexT = 390Q
CAPACITANCE

Symbol Parameter Max Unit
CLK Clock Capacitance 20¢ pf
CiN Input Capacitance 5¢ pf
Court Output Capacitance 15¢ pf

Tp = 25°C, f = 1 MHz
Unmeasured pins returned to ground.

a Tested
b Guaranteed

. Parameter Test Status:

€ Guaranteed by characterization/design

108



AC CHARACTERISTICS (z8430/NMOS Z80 CTC Continued)
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AC CHARACTERISTICS (z8430/NMOS 280 CTC)

70843004 70843006
Number Symbol Parameter Min Max Min Max Notest
1 TeC Clock Cycle Time 250 1] 162 1
2 TwCh Clock Width (High) 105 *2000 65 2000
3 ™Cl Clock Width (Low) 105 2000 65 2000
4 TIC Clock Fall Time 30 20
5 ™C Clock Rise Time 30 20
6 Th All Hold Times 0 0
7 TsCS(O) CSto Clock 1 Setup Time 160 100
8  TsCE(C) CE to Clock * Setup Time 150 100
9  TslOC) {ORQ ¢ to Clock * Setup
Time 115 70
10 TsRD(C) RD 4 to Clock t Setup Time 115 70
11 TdC(DO) Clock t to Data Out Delay 200 130 [2]
12 TdC(DOz) Clock ¢ to Data Out Float
: Delay 110 90
13 TsDI(C) Data In to Clock t Setup
Time 50 40
14 TsM1(C) M to Clock 1 Setup Time 90 . 70
15 TdM1(EO) M ¢tolEOV Delay
(Interrupt immediately
preceding M1) 190 130 [3]
16 TdIO(DOl)  iORQ ¢to Data Out Delay
(INTA Cycle) 160 110 12
17 TAIEIEOf)  IEI¢to IEO ¢ Delay 130 100 3]
18 TdIEI(IEOT) |IEl tto IEO * Delay )
(After ED Decode) 160 110 [3]
19 TdC(NT) Clock1to INT ¥ Delay (1)+140 (1)+120 14.6]
20  TACLK(NT) CLK/TRG1toINT4
tsCTR(C) satisfied (19)+(26) (19) + (26) [5.6]
tsCTR(C) not satisfied (1)+(19)+(26) (1)+(19)+(26) [5,6]
21 TcCTR CLK/TRG Cycle Time 2TcC 2TcC [5]
22 TCTR CLK/TRG Rise Time 50 40
23 TICTR CLK/TRG Fall Time 50 40
24 TWCTRI CLK/TRG Width (Low) 200 120
25 TwCTRh CLK/TRG Width (High) 200 120
NOTES:

{1] TcC = TwCh + TwCl + TC + TfC.

{2] Increase delay by 10 ns for each 50 pf increase in loading, 200 pf
maximum for data lines, and 100 pf for control lines.

[3] Increase delay by 2 ns for each 10 pfincrease in loading, 100 pf
maximum.

[4] Timer mode

[5] Counter mode.

[6] Parenthetical numbers reference the table number of a parameter.
e.g., (1) refersto TcC.
1 2.5 TcC > (n-2) TDIEIIEO) + TDM1(IEO) + TsIEKIO) + TTL buffer
delay, if any. RESET must be active for a minimum of 3 clock cycles.
Units are nanoseconds unless otherwise specified.
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AC CHARACTERISTICS (78430/NMOS 780 CTC Continued)

20843004 70843006
Number Symbol Parameter Min Max Min Max Notest

26 TsCTR(Cs) CLK/TRG t to Clock * Setup

Time for Immediate

Count 210 150 [5]
27 TsCTR(Ct) CLK/TRG *to Clock t Setup

Time for enabling of

Prescaler on following

clock t 210 150 [4]
28 TdC(ZC/TOr) Clock *to ZC/TO * Delay 190 140
29 TdC(ZC/TOf)  Clock ¥ to ZC/TO ¥ Delay 190 140

NOTES:

[1] TcC = WCh + TwCl + TrC + TiC.

[2) Increase delay by 10 ns for each 50 pf increase in loading, 200 pf
maximum for data lines. and 100 pf for control lines

[3] Increase delay by 2 ns for each 10 pf increase in loading. 100 pf
maximum.

[4] Timer mode

[5] Counter mode

[6] Parenthetical numbers reference the table number of a parameter.

e.g.. (1) refersto TcC

12.5TcC > (n-2) TDIEI(IEOSf) + TDM1(IEO) + TsIEI(IO) + TTL buffer
delay, if any. RESET must be active for a minimum of 3 clock cycles
Units are nanoseconds unless otherwise specified

m



112



Product Specification

January 1989

Z8440/1/2/4, Z84C40/1/2/3/4
NMOS/ CMOS Z80° SIO
Serial Input/Output Controller

FEATURES
B TWo indepenaent full-aupiex channels, with sepaiaie
control and status lines for modems or other devices.

m Data rate in the x1 clock mode of 0 to 1.6M bits/
second with a 8.0 MHz clock.

m NMOS version for high cost performance solutions,
CMOS version for the designs requires low power
consumption.

® NMOSZ0844x04 -4 MHz Z0844x06 - 6.17 MHz (Where
x is the designator for the bonding option; 0, 1, 2 or 4)

m CMOS Z84C4x04 - DC 4 MHz Z84C4x06 - DC to 6.7
MHz Z84C4x08 - DC to 8 MHz (Where x is the designa-
tor for the bonding option; 0, 1, 2 or 3, 4)

m 6 MHz version supports 6.144 MHz CPU clock opera-
tion.

complete messages in 5, 6, 7, or 8 bits/character.
Includes variable stop bits and several clock-rate
multipliers; break generation and detection; parity;
overrun and framing error detection.

m Synchronous protocols: everything necessary for
complete bit- or byte-oriented messages in 5, 6, 7, or 8
bits/character, including IBM Bisync, SDLC, HDLC,
CCITT-X.25 and others. Automatic CRC generation/
checking, sync character and zero insertion/deletion,
abort generation/detection, and flag insertion.

m Receiver data registers quadruply buffered, transmitter
registers doubly buffered.

m Highly sophisticated and flexible daisy-chain interrupt
vectoring for interrupts without external logic.

GENERAL DESCRIPTION

The Z80 SIO (here in after referred to as the Z80 SIO or,
SI0). Serial Input/Output Controller is a dual-channel data
communication interface with extraordinary versatility and
capability. lts basic functions as a serial-to-parallel, paral-
lel-to-serial converter/controller can be programmed by a
CPU for a broad range of serial communication applica-
tions.

The device supports all common asynchronous and
synchronous protocols, byte- or bit-oriented, and performs
all of the functions traditionally done by UARTs, USARTS,
and synchronous communication controllers combined,
plus additional functions traditionally performed by the
CPU. Moreover, it does this on two fully-independent

channels, with an exceptionally sophisticated interrupt
structure that allows very fast transfers.

Full interfacing is provided for CPU or DMA control. In
addition to data communication, the circuit can handle
virtually all types of serial 1/0 with fast, or slow, peripheral
devices. While designed primarily as a member of the Z80
family, its versatility makes it well suited to many other CPUs.

The Z80 SIO uses a single +5V power supply and the
standard Z80 family single-phase clock. The SIO/0, SIO/1,
and SIO/2 are packaged in a 40-pin DIP, the SIO/4 is
packaged in a 44-pin PCC and the SIO/3 is packaged in a
44-pin QFP. Note that SIO/3 is only available in CMOS and
in QFP package.

PIN DESCRIPTION

Figures 1 through 6 illustrate the three 40-pin configurations
(bonding options) available in the Z80C SIO (hereafter
referred to as SIO or Z80 SIO). The constraints of a 40-pin
package make it impossible to bring out the Receive
Clock (RxC), Transmit Clock (TxC), Data Terminal Ready
(DTR) and Sync (SYNC) signals for both channels. There-
fore, either Channel B lacks a signal or two signals are
bonded together:

® 780 SI0/2 lacks SYNCB
m 780 SIO/1 lacks DTRB

m 780 SIO/0 has all four signals, but TxXCB and RxCB are
bonded together

The 44-pin package, the Z80 SIO/4 for PLCC package, and
Z80 SI0/3 for QFP, has all options (Figure 7a and 7b).

The first bonding option above (SI0/2) is the preferred
version for most applications. The pin descriptions are as
follows:

B/A. Channel A or B Select (input, High selects Channel B).
This input defines which channel is.accessed during a data
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Figure 1. Pin Functions Figure 2. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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Figure 3. Pin Functions . Figure 4. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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Figure 7a. 44-pin Chip Carrier,
Pin Assighments
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Figure 7b. 44-pin Quad Flat Pack
Pin Assignments

transfer between the CPU and the SIO. Address bit Ag from
the CPU is often used for the selection function.

C/D. Control or Data Select (input, High selects Control).
This input defines the type of information transfer performed
between the CPU and the SIO. A High at this input during a
CPU write to the SIO causes the information on the data bus
to be interpreted as a command for the channel selected by
B/A. A Low at C/D means that the information on the data
bus is data. Address bit A4 is often used for this function.

CE. Chip Enable (Input, active Low). A Low level at this input
enables the SIO to accept command or data input from the
CPU during a write cycle, or to transmit data to the CPU
during a read cycle.

CLK. System Clock (input). The SIO uses the standard Z8C
System Clock to synchronize internal signals. This is
single-phase clock.
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CTSA, CTSB. Clear To Send (inputs, active Low). When
programmed as Auto Enables, a Low on these inputs
enables the respective transmitter. If not programmed as
Auto Enables, these inputs may be programmed as
general-purpose inputs. Both inputs are Schmitt-trigger
buffered to accommodate slow-risetime signals. The SIO
detects pulses on these inputs and interrupts the CPU on
both logic level transitions. The Schmitt-trigger buffering
does not guarantee a specified noise-level margin.

Dg-D7. System Data Bus (bidirectional, 3-state). The system
data bus transfers data and commands between the CPU
and the Z80 SIO. Dy is the least significant bit.

DCDA, DCDB. Data Carrier Detect (inputs, active Low).
These pins function as receiver enables if the SIO is
programmed for Auto Enables; otherwise they may be used
as general-purpose input pins. Both pins are Schmitt-trigger
buffered to accommodate slow-risetime signals. The SIO
detects pulses on these pins and interrupts the CPU on both
logic level transitions. Schmitt-trigger buffering does not
guarantee a specific noise-level margin.

DTRA, DTRB. Data Terminal Ready (outputs, active Low).
These outputs follow the state programmed into the Z80
SIO. They can also be programmed as general-purpose
outputs.

In the Z80 SIO/1 bonding option, DTRB is omitted.

IEL. Interrupt Enable In (input, active High). This signal is
used with IEO to form a priority daisy chain when there is
more than one interrupt-driven device. A High on this line
indicates that no other device of higher priority is being
serviced by a CPU interrupt service routine.

" IEO. Interrupt Enable Out (output, active High). IEO is High
only:if IElis High and the CPU is not servicing an interrupt
from this SIO. Thus, this signal blocks lower priority devices
from interrupting while a higher priority device is being
serviced by its CPU interrupt service routine.

INT. Interrupt Request (output, open drain, active Low).
When the SIO is requesting an interrupt, it pulls INT Low.

I0RQ. /nput/Output Request (input from CPU, active Low).
IORQ is used in conjunction with B/A, C/D, CE, and RD to
transfer commands and data between the CPU and the SIO.
When CE, RD, and TORQ are all active, the channel selected
by B/A transfers data to the CPU (a read operation). When
CE and IORQ are active, but RD is inactive, the channel
selected by B/A is written to by the CPU with either data or
control information as specified by C/D. As mentioned
previously, if IORQ and M1 are active simultaneously, the
CPU is acknowledging an interrupt and the SIO
automatically placesits interrupt vector on the CPU data bus
if it is the highest priority device requesting an interrupt.

M1. Machine Cycle One(input from Z80 CPU, active Low).
When M1 is active and RD s also active, the Z80 CPU is
fetching an instruction from memory; when M1 is active

while IORQ is active, the SIO accepts M1 and IORQ as an
interrupt acknowledge if the SIO is the highest priority
device that has interrupted the Z80 CPU.

RxCA, RxCB. Receiver Clocks (inputs). Receive data is
sampled on the rising edge of RxC. The Receive Clocks
may be 1, 16, 32, or 64 times the data rate in asynchronous
modes. These clocks may be driven by the Z80 CTC
Counter Timer Circuit for programmable baud rate
generation. Both inputs are Schmitt-trigger buffered; no
noise level margin is specified.

In the Z80 SIO/0 bonding option, RxCB is bonded together
with TxCB.

RD. Read Cycle Status (input from CPU, active Low). IfRD is
active, amemory or I/O read operation is in progress. RD is
used with B/A, CE, and TORQ to transfer data from the SIO
to the CPU.

RxDA, RxDB. Receive Data (inputs, active High). Serial
data at TTL levels.

RESET. Reset (input, active Low). A Low RESET disables
both receivers and transmitters, forces TxDA and TxDB
marking, forces the modem controls High, and disables all
interrupts. The control registers must be rewritten after the
SIO is reset and before data is transmitted or received.

RTSA, RTSB. Request To Send (outputs, active Low).
When the RTS bit in Write Register 5 (Figure 14) is set, the
RTS output goes Low. When the RTS bit is reset in the
Asynchronous mode, the output goes High after the
transmitter is empty. In Synchronous modes, the RTS pin
strictly follows the state of the RTS bit. Both pins can be used
as general-purpose outputs.

SYNCA, SYNCB. Synchronization (bidirectional, active
Low). These pins can act either as inputs or outputs. In the
asynchronous receive mode, they are inputs similar to CTS
and DCD. In this mode, the transitions on these lines affect
the state of the Sync/Hunt status bits in, Read Register O
(Figure 13), but have no other function. In the External Sync
mode, these lines also act as inputs. When external
synchronization is achieved, SYNC must be driven Low on
the second rising edge of RxC after that rising edge of RxC
on which the last bit of the sync character was received. In
other words, after the sync pattern is detected, the external
logic must wait for two full Receive Clock cycles to activate
the SYNC input. Once SYNC is forced Low, it should be kept
Low until the CPU informs the external synchronization

~ detect logic that synchronization has been lost or a new

message is about to start. Character assembly begins on
the rising edge of RxC that immediately precedes the falling
edge of SYNC in the External Sync mode.

In the internal synchronization mode (Monosync and
Bisync), these pins act as outputs that are active during the
part of the receive clock (RxC) cycle -in which sync
characters are recognized. The sync condition is not

latched, so these outputs are active each time a sync pattern

116



is recognized, regardless of character boundaries.
In the Z80 SIO/2 bonding option, SYNCB is omitted.

TXCA, TxCB. Transmitter Clocks (inputs). In asynchronous
modes, the Transmitter Clocks may be 1, 16, 32, or 64 times
the data rate; however, the clock multiplier must be the same
for the transmitter and the receiver. The Transmit Clock
inputs are Schmitt-trigger buffered for relaxed rise- and
fall-time requirements; no noise level margin is specified.
Transmitter Clocks may be driven by the Z80 CTC Counter
Timer Circuit for programmable baud rate generation.

In the Z80 SIO/0 bonding option, xCB is bonded together
with RxCB.

TxDA, TxDB. Transmit Data (outputs, active High). Serial
data at TTL levels. TxD changes from the falling edge of TxC.

W/RDYA, W/RDYB. Wait/Ready (outputs, open drain when
programmed for Wait function; driven High and Low when
programmed for Ready function). These dual-purpose
outputs may be programmed as Ready lines for a DMA
controller or as Wait lines that synchronize the CPU to the
SIO data rate. The reset state is open drain.
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FUNCTIONAL DESCRIPTION

The functional capabilities of the Z80 SIO can be described - | SERIAL
from two different points of view: as a data communications CHANNEL A ) |<— | DATA
L . . ) . ) ) CONTROL CHANNEL |<— | CHANNEL
device, it transmits and receives serial data in a wide variety STalos A | «— | cLoCKS
- R . «> SYNC
of 'data»conjm'unlcatlon protocols, as a Z80 family REGISTERS > WA READY
peripheral, it interacts with the Z80 CPU and other
peripheral circuits, sharing the data, address and control
buses, as well as being a part of the Z80 interrupt structure. INTERNAL CHANNEL A]<— ) MODEM
As a peripheral to other microprocessors, the SIO offers CONTROL AND [~ 1R o
valuable features such as non-vectored interrupts, polling, STATUS - |5 ] conTROL
and simple handshake capability. Figure 8 is a block \
diagram. N
i i i i DATA ” H CHANNEL B |—
Figure 9 illustrates the conventional devices that the SIO chy § CONTROL YODEM
replaces. 110 A oAND | oTHER
) . . . CONTROL 7 —/ CONTROL
The first part of the following discussion covers SIO H
data-communication capabilities; the second part s cRAL
describes interactions between the CPU and the SIO. = | Sam
INTERRUPT | <—3 INTERRUPT
comROL{—» controL K ) CHANNEL [ | Cr RS -
LINES | <-— LOGIC SYNG
|-—> WAIT/READY
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Figure 8. Block Diagram
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Figure 9. Conventional Devices Replaced by the Z80 SIO
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DATA COMMUNICATION CAPABILITIES

The SIO provides two independent full-duplex channels that
can be programmed for use in any common asynchronous,
or synchronous data-communication protocol. Figure 10a
illustrates some of these protocols. The following is a short
description of them. A more detailed explanation of these
modes can be found in the Z80 SIO Technical Manual
(03-3033-01).

Asynchronous Modes. Transmission and reception can
be done independently on each channel with five to eight
bits per character, plus optional even or odd parity. The
transmitters can supply one, one-and-a-half, or two stop bits
per character and can provide a break output at any time.
The receiver break-detection logic interrupts the CPU both
at the start and end of a received break. Reception is
protected from spikes by a transient spike-rejection
mechanism that checks the signal one-half a bit time after a
Low level is detected on the receive data input (RxDA or
RxDB in Figure 5). If the Low does not persist, as in the case
of atransient, the character assembly process is not started.

Framing errors and overrun errors are detected and
buffered together with the partial character on which they
occurred. Vectored interrupts allow fast servicing of error
conditions using dedicated routines. Furthermore, a built-in
checking process avoids interpreting a framing error as a
new start bit: a framing error results in the addition of
one-half a bit time to the point at which the search for the
next start bit is begun.

The SIO does not require symmetric transmit and receive
clock signals, a feature that allows it to be used with a Z80
CTC or many other clock sources. The transmitter and
receiver can handle data atarate of 1, 1/16, 1/32, or 1/64 of
the clock rate supplied to the receive and transmit clock
inputs.

Inasynchronous modes, the SYNC pin may be
programmed as an input that can be used for functions such
as monitoring a ring indicator.

oriented and bit-oriented synchronous communication.

Synchronous byte-oriented protocols can be handled in
several modes that allow character synchronization with an
8-bit sync character (Monosync), any 16-bit sync pattern
(Bisync), or with an external sync signal. Leading sync
characters can be removed without interrupting the CPU.

Five-, six-, or seven-bit sync characters are detected with 8-
or 16-bit patterns in the SIO by overlapping the larger
pattern across multiple incoming sync characters, as shown
in Figure 10b.

CRC checking for synchronous byte-oriented modes is
delayed by one character time so the CPU may disable CRC
checking on specific characters. This permits implemen-
tation of protocols such as IBM Bisync.

Figure 10a. Some Z80 SIO Protocols
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Figure 10b. Six-Bit Sync Character Recognition
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Figure 10. Data Communication
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Both CRC-16 (X16 + X15 + X2 + 1) and CCITT (X16 + X12
+ X5 + 1) error checking polynomials are supported. In all
non-SDLC modes, the CRC generator is initialized to Os; in
SDLC modes, it is initialized to 1s. The SIO can be used for
interfacing to peripherals such as hard-sectored floppy
disks, but it cannot generate or check CRC for
IBM-compatible soft-sectored disks. The SIO also provides
a feature that automatically transmits CRC data when no
other data is available for transmission. This allows very
high-speed transmissions under DMA control with no need
for CPU intervention at the end of a message. When there is
no data or CRC to send in synchronous modes, the
transmitter inserts 8- or 16-bit sync characters regardless of
the programmed character length.

The SIO supports synchronous bit-oriented protocols such
as SDLC and HDLC by performing automatic flag sending,
zero insertion, and CRC generation. A special command
can be used to abort a frame in transmission. Atthe end of a
message the SIO automatically transmits the CRC and
trailing flag when the transmit buffer becomes empty. If a
transmit underrun occurs in the middle of a message, an
external/status interrupt warns the CPU of this status change
so that an abort may be issued. One to eight bits per
character can be sent, which allows reception of a message

with no prior information about the character structure in the-

information field of a frame.

The receiver automatically synchronizes on the leading flag
of a frame in SDLC or HDLC, and provides a
synchronization signal on the SYNC pin; an interrupt can
also be programmed. The receiver can be programmed to
search for frames addressed by a single byte to only a
specified user-selected address or to a global broadcast
address. In this mode, frames that do not match either the
user-selected or broadcast address are ignored. The
number of address bytes can be extended under software
control. For transmitting data, an interrupt on the first
received character or on every character can be selected.
The receiver automatically deletes all zeroes inserted by the
transmitter during character assembly. It also calculates and
automatically checks the CRC to validate frame
transmission. At the end of transmission, the status of a
received frame is available in the status registers.

The SIO can be conveniently used under DMA control to
provide high-speed reception or transmission. In reception,
for example, the SIO can interrupt the CPU when the first
character of a message is received. The CPU then enables
the DMA to transfer the message to memory. The SIO then
issues an end-of-frame interrupt and the CPU can check the
status of the received message. Thus, the CPU is freed for
other service while the message is being received.

I/0 INTERFACE CAPABILITIES

The SIO offers the choice of polling, vectored or
non-vectored interrupts and block-transfer modes to
transfer data, status, and control information to, and from,
the CPU. The block-transfer mode can also be implemented
under DMA control.

Polling. Two status registers are updated at appropriate
times for each function being performed (for example, CRC
error-status valid at the end of a message). When the CPU is
operated in a polling fashion, one of the SIO’s two status
registers is used to indicate whether the SIO has some data
or needs some data. Depending on the contents of this
register, the CPU will either write data, read data, or just go
on. Two bits in the register indicate that a data transfer is
needed. In addition, error and other conditions are
indicated. The second status register (special receive
conditions) does not have to be read in a polling sequence,
until a character has been received. All interrupt modes are
disabled when operating the device in a polled
environment.

Interrupts. The SIO has an elaborate interrupt scheme to
provide fast interrupt service in real-time applications. A
control register and a status register in Channel B contain
the interrupt vector. When programmed to do so, the SIO
can modify three bits of the interrupt vector in the status
register so that it points directly to one of eight interrupt
service routines in memory, thereby servicing conditions in
both channels and eliminating most of the needs for a
status-analysis routine.

Transmit interrupts, receive interrupts, and external/status
interrupts are the main sources of interrupts. Each interrupt

source is enabled under program control, with Channel A
having a higher priority than Channel B, and with receive,
transmit, and external/status interrupts prioritized in that
order within each channel. When the transmit interrupt is
enabled, the CPU is interrupted by the transmit buffer
becoming empty. (This implies that the transmitter must
have had a data character written into it so it can become
empty.) The receiver can interrupt the CPU in one of two
ways:

W Interrupt on first received character
m Interrupt on all received characters

Interrupt-on-first-received-character is typically used with
the block-transfer mode. Interrupt-on-all-received-
characters has the option of modifying the interrupt vector in
the event of a parity error. Both of these interrupt modes will
also interrupt under special receive conditions on a
character or message basis (end-of-frame interrupt in
SDLC, for example). This means that the special-receive
condition can cause an interrupt only if the
interrupt-on-first-received-character or interrupt-on-all-
received-characters mode is selected. In interrupt-on-first-
received-character, an interrupt can occur from
special-receive conditions (except parity error) after the
first-received-character interrupt (example: receive-overrun
interrupt).

The main function of the external/status interrupt is to
monitor the signal transitions of the Clear To Send (CTS),
Data Carrier Detect (DCD), and Synchronization (SYNC)
pins (Figures 1 through 7). In addition, an external/status
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interrupt is also caused by a CRC-sending condition, or by
the detection of a break sequence (asynchronous mode) or
abort sequence (SDLC mode) in the data stream. The
interrupt caused by the break/abort sequence allows the
SIO to interrupt when the break/abort sequence is detected
or terminated. This feature facilitates the proper termination
of the current message, correct initialization of the next
message, and the accurate timing of the break/abort
condition in external logic.

In a Z80 CPU environment (Figure 11), SIO interrupt
vectoring is “automatic”: the SIO passes its internally-
modifiable 8-bit interrupt vector to the CPU, which adds an
additional 8 bits from its interrupt-vector (1) register to form
the memory address of the interrupt-routine table. This table
contains the address of the beginning of the interrupt routine
itself. The process entails an indirect transfer of CPU control
to the interrupt routine, so that the next instruction executed
after an interrupt acknowledge by the CPU is the first
instruction of the interrupt routine itself.

CPU/DMA Block Transfer. The SIO’s block-transfer mode
accommodates both CPU block transfers and DMA
controllers (Z80 DMA or other designs). The block-transfer
mode uses the Wait/Ready output signal, which is selected
with three bits in an internal control register. The Wait/Ready
output signal can be programmed as a WAIT line inthe CPU
block-transfer mode or as a READY line in the DMA
block-transfer mode.

To a DMA controller, the SIO READY output indicates that
the SIO is ready to transfer data to, or from, memory. To the
CPU, the WAIT output indicates that the SIO is not ready to
transfer data, thereby requesting the CPU to extend the I/O
cycle.

SYSTEM
BUSES

()

CcPU DMA

IE}

+5V

=

IEI
ZCITOy
CTC

ZCITo,  INT
1E0

3] IEO
RxCA INT INT

TxCA IEO IEI

WI/RDYB 3 RDY

sio DMA

= f—

Figure 11. Typical Z80 Environment

INTERNAL STRUCTURE

The internal structure of the device includes a Z80 CPU
interface, internal control and interrupt logic, and two
full-duplex channels. Each channel contains its own set of
control and status (write and read) registers, and control and
status logic that provides the interface to modems or other
external devices.

The registers for each channel are designated as follows:

WRO0-WR7 — Write Registers 0 through 7
RRO-RR2 — Read Registers 0 through 2

The register group includes five 8-bit control registers, two
sync-character registers and two status registers. The
interrupt vector is written into an additional 8-bit register
(Write Register 2) in Channel B that may be read through
another 8-bit register (Read Register 2) in Channel B. The bit
assignment and functional grouping of each register is
configured to simplify and organize the programming
process. Table 1 lists the functions assigned to each read or
write register.

The logic for both channels provides formats,
synchronization, and validation for data transferred to and
from the channelinterface. The modem control inputs, Clear
To Send (CTS) and Data Carrier Detect (DCD), are

Table 1. Register Functions

Read Register Functions

RRO  Transmit/Receive buffer status, interrupt status and
external status

RR1  Special Receive Condition status

RR2  Modified interrupt vector (Channel B only)

Write Register Functions

WRO Register pointers, CRC initialize, and initialization
commands for the various modes.

WR1 Transmit/Receive interrupt and data transfer mode
definition.

WR2 Interrupt vector (Channel B only)

WR3  Receive parameters and control

WR4  Transmit/Receive miscellaneous parameters and modes

WR5  Transmit parameters and controls

WR6  Sync character or SDLC address field

WR7  Sync character or SDLC flag
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monitored by the external control and status logic under
program control. All external control-and-status-logic
signals are general-purpose in nature and can be used for
functions other than modem control.

Data Path. The transmit and receive data path illustrated for
Channel A in Figure 12 is identical for both channels. The
receiver has three 8-bit buffer registers in a FIFO
arrangement, in addition to the 8-bit receive shift register.
This scheme creates additional time for the CPU to service
an interrupt at the beginning of a block of high-speed data.

Incoming data is routed through one of several paths (data
or CRC) depending on the selected mode and—in
asynchronous modes—the character length.

The transmitter has an 8-bit transmit data buffer register that
is loaded from the internal data bus, and a 20-bit transmit
shift register that can be loaded from the sync-character
buffers or from the transmit data register. Depending on the
operational mode, outgoing data is routed through one of
four main paths before it is transmitted from the Transmit
Data output (TxD).

CPU O

1/O DATA BUFFER

'0 CHANNEL B,
EXTERNAL STATUS LOGIC,
CONTROL LOGIC

INTERNAL DATA BUS

T

T

iLiLif

RECEIVE

WR?
RECEIVE svnc REGISTER stc REGISTER I l TRANSMIT D“”‘]
ERROR
FIFO

20-BIT TRANSMIT SHIFT REGISTER | s“"
L
ASYNC
swe l A
TRANSMIT
RECEIVE RECEIVE soLe MULTIPLEXER f— TxDA
RxCA —»| cLock ERROR DATA | & 2-BIT DELAY
Loaic HUNT MODE (BISYNC) Loaic ZERO INSERT
———————— 5 BITS)
' 8IS SYNG
RC
I SDLC-CRC c!
RECEIVE
RxpA —»| 1BIT SYNC REGISTER | o | 3 BiTs || SHIFT REGISTER
DELAY & ZERO DELETE
® BITS) CcRC TRANSMIT | 5
—™| cenERaTOR CLOCK LOGIC
t1 Pt fome
ASYNC DATA CRe
CRC DELAY
REGISTER
(8 BITS)

SDLC-CRC

CRC RESULT

Figure 12. Transmit and Receive Data Path (Channel A)

122



PROGRAMMING

The system program first issues a series of commands that
initialize the basic mode of operation and then issues other
commands that qualify conditions within the selected mode.
For example, the asynchronous mode, character length,
clock rate, number of stop bits, even or odd parity might be
set first; then the interrupt mode; and finally, receiver or
transmitter enable.

Both channels contain registers that must be programmed
via the system program prior to operation. The channel-
select input (B/A) and the control/data (C/D) are the
command-struciure addressing controis, and are normaiiy
controlled by the CPU address bus. Figures 15 and 16
illustrate the timing relationships for programming the write
registers and transferring data and status.

Read Registers. The SIO contains three read registers for
Channel B and two read registers for Channel A (RR0O-RR2
in Figure 13) that can be read to obtain the status
information; RR2 contains the internally-modifiable interrupt
vector and is only in the Channel B register set. The status
information includes error conditions, interrupt vector, and
standard communications-interface signals.

To read the contents of a selected read register other than
RRO, the system program must first write the pointer byte to
WRO in exactly the same way as a write register operation.
Then, by executing a read instruction, the contents of the
addressed read register can be read by the CPU.

The status bits of RRO and RR1 are carefully grouped to
simplify status monitoring. For example, when the interrupt
vector indicates that a Special Receive Condition interrupt
has occurred, all the appropriate error bits can be read from
asingle register (RR1).

Write Registers. The SIO contains eight write registers for
Channel B and seven write registers for Channel A
(WRO0-WRY in Figure 14) that are programmed separately to
configure the functional personality of the channels; WR2
contains the interrupt vector for both channels andis only in
the Channel B register set. With the exception of WRO,
programming the write registers requires two bytes. The first
byte is to WRO and contains three bits (Dp-Dy) that point to
the selected register; the second byte is the actual control
word that is written into the register to configure the SIO.

WRO is a special case in that all of the basic commands can
be written to it with a single byte. Reset (internal or external)
initializes the pointer bits Dg-D2 to point to WRO. This implies
that a channel reset must not be combined with the pointing
to any register.

READ REGISTER 0
(0-[0s [0s [ox [s [oa [0y oo |

I—— Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
\

Tx BUFFER EMPTY
DCD

C
b SYNC/HUNT
cTs *

Tx UNDERRUN/EOM
BREAK/ABORT

*Used With “External/Status Interrupt” Modes

READ REGISTER 1t
IS CYCACACACHEN

L— ALL SENT

I FIELD BITS | FIELD BITS IN
IN PREVIOUS SECOND PREVIOUS
BYTE BYTE

3

Os4as00=a0
OAsaa000
Meooococoo

PR PR

o202 0a0a

PARITY ERROR

Rx OVERRUN ERROR
CRC/FRAMING ERROR
END OF FRAME (SDLC)

*Residue data for eight Rx bits/character programmed
tUsed with special receive condition mode

READ REGISTER 2 (Channel B only)

[o:] 0 [0s [ou [oa [0: [0: [0

—

V3t INTERRUPT
va VECTOR

V5

V6

v7

tVariable if **Status Affects Vector" is programmed

Figure 13. Read Register Bit Functions
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WRITE REGISTER 0

[5:Toe [o:T0u[0: [0:[ 0. [05]

REGISTER 0
REGISTER 1
REGISTER 2
REGISTER 3
REGISTER 4
REGISTER §
REGISTER 6
REGISTER 7

44420000 —
a0 4200 —
20404020 =

NULL CODE

SEND ABORT .(SDLC)

RESET EXT/STATUS INTERRUPTS
CHANNEL RESET

ENABLE INT ON NEXT Rx CHARACTER
RESET TxINT PENDING

ERROR RESET

RETURN FROM INT (CH-A ONLY)

4aasacocoo
“s00==00
s“oaoaoa0

NULL CODE

RESET Rx CRC CHECKER

RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

—-s00
~o-o

WRITE REGISTER 1

CICACACACACAEAEY

EXT INT ENABLE
! Tx INT ENABLE
STATUS AFFECTS VECTOR

(CH. B ONLY)

Rx INT DISABLE
Rx INT ON FIRST CHARACTER

“ w00
~0o=0

VECTOR)
WAIT/READY ON RIT
WAIT/READY FUNCTION
WAIT/READY ENABLE

*Or on special condition

WRITE REGISTER 2 (Channel B only)

CACACACAC DAY

| L=

V3 INTERRUPT
v4 ( VECTOR

WRITE REGISTER 3

[0: 0[5, ]0. [ 05[] .| Do)

L———Rx ENABLE
SYNC CHARACTER LOAD INHIBIT

ADDRESS SEARCH MODE (SDLC)
Rx CRC ENABLE

ENTER HUNT PHASE

AUTO ENABLES

Rx 5 BITS/ICHARACTER
Rx 7 BITSICHARACTER
Rx 6 BITS/ICHARACTER
Rx 8 BITS/ICHARACTER

waoco
“o=0o

INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR)
INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT

WRITE REGISTER 4

|D, Ds}osgn‘}nglozin,lonl
PARITY ENABLE _
PARITY EVEN/ODD

0 SYNC MODES ENABLE

1 1 STOP BIT/ICHARACTER

0 1% STOP BITS/ICHARACTER
1 2 STOP BITSICHARACTER

waaoco

0 8BIT SYNC CHARACTER
1 16 BIT SYNC CHARACTER

0 SDLC MODE (01111110 FLAG)
1 EXTERNAL SYNC MODE

aso0o0

X1 CLOCK MODE

X16 CLOCK MODE
X32 CLOCK MODE
X64 CLOCK MODE

-400
“o-o0

WRITE REGISTER 5
{206 [0s To. [s o, [0, [0 |

| ;—Tx CRC ENABLE
RTS
SDLCICRC-16

Tx ENABLE
SEND BREAK

Tx 5 BITS (OR LESS)/CHARACTER
Tx 7 BITSICHARACTER
Tx 6 BITS/ICHARACTER
Tx 8 BITS/ICHARACTER

“-o00
w00

DTR

WRITE REGISTER 6

CICICACACACACA LY

| l———SYNC BITO
SYNC BIT 1
SYNC BIT 2

SYNCBIT3 \
SYNC BIT 4
SYNCBIT 5
SYNC BIT 6
SYNC BIT 7

*Also SDLC address field

WRITE REGISTER 7

B

I——SVNC BIT 8
SYNC BIT 9
SYNC BIT 10

SYNCBIT11 \
SYNC BIT 12
SYNC BIT 13
SYNC BIT 14
SYNC BIT 15

*For SDLC it must be programmed to 01111110 for flag recognition

Figure 14. Write Register Bit Functions
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TIMING

The SIO must have the same clock as the CPU (same phase
and frequency relationship, not necessarily the same
driver).

Read Cycle. The timing signals generated by a Z80 CPU
input instruction to read a data or status byte from the SIO
are illustrated in Figure 15.

Write Cycle. Figure 16 illustrates the timing and data
signals generated by a Z80 CPU output instruction to write a
data or control byte into the SIO.

Interrupt-Acknowledge Cycle. After receiving an
interrupt-request signal from an SIO (INT pulled Low), the
780 CPU sends an interrupt-acknowledge sequence, M1
Low and IORQ Low, a few cycles later (Figure 17).

The SIO contains an internal daisy-chained interrupt
structure for prioritizing nested interrupts for the various
functions of its two channels, and this structure can be used
within an external user-defined daisy chain that prioritizes
several peripheral circuits.

The IEI of the highest-priority device is terminated High. A
device that has an interrupt pending or under service forces
its IEO Low. For devices with no interrupt pending or under
service, IEO=IEI.

To insure stable conditions in the daisy chain, all interrupt
status signals are prevented from changing while M1 is Low.
When IORQ is Low, the highest priority interrupt requestor

T T2 Tw T3 Ts

CLOCK F I f I l I I I I I

CE, cIb, BIA X/ X:
- S

Figure 15. Read Cycle

T T2 Tw Ts T

CLOCK
|

CE, cib, BIA S/

IORQ

DATA N |

Figure 16. Write Cycle

(the one with IEI High) places its interrupt vector on the data
bus and sets its internal interrupt-under-service latch.

Return From Interrupt Cycle. Figure 18 illustrates the
return from interrupt cycle. Normally, the Z80 CPU issues a
Return From Interrupt (RETI) instruction at the end of an
interrupt service routine. RETI is a 2-byte opcode (ED-4D)
that resets the interrupt-under-service latch in the SIO to
terminate the interrupt that has just been processed. This is
accomplished by manipulating the daisy chain in the
following way.

The normal daisy-chain operation can be used to detect a
pending interrupt; however, it cannot distinguish between
an interrupt under service and a pending unacknowledged
interrupt of a higher priority. Whenever ED is decoded, the
daisy chain is modified by forcing High the IEO of any
interrupt that has not yet been acknowledged. Thus the
daisy chain identifies the device presently under service as
the only one with an IEI High and an IEO Low. If the next
opcode byte is 4D, the interrupt-under-service latch is reset.

The ripple time of the interrupt daisy chain (both the
High-to-Low and the Low-to-High transitions) limits the
number of devices that can be placed in the daisy chain.
Ripple time can be improved with carry-look-ahead, or by
extending the interrupt-acknowledge cycle. For further
information about techniques for increasing the number of
daisy-chained devices, refer to the Z8400 Z80 CPU Product
Specification (00-2001-04).

T T2 Tw Tw T3 Ta

Wi\ V2R

y

[\

VECTOR

 \Ne—
Figure 17. Interrupt Acknowledge Cycle

—_\_'/—\__J/_‘_
M1 |

|

Pobr—— 2 pSe
| /7

—

Figure 18. Return from Interrupt Cycle
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ABSOLUTE MAXIMUM RATINGS

Voltages in Voo with respecttoVsg . . . . . . -0.3Vto +0.7V
Voltages on all inputs with respect

toVss .o -0.3Vto Vg +0.3V
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;
operation of the device at any condition above these indicated in the
operational sections of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
‘referenced to GND (0V). Positive current flows into the
referenced pin. Available operating temperature range is:

® S =0°Cto +70°C, V. Range

NMOS: +4.75V <V < +5.25V

) CMOS: +4.50V < V. < +5.50V
® E = -40°C to 100°C, =4.50V < V. < +5.50V

21K

FROM OUTPUT
UNDER TEST

100 pf :F V%A
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DC CHARACTERISTICS (Z84C4X CMOS 780 SIO)

Symbol Parameter Min Max Typ Unit Test Condition
ViLe Clock Input Low Voltage -0.3 +0.45 \Y
ViHe Clock Input High Voltage Vec-0.6 Vec+0.3 \Y
ViL Input Low Voltage -0.3 +0.8 v
Viy Input High Voltage +22 Vee \
VoL Output Low Voltage +0.4 \ lop = 2.0mA
VoH4 Output High Voltage +2.4 v loy = —1.6mA
VOH, Output High Voltage Voc—-0.8 v lon = —250 pA
I Input Leakage Current +10 A Vin = 0.4t0 Ve
o 3-State Output Leakage Current in Float +10 uh Vour = 04toVeo
ILsy) SYNC Pin Leakage Current +10/-40 A VIN = 0.4t0 Ve
ICC4 Power Supply Current Vee = 5V
10 7 mA CLK = 4MHz
10 7 mA CLK = 6MHz
12 8 mA CLK = 8MHz
ViH = Vce - 0.2V
ViL = 0.2V
ICCo Standby Supply Current 10 0.5 A Vee = 5V
CLK = (0)
ViH = Voo - 0.2V
ViL = 0.2V
Over specified temperature and voltage range.
CAPACITANCE
Symbol Parameter Min Max Unit
C Clock Capacitance 7 pf
CiN Input Capacitance 5 pf
CouTt Output Capacitance 10 pf
Over specified temperature range; f = 1 MHz.

Unmeasured pins returned to ground.
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AC CHARACTERISTICS* (Z84C4X CMOS 780 SIO)

Z84C40/1/2/4
Z84C4X04 Z84C4X06  Z84C4X08
No. Symbol Parameter Min Max Min Max Min Max Notes
1 TeC Clock Cycle Time 250 DC 162 DC 126 DC
2  TwCh Clock Width (High) 105 DC 65 DC 55 DC
3 TiC Clock Fall Time 30 20 10
4 TrC ‘Clock Rise Time 30 20 10
5 TwCl Clock Width (Low) 105 DC 65 DC 55 DC
6 TsAD(C) CE, C/D, B/A to Clock T Setup Time 145 60 40 .
7  TsCS(C) TORQ, RD to Clock T Setup Time 115 60 40
8 TdC(DO) Clock T to Data Out Delay 220 150 100
9 TsDKC) Data In to Clock T Setup (write or M1 Cycle) 50 30 20
10 TdRD(DOz) RD T to Data Out Float Delay 110 90 75
11 TdIO(DOI) TORQ ! to Data Out Delay (INTACK Cycle) 160 120 920
12 TsM1(C) MT to Clock T Setup Time 90 75 55
13 TslE(IO) IE] to TORQ | Setup Time (INTACK Cycle) 140 120 80
14  TdM1(IEO) MT 1 to IEO | Delay (interrupt before MT) 190 160 130
15 TdIEKIEOTr) IEI T to IEO T Delay (after ED decode) 100 70 60
16 TdIE(IEOf) IE1 | to IEO | Delay 100 70 60
17 TdC(INT) Clock T to INT | Delay 200 150 - 120
18 TAIO(W/RWf)  TORQ ! or CE | to W/RDY Delay (Wait Mode) 210 175 130
19 TdC(W/RR) Clock T to W/RDY Delay (Ready Mode) 120 100 90
20 TdC(W/RWz)  Clock | to W/RDY Float Delay (Wait Mode) 130 110 90
21 Th Any unspecified Hold when Setup is specified 0 0 0

* Units in nanoseconds (ns).
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AC CHARACTERISTICS TIMING (Z84C4X CMOS Z80 SIO)
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AC CHARACTERISTICS TIMING (z84C4X CMOS Z80 SIO; Continued)
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AC CHARACTERISTICS (Z84C4X CMOS Z80 SIO; Continued)

Z84C40/1/2/4
Z284C4X04 284C4X06 Z84C4X08
No. Symbol Parameter Min  Max Min Max Min Max Notes
1 TwPh Pulse Width (High) 200 200 150 2
2  TwPl Pulse Width (Low) 200 200 150 2
3 TcTxC TxC Cycle Time 400 330 250 2
4  TwTxCl TxC Width (Low) 180 100 85 2
5 TwTxCh TxC Width (High) 180 100 85 2
6  TdTxC(TxD) TxC | to TxD Delay 300 220 160 2
7  TdTxC(W/RRf) TxC | to W/RDY { Delay (Ready Mode) 5-9 59 59 1
8  TdTxC(INT) TxC | to INT | Delay 5-9 5-9 59 1
9 TcRxC RxC Cycle Time 400 330 250 2
10 TwRxCl RXC Width (Low) 180 100 85 2
11 TwRxCh RxC Width (High) 180 100 85 2
12 TsRxD(RxC) RxD to RxC i Setup Time (x1 Mode) 0 0 0 2
13 ThRxD(RxC) RxC T RxD Hold Time (x1 Mode) 140 100 80 2
14 TdRXC(W/RRf) RxC 1 to W/RDY I Delay (Ready Mode) 16-13 10-13 10-13 1
15 TdRxC(INT) RxC TtoINT | Delay 10-13 10-13 10-13 1
16  TdRxC(SYNC) RxC Tto SYNC ! Delay (Output Modes) 4-7 4.7 4-7 1
17  TsSYNC(RxC) SYNC ! to RxC T Setup (External Sync Modes) -100 -100 -100 2

*In all modes, the System Clock rate must be at least five times the maximum data rate. RESET must be active a minimum of one complete clock cycle.
1. Units equal to System Clock Periods.

2. Units in nanoseconds (ns).
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DC CHARACTERISTICS (Z844X/NMOS Z80 SIO)

Symbol Parameter Min Max Unit Test Condition
ViLe Clock Input Low Voltage -03 +0.45 \
VIHC Clock Input High Voltage Vecc-0.6 Vee+0.3 \
ViL Input Low Voltage -0.3 +0.8 \
ViH Input High Voltage +20 Vo %
VoL Output Low Voltage. +0.4 \
VoH; Output High Voltage +2.4 \ loL =20mA
VoHy, Output High Voltage \ lon = —250uA
L Input Leakage Current +10 A ViN = 0.4to Voo
Lo 3-State Output Leakage Current in Float +10 uA Vout = 0.4t0Vee
ILsY) SYNC Pin Leakage Current +10/-40 pA  0<VN<Vee
ICC4 Power Supply Current 100 mA

Over specified temperature and voltage range.

CAPACITANCE
Symbol Parameter Min Max Unit
C Clock Capacitance 40 pf
CiN Input Capacitance 5 pf
Cout Output Capacitance 15 pf

Over specified temperature range; f = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS* (Z844X /NMOS Z80 SIO)

720844X04 20844X06
Number Symbol Parameter Min Max Min Max
1 TcC Clock Cycle Time 250 4000 162 4000
2 TwCh Clock Width (High) 105 2000 70 2000
3 TiC Clock Fall Time 30 15
4 TC Clock Rise Time 30 15
5 TwCl Clock Width (Low) 105 2000 70 2000
6  TsAD(C) CE. C/D, B/Ato Clock t Setup Time 145 60
7 TsCS(C) 1ORQ, RD to Clock t Setup Time 115 60
8  TdC(DO) Clock t to Data Out Delay 220 150
9 TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 50 30
10  TdRD(DOz) RD *to Data Out Float Delay 110 90
11 TdIO(DOl)  IORQ +to Data Out Delay (INTACK Cycle) 160 120
12 TsM1(C) "M to Clock 1 Setup Time 90 75
13 TSIEI(IO) IEI to TORQ + Setup Time (INTACK Cycle) 140 120
14 TdM1(EQ) M1  to IEO ¢+ Delay (interrupt before M1) 190 160
15 TdIEIIEOr  IEI*tolEQ* Delay (after ED decode) 100 70
16 TdIEIEON)  IEI+toIEQ ¢ Delay 100 70
17 TdC(NT) Clock tto INT 4 Delay 200 150
18 TAIO(W/RWS) 1ORQ 4 or CE + to W/RDY ¢ Delay (Wait Mode) 210 175
19 TdC(W/RRf)  Clock t to W/RDY + Delay (Ready Mode) 120 100
20 TdC(W/RWz) Clock ¢ to W/RDY Float Delay (Wait Mode) 130 110
21 Th Any unspecified Hold when Setup is specified 0 0

*Units in nanoseconds (ns).
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AC CHARACTERISTICS TIMING (Z844X / NMOS Z80 SIO; Continued)
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AC CHARACTERISTICS TIMING (Z844X / NMOS Z80 SIO)
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AC CHARACTERISTICS (Z844X / NMOS Z80 SIO; Continued)

Z0844X04 Z0844X06

No. Symbol Parameter Min  Max Min Max Notes*
1 TwPh Pulse Width (High) 200 200 2
2 TwPl Pulse Width (Low) 200 200 2
3 TeTxC TxC Cycle Time 400 o 330 2
4  TwTxCl TxC Width (Low) 180 o 100 o 2
5 TwTxCh TxC Width (High) 180 o 100 2
6  TdTxC(TxD) TxC | to TxD Delay : 300 220 _2
7 TdTXC(W/RRf) TxC | to W/RDY | Delay (Ready Mode) 5 9 5 9 1
8  TdTxC(INT) TxC | toINT ! Delay 5 9 5 9 1
9 TcRxC RxC Cycle Time 400 e 330 2

10 TwRxCl RxC Width (Low) - 180 e« 100 o 2

11 TwRxCh RXC Width (High) 180 o 100 o 2

12 TsRxD(RxC) RxD to RxC TSetup Time (x1 Mode) 0 0 2

13  ThRxD(RxC) RxC T RxD Hold Time (x1 Mode) 140 100 2
14  TdRxC(W/RRf) RxC T to W/RDY ! Delay (Ready Mode) 10 13 10 13 1

15  TdRxC(INT) RxC T to INT | Delay 10 13 10 13 1

16 TdRxC(SYNC) RxC Tto SYNC ! Delay (Output Modes) 4 7 4 7

17 TsSYNC(RxC) SYNC ! to RxC T Setup (External Sync Modes) -100 -100 2

*In all modes, the System Clock rate must be at least five times the maximum data rate. RESET must be active a minimum of one complete clock cycle.
1. Units equal to System Clock Periods.

2. Units in nanoseconds (ns).
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Z8470 Z80° DART
Dual Asynchronous
Receiver/Transmitter

Zilog

Product
Specification

January 1989

FEATURES

m Two independent full-duplex channels with separate
modem controls. Modem status can be monitored.

® In x1 clock mode, data rates are 0 to 800K bits/second
with a 4.0 MHz clock, or 0 to 1.2 M bits/second with a 6.0
MHz clock.

m Receiver data registers are quadruply buffered; the
transmitter is doubly buffered.

m Programmable options include 1, 1z, or 2 stop bits;
even, odd, or no parity; and x1, x16, x32, and x64 clock
modes.

m Break generation and detection as well as parity-,
overrun-, and framing-error detection are available.

m Interrupt features include a programmable interrupt
vector, a “status affects vector” mode for fast interrupt
processing, and the standard Z80 peripheral daisy-
chaininterrupt structure that provides automatic interrupt
vectoring with no external logic.

® On-chiplogic for ring indication and carrier-detect status.

GENERAL DESCRIPTION

The Z80 DART (Dual-Channel Asynchronous Receiver/
Transmitter) is a dual-channel multifunction peripheral
component that satisfies a wide variety of asynchronous
serial data communications requirements in microcomputer
systems. The Z80 DART is used as a serial-to-parallel,
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Figure 1. Pin Functions

parallel-to-serial converter/controller in asynchronous
applications. In addition, the device also provides modem
controls for both channels. In applications where modem
controls are not needed, these lines can be used for
general-purpose /0.
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Zilog also offers the Z80 SIO, a more versatile device that
provides synchronous (Bisync, HDLC, and SDLC) as well
as asynchronous operation.

The Z80 DART is fabricated with n-channel silicon-gate
depletion-load technology, and is packaged in a 40-pin
plastic or ceramic DIP (Figures 1 and 2).

PIN DESCRIPTION

B/A. Channel A or B Select ('input, High selects Channel B).
This input defines which channel is accessed during a data
transfer between the CPU and the Z80 DART.

~ C/D. Control or Data Select (input, High selects Control).
This input specifies the type of information (control or data)

transferred on the data bus between the CPU and the Z80°

DART.

CE. Chip Enable (input, active Low). A Low at this input
enables the Z80 DART to accept command or data input
from the CPU during a write cycle, or to transmit data to the
CPU during aread cycle.

CLK. System Clock (input). The Z80 DART uses the
standard Z80 single-phase system clock to synchronize
internal signals.

CTSA, CTSB. Clear To Send (inputs, active Low). When
programmed as Auto Enables, a Low on these inputs
enables the respective transmitter. If not programmed as
Auto Enables, these inputs may be programmed as
general-purpose inputs. Both inputs are Schmitt-trigger
buffered to accommodate slow-risetime signals.

Do-D7. System Data Bus (bidirectional, 3-state). This bus
transfers data and commands between the CPU and the
Z80 DART.

DCDA, DCDB. Data Carrier Detect (inputs, active Low).
These pins function as receiver enables if the Z80 DART is
programmed for Auto Enables; otherwise they may be used
as general-purpose input pins. Both pins are Schmitt-trigger
buffered.

DTRA, DTRB. Data Terminal Ready (outputs, active Low).
These outputs follow the state programmed into the DTR bit.
They can also be programmed as general-purpose outputs.

IEl. Interrupt Enable In (input, active High). This signal is
used with IEO to form a priority daisy chain when there is
more than one interrupt-driven device. A High on this line
indicates that no other device of higher priority is being
serviced by a CPU interrupt service routine.

IEO. Interrupt Enable Out (output, active High). IEO is High
only if IEl is High and the CPU is not servicing an interrupt
from this Z80 DART. Thus, this signal blocks lower priority
devices from interrupting while a higher priority device is
being serviced by its CPU interrupt service routine.

INT. Interrupt Request (output, open drain, active Low).
When the Z80 DART is requesting an interrupt, it pulls INT
Low.

M. Machine Cycle One (input from Z80 CPU, active Low).
When M1 and RD are both active, the Z80 CPU is fetching

an instruction from memory; when M is active while [ORQ
is active, the Z80 DART accepts M1 and IORQ as an
interrupt acknowledge if the Z80 DART is the highest priority
device that has interrupted the Z80 CPU.

I0RAQ. Input/Output Request (input from CPU, active Low).
JORQ is used in conjunction with B/A, C/D, CE, and RD to
transfer commands and data between the CPU and the Z80
DART. When CE, RD, and IORQ are all active, the channel
selected by B/A transfers data tothe CPU (a read operation).
When CE and IORQ are active, but RD is inactive, the
channel selected by B/A is written to by the CPU with either
data or control information as specified by C/D.

RxCA, RxCB. Receiver Clocks (inputs). Receive data is
sampled on the rising edge of RXC. The Receive Clocks
may be 1, 16, 32, or 64 times the data rate.

RD. Read Cycle Status (input from CPU, active Low). I RD is
active, amemory or |/O read operation is in progress.

RxDA, RxDB. Receive Data (inputs, active High).

RESET. Reset (input, active Low). Disables both receivers
and transmitters, forces TxDA and TxDB marking, forces the
modem controls High, and disables all interrupts.

RIA, RIB. Ring Indicator (inputs, active Low). These inputs
are similar to CTS and DCD. The Z80 DART detects both
logic level transitions and interrupts the CPU. When not used
in switched-line applications, these inputs can be used as
general-purpose inputs.

RTSA, RTSB. Request to Send (outputs, active Low). When
the RTS bit is set, the RTS output goes Low. Whenthe RTS bit
is reset, the output goes High after the transmitter empties.

TCA, TCB. Tansmitter Clocks (inputs). TxD changes on
the falling edge of TxC. The Transmitter Clocks may be 1, 16,
32, or 64 times the data rate; however, the clock muiltiplier for
the transmitter and the receiver must be the same. The
Transmit Clock inputs are Schmitt-trigger buffered. Both the
Receiver and Transmitter Clocks may be driven by the Z80
CTC Counter Time Circuit for programmable baud rate
generation.

TxDA, TxDB. Transmit Data (outputs, active High).

W/RDYA, W/RDYB. Wait/Ready (outputs, open drain when
programmed for Wait function, driven High and Low when
programmed for Ready function). These dual-purpose
outputs may be programmed as Ready lines for a DMA
controller or as Wait lines that synchronize the CPU to the
Z80 DART data rate. The reset state is open drain.
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FUNCTIONAL DESCRIPTION

The functional capabilities of the Z80 DART can be
described from two different points of view: as a data
communications device, it transmits and receives serial
data, and meets the requirements of asynchronous data
communications protocols; as a Z80 family peripheral, it
interacts with the Z80 CPU and other Z80 peripheral
circuits, and shares the data, address, and control buses, as
well as being a part of the Z80 interrupt structure. As a
peripheral to other microprocessors, the Z80 DART offers
valuable features such as nonvectored interrupts, polling.
and simple handshake capability.

The first part of the following functional description
introduces Z80 DART data communications capabilities;
the second part describes the interaction between the CPU
and the Z80 DART.

The Z80 DART offers RS-232 serial communications
support by providing device signals for external modem
control. In addition to dual-channel Request To Send, Clear
To Send, and Data Carrier Detect ports, the Z80 DART also
features a dual channel Ring Indicator (RIA, RIB) input to
facilitate local/remote or station-to-station communication
capability. Figure 3 is a block diagram.

Communications Capabilities. The Z80 DART provides
two independent full-duplex channels for use as an
asynchronous receiver/transmitter. The following is a short
description of receiver/transmitter capabilities. For more
details, refer to the Asynchronous Mode section of the Z80
S10 Technical Manual (03-3033-01).

The Z80 DART offers transmission and reception of five to
eight bits per character, plus optional even or odd parity. The
transmitter can supply one, one and a half, or two stop bits
per character and can provide a break output at any time.
The receiver break detection logic interrupts the CPU both
at the start and end of a received break. Reception is
protected from spikes by a transient spike rejection
mechanism that checks the signal one-half a bit time after a
Low level is detected on the Receive Data input. If the Low
does not persist—as in the case of a transient—the
character assembly process is not started.

Framing errors and overrun errors are detected and
buffered together with the character on which they
occurred. Vectored interrupts allow fast servicing of
interrupting  conditions using ° dedicated routines.
Furthermore, a built-in checking process avoids interpreting
a framing error as a new start bit: a framing error results in
the addition of one-half a bit time to the point at which the
search for the next start bit is begun.

The Z80 DART does not require symmetric Transmit and
Receive Clock signals, a feature that allows it to be used with
a Z80 CTC or any other clock source. The transmitter and
receiver can handle data at arate of 1, 1/16, 1/32, or 1/64 of
the clock rate supplied to the Receive and Transmit Clock
inputs. When using Channel B, the bit rates for transmit and
receive operations must be the same because RxC and TxC
are bonded together (RxTXCB).

—>
CHANNEL A . | SERIAL DATA
READIWRITE

CHANNEL
REGISTERS A

il

| -
| cHANNEL cLoCKs
WAIT/IREADY

DISCRETE |<—
CONTROL

MODEM OR
OTHER CONTROLS

INTERNAL
CONTROL
LOGIC

DATA ”
CcPU

o
CONTROL 7
—y

CHANNEL A |+ }

AND
STATUS --— RIA

CHANNEL B [*
DISCRETE |<—— | MODEM OR
CONTROL |—» [ OTHER CONTROLS

——

AND
STATUS [«— B

7T__5%

©wCw r>ZIMAZ-

F— |
CHANNEL | SERIAL DATA
B

[<—  CHANNEL cLOCK
— WAIT/READY

CONTROL { —] CONTROL

INTERRUPT | <=—— INTERRUPT
LINES { -—ro Logic

15

CHANNEL B
READ/WRITE
REGISTERS

1t—gt

Figure 3. Block Diagram

1/0 Interface Capabilities. The Z80 DART offers the
choice of Polling, Interrupt (vectored or non-vectored) and
Block Transfer modes to transfer data, status, and control
information to and from the CPU. The Block Transfer mode
can be implemented under CPU or DMA control.

Polling. There are no interrupts in the Polled mode. Status
registers RRO and RR1 are updated at appropriate times for
each function being performed. All the interrupt modes of
the 280 DART must be disabled to operate the device in a
Polled environment.

While in its Polling sequence, the CPU examines the status
contained in RRO for each channel; the RRO status bits serve
as an acknowledge to the Poll inquiry. The two RRO status
bits Dg and Dy indicate that a data transfer is needed. The
status also indicates Error or other special status conditions.
The Z80 DART Programming section contains more
information. The Special Receive Condition status
contained in RR1 does not have to be read in a Polling
sequence because the status bits in RR1 are accompanied
by a Receive Character Available status in RRO.

Interrupts. The Z80 DART offers an elaborate interrupt
scheme that provides fast interrupt response in real-time
applications. As a member of the Z80 family, the Z80 DART
can be daisy-chained along with other Z80 peripherals for
peripheral interrupt-priority resolution. In addition, the
internal interrupts of the Z80 DART are nested to prioritize
the various interrupts generated by Channels A and B.
Channel B registers WR2 and RR2 contain the interrupt
vector that points to an interrupt service routine in the
memory. To eliminate the necessity of writing a status
analysis routine, the Z80 DART can modify the interrupt
vector in RR2 so it points directly to one of eight interrupt
service routines. This is done under program control by
setting a program bit (WR1, D) in Channel B called “Status
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Affects Vector” When this bit is set, the interrupt vector in
RR2 is modified according to the assigned priority of the
various interrupting conditions.

Transmit interrupts, Receive interrupts, and External/Status
interrupts are the main sources of interrupts. Each interrupt
source is enabled under program control with Channel A
having a higher priority than Channel B, and with Receiver,
Transmit, and External/Status interrupts prioritized in that
order within each channel. When the Transmit interrupt is
enabled, the CPU is interrupted by the transmit buffer
becoming empty. (This implies that the transmitter must
have had a data character written into it so it can become
empty.) When enabled, the receiver can interruptthe CPU in
one of three ways:

® Interrupt on the first received character
® Interrupt on all received characters
| Interrupt on a Special receive condition

Interrupt On First Character is typically used with the Block
Transfer mode. Interrupt On All Received Characters can
optionally modify the interrupt vector in the event of a parity
error. The Special Receive Condition interrupt can occur on
acharacter basis. The Special Receive Condition can cause
an interrupt can occur on a character basis. The Special
Receive condition can cause an interrupt only if the Interrupt
On First Received Character or Interrupt On All Received
Characters mode is selected. In Interrupt On First Receive

Character, an interrupt can occur from Special Receive
conditions (except Parity Error) after the first Received
character interrupt (example: Receive Overrun interrupt).

The main function of the External/Status interrupt is to
monitor the signal transitions of the CTS, DCD, and Rl pins;
however, an External/Status interrupt is also caused by the
detection of a Break sequence in the data stream. The
interrupt caused by the Break sequence has a special
feature that allows the Z80 DART to interrupt when'the Break
sequence is detected or terminated. This feature facilitates
the proper termination of the current message, correct
initialization of the next message, and the accurate timing of
the Break condition.

CPU/DMA Block Transfer. The Z80 DART provides a Block
Transfer mode to accommodate CPU block transfer
functions and DMA block transfers (Z80 DMA or other
designs). The Block Transfer mode uses the W/RDY output
in conjunction with the Wait/Ready bits of Write Register 1.
The W/RDY output can be defined under software control as
aWaitlineinthe CPU Block Transfer mode or as aReady line
in the DMA Block Transfer mode.

To a DMA controller, the Z80 DART Ready output indicates
that the Z80 DART is ready to transfer data to or from
memory. To the CPU, the Wait output indicates that the Z80
DART is not ready to transfer data, thereby requesting the
CPU to extend the I/O cycle.

INTERNAL ARCHITECTURE

The device internal structure includes a Z80 CPU interface,
internal control and interrupt logic, and two full-duplex
channels. Each channel contains read and write registers,
and discrete control and status logic that provides the
interface to modems or other external devices.

The read and write register group includes five 8-bit control
registers and two status registers. The interrupt vector is
written into an additional 8-bit register (Write Register 2) in
Channel B, that may be read through Read Register 2 in
Channel B. The registers for both channels are designated
as follows:

WRO0-WR5  Write Registers 0 through 5
RRO-RR2  Read Registers 0 through 2

The bit assignment and functional grouping of each register
is configured to simplify and organize the programming
process.

The logic for both channels provides formats, bit
synchronization, and validation for data transferred to and
from the channel interface. The modem control inputs Clear
to Send (CTS), Data Carrier Detect (DCD), and Ring

Indicator (Ri) are monitored by the control logic under
program control. All the modem control signals are general
purpose in nature and can be used for functions other than
modem control. ;

For automatic interrupt vectoring, the interrupt control logic
determines which channel and which device within the
channel has the highest priority. Priority is fixed with
Channel A assigned a higher priority than Channel B;
Receive, Transmit, and External/Status interrupts are
prioritized in that order within each channel.

Data Path. The transmit and receive data path illustrated for
Channel A in Figure 4 is identical for both channels. The
receiver has three 8-bit buffer registers in a FIFO
arrangement in addition to the 8-bit receive shift register.
This scheme creates additional time for the CPU to service a
Receive Character Available interrupt in a high-speed data
transfer.

The transmitter has an 8-bit transmit data register that is
loaded from the internal data bus, and a 9-bit transmit shift
register that is loaded from the transmit data register.
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Figure 4. Data Path

READ, WRITE AND INTERRUPT TIMING

Read Cycle. The timing signals generated by a Z80 CPU
input instruction to read a Data or Status byte from the Z80
DART are illustrated in Figure 5.

Write Cycle. Figure 6 illustrates the timing and data signals
generated by aZ80 CPU output instruction to write a Data or
Control byte into the Z80 DART.

Interrupt Acknowledge Cycle. (Figure 7) After receiving
an Interrupt Request signal (INT pulled Low), the Z80 CPU
sends an Interrupt Acknowledge signal (M1 and IORQ both
Low). The daisy-chained interrupt circuits determine the
highest priority interrupt requestor. The |EI of the highest
priority peripheral is terminated High. For any peripheral

that has no interrupt pending or under service, IEO=IEI.
Any peripheral that does have an interrupt pending or under
service forces its [EO Low.

To insure stable conditions in the daisy chain, all interrupt
status signals are prevented from changing while M1 is Low.
When IORQ is Low, the highest priority interrupt requestor
(the one with IEI High) places its interrupt vector on the data
bus and sets its internal interrupt-under-service latch.

Refer to the Technical Manual (03-3033-01) for additional
details on the interrupt daisy chain and interrupt nesting.

T T, Tw Ts T
CLOCK
CE \*X / CHANNEL ADDRESS X
iORQ
RD
M1
DATA { our )
N/

Figure 5. Read Cycle

T T2 Tw Ts T
CLOCK
CE \>X/ CHANNEL ADDRESS X
IORG
RD
M1

Figure 6. Write Cycle
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Figure 8. Return from Interrupt Cycle

Return From Interrupt Cycle. (Figure 8) Normally, the Z80
CPU issues an RETI (Return From Interrupt) instruction at
the end of an interrupt service routine. RET! is a 2-byte
opcode (ED-4D) that resets the interrupt-under-service latch
to terminate the interrupt that has just been processed.

When used with other CPUs, the Z80 DART allows the user
to return from the interrupt cycle with a special command
called “Return From Interrupt” in Write Register 0 of
Channel A. Thiscommand is interpreted by the Z80 DART in
exactly the same way it would interpret an RETI command
on the data bus.

Z80 DART PROGRAMMING

To program the Z80 DART, the system program first issues a
series of commands that initialize the basic mode and then
other commands that qualify conditions within the selected
mode. For example, the character length, clock rate,
number of stop bits, even or odd parity are first set, then the
Interrupt mode and, finally, receiver or transmitter enable.

Both channels contain command registers that must be
programmed via the system program prior to operation. The
Channel Select input (B/A) and the Control/Data input (C/D)
are the command structure addressing controls, and are
normally controlled by the CPU address bus.

Write Registers. The Z80 DART contains six registers
(WRO-WRS5) in each channel that are programmed
separately by the system program to configure the
functional personality of the channels (Figure 4). With the
exception of WRO0, programming the write registers requires
two bytes. The first byte contains three bits (Dg-Dy) that point
to the selected register; the second byte is the actual control
word that is written into the register to configure the Z80
DART.

WRQO is a special case in that all the basic commands
(CMDp-CMDy) can be accessed with a single byte. Reset
(internal or external) initializes the pointer bits Dg-D» to point
to WRO. This means that a register cannot be pointed to in
the same operation as a channel reset.

Write Register Functions

WRO Register pointers, initialization commands for the various
modes

WR1 Transmit/Receive interrupt and data transfer mode
definition

WR2  Interrupt vector (Channel B only)

WR3  Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters and modes

WRS5  Transmit parameters and controls

Read Registers. The Z80 DART contains three registers
(RRO-RR2) that can be read to obtain the status information
for each channel (except for RR2, which applies to Channel
B only). The status information includes error conditions,
interrupt vector, and standard communications-interface
signals.

To read the contents of a selected read register other than
RRO, the system program must first write the pointer byte to
WRO in exactly the same way as a write register operation.
Then, by executing an input instruction, the contents of the
addressed read register can be read by the CPU.

The status bits of RRO and RR1 are carefully grouped to
simplify status monitoring. For example, when the interrupt
vector indicates that a Special Receive Condition interrupt
has occurred, all the appropriate error bits can be read from
a single register (RR1).

Read Register Functions

RRO Transmit/Receive buffer status, interrupt status and
external status

RR1 Special Receive Condition status
RR2 Modified interrupt vector (Channel B only)
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Z80 DART READ AND WRITE REGISTERS

READ REGISTER 0

Gloo oo oo o]

I ALL SENT
NOT USED
PARITY ERROR
Rx OVERRUN ERROR
FRAMING ERROR

NOT USED

*Used With Special Receive Condition Mode.

WRITE REGISTER 0

BB

L

NOT USED

L Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY

USED WITH “EXTERNAL/
STATUS INTERRUPT"
MODE

V3"* \ INTERRUPT
va VECTOR

* *Variable if **Status Affects Vector™
is Programmed.

WRITE REGISTER 1

Bl o]

0]

Rx INT DISABLE

—“-o

L EXT INT ENABLE
~—— Tx INT ENABLE
STATUS AFFECTS VECTOR
(CH. B ONLY)

CHANNEL RESET

RESET TxINT PENDING
ERROR RESET

4asacoo0o0
“as0cO=a00
“0-0=0~0

NOT USED

WRITE REGISTER 2 (Channel B only)
CICICACACACAENCY

L=,
v2
v3 INTERRUPT
va VECTOR
- Vs
V6
vr

WRITE REGISTER 4
[0:[2 02 [0.]0s 2, o,
I PARITY ENABLE
PARITY EVEN/ODD
0 0 NOTUSED
0 1 1STOP BIT/ICHARACTER
1 0 1Y STOP BITS/ICHARACTER
1 1 2STOP BITS/ICHARACTER
NOT USED
0 0 X1t CLOCKMODE
0 1 X16 CLOCK MODE
1 0  X32CLOCK MODE
11 X64 CLOCK MODE

0 0 0 REGISTER 0
0 0 1 REGISTER 1
[ 1 0 REGISTER 2
0 1 1 REGISTER 3
1 0 0 REGISTER 4
1 0 1 REGISTER 5

NULL CODE

NOT USED

RESET EXT/STATUS INTERRUPTS
ENABLE INT ON NEXT Rx CHARACTER

RETURN FROM INT (CH-A ONLY)

Rx INT ON FIRST CHARACTER OR ON

0 INT ON ALL Rx CHARACTERS (PARITY | SPECIAL
AFFECTS VECTOR) RECEIVE
1 INT ON ALL Rx CHARACTERS (PARITY | CONDITION

DOES NOT AFFECT VECTOR)
WAIT/READY ON RIT
WAIT/READY FUNCTION
WAIT/READY ENABLE

WRITE REGISTER 3

Llf’sl"sl“d“«l“szlDa]

| L Rx ENABLE
NOT USED (MUST BE PROGRAMMED 0)

AUTO ENABLES

Rx 5 BITS/ICHARACTER
Rx 7 BITS/ICHARACTER
Rx 6 BITS/CHARACTER

0
0
1
1 Rx 8 BITSICHARACTER

woao

WRITE REGISTER 5

[or]pe[os [0 [2s 02 [0

mmoo

aoao

|
I__ NOT USED
RTS
NOT USED
Tx ENABLE

SEND BREAK

Tx § BITS (OR LESS)/CHARACTER
Tx 7 BITSICHARACTER
Tx 6 BITSICHARACTER
Tx 8 BITSICHARACTER

DTR
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ABSOLUTE MAXIMUM RATINGS

Voltages on all pins with respect

toGND . ... -0.3Vto +7V
Operating Ambient

Temperature .............. See Ordering Information
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;
operation of the device at any condition above those indicated in the
operational sections of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability. :

STANDARD TEST CONDITIONS

The DC characteristics and capacitance sections listed
below apply for the following standard test conditions,
unless otherwise noted. All voltages are referenced to GND
(OV). Positive current flows into the referenced pin.

" Available operating temperature ranges are:
m S =0°to +70°C, +4.75V< Vo € +5.25V
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.

FROM OUTPUT
UNDER TEST

DC CHARACTERISTICS ‘
Symbol Parameter Min Max Unit Test Condition
ViLe Clock Input Low Voltage -03 +0.45 Y
ViHC Clock Input High Voltage Vec-0.6 v V. +03V
ViL Input Low Voltage -03 +0.8 \

ViH Input High Voltage +2.0 +5.5 \

VoL Output Low Voltage +0.4 \' loL=2.0mA
VoH Output High Voltage +2.4 ) lon = —250 uA
L Input/3-State Output Leakage Current -10 +10 A 04<ViN<24V
IRy RI Pin Leakage Current -40 +10 A 0.4<VN<2.4V
lcc Power Supply Current 100 mA

Ta = 0°Cto 70°C, Voo = +5V, +5%.

CAPACITANCE
Symbol Parameter Min Max Unit
C Clock Capacitance 40 pf
CiNn Input Capacitance 5 pf
Cour Output Capacitance 15 pf

Over specified temperature range; f = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS TIMING
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AC CHARACTERISTICS

‘ 20847004 20847006
Number Symbol Parameter Min Max Min Max
1 TeC Clock Cycle Time 250 4000 165 4000
2 TwCh Clock Width (High) 105 2000 70 2000
3 TfC Clock Fall Time 30 15
4 TC Clock Rise Time 30 15
5 TwCl Clock Width (Low) 105 2000 70 2000
6  TsAD(©) CE, C/D, B/A to Clock t Setup Time 145 60
7 TsCS(C) fORQ, RD to Clock * Setup Time 115 60
8 TdC(DO) Clock 1 to Data Out Delay 220 150
9 TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 50 30
10 TdRD(DOz)  RD 1 to Data Out Float Delay 110 90 .
1 TdIO(DON  TORQ ¢ to Data Out Delay (INTACK Cycle) 160 100
12 TsM1(C) M1 to Clock t Setup Time 90 75
13 TSIEKIO) IEI to IORQ ¥ Setup Time (INTACK Cycle) 140 120
14 TdM1(IEQ) M1 {to IEO Delay (interrupt before M1) 190 160
15 TdIEI(IEOr) IEI tto IEO * Delay (after ED decode) 100 70
16 TdIEI(EOf)  IEIVtoIEO{ Delay 100 70
17 TdC(INT) Clock tto INT ¥ Delay 200 150
18 TdIOW/RWf) TORQ ¢ or CE ¢ to W/RDY ¢Delay (Wait Mode) 210 175
19 TAC(W/RR)  Clock 1 to W/RDY ¢ Delay (Ready Mode) 120 100
20 TAC(W/RW2z)  Clock ¥ to W/RDY Float Delay (Wait Mode) 130 110

*Units in nanoseconds (ns).
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AC CHARACTERISTICS (Continued)
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20847004 70847006
Number Symbol Parameter Min Max Min Max Notes*
1 TwPh Pulse Width (High) 200 200 2
2 TwPl Pulse Width (Low) 200 200 2
3  TcC T%C Cycle Time 400 o 330 o 2
4 TwiCl TxC Width (Low) 180 o 100 2
5 TwIxCh TxC Width (High) 180 o 100 oo 2
6  TdTxC(TxD) TxC ¢ to TxD Delay 300 220 2
7 TdXCW/RRf)  TxC | to W/RDY ¢ Delay (Ready Mode) 5 9 5 9 1
8  TdTXC(INT) T%C ¥ to INT ¢ Delay 5 9 5 9 1
9 TcRxC RxC Cycle Time 400 o 330 2
10 TwRxCl RxC Width (Low) 180 o 100 2
11 TwRxCh RxC Width (High) 180 ® 100 o 2
12 TsRxD(RxC) RxD to RxC 1 Setup Time (x1 Mode) 0 0 2
13 ThRxD(RXC) RxD Hold Time (x1 Mode) 140 100 2
14 TdRxC(W/RRf)  RxC *to W/RDY ¢ Delay (Ready Mode) 10 13 10 13 1
15 TdRxC(INT) RxC tto INT 4 Delay 10 13 10 13 1

* In all modes, the System Clock rate must be at least five times the maximum data rate. RESET must be active a minimum of one complete clock cycle.
1. Units equal to System Clock Periods.

2. Units in nanoseconds (ns).
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Product Specification

January 1989

Z84C80 CMOS Z80°GLU
General Logic Unit

FEATURES:

B On-Chip Clock Oscillator with Power-Save Monitor B 5 Wait State Generators (WSG)
Circuitry Static Memory WSG

8 Dynamic Memory Interface Controller 110 WSG

B Static Memory interface Interrupt Acknowledge Cycle Timing Stretch

B Memory and I/O Chip Selects RETI Cycle Timing Stretch

B Reset Synchronization and Power-On Reset Opcode Fetch WSG

® Watchdog Timer ®  68-pin PLCC Package

® 780 CPU to Z8500 Peripheral Interface B Single +5 Volt Power Supply

B General Purpose Outputs

GENERAL DESCRIPTION:

Zilog's new Z84C80 General Logic Unit (hereafter referred
to as the Z80 GLU) is a programmable, multi-purpose
interface controller designed to perform many of the func-
tions required to "glue” a Z80-based microprocessor sys-
tem together. The CPU programs the Z80 GLU to interface
with awide range of peripheral devices, bothmemories and
I/0.

In offering the features found in most system designs, the
Z84C80 can replace approximately 100 SSI and MSI
packages with a single 68-pin PLCC. By combining the

mostused logical functions onto a single piece of silicon, the
Z80 GLU chip offers a cost effective and powerful solution
to the size and complexity constraints in a system design.
This solution will allow the systems designer to simplify the
design, decrease the time to market, and reduce costs.

Designed and manufactured in N-Well CMOS, the device
offers high-speed performance and low power consump-
tion. Zilog's CMOS process provides these features plus a
high degree of reliability.

A10
Al
A2
A13
D1
A4
D2
D3
A15
PIORQ(GP1)
GND
GND
BUSACK
Vec
XTALI
XTALO
A7

(
i

15

Z84C80

ASTI
CAS(GP1)
RAS(GPO)
MAS5(CS5)
GND___
MAg(GS6)
HALT(ZRD)
INT(ZWR)

Ml
RD

GPO

ORQ

Ao

NMI(INTACK)

Figure 1: Z84C80 Pin Functions
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XTALI
XTALO
CLOCK

RSTI
RSTO

Wi
MREQ
IoRQ

RFSH
BUSACK

D7-Do

A15-A0

v

v

OPTIONS
MUX

v

—

0sc
— & DRAM
-] CLOCK < H CONTROL
<«——— CONTROL
——
—o
"  RESET CHIP
— LOGIC <% $| SELECTS
—®
WATCHDOG | b . | PURPOSE
TIMER D v 1o
28500
—] BUS o2l 12 PERIPHERAL
CONTROL HEE H INTERFACE
8
UHE
o 2
OPCODE WAIT
DECODE | > STATE
¢ | GENERATORS

OPTIONS
MUX

>

Figure 2. Z84C80 Block Diagram

SS0
©S6-CS0

MA7-MAO(CS7-CS0)
'RAS(GPO)
CAS(GP1)
GPO

PD

NMI(INTACK)
HALT(ZRD)
INT(ZWR)
PIORQ(GP1)

WAIT
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PIN DESCRIPTIONS:

The device pinout is depicted in Figure 1 and the block
diagram is shown in Figure 2.

A15-Ag. Address Bus (Input, active High). A1s-Ao form a
16-bit address bus to provide the means for controlling
memory data bus exchanges (up to 64K bytes) and I/O
device exchanges.

BUSACK. Bus Acknowledge (Input, active Low). As an
output from the CPU, BUSACK indicates that the CPU has
relinquished control of the system bus (address, data, and
some control) to external circuitry.

CAS. Column Address Strobe (Output, active Low). This
signal (along with PIORQ) is multiplexed with the GP1 out-
put. As a CAS strobe signal, this output is used by the
DRAM interface controller to signal the DRAM device to
latch the current contents of the multiplexed address bus
(MA7-MAo) in order to address the correct column within
the DRAM.

CLOCK. System Clock (Output, active High). This output
is used to provide the standard single-phase clock for
either a Z80 NMOS or CMOS system.

CS,-CS,. Chip Selects (Outputs, acitve Low). These
outputs are used to select memory and/or I/O devices for
data exchanges. The output is active depending upon the
decoded machine cycle and the contents of the address
bus. The CS.-CS, signals are multiplexed with MA,-MA,
signals. The CS-CS signals are also available separately.
When the DRAM Interface Controlleris enabled, these pins
serve as the multiplexed address bus while the seperate
CS,-CS, pins can be used for chip selects. When the DRAM
Interface Controller is disabled, the chip select outputs
appear on these multiplexed pins as well as the seperate
CS,-CS, pins.

D,-D,. Data Bus (Input, active High). D_-D form an 8-bit
data bus that is used for programming the Z84C80 GLU
during l/O transfers. It is also used for decoding the
instruction sequences for wait state insertion during the
RETI sequence.

GP,. General Purpose Output0 (Output, active High). This
signalis available on pin 39, andis also multiplexed with the
RAS output . When the dynamic memory interface is not
enabled, this output also becomes available to the user on
the RAS pin. This output can be controlled through the
General Purpose Output Control Register.

GP,. General Purpose Output 1 (Output, active High). This
signal is multiplexed with two other pins, the PIORQ output
and the CAS output. When the Z08500 peripheral interface
and the interrupt acknowledge wait state generator are not
enabled, this output becomes available to the user on the
PIORQ pin. When the dynamic memory interface is not
enablec, this output becomes available to the user on the
CAS pin. This output can be controlled through the General
Purpose Output Control Register.

HALT. Hait Acknowiedge {inpui, active Low). This pin is
multiplexed with the ZRD output. When the Power-Down
Interface is enabled (the Z8500 peripheral interface is not
enabled), this pin is the HALT input to the device. itis used
by the Z80 GLU to control entry to the power-down mode of
operation for the Z80 CMOS CPU.

INT. Interrrupt Request (Input, active Low). This pin is
multiplexed with the ZWR line. When the Power-Down
Interface is enabled (the Z8500 Peripheral Interface is not
enabled), this pin is the INT (interrupt) input to the device.
It is used by the Z80 GLU to control exit from the power-
down mode of operation for the Z80 CMOS CPU.

INTACK. Z8500 Interrupt Acknowledge (Output, active
Low). This signal is multiplexed with the NMI input. When
the Power-Down interface is not enabled (the Z8500 pe-
ripheral interface is enabled), this pinis the INTACK output
from the device. This signal is used for the Z8500 periph-
erals during the interrupt acknowledge cycle.

I0RQ. Input/Output Request (Input, active Low). This sig-
nal is used to select the Z80 GLU device during program-
ming and also to assist in the decoding of the I/O chip select
outputs.

M1. M1 Cycle (Input, active Low). This signal is used to
decode the opcode fetch and interrupt acknowledge
machine cycles for the wait state generators, code/data
separation, and RET!I logic.

MA7-MAo. Multiplexed Address Bus (Output, active High).
These lines are multiplexed with the CS7-CSo lines. When
the DRAM Interface Controller is enabled, these pins serve
as the multiplexed (row and column) address bus required
to interface to 64K dynamic memories. During dynamic
memory access cycles, these pins provide both halves of
the required address. During the refresh cycles these pins
provide an 8-bit refresh address to the dynamic memory.
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PIN DESCRIPTIONS (cont):

MREQ. Memory Request (Input, active Low). This signal
is used to assist in the decoding of the chip select outputs
for memory access and for the dynamic memory interface.

NMI. Non-Maskable Interrupt Request(Input, active Low).
This signal is multiplexed with the INTACK output. When
the Power-Down Interface is enabled (the Z8500 Periph-
eral Interface is not enabled), this pin is the NMlinput to the
device. ltis used by the Z80 GLU to control exit from the
power-down mode operation for the Z80 CMOS CPU.

PD. Power-Down Option (Input, active High, Z84C80
only). When pulled to V_, the Power-Down feature is en-
abled. When pulledto GND, the Z8500 Peripheral Interface
is enabled.

PIORQ. Peripheral Input/Output Request (Output, active
Low). This signal is multiplexed with the GP1 output. When
either the Z8500 Peripheral Interface is enabled or the
interrupt acknowledge wait state generator is enabled, this
output is a delayed IORQ signal to Z80 Peripherals.

RAS. Row Address Strobe (Output, active Low). This sig-
nal is multiplexed with the GPo output. As a RAS strobe
signal, this output is used by the DRAM interface control-
ler to signal the DRAM device to latch the current contents
of the multiplexed address bus (MA7-MAo) in order to ad-
dress the correct row within the DRAM.

RD. Read (Input, active Low). This input is used to assist
in the determination between I/O read and write cycles.

RFSH. Refresh (Input, active Low). This signal is used to
indicate when the system bus (address and control) are
idle so that dynamic memory refresh can occur.

RSTI. Reset In (Input, active Low). This is a reset request
input from the external system.

RSTO. Reset Out (Output, active Low). This is the
synchronized reset output for the system.

§So. Static Select (Output, active Low). This outputis used
to select a static memory device (typically a ROM). It is
enabled by default but can be disabled under program con-
trol.

WAIT. Wait (Bidirectional, Active Low, Open-drain). This
pin serves to provide a wait output to the Z80 CPU as deter-
mined by the on-chip wait state generators of the Z80 GLU.
It also serves as an input pin to determine if any extemal
logic has caused wait states.

XTALI Crystal In (Input, active High). This input can be
connected to either a parallel resonant crystal, a ceramic
resonator, or an external clock source. A fundamental
parallel-type crystal is recommended.

XTALO. Crystal Out (Output). This output can be con-
nected to either a parallel-resonant crystal or a ceramic
resonantor. If XTALI is connected to a clock source, then
this pin should be left OPEN.

ZRD. Z8500 Read (Output, active Low). This pin is
multiplexed with the HALT input. When the Power-Down
Interface is not enabled (the Z8500 peripheral interface is
enabled), this pin is the ZRD output from the device. This
signal is used for the Z8500 peripherals during I/O read
cycles and during the reset cycle.

ZWR. Z8500 Write (Output, active Low). This pin is multi-
plexed with the INT line. When the Power-Down Interface
is not enabled (the Z8500 peripheral interface is enabled),
this pin is the ZWR output from the device. This signal is
used for the Z8500 peripherals during 1/O write cycles and
during the reset cycle.

ARCHITECTURE:

Clock Oscillator. The clock oscillator circuit (see Figure 3)
consists of three parts; the oscillator, the controller, and the
driver. The oscillator circuit can accept either a parallel
resonant crystal, a ceramic resonator, ora TTL compatible
clock input for the main clock generation. The oscillator
frequency is twice that of the CLOCK output (system
operating frequency) andis rated to a maximum frequency
of 12MHz.

The controller circuit performs two monitoring functions.
First, it monitors the M1 and HALT outputs from the Z80
CMOS CPU in order to provide control over the CLOCK
output for entry into the power-down mode. Second, it also
monitors the RSTI, NMi, and INT signals to provide con-

XTALI —
XTALO =—

OSCILLATOR

CLOCK

|— 3 CLOCK
CONTROL

EEEE
oy

Figure 3: Clock Oscillator Block
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ARCHITECTURE (cont):

trol over the CLOCK output for exit from the power-down
mode. This feature is enabled through a strap option with
the PD pin of the device and is multiplexed with the Z8500
peripheral interface allowing utilization with only one of the
two features.

The driver circuit provides a clock output with the neces-
sary AC and DC characteristics to satisfy both the NMOS
and CMOS Z80 CPUs. It also provides the clock signal with
enough drive to connect directly to several peripherals.

Static Memory Interface. The Z80 GLU provides logic
(see Figure 4) for a static memory (RAM or ROM) chip
select output (SSo) that is based upon the address inputs
to the device. A part of the upper byte of the address bus
(A15-A12) is compared against the contents of the Static
Memory Boundary Registers. If the comparison yields a
result that is less than or equal to the programmed address
value, then the chip select signal is enabled for the dura-
tion of the memory access cycle. Boundaries are written in
4K segments (address lines A1s5-A12).

A15-A12

=1 ADDRESS |<= .
PROGRAMMED COMPARATOR |——» 550
VALUE s
GREATER
THAN SS0

Figure 4: Static Memory Select Block

The default condition of the Static Memory Boundary
Register after reset is to indicate that all memory is static
(contents = OFFH) and that the SSo output is enabled. The
lower limit of the static memory area addressed by SSo is
always assumed to be 0000H.

A wait state generator is available to insert from 0 to 3 ad-
ditional wait states into access cycles for all static acces-
ses (for interfacing with slow memory devices). For more
detail, refer to the section on the wait state generators.

Dynamic Memory Interface Controller. This logic (see
Figure 5) provides all the necessary control circuitry to in-
terface directly to 64K DRAM memories. It provides all the
required timing to generate RAS and CAS signals for all
memory accesses not decoded as being for a static
memory area and handles the timing required for RAS
precharge time. It also provides for RAS only refresh of
dynamic memories with support for all 64K devices. This
is accomplished by an 8-bit counter on-chip that provides
the refresh address instead of accepting it from the Z80
CPU.

ADDRESS |- MA7-MAO

A15-A0 MUX

MREQ
osc

CLOCK RAS/CAS

GENERATOR!

I———» RAS
—————m CAS

I

NRAM
SEL

Figure 5: DRAM Controller Block

Memory and I/O Chip Selects. This section (see Figure
6) allows up to eight individual chip selects to be available
to the user by programming the CS7-CSo outputs to
respond to either memory or I/O addresses. Each chip
select has a separately programmable address range and
can be enabled or disabled via software. The software
would program the required Chip Select Control Register
(CSCR7-CSCRO0).

Greater

M1o —> ADDRESS *ThahSSO
A15-A12 MUX
A7-A2 ——
Programmed ADDRESS <=
Value COMPARATOR f————® TS0
MREQ —————— >
IORQ -————-———~—H
Greater
Than CSO
T
M10 —>
ADDRESS v
A15-A12 i
A7-A2 ———
ADDRESS
Programmed gyl <= J—
Value COMPARATOR (——® CS7
MREQ ————— >
IORQ —————— P>

Figure 6: Chip Selects Control Block

When programmed as a memory chip select, values for
address lines A1s-A12 are stored into the respective
register. These values are used in comparison against the
actual state of the address bus during the memory access
cycle. If the comparison yields a result that is less than or
equal to the programmed address value, then the chip
select signal is enabled for the duration of the memory ac-
cess cycle. Since address lines A1s5-A12 are used, memory
chip selects must be programmed in multiples of 4K bytes.
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ARCHITECTURE (cont):

When programmed as an I/O chip select, values for ad-

dress lines A7-A2 (A7-A4 for CS7-CSs) are stored into the
respective register. These values are used in comparison
against the actual state of the address bus during the I/O
access cycle. When a comparison yields a result that is
equal to the stored value, the appropriate chip select out-
put is made active for the duration of the cycle. Since ad-
dress lines A7-A2 are used, I/O chip selects can be
programmed only for 4 contiguous port addresses (except
CS7-CSs, which are programmed for 16 contiguous ad-
dresses).

Since /O address comparisons are made on an "equal to”
basis, all /O selects should be programmed after any
memory selections. The default condition after resetis with
all chip select registers equal to O0H (addresses un-
specified and outputs disabled).

Reset Synchronization Logic. The reset logic (see
Figure 7) performs two functions; providing a power-on
reset pulse that insures proper reset initialization and
synchronization of an external reset request. The power-
on reset circuit holds the RSTO output active for at least
16 clock cycles after the power has stabilized and the os-
cillator is running. The synchronization logic allows the
RSTI input to be synchronized with M1 and CLOCK sig-
nals to inhibit erroneous memory writes while entering a
reset sequence. In this case, the RSTO output is held ac-
tive for a period of 16 CLOCK cycles.

RSTI RESET
i SYNC
Watchdog
Timeout RESET
COUNTER R
Software | ——» RSTO
Reset

Figure 7: Reset Control Block

Watchdog Timer. The watchdog timer circuit (see Figure
8) consists of an 8-bit counter configured as a modulo 256
prescaler circuit, and a 16-bit count-down counter. The 16-
bit count-down counter can be programmed for the time-
out count that the user desires. If the 16-bit count-down
timer is allowed to reach a count of zero, then the logic will
issue an intemal reset to the Reset Synchronization Logic
and reset the entire system. The Watchdog Timer is kept
from reaching a zero count by reloading the count before it
reaches zero. This feature can be enabled or disabled via
program control with the default condition after reset is
disabled.

TIME
CONSTANT
REGISTERS
16 - BIT
COUNTER | — —p Watchdog
Timeout

CLOCK PRESCALER
8-BIT

Figure 8: Watchdog Timer Block

Wait State Generators. There are five different wait state
generators (see Figure 9) available to the user; one for
static memory access cycles, one for /O cycles (ad-
dresses 00H-03FH only), one of RETI cycle stretching, one
for the interrupt acknowledge cycle stretching, and one for
the opcode fetch cycle. The firstthree wait state generators
are capable of adding from 0 to 3 additional wait states to
their respective machine cycles. The fourth wait state
generator (interrupt acknowledge) adds a varied amount of
wait states depending upon whether or not the Z8500
peripheral interface is enabled. The opcode fetchwait state
generator will add only one wait state. Each wait state
generator is seperately programmable and can be enabled
or disabled under program control. The default state after
reset is with all wait state generators enabled for the
maximum number of wait states.

internal wait (RETI)
OPCODE
M WAIT
GENERATOR
/
§50 —»
STATIC
— WAIT » I WAIT
§SrCS0 —1 GENERATOR
A
IORQ —» o]
’ ) WAIT
A7-A0  —>
GENERATOR Internal Wait -
Interrupt Acknowledge

Figure 9: Wait State Generator Block

Interrupt Acknowledge Stretching. This logic unit (see
Figure 10) monitors the M1, MREQ, and IORQ signals from
the Z80 CPU to determine when an interrupt acknowledge
cycle is being executed. When a long interrupt daisy chain
settle time by using one of the on-chip wait state generators
to insert additional wait states (beyond the two automatic
wait states already inserted by the CPU) into the interrupt
acknowledge cycle. If addtional wait states are inserted ,
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ARCHITECTURE (cont):

then the IORQ signal is delayed by those number of wait
states before being output to the peripherals (as PIORQ).

M1 INTERRUPT

MREQ —————»-IACKNOWLEDGE [ INTACK

ORQ STRETCHING

Figure 10: Interrupt Acknowledge Stretching

78500 Peripheral Interface. This logic (see Figure 11)
provides the signals necessary to interface the Z80 CPU
to the Z8500 peripheral family. The logic controls the read
(ZRD), write (ZWR), and INTACK signals to the Z8500
peripherals and provides the necessary wait states for the
Z80 CPU to achieve this interface. During the interrupt
acknowledge cycle, two additional wait states are auto-
matically inserted (beyond the two automatic wait states
already inserted by the CPU) if this feature is enabled. To
allow customization of the interrupt daisy chain, the inter-
rupt acknowledge wait state generator can be used to
provide up to four additional wait states beyond those
already inserted.

This logic also controls the ZRD and ZWR lines for reset
control of the Z8500 peripherals. This feature is multi-
plexed with the power-down clock control mode and con-
trolled with the PD pin.

= > RW | ZRD
RD STROBE —
CLOCK GENERATOR [—» ZWR
RSTI
- |y INTACK

e INTA

IORQ )

il SYNC » internal
M1 — wait

Figure 11: Z8500 Peripheral Interface Block

RETI Stretching. This logic (see Figure 12) monitors the
contents of the data bus during the fetching of an instruc-
tion. If the instruction fetched is one of the special "ED" op-
codes, then up to three additional wait states can be
inserted into the next machine cycle. This feature allows
for extension of the trailing end of the Z80 interrupt daisy
chain (very useful for peripherals decoding the RETI in-
struction sequence).

M —

_D;Do ——¥|  OPCODE o R

MREQ——»| DECODE Intemal
RD Wait

Figure 12: RETI Stretching

General Purpose Outputs. There are two general pur-
pose outputs available to the user. These outputs are multi-

plexed with either the PIORQ output, or the RAS and CAS
outputs. These outputs are controlled via software.

Reg. Address Name Description Reg. Address Name Description

RO OFOH MCR Master Control R8 OF8H CSCR5  Chip Select 5 Control

Rt OF1H DMCR  Device Mode Control R9 OFSH CSCR6 Chip Select 6 Control

R2 0F2H SMCR  Static Select 0 Control R10  OFAH CSCR7  Chip Select 7 Control

R3 OF3H CSCRO  Chip Select 0 Control R11 OFBH WDTC1 Watchdog Time Constant 1
R4 OF4H CSCR1  Chip Select 1 Control R12 OFCH WDTCO Watchdog Time Constant 0
R5 OF5H CSCR2  Chip Select 2 Control R13 OFDH WSCR Wait State Control

R6 OF6H CSCR3  Chip Select 3 Control R14  OFEH GPCR  General Purpose Control
R7 OF7H CSCR4  Chip Select 4 Control R15  OFFH Reserved '

Figure 13: Registers
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PROGRAMMING:

The Z80 GLU device has 15 internal write registers for
programming options and control (the 16th register is
reserved for future use). Each register is addressed indi-
vidually with the port addresses residing at locations OFOH
through OFFH. All bits referenced as "Reserved” must be
programmed as "0".

Port Address OFOH - Register 0 - Master Control Reg-
ister (see Figure 14). Master Control Register provides
some global control functions forthe Z80 GLU. The "Reset”
bit allows a software reset for the chip. All registers are
initialized to their default state. The D1 bitis used to reload
the Watchdog Time Constant Registers (Registers 11 and
12) into the Watchdog Counter. This bit should be set
periodically to make sure thatthe Watchdog Timer does not
expire and reset the system. The D7 bit is the "Master
Enable” for the Z80 GLU. It is a good practice to program
allregisters before setting this bit. ThIS register is preset to
02H on reset.

EIERCEGR EE R G

|_ Load W hhdog T
af imer
Reserved (0)
Reserved (0)
i Reserved (0)
e Master Enable
1=Enable

Figure 14: Master Control Register

Port Address OF1H - Register 1 - Device Mode Control
(see Figure 15). This register controls the functional op-
tions of the Z80 GLU devices. The DRAM Interface, Chip
Selects, General Purpose Outputs, and Watchdog Timer
are controlled by bit settings within this register. This reg-
ister is present to all 0's on reset to configure the Z80 GLU
device with the DRAM interface disabled and general
purpose outputs enabled on the CAS and RAS outputs.
The Watchdog Timer is also disabled on reset.

Opcode Walt
Timer Control

1=Enable
[o7]pelosp4os[z{or]od
L_ W,
1=Enable
DRAM Control
1 =Enable
Flesetved 0)

L Reserved (0)

Figure 15: Device Mode Control Register

Port Address OF2H - Register 2 - Static Select
Memory  Control (SSo, Figure 16). This register not
only controls the SSo output, but also allows the user to
program the memory range to which this output should
respond. Memory ranges are programmed on 4K boun-
daries with a logical comparison of less than or equal to
the programmed address being made. The lower bound-

ary for this comparison is always assumed to be 0000H.
This register is preset to all 1’s on reset to let the SSo out-
put respond to all memory addresses.

[p7[pe[ps]p4{pa[pz]bt[pe)
— =

1=Enable
Reserved (0]

At 5-2'1!2

Figure 16: Static Select Memory Control Register

Port Addresses OF3H-OFAH - Register 3-10 -
Chip Select Control 0 - Chip Select Control 7
(see Figure 17). These registers control the additional chip
select outputs from the Z80 GLU. The outputs can be
programmed to respond to either memory or I/O device ad-
dresses. Each output is individually programmed and can
be enabled or disabled under program control. These
registers are preset to all 0’s on reset to ensure that all the
Chip Select outputs are inactive and disabled.

@EWEEE@
l_ :Afwﬁv"“}:r 1/O Select
e
00 for Monury (or mb‘s&y
y Address

A7-Ad for 11O
A15-A12 for Memory

Figure 17: Chip Select Control Register

When programmed for memory devices, address line
values for A15-A12 should be programmed here. Com-
parisons on memory addresses are made for less than or
equal to the contents of the current register and greater
than the contents of the previous register (SSo for CSo).
When programmed for I/O devices, address line values for
A7-A2should be programmed here. Chip Selects 0 through
4 respond to four consecutive /O port addresses while
Chip Selects 5 through 7 respond to 16 consecutive I/O
addresses (this allows direct interface devices such as the
Z84C90 KIO). Comparisons on I/O addresses are made
equal to the contents of this register. When programming
the Chip Select Control Registers, itis advisable to disable
the GLU (using bit 7 of Register 0) and re-enable it
afterwards.
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PROGRAMMING (cont):

Port Address OFBH - Register 11 - Watchdog
Time Constant 1 (see Figure 18). This register is used to
hold the most significant byte of the time constant for the
watchdog timer. The enable control for the watchdog timer
is in the Device Mode Control Register (Register 1). This

[7[pe]ps[p4pa[pz[01[Dq
I_“_"—: Watchdog Time Constant

Reogicler 13 iah Dyte

Figure 18: Watchdog Time Constant Register

register is preset to all 0’s on reset to indicate a maximum
count.

Port Address OFCH - Register 12 - Watchdog
Time Constant 0 (see Figure 18). This register is used to
hold the least significant byte of the time constant for the
watchdog timer. The enable control for the watchdog timer
is in the Device Mode Control Register (Register 1). This
register is preset to all 0's on reset to indicate a maximum
count.

Port Address OFDH - Register 13 - Wait State
Control (see Figure 19). Programming this register
provides the user with control over the individual wait state
generators of the Z80 GLU. Each of the first three wait state
generators can add between 0 and 3 additional wait states
into the respective machine cycles. The fourth wait state
generator adds 2 to 4 additional wait states. Programming
0’s into a wait state generator is the same as disabling that
function. This register is preset to all 1's to add the maxi-
mum number of wait states into the respective cycles until
the user can program the Z80 GLU. If the Z8500 peripheral

[o7[pe[os[D4[p3[bz]o1]og

LI_'_ Static Memory Wait
1/0 Cycle Wait
RETI Cycle Wait

dedge Wait

114 additional
Figure 19: Wait State Control Register

interface is selected, then two additional wait states are
automatically added to the interrrupt acknowledge cycle
(allowing up to 6 wait states to be added).

Port Address OFEH - Register 14 - General
Purpose Control (see Figure 20). This register is
used to provide the user with control over the general pur-
pose outputs,

.07 De[D5[D4D3[D2[D1]DY| m@@m@

| I— |_ General Purpose Output 0
General Purpose Output 1
Reserved(0)

Reserved (0)

Figure 20: General Purpose Control Register

This register is preset to 03H on reset to ensure that the
general purpose outputs are held high (for a possible
DRAM interface). When DRAM interface is disabled, the
programmed value in bit 0 (GP0)is output on pin 39 as well
as pin 58.
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TIMING:

The following timing diagrams show typical timing relation-
ships when the Z84C80 is in a Z80 CPU environment.
Together with the AC Characteristics, they also describe
how the devices will behave when interfaced with other

CPUs. For more detailed information, please refer to the
AC Characteristics section. For more detailed information
about the timing of the Z80 CPU, please refer to the Z80
Product Specification and Technical Manual.

110 Cycle. Figure 21 illustrates the timing for I/O read and
write cycles; this includes the programming of the Z80 GLU
and other devices. The Z80 GLU does not receive a
specific write signal; it internally generates its own by
decoding an /O operation (corresponding to I/O addres-
ses OFOH through OFFH) with the absence of a read sig-
nal.

All chip select outputs programmed for operation with 1/O
devices are affected whenever the IORQ signal becomes
active. The Z80 GLU will compare the contents of the lower
half of the address bus (A7-Ao) against pre-programmed
values. If the compared address is the same as the
programmed range, then the appropriate chip select is
made active and will remain active until the IORQ signal

becomes inactive. Chip Selects 7 through 5 respond to 16
consecutive I/O addresses (forinterface with high port con-
sumption devices such as the Z84C90 KIO) while Chip
Selects 4 through 0 respond to 4 consecutive I/O addres-
ses. Additional wait states can be placed into I/0 cycles
using the lower 64 1/0O addresses (00H through 3FH) by
utilizing the on-chip I/O wait state generator. )

During the I/O cycles, the Z84C80 has the ability to provide
either the Read (ZRD) or Write (ZWR) signal to a Z8500
peripheral device. The ZWR signal is generated with timing
guaranteed to ensure that the data is valid before and
during the entire time that the write signal is active.

woox [\ SN[\ NSNS
ADDRESS [ X
> 40 e—43 —»{
DATA 1 o
b
o W —
. — —
ORQ
| J—
RD
41| Je | jeat
§S0,CSx
e »] 42 25 e
WATT \[
output
WA
a \ \
—» 44 > 21 B 44
ZRD \1’ /l
> 45 »>! 45|«
ZWR 47—
> jeas » jess
PiORQ : \J ;

Figure 21: I/O Cycle Timing
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TIMING (cont):

Opcode Fetch Cycle. Figure 22 illustrates the sequence
of events during an opcode fetch cycle. Several events can
occur within the Z80 GLU during the opcode fetch cycle.
Since all opcode fetch cycles are accesses to memory,
either the static or dynamic memory interface can be ac-
tivated. The decision for which interface is done by com-
paring the contents of the address bus at the beginning of
the cycle. All memory addresses not corresponding to
static memory interface (either SSo or CS7-CSo) are con-
sidered to be dynamic in nature.

All chip select outputs programmed for operation with
memory devices are affected whenever the MREQ signal
becomes active. The Z80 GLU will compare the contents
of the upper half of the address bus (A15-Ag) against pre-

programmed values. If the compared address falls within
the programmed range, then the appropriate chip selectis
made active and will remain active until the MREQ signal
becomes inactive.

The dynamic memory interface controller will assert the
RAS signal as a result of the rising edge of T2. This en-
sures that all addresses are stable and that the proper
memory address decoding has occurred. If the decoded
address does not indicate a selection for static memory.
then the CAS signal is generated on the falling edge of T2
toindicate that the contents of the multiplexed address bus
now contain the column address.

6 ——»f
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10 le- o
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-» '4—15 25-»]
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Figure 22: Opcode Fetch Cycle Timing
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TIMING (cont):

A third fynction that can occur during the opcode fetch
cycle is that of the RETI decode sequence. During the op-
code fetch cycle, the Z80 GLU decodes the special "ED"
instruction sequence of the Z80 CPU. If the "ED" opcode
is detected, then the Z80 GLU automatically inserts one

additional wait state into the next opcode fetch cycle. This

provides the Z80 GLU with enough time to decode the fol-
lowing byte of the instruction to determine if it is the "4D"
part of the RETI sequence. If the second byte is nota "4D,"
then the WAIT line is released and the CPU is allowed to
continue its process. It the second byte is the "4D" part of
the RETI sequence, then the logic can insert up to 2 more

wait states to provide a longer interrupt daisy-chain settle
time for the RETI instruction sequence.

Additional wait states can be inserted into the opcode fetch
cycle from several sources. The opcode fetch wait state
generator can insert one additional wait state so that
memory access time can be defined by the normal memory
cycle rather than the opcode fetch cycle. The static wait
state generator can add wait states whenever one of the
chip select outputs are active as a result of a requested
memory address. The RETI wait state generator also adds
wait states as previously described.

Memory Access Cycles. Figure 23 illustrates the timing
for a normal memory access cycle. During the normal
memory access cycle only one of two memory interfaces
can be enabled, static or dynamic. The operation of these

woo [\ [

two memory interfaces are the same as during the opcode
fetch cycle. Wait states can also be added here for static
memory access (for use with slow memories).

o7
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DATA
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16 -»{
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feso ] e 1e
RAS
24
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WAIT 2 /
output
WAIT / / \
input

3
14

Figure 23: Memory Access Cycle Timing
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TIMING (cont):

Interrupt Acknowledge Cycles. Figure 24 depicts the
timing sequence for a Z80 interrupt acknowledge cycle.
The Z84C80 GLU device provides the user with the
capability of "stretching” the interrupt acknowledge cycle
of the Z80 CPU by adding wait states and delaying the
IORQ (actually the PIORQ output) to the Z80 family of
peripherals. This allows the user to have more interrupting

peripherals within his system by lengthening his daisy
chain settle time. The Z84C80 GLU also "stretches” the
RETI decode time to heip facilitate a long interrupt daisy
chain (see Opcode Fetch Cycle description). During the in-
terrupt acknowledge cycle, the Z84C80 has the ability to
provide the proper timing for the interrupt acknowledge
(INTACK) and read (ZRD) signals for Z8500 peripherals.

I\ T
/N

o \

INTACK [
bt S est 56 E
PIORQ
5 > fes2 57-%
ZRD
le- 15- le- 25- 2] r
WAIT ( .l/ /
output
204 e 21
' \ \ P \_
Input

Figure 24: Interrupt Acknowledge Cycle Timing

Z84C00 CPU Power-Down Control. The Z84C80
GLU device can also provide control over the system clock
for interface with the Z80 CMOS CPU and its peripheral
family in order to facilitate the stand-by power feature of
those devices. The power-down mode of operation is
entered by the Z84C00 CPU during the T4 low time of a
HALT acknowledge cycle. Since the Z84C00 does not
decode this by itself, additional logic is placed within the

GLU chip to decode this machine cycle and stop the clock
at the proper instant in time. This mode of operation is ex-
ited when the logic detects either an interrupt (maskable
or non-maskable) or a reset to the system. The logic then
releases the clock output and the CPU is allowed to con-
tinue its processing flow. This feature is multiplexed with
the Z8500 peripheral interface (only one of the two can be
enabled at any given time).

58
HALT \J

Figure 25: Power-Down Mode Entrance Timing
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TIMING (cont):

CLOCK {_‘\_
M1 \
FALT /
14—
35
iNT \
59
RSTI \

Figure 26: Power-Down Mode Exit Timing

Reset Cycle. There are three different reset cycles (see
Figure 27) that are controlled by the Z80 GLU devices;
power-on, external, and watchdog timer. During a power-
onreset the Z80 GLU ensures thatthe reset output (RSTO)
is held low until the power supply has stabilized and the
oscillator is properly operating. The RSTO signal is then
released and the system is allowed to continue. If the
78500 peripheral interface is enabled then the ZRD and
ZWR signals are also held active to ensure a proper reset
of the peripherals. When an external reset is required, the
logic synchronizes the reset input (RSTI) with the M1 input
signal to inhibit a possible reset during cycles which may

cause erroneous writes to memory or /O devices. If the
system is in the power-down mode of operation, the reset
input will release the system clock and then synchronize
the input to perform the function. In either case, the RSTO
signal is held active for 16 clock cycles to ensure a proper
reset. If the watchdog timer is enabled and is also allowed
to reach a zero count, then a reset cycle will be generated
to bring the system back into a known state. Control over
the ZRD and ZWR signals is also performed during areset
operation to ensure that both signals are active atthe same
time (the reset condition for this peripheral family).

aox /1 N_/ /S \_/ \ \

[+ 65

2ot

>

S

M /7
60
RSTI h‘{ /
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RSTO \ 63
- - 62
ZRDZWR \

Figure 27: Reset Synchronization
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ABSOLUTE MAXIMUM RATINGS:

Voltage on Vcc with respect to Vss
............ -0.3Vto +7.0V

Voltages on all inputs with respect to Vss
............ -0.3V to Vcc+0.3V

Operating Ambient Temperature
............ See Ordering Information

............ -65Cto +150 C

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the device.
This is a stress rating only; operation of the device at any
condition above those indicated inthe operational sections
of these specifications is notimplied. Exposure to absolute
maximum rating conditions for extended periods may af-
fect device reliability.

STANDARD TEST CONDITIONS:

The DC Characteristics and Capacitance sections below
apply to the following standard test conditions, unless
otherwise noted. All voltages are referenced to GND (0V).
Positive current flows into the referenced pin.

Available operating temperature ranges are:
® S=0Cto+70C

Voltage Supply Range: +5.0V +/- 10%

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

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

+5V

2.1K
FROM OUTPUT

UNDER TEST O—I—TA
100 i|: 250

u[l—/\

DC CHARACTERISTICS:
Symbol Parameter min max Unit  Condition
ViHC Input Clock High Voltage 22 Vce+0.3 Vv Driven by Ext. Clock
Vie Input Clock Low Voltage -0.3 8 \ Driven by Ext. Clock
ViH Input High Voltage 2.2 Vce+0.3 \
Vi Input Low Votlage -0.3 0.8 \
VoHc Output Clock High Voltage Vce-0.6 \
VoH Output High Voltage 2.4 loH=-250 pA
VoL Output Low Voltage 0.4 \ loL=2.0 mA
Voww Output Low Voltage (Wait) 0.5 \' loL=5.0 mA
e Input Leakage Current +10 pA
lcc Power Supply Current 30 mA f=8.0 MHz
40 mA f=10.0 MHz
Vce=5V
ViH=Vcc-0.2V
ViL=0.2V
Ci Input Capacitance 5 pF
Co Output Capacitance 10 pF
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AC CHARACTERISTICS:

No.  Symbol Parameter ‘28408006

min max notes
1 TeXTAL XTAL Cycle Time 81
2 TwXTALh XTAL High Width 25
3 TwXTAU XTAL Low Width 25
4 TIXTAL XTAL Rise Time 15
5  TIXTAL XTAL Fall Time . 15
6 TcC CLOCK Cycle Time 160
7 TwCh CLOCK High Width 65
8  TwCl CLOCK Low Width 65
9 TiC CLOCK Rise Time . 15
10 TiC CLOCK Fall Time 15
11 TsMIf(Cr) MT |l to CLOCK T Setup 20
12 TsMREQf(Cr) MREG ! to CLOCK T Setup 20
13 TsA(MREQf) Address to MREQ | Setup 50 -
14 TdNMIf(Cr) NMI | to CLOCK T Delay 2'T.C
15 TdM1f(WAITf) MT | to WAIT | Delay 55 note 1
16  TdMREQ(CS) MREQ to SSo,CSx Delay 50
17  TdA(RA) Address to Row Address Delay 50
18 TdMREQHWAIT) MREQ | to WAIT | Delay 55 note2
19 TdCr(RAS) CLOCK T to RAS | Delay 50
20  TsWAIT(Cf) WAIT to CLOCK | Setup 25
21 ThCHWAIT) CLOCK | to WATT Hold 10
22 ThRASI(RA) RAS | to Row Address Hold 25
23 TdCA(CASf) Column Address to TAS | Delay 25
24  TdCHCASH) CLOCK { to TAS | Delay ) 45
25  TdCHWAITT) CLOCK | to WAIT T Delay RC+25 note 3
26 TdCr(RASr) CLOCK T to RAS T Delay 45
27  TdRASI(RAS) RAS T to RAS | Delay TeC
28  TdRASIK(CASr) RAS T to CAS T Delay 45
29 TsRFSHI(Cr) RFSH | to CLOCK T Setup 15
30 TdRFSHI(CASr) RFSH ! to CAS T Delay 45
31 TdMREQr(CASr) MREQ T to CAS T Delay 45
32  TdRFSHf(RFA) RFSH | to Refresh Address Delay 45
33  TsD(MRD) Data to MREQ or RD T Setup 15
34  ThMRD(D) MREQ or RD T to Data Hold 10
35  TdINTHCr) TNT | to CLOCK T Delay 2*'TcC
36  TdC(RASI) CLOCK | to RAS T Delay 50
37  TsA(IORQ¥) Address to TORQ | Setup 40
38  TsIORQf(Cr) TORQ | to CLOCK T Setup 20
39  TsRD(Cr) RD to CLOCK T Setup 20
40  TsD(Cr) Write Data to CLOCK T Setup . 30
41 TdIORQ(CS) TORQ to CSx Delay 50
42  TdIORQf(WAIT) TORQ | to WAIT | Delay 55
43 ThCKD) CLOCK ! to Data Hold 10
44  TdRD(ZRD) RD to ZRD Delay 50
45  TdCr(ZWRf) CLOCK T to ZWR | Delay 50
46  TdCH(ZWRr) CLOCK Tto ZWR T Delay ) 50
47  TWZWRI ZWR Pulse Width Low 1.0°TcC
48  TdIORQ(PIORQ) TORQ to PIORQ Delay 40 note 4
49  TdCr(INTACKf)  CLOCK T to INTACK | Delay 50
50 TdA(CS) Address to SSo,CSx Delay . 50 note§
51 TdCKPIORQf) CLOCK | to PTORQ | Delay 50
52  TdCHZRDf) CLOCK | to ZRD | Delay 50
53  TdMIf(PIORQf)  MT ! to PIORQ | Delay note 6
54  TdM1f(ZRDf) MT | to ZRD | Delay note 7
55 TdMIr(INTACKr) MT T to INTACK T Delay 50
56 . TdMir(PIORQr) M1 T to PIORQ T Delay 50
57  TdM1r(ZRDr) M7 T to ZRD T Delay 50
58  TsHALTf(M1r) HALT | to MT 7 Setup 20
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AC CHARACTERISTICS (cont):

No.  Symbol Parameter 784C8010

min max

59  TdRSTIf(Cr) RSTI | to CLOCK T Delay 2'TcC

60  TsRSTIf(M1f) RSTI L to MT | Setup 20

61  ThM1f(RSTI) MT | to RSTI Hold 10

62  TdM1f(RSTOf) M7 | to RSTO | Delay 50

63 TwRSTOI RSTO Pulse Width Low 16'TcC

64  TdCr(RSTOr) CLOCK T to RSTO T Delay 50

65 TdRSTI(RSTOr) RSTITto RSTO T Delay 50

All parameters in units of nanoseconds unless specified.

Notes:

This parameter is valid only when the opcode wait state generator is enabled and interrupt acknowledge cycles.

This parameter is valid only when the static memory wait state genereator is enabled.

This parameter value is dependent upon the RC time constant as determined by the external pull-up resistor.

For 1/O cycles and non-stretched interrupt acknowledge cycles.

This parameter is valid only if parameters 13 and 37 are not met.

Z8500 Peipheral Interface disabled; 2*TcC+TwCh+TfC+n*Tw-80 where n=0,2,3, or 4.

Z8500 Peripheral Interface enabled; 4*TcC+TwCh+T{C+n*Tw-80 where n=1,2,3, or 4.

4*TcC+TwCh+TfC+n*Tw-80 where n=1,2,3, or 4.

There is an error with the MT signal which may cause the DRAM interface to function improperly during

arefresh cycle. To correct this just add a 200-500 ohm resistor in series with the M1 signal from the Z80 CPU.

9. The ZWR signal from the Z84C80 is one clock cycle wide. The 8500 peripherals expect this signal to be
one and a half clock cycles wide. For example, the Z8530 specification for ZWR at 6 MHz is 250 n sec..
The ZWR signal pulse width from the 84C80 at 6 MHz is 166.6 n sec.. To work-around this problem, one
possibility is to run the 8500 peripheral at a higher speed than the GLU. For example, use a 6 MHz 8530,
and run the GLU at 4 MHz.

S hLN =

o N
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Product Specification

January 1989

.

Z84C90 CMOS Z80°KIO
Serial/Parallel/Counter/Timer

FEATURES:

Two independent synchronous/asynchronous serial
channels.

Three 8-bit paraliel ports.

Four independent counter/timer channels.

On-chip clock oscillator/driver.

Software/Hardware Resets.

Designed in CMOS for low power operations.
Supports Z80 Family interrupt daisy chain.
Programmable interrupt priorities.

8MHz bus clock frequency.

Single +5 Volt Power Supply.

GENERAL DESCRIPTION:

Zilog's new Z84C90 Serial/Parallel/Counter/Timer (KIO) is
a multi-channel, multi-purpose /O device designed to pro-
vide the end-user with a cost effective and powerful solution
. to meet his peropheral needs. The Z84C90 combines the
features of one Z84C30 CTC, one Z84C4xSIO, one
784C20 PIO, a byte-wide bit-programmable 1/O port, and
a crystal oscillator into a single 84 pin PLCC package. The

block diagram for the Z84C90 is shownin Figure 1 while the
pinout is shown in Figure 2. Utilizing fifteen internal regis-
ters for data and programming information, the KIO can
easily be configured to any given system environment.
Although the optimum performance is obtained with a
Z84C00 CPU, the KIO can just as easily be used with any
other CPU.

Osciliator

PIO

j - PC( ~PC7

PIA/MUX'

Data Bus
Control Bus
Interrupt Control

Bus

Modem Control
2

Interface

SIo

and
Control

Interrupt

CTC

Control

Figure 1: KIO Block Diagram
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Z84C20 Parallel Input/Output Logic Unit: This logic unit
provides both TTL- and CMOS-compatible interfaces be-
tween peripheral devices and a CPU through the use of
two 8-bit parallel ports. The CPU configures the logic to in-
terface to a wide range of peripheral devices with no ex-
ternal logic. Typical devices that are compatible with this
interface are keyboards, printers, and EPROM/PAL
programmers.

The paraliel ports (designated Port A and Port B) are byte-
wide and completely compatible with the Z84C20 PIO (see
Figure 3.). These two ports have several modes of opera-

INTERNAL
CONTROL
LOGIC

tion; input, output, bidirectional, or bit control mode. Each
port has two handshake signals (RDY and STB) which can
be used to control data transfers. The RDY (ready) indi-
cates that the port is ready for data transfer while STB
(strobe) is an input to the port that indicates when data
transfer has occurred. Each of the ports can also be
programmed to interrupt the CPU upon the occurrence of
specified status conditions and generate unique interrupt
vectors when the CPU responds. (For more information on
the operation of this portion of the logic, please refer to the
Z784C20 PIO Product Specification and Technical Manual.)

Ly DATA 3
OR CONTROL

PORT
< > A *
o HANDSHAKE
| —
7 CPU PERIPHERAL
DATA | gus INTERNAL BUS INTERFACE
e 1o
CONTROL ; OR
PORT OR CONTROL
o .
14 o HANDSHAKE
INTERRUPT

CONTROL

3

INTERRUPT CONTROL LINES

Figure 3: PIO Block Diagram

Parallel Interface Adapter (PIA) Logic Unit: This logic
also offers an additional 8-bits of I/O, referred to as the PIA
port (see Figure 4), to the user. This port, designated as
Port C, is bit-programmable for data transfers; each bit can
be individually programmed as either an input or an output.
Bit direction control is accomplished through the program-
ming of the PIA Control Register. When programmed as
outputs, the output data latches are programmed with an I/
O write cycle and their state can be read with an /O read
cycle. When programmed as inputs, the state of the
external pin is read with the I/O read cycle. This port does
not have handshake capabilities and offers no interrupt
capabilities. This port is multiplexed to provide, when
desired, the additional modem and CPU control signals for
the serial I/O logic unit.

PORT ~P
= R k= PCo~PC;
o)
™
> 1l
°
= DIR.

CTRL.

Figure 4: PIA Block Diagram

When a read from the PIA port is done, input data will be
latched when TORQ, CS, and RD are all detected active.
The data bus will display this data as a result of the rising
edge of the CLOCK input after this occurrence. When a
write to the PIA portis done, data will be written as a result
of the rising edge of the GLOCK input after TORQ and CS
have been detected active and RD has been detected in-
active.

Counter/Timer Logic Unit: This logic unit provides the
user with four individual 8-bit counter/timer channels that
are compatible with the Z84C30 CTC (see Figure 5). The
counter/timers can be programmed by the CPU for abroad
range of counting and timing applications. Typical applica-
tions include event counting, interrupt and interval timing,
and serial baud rate clock generation.

Each of the counter/timer channels, designated Channels
0 through 3, have an 8-bit prescaler (when used in timer
mode) as well as its own 8-bit counter to provide a wide
range of count resolution. Each of the channels also have
their own clock/trigger input to quantify the counting
process and an output to indicate zero crossing/timeout
conditions. With only one interrupt vector programmed info
this logic unit, each channel can generate a unique inter-
rupt vector in response to the interrupt acknowledge cycle.
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Figure 5: CTC Block Diagram

Serial I/0 Logic Unit: This logic unit provides the user with
two separate serial I/O channels that are completely com-
patible with the Z84C4x SIO (see Figure 6). Their basic
functions as serial-to-parallel and parallel-to-serial con-
verters can be programmed by a CPU for a broad range of
serial communications applications. Each channel, desig-

— | SERIAL

CHANNEL A l«— | DATA
conTROL CHANNEL |<— | CHANNEL
STATUS A <— | CLOCKS
REGISTERS ) [« SYNC

[—> WAIT/READY

INTERNAL

CONTROL
AND

LOGIC STATUS |—> [ OTHER
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:> CONTROL «}QSDEM
N
|, ) controL
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o
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CONTROL

it 9t

NCTW rPZoIM-"Z—

CHANNEL B j<— ) MODEM

CONTROL |«— | OR
AND |, [OTHER
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SERIAL
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[«— | cLocks
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LOGIC
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CONTROL
AND
STATUS
REGISTERS

-y

Figure 6: SIO Block Diagram

nated Channel A and Channel B, is capable of supporting
all common asynchronous and synchronous protocols
(Monosync, Bisync, and SDLC/HDLC), byte- or bit-
oriented.

4 ) ZCITO
P’ CLK/
TRG

Inthe default state of the KIO, each serial channel supports
full duplex communication with seperate transmit and re-
ceive data lines, two modem control signals (CTS and
DCD), and seprate transmit and receive clock inputs. Op-
tionally, additional modem and CPU/DMA control signals
can be obtained through the PIA port. (For more informa-
tion on the operation of this portion of the logic, please refer
to the Z84C40 SIO Product Specification and Technica!
Manual).

Clock Oscillator/Driver Logic Unit: A clock oscil-
lator/driver is also available that will allow the user to
eliminate that circuitry within his new design, or for use as
another oscillator within the system. This logic will accept
either a crystal, ceramic resonator, or TTL-compatible

clock input and generate a MOS-compatible clock output
and also an oscillator reference output. A fundamental
parallel resonant crystal (Figure 7) is recommended. The
preferred value of the two capacitors - C1 and C2 is 33 pf
each.

Ct
XTAL! @———————j¢——

Crystal
Inputs

c2
XTALO ¢——— L —e——

Figure 7: Crystal Connection

Command Logic Unit: This logic unit provides for much
more than just controlling the interface between the KIO
and the CPU. The main function provided by this unit is to
allow the user to configure the internal interrupt daisy chain
of the KIO into the order in which he would like the
peripherals to interrupt. Any one of the three devices (SIO,
CTC, PIO) can be the highest priority while another can be
second and the remaining one third. The user can even
configure the daisy chain such that no internal peripherals
are involved in the chain. Programming of the daisy chain
configuration is done by programming the Command Reg-
ister with the appropriate 3-bit pattern in
'D,-D, and D, set to "1".

A second function of this logic unit is to provide software
controllable "hardware” resets to each of the individual
devices. This allows an individual peripheral to be reset
withouthaving to reset the entire KIO. Requiring bit D,tobe
setto a"1"in orderto program the daisy chain configuration
allows the user to reset the individual devices without
changing the daisy chain. The software reset commands
for the individual devices still remain available to the user.

A third function of the Command Register allows the user
to obtain use of the additional control signals of the SIO
logic instead of the PIA Port. This is done by programming
bit D, of the Command Register with "1".
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PIN DESCRIPTIONS:

Ao-As. Address Bus (inputs, active high, 3-state). Use to
select which port/register the current transaction cycle is
for.

ARDY,BRDY. Port Ready (outputs, active high). these
signals indicate that the port is ready for a data transfer.
Inmode 0, itindicates thatthe port has data available for the
peripheral device. In mode 1, it indicates that the port is
ready to accept data from the peripheral device. In mode2,
ARDY indicates that Port A has available for the peripheral
device, but that it will not be placed onto PA-PA, until the
ASTB signal is active, while BRDY indicates that Port A is
able to accept data from a peripheral device. Note that Port
B does not support mode 2 operation and can only be used
in mode 3 operation when Port A is programmed for mode
2. These signals are not used in mode 3 operation.

ASTB, BSTB. Port Strobe (inputs, active low). These sig-
nals indicate that the peripheral device has performed a
transfer. In mode 0, it indicates that the peripheral device
has accepted the data present on the port pins. Inmode 1,
it causes the data on the port pins to be latched into Port A.
In mode 2, the ASTB signal causes the data in the output
data latch of Port A to be placed onto the Port A pins while
the BSTB signal will cause the data present on the Port A
pins to be latched into the Port A input data latch. The end
of the current transaction is noted by the rising edge of
these signals. Note that Port B does not support mode 2
operation and can only be used in mode 3 operation when
Port A is programmed for mode 2. These signals are not
used in mode 3 operation.

CLK/TRG,-CLK/TRG,. External Clock/Timer Trigger (in-
puts, user selectable active high or low). These four pins
correspond to the four counterftimer channels of the KIO.
In counter mode, each active edge will cause the
downcounter to decrement. In timer mode, an active edge
will start the timer.

CLKOUT. Clock Out (output, active high). This outputis a
divide-by-two of the oscillator (XTAL) input.

CLOCK. System Clock (input, active high). This clock
should be the same as (or a derivative of) the CPU clock.
If the CLKOUT is to be used as the system clock, then
these two pins should be connected together.

CS. Chip Select (input, active low). Used to activate the
internal register decoding mechanism and allow the KIO to
perform a data transfer to/from the CPU.

CTSA, CTSB. Clear to Send (inputs, active low). These
signals are modem control signals to their serial channels.
When programmed for Auto Enables, a low on these pins
will enable their respective transmitters. If not programmed
as Auto Enables, these pins may be used as general-pur-
pose input signals.

D,-D,. Data Bus (bidirectional, active high, 3-state). Used
for data exchanges between the CPU and the KIO for
programming and data transfer. The KIO also monitors the
data bus during the RETI instruction cycle to resolve its

DCDA, DCDB. Data Carrier Detect (inputs, active low).
These signals are modem control signals to their serial
channels. When programmed for Auto Enables, a low on
these pins will enable their respective receivers. If not
programmed as Auto Enables, these pins may be used as
general-purpose input signals.

DTRA, DTRB. Data Terminal Ready (outputs, active low).
These signals are modem control signals for their serial
channels. They will follow the state programmed into their
respective serial channels. They are multiplexed with Port
C, bits 5 and 2 respectively.

IEl. Interrupt Enable In (input, active high). This signal is
used with IEO to form a priority daisy chain when there is
more than one interrupt-driven device. A high on this line
indicates that no higher priority device is requesting an in-
terrupt.

IEO. Interrupt Enable Out (output, active high). This signal
is used with IEl to form a priority daisy chain when there is
more than one interrupt-driven device. A high on this line
indicates that this device and no higher priority device is
requesting an interrupt. A low will block any lower priority
devices from requesting an interrupt.

INT. Interrupt Request (output, active low, open-drain).
When any of the devices within the KIO requests interrupt
servicing, this line will be active.

IORQ. I/0 Request (input, active low). IORQ is used with
RD, A0-A3, and CS to transfer data between the KIO and
the CPU. When IORQ, RD, and CS are all active, the
device selected by A0-A3 transfers data to the CPU. When
IORQ and CS are active, but RD is inactive, the device
selected by A0-A3 is written into by the CPU, When IORQ
and M1 are both active the KIO will respond with an
interruptvector from the highest priority interrupting device.

M1. Machine Cycle 1 (input, active low). When M1 is active
and RD is active, the Z80 CPU is fetching an instruction
from memory; the KIO decodes this cycle to determineif the
RETI instruction sequence is being executed. When M1
and IORQ are both active, the KIO decodes the cycle to be
an interrupt acknowledge and will respond with a vector
from the highest priority interrupting device.

OSC. Oscillator (output, active high). This output is a
reference clock for the oscillator.
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PAo-PA7. Port A Bus (bidirectional, active high, 3-state).
This 8-bitbus transfers data between the peripheral device
and the port. PAo is the least significant bit of the bus.

PBo-PB7. Port B Bus (bidirectional, active high, 3-state).
This 8-bitbus transfers data between the peripheral device
and the port. PBo is the least significant bit of the bus. This
port can also supply 1.5 mA at 1.5 volts to drive Darlington
transistors.

PCo-PCy. Port C Bus (bidirectional, active high, 3-state).
This 8-bitbus transfers data between the peripheral device
and the port. PCo is the least significant bit of the bus.
These pins are multiplexed to provide either an 8-bit paral-
lel port or additional modem control signals for the serial
channels.

RD. Read (input, active low). when RD is active, a memory
or /Oread operationisin progress. RD is used with A0-A3,
CS and IORQ to transfer data between the KIO and CPU.

RESET. Reset (input, active low). Alow on this pin will force
the KIO into areset condition. This signal must be active for
a minimum of three CLOCK cycles. The reset state of the
KIO is with the PIO ports in Mode 1 operation and hand-
shakes inactive and interrupts disabled; PIA port in input
mode and active; CTC channel counting terminated and
interrupts disabled; SIO channels disabled and marking
with interrupts disabled. All control registers should be
rewritten after a hardware reset.

RTSA, RTSB. Request to Send (outputs, active low).
These signals are modem control signals for their serial
channels. They will follow the inverse state programmed
into their respective serial channels. They are multiplexed
with Port C, bits 4 and 3 respectively.

RxCA, RxCB. Receive Clock (inputs, active low). These
clock are used to assemble data in the receiver shift
register for their serial channels. Data is sampled on the
rising edge of the clock.

RxDA, RxDB. Receive Data (inputs, active high). These
are the input data pins to the receive shift register for their
serial channels.

SYNCA, SYNCB. Synchronization (bidirectional, active
low). In the asynchronous mode of operation, these pins
actmuch like the CTS and DCD pins. Transitions affect the
Sync/Hunt status bit for their respective serial channel but
serve no other purpose. They are multiplexed with Port C,
bits 6 and 1 respectively.

TxCA, TxCA. Transmit Clock (inputs, active low). These
clocks are used to transmit data from the transmit shift
register for their serial channels. Data is transmitted on the
falling edge of the clock.

TxDA, TxDB. Transmit Data (outputs, active high). These
are the output data pins from the transmitter for their serial
channels.

WT/RDYA, WT/RDYB. Wait/Ready (outputs, open-drain
when programmed as Wait, active high when programmed
as Ready). These pins may be programmed as Ready
lines for a DMA controller or Wait lines for interface to a
CPU. As a Ready line, itindicates (when active) that trans-
mitter or receiver is able to perform a transfer between the
serial channel and the DMA. As a Wait line, in dictates
(when active), that the CPU should wait until the transmit-
ter or receiver can complete the requested transaction.
They are multiplexed with Port C, bits 7 and 0 respective-
ly.

XTALL Crystal/Clock Connection (input, active high).
XTALO. Crystal Connection (output, active high).

ZC/TOZC/TO,. Zero Count/Timeout (outputs, active
high). These four pins correspond to the four counter/timer
channels of the KIO. Each pin will become active when its
corresponding downcounter reaches a zero count.

REGISTER ADDRESSES:

Register 0: PIO Port A Data
Register 1: PIO Port A Command
Register 2: PIO Port B Data
Register 3: PIO Port B Command
Register 4: CTC Channel 0
Register 5: CTC Channel 1
Register 6: CTC Channel 2
Register 7: CTC Channel 3

Register 8: SIO Channel A Data

Register 9: SIO Channel A Command/Status -
Register 10: SIO Channel B Data

Register 11: SIO Channel B Command/Status
Register 12: PIA Port C Data

Register 13: PIA Port C Command

Register 14: KIO Command

Register 15: Reserved
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REGISTER PROGRAMMING:

PIO Registers: For more detailed information, please con-
sult the P1O Technical Manual.

Interrupt Vector Word (Figure 8). The PIO logic unit is
designed to work with the Z80 CPU in interrupt Mode 2.
This word must be programmed if interrupts are to be used
and bit Do must be a zero.

[ ]ve]vs[valvajva]vi|vo]

I__ IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 8: PIO Interrupt Vector Word

Mode Control Word (Figure 9). Selects the port operating
mode. This word is required and may be written at any time.

[or[oefosfoaf 1 [1] ]
L IDENTIFIES MODE

CONTROL WORD

DON'T CARE
MODE SELECT

MODE 0
MODE 1
MODE 2

0
0
1
1 MODE 3

“0=0

Figure 9: PIO Mode Control Word

1/0 Register Control Word (Figure 10). When Mode 3 is
selected, the Mode Control Word must be followed by the
1/0 Register Control Word. This word configures the 1/O
register, which defines which port lines are inputs or out-
puts. A"1" indicates input while a "0" indicates output. This
word is required when in Mode 3.

| e R R R R A IR e |

0 SETS BIT TO OUTPUT

1 SETS BIT TO INPUT

Figure 10: PIO 1/O Register Control Word

Interrupt Control Word (Figure 11). In Mode 3 operation,
handshake signals are not used. Interrupts are generated
as a logic function of the input signal levels. The Interrupt
Control Word sets the logic conditions and the logic levels
required for generating an interrupt. Two logic conditions
or functions are available: AND (if all input bits change to
the active level, an interrupt is triggered), and OR (if any
one of the input bits change to the active logic level, an in-
terruptis triggered). The user can also program which input
bits are to be considered as part of this logic function. Bit
De sets the logic function, bit Ds sets the logic level, and
bit D4 specifies a mask control word to follow.

: IDENTIFIES INTERRUPT CONTROL WORD
1 = MASK FOLLOWS (1)
1 = ACTIVE HIGH
1 = ANDFUNCTION
1 = INTERRUPT FUNCTION ENABLE (2)
*NOTE:
1. Regardless of the operating mode, setting BitDg = 1
causes any pending interrupts to be cleared,

2. The port interrupt is not enabled until the interrupt
function enable is followed by an active M1.

Figure 11: PIO Interrupt Control Word

Mask Control Word (Figure 12). This word sets the mask
control register, thus allowing any unusedbits to be masked
off. If any bits are to be masked, then bit D4 of the interrupt
Control Word must be set. When bit D4 of the Interrupt
Control Word is set, then the next word programmed must
be the Mask Control Word. To mask an input bit, the corre-
sponding Mask Control Word bit must be a "1".

(0r[0e [0s [ou [Ds [0 o [0 |

MBy-MB; MASK BITS. A
BIT IS MONITORED FOR AN
INTERRUPT IF IT IS
DEFINED AS AN INPUT AND
THE MASK BIT IS SET TO 0.

Figure 12: PIO Mask Control Word

Interrupt Disable Word (Figure 13). This word can be
used to enable or disable a port’s interrupts without chang-
ing the rest of the port’s interrupt conditions.

(o] os]os]oufofo1[1]
IDENTIFIES INTERRUPT

DISABLE WORD

DON’T CARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

Figure 13: PIO Interrupt Disable Word

CTC Registers: For more detailed information, please
consult the CTC Technical Manual.

Channel Control Word (Figure 14). This word sets the
operating modes and parameters as described below. Bit
Do must be a "1" to indicate that this is a Control Word.

Interrupt Enable. Bit D7 enables the interrupt logic so that
an interrupt output (INT) can be generated at zero count.
Interrupts can be programmed in either mode and may be
enabled or disabled at any time.
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Mode. Bit D¢ selects either Timer Mode or Counter Mode.

" Prescale Factor. Bit Ds selects the prescale factor for use
in the timer mode. Either divide-by-16 or divide-by-256 is
available.

Clock/Trigger Edge Selector. Bit D4 selects the active edge
of the CLK/TRG input pulses.

Timer Trigger. Bit D3 selects the trigger mode for timer
operation. Either automatic or external trigger may be
selected.

Time Constant. Bit D2 indicates that the next word
programmed is time constant data for the downcounter.

Software Reset. Setting bit D1 indicates a software reset
operation.

0 D¢ D 'D, [D; DDy Do

i L
INTERRUPT _]
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT
MODE

CONTROL OR VECTOR
0 = VECTOR
1
[
0 SELECTS TIMER MODE 0
1
T
0
1
T

CONTROL WORD

ESET
= CONTINUED OPERATION

1 SELECTS COUNTER MODE = SOFTWARE RESET

PRESCALER VALUE*
1 = VALUE OF 256

= NO TIME CONSTANT FOLLOWS
0 = VALUE OF 16 =

TIME CONSTANT FOLLOWS

IMER TRIGGER *

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKITRG PULSE STARTS TIMER

CLKITRG EDGE SELECTION
0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

*TIMER MODE ONLY

Figure 14: CTC Channel Control Word

Time Constant Word (Figure 15). Before a channel can
start counting, it must receive a time constant word. The
time constant value may be anywhere between 1 and 256,
with "0" being accepted as a count of 256.

B CICYCA CACACAEAEY|

TC7 -J—_] |—l— TCo
TCs ) TCy
TCs TC2
TCs TC3

Figure 15: CTC Time Constant Word

Interrupt Vector Word (Figure 16). If one or more of the
CTC channels have interrupts enabled, then the Interrupt
Vector Word must be programmed. Only the five most
significant bits of this word are programmed, and bit D,
must be "0". Bits D,-D, are automatically modified by the
CTC channel when it responds with an interrupt vector.

BN

SUPPLIED l

BY USER

L 0 = INTERRUPT VECTOR WORD
1 = CONTROL WORD

CHANNEL IDENTIFIER
(AUTOMATICALLY INSERTED
BY CTC)

0 0 = CHANNELO

0 1 = CHANNEL 1

1 0 = CHANNEL 2

1 1 = CHANNEL 3

Figure 16: CTC Interrupt Vector Word

SIO Registers: For more detailed information, please con-
sult the SIO Technical Manual.

Read Registers (Figure 17). The SIO channel B contains
three read registers while channel A contains only two that
can be read to obtain status information. To read the con-
tents of a register (other than RRo), the program must first
write a pointer to WRo in exactly the same manner as a
write register operation. The next I/O read cycle will place
the contents of the selected read register onto the databus.
READ REGISTER 0

|07 Ds D5 [D4[Ds1D; D, D]

l Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY

SYNC/HUNT

CTsS *
Tx UND oM
BREAK/ABORT

*Used With “External/Status Interrupt” Modes

READ REGISTER 11

IDH‘DGEDSJDI103“)25011001
l—ALLSENT

| FIELD BITS | FIELD BITS IN
IN PREVIOUS SECOND PREVIOUS
BYTE BYTE

C=wOAO=wO -
O= 400 =0
Caaasascoo
wacoocoool
CEENON AW

L— PARITY ERROR

Rx OVERRUN ERROR
CRC/FRAMING ERROR
END OF FRAME (SDLC)

*Residue data for eight Rx bits/character programmed
tUsed with special receive condition mode

READ REGISTER 2 (Channel B only)

T T T T
[Dv‘DmDsim!D:lDz;D'LDﬂ

vo

Vit

v2t

V3t INTERRUPT

v4 VECTOR

tVariable if “Status Affects Vector" is programmed

Figure 17: SIO Read Registers
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Write Registers (Figure 18). The SIO channel B contains
eight write registers while channel A contains only seven
that are programmed to configure the operating modes and
characteristics of each channel. With the exception of
WRo, programming the write registers is a two step opera-

WRITE REGISTER 0

—TTo 1o o
ID7=DS\05‘04103;°2;D|LDuI

REGISTER 0
REGISTER 1
REGISTER 2
HEGISTER 3
REGISTER 4
REGISTER 5
REGISTER 6
REGISTER 7

s4dmwaco00 —
“sO0O0 - w00 —
L0400 -0m0 —

NULL CODE

SEND ABORT (SDLC)

RESET EXT/STATUS INTERRUPTS
CHANNEL RESET

ENABLE INT ON NEXT Rx CHARACTER
RESET TxINT PENDING

ERROR RESET

RETURN FROM INT (CH-A ONLY)

aaawaco00
4 s 0O0==00
—“o-0=0=0

NULL CODE

RESET Rx CRC CHECKER

RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

“~a0o0
“oao

WRITE REGISTER 1

CICACICACACACAEN

I———EXT INT ENABLE
Tx INT ENABLE
STATUS AFFECTS VECTOR

(CH. B ONLY)

Rx INT DISABLE
Rx INT ON FIRST CHARACTER

ws00
“~o-o

INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT
VECTOR)

WAIT/READY ON RIT

*Or on special condition

WRITE REGISTER 2 (Channel B only)
T T T
[o:10:[os o Tou 0. [o, oo

Vo
Al
v2

V3 INTERRUPT
va VECTOR

WRITE REGISTER 3

[p77Ds 05 D, D5 D, D0

l l—Rx ENABLE
SYNC CHARACTER LOAD INHIBIT
