ZiLOG

Z80 Family

CPU Peripherals

User Manual

UM008101-0601

ZiLOG Worldwide Headquarters » 910 E. Hamilton Avenue « Campbell, CA 95008
Telephone: 408.558.8500 ¢ Fax: 408.558.8300 « www.ZiLOG.com




Z80 CPU Peripherals
User Manual

i

o
&

=
dlk0d

This publication is subject to replacement by a later edition. To determine whether a later
edition exists, or to request copies of publications, contact:

ZiLOG Worldwide Headquarters
910 E. Hamilton Avenue

Campbell, CA 95008

Telephone: 408.558.8500

Fax: 408.558.8300

www.ZiLOG.com

Windows is a registered trademark of Microsoft Corporation.

Document Disclaimer

©2001 by ZILOG, Inc. All rights reserved. Information in this publication concerning the devices,
applications, or technology described is intended to suggest possible uses and may be superseded.
ZiLOG, INC. DOES NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF
ACCURACY OF THE INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS
DOCUMENT. ZILOG ALSO DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY
INFRINGEMENT RELATED IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR
TECHNOLOGY DESCRIBED HEREIN OR OTHERWISE. Devices sold by ZiLOG, Inc. are covered
by warranty and limitation of liability provisions appearing in the ZiLOG, Inc. Terms and Conditions of
Sale. ZiLOG, Inc. makes no warranty of merchantability or fithess for any purpose Except with the
express written approval of ZiLOG, use of information, devices, or technology as critical components
of life support systems is not authorized. No licenses are conveyed, implicitly or otherwise, by this
document under any intellectual property rights.

UM008101-0601 Disclaimer



Z80 CPU Peripherals
User Manual

Table of Contents

Counter/Timer Channels

CTCFeatures .. ... ...t 1
CTC General Description . ............coiuiuieiieinennen.. 1
CTC Architecture . ..........c.outnii i 2
OVEIVIEW . . oot e e 2
Structure of Channel Logic . ......... ... ... ... ... . ... .... 3
Interrupt Control Logic . ...... ... 7
CTC Pin Description . . .......ouit it 9
Pin Functions . ........ ... .. . . . 9
CTC Operating Modes . ...t 16
OVEIVIEW . . oot e 16
CTC Counter Mode ........... ..o, 16
CTCTimerMode ....... .. ..., 17
CTC Programming . ...........uuuunuenteeieneeeanenn. 18
OVEIVIEW . . oot e 18
Loading The Channel Control Register .................... 19
Loading The Time Constant Register . ..................... 22
Loading The Interrupt Vector Register . .................... 22
CTCTIMING ..ottt e e e e 24
OVEIVIEW . . oot e 24
CTCWrite Cycle ... i 24
CTCReadCycle ... e 25
CTC Counting and Timing ............. ... ..o, 26
CTC Interrupt ServiCing . ... ....vuit it 27
OVEIVIEW . . oot e 27
Interrupt Acknowledge Cycle ............ ... ... ... ... .... 28
Return from Interrupt Cycle .......... ... . .. .. ... ..... 29
Daisy-Chain Interrupt Servicing . ............... ... ....... 30

UMO008101-0601 Table of Contents



Z80 CPU Peripherals
User Manual

Direct Memory Access

DMA OVEIVIEW . ..ttt e e e 33
CPU Data Transfers ............ ..., 33
DMA Data Transfers ............ ... ... . .. 35
DMA CharacteristiCS ... ......uuvuteeeeieneennan. 37

DMA Functional Description . .............. ..o, 43
Features . ... ... 43
OVeIVIBW & ittt e e 44
Programming .......... ... .. .. . .. 45
Classes of Operation . ......... ..., 46
Modes of Operation . ............ ..ottt 49
Transfer Speed ......... ... 56
Address Generation . . . .......vuit et 57
Byte Matching (Searching) . .......... ... ... . .. ... .. ... 58
Interrupts ... ..o 59
Auto Restart . ...... ... 60
Pulse Generation ............ ...t 60
Variable Cycle ......... .. .. . i, 60
Eventsand Actions ......... ... 61

Pin Description . ........ ... 62

Internal Structure ......... ... ... 71
General Organization .................ouiuiiiniennenne... 71
Control And Status Registers ............................ 72
Address and Byte Counting ............... ... i, 75
BusControl . ... ... . 77
Interrupts .. ... 79

Programming .......... .. ... ... 89
OVeIVIBW & ettt e e e e 89
Write Registers . .......... i 91
Write Register OGroup .. ... 92
Write Register 1 Group .. ... 95
Write Register 2Group .. ... 97

UMO008101-0601 Table of Contents



Z80 CPU Peripherals
User Manual

Direct Memory Access (continued)
Write Register 3Group .. ... 97
Write Register 4 Group .. ... 99
Write Register SGroup .. ... 102
Write Register 6 Group .. ... 104
Read Registers ......... ... ... .. i 113
Review of Programming Sequences ...................... 117
Applications . ...... .. 128
Z8ODMA and CPU ... ... ... ... 128
Z80 DMA and Z80 SIO Example .. ...................... 138
Using The Z80 DMA With Other Processors .. ............. 142
Performance Limitations . .. ............. ... ... ... ... ... 148
BusContention ........... ...t 148
Control Overhead ........... ... ... ... . .. . .. 149
TIMING . ..o 150
The CPUAsBusMaster ..., 150
The DMA AsBusMaster ............... ..., 152
Register Bit Functions . .......... ... ... ... ... ... . ... .... 170
Write Register Bit Functions .............. .. .. ... ... 170
Read Register Bit Functions ............................ 174
Parallel Input/Output
OVeIVIBW .« ittt e e e e 175
Features .. ... ... ... 175
PIO Architecture ......... ... . 176
OVeIVIBW . ittt e e e 176
Pin Description . ........ ... . i 180
Programming the PIO ...... ... .. .. ... .. .. ... .. ... 187
Reset .. 187
Loading The Interrupt Vector .. ............. ... ... ...... 188
Selecting An Operating Mode .......................... 189
Setting The Interrupt Control Word .. .................... 191

Table of Contents UMO008101-0601



Z80 CPU Peripherals
User Manual

Parallel Input/Output (continued)

TIMING . . .o 192
Output Mode (Mode 0) ..., 192
InputMode Mode 1) ......... ... ... 193
Bidirectional Mode Mode 2) .......... ... ... 194
Control Mode (Mode 3) ........ .. ... 195

Interrupt Servicing . ....... ... 197

Applications . ...... ... 199
Extending The Interrupt Daisy-Chain . . ................... 199
I/ODevicelnterface ............. ... ... ... ... ... 200
Control Interface .......... ... .. ... 202

Programming Summary ............. ... ... .. . ... 205
OVeIVIBW . ottt e e 205
Load Interrupt Vector .......... ... ..o, 205
SetMode . ... 205
Set Interrupt Control .. ..... ... ... i 206

Serial Input/Output

OVEIVIBW .« ittt e e e e e 207

Features . .. ... .. 207

Pin Description . ........ ... . i 210
PinFunctions .......... ... ... ... . . . 210
Bonding Options . ........... i 213

Architecture . .......... ..t e 222
OVeIVIBW . ittt e e 222
DataPath ...... ... .. . 223
Functional Description ........... ... ... ... ... .. . ... 226

Asynchronous Operation . ...............couiiiuennennenn.. 230
OVeIVIBW . ittt e e 230
Asynchronous Transmit ................ ... ... ..o, 232
Asynchronous Receive .............. ... ... ... ... .. .... 235

Synchronous Operation . .. ............o ittt 238
OVeIVIBW . ittt e e 238

UMO008101-0601 Table of Contents



Z80 CPU Peripherals
User Manual

Synchronous Modes Of Operation ....................... 240

Serial Input/Output (continued)
Synchronous Transmit ................ ... ... 244
Synchronous Receive ........... ... ... ... ... ... ... .. .. 249
SDLC (HDLC) Operation . . .. ...vvuui e aeeenn 255
OVEIVIEW . . ottt e e e e 255
SDLC TranSmit . ... ..ottt e ee 256
SDLCReceive ...t 265
Programming .......... ... ... ... .. 272
OVEIVIEW . . ottt e e e e 272
Write Registers . ......... i 272
Read Registers ......... ... ... .. i 292
Applications . ...... ... 301
OVEIVIEW . . oottt e e e e e e 301
TIMING . . .o 305
ReadCycle ... ... . 305
Write Cycle . ... 305
Interrupt Acknowledge Cycle .......... ... .. .. ... .... 306
Return From Interrupt Cycle . .......... .. ... ... .. .... 307
Daisy Chain Interrupt Nesting . ......................... 308
UM008101-0601

Table of Contents

Vii



Z80 CPU Peripherals
User Manual

.
cew __'_l
VI ZiLoa

UMO008101-0601 Table of Contents



Z80 CPU Peripherals

List of Figures

User Manual
v
Counter/Timer Channels
Figure 1. CTC Block Diagram ............. ... ... ... ... .... 3
Figure 2.  Channel Block Diagram ............................ 4
Figure 3. Z80 16-Bit Pointer (Interrupt Starting Address) .......... 8
Figure 4. CTC Pin Configuration .............. ... ... ... .... 10
Figure 5. Package Configuration ............................ 10
Figure 6.  44-Pin Chip Carrier Pin Assignments ................. 11
Figure 7. 44-Pin Quad Flat Pack Pin Assignments .............. 12
Figure 8. Mode 2 Interrupt Operation . ....................... 23
Figure 9. CTC WriteCycle ........ ..., 25
Figure 10. CTCReadCycle ........ ..., 26
Figure 11. CTC Counting and Timing ......................... 27
Figure 12. Interrupt Acknowledge Cycle ....................... 29
Figure 13. Return from InterruptCycle ........................ 30
Figure 14. Daisy-Chain Interrupt Servicing . .................... 31
Direct Memory Access
Figure 15. Typical CPUI/O Sequence . ........... ... ..., 34
Figure 16. Conceptual Comparison of Various I/O Transfer Methods 39
Figure 17. Modes of Operation ...............c.coiienenon... 42
Figure 18. Classof Operation .. ........ .. ... i, 47
Figure 19. Basic Functions of the ZSODMA .................... 49
Figure 20. Transfer/SearchOneByte ............ ... ... .. .... 51
Figure 21. ByteMode .. ... ... . 52
Figure 22. BurstMode ........ ... ... i 53
Figure 23. Continuous Mode .......... ... .. .. ... 55

List of Figures

UM008101-0601



Z80 CPU Peripherals
User Manual

Direct Memory Access (continued)

Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.

Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.

UMO008101-0601

Variable Cycle Length .. .......................... 61
Pin Functions (CMOS PLCC Package Only) .......... 67
40-Pin DIP Pin Assignments . ...................... 68
44-Pin PLCC Pin Assignments (Z8410 NMOS) ........ 69
44-Pin PLCC Pin Assignments (Z84C10 NMOS) ...... 70
780 DMA Block Diagram ......................... 71
Write Register Organization (left) and Read Register Organi-
zation (right) ......... .. .. .. ... 74
Bus-Requesting Daisy-Chain ...................... 79
Z80 Interrupt Sequence . ........... ..., 81
Interrupt Service Routine . .. ....................... 83
Interrupt Pending (IP) Latch . ...................... 84
Interrupt Under Service (IUS) Latch .. ............... 84
Interrupt On Ready (IOR) Latch .................... 86
Interrupt Daisy-Chain ............................ 88
Polling for a Service Request Bit ................... &9
Write-Register Pointing Methods ................... 92
Write Register O Group . ............ooiiieienn. .. 94
Write Register 1 Group . ............. ... 96
Write Register 2Group . ..., 97
Write Register 3Group . ... 99
Write Register 4 Group . ..., 102
Write Register SGroup . ............ ... 104
Write Register 6 Group . ..., 107
Read Register 0 through Read Register 6 ............ 116
Z80/Z8000 Clock Driver . ......... ... ... 129
Chip Enable Decoding with Z8OCPU . ............. 131

List of Figures



Z80 CPU Peripherals

Direct Memory Access (continued)

List of Figures

Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.

Figure 62.
Figure 63.

Figure 64.
Figure 65.
Figure 66.
Figure 67.

Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.

User Manual
Sieou
CE/WAIT Multiplexer ........... ... ... .. ...... 133
Simultaneous Transfer Multiplexer ................. 133
Simultaneous Transfer .......... ... .. ... ... ... 134
Delaying the Leading Edge of MWR .. .............. 135
Data Bus Buffer Control Example .................. 138
DMA-SIO Environment . ............ .. ... ... 142
Connecting DMA to Demultiplexed Address/Data Buses 145
78000/Z80 Peripheral Interface .................... 147
DMA Bus-Master Gate (Byte or Burst Modes Only) . .. .149
CPU-to-DMA Write Cycle Requirements ............ 151
CPU-to-DMA Read Cycle Requirements ............. 152
Sequential Memory-to-1/O Transfer, Standard Timing
(Searching is Optional) ........ ... ... ... .. ..... 154

Sequential I/O-to-Memory Transfer, Standard Timing
(Searchingis Optional) ........................... 155

Simultaneous Memory-to-1/0 Transfer (Burst and Continuous
Mode) ... 156

Simultaneous Memory-to-I/O Transfer (Byte Mode) . .. .157

Bus Request and Acceptance Timing ................ 159
Bus Release in Byte Mode ........................ 160
Bus Release on End-of-Block (Burst and

Continuous Modes) . ... .. 160
Bus Release on Match (Burst and Continuous Modes) . .161
Bus Release on Not Ready (Burst Mode) ............. 162
RDY LineinByteMode . ............ ... ... ..... 163
RDY Linein BurstMode ......................... 164
RDY Line in Continuous Mode .................... 165
Variable-Cycle and Edge Timing ................... 166

UM008101-0601

Xi



Xii

Z80 CPU Peripherals
User Manual

Direct Memory Access (continued)

Figure 74. WAIT Line Sampling in Variable-Cycle Timing ... ... 167
Figure 75. Interrupt Acknowledge .......................... 169
Figure 76. Write Register OGroup .......................... 170
Figure 77. Write Register L Group . ......................... 170
Figure 78. Write Register 2Group ............. ..., 171
Figure 79. Write Register 3Group . ........... ... ... ....... 171
Figure 80. Write Register4 Group . ........... ... ... . ...... 172
Figure 81. Write Register 5Group ............ ... ... ....... 173
Figure 82. Write Register 6 Group .......................... 173
Figure 83. Read Register O through 6 Bit Functions . ............ 174
Parallel Input/Output

Figure 84. PIO Block Diagram ........... ... .. ... ... .... 177
Figure 85. Port I/O Block Diagram . ............ ... ... .. ... 178
Figure 86. PIO Pin Functions ........... ... ... .. ... .. ... 184
Figure 87. 44-Pin PLCC Pin Assignments .................... 185
Figure 88. 44-Pin QFP Pin Assignments ..................... 186
Figure 89. 40-Pin DIP Pin Assignments . ..................... 187
Figure 90. Mode O (Output) Timing ......................... 193
Figure 91. Mode 1 (Input) Timing . ........... ... ... ....... 194
Figure 92. Port A, Mode 2 (Bidirectional) Timing .. ............ 195
Figure 93. Control Mode (Mode 3) Timing ................... 196
Figure 94. Interrupt Acknowledge Timing .................... 198
Figure 95. Return from Interrupt Cycle ...................... 198
Figure 96. Daisy-Chain Interrupt Servicing ................... 199
Figure 97. A Method of Extending the Interrupt Priority

UMO008101-0601

Daisy-Chain .. ... ... ... .. . 200

List of Figures



Z80 CPU Peripherals

User Manual
v
Parallel Input/Output (continued)
Figure 98. Example of I/O Interface . ............ .. ... .. .. ... 201
Figure 99. Control Mode Application ........................ 204
Serial Input/Output
Figure 100. Z80 SIO Block Diagram ............. .. ... ... ... 209
Figure 101. Z80 SIO/O Functions .. ..............ouvuininn.... 214
Figure 102. Z80 ZIO/0 Pin Assignments ....................... 215
Figure 103. Z80 SIO/1 Pin Functions . .. .......... ... ... ....... 216
Figure 104. Z80 ZI10O/1 Pin Assignments ....................... 217
Figure 105. Z80 SIO/2 Pin Functions . .. ....................... 218
Figure 106. Z80 ZI10/2 Pin Assignments ....................... 219
Figure 107. Z80 SIO/3 Pin Assignments ....................... 220
Figure 108. Z80 SIO/4 Pin Assignments ....................... 221
Figure 109. Transmit and Receive DataPath . ........ ... ... ... 226
Figure 110. Interrupt Structure . ......... .. ... 230
Figure 111. Asynchronous Message Format .................... 231
Figure 112. Synchronous Formats ............................ 239
Figure 113. Transmit/Receive SDLC/HDLC Message Format . . . ... 256
Figure 114. Write Register O . ........ ... . ... . it 274
Figure 115. Write Register 1 ......... ... . ... . . .. 279
Figure 116. Write Register 2 . ........ ... . . ... 282
Figure 117. Write Register 3 ......... .. ... .. .. 284
Figure 118. Write Register4 ......... ... . ... ... 286
Figure 119. Write Register 5 . ........ ... ... . .. 289
Figure 120. Write Register 6 ......... .. .. ... .. 290
Figure 121. Write Register 7 . ........ ... ..., 291
Figure 122. Read Register O .. ....... ... ... .. ... . iio... 294
Figure 123. Read Register 1 .. ..... .. ... ... .. ... . iio... 299

List of Figures

UM008101-0601

Xiii



Xiv

Z80 CPU Peripherals
User Manual

Serial Input/Output (continued)

Figure 124.
Figure 125.

Figure 126.

Figure 127.
Figure 128.
Figure 129.
Figure 130.
Figure 131.
Figure 132.

UMO008101-0601

Read Register 2 (Channel BOnly) ................. 301
Synchronous/Asynchronous Processor-to-Processor Commu-
nication (Direct Wire to Remote Locations) .......... 302
Synchronous/Asynchronous Processor-to-Processor

Communication (Using Telephone Line) ............ 302
Data Concentrator ................c.uuinevno... 304
Read Cycle Timing ............. ... ..., 305
Write Cycle Timing .. ......... ... . ... . ..., 306
Interrupt Acknowledge Cycle Timing . .............. 307
Return from Interrupt Cycle Timing ................ 308
Typical Interrupt Service .. ........... .. ... ..... 309

List of Figures



Z80 CPU Peripherals

List of Tables

Counter/Timer Channels

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.

User Manual

e
Channel Values .............. ... . .. i, 4
Channel Control Register ........................... 5
Interrupt Vector Register ........................... 7
Channel Select Truth Table . .. ...................... 13
Channel Control Register .......................... 19
Time Constant Register . ........................... 22
Interrupt Vector Register .......................... 23

Direct Memory Access

List of Tables

Table 8.

Table 9.

Table 10.
Table 11.

Table 12.

Table 13.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.

Maximum Transfer and Search Speeds (Burst and Continuous

MoOdeS) oot e 57
Reduction in Z80 CPU Throughput per Kbaud

(Byte Mode Transfers) .............. .. ..., 57
Eventsand Actions ............ ..o, 62
Contents of Counters After DMA Stops Because of End-of-
Block (Transfer Operations) ........................ 76
Contents of Counters After DMA Stops Due to Byte Match
(Search or Transfer/Search Operations) ............... 76
DMA Status . . ..ot 90
Reinitialize Status Byte . .......................... 110
Control Byte Order . ........... ... .. ... ... .... 118
Sample DMA Program ............ ... ... .. ..... 126
Receive Event Sequence .......................... 139
Transmit Event Sequence ......................... 139

UMO008101-0601

XV



XVi

Z80 CPU Peripherals

User Manual
e
Parallel Input/Output
Table 19. PIO Mode Selection . .. ...............covue.... 189
Serial Input/Output
Table 20. Write Register Functions ......................... 223
Table 21. Read Register Functions ......................... 223
Table 22. Contents of Write Registers 3, 4, and 5 in Asynchronous
Modes ... 232
Table 23.  AsynchronousMode ............................ 233
Table 24. Contents of Write Registers 3, 4, and 6 In
Synchronous Modes . ............ ... ... ... ..... 241
Table 25. Bisync Transmit Mode .......................... 242
Table 26. Bisync Receive Mode ........................... 252
Table 27. Contents of Write Registers 3, 4, and 5 in SDLC Modes 258
Table 28. SDLC TransmitMode ........................... 262
Table 29. SDLCReceive Mode ............. ... .. ... ....... 268
Table 30. Channel Select Functions ........................ 272
Table 31. Write Register O . .......... ... ... .. ............. 273
Table 32. Z80 SIO Commands .................covuiuvn... 275
Table 33. WriteRegister 1 ........... ... ... .. ... ........ 277
Table 34. ResetCommands .................ciuieeneen... 277
Table 35. VectorResults .......... ... . ... ... .. ... ..... 278
Table 36. Receive Interrupt Modes ......................... 279
Table 37. Wait/Ready Functions ........................... 280
Table 38. Write Register 2 Interrupt Vector .................. 281
Table 39. Write Register 3 Logic Control .................... 282
Table 40. Serial Bits/Character ............................ 284
Table 41. Write Register 4 Rx and Tx Control ................ 285
Table 42. Stop Bits .......... 285

UMO008101-0601

List of Tables



Z80 CPU Peripherals

Serial Input/Output (continued)

List of Tables

Table 43.
Table 44.
Table 45.
Table 46.
Table 47.
Table 48.
Table 49.
Table 50.
Table 51.
Table 52.
Table 53.
Table 54.

User Manual

Sieou
SyncModes .. ... 286
ClockRate ...... . .. . i 287
Write Register 5 Transmitter Control ................ 287
Transmit Bits .. ... ... . 289
Data Character Format . .......................... 290
Write Register 6 Transmit Sync .................... 291
Write Register 7 Receive Sync ..................... 291
Read Register 0 Rx and Tx Buffers ................. 292
Read Register 1 Special Receive Condition Status . . . . .. 297
Residue Codes . ..., 297
Receive Character Length ......................... 298
Interrupt Vector . . ... o i 300

UMO008101-0601

XVii



Z80 CPU Peripherals
User Manual

XViii ZiLo4

UMO008101-0601 List of Tables



Z80 CPU Peripherals
User Manual

=

EZiLog

Counter/Timer Channels

CTC FEATURES

® Four independently programmable counter/timer channels (CTC),
each with a readable down-counter and a selectable 16 or 256
prescaler. Down-counters are reloaded automatically at zero count

® Selectable positive or negative trigger initiates timer operation

® Three channels have zero count/timeout outputs capable of driving
Darlington transistors

® NMOS version for high-cost performance solutions
® CMOS version for the designs requiring low power consumption
® NMOS 70843004 - 4 MHz, 20843006 - 6.17 MHz

® CMOS Z84C3006 - dc to 6.17 MHz, Z84C3008 dc to 8 MHz,
7284C3010 - dc to 10 MHz

® Interfaces directly to the Z80 CPU. Interfaces to the Z80 SIO for baud
rate generation

® 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

® A 6 MHz version supports 6.144 MHz CPU clock operation

CTC General Description

The Z80 CTC is a four-channel counter/timer that can be programmed by
system software for a broad range of counting and timing applications.
These four independently programmable channels satisfy common

UMO008101-0601 Counter/Timer Channels
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microcomputer system requirements for event counting, interrupt and
interval timing, and general clock rate generation.

System design is simplified by connecting the CTC directly to both the
780 CPU and the Z80 S10 with no additional logic. In larger systems,
address decoders and buffers may be required.

The CTC allows easy programming: each channel is programmed with
two bytes; a third is necessary when interrupts are enabled. When started,
the CTC counts down, automatically reloads its lime constant, and
resumes counting. Software timing loops are eliminated. Interrupt
processing is simplified because only one vector needs to be specified; the
CTC internally generates a unique vector for each channel.

The Z80 CTC requires a single +5V power supply and the standard Z80
single-phase system clock. It is packaged in 28-pin DIPs, a 44-pin plastic
chip carrier, and a 44-pin Quad Flat Pack. The QFP package is only
available for CMOS versions.

CTC ARCHITECTURE

Overview

The internal structure of the Z80 CTC consists of:

® A Z80 CPU bus interface, internal control logic
® Four sets of Counter/Timer Channel logic

® Interrupt control logic

The four independent, counter/timer channels are identified by sequential
numbers from O to 3. The CTC can generate a unique interrupt vector for
each separate channel for automatic vectoring to an interrupt service
routine. The four channels can be connected in four contiguous slots in the
standard Z80 priority chain with channel number O having the highest

UMO008101-0601 Counter/Timer Channels
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priority. The CPU bus interface logic allows the CTC device to interface
directly to the CPU with no other external logic. However, port address
decoders and/or line buffers may be required for large systems. A block
diagram of the Z80 CTC is depicted in Figure 1.

Internal
Control
Logic

|

—3 INT
€— E|
3 IEO

Data 8 > CPU <
From Bl;és
280 CPU Control { 6 9

Interrupt
Logic

Y ¥

Counter/ 3 ZCITo

Timer
Logic < 4

RESET

Figure 1.  CTC Block Diagram

Structure of Channel Logic
The structure of one of the four sets of Counter/Timer channel logic is
illustrated in Figure 2. This logic is composed of:
® Two registers
® Two counters
® Control logic

The registers consist of an 8-bit Time Constant register and an 8-bit
Channel Control register. The counters consist of an 8-bit CPU-readable
down-counter and an 8-bit prescaler.

UMO008101-0601 Counter/Timer Channels
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In Channel Control Register and Logic

The Channel Control register (8-bit) and Logic is written to by the CPU to
select the modes and parameters of the channel. Within the CTC device,
four such registers correspond to the four Counter/Timer channels. The
register to be written to is determined by the encoding of two channel select
input pins: CS0 and CS1, which are usually attached to AO and A1 of the
CPU address bus. The channel values are described in Table 1.

Table 1. Channel Values

CSo CS1
Channel 0 0 0
Channel 1 0 1
Channel 2 1 0
Channel 3 1 1

In the control word, which is written to program each Channel Control
register, bit 0 is always set; the other seven bits are programmed to select
alternatives on the channel’s operating modes and parameters. These values
are described in Table 2. For a more complete discussion, see “CTC
Operating Modes” on page 16 and “CTC Programming” on page 18).

Channel
Control

Logic

Time
Internal Bus >  Constant
Register
[ —> et
Down

CLK/TRG ————— 3| Counter I zC/TO

CLK —»| Prescaler J

Figure 2.  Channel Block Diagram
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Table 2. Channel Control Register
7 6 5 4 3 2 1 0
Interrupt  |Mode Prescaler |CLK/TRG |Time Time Reset Control or
Value* Section Trigger* |Constant Vector
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Number |Field R/W |Value |Description
7 Interrupt R/W 1 |Enable Interrupt
0 |Disable Interrupt
6 Mode R/W 1 |COUNTER Mode
0 |TIMER Mode
5 Prescaler Value* | R/W 1 |256
0 |16
4 CLK/TRG Edge | R/'W 1  |Rising Edge
Section 0 |Falling Edge
3 Time Trigger* R/W 1 |CLK/TRG Pulse Starts Timer
0 |Automatic trigger when time constant is loaded
2 Time Constant R/W 1 |Time Constant Follows
0 |No Time Constant Follows
1 Reset R/W 1 |Software Reset
0 | Continue Operation
0 Control or Vector | R/'W 1 | Control
0 | Vector
*TIMER mode only

The Prescaler

The prescaler is an 8-bit device that is used in the TIMER mode only. The
prescaler is programmed by the CPU through the Channel Control register
to divide its input, the System clock (0), by 16 or 256. The output of the

prescaler is then fed as an input to clock the down-counter. Each time that
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the down-counter counts to zero, the down-counter is automatically
reloaded with the contents of the Time Constant register. This process
divides the System clock by an additional factor of the time constant. Each
time the down-counter counts to zero, its output, Zero Count/Timeout (ZC/
TO), is pulsed High.

The Time Constant Register

The 8-bit Time Constant register is used in both Counter and Timer modes.
It is programmed by the CPU just after the channel control word, with an
integer time constant value of 1 through 256. This register loads the
programmed value to the down-counter when the CTC is first initialized
and reloads the same value into the down-counter automatically whenever
it counts down thereafter to zero. If a new time constant is loaded into the
Time Constant register while a channel is counting or timing, the present
down count is completed before the new time constant is loaded into the
down counter. For details about writing a time constant to a CTC channel,
see “CTC Programming” on page 18

The Down-Counter

The down-counter is an 8-bit register that is used in both COUNTER and
TIMER modes. This register is loaded by the Time Constant register both
initially, and when it counts down to zero. In the COUNTER mode, the
down-counter is decremented by each external clock edge. In the TIMER
mode, it is decremented by the clock output of the prescaler. By performing
a simple I/O Read at the port address assigned to the selected CTC channel,
the CPU can access the contents of the down-counter and obtain the number
of counts-to-zero. Any of the four CTC channels may be programmed to
generate an interrupt request sequence each time the zero count is reached.

In Channels 0, 1, and 2, a signal pulse appears at the corresponding ZC/TO
pin when the zero count condition is reached. Because of package pin
limitations, however, Channel 3 does not have this pin and so may be used
only in applications where this output pulse is not required.
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Interrupt Control Logic

The Interrupt Control Logic insures that the CTC acts in accordance with
780 system interrupt protocol for Nested Priority Interrupting and Return
From Interrupt. The priority of any system device is determined by its
physical location in a daisy-chain configuration. Two signal lines, CIEI and
IEO, are provided in CTC devices to form this system daisy-chain. The
device closest to the CPU has the highest priority. Within the CTC,
interrupt priority is predetermined by channel number, with Channel 0
having highest and Channel 3 the lowest priority. See Table 3. The purpose
of a CTC-generated interrupt, as with any peripheral device, is to force the
CPU to execute an interrupt service routine. According to Z80 system
interrupt protocol, lower priority devices or channels may not interrupt
higher priority devices or channels that have not had their interrupt service
routines completed. However, high priority devices or channels may
interrupt the servicing of lower priority devices or channels.

Table 3. Interrupt Vector Register

7 6 5 4 3 2 1 0
Supplied by User Channel Identifier Word
R/W R/W R/W
Bit Number |Field R/W |Value |Description
7-3 Reserved R/W Supplied by User
2-1 Channel Identifier | R/W 11 |Channel 3
(Automatically 10 |Channel 2
inserted by CTC) 01 |Channel 1
00 |Channel O
0 Word R/W 1 |Control
0  |Interrupt Vector
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A CTC channel may be programmed to request an interrupt every time its
down-counter reaches a count of zero. However, using this feature requires
that the CPU be in INTERRUPT Mode 2. After the interrupt request, the
CPU sends out an interrupt acknowledge. The CTC’s interrupt control
logic determines the highest-priority channel requesting an interrupt. If
the CTC’s IEI input is active, indicating that it has priority within the
system daisy-chain, it places an 8-bit interrupt vector on the system data
bus as follows:

1. The high order five bits of this vector were written to the CTC earlier
as part of the CTC initial programming process.

2. The next two bits are provided by the CTC’s interrupt control logic as a
binary code corresponding to the highest-priority channel requesting an
interrupt.

3. The low-order bit of the vector is always zero according to a
convention (Figure 3).

This interrupt vector is used to form a pointer to a location in memory
where the address of the interrupt service routine is stored in a table. The
vector represents the least-significant eight bits. The CPU reads the
contents of the I register to provide the most-significant eight bits of the
16-bit pointer. The address pointed to in memory contains the low-order
byte and the next highest address contains the high-order byte of an
address, which in turn contains the first Op Code of the interrupt service
routine. Thus, in Mode 2, a single 8-bit vector stored in an interrupting
CTC can result in an indirect call to any memory location (Figure 3).

Z80 16-Bit Pointer (Interrupt Starting Address)

1 Reg 7 Bits from 0
Contents Peripheral

\ Vector

Figure 3.  Z80 16-Bit Pointer (Interrupt Starting Addr