
mimmmm

2.5 / 0
50@ rev’

21162 Lorain Avenue Fairview Park, Ohio 44126 (216) 331-8500



ZSIO
Users & Technical

Manual



TABLE OF CONTENTS

Page

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T. . . . . . . . . . . . . . . _ . T . . . . . . . . . . . . _ . . . T. . . . _ _.
1

Section 1.0 Hardware Conliguration . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . _ . . . _ . . . . . . . . . . . . . _ T. . . . . . . . . . . . ._
2

Section 1 1 Modern Signal Direction Area . . . . . . . . . . . . . . . . . . . . . . . . . .. _ . . . . . . . . . . . . . . . , . . . . . . . . . , ..
2

Section 1.2 Receiver and Transmitter Clock Header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i . . . . . . . . . . . . . . . . . . .i
3

Section 13 Jumper Area C
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .

3

Section 1 4 Jumper Area D
. . . . . . . . . . . . . . . . . . ..

4

Section 1.5 Jumper AreaE
..

4

Section 16 Jumper Area F
_ , _ . . . . _ . _ _ _ _ _ , . , . . . . . . . . . . , , , , . . . _ . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

4

Section 1.7 Jumper Area G
. T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

4

Section 1.8 Dip Switch Configuration . . . . . . . . . .. .
5

Section 1 9 Real Time Clock installation _ _ _ _ _ _ , , _ _ _ _ . . , . , . _ . . . . . . , . , . . . . . . . . . . . . . i , , , . . . . . . . . . , . . . . ..
5

Section 2.0 Resetting Interrupt Priority Logic . . . . , . . . . . . . . . . . . . . . . T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i.
ô

Section 2.1 Using the RET! instruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
6

Section 2.2 Using the RETl Port
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _.

7

Section 2.3 Using the FlETI Command . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
7

Section 3.0 Wait States During INTA, INPUT and OUTPUT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
7

Section 4.0 i/O PORT Delinitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
8

Section 5.0 Using the CTC Channels
. . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

9

Section 60 Using the Auto Enable Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
iO

Section 7.0 Programming Exampies and Tests . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . T . . . . . . . . . . . . . ..
10

Section 71 Test Receiver interrupts Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . t,
11

Section 7 2 Test Receiver interrupts (Z—80)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ..

12

Section 7 3 Test CTC as Time Slice Divider . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
13

Section 8.0 Theory 01 Operation
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

14

Section 81 Port Decoding
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

14

Section 8.2 Data Buss Interface. . . . _ .
14

Section 8.3 Status Decoding
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

15

Section 8.4 Special Function Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
16

Section 8.5 RS-232 Interface Cicuitry . . . . _ . . . . . . . . . , . . . , . . _ , _ . , _ _ _ _ _ _ _ , , , , . _ , _ _ , , , _ _ . . . . . . . . . . . . .. .
17

Figures and Appendices

Figures A1-A4 Modem Signal Direction Header
Figures B1~B4 Receiver and Transmitter Clock Header
Figures C1-C3 Interrupt Priority Jumper Area
Figures D1 and D2. Multiple Board Daisy Chain Jumper Area

Figure E: Schematic and Parts List

Appendix A: Z-80 SIO Technical Manual

Appendix B: Z-80 CTC Technical Manual

Appendix C. Asynchronous Communications Application Manual



SECTION 1.0 Hardware Configuration

The ZSIO Board is shipped with the following configuration.

1) The RS-232 interface is wired such that any dumb terminal can be connected

to tne ZSIO without the Modern Stgnal Direction Area being altered (Pin 2. 3

and 7 connection)

2) interrupt Priority is (in descending order)

a. ZSlO chip #1 (Channels A and B)

b. ZSlO chip #2 (Channels C and D)

c. CTC chip

3) Channel 0 of the CTC serves as tne BAUD rate generatortor Serial ChannelA.

Channel 1 of the CTC serves as the BAUD rate generatortorserial Channel B.

Channel 2oftheCTC serves astheBAUDrategeneratorforserialCnannelsc

and D

4) No wait states are inserted during the lNTA cycle

This configuration can easily be altered to suit your particular requirements To facilitate these

modifications, seven areas (labeled A through G) and an eight position Dip Switch have been

incorporated into the Board

The following sections detail the functions of each otthe eight modifiable items. Section 1.9 describes

the procedure for connecting the Real Time Clock to the system.

SECTION 1.1 AREA A; Modem Signal Direction Header (four places)

The configuration of this area determines whetherthe RS-232 interface will appear as a terminal or as a

modem. Examples of the usage of Area A are provided in Figures A1 through A4: Modem Signal
Direction Header.

The Board is prewired to appear as a modem. The Transmitted Data (T x D) and Received Data (R x D)
signals are strapped on the PC board (Figure A2). This configuration will sufficeforthose applications in
which the Board IS to commumcate with a terminal that does not require any ‘handshaking’. some
examples of this type of terminal are the Soroc, Mime HA and lnfoton.

When your application requires it, the modem control signals may be strapped with shorting pins.

Please note that the Board is shipped with Jumper C prewired (Figure A2). This configuration causes
the Carrier-Generate signal to be looped back to the Carrier—Detect signal. A detailed explanation of this
feature is presented in Section 6.0: Using Auto Enables.

To cause a channel to act as a terminal, cut thethreetraces on the back side ofthe board and insertthe

necessary jumpers. In the example that is presented in Figure A3, a channel of the ZSIO is connected to a

modern. All of the ‘handshali<ing‘ signals are being used.

Figure A3 also provides an example of a channel that generates both the receiver and the transmitter
clocks, Jumpers K and L, These jumpers must not be inserted when the channel is configured to accept
the clocks from the RS-232 interface (Figure B3). For example, if Channel A were to generate the receiver
and transmitter clocks, then Jumpers K and L would be inserted in the Modem Signal Direction Header
for Channel A. Jumpers I and J would not be inserted as in Figure B3. if the clocks were to be generated
from the FlS~2.'32 interface, then Jumpers l and J would be inserted. Jumpers K and L for the A Channel
direction header would not be inserted as in Figure A3.



INTRODUCTION

Description:

The ZSIO Board is a tour port RS-232 Serial l/O and Real Time Clock board. By establishing an
interface to the powerful Zilog SlO chips, it provides your micro-computer system with a link to the

outside world.

The ZSlO Board was designed to meet the needs of multi—user oriented systems as well as systems

requiring state-of-the—art data communications. Three design criteria were set forth and achieved‘

1) To interface to the lEEE Standard Buss (this is the name given the S-100 buss

oy the IEEE Standards Board)
2) To be compatible with as many previously designed boards as possible
3) To cause the Zilog SIO and CTC support cnips to "think" that they were

connected to a 2-80 Processor.

The Board is ideal for CP/M, MPM and Alpha Micro based systems. Applications include Multi—User
data processing with high speed data communications, using state—ot-the»art communication protocols.

Though the Board can be port polled, maximum system throughput is achieved through the Lise ofthe

interrupt facilities of the Zilog ZS|Oi2 and CTC LSI chips. The RESTART instruction is used for interrupt
processing on the 8080 CPU. Interrupt Mode 2 can be used tortheZ—80 and a 'free Vector line is used for
Alpha Micro based systems.

Full documentation is included with each board. This includes

User's Manual
Theory of Operation
Schematic
Application Notes

Advantages:

Can be completely Interrupt Driven, with no additional hardware required to process RESTART
instructions or Interrupt Vectors

incorporates a REAL TIME CLOCK that is programmable in increments oft to 255 times 1360

second

Can be configured to appear as a Modem or a Terminal with solderless Direction Jumpers

Unique Interrupt Vectors can be generated for the following conditions:

Transmitter Buffer Empty
External Status Change (DCD or CTS changes)
Received Characters Available
Special Receive Characters (Parity, Error, Overrun, Framing Error, End of
Frame in SDLC mode)

930517.)

Features:

Baud rates programmable from 75 to t9.2K
Four Independent Full Duplex RS-232 Channels
O—880K Bits/Second
Doubly-buffered Transmitter data registers
Quadruply-buffered Receiver data registers
Program control of Asynchronous Characteristics such as stop bits, bits/character and parity
Program control of Sync Characters in Synchronous Mode
CRC Generation and Checking
HDLC and SDLC Communication Protocols



Figure A4 illustrates the procedure for causing the Modem Signal Direction area to loop back the

handshaking‘ signals. This feature is especially useful during testing or when the software to bring up

the needed signals is not available.

When operating the ZSIO Board with slow devices, such as printers. the busy signal from the device

may be routed to either CTS (RS-232 Pin 5) or DTR (RS-232 Pin 20). The SlO chip can then be

programmed to cause the enabling of the transmitter when CTS lS TRUE, Additionally. the receiver can
be enabled by the use of the Carrier-Detect signal (RS-232 Pin 8). For detailed explanations of these

procedures. refer to Section 6.0: Using Auio Enables.

SECTION 1.2 AREA B; Receiver and Transmitter Clock Header (one place)

The configuration of this area determines the origin of the Receiver and Transmitter Clocks signals on
the SIO chip Examples of the usage of Area B are provided in Figures B1 through B4: Receiver and

Transmitter Clock Header.

‘Figure B1 specifies the hardware configuration for the clock header.

The top portion of this header consists of all of the clock sources. R x CLKA and T x CLKA are Pins 15

and 17, respectively, from the RS-232 interfacefor Channel A. R x CLKB and Tx CLKB are Pins 15and 17

for Channel B, etc. CTC(O). CTC(1) and CTC(2) are three baud rate generators from the CTC chip.

On the bottom portion of the header are the Receiver and Transmitter inputs to the ZSIO Channels A

through D, labeled accordingly.

The Receiver and Transmitter Clock Header is prewired as follows (Figure B2):

Channel A Clocks accept inputs from Channel 0 of the CTC
Channel B Clocks accept inputs from Channel 1 of the CTC
Channels C and D Clocks accept inputs from Channel 2 of the CTC

Since the CTC has only three outputs, two channels of Serial I/O must be run at the same baud rate if
all four channels are running asynchronous. Channel D may receive its clock inputsfrom any oftheCTC
Channels (Figure B4).

If it is necessary to clock any of the SIO Channels from the RS-232 interface, then cut the two traces
that are prewired for that channel and add the appropriate jumpers. Figure B3 shows all four channels
clocked from the RS-232 interface. As described in Section 1.1, ilany otthe channels arejumpered,as in
Figure B3, then the Modem Signal Direction Header for that channel must not have its clock jumpers
inserted.

Figure B4 shows the clock header configured as follows:

1) CTC(O) serves as the baud rate generator for serial Channels A and D

2) CTC(1) serves as the baud rate generator for serial Channel B

3) Channel C is receiving its clock inputs from the corresponding RS-232
interface

SECTION 1.3 AREA C (one place)

The configuration of this area determines ifthe Zilog chips are readingthe Data-In-Busscluring the M1

state. Area C is pertinent only in those applications where the board is used in an interrupt driven

environment.



Z-SO Processors execute a special instruction for resetting the interrupt priority logic of their support

crrcuits if this RETl instruction ¡S used then you should placethe shunt in the M1 column of Area C lt

this instruction cannot be used or a processor other than a Z—8O processor is in the system. then you

snould place the shunt in the lNTA column and reterto Section 2 O Resettingthe lnterruptPriority Logic

of the SIO and CTC.

SECTION 1.4 AREA D (one place, under U32 and U33)

The configuration of this area determines whether or not a Wait State can pe inserted oy the ZSlO

Board and. it SO‘ on which pin it is active

When used with certain processors‘ the ZSIO Board requiresthe insertion ofwair states during lnputs

Outputs. and lNTA cycles If required (iumperinserted), then it is necessaryto specify whetnerit IS active

on Pin 3 or Pin 72 of the 8-100 Buss

The output is an open collector gate lt should be connected to Pin 72 according to the lEEE specs on
the 696 Standard The board is prewired using this technique Different systems may require this signal

to be placed on Pin 3‘ so the option is available if needed.

Refer to Section 3 O tor information oh wait states for the ZSIO Board

SECTION 1.5 AREA E (one place, under left SIO chip U14)

This areadeterminestheon—board priority ofthethreezllog chipswhen usingtheboardin aninterrupt
driven system, Area E has no significance in a port polling environment

The Board is shipped prewired with the following priorities (in descending order of priority):

1) UM. Channels A and B

2) U16, Channels C and D

3) CTC

Refer to Figure C tor information on how this priority allocation may be altered.

SECTION 1.6 AREA F (one place, lower left Pins 4 thru 11 on S-100 buss)

The configuration of this area allows several ZSIO Boards to be ‘daisy-chained’ together.

The highest priority Board would have nothing connected to the IN pad. lts OUT pad would be
connected to one of Pins 4 thru 11 on the S-100 Buss or to any unused pin in a given system,

The next Board in the chain would have this same pin connected to its IN pad lts OUT pad would be
connected to the next desired S-100 pin. This logic would continue through any remaining boards.

Refer to Figure D for a pictorial view of this procedure.

SECTION 1.7 AREA G (one place center ot board)

The configuration of this area (jumper) is used to maximize the setup time between IORQ and the
System Clock.



This area is prewired in the Z80 column When the Board is to be used with a Z-80 or Alpha Micro

Processors. this area should not be modified.

When used with an 8080. the following procedures should be performed.

l) Cut the trace on the back side of the Board
2) Insert a Jumper in the 8080 column

SECTION 1.8 Eight Position Dip Switch

The configuration of this switch determines the base port address for the Board, the number ot Wait
States that are to be inserted during the INTA cycle, and whether or not the Board can cause an interrupt.

Switch positions i through 4 determine the base port address:

Switch #1 = Address bit 7

Switch #2 = Address bit 6

Switch #3 o Address bit 5

Switch #4 Address bit 4i
ll

A closed switch represents a binary one. For example, if Switch positions one, three, and tour were
closed then the base port address for the ZSIO board would be BOH.

Switch positions 5, 6 and 7 form a 3-bit code that determines the number oi‘ Wait States.

One or more Wait States must be inserted during lNTA whenever multiple ZSIO Boards are used in a

system. This allows the lEl and lEO daisy-chain signals to stabilize and subsequently address the proper
SIO or CTC chip.

The number of Wait States to be inserted is determined by subtracting the 3-position switch setting
(read like a binary number with a closed switch representing a 0) from seven. For example, it Switches5
and 7 are closed. the switch setting is ‘O10’ and the number ofWait States inserted during INTA would be
7 minus 2 or 5. Ifswitch positions 6 and 7 were closed, then the numberofwait States inserted would be 7

minus 4 or 3.

It only one ZSIO board is used in the system, then no Wait States are required during INTA and
Switches 5, 6 and 7 should be on. If two ZSIO boards are daisy-chained together, then one Wait State
should be inserted during lNTA. ln this case, Switch 7 would be closed (7

~
6 = t). lf three boards are

daisy-chained together, two wait states should be inserted during lNTA. Switch 6 would be closed (7
-

5 =

2).

Switch position 8 is a hardware interrupt Enable for the board. If the switch is closed, the board can
cause an interrupt; if it is open. the board cannot cause an interrupt.

Note: The above section describes Switch positions 1 through 8, but different Dip Switch
manufacturers may number the same positions 0 through 7. In this case, positions 0 through 3 would be
the board address etc.

SECTION 1.9 Real Time Clock Connection

There are two methods available for causing the CTC‘s Channel 3 to create timing intervals.



The first method tnvoives programming the CTC chip to count the numoerot system clock cycles. This

approach results in a time interval that is equal to T x P x TC (Appendix B. page 10) where

T = System Clock Period
P : Prescaler Constant
TC : Time Constant

For example tthe system lS running at 4MHz the prescaler is set 10255 and thetime constant is setto

255 :nen the time interval would be 16.384 mtlli—seconds (apprx. i 60 second)

The second method involves causing the CTC Channel 3 to count the number ot clock UCKS ott ot the

60 cycle A C line This approach results in the time intervals oeing equal to TC x t6 666 msec intervals

Again TC is equal to the Time Constant register. This method provides the capabittty otgenerating time
intervals that exceed 4 seconds and can also resuit in a more accurate time slice.

To use this method. a wire must be connected between the ZSIO Board and the power supply The

Real Time Clock Pin is located tn the upper right hand part of the Board. lt must be connected to the

secondary side of the power supply transformer. ideally to the source tor the †8 yolt supply This

connection is accomplished as follows’

t) Connect the clip to the transformer tap
2) insert the wire into the HTC Pin
3) Press the wire into place with the HTC cap, using a Phillips head

SCFBWGHVEET

SECTION 2.0 Resetting Interrupt Priority Logic of SIO and CTC

This section describes the techniques that are available for resetting the Interrupt Priority Logic otthe
SIO and CTC chips on the ZSIO Board. This information is applicable only to interrupt-driven systems.

SECTION 2.1 Using the RETI Instruction

A speclal Z›8O Instruction, RETI (ED 4D), is monitored by the SlO and CTC chipsWheneverthe chips
detect the ED opcode on the buss during the M1 cycle. the IEl and IEO Pins of the SlO and CTC change
state. This results in the interrupting chip being addressed. It the subsequent opcdde is a 4D, then the
interrupt Priority Logic of the appropriate chip is reset.

Due to the lEl and IE0 time delaysthatare inherent intheZi|og supportcircuits. onlytourchipscan be
daisy-chained together in a 4MHz system that uses Z-BOA SIO and Z-80A CTC chips. Eightchips can oe
chained together in 2 MHZ systems. Extra support logic has been incorporated onto the ZSIO Board
which allows several boards to be linked together. This feature enables any number of SIO and CTC
chips to be daisy-chained.

The following sections describe the procedure for handling the interrupt Priority Logic in these
instances. For additional information on this topic, refer to Appendix A ot the SIO Technical Manual
(page 41).

It the interrupt priority logic of the SIO and CTC chips is to be reset with the RET! instruction, Area C

must have a jumper in the M1 column.



SECTION 2.2 Using the ZSIO RETI port

When the RETI instruction IS not available or daisy—chaining problems arise, an alternative method for

resetting the interrupt Priority Logic may be employed.

A ZSlO Board responds to an Output on port FE Hex in such a way that the SlO and OTC chips will

"think" that the processor is in an M1 cycle. By writing an ED Hex’ value followed by a 4D Hex‘ to this

port. ample time will become available for the lEl and IE0 signals to address the proper chip Note that

this port is common to all ZSIO Boards daisy—chained in the system. therefore. any chip located on a

ZSIO Board will respond correctly by toggling its lEl and lEO lines.

It the interrupt priority logic is to be reset by writing out ED followed by a 4D to port FEH, then Area C

should have a jumper in the INTA column.

' These two codes equal the opcode for an RETI instruction.

SECTION 2.3 Using the RET from Interrupt Command

if only SIO chips are being activated in asystem, then the Interrupt Priority Logic ofthese chips can be
reset with the RET from Interrupt Command. Refer to Appendix A of the SIO Technical Manual for
additional information. In this situation, Area C is not pertinent.

SECTION 3.0 Wait States During INTA, INPUT and OUTPUT Cycles

The Z-80 processor automatically inserts one Wait State during input and Output cycles, However, as
several Z-80 processor cards inhibit this characteristic. it is often required that the ZSIO Board insertan
additional Wait State during input and Output Instructions. The Board is shipped wired to dojustthat.
Since this single Wait State is only inserted when the ZSIO Board is performing an Input or Output cycle.
the system's throughput is not hampered.

On a Z-80 processor. there exists a time period during which all 2-80 support circuits are allowed to
compete for service. A 2-80 inserts two Wait States during an INTA. The two wait states allow sufficient
time for the IE! and IE0 ripple signals to stabilize and identify which l/O device must insert the response
vector. This time interval can be extended by use of Switch positions 5, 6 and 7. as described in Section
1.8. Such an extension would assure that ripple time delays do notcause erroneous vectors to be placed
onto the buss

Wait States are also inserted bytheZSlO Board wheneverthe useris using the Wait function ofthe SIO
chip. Details on the procedure for programming the SIO in this manner are presented in Appendix A (Z-
80 Programming; Write Register 1). While in this mode, a block l/O instruction can belssued totheZSlO
Board. The Wait line will become active whenever the CPU attempts to perform one of the following
activities:

1) Write data while the transmit buffer is full

2) Read data that has not yet been received

It the Wait/Ready function of the SIG chip is to be used, then a wait jumper must be inserted (Section 1.4)



Software Configuration

Sections 5. 6 and 7 that follow describe how to program the SIO and CTC. Additional information on

the procedure for programming the SIO is provided in Appendix A. The SIO Technical Manual. and

Appendix C, The SIO Application Manual CTC programming techniques may be found in Appendix B.

The CTC Technical Manual.

SECTION 5.0 Using the CTC Channels

The CTC chip has four channels referenced in Appendix B ofthe CTC Technical Manual as Channels
O through 3. As it has only three Outputs, the maximum numberof unique baud ratesthat itcan generate
is also three. If all four channels are running asynchronously. then two channels must process at the

same baud rate.

The board is shipped with Area B (Section 1 2) prewired as follows:

Channel A connected to CTC Channel 0

Channel B connected to CTC Channel 1

Channels C and D connected to CTC Channel 2

The baud rate of each channel is determined by using the following formula:

Baud Rate = F/ (CTC x SlOCLK)

Where F is equal to 921.6Ki-lz, CTC is the HEX number programmed into the CTC time constant
register and SIOCLK is the SIO chip dividing factor

The following table details the values to be used in programming the CTC time constant register and
SIO for the commonly used baud rates.

CTC Time Constant REG. Dividing Factor Baud Rate

03H X16 19.2l<
06H X16 9600
08H X16 7200
OCH X16 4800
10H X16 3600
18H X16 2400
20H X16 1800
30H X16 1200
60H X16 600
COH X16 300
COH X32 150
SSH X64 110

COH X64 75

Before the time-constant register can be programmed. the CTC channel control register must be
programmed with a SSH. Refer to Appendix B for information on how this value was obtained.

Channel 3 of the CTC IS used as a general purpose timer It may be used in eitheracounting oratirner
mode. as described in Appendix B of the CTC technical manual.

When in counting mode. the CTC counts the number of system clock cycles. This can result in a short
time interval. The longest possible period is obtained from the following formula: 255 x 255 x T, where T

represents the system clock period (250 nsec. running at 4MHz).



SECTION 4.0 Port Definitions

The ZSlO Board is LO mapped and occupies a total of 14 ports The base address of each board lS

determined by Switches 1 through 4‘ as described in Section 1 8 The following text refers to this port
base address as XXXX The ZSIO Boards Serial Channels are referred to as Channels A through D in
AopenoixAottheSlOTechnicaIManual,thechipisdividedintotwochannelsthatarealsoreferenced as

Channel A and Channel B.

Please note that the Boards Channels C and D correspond to the SlO Manuals Channels A and B4

respectively

The actual board addresses are as follows:

XXXXOOOO = XOH
— Board Channel A Data Input and Output Port

XXXXOOO1 = X1l-l - Board Channel A Status and Control Port
XXXXOO10 = X2l-l — Board Channel B Data lnout and Output Port
XXXXOO11 = ><3l-l

« Board Channel B Status and Control Port
><X><XO100 = ><4l-l

- Board Channel C Data Input and Output Port
><XXXO101 = XSH - Board Channel C Status and Control Port
X><X><O11O = XBH ~ Board Channel D Data input and Output Port
XXXXO111 = X7H — Board Channel D Status and Control Port

XXXX1000 = XBH - CTC Channel 0 = Baud Rate Generator Channel A
><XXX1001 2 X9l-l - CTC Channel 2 = Baud Rate Generator Channel B

X><XX101O = XAH - CTC Channel 2 e Baud Rate Generator Channels C and D

XXX><1011 = XBH - CTC Channel 3 Real Time Clock Channel

XXXX11OO
XXXX1101

XCH - Unused: can be used by any other S-100 board
XDH — Unused: can be used by any other S-100 board

XXXX1110 = XEH › Output=Carrier Generator for each Channel
Writing a 1 to this port turns on Carrier
Writing a O to this port turns oil‘ Carrier

Bit O Carrier for Channel A
Bit 1 Carrier for Channel B

Bit 2 = Carrier for Channel C

Bit 3 = Carrier for Channel D

lnput=DSR from each Channel
DSR is on when a O is read from this port
DSR is off when a1 is read from this port

Bit O DSR from Channel A
Bit 1 DSFl from Channel 8
Bit 2 = DSR from Channel C

Bit 3 = DSR from Channel D

XXXX1111= XFH - Same as XEH

11111110 = FEH r- Port used to reset Interrupt Priority Logic of Sid and CTC chips
(Section 2.2).



when in timer mode the c ocx tnottt may be a BO cycle clock By brogramniihg tne time constant

regisjer with a number from ‘i :o 255 a time period irorn 1. 60 to 255 60 seconds is omainabre

Both of the arorementionec technioues maybe used tor timing-out one ot the serial cnanneis or ‘or

tlme—sllcihg data processing

Note that any ot tre CTC channeas not used for baud rate generators are available lot 9el7€l3Tll‘9

ottterent time ll‘u'.>3Y'valS

SECTION 6.0 Using Auto Enables

One of the special teatures ot the SIG chip is its ability to enable the transmitter with the CTS srgnat

input and the recetver witn the DCD signal input This feature is extremeiy useful in those applications

where your system must Communicate with slower devices. such as printers and IOW speed modems

This function of the SIO chip is enabled by writing alto Bit 5 in Write Register 3

For example. a Texas instrument 8lO or 820 dot matrix printer has its Busy signal coming out of otn tt
of its RSA232 intertace When the buffer ot the printer becomestull thts line goes talse. This signal can be
wired to pin 5 tCTSt or pin 20 iDTFll on the computer side of the tnterrace ilf this busy signal was
connected to pin 5, JumperG. in Figure A3. would be inserted.) When the printercannotaccept any more
data, the SIO CTS input will be forced low and will automatically disablethetransmitter otthat particular
channel. As soon as the Ti. clears out its character buffer, the CTS signal will reverse states and the S10

channel will again be able to transmit data.

If a Receive Only terminal ts connected to a channel that is programmed for auto enable. then the

receiver ot the SlO chip will never require enabling. Only the CTS interlace signal will have to be
iumpered in the Modern Signal Direction Header

When interfacing to a devicelhat ts both sendtng and receiving there may beacircumstancewherethe
transmitter ts enabled with CTS but the recetver cannot be enabled with DCD. it ts tor thts reason that
Jumper C tn Ftgure A2 was prewired on the ZSIO circuit board By writing out to port XEH the Carrier-
Generate port. you are ableto activate DCD. JumperC then Ioopsthe signal back to the DCD input otthe
SlO chip, thereby enabling the channel receiver.

Thetoliowingis an exampleofasolutiontoasottwareproblemthatmyarise wheninterfacing different
devices to the ZSIO board. Consider a system which has a slow printer and three high speed terminals
The printer is a receive—on|y model and theterminals do not require any‘handsnaking‘signals. Since itis
desirable to initialize all four channels with the same inittaltzattoh drtver. all four are programmed with
Auto Enable ON. This is done in order to accomodate the slow printer. The three terminals must have
both their CTS and thetr DCD signals True to operate. For this reason. the appropriate DCD—generated
bits are turned on by writing out to port XEH.The board is prewired to have DCD generate loop back to
DCD detect. This results in the receivers forthe three terminals being enabled. Bitl in Write Registers is

turned ON to bring up HTS. This signal isthen looped back to CTS trttheModern Signal Direction Header
with a shunt and the transmitters are also enabled.

SECTION 7.0 Programming Examples and Tests

You rnaytind thetollowing sectionsto contain the most helpful parts otthe ZSIO Manual Theycontain
several programming examples which illustrate:

How to set up the ZSIO board for simple asynchronous operation.
How to program the CTC channels for generating baud rates and timing
llll9lU3|S.

How to set up the ZSIO board for specific systems.



By referring to these sections and the Technrcal Manuals‘ programming the ZSlO Board should prove

to be a relatively simple matter The short programs contained here can also be used to test various

functions of the ZSIO board Before trying to use the ZSlO board in a certain system. it is highly

recommended that these tests be executed This will guarantee hardware compatibility as well as

provide a means by which you can gain familiarity with the Board

SECTION 7.1 Program to Test Receiver Interrupts

The following program tests a channel ot the ZSIO board for receiver interrupts With one ZSlO board

tn the system, turn on Dtp Swttches 1: 3 4 and 8 This sets the base address at BOH

This program simply enables the first channel of the ZSlO board torreceiver rnterrupts. Any character
typed on a terminal connected to channel A will be echoed back

0100
0103
0105
0107
0109
010B
010D
010F
0111

0113
0115
0117
0119
011B
011D
011F
0121
0123
0125
0127

0129
0125
012D
012F
0131

0133
0134
0135

Set up CTC tor 9600 baud. lnit SP
Set up lnterruot Vector as BST O

ORG 0100+-I

31 OO 10 l_Xl SP.1000l-t .Set up Stack potnter
3E O2 MVI A,2 .Set A to WR2 pointer
D3 B3 OUT OB3H :Send A to B side of Chip 1

SE C7 MVt A.OC7H
D3 B3 OUT OB3l-l .Set WR2 to a RESTART O

3E 55 MVl A.55H ;CTC(O) to Counttng Mode and TC is

D3 B8 OUT OBBH :next word to be written to this port
3E 06 MVI A6 :Time Constant equals 8 which
D3 B8 OUT OB8H :sets CTC(O) to 9600 baud

JOOUOOIIIIOICIOUOOCUCOIIOIOOIOOIIIOOIIOIO
Now program the SlO chip for Receiver Interrupts

OIOIIOOIOOOOIOIOIOOOIOCIOIOOOOOOIOIOIOIOO

SE14 lvlvl A.14H :Reset Ext/Starus int‘ and
D3 B1 OUT OB1 H ,Set register Pointer to WR4
3E 4C MVl A.4CH ,X16 clock model no parity
DG B1 OUT OB1H ,2 Stop Bits
3E O3 MVl A.3
D3 B1 OUT OB1H :Point to WB3
SE 41 MV! A.41 H :Set Receiver for 7 bits/char
D3 B1 OUT OB1H :and Enable the Receiver
3E O5 MVt A.5
D3 B1 OUT OB1H ;Point to WR5
SE AA Mvl A.OAAH ,Turn on DTR and RTS. Transmitter set to
D3 B1 OUT OB1H ;7 bits/Char” Transmitter enabled
3E 01 MVI A.1

D3 B1 OUT OB1H :Set pointer to WR1
3E18 MV| /\.18H :Set SlO to Interrupt on all
D3 B1 OUT OB1H :Fieceived Characters

GOOOOOOOIUOOOOIOIOIOOIIICIO000000
SlO is Setup for Receiver interrupts

IIICOIOCOOOOIOUIOIOIIIOODIIIOOOOI
FB LOOP: El :Enable interrupts
76 HLT :Don't do anything until Rec. Int. Occurs
C3 33 O1 JMP LOOP :After you echo character lump back



ll1I8fl_.DT Service Routine

ORG 0

0000 DB B0 IN OBOH Grad Character that caused lnt

0002 D3 B0 OUT OBOH Echo it back
3004 AF XRA Clear A to O

0005 D3 B1 OUT 0B1H Maxe sure WR pointer is at WHO

0007 35 35 vw A SSH Reset in: Pemrng

0009 D3 B1 OUT 0B1H .so that next char can Cause an int
000B C9 BET Go back to program

SECTION 7.2 Program to test Receiver Interrupts (Z-80 system)

The program below is very similarto the one ofsection 71 In this example. some ot the Z—8O expanded
instructions are used Note how much “clearier" the ZSlO channel is initialized and howthe initiaiization
values are organized within a table Set Dip Switches 1. Sr 4 and 8 ON This establishes BOH as the base
acoress and enables interrupts Place the iumper rn area C in the M1coturrin and the iumoer rn area G in

me Z»8O column

Interrupt Mode 2 is used in which the l Register is the high byte and vector placed on the bus curing
lNTA is the low—order byte of the routines address.

Set up table with lnit Values
anoononoonuooouoooonooonou

ORG 0140
0140 14 DB 14t-l ‘Reset Ext/Status Hit. and point to WR4
0141 4C DB 4CH ‘X16 Clock mode, ho parity, 2 stop bits
0142 03 DB 03 ;Point to WR3
0143 41 DB 41H ;Set Rec. for 7 bits/char, Enable Rec.
0144 O5 DB 05 ,F’oir1tto WR5
0145 AA DB OAAH :Turn on RTS and DTRr Trans 7 bits char.

transmitter enabled
0146 01 DB 01 ‘Point to WR1
0147 18 DB 18H ,Set SIO to Int. on all Received Char
0148 02 DB O2 ‘Point to WR2 (B channel only)
0149 80 DB 80H :Set Vector to 80H
014A 55 DB SSH ;Set CTC Channel 0 to counting Mode
014B O6 DB 06 :Tirne Constant for 9600 baud

ORG O100H

ooouououoooooooooooooooo
Main program is put here

IOIOOIIOOIIIIDIOOIOOOIOD
0100 310010 LXI SP,1000H :Set up Stack Pointer Just in case
0103 ED 5E 1M2 :Set 2-80 for Interrupt Mode 2

0105 3E 02 MVI A.02 :Put O2 into Reg. A
0107 ED 47 MOV l.A :Set I Reg. to 02
0109 21 40 01 LXI H0140 :Set H pointer to beginning of table
010C 06 O8 MVI B8 ;Set B to length of data table
10E OE B1 MVI C.0B1H :Set C to port Address for Channel A

0110 ED B3 OTlR ‘Do a block Output to port B1l-l
0112 O6 O2 MVI BiO2 :Set B to length of 2

0114 OE B3 MVI C,OB3H .Set C to port Address for Channel B

0116 ED B3 OTIR :Do a block Output to Port B3H
0118 O6 02 MVI B,2 Set length to 2 again
011A OE B8 MVI C,OB8H ,Set C to block Address for CTC(0)
011C ED B3 OTlR ;Do a block Output to CTC(O)



IICOCOIDIOUIIOIIOIIOIICIIOIOOOOIOOIOI
The SIO ano CTC are now proqrammeo

onooaooooaoocouoooooouoooococoacocoa

011E FB LOOP EI Enabte Interrupts

011F 76 I-ILT Hatt unttt Rec gets a character

9120 C3 tE ot ¿Mtv LOOP Atter Char Echoed tump back

-cocoacoognaggggnooooaoooooan-oooouoocone
Interrupt Serytce Routtne Note ORG Statement

OOOOIOOOIIOOIOIOIIOOUOIIOOIIOIJOOOIOIIIOC
ORG O280H I Reg ~ Vector tn WR2

0280 00 DB 00 Address of Bouttne ts 0300

0281 03 DBO3

ORG O300t-I Ftnatty got there

0300 DB B0 IN OBOI-I Get Character that was typed

0302 D3 B0 OUT OBOH Echo tt back
0304 ED 4D RETI Reset Int Pendtng Status and Return

SECTION 7.3 Program to use the CTC as a Time Slice Divider

The next program ts a strnpte test that oetermtnes tt the RTC wtre has been nstatteo property I:

tnotcates the procedure for prograrnmtng the CTCtlšt channet tor Interrupts

InstaII the RTC wtre as descnbed tn Sectton 19 Set Dtp Swttchest 3 4 and 8 to the on or ctosed
oosttton (Base aooress equats BOI-I ano tnterruots Enaotedt Set the tumper tn area C tn the M1 cotumnt
and the turnper tn area G to the Z-80 column Agatn 2-80 mode 2 ts useo to process the Interrupt

Thts program wtII stmpty Output a Ietter A to a specttted port InIRISeX€imDIe108OL,[QLI1gOeSIO port02
tSuper Serrat Port A) but the user can choose whatever port he normatty uses for the consote Stnce the
CTCI3I Ttme Constant ts set to 1_ a Ietter wtII appear every 1 60 sec

Set up CTC Channel 3 Interrupts every 1 60 set:
ooooooooooooooooooooonuouuooanoocoooooono

ORG OTOOI-I

310010 LXI SP 1000H Setup stack potnter tust tn case
the Cops are comtng

01.03 ED SE |I\/I2 ‘Set Z-80 to Interrupt Mode 2

0105 3E 02 I\/l\/I A] .Set A Reg to O2

0107 ED 47 MOV IA .I Reg.set to O2

0109 AF XRA Get a 00 In A

010A D3 B8 OUT OBBI-I Set Interrupt Vector tn CTC to 00
01OC 3E D5 IVIVIAIODS CTC Channel 3 Interrupts Enabted
01OE D3 BB OUT OBBH .Counttng Mode TC ts next byte
0110 3E O1 MVI Att 'Thts vatue equals the number ot
0112 D3 BB OUT OBBt-t ‘tucks that go by between Interrupts
0114 FB LOOPEI IEnabIe Interrupts
0115 76 I-ILT RTC wtII gtve us an Interrupt
0116 C314 01 JMP LOOP After we send an A“ Imp to LOOP

Interruot Routtne Note ORG Value
cooncocoaooooooooooonooooonnoao0

ORG O206I-I II Reg + CTC Int Vector ~ Channel
offset 1000001 10=tnt Vectort

0206 00 DB 00 .Thts ts address ot Int Routtne
0207 03 DB 03 whtch ts 0300H

ORG OSOOI-I Ftnatly got there
0300 3E 41 MVI A. ‘A ‘Get ASCII `A` tn A Reg
0302 DS 02 OUT 02 Output "A to your tavortte port
0304 ED 4D RET! Reset Int Pendtng on CTC and Rat



SECTION 8.0 Theory of Operation

The Board can be sub~dtvtded tnto seterat strnp-e 'nootttes Tnes‘ are port Cecodtng data boss

tt‘ter‘ace status decodtng spectat tunctton lcgtc artd 63-232 tntertacu :trçutts

SECTION 8.1 Port Decoding

The ZStO Board occuoes a totat ot' tAx1:.t~1t O rnapoed DOTYS where A ts the humperot ooarcs tn to

system Port FEH ts COmr‘t‘O"1 to at ZStO ooarcs tn the System The tttgn order nyobte ot the Acotess pus
aurtng an t O operatton ts oecodec oy the ftrst tour ptp swztch oostttors and an eXCtUStVe'Ct chto

E‘

S

A ctosed swttcn postttoh ptaces a togtc O at the UTDLJI of one ot the tour gates and an open oosttton
ptaces a togtc 1 at the tnput When the oppostte state ts otaced atthe other thput ot' the gate. the output ot
that gate Witt attempt to set U24 Ptn 9 to a togtc 1 tf ahyotthe tout outputs ctthe exctustve-or ctrcuttare
torce: to a 'ogtc O. U24 Ptr 9wttt ce at a tow Th:s tn tern. forces Ut 7 Ptn 15 to a h=gn dssaottng thetwo~to~
tour decoder

The decoder wttt pe enabtec onty tt the correct address Dltst A7 through A4. are oh the boss Address
btts A3 and A2 are two tnpurs :o the decoder and deterrntne one ot the tour port otocks

tf both A3 and A2 are at togtc Or Ut7 Ptn12 wttt go tow and be the CE stgnat to SIO chtp one

It A3 ts a tow and A2 ts a htgh. then U17 Ptn 11 goes tow and ts the CE ot StO chtp two

It A3 ts htgh and A2 ts tow‘ U17 Pun 10 goes tow and ts the CE ot the CTC cntp

If both A3 and A2 are high the tast four port btock ts enaoted wtth U17 Ptn9 Thts stgnal ts ANDed wtth
A1 and used to enabtethe second twotofour decoderat Ut 7 Ptnt Ontytwo ot the tourports th thts btock
are actuatty used to enabte the buss transcetvers U36 and U35

The FEH port ts decoded by U34 and U24 Pth 6 The output of the etght tnput NAND gate ts ted toU18
Ptn 3 U18 Ptn 6 ts the board enabte durtng t O and ts true when port addresses XO through ><Bt-tt

addresses XEH and XFH. and address FEt-t are TRUE. (X : Board pase address)

SECTION 8.2 Data Buss Interface

The ZStO board tnterfaces to the 696 Standard Buss through U35 and USS Trt«Dtrecttona| Buss
Transcetvers. The four posstbte buss transfers thattheZS|O tnternat buss has wtth the external IEEE 696
Standard Buss are the fottowtng

1) t/O Read
2) I/O Wrtte
3) Interrupt Acknowtedge
4) M1 Read

.

Both I/O Read and tNTA transfers are from the ZSKO Boards tnternat buss to the 696 Standard Input
Buss The t/O Wrtte transfer ts from the 696 Standard output busstotheZStO tnternat buss The M1 read
transfer ts from the 696 Input Buss to the ZStO tnternat buss.

Cornptete ttextbtttty tn busss transfers ts achteved by the stx control tnputs of the 74LS442 busss
transcetvers



The chip enabies ot the transceivers. U35 and U36 Pin 1 are activated when U18 Pin 6 lboard i O

enabiei is true These transceivers are aiso enabled during every M1 cycle llumper area C ift the M1

position) or whenever the processor is in an INTA cycle iiurhper area C in the INTA positioni Once the

transcewers are enabled. then 8081 GA‘ GB and GC must be in the correct state to accompllsn the

appropriate busss transfer The toiiowihg tabie iitustrates how the s.x control slgnals ot the buss

trahsceivers are used to control data flow

Buss Transfer CE GA GB GC SO S1

1 0 Read L H H L L L

i O Write L H L L I_ H

INTA L H H L L L

!\/11 Read L H H L H L

From this tabie the toiiowing functions are derived

CE=><Othru><B-><E~><FvFE~l\/I1
GA = iogic 1 always
GB I SOUT
GC I iogic O always
SO : SOUT ~ vlEl-lEOolNTA‘-DBlNt ~ lDBlN-SlNPt

S1:lDBlN-SlNPl~l|EI0IEO-INTA‘-DBINl+lM1-lNTA ‘J

WherelNTA'lslNTA delayed by waltstateslflnserted and an asterlskls usedto denote
a low true condition

When Jumper Area C is in the INTA position, CE and S1 are not true during M1 cycles and are true
during INTA.

Jumper area C ls used to prevent theZSIO support circuitstrom readingthe IEEE Standard Data input
Buss when the interrupt Priority Logic ot the SIO and CTC rs to be reset by writing out to Port FEI-I and
EDH followed by a 4DH

Atterthe SIO and CTC detect an EDH during Iviii the interrupt-Priority Logic (iPL) wiii be reset only i'

the next M1 cycle has a 4DH on the buss consider the followlng set of instructions used to resetthe IPL

0100 SE ED MVI A.EDl-l
0102 DG EE OUT OFEH
OiO4 3E 4D IVIVI AADI-I
0106 D3 FE OUT OFEH

If jumper area C were left in the M1 position. the SIO and CTC would see ED during the first OUT
instruction However‘ the chips would see SE during the next M1 cycle. Becausethechlps would not see
ED followed by 4D in successive M1 cycles the chips would not see a RETl lnstructlon on the buss and
the lPL would not be reset. By placihg iumper area C in the INTA position the SIO and CTC wiil have its
M1 signai true only during INTA and the above program can reset the IPL properly.

SECTION 8.3 Status Decoding

Status Decoding can best be understood by again describing the fourtypes ot ‘busstranstersto which
the ZSIO wiii respohd

During an I/O Read, DBlN (buffered through U25) and SINP (buffered wlth a gate frorn U29l are
ANDed together with U19 The output (U19, Pin 8) is fed to the buss transceivers and also to IORQ and
RD of the SIO and CTC chips. When the proper port address is on the buss, the CE signai otthe SIO and
CTC chips WIII be low and data from the specific chip wiii be transferred to the lEEE 696 Data Input Bus



DEW and Slt\lP are also ANDeo with UBS tDtns 1 5 and Bi and red tot
decoder Since the other input to t`r¬e decoder s a wrte strobe it WII he t. d toice the output ottne

decocet V2 low Tnts ts usec as the butter ENTRO@ to and DSP statte tor the rout RS-232 channels IS

placed onto the thou: Buss Tl’1lSITE'TST>3t'\NlllI€x'\€ p:ace only it the G thotittothet:econe:U17 Pro 1 is

low This will oe the Case only when the correct oort is addressed

S input 0‘ the two-:o—t'our

During INTA DBIN :s ANDeo with 5€‘\€fE‘.lSt3l73'$ Tnetitstts NTA wrticn slt’\TAdelaye: byacteset

DE“ 3‘? w t' rates ideterrhined D» switch cu ,lC"S5 61ndTt Th "iPl?l«“ xaltslsj‘ PinTandts

SIG and CTC chtps siit"tc‘ent'.in‘eto conncetetortttel'1teiri.ctt.‘.ngn nti:iet'13«.n one :WD
:.5 an ln eiruztt C>3“;‘ll'lg

When using more than one ZSlO ooarc several boards can attempt to biace an interrupt vector on the

buss curing INTA Forthis reason «EI and lEO aieANDed‘iogetnerwith1NTA Th ss.g.t"al U18 Ptn12 s

v'
l nally ANDeo witn DBIN at U19 This output is routed tothe buss transcetxers and to the IOHQ Pin ctthe

SIO anc CTC chips Thus, in a multiple board system only the board with the highest prtority can insert

an lhterrupt Vector on the buss

When tne orocessor writes data Out to the ZSlO board PWR and SOUT ate ANDeo together and the
cutout. U20 Ptn13 ts tec to U213tn12 This ti o tIop is used to guarantee enough €l'TTE between lORQ

and the rising edge of the system clocx This setup time is only actixated when lcntoer area G has the
shunt in the 8080 column If tne shun: is in the Z80 column then U20 Pin 13 is connected directly tothe
lORQ logic.

The absence of the RD signal to the SIO and CTC chips forces the chips into an l 0 write state PWR
ANDed with SOUT ts also ted to the iwo—to—tour decoder U17 Pin 2 Sincethe B ihputwill betaise during

an I/O wrtte,Y1otthe decoder will strobe data into the quad latch. U23 The outputs of this latch arefed
to the tour RS232 channels as the Data Carrier Generate signals

The Mt read state is only enabled when romper area C has a shunt in the Mt column When so
lumpered,theS|O and CTC chips areableto read dataotttheDatalnputBuss durlhginstructiontetches
This function ts activated through U37 Pin 2 and ts ted to the M1 input of the SIO and to the CTC chips
through U28 Pin 8.

During the M1 fetch cycle the chips can look for an RETI instruction This instruction ts used to reset
the Interrupt Priority Logic ot the chips. lttne shunt tn iumperarea C ts in the INTA column the M1 signal
to the SIO and CTC chips will only be TRUE during INTA This is a requirement iorenaozing Interruot
Vectors to be read trom the Zilog chips

SECTION 8.4 Special Function Logic

Most of the special function logic of the ZSIO Board was added to the design in order to enable any
number of boards to be daisy-chained together. As mentioned in previous sections, problems can arise
when attempting to use more than four Zilog support circuits tn an ihterruptenvironmeht. See Appendix
A, The SIO Technical Manual, page 41 and 42 for details.

To extend the amount ot trme that the SIO and CTC chips can have to competeforan Interruptvector
response, U31, and its associated logic, places the processor into a waitstate The length of this period ts

determined by switches 5, 6 and 7 (see Section 1.8).

If all three switches are open‘ then U31 is loaded with a binary 7 atthetimethe INTA cycle begihs.The
first rising edge of the system clock increments this counter to 8 and the lNTA circuitry forces lORQ low
without any time delay If any of the switches are closed a binary count less than 7 will be loaded at the
beginning of lNTA and the processor will be forced into a wait state until the count of U31 reaches 10.



The first several clock cycles during an lNTA are not used bythe processorforexamining the wait line

Because of this. the number of wait states is equal tothe number loaded into U31 (atthe beginning ofthe

tNTA cycle) subtracted from 7. A load of seven results in regular lNTAtiming. The wait line is also forced

low when the processor is executing an lnputorOutputcycletoaZSlO Board This is dueto the setup of

the IORQ to rising edge of the system clock.

Finally. the ZSlO board will put the processor into a wait state when the wait function of the ZSIO chip

is enabled This can prove very useful when doing block I O In Summary. the wait line is forced low

during the extended INTA cycles, during lnputand Output instructionstotheZS|O Board. and iftheWait

function of the SIO is enabled. Since these added wait cycles are added only during the above special

conditions. total processor throughput is not degregated.

Sufficient |ORQ—to—rising—edge setup time is assured by a set of flip—flops. 1 2 of U21 and 1 2 of U30

SOUT and PWR are ANDed together by U20 Pin 13 and are then fed to the D input of U21

The rising edge of the system clock transfers this signal to the IORQ circuitry and the setup time is set

at 250nsec. when running at 4Ml-lz. The rising edge of PWR then sets USO Pin Slow which in turn resets
U21 Pin 9 to a low state. M1 during the next instruction fetch sets U30 Pin 5 back to a high state and

prepares U21 for the next ZSIO write cycle. Note that this special timing is only needed during Write

cycles to the ZSIO Board. This is due to the fact that lnputtiming does notcreate setuptime problems tf

this timing is not needed (as is the case with Z—8O processorsliumperarea G providesa means whereby
SOUT and PWR ANDed by U20 Pin 13 can be fed directly to the IORQ logic.

The 18.432Ml-lz crystal is divided by U30 and U38 by a factor of 20 The primary reason for this is to
provide a frequency that can easily be subdivided into common baud rates. The second reason forthe
divide by 20 logic is so that the frequency going into the CTC ts less than 1 MHZ. This is desirable because
of the fact that the maximum rate at which the CTC can be clocked is 1.2 the system clock rate (tn many
cases 2MHz)

SECTION 8.5 RS-232 Interface Circuitry

The RS-232 Circuitry is basically four indentical sets of line drivers and receivers organized in such a

way as to allow ease of configuration Of primary importance in its design was enabling the user the

ability to create any desired F<lS»232 configuration with a solderless Modem Signal Direction Area. Each

line driver and receiver can be jumpered in one or two ways. In the case of CTS. thisiumperihg can be

performed in one of three Ways.

Since the ZSlO does not have a DSR input. this signal was routed to a 74LS367 and can be polled

through Port XEH or XFH.

When interfacing to several peripherals and modems it is desirable to generate acarrierforthe RS-232

interface it was for this reason that U23 (a four bit register) was incorporated in the board. By writing out

to this port. DCD can be software controlled.



Figures and Appendices

Figures A'| through A4 - Modem Signal Direction Area

Figures Bi through B4 — Receiver and Transmitter Clock Header

Figures C1 through C3 - interrupt Priority Jumper Area

Figures DI and D2 - Multiple Board Daisy Chain Jumper Area

Figure E
— Schematic and Parts List

Appendix A - Z80 SIO Technical Manual

Appendix B - Z80 CTC Technical Manual

Appendix C
- Asynchronous Comminication Application Manual



Figures A1 - A4; Modem Signal Direction Header

D RTS CTS DTR DSR CD RxCLK TxCLK

3 CAA CB,5 CD20 CCI) CF8 DD 17 DBtl5

.
l

T’ T' "FTTH
D

T D RxD RTS CTS DTR DSR CF DET. DD GEN

Figure Al › Hordwore configuration for one at four modem signal direction headers shown without any

iumpers. Note that each ot the SlO signals can be connected to one ot two places with the exception of

CTS which can be connected to one at three places.

åìåìåååììååìêåììå
Figure A2 - Modem signal direction header showing thethree iumpers etched into the P.C. board TAB.

and C). Jumpers A and B ore all that are needed when communicating to terminals not requiring any
handshaking signals. Jumper C is used to enable the receiver at the channel when the Auto Enable

function is used. See text tor details on how to use Auto Enables.

íìïåíìåìïìììïììïì
Figure A3 - In this configuration iumpers A,B and C have been removed, iumpers Dthrough Lhave been
added, and the ZSIO channel is acting like a terminal talking to a modem The channel is excepting CTS

TG», DSR Il), ond CD LJ; from the modern while generating RTS i'Fi, OTR TH! Receiver Clock K1, and
Transmitter Clock i1Li. Usually when the ZSlO TS operating in Synchronous mode the modem Wtll supply

the two clock signals therefore iumpers K and L would not be inserted See tigure B3

8 GEN

a-

o m o
a»o

oem

___,ooj,

q:oBébooé%od%o¢oo
o o ooooooooooooo
Figure A4 -

This configuration can be used to make a terminal act as though it is connected to a modem
when nandshaking signals are needed such as Diablo or Necwriter printers The printer s RTS is looped
back to its CTS Mi and the printer s OTR is looped to both DSR Ni and CD O



Figures Bl - B4; Receiver and Transmitter Clock Header

RxCL><A RxCLKB RxCU<C RxCLKD

TxCLKA TxCLKB TxCLKC TxCLKD CYCW

crccl C’Cl mc C”

0900003999 009
?°'??°'??°‘?‘l°‘?‘”

RxCA TxCA RxCB 7xCB RxCC TxCC RxCD HCD

CTC?

Figure Bl —Hardware canllgurallon for the Recewer ana Transrnmer Clock Header Each channel can

be lurnpered such that the recelver and vransmmer clocks are generated lrorn lhe RS232 inverlace or a

CTC channel.

Figure B2
-

Thls figure shows rhe ¡urnpers whlch are etched into the P.C. board. Jumpers A,C,E, and G

are connecting the receiver and lransrnmer clocks lagelher for channels A,B,C,and D respectively

Jumper B connects CTC channel 0 to serial channel A, lurnper D connects CTC channel l to senal channel
B, and ¡umpers F and H connect CTC channel 2 lo senal channels C and D. These ¡umpers can be cut with

a sharp knnle when necessary

Figure 83
- ln this conligurahon lumpers A lhrough H have been removed and jumpers I through P have

been lnslalled. All leur channels are belng clocked from ihe RS-232 lnveríace and the CTC channels are

nov needed lo generate baud rates. A channel would normally be connected as shown when it is

cornmunrcaving wnh a Synchronous modern

m 0600 O 0

Figure B4
- In thus conlngurarion channel A and D clocks are generaved (rom CTC channel 0, channel 8

clocks are generated from CTC channel l, and channel C clocks are generated from lhe RS-232

lnverlace



Figures C1
- C3; Interrupt Priority Jumper Area

gr@ :r S.C =2 :vc
Cncrtnets A E. B Cwz?neh C â D

¡Er rEO tEl tEO Er VEO

c
g

a To 'OUT"pc:dtrttt.vrnper
erect F

From "KN" pod tn

tamper urea F Thts——°
line IS putted up wtth

G 2.2K restster.

Figure C1
- Interrupt Prtortty tumpet area shown wtthout any tumpers.

To 'OUT' pad

A B C D

From "VN" pad

Figure C2
- Interrupt Priortty area showtng the tour tumpers etched into the PC. board. Thts

Conttgurgtton allows SIO B] to have the highest prtortty tn the dotsy chctn. $10172 ts next and the CTC has

the lowest priority.

E

G
To "OUT" pod

B

From "N" pod

F

Figure C3
- In Mrs example ¡umpers AC and D have been cut away wtttt o sharp krttte and tumoers E F

and G have been Installed The CTC now has htghest prtortty rn the ootsy :hem tottowed by S10-'=t then

SIO #2.



Figures D1 and D2
- Multiple Board Daisy Chain

Jumper Area

Jumper Area E lnterrupt
Pttortty Jumper Area

tttmtttt
Figure Dt -Jumper oreo Fshown wtthoutany tumpers Thean board CJut:yCt‘tOtt‘ turrtper oreo E ts :t'tOwr‘ trtthts

ttgure to clartiy the relattonshtp between the two areas

t‘ltiIi‘t”’°rt~

tit???”
tit???”

Figure D?
—

This example shows how to dotsy chotn three ZSIO boards tn a system Jumper Areo F ts configured
such that the datsy chotn cornrnuntcotton ts tronsrnttted through S—lOO buss ltnes A through H whtch are the

vector tnterrupt ltnes lt these ltnes ore betng used tn a gtven system, then any free Itnes can be used tor 'HIS

purpose.
Board M would have rtothtng connected to tts 'IN' pod whtch ts pulled up wtth a 22K restster Thts board

would have the htghest prtortty tn the three board datsy chatn The ’OUT" pod at thts ttrst board would be

connected to a tree ltne on the S100 buss, tn thts example pm 4 ts used The second board would toke pin 4

and connect lt to its "IN ' pad and the "OUT" pad would be connected to the next free ltne, tn this example pm
5 ts used Ftnolly, board #3 would have pm 5 connected to its WN" pod whtch completes the dotsy chatn

lt should be noted that tt other hardware W
the system ts generating interrupts such as CllSl( controllers, then

the tnterrupt trorn thts board should be tncorporoteo tn the datsy chatn tt there ts o posstbtltty that they can

generate art tnterrupt response vector at the some ttme ln this way more than one vector could not be placed
on the data buss durtng tntetrupt acknowledge



U1 75189

U2 75189

U3 75188

U4 75189

U5 75188

U6 75188

U7 75189

U8 74LS367

U9 75188

U10 75189

U11 75188

U12 75188

U13 75189

U14 Z80A-SIO/2

U15 Z80/-\-CTC

U16 Z80A-S10/2

U17 74LS139

U18 74LS11

U19 741551

U20 741502

U21 74LS74

U22 74LS02

UNUSED HARDWARE

2 U33 on

USER NOTES

ZSIO PARTS LIST

U23

U24

U25

U26

U27

U28

U29

U30

U31

U32

U34

U34

U35

U36

U37

U38

3 9- 1 u27

74LS175

75LS04

75LSO8

74LSO4

74LSOO

74LS08

74LS367

74LS74

74LS191

74LS136

74LS3O

74LS3O

74LS442

74LS442

74LS14

7493

18.432 Mhz Crystal

8 Position Dip Switch
C1 thru C5 - 16uf, 35V

C6 thru C23 - .1ut

CR1- 1N914

Q1 — 2N3904

VR1

VR2

VR3

VR4
RP1

It-J:-J:-J>~—4(a)—-—-—-Ix)-Aiktx)

7805

7805

7812

7912
1k Res. Pack

2.2k

18k

1k

Heat Sinks

2x8 Righ† Angle Headers

2x17 Straight Headers

2x14 Straight Header

2x2 Straight Headers

RTC Terminal

RTC Cap
RTC Wire

Metal Bolts

Nylon Bolt

Washers

Nuts

Cable Assm.

Screw Lock Assm.



Appendix A

Z80® SIO
Technical Manual



Z80-SIO Technical Manual

Contents

General Information
. . . . . . . . . . . . . . . . _ . . . . . . . . . . . . ..

1

Pin Description
.. .

2

Architecture
.

5

The Data Path 5

Functional Description
11 ... . . . . . . . .. r.

7

Asynchronous Operation
` . ‘ ` . . . , , , . . . . . . . . . . ..

9

Asynchronous Transmit
. . . . . . . . . . . _ . . . . . . . . . . . ..

9

Asynchronous Receixe
..

Synchronous Operation.
Synchronous Transmit

..Synchronous Receixe
. . . . . . . . ,_ . .,

7

SDLC(HDLC) Operation
. . . . . . . . . . . . 44 .

.21

SDLC Transmit
. _ . _ . _ . . . . . . . . . . . . . _ _ _ _ . . . . . ..

.21

SDLC Receixe
.. . . . . . r . r . . . . . . . . . . . . . . . . . . . . . . `

N25

Z80-SlO Programming
. . . . . . . . . . . . . . . . . . . . . . . . . .

[429

Write Registers‘

Read Registers
.

Applications
_...



General Information

The Z80—SIO (Serial Input/Output) is a dual-channel
multi-function peripheral component designed to satisfy
a wide variety of serial data communications require»

ments in microcomputer systems. Its basic function is a

serial-to-parallel, parallel»to-serial converter/controller,
but—within that role——it is configurable by systems

software so its “personality" can be optimized for a

given serial data communications application.

The Z80-STO is capable of handling asynchronous
and synchronous byte—oriented protocols such as IBM

Bisync, and synchronous bit-oriented protocols such as

HDLC and IBM SDLC. This versatile device can also be

used to support virtually any other serial protocol for
applications other than data communications (cassette

or floppy disk interfaces, for example).

The Z80~SIO can generate and check CRC codes in

any synchronous mode and can be programmed to
check data integrity in various mode» The device also

has facilities for modern controls in both channels. ln
applications where these controls are not needed, the
modem controls can be used for general-purpose LO.

STRUCTURE

N-channel silicon-gate depletion-load technology

40-pin DIP
I
I
I Single 5 V power supply

I Single-phase 5 V clock

I All inputs and outputs TTL compatible

FEATU RES

I Two independent full-duplex channels

I Data rates in synchronous or isosynchronous modes:

0 Ov55OK bits/second with 2.5 MHZ system clock
rate

I 0~880K bits/second with 4.0 MHZ system clock
rate

I Receiver data registers quadruply buffered; trans-
mitter doubly buffered.

I Asynchronous features:

' 5, 6, 7 or 8 bits/character

-1,1‘/z or 2 stop bits
0 Even, odd or no parity
0 x1, x 16, X32 and X64 clock modes
0 Break generation and detection
0 Parity, overrun and framing error detection
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_
CHANNELCLOCKS
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WAITREADY
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I Binary synchronous features:

0 Internal or external character synchronization

- One or two sync characters in separate registers

0 Automatic sync character insertion

- CRC generation and checking

I HDLC and IBM SDLC features:

0 Abort sequence generation and detection

I Automatic zero insertion and deletion

I Automatic flag insertion between messages

° Address field recognition

0 l-field residue handling

I Valid receive messages protected from overrun

f CRC generation and checking

I Separate modem control inputs and outputs for both
channels

I CRC-16 or CRC~CCITT block check

I Daisy-chain priority interrupt logic provides auto-
matic interrupt vectoring without external logic

I Modem status can be monitored

Pin Description

D0—D-,. System Data Bus (bidirectional, 3-state). The
system data bus transfers data and commands between
the CPU and the Z80-SIO. DO is the least significant bit.

B/Ã. Charme/A OrB Select (input, High selects Chan-
nel B). This input defines which channel is accessed

during a data transfer between the CPU and the

Z80-SIO. Address bit A@ from the CPL‘ is often used for
the selection function.

C/D. Control Or Data Select (input, High selects Con»

trol). This input defines the type of information trans»

fer performed between the CPU and the Z80-SIO. A
High at this input during a CPL‘ write to the Z80—SIO

causes the information on the data bus to be interpreted
as a command for the channel selected by B Ã. A Low at

C 5 means that the information on the data bus is data.
Address bit A, is often used for this function.

CE. Chip Enable (input, active Low). A Low level at

this input enables the Z80~SlO to accept command or
data inputs from the CPU during a write cycle, or to
transmit data to the CPU during a read cycle.

Ó.
System Clock (input). The Z80-SlO uses the stand«

ard ZSOA System Clock to synchronize internal signals.
This is a single-phase clock.

Ml. Machine Cycle One (input from Z80-CPU, active
Low). When W is active and E) is also active, the
Z80-CPU is fetching an instruction from memory; when
W is_::ic_tive while E5 is active, the Z80-SIO accepts W
and lORQ as an interrupt acknowledge if the Z80—SlO is

the highest priority device that has interrupted the
Z80-CPU.

IORQ. Input/Output Request (input from CPU, active
Low). W; is used in conjunction with B/Ã, C/B, C—E

and í) to transfer commands and data between the CPU

and the Z80-SIO. When C-135,¡E and m) are all active,
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Figure 1. Z30-SIOIO Pln Configuration



the channel selected by B/X transfers data to the CPU (a
read operation). When C-13and W170 are active, but ¡TD is

inactive, the channel selected by B/K is written to by the
CPU with either data or control information as specified
by 05. As mentioned previously, if i5i<T) and W are ac-
tive simultaneously, the CPU is acknowledging an inter-
rupt and the 280-510 automatically places its interrupt
vector on the CPU data bus if it is the highest priority
device requesting an interrupt.

IÉ. Read Cycle Status. (input from CPU, active Low).

If E) is active, a memory or 1/0 read operation is in pro-
gress. Ñ is used with B/Ã, CT: and IOTQ to transfer data
from the Z80-SK) to the CPU.

RESET. Reset (input, active Low). A Low RESET dis-
ables both receivers and transmitters, forces TVDA and
TXDB marking, forces the modem controls High and dis-
ables all interrupts. The control registers must be re-
written after the Z80-SIO is reset and before data is

transmitted or received.

¡EL Interrupt Enable In (input, active High). This sig-

nal 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 pri-
ority is being serviced by a CPU interrupt service routine.

IEO. Interrupt Enable Out (output, active High). IE0
is High only if IE1 is High and the CPU is not servicing an

interrupt from this Z80-S10. Thus, this signal blocks
lower priority devices from interrupting while a higher
priority device is being serviced by its CPU interrupt ser-

VTCE l’0U[lI1€.

‘T. Interrupt Request (output, open drain, active
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Low). When the Z80-SIO is requesting an interrupt, it
pulls mi‘ Low.

W/RDYA, W/RDYB. Wait/Ready A, Wait/Ready B
(outputs, open drain when programmed for Wait func-
tion, 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-SIO data

rate. The reset state is open drain.

CTSA. CTSB. Clear T0 Send (inputs, active Low).
When programmed as Auto Enables, a Low on these

inputs enables the respective transmitter. If not pro-
grammed as Auto Enables, these inputs may be pro-
grammed as general-purpose inputs. Both inputs are
Schmitt-trigger buffered to accommodate slow-risetime
inputs. The Z80-SIO detects pulses on these inputs and
interrupts the CPU on both logic level transitions. The
Schmitt-trigger inputs do not guarantee a specified
noise—level margin.

DCDA, DCDB. Data Carrier Detect (inputs, active
Low). These signals are similar to the CTS inputs, except
they can be used as receiver enables.

RXDA, RxDB. Receive Data (inputs, active High).

TXDA, TxDB. Transmit Data (outputs, active High).

RxCA, RxCB.* Receiver Clocks (inputs). See the fol-
lowing section on bonding options. The Receive Clocks
may be 1, I6, 32 or 64 times the data rate in asynchro-
nous modes. Receive data is sampled on the rising edge

of Ñ.
‘See footnote on next page.
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TXCA. TxCB.* Trarismmer Clocks (inputs). See sec-

tion on bonding options. ln asynchronous modes. the

Transmitter clocks may be l, 16, 32 or 64 times the data

rate. The multiplier for the transmitter and the receiver

must be the same. Both the FCC and F? inputs are

Schmitt-trigger buffered for relaxed rise- and fall-time

requirements (no noise margin is specified). TXD changes

on the falling edge of 17C.

RTSA. RTSB. Request To Send (outputs, active Low).

When the RTS bit is set. the É output goes Low. When

the RTS bit is reset in the Asynchronous mode, the out-

put goes High after the transmitter is empty. ln Syn-
chronous modes, the ?pin strictly follows the state of
the RTS bit. Both pins can be used as general-purpose

outputs.

DTRA, DTRB. Dam Terminal Ready (outputs, active
Low). See note on bonding options. These outputs fol-
low the state programmed into the DTR bit. They can

also be programmed as general-purpose outputs.

S C A. SYNC B. Synchronization (inputs/outputs,

active Low). These pins can act either as inputs or out-
puts. ln the Asynchronous Receive mode, they are in-

puts similar to CTS and ïñ. In this mode, the transi-
tions on these lines affect the state of the Sync/Hunt

status bits in RRO. 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 EYE after that rising edge of Ñ on which the
last bit of the sync character was received. ln other
words, after the sync pattern is detected, the external
logic must wait for two full Receive Clock cycles to acti-

vate the Tc' input. Once swc is forced Low, it is wise

to keep it Low until the CPU informs the external sync

logic that synchronization has been lost or a new mes

sage is about to start. Character assembly begins on the

rising edge of Ñ that immediately precedes the falling
edge of S7? in the External Sync mode.

In the Internal Synchronization mode (Moriosvnc
and Bisync), these pins act as outputs that are active
during the part of the l"€C€l\.€ clock tire‘) cycle in which

sync characters are recognized. The sync condition is

not latched. so these outputs are actiie each time a sync

pattern is recognized, regardless of character bounda-
HES.

BONDING OPTIONS

The constraints of a 40-pin package make it impossible

to bring out the Receive Clock, Transmit Clock, Data
Terminal Ready and Sync signals for both channels.
Therefore, Channel B must sacrifice a signal or have

two signals bonded together. Since user requirements

vary, three bondings options are offered:

I Z80-SIO/0 has all four signals, but Txca and RXCB

are bonded together (Fig. l).

- Z80-SIO/1 sacrifices DTRB and keeps TKCB, RXCB

and SYNCB (Fig. 2).

- Z80-SIO/2 sacrifices SYNCB and keeps TxCB, RXCB

and DTRE (Fig. 3).
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‘These clocks may be directly driven by the Z80-CTC (Counter Timer Circuit) for fully programmable baud rate generation



Architecture

The device internal structure includes a Z80-CPU inter-
face, internal control and interrupt logic, and two full-
duplex channels. Associated with each channel are 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, 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 Read Register Z in Channel B.

The registers for both channels are designated in the text
as follows:

WRO—WR'7

~
Write Registers 0 through 7

RRO—RR2 — Read Registers 0 through 2

The bit assignment and functional grouping of each

register is configured to simplify and organize the pro-
gramming process. Table l illustrates the functions
assigned to each read or write register.

Register pointers, CRC initialize, initialization con-i-

mands tor the various modes, etc

Transmit/Receive interrupt and data transler mode

definition

WR2 Interrupt vector (Channel B onlyl

WR8 Fteceive parameters and controls

Transmit/Receive miscellaneous parameters and

modes

WR5 Transmit parameters
and controls

'NRG Sync
character orrSDLC

address field

WR7 Sync character or SDLC flag

(a) Write Register Functions

Transmit/Receive butler status, interrupt status and
RRO

external status

RFH
Special

Receive Condition status

FiR2 Modified interrupt vector (Channel B onlyi

(o) Read Register Functions

Table 1. Functional Assignments al Read and Write Registers

The logic for both channels provides formats, syn-
chronization and validation for data transferred to and
from the channiinterface. The modem control inputs
Clear to Send (crs) and Data Carrier Detect (SÉ)

are
monitored by the discrete control logic under program

control. All the modern control signals are general pur-
pose in nature and can be used for functions other than
modern control.

For automatic interrupt vectoring, the interrupt con-
trol 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 in-

terrupts are prioritized in that order within each chan-
nel.

Data Path

The transmit and receive data path for each channel is

shown in Figure 4. The receiver has three 8-bit buffer
registers in a FIFO arrangement (to provide a 3-byte
delay) in addition to the 8-bit receive shift register. This

arrangement creates additional time for the CPU to ser-

vice an interrupt at the beginning of a block of high-
speed data. The receive error FIFO stores parity and
framing errors and other types of status information for
each of the three bytes in the receive data FIFO.

Incoming data is routed through one of several paths
depending on the mode and character length. In the
Asynchronous mode, serial data is entered in the 3-bit
buffer if it has a character length of seven or eight bits,

or is entered in the 8-bit receive shift register if it has a

length of five or six bits.

ln the Synchronous mode, however, the data path is

determined by the phase of the receive process currently
in operation. A Synchronous Receive operation begins
with the receiver in the Hunt phase, during which the
receiver searches the incoming data stream for a bit pat-
tern that matches the preprogrammed sync characters
(or ?ags in the SDLC mode). If the device is programmed
for Monosync Hunt, a match is made with a single sync

character stored in WR?. ln Bisync Hunt, a match is

made with dual sync characters stored in WR5 and w R7.

ln either case the incoming data passes through the
receive sync register, and is compared against the pro-
grammed sync character in was or WR". In the Mono-

sync mode, a match between the sync character pro-
grammed into u R¬ and the character assembled in the
receive sync register establishes synchronization.

In the Bisync mode, however, incoming data is

shifted to the receive shift register while the next eight
bits of the message are assembled in the receive sync
register. The match between the assembled character in
the receive sync registers with the programmed sync
character in vv R6 and WR7 establishes synchronization.
Once synchronization is established, incoming data by-
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Figure 4. Transmit and

passes the receive sync register and directly enters the
3-bit buffer.

In the SDLC mode, incoming data first passes through
the receive sync register, which continuously monitors
the receive data stream and performs zero deletion when
indicated. Upon receiving five contiguous 1'5, the sixth
bit is inspected. If the sixth bit is a 0, it is deleted from
the data stream. If the sixth bit is a l, the seventh bit is

inspected. If that bit is a 0, a Flag sequence has been

received; if it is a 1, an Abort sequence has been re-
ceived.

The reformatted data enters the 3-bit buffer and is

transferred to the receive shift register, Note that the
SDLC receive operation also begins in the Hunt phase,

during which the Z80-SIO tries to match the assembled
Character in the receive shift register with the flag pat-
tern in WR7. Once the first flag character is recognized,
all subsequent data is routed through the same path,
regardless of character length.
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Receive Data Path

Although the same CRC checker is used for both SDLC

and synchronous data, the data path taken for each

mode is different. In Bisync protocol, a byte-oriented
operation requires that the CPU decide to include the
data character in CRC. To allow the CPL‘ ample time to
make this decision, the Z80-SIO provides an 8-bit
delay for synchronous data. In the SDLC mode, no delay
is provided since the Z80-SIO contains logic that deter-
mines the bytes on which CRC is calculated.

The transmitter has an 8-bit transmit data register
that is loaded from the internal data bus and a 20-bit
transmit shift register that can be loaded from WR6, WR?
and the transmit data register. was and WR7 contain
sync characters in the Monosync or Bisync modes, or
address field (one character long) and flag respectively
in the SDLC mode. During Synchronous modes, infor-
mation contained in WR6 and WR7 is loaded into the
transmit shift register at the beginning of the message

and, as a time filler, in the middle of the message if a

Transmit Underrun condition occurs. In the SDLC

mode, the flags are loaded into the transmit shift regis-

ter at the beginning and end of message.



Asynchronous data in the transmit shift register is

formatted with start and stop bits and is shifted out to
the transmit multiplexer at the selected clock rate. Syn-
chronous (Monosync or Bisync) data is shifted out to
the transmit multiplexer and also to the CRC generator
at the ><1 clock rate.

SDLC I»-IDLC data is shifted out through the zero inser-
tion logic, which is disabled while the flags are being
sent. For all other fields (address, control and frame
check) a 0 is inserted following five contiguous is in the
data stream. The CRC generator result for SDLC data is

also routed through the zero insertion logic.

Functional Description

The functional capabilities of the Z80-SIO 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 various data com-
munications protocols; as a Z80 family peripheral, it
interacts with the Z80-CPU and other Z80 peripheral
circuits, and shares their data, address and control
busses, as well as being a part of the Z80 interrupt struc-
ture. As a peripheral to other microprocessors, the
Z80-SIO offers valuable features such as non-vectored
interrupts, polling and simple handshake capabilities.

The first part of the following functional description
describes the interaction between the CPU and Z80-S10;
the second part introduces its data communications
capabilities.

I/0 CAPABILITIES

The Z80-SIO 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. The Polled mode avoids interrupts. Status
registers RRO and RM are updated at appropriate times
for each function being performed (for example, CRC

Error status valid at the end of the message). All the in-
terrupt modes of the Z80-SIO 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 on and Dz indicate that a receive or
transmit data transfer is needed. The status also in-
dicates Error or other special status conditions (see

“Z80-SIO Programming"). The Special Receive Condi-
tion status contained in RRI does not have to be read in a

Polling sequence because the status bits in RR) are ac-

companied by 21 Receive Character Available status in
RRO.

Interrupts. The Z80-SIO offers an elaborate interrupt
scheme to provide fast interrupt response in real-time
applications. As mentioned earlier, Channel B registers
WR2 and RR2 contain the interrupt vector that points to
an interrupt service routine in the memory. To service
operations in both channels and to eliminate the neces-

sity of writing a status analysis routine, the Z80-SIO 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 (WRI,
D1) in Channel B called “Status Affects Vector.” When
this bit is set, the interrupt vector in WR2 is modified
according to the assigned priority of the various inter-
rupting conditions. The table in the Write Register 1

description (Z80-SIO Programming section) shows the
modification details.

Transmit interrupts, Receive interrupts and External/
Status interrupts are the main sources of interrupts
(Figure 5). Each interrupt source is enabled under pro-
gram control with Channel A having a higher priority
than Channel B, and with Receiver, Transmit and Ex-
ternal/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 interrupt the CPU in one
of three ways:

0 Interrupt on first receive character

- Interrupt on all receive characters

' Interrupt on a Special Receive condition

Interrupt On First Character is typically used with the
Block Transfer mode. Interrupt On All Receive Charac-
ters has the option of modifying the interrupt vector in
the event of a parity error. The Special Receive Condi-
tion interrupt can occur on a character or message basis

(End Of Frame interrupt in SDLC, for example). The
Special Receive condition can cause an interrupt only if
the Interrupt On First Receive Character or Interrupt
On All Receive Characters mode is selected. in Inter-
rupt On First Receive Character, an interrupt can occur
from Special Receive conditions (except Parity Error)
after the first receive character interrupt (example:
Receive Overrun interrupt).

The main function of the External/Status interrupt is

to monitor the signal transitions of the CT, 56-1) and
WE pins; however, an External/Status interrupt is also
caused by a Transmit Underrun condition or by the
detection of a Break (Asynchronous mode) or Abort
(SDLC mode) sequence in the data stream. The interrupt
caused by the Break/Abort sequence has a special
feature that allows the Z80-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.



CPU/DMA Block Transfer. The Z80-SIO provides a

Block Transfer mode to accommodate CPL block trans-
fer functions and DMA controllers (Z80-DNIA oriher
designs). The Block Transfer mode uses the WAlT/

if output in conjunction with the Wait/Ready bits
of Write Register 1. The wm' READY output can be

defined under software control as a WAIT line in the CPU

Block Transfer mode or as a READY line in the DMA

Block Transfer mode.

To a DNI.-X controller. the Z80-SIO READY output
indicates that the Z80-S10 is ready to transfer data to or
from memory. To the CPL, the \\'-\lT output indicates
that the Z80~SIO IS not ready to transfer data, thereby
requesting the CPL to extend the l 0 cycle. The pro-
gramming of bits 5, 6 and ¬ of Write Register I and the
logic states of the

\ 
line are defined in the

Write Register l description (Z80»SlO Programming
section.)

DATA COMMUNICATIONS CAPABILITIES

In addition to the I O capabilities previousl) discussed,

the ZSOASIO provides two independent tull-duplex
channels as well as Asynchronous, Synchronous and
SDLC i'Hl'Jl Ci operational modes. These modes facilitate
the implementation of commonly used data communi-

cations protocols.

The specific features of these modes are described in

the following sections. To preserxe the independence
and completeness of each 5f."Q[lOl'1. some information

common to all modes is repealed.
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Asynchronous Operation

To receive or transmit data in the Asynchronous mode,
the Z80-SIO must be initialized with the following pa-
rameters: character length, clock rate. number of stop
bits, even or odd parity, interrupt mode. and receiver or
transmitter enable. The parameters are loaded into the
appropriate write registers by the system program. w R4

parameters must be issued before wki. “R3 and WR5

parameters or commands.

If the data is transmitted over a modem or RS232C
interface. the i<Eot‘Esr TO SEND «?t and tíïìïì-(TR) outputs must be set along with the
Transmit Enable bit. Transmission cannot begin until
the Transmit Enable bit is set.

The Auto Enables feature allows the programmer to
send the first data character of the message to the
280-510 without waiting for ETS. If the Auto Enables
bit is set. the Z80-SIO will wait for the (Í pin to go
Low before it begins data transmission. E?, IW) and
STE are general-purpose 10 lines that may be used for
functions other than their labeled purposes. If E‘.T—s is

used for another purpose, the Auto Enables Bit must be

programmed to 0,

Figure 6 illustrates asynchronous message formats;
Table 2 shows WR3, WR4 and WRS with bits set to indi-

cate the applicable modes. parameters and commands in
asynchronous modes. WR2 (Channel B only) stores the
interrupt vector; WR] defines the interrupt modes and
data transfer modes. WR6 and WR7 are not used in asyn-
chronous modes. Table 3 shows the typical program
steps that implement a full-duplex receive/transmit
operation in either Channel.

Asynchronous Transmit

The Transmit Data output ¡nm is held marking (High)
when the transmitter has no data to send. Under pro-
gram control, the Send Break (u R5. m) command can

be issued to hold TKD spacing (Low) until the command
is cleared.

The Z80-S10 automatically adds the start bit, the
programmed parity bit (odd, even or no parity) and the
programmed number of stop bits to the data character
to be transmitted. When the character length is six or
seyen bits. the unused bits are automatically ignored by
the Z80-SIO. If the character length is fire bits or less,

refer to the table in the Write Register 5 description
(Z80-S10 Programming section) for the data format.

Serial data is shifted from TXD at a rate equal to l,
1/16th, 1/32nd or 1/64th of the clock rate supplied to
the Transmit Clock input (TXC t. Serial data is shifted

out on the falling edge of i Txc i.

If set. the External/Status Interrupt mode monitors
the status of Í, (TS and throughout the trans-
mission of the message. if these inputs change for a

period of time greater than the minimum specified pulse
width, the interrupt is generated. In a transmit opera-
tion, th_is_feature is used to monitor the modem control
signal (TS.
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Asynchronous Receive

An Asynchronous Receive operation begins when the
Receive Enable bit is set. If the Auto Enables option is

selected, ¡TD must be Low as well. A Low (spacing)
condition on the Receive Data input IRXD) indicates a

start bit. lf this Low persists for at least one-half of a bit

time, the start bit is assumed to be valid and the data in-

put is then sampled at mid-bit time until the entire
character is assembled. This method of detecting a start
bit improves error rejection when noise spikes exist on
an otherwise marking line.

If the X l clock mode is selected, bit synchronization

must be accomplished externally. Receive data is sam-

pled on the rising edge of Rxc. The receiver inserts 1'5

when a character length of other than eight bits is used.

If parity is enabled, the parity bit is not stripped from
the assembled character for character lengths other than
eight bits. For lengths other than eight bits, the receiver
assembles a character length of the required number of
data bits, plus a parity bit and l‘s for any unused bits.
For example, the receiver assembles a 5-bit character
with the following format: ii P D4 D3 Dz D1 D0.

Since the receiver is buffered by three 8-bit registers
in addition to the receive shift register, the CPL‘ has

enough time to service an interrupt and to accept the
data character assembled by the Z80-SIO. The receiver
also has three buffers that store error flags for each data
character in the receive buffer. These error flags are

loaded at the same time as the data characters.

After a character is received, it is checked for the
following error conditions:

I When parity is enabled, the Parity Error bit (Rm,
D4) is set whenever the parity bit of the character
does not match with the programmed parity. Once
this bit is set, it remains set until the Error Reset

Command {WRO) is given.

0 The Framing Error bit (RRI, D5) is set if the char-

acter is assembled without any stop bits (that is. a

Low le\ el detected for a stop bit). Unlike the Parity
Error bit, this bit is set (and not latched) only for
the character on which it occurred. Detection of
framing error adds an additional one-half of a bit
time to the character time so the framing error is

not interpreted as a new start bit.

- If the CPU fails to read a data character while more
than three characters have been received, the Re-

ceive Overrun bit {RR}, D5) is set. When this oc-

curs, the fourth character assembled replaces the
third character in the receive buffers. With this ar-
rangement, only the character that has been writ-
ten over is flagged with the Receive Overrun Error
bit. Like Parity Error, this bit can only be reset by
the Error Reset command from the CPU. Both the
Framing Error and Receive Overrun Error cause

an interrupt with the interrupt vector indicating a

Special Receive condition (if Status Affects Vector
is selected).

Since the Parity Error and Receive Overrun Error
?ags are latched, the error status that is read reflects an

error in the current word in the receive buffer plus any
Parity or Overrun Errors received since the last Error
Reset command. To keep correspondence between the

state of the error buffers and the contents of the receive

data buffers, the error status register must be read

before the data. This is easily accomplished if vectored
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FUNCTION TYPICAL PROGRAM STEPS COMMENTS

REGISTER INFORMATION LOADED"

'Neo CHANNEL RESET Reset SIO

INITIALIZE

IDLE MODE

WFIO POINTER 2

WR2 INTERRUPT VECTOR

WRO POINTER 4 RESET EXTERNAL STATUS INTERRUPT

WR4 ASVNCHRONOUS MODE. PARITV INFORMATION STOP BITS

INFORMATION. CLOCK RATE INFORMATION

WRD POINTER 3

WR3 RECEIVE ENAEILE. AUTO ENABLES. RECEIVE CHARACTER

LENGTH

WRO POINTER 5

WR5 REQUEST TO SEND, TRANSMIT ENABLE. TRANSMIT

CHARACTER LENGTH. DATA TERMINAL READY

WRO POINTER I. RESET EXTERNALSTATUS INTERRUPT

WRI TRANSMIT INTERRUPT ENABLE, STATUS AFFECTS VECTOR

INTERRUPT ON ALL RECEIVE CHARACTERS. DISABLE WAIT:

READY FUNCTION. EXTERNAL INTERRUPT ENABLE

TRANSFER FIRST DATA BYTE TO SIO

EXECUTE HALT INSTRUCTION OR SOME OTHER PROGRAM

Channei B oniy

Issue parameters

Receive and Transmit both Iuiiy initiaI-

rzed. Auto EnabIes WIII enable Trans—

rnitter if CTš is active and Receiver if

D75 is active

TTETISITIIIJRECEIVE interrupt mode se-

lected. Externai Interrupt monitors the

status of the CTS i5C—Dand M inputs

and detects the Break sequence. Status

Affects Vector tn Channei B only.

This data byte must be transferred or no

transmit interrupts WIII occur.

Program IS waiting for an interrupt from

the SIO.

DATA TRANSFER AND
ERROR MONITORING

TERMINATION

Z50 INTERRUPT ACKNOWLEDGE CYCLE TRANSFERS RR2 TO CPU

IF A CHARACTER IS RECEIVED‘

I TRANSFER DATA CHARACTER TO CPU

o UPDATE POINTERS AND PARAMETERS

o RETURN FROM INTERRUPT

IF TRANSMITTER BUFFER IS EMPTY.

o TRANSFER DATA CHARACTER TO SIO

o UPDATE POINTERS AND PARAMETERS

I RETURN FROM INTERRUPT

IF EXTERNAL STATUS CHANGES

o TRANSFER RFID TO CPU

o PERFORM ERROR ROUTINES (INCLUDE BREAK DETECTION)

o RETURN FROM INTERRUPT

/F SPECIAL RECEIVE CONDITION OCCURS

o TRANSFER RRI TO CPU

o DO SPECIAL ERROR (E G FRAMING ERROR) ROUTINE

o RETURN FROM INTERRUPT

REDEFINE RECEIVETRANSMIT INTERRUPT MODES

DISABLE TRANSMIT RECEIVE MODES

UPDATE MODEM CONTROL OUTPUTS (E G RTS OFF)

Table 3, Asynchronous Mode

when the interrupt occurs. the interrupt

vector is modified by: 1. Receive Char-

acter Avatiable; 2. Transmit Butter Emp-

ty; 3. Externailstatus change: and 4.

Spectat Receive condition.

Program control is transferred to one of

the eight interrupt service routines.

If used WIII1 processors other than the 250.

the modified Interrupt vector (FIRE) shouid

be returned to the CPU in the Interrupt Ac-

knowiedge sequence.

When transmit or receive data transfer IS

complete

In Transmit. the AH Sent status btt indi-

cates transmission IS compiete



interrupts are used, because a special interrupt vector is

generated for these conditions.

While the External/Status interrupt is enabled. break
detection causes an interrupt and the Break Detected
status bit (RRO, of) is set. The Break Detected interrupt
should be handled by issuing the Reset External/Status
interrupt command to the Z80-SIO in response to the
first Break Detected interrupt that has a Break status of
1 (km). D-l. The Z80-SlO monitors the Receive Data in-
put and waits for the Break sequence to terminate, at

which point the Z80-S10 interrupts the CPL’ with the
Break status set to 0. The CPL’ must again issue the Reset

External/Status Interrupt command in its interrupt ser-

vice routine to reinitialize the break detection logic.

The External/Status interrupt also monitors the
status of 55?). If the D—C—D

pin becomes inactive for a

period greater than the minimum specified pulse width,
an interrupt is generated with the DCD status bit (RRO,

Dj) set to 1. Note that the DTD input is inverted in the
RRO status register.

If the status is read after the data, the error data for
the next word is also included if it has been stacked in

the buffer. If operations are performed rapidly enough
so the next character is not yet received, the status regis-

ter remains valid. An exception occurs when the Inter-
rupt On First Character Only mode is selected. A special
interrupt in this mode holds the error data and the char-
acter itself (even if read from the buffer) until the Error
Reset command is issued. This prevents further data
from becoming available in the receiver until the Reset

command is issued. and allows CPL intervention on the
character with the error even if mm or block transfer
techniques are being used.

If Interrupt On E\er_v Character is selected the inter-
rupt vector is different if there is an error status tn RRt.

If a Receiver Overrun occurs. the most recent character
received is loaded into the buffer: the character pre-
ceding it is lost. When the character that has been writ-
ten over the other characters is read, the Receive Over-
run bit is set and the Special Receive Condition vector is

returned if Status Affects Vector is enabled.

In a polled environment, the Receive Character
Available bit (RRO, Dii) must be monitored so the

Z80-CPL’ can know when to read a character. This bit is

automatically reset when the receive buffers are read.
To prevent overwriting data in polled operations. the
transmit buffer status must be checked before writing
into the transmitter. The Transmit Buffer Empty bit IS

set to 1 whenever the transmit buffer is empty.



Synchronous Operation

Before describing synchronous transmission and recep-
tion, the three types of character synchronization-

Monosync, Bisync and External Sync-require some ex-
planation. These modes use the xl clock for both
Transmit and Receive operations. Data is sampled on
the rising edge of the Receive Clock input (WC). Trans-
mitter data transitions occur on the falling edge ol the
Transmit Clock input (WE),

The differences between Monosync, Bisync and Ex-
ternal Sync are in the manner in which initial character
synchronization is achieved. The mode of operation

must be selected before sync characters are loaded,
because the registers are used differently in the various
modes. Figure 7 shows the formats for all three of these

synchronous modes.

Monosync. ln a Receive operation, matching a single

sync character (8-bit sync mode) with the programmed

sync character stored in Wk‘. implies character synchro~
nization and enables data transfer.

Bisync. Matching two contiguous sync characters
(16-bit sync mode) with the programmed sync charac-

ters stored in WR6 and WR? implies character synchroni-
zation. In both the Monosync and Bisync modes, SYNC

is used as an output, and is active for the part of the
receive clock that detects the sync character.

External Sync. ln this mode. character synchronization
is established externally; S—YN—Cis an input that indicates
external character synchronization has been achieved.
After the sync pattern is detected, the external logic

must wait for two full Receive Clock cycles to activate
the input. The SYVC input must be held Low until
character synchronization is lost. Character assembly
begins on the rising edge of Ñ that precedes the falling
edge of

ln all cases after a reset, the receiver is in the Hunt
phase, during which the Z80-SIO looks for character
synchronization. The hunt can begin only when the
receiver is enabled, and data transfer can begin only
when character synchronization has been achieved. If
character synchronization is lost, the Hunt phase can be

re-entered by writing a control word with the Enter
Hunt Phase bit set (mu, D4). ln the Transmit mode, the
transmitter always sends the programmed number of
sync bits (8 or ió). ln the Monosync mode, the trans-
mitter transmits from WR6; the receiver compares
against WW.

In the Monosync, Bisync and External Sync modes,
assembly of received data continues until the Z80-SIO is

reset, or until the receiver is disabled (by command or
by 635 in the Auto Enables mode), or until the CPU Sets

the Enter Hunt Phase bit.
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After initial synchronization has been achieved. the
operation of the Monosync. Bisync and External Sync
modes is quite similar. Any differences are specified in
the following text.

Table 4 shows how VVR3. WR-1 and was are used in
synchronous receive and transmit operations. WRO

points to other registers and issues various commands,
WR1 defines the interrupt modes, WRZ stores the inter-

rupt vector. and “Re and WR‘ store sync characters.
Table 5 illustrates the typical program steps that imple-

ment a halt-duplex Bisync transmit operation.

Synchronous Transmit

INITIALIZATION

The system program must initialize the transmitter with
the following parameters: odd or even parity, X1 clock
mode, 8- or l6-bit sync character(s), CRC polynomial,
Transmitter Enables, Request To Send. Data Terminal
Ready, interrupt modes and transmit character length.
wiu parameters must be issued before WRI, WR3, WRS,

WR6 and WR7 parameters or commands.

One of two p0lynomialS—CRC-16 (X16
+ X” + X1 +1)

or sDLc (X‘5+X‘Z+x5+1)—may be used with syn-
chronous modes. In either case (SDLC mode not
selected), the CRC generator and checker are reset to all
O’s. In the transmit initialization process, the CRC

generator is initialized by setting the Reset Transmit
CRC Generator command bits (WRO). Both the trans-
mitter and the receiver use the same polynomial.

Transmit Interrupt Enable or Wait/Ready Enable

can be selected to transfer the data. The External/Status
interrupt mode is used to monitor the status of the

 ?
input as well as the Transmit LInder-

run/EOM latch. Optionally, the Auto Ena_b_les feature
can be used to enable the transmitter when CTS is active.
The first data transfer to the Z80-SIO can begin when
the External/ Status interrupt occurs (CTS status bit set)

or immediately following the Transmit Enable com-
mand (if the Auto Enables modes is set).

Transmit data is held marking after reset or if the
transmitter is not enabled. Break may be programmed

to generate a spacing line that begins as soon as the Send

Break bit is set. With the transmitter fully initialized and
enabled, the default condition is continuous transmis-
sion of the 8- or l6—bit sync character.

DATA TRANSFER AND STATUS MONITORING

In this phase, there are several combinations of inter-
rupts and Wait/Ready.

Data Transfer Using Interrupts. If the Transmit Inter-
rupt Enable bit (w R], D1) is set, an interrupt is generated
each time the transmit buffer becomes empty. The inter-
rupt can be satisfied either by writing another Character
into the transmitter or by resetting the Transmitter In-
terrupt Pending latch with a Reset Transmitter Pending
command (WRO, CMD5). If the interrupt is satisfied with
this command and nothing more is written into the
transmitter, there can be no further Transmit Buffer
Empty interrupts, because it is the process of the buffer
becoming empty that causes the interrupts and the buf-
fer cannot become empty when it is already empty. This
situation does cause a Transmit Underrun condition,
which is explained in the “Bisync Transmit Underrun"
section.
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Data Transfer Using WAIT/READY. To the CPU, the
activation of WW indicates that the Z80-SIO is not
ready to accept data and that the CPU must extend the

output cycle. To a DMA controller, READY indicates that
the transmit buffer is empty and that the Z80-SIO is

ready to accept the next data character. If the data
character is not loaded into the Z80-SIO by the time the
transmit shift register is empty, the Z80-SIO enters the
Transmit Underrun condition.

Bisync Transmit Underrun. In Bisync protocol, filler
characters are inserted to maintain synchronization
when the transmitter has no data to send (Transmit
Underrun condition). The Z80-SIO has two program-
mable options for solving this situation: it can insert

sync characters, or it can send the CRC characters gener-
ated so far, followed by sync characters.

These options are under the control of the Reset

Transmit Underrun/EOM command in WRO. Following a

chip or channel reset, the Transmit Underrun/EOM

status bit (RRO, D6) is in a set condition and allows the
insertion of sync characters when there is no data to
send. CRC is not calculated on the automatically inserted

sync characters. When the CPU detects the end of mes-
sage, a Reset Transmit Underrun/EOM command can be

issued. This allows CRC to be sent when the transmitter
has no data. in this case, the Z80-SIO sends CRC,

followed by sync characters, to terminate the message.

There is no restriction as to when in the message the
Transmit Underrun/EOM bit can be reset. if Reset is

issued after the first data character has been loaded the
16-bit CRC is sent and followed by sync characters the
first time the transmitter has no data to send. Because of
the Transmit Underrun condition, an External/Status
interrupt is generated whenever the Transmit Under-
run/EOM bit becomes set.

In the case of sync insertion, an interrupt is generated
only after the first automatically inserted sync character
has been loaded. The status indicates the Transmit
Underrun/EOM bit and the Transmit Buffer Empty bit

are set.

In the case of CRC insertion, the Transmit Underrun/
EOM bit is set and the Transmit Buffer Empty bit is reset

while CRC is being sent. When CRC has been completely
sent, the Transmit Buffer Empty status bit is set and an

interrupt is generated to indicate to the CPU that another
message can begin (this interrupt occurs because CRC

has been sent and sync has been loaded). If no more
messages are to be sent, the program can terminate
transmission by resetting RTS, and disabling the
transmitter (WR5, D3).

Pad characters may be sent by setting the Z80-SIO to
8 bits/transmit character and writing FF to the transmit-
ter while CRC is being sent. Alternatively, the sync char-

acters can be redefined as pad characters during this
time. The following example is included to clarify this
point.

The Z80~S|O interrupts with the Transmit Butler Empty btt

set.

The CPU recognizes that the last character ¿txt of the

message has already been sent to the ZBO-SlO by examining

the internal program status

To force the Z80-SIO to send cac, the ci>u iSSUeS the Reset

Transmit Underrunlsoii Latch command »wet and satisfies
the interrupt with the Reset Transmit interrupt Pending

command. (This command prevents the Z80-SIO lrom re-

questing more data.) Because ol the transmit underrun

caused by this command, the Z80-SlO starts sending one

The Z80~S|O also causes an Externallstatus interrupt with

the Transmit Underrun/Eoivi latch set

The CPL,‘satisfies this interrupt by loading pad characters in-

to the transmit butler and issuing the Reset Externalistatus
Interrupt command

With this sequence, CRC is followed by a Dad character lll
stead of a sync character. Note that the Z80~SIO will inter-

rupt wlth a Transmit Buffer Empty interrupt when CRC is

completely sent and that the pad character is loaded into

the transmit shift register.

Frorn this point on the CPU can send more Dad characters or

sync characters

Bisync CRC Generation. Setting the Transmit CRC

enable bit (WR5, D0) initiates CRC accumulation when
the program sends the first data character to the
Z80-SIO. Although the Z80-SIO automatically trans-
mits up to two sync characters (16-bit sync), it is wise to
send a few more sync characters ahead of the message

(before enabling Transmit CRC) to ensure synchroniza-
tion at the receiving end.

The transmit CRC Enable bit can be changed on the
fly any time in the message to include or exclude a par-
ticular data character from CRC accumulation. The
Transmit CRC Enable bit should be in the desired state
when the data character is loaded from the transmit
data buffer into the transmit shift register. To ensure
this bit is in the proper state, the Transmit CRC Enable
bit must be issued before sending the data character to
the Z80-SIO.

Transmit Transparent Mode. Transparent mode (Bi-

sync protocol) operation is made possible by the ability
to change Transmit CRC Enable on the fly and by the
additional capability of inserting 16-bit sync characters.
Exclusion of DLE characters from CRC calculation can

be achieved by disabling CRC calculation immediately
preceding the DLE character transfer to the Z80-SIO.

In the case of a Transmit Underrun condition in the
Transparent mode, a pair of DLE-SYN characters are

sent. The Z80-SIO can be programmed to send the DLE-

sw sequence by leading a DLE character into WR6 and a

sync character into WR7.

Transmit Termination. The Z80-SIO is equipped with a

special termination feature that maintains data integrity
and validity. If the transmitter is disabled while a data

or sync character is being sent, that character is sent as

usual, but is followed by a marking line rather than CRC

or sync characters. When the transmitter is disabled, a



FUNCTION TYPICAL PROGRAM STEPS COMMENTS

REGTSTER TNFORMA T/ON LOADED’

wRo CHANNEL RESET RESET TRANSMTT cnc GENERATOR Reset SlO. iriitilize CRC generator

wRo FolNTER 2

wR2 WTERRUPT VECTOR Channel B onlY

NRG POTNTER a

M43 AUT@ ENABLES Transmission begins only after CTS «s

oeteczed

WHO PQTNTEH 4

‘NR4 PAFHTY :NFORMATlON. SYNC MODES WFORMATTON X1 lssue transmit parameters.

CLOCK MODE

WHO POINTER 6

wR6 SYNC CHARACTER T

WHO POTNTER 7 RESET EXTERNAL STATUS TNTERRUFTS

|NlTIAL|ZE wR7 smc CHARACTER 2

WHO POINTER n RESET EXTERNADSTATUS INTERRURTS

wm STATUS AFFECTS VECTOR, EXTERNAL INTERRUPT ENABLE. External l_nt_ierrupt_mode monitors the

TRANSMIT INTEHRUPT ENABLE OH WAITKREADV MODE ENABLE Status of CTS and DCD MCU! pins as well

as the status of Tx UndeironJEoM tatch

Transmit Interrupt Enable interrupts

when the Transmit butter becomes

empty: the Walt Ready mode can be used

to transfer data using DMA or CPU Block

Transfer

WRO POINTER 5 Status Affects Vector (Channel B only).

wR5 REQUEST To SEND. TRANSMIT ENABLE‘ BtSYNC CRC1 Transmit CRC Enable should be set when

TRANSMIT CHARACTER LENGTH first non-sync data is sent to Z80-Sro.

FTRST SYNC BYTE TO Slo Need Several sync characters in the be-

ginning or message. Transmitter is fully

initialized

IDLE MODE EXECUTE HALT WSTRUCTION OR SOME OTHER PROGRAM Waiting for interrupt or Wait; Ready output

to transfer data.

WHEN TNTERRUPT y/WAITPEADY) OCCL/Rs: Interrupt occurs (Wait/Ready becomes

ø INCLUDE/EXECLUDE DATA BYTE FROM CRC active) when first data byte ts being sent.

ACCUMULATION [IN SlO). Wait mode allows CPU block transfer

- TRANSFER DATA BYTE FROM CPU iOR MEMORY) To Si@ from memory to slo: Ready mode allows

0 DETECT AND SET APPROPRIATE FLAGS FOR CONTROL DMA block transfer from memory to S10.

CHARACTERS (IN CPU) The DMA chip can be programmed to cap-
DATA TRANSFER AND - RESET Tx LJNDERRUNTEOM LATCH (WHO: IF LAST CHARACTER
STATUS MONITORING OF MESSAGE IS DETECTED

UPDATE POINTERS AND PARAMETERS (CPU)

I RETURN FROM INTERRUPT

IF ERROR COND|TlON OR STATUS CHANGE OCCURS.

I TRANSFER RRO TO CPU

0 EXECUTE ERROR FtOUTlNE

0 RETURN FROM WTERRUPT

ture Special control characters (by ex-

amining only the bits that specify Ascii or

EBCDIC control characters). and trtterrupt

CPU.

Tx UrTderrLlnlEOM indicates either trans-

mit underrun (sync character being sent)

or end or message l_cRC-16 belng

sent).

TERMINATION

REDEFINE lNTERRUF’T MODES

UPDATE MODEM CONTROL OUTPUTS [E G
T

TURN OFF HTS)

DlS/ABLE TRANSMlT MODE

Program should gracefully terminate

message.

Table 5. Blsync Transmit Mode



character in the buffer remains in the buffer. If the
transmitter is disabled while CRC is being sent, the 16-bit
transmission is completed, but sync is sent instead of
CRC.

A programmed break is effective as soon as it is writ-
ten into the control register; characters in the transmit
buffer and shift register are lost.

In all modes, characters are sent with the least signifi-
cant bits first. This requires right-hand justification of
transmitted data if the word length is less than eight
bits. If the word length is five bits or less, the special
technique described in the Write Register 5 discussion
(Z80-SIO Programming section) must be used for the
data format. The states of any unused bits in a data
character are irrelevant, except when in the Five Bits Or
Less mode.

If the External/Status Interrupt Enable bit is set,

transmitter conditions such as “starting to send CRC

characters." “starting to send sync characters,” and
CTS changing state cause interrupts that have a unique
vector if Status Affects Vector is set. This interrupt
mode may be used during block transfers.

All interrupts may be disabled for operation in a

Polled mode, or to avoid interrupts at inappropriate
times during the execution of a program.

Synchronous Receive

INITIALIZATION

The system program initiates the Synchronous Receive
operation with the following parameters: odd or even

parity, 8- or 16-bit sync characters, ><l clock mode,
CRC polynomial, receive character length, etc. Sync
characters must be loaded into registers WR6 and WR7.

The receivers can be enabled only after all receive pa-
rameters are set. WR4 parameters must be issued before
WRI, WR3, WR5, WR6 and WR7 parameters or commands.

After this is done, the receiver is in the Hunt phase. It
remains in this phase until character synchronization is

achieved. Note that, under program control, all the
leading sync characters of the message can be inhibited
from loading the receive buffers by setting the Sync
Character Load Inhibit bit in WR3.

DATA TRANSFER AND STATUS MONITORING

After character synchronization is achieved, the as-

sembled characters are transferred to the receive data
FIFO. The following four interrupt modes are available
to transfer the data and its associated status to the CPU.

No Interrupts Enabled. This mode is used for a purely
polled operation or for off—line conditions.

Interrupt On First Character Only. This mode is norm-
ally used to start a polling loop or a Block Transfer in-
struction using WAIT/READY to synchronize the CPU or
the DMA device to the incoming data rate. In this mode,
the Z80-SIO interrupts on the first character and there-
after interrupts only if Special Receive conditions are

detected. The mode is reinitialized with the Enable In-
terrupt On Next Receive Character command to allow
the next character received to generate an interrupt.
Parity errors do not cause interrupts in this mode, but
End Of Frame (SDLC mode) and Receive Overrun do.

If External/Status interrupts are enabled, they may
interrupt any time DCI) changes state.

Interrupt On Every Character. Whenever a character
enters the recei\e buffer, an interrupt is generated.
Error and Special Receive conditions generate a special
vector if Status Affects Vector is selected. Optionally, a

Parity Error may be directed not to generate the special
interrupt vector.

Special Receive Condition Interrupts. The Special
Receive Condition interrupt can occur only if either the
Receive Interrupt On First Character Only or Interrupt
On Every Receive Character modes is also set. The
Special Receive Condition interrupt is caused by the
Receive Overrun error condition. Since the Receive
Overrun and Parity error status bits are latched, the
error status—when read—re?ects an error in the current
word in the receive buffer in addition to any Parity or
Overrun errors received since the last Error Reset com-
mand. These status bits can only be reset by the Error
reset command.

CRC Error Checking and Termination. A CRC error
check on the receive message can be performed on a per
character basis under program control. The Receive
CRC Enable bit (was, D3) must be set/reset by the pro-
gram before the next character is transferred from the
receive shift register into the receive buffer register. This
ensures proper inclusion or exclusion of data characters
in the CRC check.

To allow the CPU ample time to enable or disable the
CRC check on a particular character, the ZSO-SIO calcu-
lates CRC eight bit times after the character has been

transferred to the receive buffer. If CRC is enabled
before the next character is transferred, CRC is calcu-
lated on the transferred character. If CRC is disabled
before the time of the next transfer, calculation pro-
ceeds on the word in progress, but the word just trans-
ferred to the buffer is not included. When these require-
ments are satisfied, the 3-byte receive data buffer is, in
effect, unusable in Bisync operation. CRC may be enabl-
ed and disabled as many times as necessary for a given
calculation.

In the Monosync, Bisync and External Sync modes,
the CRC/Framing Error bit (RRI, D6) contains the com-
parison result of the CRC checker lb bit times (eight bits
delay and eight shifts for CRC) after the character has

been transferred from the receive shift register to the
buffer. The result should be zero, indicating an error-



free transmission. (Note that the result is valid only at

the end of CRC calculation, If the result is examined
before this time, it usually indicates an error‘) The com-
parison is made with each transfer and is valid only as

long as the character remains in the receive FIFO.

Following is an example of the CRC checking opera-
tion when four characters (A, B, C and D) are received
in that order.

Character A loaded into butler
Character B loaded irito butter

If CRC is disabled before C is in the buffer, CRC is not
calculated on B.

Character C loaded into butler

After C is loaded, the CRC/Framing Error bit shows the
result of the comparison through character A.

Character D loaded into butter

After D is in the buffer, the CRC Error bit shows the
result of the comparison through character B whether or
not B was included in the CRC calculations.

Due to the serial nature of CRC calculation. the
Receive Clock (RFC) must cycle l6 times (8-bit delay plus
8-bit CRC shift) after the second CRC character has been

loaded into the receive buffet, or 20 times (the previous
16 plus 3-bit buffer delay and l-bit input delay) after the

last bit is at the RxD input, before CRC Calculation is

complete. A faster external clock can be gated into the
Receive Clock input to supply the required 16 cycles.

The Transmit and Receive Data Path diagram (Figure 4)

illustrates the various points of delay in the CRC path.

The typical program steps that implement a half»
duplex Eisync Receive mode are illustrated in Table 6.

The complete set of command and status bit definitions
are explained under “Z80~SIO Programming."

FUNCTION TYPICAL PROGRAM STEPS COMMENTS

REGISTER: /NFORMATION LOADED

WHO CHANNEL RESEF, RESET RECEIVE CRC CHECKER Reset SIO: initialize Receive CRC checker,

WRO POINTER 2

WR2 INTERRUPT VECTOR Channel B only

wRo ROlNTEFl 4

WRA PARITV INFORMATION, svrvc MODES lNFOF\MATlON, xl Issue receive parameters.

CLOCK MODE

wRo POINTER 5 RESET EXTERNAL STATUS INTERRUPT

WR5 BISVNC CRC-is. DATA TERMlNAL READY

WHO POINTER 3

INITIALIZE wFl3 SYNC CHARACTER LOAD INHIBIT, RECEIVE CRC ENABLE; Sync character load l?fllbll strips all the

ENTER HUNT MODE, AUTO ENABLES. RECEIVE CHARACTER
LENGTH

WHO POINTER 6

WR6 SYNC CHARACTER 1

WRO POINTER 7

WFI7 SYNC CHARACTER 2

leading sync characters at the beginning

of the message Auto Enables enables

the receiver to accept data only after the

ECD input is active.

WHO POWTEF? l. RESET EXTERNAL STATUS WTERRUPT

WR! STATUS AFFECTS VECTOR. EXTERNAL INTERRUPT ENABLE
RECEIVE lNTERRUF-‘T ON FIRST CHARACTER ONLY

ln this interrupt model only the first non-

sync data character is transferred to the

CPU All subsequent data is iransterred

on a DMA basis‘ however Spedal Re-

ceive Condition interrupts will interrupt

the CPU. Status Affects Vector used in
Channel B only‘

Table 6. Bisync Receive Mode



FUNCTION TYPICAL PROGRAM STEPS COMMENTS

INITIALIZE

(CONTINU ED)

WRD POINTER 3. ENABLE INTERRUPT ON NEXT RECEIVE CHARACTER

WFI3 RECEIVE ENABLE SYNC CHARACTER LOAD INHIBIT ENTER

HUNT MODE, AUTO ENABLE. RECEIVE WORD LENGTH

Resemng thrs Interrupt mode provrdes

srrnple program Ioopback entry ID!’ the

next transactton

WR3 IS reissued to enable recetver Re-

cetve CRC Enabte must be set after re-

cetvrng SOH or STX character

IDLE MODE EXECUTE HALT INSTRUCTION OR SOME OTHER PROGRAM

Recetve mode rs fully nnrttahzed and the

system IS watttng for Interrupt on ftrst

character

DATA TRANSFER AND

STATUS MONITORING

WHEN INTERRUPT ON FIRST CHARACTER OCCURS THE CPU DOES THE

FOLLOWING

I TRANSFERS DATA BYTE TO CPU

0 DETECTS AND SETS APPROPRIATE FLAGS FOR CONTROL CHAR—

ACTERS (IN CPU)

INCLUDESEXCLUDES DATA BVTE IN CRC CHECKER

UPDATES POINTERS AND OTHER PARAMETERS

ENABLES WAIT READY FOR DMA OPERATION

ENABLES DMA CONTROLLER

RETURNS FROM INTERRUPT

WHEN WAIT READY BECOMESACTIVE, THEDMA CONTROLLER DOES THE

FOLLOWING:

u TRANSFERS DATA BYTE TO MEMORY

O INTERRUPTS CPU IF A SPECIAL CHARACTER IS CAPTURED BY THE

DMA CONTROLLER

O INTERRUPTS THE CPU IF THE LAST CHARACTER OF THE MESSAGE

IS DETECTED

FOR MESSAGE TERM/NAT/ON, THE CPU DOES THE FOLLOWING‘

TRANSFERS RR! TO THE CPU

SETS ACKNAK REPLV FLAG BASED ON CRC RESULT

UPDATES POINTERS AND PARAMETERS

RETURNS FROM INTERRUPT

Dunng the Hunt mode the 5:0 detects

two contiguous characters to estabttsh

SyHChTORlZaIIOR The CPU estabhshes the

DMA mode and all subsequent data char‘

acters are transferred by the DMA con-

troller The controller IS also programmed

to capture specral characters (by exam-

tntng onty the btts that spectfy ASCII or

EBCDIC controt characters) and rntenupt

the CPU upon detectten In response

the CPU exarhrnes the status or controI

characters and takes SDDFODFIBIG actton

(e g CRC Enable Update)

The SIO IFVIENUDIS the CPU for error con-
dttton. and the error routtne aborts the

present message, clears the error condu-

tton. and repeats the operatton

TERMINATION

REDEFINE INTERRUPT MODES AND SYNC MODES

UPDATE MODEM CONTROLS

DISABLES RECEIVE MODE

Table 6. Bisym: Receive Mode (Continued)
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SDLC (HDLC) Operation

The Z80-SIO is capable of handling both High-level

Synchronous Data Link Control (HDLC) and IBM Syn-

chronous Data Link Control tSDLC) protocols. ln the

following text, only SDLC is referred to because of the

high degree of similarity between SDLC and HDLC.

The SDLC mode is considerably different than Syn-

chronous Bisync protocol because it is bit oriented

rather than character oriented and, therefore, can natu-
rally handle transparent operation‘ Bit orientation
makes SDLC a flexible protocol in terms of message

length and bit patterns. The Z80-SlO has several built~in
features to handle variable message length‘ Detailed in-
formation concerning SDLC protocol can be found in
literature published on this subject, such as IBM docu-

ment GA27~3093.

The SDLC message, called the frame (Figure 8), is

opened and closed by flags that are similar to the sync
characters in Bisync protocol. The Z80-SIO handles the
transmission and recognition of the flag characters that
mark the beginning and end of the frame‘ Note that the
280-510 can receive shared-zero flags, but cannot trans-
mit them. The 8-bit address field of an SDLC frame con-
tains the secondary station address. The Z80-S10 has an

Address Search mode that recognizes the secondary sta-
tion address so it can accept or reject the frame.

Since the control field of the SDLC frame is transpar-
ent to the Z80-SIO, it is simply transferred to the CPU.

The Z80-S10 handles the Frame Check sequence in a

manner that simplifies the program by incorporating
features such as initializing the CRC generator to all 1’s,

resetting the CRC checker when the opening flag is

detected in the Receive mode, and sending the Frame
Check/ Flag sequence in the Transmit mode. Controller
hardware is simplified by automatic zero insertion and
deletion logic contained in the Z80—SI04

Table 7 shows the contents of WR3, W114 and WR5 dur-
ing SDLC Receive and Transmit modes. WRO points to
other registers and issues various commands. WR]

defines the interrupt modes. WR2 stores the interrupt

\€Cl0I‘. WR? stores the flag character and WRb the sec-

ondary address‘

SDLC Transmit

INITIALIZATION

Like Synchronous operation, the SDLC Transmit mode

must be initialized with the following parameters: SDLC

mode, SDLC polynomial, Request To Send, Data Ter-
minal Ready, transmit character length, transmit inter-
rupt modes (or Wait/Ready function), Transmit En-
able, Auto Enables and External/Status interrupt.

Selecting the SDLC mode and the SDLC polynomial
enables the 280-810 to initialize the CRC Generator to
all l‘s. This is accomplished by issuing the Reset

Transmit CRC Generator command t\\'R0l. Refer to the
Synchronous Operation section for more details on the
interrupt modes.

After reset, or when the transmitter is not enabled,
the Transmit Data output is held marking. Break may
be programmed to generate a spacing line With the
transmitter fully initialized and enabled, continuous
flags are transmitted on the Transmit Data output.

An abort sequence may be sent by issuing the Send

Abort command (WRO,CMD1)r This causes at least eight,
but less than fourteen, l’s to be sent before the line
reverts to continuous flags. It is possible that the Abort
sequence (eight l’s) could follow up to five continuous 1

bits (allowed by the zero insertion logic) and thus cause

up to thirteen 1's to be sent. Any data being transmitted
and any data in the transmit buffer is lost when an abort
is issued.

When required, an extra 0 is automatically inserted
when there are five contiguous l’s in the data stream‘
This does not apply to flags or aborts.

DATA TRANSFER AND STATUS MONITORING

There are several combinations of interrupts and the
Wait/Ready function in the SLDC mode.
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Figure B. Transmil/Fleceive SDLCIHDLC Message Format



Data Transfer Using Interrupts. if the Transmit Inter-

rupt Enable bit is set, an interrupt is generated each time

the buffer becomes empty. The interrupt may be satis-

fied either by writing another character into the trans-
mitter or by resetting the Transmit Interrupt Pending
latch with a Reset Transmitter Pending command (WRO.

CMD5). if the interrupt is satisfied with this command
and nothing more is written into the transmitter, there

are no further transmitter interrupts. The result is a

Transmit Underrun condition. When another character
is written and sent out, the transmitter can again

become empty and interrupt the CPL’. Following the
flags in an SDLC operation, the 8-bit address field, con-
trol field and information field may be sent to the
Z80-SlO using the Transmit Interrupt mode. The
Z80-SIO transmits the Frame Check sequence using the
Transmit Underrun feature.

When the transmitter is first enabled, it is already

empty and obviously cannot then become empty. There-
fore, no Transmit Buffer Empty interrupts can occur
until after the first data character is written.

When the transmitter is first enabled, it is already

empty and cannot then become empty. Therefore, no
Transmit Buffer Empty interrupts can occur until after
the first data character is written.

Data Transfer Using Wait/Reedy. If the Wait/Ready
function has been selected, wAir indicates to the CPU

that the Z80-SIO is not ready to accept the data and the
CPU must extend the l/O cycle. To a DMA controller,
READY indicates that the transmitter buffer is empty and
that the 280-510 is ready to accept the next character. If
the data character is not loaded into the Z80-S10 by the
time the transmit shift register is empty, the Z80-SIO

enters the Transmit Underrun condition. Address, con-
trol and information fields may be transferred to the
Z80-S10 with this mode using the Wait/Ready func-
tion. The Z80-SIO transmits the Frame Check sequence

using the Transmit Underrun feature.

SDLC Transmit Underrun/End Of Message. sDLc-like

protocols do not haye provisions for fill characters with-
in a message. The Z80-SIO therefore automatically ter-
minates an SDLC frame when the transmit data buffer

and output shift register have no more bits to send. It
does this by first sending the two bytes of CRC and
following these with one or more tlags. This technique
allows very high-speed transmissions under DMA or CPL.

block to control without requiring the CPL‘ to respond
quickly to the end of message situation.

The action that the Z80-S10 takes in the underrun sit-
uation depends on the state of the Transmit Underrun.
EO\1 command, Following a reset, the Transmit Under-
run/Eowi status bit is in the set state and prevents the in-
sertion of CRC characters during the time there is no

data to send. Consequently, flag characters are sent.

The Z80-SIO begins to send the frame as data is written
into the transmit buffer. Between the time the first data
byte is written and the end of the message, the Reset

Transmit Underrun/EOM command must be issued.

Thus the Transmit Underrun/i:o.yi status bit is in the
reset state at the end of the message (when underrun oc-

curs), which automatically sends the CRC characters.
The sending of CRC again sets the Transmit/Underrun/
EOM status bit.

Although there is no restriction as to when the Trans-
mit Underrun/EOM bit can be reset within a message, it
is usually reset after the first data character (secondary
address) is sent to the 280-510. Resetting this bit allows
CRC and flags to be sent when there is no data to send

which gives additional time to the CPL‘ for recognizing
the fault and responding with an abort command. By re-

setting it early in the message, the entire message has the
maximum amount of CPU response time in an uninten-
tional transmit underrun situation.

BIT 7 an a BIT s BIT a BIT 2 BIT 1 air 0

_
ENTER HUNT

oo -. Rx s atrae-emm
MODE HF

wm
«o = Rx e BITS CHAR Auro INCOWNG

Rx cnc ADDRESS
0

Rx

Oi

:
Rx 7 BlTS CHAR ENABLES

DATA NOT
ENABLE SEARCH ENABLE

11 : Rx s ElTS CHAR
NEEDED]

MODE

i

wm o o SELECTS SDLC a o o o

MODE

oo - n s aire ioR

jtEssi CHAR
A _WR5 CTR «c TX 6 BlTS CHAR

T‘ °EL‘=CT5
WS T‘ CSC.

O, i
TX 7 BWS CHAR

E\iAatE sco?tg EMA te

.. - Tx 8 BITS CHAR

Table 7. Contents ol Write Registers 3, 4 and 5 in SDLC Modes



When the External/Status interrupt is set and while
CRC is being sent, the Transmit Unclerrun/EOM bit is set

and the Transmit Buffer Empty bit is reset to indicate
that the transmit register is full of CRC data. When CRC

has been completely sent, the Transmit Buffer Empty

status bit is set and an interrupt is generated to indicate

to the CPL that another message can begin. This inter-

rupt occurs because CRC has been sent and the ?ag has

been loaded. If no more messages are to be sent, the

program can terminate transmission by resetting I75‘.
and disabling the transmitter.

In the sDLC mode, it is good practice to reset the
Transmit Underrun/F-O\1 status bit immediately after
the t`irst character is sent to the Z80-SIO. When the
Transmit Underrun is detected, this ensures that the
transmission time is filled by CRC characters, giving the
CPU enough time to issue the Send Abort command.
This also stops the flags from going on the line prema-
turely and eliminates the possibility of the receiver ac-

cepting the frame as valid data. The situation can hap-
pen because it is possible that—at the receiving end—the
data pattern immediately preceding the automatic ?ag
insertion could match the CRC checker, giving a false
CRC check result. The External/Status interrupt is gen-
erated whenever the Transmit Uriderrun/EOM bit is set

because of the Transmit Underrun condition.

The transmit underrun logic provides additional pro-
tection against premature flag insertion if the proper
response is given to the Z80—SIO by the CPU interrupt
service routine. The following example is given to clar-
ify this point:

The Z80-SIO raises an interrupt with the Transmit Butter

Empty status bit set.

The CPU does not respond in time and causes a Transmit

Underrun condition

The Z80-SlO starts sending cnc characters itwo bytes),

The CPU eventually satisfies the Transmtt Butler Empty ll'\~

terrupt with a data character that follows the one character

being transmitted.

The Z80-SlO sets the External/Status interrupt with the

Transmit Underrun/EOM status bit set.

The CPU recognizes the Transmit Underrun/Eom status and

determines from its internal program status that the inter-
rupt is not for “end of message"

The CPU immediately issues a Send Abort Command iwnoi to
the Z80-SIO

The Z80~SlO sends the Abort sequence by destroying what-

ever data lcnc. data or flag; ts being sent

This sequence illustrates that the CPL‘ has a protec-
tion of 22 minimum and 30 maximum transmit clock
cycles.

SDLC CRC Generation. The CRC generator must be

reset to all is at the beginning of each frame before CRC

accumulation can begin. Actual accumulation begins
when the program sends the address field (eight bits) to
the Z80-SIO. Although the Z80-SIO automatically

-n

transmits one flag character following the Transmit
Enable, it may be wise to send a few more flag charac-
ters ahead of the message to ensure character synchroni-
zation at the receiving end. This can be done by exter-
nally timing out after enabling the transmitter and
before loading the first character.

The Transmit CRC Enable (WRS, D0) should be en-

abled prior to sending the address field. ln the SDLC

mode all the characters between the opening and closing
?ags are included in CRC accumulation, and the CRC

generated in the Z80-SIO transmitter is inverted before

it is sent on the line.

Transmit Termination. If the transmitter is disabled
while a character is being sent, that character (data or
flag) is sent in the normal fashion, but is followed by a

marking line rather than CRC or flag characters.

A character in the buffer when the transmitter is dis-
abled remains in the buffer; however, a programmed
Abort sequence is effective as soon as it is written into
the control register. Characters being transmitted, if
any, are lost. In the case of CRC, the 16-bit transmission
is completed if the transmitter is disabled; however,
flags are sent in place of CRC.

In all modes, characters are sent with the least-signifi-

cant bits first. This requires right-hand justification of
data to be transmitted if the word length is less than
eight bits. If the word length is five bits or less, the
special technique described in the Write Register 5 sec-

tion (“Z80-SIO Programming" chapter; “Write Regis-
ters" section) must be used.

Since the number of bits/character can be changed

on the fly, the data field can be filled with any number
of bits. When used in conjunction with the Receiver
Residue codes, the Z80-S10 can receive a message that
has a variable I-field and retransmit it exactly as re-
ceived with no previous information about the character
structure of the I-field (if any). A change in the number
of bits does not affect the character in the process of
being shifted out. Characters are sent with the number
of bits programmed at the time that the character is

loaded from the transmit buffer to the transmitter.

If the External/Status Interrupt Enable is set, trans-
mitter conditions such as “starting to send CRC charac-
ters," “starting to send flag characters," and CTS

changing state cause interrupts that have a unique vec-

tor if Status Affects Vector is set. All interrupts can be

disabled for operation in a polled mode.

Table 8 shows the typical program steps that imple-
ment the half-duplex SDLC Transmit mode.



FUNCTION TYPICAL PROGRAM STEPS COMMENTS

REGISTER INFORMAT/ONLOADED‘

wRo CHANNEL RESET Reset S10

wRo POINTER 2

wea tttreehuer VECTOR Charms‘ B OW

NRO POINTER 3

Wm Aura EMA,-3L5s Transrmtter sends cata GV“y a*ter É ts

detected

wRo POINTER A RESET EXTERNAL STATUS NTERRUPTS

wR4 PAFHTY INFORMATION SDLC MODE. xt CLOCK MODE

wRo PO:NTER t RESET EXTERNAL STATUS INTERRUPTS

WFU EXTERNAL INTERRUPT ENABLE. STATUS AFFECTS VECTOR. The Externat Interrupt mode rnomtors the

TRANSNIIT INTERRUPT ENABLE OR WAITREADV status of the CTS and DOD Inputs. as wet!

MODE ENABLE as the status at TX UDOGTTUTLEOM latch,

Trartsmtt trtterrupt Interrupts when the

INITIALIZE Transmrt butter becomes empty: the

Watt Fleady mode cart :e uses to 'fartset

data on a DMA or Stock Transter basts

The frrst trtterruct occurs when (VS

becomes acttve. at whrcrt DOW! ?ags are

transrmtted by the ZBOASIO. The trrst data

byte (address held) can he loaded tn the

Z50-SIO after thrs interrupt. Flags cannot

be sent to the zao-SIO as data. Status

Affects Vector used tn Channel B cnty.

WHO FOWTER 5

wRs TRANSMIT cRc ENABLE REQUEST To SEND. SDLC-CRC. soI.ocRc mode must he defined before

TRANSMIT ENABLE TRANSMIT WORD LENGTH, DATA inttialtzing transmit CRC generator.

TERMINAL READY

wR0 RESET TRANSMIT CRC GENERATOR tntttaltze CRC generator to all T s.

¡DLE MODE
Waittng for tnterrupt or Watt/Ready output

EXECUTE HALT INSTRUCTION OR SOME OTHER PROGRAM
m ¡ranger daa

WHEN INTEFWUPT (WA/T READY) OCCURS. THE CPU DOES Ftags are transmrtteu by the SIO as SOOTI

THE FOLLOWING. as Transmrt Enable_Ii Set and Cr_s be-

- CHANGES TRANSMIT WORD LENGTH (IF NECESSARY) comes actrve. The CTS status change ts

I TRANSFERS DATA BYTE FROM CPU (MEMORY) TO S10 the first Interrupt that occurs and IS tot-

ø RESETS TX UNDERRUNIEOM LATCH (WHO) lowed by transmrt butter empty tor

subsequent transfers.

IF LAST CHARACTER OF THE I-F/ELO IS SENT, THE SIO DOES Word tength can be changed ‘on the fly"

THE FOLLOWING for vanabte I-tteld tength. The data byte

ø SENDS CRC cart cctrttatn address, control. or I-ttetd

0 SENDS CLOSING FLAG Information (never a ?ag) It ts a good

o INTERRUPTS CPU WITH BUFFER EMPTY STATUS practtce to reset TX UnderrunIEOM tatch

trt the begrnnrng at the message to avotd a
CPU DOES THE FOLLOWING. tatse end-ot«trarTTe detectton at the

DATATRANSFER AND 0 ISSUES RESET TX INTERRURT PENDING COMMAND To THE Zs0«StO recetvtng end. Thts ensures that. when
STATUS MONITORING o UPDATES NS COUNT underrun occurs. CRC ts transmttted and

I REPEATS THE PROCESS FOR NEXT MESSAGE. ETC underrun Interrupt (TX Underrun/EOM

Tatch actwe) occurs. Note that Send

/F THE I/ECTORINDICATES AN ERROR, THE CPU DOES THE FOLLOWING Abort‘ can oe tssued to the sto tn re-
0 SENDS ABORT sponse to any Interrupttng conttnutng to

ø EXECUTES ERROR ROUTINE abort the trartsrrttsstort.

ø UPDATES PARAMETERS MODES. ETC

0 RETURNS FROM INTERRUPT

REDEFINE INTERRUPT MODES Termrnate gracetully.

TERMINATION UPDATE MODEM CONTROL OUTPUTS

DISABLE THANSMIT MODE

Table 6. SDLC Transmit Mode
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SDLC Receive

INITIAIJZATIOIV

The SDLC Receive mode is initialized by the system with

the following parameters: SDLC mode, ><1 clock mode.
SDLC polynomial, receive word length. etc. The flag

characters must also be loaded in v\ R7 and the secondary

address field loaded in Vi R6. The receiver is enabled only

after all the receive parameters have been set. After all

this has been done. the receiver is in the Hunt phase and
remains in this phase until the first flag is received.

While in the SDLC mode, the receiver never re-enters the

Hunt phase, unless specifically instructed to do so by
the program. The WR4 parameters must be issued prior

to the WRI, WR3, WR5, was and WR7 parameters.

Under program control, the receiver can enter the
Address Search mode. If the Address Search bit (WR3,

D3) is set, a character following the flag (first non-flag
character) is compared against the programmed address

in WR6 and the hardwired global address (llllllll). If
the SDLC frame address field matches either address,
data transfer begins.

Since the Z80-SIO is capable of matching only one
address character, extended address field recognition

must be done by the CPU. In this case, the Z80-SIO
simply transfers the additional address bytes to the CPU

as if they were data characters. If the CPL‘ determines
that the frame does not have the correct address field, it
can set the Hunt bit, and the Z80-SIO suspends recep-
tion and searches for a new message headed by a flag.
Since the control field of the frame is transparent to the
Z80-SIO, it is transferred to the CPU as a data character.
Extra zeros inserted in the data stream are automatically
deleted; flags are not transferred to the CPU.

DATA TRANSFER AND STATUS MONITORING

After receipt of a valid flag, the assembled characters
are transferred to the receive data FIFO. The following
four interrupt modes are available to transfer this data
and its associated status.

No Interrupts Enabled. This mode is used for purely
polled operations or for off—line conditions.

Interrupt On First Character Only. This mode is nor-
mally used to start a software polling loop or a Block
Transfer instruction using WAIT"READY to synchronize
the CPU or DMA device to the incoming data rate. In this
mode, the Z80-SIO interrupts on the first character and
thereafter only interrupts if Special Receive conditions
are detected. The mode is reinitialized with the Enable
Interrupt On Next Receive Character Command.

The ill‘Sl character received after this command is

issued causes an interrupt. If External/Status interrupts
are enabled, they may interrupt any time the 135) input
changes state. Special Receive conditions such as End

Of Frame and Receiver Overrun also cause interrupts.

The End Of Frame interrupt can be used to exit the

Block Transfer mode.

Interrupt On Every Character. An interrupt is genera-
ted whenever the receive FIFO contains a character.

Error and Special Receive conditions generate a special

vector if Status Affects Vector is selected.

Special Receive Condition Interrupts. The Special
Receive Condition interrupt is not, as such. a separate
interrupt mode. Before the Special Receive condition
can cause an interrupt, either Interrupt On First Receive
Character Only or Interrupt On Every Character must
be selected. The Special Receive Condition interrupt is

caused by a Receive Overrun or End Of Frame detec-
tion. Since the Receive Overrun status bit is latched, the

error status read reflects an error in the current word in
the receive buffer in addition to any errors received
since the last Error Reset command. The Receive Over-

run status bit can only be reset by the Error Reset com-
mand. The End Of Frame status bit indicates that a

valid ending flag has been received and that the CRC

Error and Residue codes are also valid.

Character length may be changed on the fly. If the
address and control bytes are processed as 8-bit charac-

ters, the receiver may be switched to a shorter character
length during the time that the first information charac-

ter is being assembled. This change must be made fast
enough so it is effective before the number of bits speci-
fied for the character length have been assembled. For
example, if the change is to be from the 8-bit control
field to a 7-bit information field, the change must be

made before the first seven bits of the I-field are

assembled.

SDLC Receive CRC Checking. Control of the receive
CRC checker is automatic. It is reset by the leading flag
and CRC is calculated up to the final flag. The byte that
has the End Of Frame bit set is the byte that contains the
result of the CRC check. If the CRC/Framing Error bit is

not set, the CRC indicates a valid message. A special
check sequence is used for the SDLC check because the
transmitted CRC check is inverted. The final check must
be 0001 110100001 1 ll. The 2-byte CRC check characters
must be read by the CPL‘ and discarded because the
Z80—SIO, while using them for CRC checking, treats
them as ordinary data.

SDLC Receive Termination. If enabled, a special vec-

tor is generated when the closing flag is received. This
signals that the byte with the End Of Frame bit set has

been received. In addition to the results of the CRC

check, RR] has three bits of Residue code valid at this
time. For those cases in which the number of bits in the
I-field is not an integral multiple of the character length
used, these bits indicate the boundary between the CRC

check bits and the I-field bits. For a detailed description
of the meaning of these bits, see the description of the
residue codes in RRI under “Z80-SIO Programming."

Any frame can be prematurely aborted by an Abort
sequence. Aborts are detected ifseven or more l‘s occur



and cause an External/Status interrupt (if enabled) with
the Break/Abort bit in RRO set. After the Reset Exter-
nal/Status interrupts command has been issued a sec~

orid interrupt occurs when the continuous l’s condition
has been cleared. This can be used to distinguish be

tween the Abort and ¡dle line conditions.

Unlike the synchronous mode, CRC calculation in

SDLC does not have an 8-bit delay since all the charac~

ters are included in CRC calculation. When the second

CRC character is loaded into the receive buffer, CRC

calculation is complete.

Table 9 shows the typical steps required to implement
a half-duplex SDLC receive mode. The complete set of
command and status bit definitions is found in the next
SECUDH.

FUNCTION TYPICAL PROGRAM STEPS COMMENTS

REGISTER INFORMATION LOADED.

wRo CHANNEL 2 Reset slo

wRo POlNTEFl 2

wm INTERRUPT VECTOR Channel 8 only

WRO POINTER 4:

WFM PARITV |NFORMATlON. SVNC MODE. SDLC MODE, xi CLOCK

MODE

wRo POlNTER s. RESET EXTERNALSTATUS INTERRUPTS

WRS SOLO-CRC. DATA TERMlNAL READY

WRC! POINTER 3

wR:i RECEIVE OPC ENABLE. ENTER HUNT MODE. AUTO ENABLES. ‘Auto Enables’ enables the receiver to i
RECEWE CHARACTER LENGTH, ADDRESS SEARCH MODE accept data only after DCD becomes

active Address Search Mode enables

SIO to match the message address with

the programmed address or the global

address.

WHO POINTER 6

INITIALIZE WH6 SECONDARV ADDRESS FIELD This address is matched against the mes«

sage address in an SDLC poll operation
wRo POINTER 7

WR7 SDLC FLAG 01111110 This flag detects the start and end of

frame in an SDLC operation

WRO POINTER 1, RESET EXTERNAL STATUS INTERRUPTS In this interrupt mode. only the Address

Field (1 character only) is transferred to
Wm STATUS AFFECTS VECTOR. EXTERNAL JNTERRUFT ENABLE. the CPU. All subsequent tields (Control.

RECEIVE INTERRUPT ON FIRST CHARACTER ONLY information, etc) are transferred on a
DMA DHSIS. Status Aflects Vector in
Channel B only

wFIo POINTER 3. ENABLE INTERRUPT ON NEXT RECEIVE Used to provide simple Iooo-back entry
CHARACTER point lor next transaction.

WR3 RECEIVE ENABLE. RECEWE CRC ENABLE. ENTER HUNT MODE, WRB reissued to enable receiver
AUTO ENABLES. REOEÍVER CHARACTER LENGTH. ADDRESS
SEARCH MODE

SDLC Receive Mode is lully initialized

IDLE MODE EXECUTE HALT WSTRUCTION on some on-ten PROGRAM 3”’ S@ ‘S WWW m' me °°e"’”9 “a9

followed by a matching address field to

interrupt the CPU

Table 9. SDLC Receive Mode
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FUNCTION TYPICAL PROGRAM STEPS COMMENTS

DATA TRANSFER AND

STATUS MONITORING

WHEN /NTEFIRUPT ON FIRST CHARACTER OCCL/RS‘ THE CPU

DOES THE FOLLOWING

0 TRANSFERS DATA BYTE {ADDRESS BYTE) TO CPU

0 DETECTS AND SETS APPROPRIATE FLAG FOR EXTENDED

ADDRESS FIELD

u UPDATES POINTERS AND PARAMETERS

I ENABLES DMA CONTROLLER

O ENABLES WAIT READY FUNCTION IN SIC

O RETURNS FROM INTERRUPT

WHEN THE READY OUTPUT BECOMES ACT/VE. THE DMA CONTROLLER

DOES THE FOLLOWING

o TRANSFERS THE DATA BYTE TO MEMORY

o UPDATES THE POINTERS

WHEN END OF FRAME WTERRUPT OCCURS, THE CPU DOES

THE FOLLOW/NG

a EXITS DMA MODE (DISABLES WAITREADY)

o TRANSFERS RR1 TO THE CPU

n CHECKS THE CRC ERROR BIT STATUS AND RESIDUE CODES

o UPDATES NR COUNT

0 ISSUES ERROR RESET COMMAND TO SIO

WHEN ABORT SEQUENCE DETECTED WTEFZRL/F’T QCCURSV

THE CPU DOES THE FOLLOWING

0 TRANSFERS RRO TO THE CPL)

0 EXITS DMA MODE

u ISSUES THE RESET EXTERNAL STATUS INTERRUPT COMMAND

TO THE SIO

O ENTERS THE IDLE MODE

WHEN THE SECOND ABORT SEQUENCE /NTERRUPT OCCL/HS,

THE CPU DOES THE FOLLOWING‘

I ISSUES THE RESET EXTERNAL STATUS INTERRUPT COMMAND

TO THE SIO

Dunng the Hunt phase the sro IDIEFTUDIS

when the programmed address matches

the message address The CPU estab-

Irshes the DMA mode and at! subsequent

data characters are transferred by the

DMA contro?er to memory

Dunng the DMA operatron the SIG

rnonrtors the DTD Input and the Aoort

sequence tn the data stream to Interrupt

the CPU wrth ExternaI Status error The

SpecraI Recewe condmon Interrupt rs

caused by Receive Overrun error.

Detection of End of Frame (Hag) causes

Interrupt and deactrvates the Want Ready

Iunctnon Resrdue codes Indicate the but

structure ot the Iast two bytes ot the

message whtch were transferred to

memory under DMA ‘Error Reset rs

tSSU9d to cIear the specrat condmon

Abort sequence rs detected when seven

or more 1 s are found In the data stream

CPU rs wamng for Abort Sequence to

terminate‘ Terrnrnatron clears the Break‘

Abort status but and causes Interrupt

At thrs point. the program proceeds to

terminate this message.

TERMINATION REDEFINE INTERRUPT MODES, SVNC MODE AND SDLC MODES

DISABLE RECEIVE MODE

Table 9. SDLC Receive Mode (Continued)



Z80-SIO Programming

To program the Z80-S10, the system program first
issues a series of commands that initialize the basic
mode of operation and then other commands that qual-
ify conditions within the selected mode. For example,
the Asynchronous mode, 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. The WR4 parameters must be issued

before any other parameters are issued in the initializa-
tion routine.

Both channels contain command registers that must
be programmed via the system program prior to opera-
tion. The Channel Select input IBM‘) and the Control/
Data input (C/I_)t are the command structure addressing
controls, and are normally controlled by the CPU ad-
dress bus. Figure 14 illustrates the timing relationships
for programming the write registers, and transferring
data and status.

c/6 B/Ã Function

0 0 Channel A Data

O 1 Channel B Data

1 0 Channel A Commands/Status

1 1 Channel B Cornrnanclslstatus

Write Registers

The Z80-SIO contains eight registers (wR0—wR7) in each

channel that are programmed separately by the system
program to configure the functional personality of the
channels. With the exception of WRO, programming the
write registers requires two bytes. The first byte contains
three bits (D0-D2) that point to the selected register; the
second byte is the actual control word that is written
into the register to configure the Z80-S10.

Note that the programmer has complete freedom,
after pointing to the selected register, of either reading

to test the read register or writing to initialize the write
register. By designing software to initialize the Z80-SIO
in a modular and structured fashion, the programmer
can use powerful block l/O instructions.

WRO is a special case in that all the basic commands
<C.‘v1D0-CV02) can be accessed with a single byte. Reset

(internal or external) initializes the pointer bits D0—D2 to
point to WRO.

The basic commands (CMD0~CMD2) and the CRC con-
trols KCRCQ. CRC1) are contained in the first byte of any
write register access. This maintains maximum flexibil-
ity and system control. Each channel contains the fol-

lowing control registers. These registers are addressed as

commands (not data).

an

WRITE REGISTER 0

WRO is the command register; however, it is also used for

CRC reset codes and to point to the other registers.

D7 D5 D5 D4 D; D2 D1 D0

CMD CMD CMD PTR PTR PTR7
CRC CRC

Reset Reset 2 1 O 2 1 0

Code Code

1 O

Pointer Bits (D0-Dz). Bits D0-D; are pointer bits that
determine which other write register the next byte is to
be written into or which read register the next byte is to
be read from. The first byte written into each channel
after a reset (either by a Reset command or by the exter-
nal reset input) goes into WRO. Following a read or write

to any register (except WRO), the pointer will point to
WRO.

Command Bits (D3—D5). Three bits. D3—D5, are encoded

to issue the seven basic Z80-SIO commands.

Command CMD; CMD1 CMDg

O 0 O O Null Command lno effect)
1 O O 1 Send Abort lSDl_C Model

2 0 1 O Reset External/Status

Interrupts

3 O 1 1 Channel Reset

A 1 0 Enable Interrupt on next

Rx Character

5 1 O 1 Reset Transmitter inter-

rupt Pending

6 1 1 0 Error Reset (latches)

Return from Interrupt

(Channel Al

Command 0 (Nu/l). The Null command has no effect.
its normal use is to cause the Z80-SIO to do nothing
while the pointers are set for the following byte.

Command 1 (Send Abort). This command is used only
with the sDLC mode to generate a sequence of eight to
thirteen l`s.

Command 2 (Reset Extema//Status Interrupts). After
an External/Status interrupt (a change on a modem line
or a break condition, for example), the status bits of RRO

are latched. This command re-enables them and allows
interrupts to occur again. Latching the status bits cap-
tures short pulses until the CPL’ has time to read the
change.

Command} (Channel Reset). This command performs
the same function as an External Reset, but only on a

single channel. Channel A Reset also resets the interrupt

prioritization logic. All control registers for the channel
must be rewritten after a Channel Reset command.



WRITE REGISTER O

D7 D5 D5 DA T O3

T T

II REGISTERU
I REGISTERI
(I REGISTERZ
1 REGISTER3
II REGISTERA
I REGISTERS
D REGISTERE
I REGISTER7

NULL CODE
SENDABORT (SOLCI
RESETEXT STATUSINTERRUPTS

CHANNELRESET
ENABLEINT ON NEXTFIXCHARACTER
RESETTXINT PENDING
ERRORRESET
RETURNFROM INT ICH»AONLY)

4__¢QQ¢Q
4_Q=__Q=\

_°_¢-D-Q

NULL CODE
RESETRx CRC CNECKER
RESETTX CRC GENERATOR
RESETTX UNDERRUNEONILATCH

--aa«
‘Q43

WRITE REGISTER I

as uz m É EXT um ENABLE
I

»___ ‘Ix um ENABLE
smus AFFEEYSvscmn
ICH B cum

~n7usI
II

I
I

0 0 Rx INT DISABLE
I I O 1 Rx INT ON FIRST CHARACTER

1 0 INT ON ALL Rx CHARACTERSIPARITY AFFEFIS VECTOR]

I I IVNJUODNRALLRA CHARACTERSIPARITY DOESNOT AFFECT

` T
T

n

tu??I T

T;T wmTnEAuv on m SPECIAL

#——— WATTREADYruncnon CONDITION

I———~—— WAIT READVENABLE

WRITE REGISTER 2 [CHANNEL B ONLY)

‘ m us ns BA T ua nz m un T

` I ` vn

T T _
VT

T T ‘ V2
I

I I

¿va
INTERRIJFT

V4 vzcrua

I T Tìì-ììívsT

 vs~_-ì->~--<-_í-v7

WRITER REGISTER 3

_B7 ‘ as 05 BA — DI nu

T T T T T
T T

` T Rx ENABLE

%:~:;::::;2:=;::I — A M n TsnL T

T ¿__ m cm: ENABLE

‘—-T ENTERHUNT PHASE

«-
AUTOENABLES

FIX5 BITSCHARACTER
Rx 7 BITSICHARACTER
Rx ã BITSTCHÁRACTEH
Rx 8 EITSICNARACTER

¿Ana

WRITE REGISTER 4

, _ ,_ , L _ -E:.4__B7’us n5‘uAIua oz u1Iuu

I >
~PARITY ENABLL

I I T T___-

I
mm EVEN o D

T
O O SYNC MODES ENABLE

T D 1 I STOPSIT CHARACTER

I O I‘: STOP BITS CNARAETER

I T Z STOP BITSICHARACTER

u u B BIT smc CHARACTER

D T IE BIT SYNC CHARACTER

T u SDLC MODE IUIIIIIID FLAGI

T T EXTERNALSYNC MODE

I] O XI CLOCXMODE

D T XIS CLOCKMODE

I II X32 CLOCKMODE

T T X54 CLOCKMODE

WRITE REGISTER 5

Tui Bs‘u5_B4 D3‘D2 D“Iun\
I I Tx cnc ENABLE

I T I ~——-—- ms

I %———~——
snL'E:cnr,1s

I ~———————» Tx ENABLE
Issnn BREAK

T
n o n a BITS Ton LESS)/CHARACTER

a 1 Tx v BITSICHARACTEFI

I T u tx a BITSICHARACTER

T 1 1 Tx 3 BITSICNARACTER

_;
DTR

WRITE REGISTER 6

117 I DG ‘ D5

_
'02 BI no

I I I
T —— smc BIT n

I smc BIT T
I smc BIT 2

‘v«-—— svuc Bu a
_

> —» —— r—~~svnc an 4

T T-ì-íïí
smc an s

*————-——
smc Bn 5

I
svuc BTT7

'ALSD SOLCADDRESSFIELD

WRITE REGISTER 7

‘FOR SDLC IT MUST BE PROGRAMMED
TD “IIIIIIIIIT FDR FLAG RECOGNITION

Figure 9. Write Register Bl! Functions
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After a Channel Reset, four extra system clock cycles

should be allowed for Z80-SIO reset time before any
additional commands or controls are written into that
channel. This can normally be the time used by the CPU

to fetch the next op code.

Command 4 (Enable Interrupt On Next Receive Charac-

ter/. If the Interrupt On First Receive Character mode
is selected, this command reactivates that mode after
each complete message is received to prepare the
Z80-SIO for the next message.

C0rnmarzd5 (Reset Transmitter Interrupt Pending). The
transmitter interrupts when the transmit buffer becomes

empty if the Transmit Interrupt Enable mode is se-

lected. In those cases where there are no more characters

to be sent (at the end of message, for example), issuing
this command prevents further transmitter interrupts
until after the next character has been loaded into the
transmit buffer or until CRC has been completely sent.

Command 6 (Error Reset). This command resets the

error latches. Parity and Overrun errors are latched in
RR] until they are reset with this command. With this
scheme, parity errors occurring in block transfers can be

examined at the end of the block.

Command 7 {Return From Interrupt). This command

must be issued in Channel A and is interpreted by the
Z80—SIO in exactly the same way it would interpret an

RETI command on the data bus. It resets the interrupt-
under-service latch of the highest-priority internal
device under service and thus allows lower priority
devices to interrupt via the daisy chain. This command
allows use of the internal daisy chain even in systems

with no external daisy chain or RET! command.

CRC Reset Codes 0 and 1 (D6 and D7). Together, these

bits select one of the three following reset commands:

CRC Reset CRC Reset

D3 D2 D1 D0

Receive Status Transmit External

interrupt Attects Interrupt Interrupts
Mode 0 Vector Enable Enable

External/Status Interrupt Enable (DO). The External/

Status Interrupt Enable allows interrupts to occur as a

result of transitions on the D-(ì, (Tsor SYVC inputs, as

a result of a Break/Abort detection and termination. or
at the beginning of CRC or sync character transmission
when the Transmit Underrun/EO\i latch becomes set.

Transmitter Interrupt Enable (D¡). If enabled, inter-

rupts occur whenever the transmitter butter becomes

empty.

Status Affects Vector (Dz). This bit is active in Channel
B only. If this bit is not set, the fixed vector program-
med in WR2 is returned from an interrupt acknowledge
sequence. If this bit is set, the iector returned from an

interrupt acknowledge is variable according to the fol-
lowing interrupt conditions:

Va V2 V1

0 O O Ch B Transmit Buffer Empty

Ch B
O O 1 Ch B External/Status Change

0 1 O Ch B Receive Character Available

O 1 1 Ch B Special Receive Condition‘
1 O 0 Ch A Transmit Buffer Empty

Ch A
1 O 1 Ch A External/Status Change

1 1 0 Ch A Receive Character Available

1 1 1 Ch A Special Receive Condition‘

‘Special Receive Conditions Parity Error. Rx ovléf?t} Error.

Framing Error, End Of Frame (SDLCl.

Receive Interrupt Modes I) and 1 (D3 and Di). Together
these two bits specify the various character-available
conditions. In Receive Interrupt modes 1, 2 and 3, a

Special Receive Condition can cause an interrupt and
C°de1 code o

modify the interrupt vector.
0 O Null Code (no affect)

O 1 Reset Receive CRC Checker D4 D3
1 0 Reset Transmit CRC Generator aeceiye Rgcgjye

1 1 Reset Tx Underrun/End Ol Message Interrupt Interrupt
latch Mode 1 Mode 0

O 0 0. Receive Interrupts Disabled

The Reset Transmit CRC Generator command nor- U l l- Receive lnletrupl On First Character

mally initializes the CRC generator to all 0's. if the SDl.C 0””
mode is selected, this command initializes the CRC gen-

l o 2' '"‘e"“”‘ 0" All Reca” C”a'a°‘e’5_
, _ . .

parity error is a Special Receive
erator to all I s. The Receive CRC checker is also in- Condmon
¡named '0 all l‘5 for the 5DLC m°de~ 1 1 3. interrupt On All Receive Characters-

WRITE REGISTER l

w`Ri contains the control bits for the various interrupt
and Wait/Ready modes.

D7 De D5 Da

watt/Heady Wait or Wait/Ready Receive

Enable Ready On Receive/ interrupt
Function Transmit M05191
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partty error is not a Special

Receive condition

Wait/Ready Function Selection (I)5—D7). The Wait and
Ready functions are selected by controlling D5, Dé, and
D7. Wait/Ready function is enabled by setting Wait/
Ready Enable (WRl, D-,) to l. The Ready function is

selected by setting D@ (Wait/Ready function) to 1. if this

bit is l, the output switches from High to
Low when the Z80—SlO is ready to transfer data. The
Wait function is selected by setting Dé to O. If this bit is



O, the vi -\tT READY output is in the open-drain state and
goes Low when active.

Both the Wait and Ready functions can be used in

either the Transmit or Receive modes, but not both
simultaneously. If D5 (Wait. Ready on Receive.~Trans-

mii) is set to l, the Wai't.~Ready function responds to the
condition of the receive buffer (empty or full)- If D; is

set to O. the \Nait/ Ready function responds to the condi-
tion of the transmit buffer (empty or full).

The logic states of the »mir Remi output when ac-

the ot inactive depend on the combination of modes
selected. Following is a summary of these combinations:

ii 07:0
And 135:1 And D5=0

READY is High WET
is floating

it 07:1
and 05:0 And 05:1

:9‘-Dy is High when transmit READY is High when receive
butler lS lull butter is empty

W3? is Low when transmit T_T' Is Low when receive
butter is full and an butler (5 empty and

510 data port is an SIO data port is

selected. selected.

READY Is Low when transmit READY ls Low when receive
buffer IS empty. butter is (oil.

VT? is floating when RW ls floating when

transmit butter is receive buffer is full.

The T output High-to-Low transition occurs with
the delay time IDICIWR) after the I/O request. The Low-
to-High transition occurs with the delay tDt-totwiti from
the falling edge of o. The RTEÍW output High-to—I.ow
transition occurs with the delay tgtoiwki from the rising
edge of o. The READY output Low-to-I-Iigh transition
occurs with the delay tDIC(WR) after toTö falls.

The Ready function can occur any time the Z80—SIO

is not selected. When the READY output becomes active
(Low), the DMA controller issues TOT) and the corre-
sponding B/Ã and C/5 inputs to the Z80-SIO to transfer
data. The ¡ÍETIW output becomes inactive as soon as
TOT6 and C's become active. Since the Ready function
can occur internally in the Z80-S10 whether it is ad-
dressed or not, the READY output becomes inactive
when any CPL‘ data or command transfer takes place.
This does not cause problems because the DMA con-
troller is not enabled when the CPU transfer takes place.

The Wait function—on the other hand—is active
only if the CPL" attempts to read Z80-SIO data that has

not yet been received, which occurs frequently when
block transfer instructions are used. The Wait function
can also become active (under program control) if the
CPL‘ tries to write data while the transmit buffer is still
full. The fact that the wan‘ output for either channel
can become active when the opposite channel is ad-
dressed (because the Z80-SIO is addressed) does not
affect operation of software loops or block move in-
structions.
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WRITE REGISTER 2

WR2 is the interrupt vector register; it eitists in Channel
B only. V;-\/~ and V0 are always returned exactly as

written; Vt-V; are returned as Written if the Status Mi
fecis Vector (tuu, D3) control bit is O. lt" this bit is 1.

they are modified as explained in the pl’€\i0us section.

WRITE REGISTER 3

WR] contains receiver logtc control bits and parameters.

07 D5 D; o.,

Receiver Receiver Auto Enter

Btzst Bust' Enaores Hunt
Char i Char 0 Phase

'3: D2 01 Do

Receiver Address Sync Char Receiver

CRC Search Load Enable

Enable Mode Inhibit

Receiver Enable (Do). A 1 programmed into this bit
allows receive operations to begin. This bit should be set

only after all other receive parameters are set and
receiver is completely initialized.

Sync Character Load Inhibit (Dr). Sync characters pre-
ceding the message (leading sync characters) are not
loaded into the receive buffers if this option is selected.

Because CRC calculations are not stopped by sync char-
acter stripping, this feature should be enabled only at

the beginning of the message.

Address Search Mode (Dz). If SDLC is selected, setting
this mode causes messages with addresses not matching
the programmed address in WR6 or the global(l l 1 l 1 1 l 1)

address to be rejected. In other words, no receive inter-
rupts cart occur in the Address Search mode unless there
is an address match.

Receiver CRC Enable (D3). If this bit is set, CRC calcu-
lation starts (or restarts) at the beginning of the last
character transferred from the receive shift register to
the buffer stack, regardless of the number of characters
in the stack. See “SDLC Receive CRC Checking"
(SDLC Receive section) and “CRC Error Checking"
(Synchronous Receive section) for details regarding
when this bit should be set.

Enter Hunt Phase (D4). The Z80-SIO automatically
enters the Hunt phase after a reset; however. it can be

re-entered if character synchronization is lost for any
reason (Synchronous mode) or if the contents of an in-
coming message are not needed (SDLC mode). The Hunt
phase is re-entered by writing a l into bit D4. This sets

the Sync/Hunt bit (D4) in RRO.



Auto Enables (D5). If this mode is selected, D_(I_D and
CTS become the receiver andtinsmittienables, respec-

tively. If this bit is not set, DCD and CTS are simply in-

puts to their corresponding status bits in RRO.

Receiver Bits/Characters 1 and 0 (D7 and D6). To-
gether, these bits determine the number of serial receive
bits assembled to form a character. Both bits may be

changed during the time that a character is being as-

sembled. but they must be changed before the number
of bits currently programmed is reached.

D7 D@ Bits/Character

y
o o

y
5

0 1 7

1 0 6

t 1 8

WRITE REGISTER 4

xx R4 contains the control bits that affect both the

receiver and transmitter. In the transmit and receive in-
itialization routine, these bits should be set before issu-
ing wRi, was, was, WR6, and WR7.

D7 De D5 D4 D: D2 D1 00

Clock Clock Sync Sync Stop Stop Parity Parity

Rate Rate Modes Modes Bits Bits Evenl

1 O 1 0 1 0 Odd

Parity (DO). If this bit is set, an additional bit position
(in addition to those specified in the bits/character con-
trol) is added to transmitted data and is expected in
receive data. In the Receive mode, the parity bit received
is transferred to the CPU as part of the character, unless

8 bits/character is selected.

Parity raven/(W (Dr). If parity is specified, this bit
determines whether it is sent and checked as even or odd
(1

= even).

Stop Bits 0 and 1 (Dz and D3). These bits determine the
number of stop bits added to each asynchronous char-
acter sent. The receiver always checks for one stop bit.
A special mode (00) signifies that a synchronous mode is

to be selected.

D3 Dz

Stop Bits 1 Stop Blts 0

0 O Sync modes

0 1 1 stop bit per character

1 0 11/2 stop bits percharacter
t 1 2 stop bits per character

Sync Modes 0 and l (D4 and D5). These bits select the
various options for character synchronization.

Sync Sync

Mode1 Mode 0

0 OW? 8-bit programmed sync

0 1 tB-bit programmed sync

1 O SDLC mode (01111110 ttag pattern)

Ell?llldl SYNC W008

Clock Rate 0 and 1 (D5 and D-¡). These bits specify the
multiplier between the clock ("TE and Ñ) and data

rates. For synchronous modes, the X l clock rate must
be specified. Any rate may be specified for asynchro-

nous modes; however, the same rate must be used for

both the receiver and transmitter. The system clock in

all modes must be at least 4.5 times the data rate. if the

X1 clock rate is selected, bit synchronization must be

accomplished externally.

Clock Rate 1 Clock Rateo

O Data Rate x 1 = Clock Rate0

O 1 Data Fiatex 16:Clock Rate

1 0 Data Rate x 32 = Clock Rate

1 1 Data Rate x 64 z Clock Rate

WRITE REGISTER 5

WR5 contains control bits that affect the operation of

transmitter. with the exception of DZ, which affects the

transmitter and receiver.

D7 De D5 D4 D3 D2 D1 D0

DTF! TX Tx Send TX CF?C-16/ RTS Tx

Bitsl Bits/ Break Enable SDLC CRC

Chart Char O Enable

Transmit CRC Enable (Do). This bit determines if CRC

is calculated on a particular transmit character. If it is

set at the time the character is loaded from the transmit
buffer into the transmit shift register, CRC is calculated

on the character. CRC is not automatically sent unless

this bit is set when the Transmit Underrun condition

exists.

Request To Send (D1). This is the control bit for the

ã pin. When the ¡TT-s bit is set, the ã pin goes Low;
Yìen reset, Rifsgoes High. In the Asynchronous mode,
RTS goes High only after all the bits of the character are

transmitted and the transmitter buffer is empty. In Syn-
chronous modes, the pin directly follows the state of the
bit.

CRC-16/SDLC (02). This bit selects the CRC poly-
nomial used by both the transmitter and receiver. When
set, the CRC-16 polynomial (X‘6+ Xl5+X2+ l) is used;

when reset the SDLC polynomial (X15+X‘3+X5+ 1) is

used. If the SDLC mode is selected, the CRC generator
and checker are preset to all l‘s and a special check se-

quence is used. The SDLC CRC polnomial must be

selected when the SDLC mode is selected. If the SDLC

mode is not selected, the CRC generator and checker are

preset to all 0‘s (for both polynomials).

Transmit Enable (DJ). Data is not transmitted until this
bit is set, and the Transmit Data output is held marking.
Data or sync characters in the process of being trans-
mitted are completely sent if this bit is reset after trans*
mission has started. If the transmitter is disabled during
the transmission of a CRC character, sync or flag char-

acters are sent instead of CRC.



Send Break (D4). When set, this bit immediately forces
the Transmit Data output to the spacing condition,
regardless of any data being transmitted. When reset,

Tu) returns to marking.

Transmit Bits/Characters 0 and l (D5 and D5). TO-

gether, Dgand D; control the number of bits in each byte
transferred to the transmit buffer.

De 05

Transmit Eits/ Transmit Bìts/

Character 1 Character 0 Bits/Character

O 0 Five or less

o 1 7

t 0 El

1 t 8

Bits to be sent must be right justified, least-
significant bits first. The Five Or Less mode allows
transmission of one to five bits per character; however,
the CPL‘ should format the data character as shown in
the following table.

07 De 05 Da D3 Dz D1 D0

1 i t i O O O D Sends one data bit

1 1 1 0 0 0 D D Sends two data bits

1 1 0 O 0 D D D Sendsthree data bits
1 0 0 O D D D D Sends tout data bits
0 O O D D D D D Sends five data bits

Data Terminal Ready (D7). This is the control bit for
the DTR pin. When set, D—TT1is active (Low); when reset,

¡FE is inactive (High).

WRITE REGISTER 6

This register is programmed to contain the transmit sync

character in the Monosync mode, the first eight bits of a

I6-bit sync character in the Bisync mode, or a transmit
sync character in the External Sync mode. In the SDLC

mode, it is programmed to contain the secondary ad-
dress field used to compare against the address field of
the SDLC frame.

07 De Us 0-1 Da D2 D1 Un

Sync 7 Sync 6 Sync 5 Sync 4 Sync 3 Sync 2 Sync t Sync D

WRITE REGISTER 7

This register is programmed to contain the receive sync

character in the .\/lonosync mode, a second byte (last
eight bits) of a 16-bit sync character in the Bisync mode,
or a flag character (01 l l l l 10) in the SDLC mode. WR? is

not used in the External Sync mode.

07 D5 D5 D4 D3 D2 D1 D0

Syric15 Sync td Sync 13 Sync t2 Sync 11 Sync 10 Sync9 SyncB

Read Registers

The Z80-SIO contains three registers, RRO-RR: (Figure
lO). that can be read to obtain the status information
for each channel (except for RRz-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 at write
register operation. Then. by executing an input instruc-
tion, the contents of the addressed read register can be

read by the CPL’.

The status bits of RRO and RR] are carefully grouped

to simplify status monitoring. For example, when the
interrupt vector indicates that a Special Receive Condi-
tion interrupt has occurred, all the appropriate error
bits can be read from a single register iRRii.

READ REGISTER 0

This register contains the status of the receive and trans-
mit buffers; the DCD, CTS and SYNC inputs; the Trans-
mit Underrun/EOM latch; and the Break/Abort latch.

D1 Ds D5 D4 Da D2 U1 Do

Break/ Trans- CTS Sync! DCD Trans- lnter~ Fleceive

Abott mit Hunt mit tupt Charac-

Uridet- Butler Pend- tet

run/ Empty ing Avail-

EOM (Ch. A able

only)

Receive Character Available (Do). This bit is set when
at least one character is available in the receive buffer; it
is reset when the receive FIFO is completely empty.

Interrupt Pending (D1). Any interrupting condition in
the Z80-SIO causes this bit to be set; however, it is read-
able only in Channel A. This bit is mainly used in appli-
cations that do not have vectored interrupts available.
During the interrupt service routine in these applica-
tions, this bit indicates if any interrupt conditions are

present in the Z80-SIO. This eliminates the need for
analyzing all the bits of RRO in both Channels A and B.

Bit D1 is reset when all the interrupting conditions are

satisfied. This bit is always O in Channel B,

Transmit Buffer Empty (Dz). This bit is set whenever
the transmit buffer becomes empty, except when a CRC

character is being sent in a synchronous or SDLC mode.
The bit is reset when a character is loaded into the trans-
mit buffer. This bit is in the set condition after a reset.

Data CL-rier Detect (D3). The DCD bit shows the state

of the DCD input at the time of the last change of any of
the five External/Status bits (DCD, CTS, Sync/Hunt,
Break/Abort or Transmit Underrun/EOM). Any transi-
tion of the ¡ñ input causes the DCD bit to be latched



and causes an External/Status interrupt. To read the

current state of the DCD bit, this bit must be read im-
mediately following 3 Reset External/Status Interrupt
command.

Sync/Hunt (D4). Since this bit is controlled differently

in the Asynchronous, Synchronous and SDLC modes, its
operation is somewhat more complex than that of the
other bits and therefore requires more explanation.

In asynchronous modes, the operation of this bit is

similar to the DCD status bit, except that Sync/Hunt
shows the state of the swc input. Any High-to-Low
transition on the SYNC pin sets this bit and causes an Ex-
ternal/Status interrupt (if enabled). The Reset External/
Status Interrupt command is issued to clear the inter-

rupt. A I.ow—to-High transition clears this bit and sets

the External/Status interrupt. When the External/
Status interrupt is set by the change in state of any other
input or condition, this bit shows the inverted state of
the S-YÑÉ-pin at the time of the change. This bit must be

read immediately following a Reset External/Status In-
terrupt command to read the current state of the STC

input.

In the External Sync mode, the Sync/Hunt bit oper-
ates in a fashion similar to the Asynchronous mode, ex-

cept the Enter Hunt Mode control bit enables the exter-
nal sync detection logic. When the External Sync Mode
and Enter Hunt Mode bits are set (for example, when
the receiver is enabled following a reset), the šÑinput
must be held High by the external logic until external
character synchronization is achieved. A High at the
STC input holds the Sync/Hunt status bit in the reset

condition.

When external synchronization is achieved, STNE

must be driven Low on the second rising edge of W
after that rising edge of i?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 SYTITC input.
Once SYNC is forced Low, it is a good practice to keep it
Low until the CPU informs the external sync logic that
synchronization has been lost or a new message is about
to start. Refer to Figure 18 for timing details. The High-
to-Low transition of the SYNC input sets the Sync/Hunt
bit, which—in turn-—-sets the External/Status interrupt.
The CPU must clear the interrupt by issuing the Reset

External/Status Interrupt command.

When the STC input goes High again, another Ex-
ternal/Status interrupt is generated that must also be

cleared. The Enter Hunt Mode control bit is set when-
ever character synchronization is lost or the end of mes-

sage is detected. In this case, the Z80-SIO again looks
for a High~to-Low transition on the T input and the
operation repeats as explained previously. This implies
the CPL‘ should also inform the external logic that char-
acter synchronization has been lost and that the
Z80-SIO is waiting for §—Y.’~TC

to become active.

In the Monosync and Bisync Receive modes, the
Sync/Hunt status bit is initially set to I by the Enter
Hunt Mode bit. The Sync/Hunt bit is reset when the
280-510 establishes character Synchronization Th@

READ REGISTER D

IIHIEHEIIEIEIIEI` ` ' Rx CHARACTERAVAILABLEi i ` INT PENDING ICH, I ONLY)

i Tx BUFFER EMPTV
DCD

I svucmuur
I

crs

I———-—:—— Tx UNDERRUN/EOM

 2
anumaonr

' USED WITH "EXTERNALSTATUS
INTERRUPT" MODE

READ REGISTER It

D7 D6 D5 D4 D3 D2 D1 Dll
L———

ALL sm
I i FIELD BITS I FIELD BITS m
t m PREVIOUS secano PREVIOUS
| me :me

1 a o o a
n 1 n n 4
1 1 n n s 'u o 1 n s
1 u 1 n 7
n 1 1 o a
1 1 1 1 5
n u u z a

PARITV enana - RESIDUE nm ron nom

R, OVERRUN ¡mm Rx BITS/CHARACTERPROGRAMMED

CRCIFRAMINE ERROR

END OF FRAME ISDLC)

IUSED WITH SPECIAL RECEIVECONDITION MODE

READ REGISTER 2

IEEIEIZI D@ IEHIEIEI
I

I ,
V0

, i

â V2*
V3*
V4

L T
V5

“L
' I/6

V7

INTERHUPT
VECTOR

*VARIABLE IF “STATUS AFFECTS
VECTDR" IS PRDGRAMMED

FIQUTG 10. Read Register Bit Functions



High-to-Low transition of the Sync/Hunt bit causes an

External/Status interrupt that must be cleared by the
CPU issuing the Reset External/Status Interrupt com-
mand. This enables the Z80-SIO to detect the next tran-
sition of other External/Status bits.

When the CPU detects the end of message or that
character synchronization is lost, it sets the Enter Hunt
Mode control bit, which—in turn-sets the Sync/Hunt
bit to 1. The Low-to-High transition of the Sync/Hunt
bit sets the External. Status interrupt, which must also
be cleared by the Reset External/Status Interrupt com-
mand. Note that the SYNC pin acts as an output in this
mode and goes Low every time a sync pattern is detected
in the data stream.

In the SDLC mode, the Syric/Hunt bit is initially set

by the Enter Hunt mode bit, or when the receiver is dis-
abled. In any case, it is reset to 0 when the opening flag
of the first frame is detected by the Z80-SIO. The Exter-
nal/Status interrupt is also generated, and should be

handled as discussed previously.

Unlike the Monosync and Bisync modes. once the
Sync/Hunt bit is reset in the SDLC mode, it does not
need to be set when the end of message is detected. The
Z80-SIO automatically maintains synchronization, The
only way the Sync/Hunt bit can be set again is by the
Enter Hunt Mode bit, or by disabling the receiver.

Clear To Send (Ds). This bit is similar to the DCD bit,
except that it shows the inverted state of the CTS' pin.

Transmit Underrun/End Of Message (D5). This bit is

in a set condition following a reset (internal or external).
The only command that can reset this bit is the Reset

Transmit Underrun/EOM Latch command (Wim, Dr, and
D¬). When the Transmit Underrun condition occurs,
this bit is set; its becoming set causes the External/
Status interrupt, which must be reset by issuing the
Reset External/Status Interrupt command bits (WRO).

This status bit plays an important role in conjunction
with other control bits in controlling a transmit opera-
tion. Refer to “Bisync Transmit Underrun" and
“SDLC Transmit Underrun” for additional details.

Break/Abort (D7). In the Asynchronous Receive mode,
this bit is set when a Break sequence (null character plus
framing error) is detected in the data stream. The Exter-
nal/Status interrupt, if enabled, is set when Break is

detected. The interrupt service routine must issue the
Reset External/Status interrupt command iwrto, CVlD2)

to the break detection logic so the Break sequence ter-
mination can be recognized.

The Break/Abort bit is reset when the termination of
the Break sequence is detected in the incoming data
stream. The termination of the Break sequence also

causes the External/Status interrupt to be set. The Reset

External/Status Interrupt command must be issued to
enable the break detection logic to look for the next
Break sequence. A single extraneous null character is
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present in the receiver after the termination of a break;
it should be read and discarded.

In the SDLC Receive mode, this status bit is set by the
detection of an Abort sequence (seven or more 1's). The
External/Status interrupt is handled the same way as in
the case of a Break. The Break/Abort bit is not used in

the Synchronous Receive mode.

READ REGISTER l

This register contains the Special Receive condition
status bits and Residue codes for the l-field in the SDLC

Receive Mode.

D1 D5 Ds D4 03 D2 01 Do

End Of CRC!

Frame Framing Overrun Error Code 2 Code 1
iSDl_C) Error Error

Receiver Parity Residue Residue Residue All

Cese O Sent

All Sent (Do). In asynchronous modes, this bit is set

when all the characters have completely cleared the
transmitter. Transitions of this bit do not cause inter-
rupts. It is always set in synchronous modes.

Residue Codes 0, l and 2 (D¡-D3). In those cases of the
SDLC receive mode where the I-field is not an integral
multiple of the character length, these three bits indicate
the length of the I-field. These codes are meaningful on-
ly for the transfer in which the End Of Frame bit is set

(SDLC). For a receive character length of eight bits per
character, the codes signify the following:

|»Field Bits l-Field Bits
Residue Residue Residue In Previous ln Second
Code 2 Code 1 Code 0 Byte Previous Byte

1 D 0 O 3

0 1 0 O 4

1 1 0 O 5

O 0 1 0 6

1 O 1 O 7

0 1 1 0 8

l 1 1 1 B

O 0 0 2 8

I-Field bits are right-justilied rn all cases.

If a receive character length different from eight bits
is used for the I-field, a table similar to the previous one
may be constructed for each different character length.
For no residue (that is, the last character boundary coin-
cides with the boundary of the I-field and CRC field), the
Residue codes are:

Residue Residue Residue

Bits per Character Code 2 Code 1 Code 0

B Bits per Character 0 1 i
7 Bits per Character O 0 0

6 Bits per Character 0 t O

5 Bits per Character 0 0 i



Parity Error (D4). When parity is enabled, this bit is set

for those characters whose parity does not match the
programmed sense (even/odd). The bit is latched, so

once an error occurs, it remains set until the Error Reset

command twao) is given.

Receive Overrun Error (D5). This bit indicates that

more than three characters have been received without a

read from the CPU. Only the character that has been

written over is flagged with this error, but when this
character is read, the error condition is latched until
reset by the Error Reset command. If Status Affects
Vector is enabled, the character that has been overrun
interrupts with a Special Receive Condition vector.

CRC/Framing Error (D6). If a Framing Error occurs
(asynchronous modes), this bit is set (and not latched)
for the receive character in which the Framing Error
occurred. Detection of a Framing Error adds an addi-
tional one-half of a bit time to the character time so the
Framing Error is not interpreted as a new start bit. In
synchronous and SDLC modes, this bit indicates the
result of comparing the CRC checker to the appropriate
check value. This bit is reset by issuing an Error Reset

command. The bit is not latched, so it is always updated
when the next character is received. When used for CRC

error and status in synchronous modes, it is usually set

since most bit combinations result in a non-zero CRC

except for a correctly completed message.

End Of Frame (D7). This bit is used only with the SDLC

mode and indicates that a valid ending flag has been

received and that the CRC Error and Residue codes are

also valid. This bit can be reset by issuing the Error
Reset command. II is also updated by the first character
of the following frame.

READ REGISTER 2 (Ch. B Only)

This register contains the interrupt vector written into

wk) if the Status Affects Vector control bit is not set. If
the control bit is set, it contains the modified vector
shown in the Status Affects Vector paragraph of the
Write Register 1 section. When this register is read, the
vector returned is modified by the highest priority inter-
rupting condition at the time of the read, If no inter-
rupts are pending, the vector is modified with V3=0,
V221 and V121. This register may be read only
through Channel B.

D7 De D5 D4 Da D2 D1 00

V7 V6 V5 V4 Va V2 Vi Vo

Variable it Status

Affects Vector is

enabled



Applications

The ?exibility and versatility of the Z80-S10 make it
useful for numerous applications, a few of which are in-
cluded here. These examples show several applications
that combine the Z80-SIO with other members of the
Z80 family.

Figure 11 shows simple processor-to-processor com»
munication over a direct line, Both remote processors in
this system can communicate to the Z80-CPU with dif~
ferent protocols and data rates. Depending on the com-
plexity of the application. other Z80 peripheral circuits
(Z80-CTC, for example) may be required. The unused
channel of the Z80-SIO can be used to control other
peripherals or they can be connected to other remote
processors.

Figure l2 illustrates how both channels of a single
Z80-S10 are used with modems that have primary and
secondary, or reverse channel options. Alternatively,
two modems without these options can be connected to
the Z80-SIO. A suitable baud-rate generator (Z80-CTC)
must be used for asynchronous modems.

Figure 13 shows the Z80-SIO in a data concentrator,
a relatively complex application that uses two Z80-SlOs

to perform a variety of functions. The data concen-
trator can be used to collect data from many terminals

over low-speed lines and transmit it over a single high-
speed line after editing and reformatting.

The Z80-DMA controller circuit is used with
Z80-SlO #2 to transmit the reformatted data at high
speed with the required protocol. The high-speed
modem provides the transmit clock for this channel.
The Z80-CTC counter-timer circuit supplies the trans-
mit and receive clocks for the low-speed lines and is also
used as a time-out counter for various functions.

Z80-SIO #1 controls local or remote terminals. A
single intelligent terminal is shown within the dashed
lines. The terminal employs a Z80~SlO to communicate

to the data concentrator on one channel while providing
the interface to a line printer over its second channel.
The intelligent terminal shown could be designed to
operate interactively with the operator.

Depending on the software and hardware capabilities
built into this system, the data concentrator can employ
store-and-forward or hold-and-forward methods for
regulating information traffic between slow terminals
and the high-speed remote processor. If the high-speed
channel is provided with a dial-out option, the channel
can be connected to a number of remote processors over
a switched line.

5
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Figure 11. Synchronousmsynchronous Processor-to-Processor Communcation (Direct Wire to Two Remote Locations)
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Timing

READ CYCLE

The timing signals generated by a Z80-CPU input in-
struction to read a Data or Status byte from the
Z80-S10 are illustrated in Figure l4a.

i, rz rw r3 r‘
(I)

ã \›X/ CHANNELADDRESS J
l0_RTl

ÍÚ

W

DATA ?’_uT-\,

Figure 14a. Read Cycle

INTERRUPT ACKNOWLEDGE CYCLE

After receiving an Interrupt Request signal (Ñ pulled
Low), the Z80-CPU sends an Interrupt Acknowledge
signal (Fi and KTQ both Low). The daisy-chained in-
terrupt circuits determine the highest priority interrupt
requestor. The ¡El of the highest priority peripheral is

terminated High. For any peripheral that has no inter-
rupt pending or under service, IEO: IEI. Any peripheral
that does have an interrupt pending or under service
forces its IEO Low.

To insure stable conditions in the daisy chain, all in-
terrupt status signals are prevented from changing while
W is Low. When

í
is Low, the highest priority inter-

rupt requestor (the one with IE1 High) places its inter-
rupt vector on the data bus and sets its internal
interrupt-under-service latch.

DATA ‘ VECTOR ,4
Figure 14:. Interrupt Acknowledge Cycle

WRITE CYCLE

Figure 14b illustrates the timing and data signals gener-
ated by a Z80-CPU output instruction to write a Data or
Control bvte into the Z80-SlO.

T1 T2 Tw la 71

¿v Tn l"‘l FL
C? CHANNELADDHESS X

KW)

Í)

M_l

DATA X IN X
Figure 14b. Write Cycle

RETURN FROM INTERRUPT CYCLE

Normally, the Z80-CPU issues a RET1 (RETurn from In-
terrupt) instruction at the end of an interrupt service
routine. RETl is a 2-byte opcode (EDAD) that resets the
interrupt-under-service latch 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 distin-
guish between an interrupt under service and a pending
unacknowledged interrupt of a higher priority. When-
ever “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 IE1

High and an IEO Low. If the next opcode byte is no,"
the interrupt-under-service latch is reset.

Figure 14d. Return from lnterrupl Cycle



The ripple time of the interrupt daisy chain (both the
High-to-Low and the Low-to-l-{igh 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 Zilog
Application Note 03-0041-Ol (The 280 Family Program
Interrupt Structure).

DAISY CHAIN INTERRUPT NESTING

Figure 15 illustrates the daisy chain configuration of in-
terrupt Circuits and their behavior with nested interrupts
(an interrupt that is interrupted by another with a higher
priority).

Each box in the illustration could be a separate exter«

rial Z80 peripheral circuit with a user-defined order of
interrupt priorities. However. a similar daisy chain

structure also exists inside the Z80-SIO, which has SR

interrupt levels with a fixed order of priorities.

The case illustrated occurs when the transmitter of
Channel B interrupts and is granted service. While this
interrupt is being serviced, it is interrupted by a higher
priority interrupt from Channel A. The second interrupt
is seriiced and—upon completion-—a RET! instruction is

executed or a RETI command is written into the
Z80-SIO, resetting the interrupt-undenservice latch of
the Channel A interrupt. At this time. the service rou-
tine for Channel B is resumed. When it is completed.
another RETl instruction IS executed to complete the in-
terrupt service.

C‘-iA‘V‘NEi_ A CHANNEL 8

CHANNEL A CHANNEL A E,
_

NAL CHANNEL 3 CHANNEL E! EXTERNAL

PECEl'.'E'R TR/1NS’vll'TEFi STATUS PECEWER ‘PANSMI’/§Ft' STATUS

+
HlGH HlGH HlGH HIGH HlGH HIGH HlGH

lEl iso ii=_i veo «Ei iao ii=_i ieo IEI IEC iei iso

1. PRIORITY lNTERRUPT DAISY CHAlN BEFORE ANY INTERRUPT OCCURS.

+ UNDER SERWCE

lHlGH HlGH l"lGH HlGH HIGH

(Ei iso lEl lEO is: ¡EO is: iso isi iso )El iso

tow tow
2. CHANNEL B TRANSMITTER INTERRUPTS AND IS ACKNOWLEDGED.

+ UNDER SERWCE SERWCE SUSPENDED

men HlGH I-HGH

IE! iso El E0 IEI lEO IEI ¡EO lEl lEO lEl lEO

tow LOW tow tow
3. EXTERNAL/STATUS OF CHANNEL A INTERRUPTS SUSPENDING SERVICE OF CHANNEL B

TRANSMITTER.

t SERVICE COMPLETED SERVICE RESUMED
[HIGH HlGH HlGH HlGH WGH *ilEl iso lEl lEO lEl lEO IEl iso iEi lEO lEl lEO ’———

LOW tow
4. CHANNEL A EXTERNAL/STATUS ROUT1NE COMPLETE. RET! ISSUED, CHANNEL B

TRANSMITTER SERVICE RESUMED.

+ ssnvics COMPLETED
HIGH HlGH ><iGH HlGH mow MGH HlGH

lEl «eo lEl lEO lEl lEC lEl .iso lEl lEO ¡Ei ig@

5. CHANNEL B TRANSMITTER SERVICE ROUTINE COMPLETE, secono RETI ISSUED.

Figure 15. Typical interrupt Sequence
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AC Characteristics (Continued)
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AC Characteristics (Continued)

F

W

—+ IDQHW

‘<»— X

É I
59-0 Ñ K

~——iOiciwn\—p «pi *<——|3m,\WFU 4-—iDLolWR)

wm funcnon READYFUNCTION

no-sio DOA-SIO

Slgnll Symbol PIIIMIIII Min NI! Min “ll Ull?

»Tv «own :TWDeiay Yme tram rising edge or .a 200 200 HS

rumnw w» wmr READY Deiay Time ¡mm «ono w@ m ‘so no ns
Wii! M069

u,HoiW R) WAIT READY Delay Time nom vawmgsage 01:9 :50 130 M
WMT REAUV HIGH Wall Mode

WAIT READY XQHXLWR) wm READYDelay Time mm (Wingpage noRxC vo 13 1o 13 ¢ wm!
Dali BH Ready MO@

|¢VX(W-‘R1 WAIT READVDeiayTIREfrom esmero! Transmit 5 9 5 9 It 0500@

Dalz an Ready Mode
lgL¢>(Wi‘R) WM í Delay T\|'l'E1r0ffI rising 8®8 O90 V20 V20 “5

WAIT READV LOW Ready M009

DC Characteristics
TA

= O°C 10 70°C, Vcc= + 5V, ± 5%

Symbol Í Parameter
Max. Unit Test Condition

v LC ciocx inpm Low voiiage . o 45 v

vw ciocx mw High voiiage + 5 5 v

vu inpui LOWvoivage «oa v

vw inpui High Voitaqa +55 v

v1 Output Lev. Voitage - o A v o mA

ompui High voivag v 250 ,A

input Leakage cmreni _ 10 . m .A o s vw < v@

asiaie Outpu(iDaia Bus mu: Leakage Current —10 . 10 .A oe vw 4 v@

SYNC PV*Leakage CUYVEFVI —40 +10 .AA

Power suppiy Culveni 100 mA

Capacitance
TA: 25°C, f=1 MHZ

Symbol Paraiiin
I Min. Max Unit Tull candiiioiim

if i 7
Chuck Capacitance 40 p;

Unmeamea
Cw mom Capacuance 5 uF om rammed

cow Dumul Capacitance 10 pF ‘L’ 9“‘“"°

VESYPDMV "cc

° gm
2 mi

mum `

'IF

Kl

K144

45

CL: 50 pF. increase delay by 10 ns lor each 50 DF in»

crease m CL, up to 200 DF maximum



Package Configurations

n. u in Do W v su “u Di 9°

D3 2 is 92 03 z :9 D2 91 u?

a5 3 35 D. 55 a 1: U1 “E D‘

gy 4 3, as 01 4 31 De UY EL
T1 5 JS W Tr s :s mm W.‘ “J”
‘H 5 35

EE- El a as
5-2 LEI “_

,En , 3, a/ì En f :4 f '50 5”‘

W g 33 c H F a 1: C Í Ñ 5 í
«w e :2 “f ~:: 9 :2 “T Von “y

many. q]
“Mm/n 3, am: w/wu m

“Mm”
31 T.‘ winlx :mn

sv‘Tci 11 w Tame svTcA u un ww! SYNCA WW!

Mon 17 ¡g STNT mu «z zn SW5? mu “GTB

E 13 ms ?i u za W1! W5 W3

ïiì u r«7xc—B E u 77 ms ?i ¡Ñ
nun m una 'm \s ze Vxca mu HUB

Fi? vs T W 15 15 VI“! W m?
TSÍ n Tu TS! 17 24 H-VS-H n-rïì ?'s‘§

fr? V! T cw? in za UT! C? 575.3

ícT «s UT MW «a zz DEE DEW "TH

, zu TU‘ , zu n WET
, ñ?

Package Outlines

“T [a£"='=‘”"=‘ _i?a@ I

J
í

vrUuuuuwuuuuu-«wuu-uuøu

_ _
ë

., _
7:*

- —:

_:_. ‘,_jn7~1'n,?~?ni??“‘
«-

'
l! .~a“U;';‘JJubJH(

“* g* ~ < n: - "i" --r« - 'a

40-Pin Plastic 40-Pin Ceramic

C
— Ceramic

P
— Plastic

S
— Standard SV ±5Wo, 0° to 70”C

E
— Extended 5V ;t5‘77o, -40°10 85°C

M

-
Military SV 110%, -55° to 125 “C

/0 — Type O Bonding
/1 — Type 1 Bonding
/2 — Type 2 Bonding

Ordering Information

Example.‘

280-510/1
Bonding)

CS (Ceramic—Standard Range-Type 1

Z80-S10/O PS (Plastic ——Standard Range _ Type O

Bonding)



Appendix B

Z80—CTC
Technical Manual



¡ju C)

6.0

8.0

TABLE OF CONTENTS

Introduction

Overuew
_ _ _ _ . . .

Structure of Channel Logic
. . .

1.2.1 The Channel Control

_._._
The Prescaler

. _ _

___.) The Time Constant Register.

3.2.4 The Down Counter
.

.S Interrupt Control Logic

CTC Architecture

ll

CTC Pm Description

CTC Operating Modes
.

4.1 CTC Counter Mode
_

4.3. CTC Timer Mode.

CTC Programming
_ _ _ , _ _ . _ _ _ _

5 l Loading the Channel Control Register.

5.2 Loading the Time Constant Register
5 3 Loading the Interrupt Vector Register.

CTC Timing.
. . . _ _

6,1 CTC Write Cycle
.

6.2 CTC Read Cycle
. _

6.3 CTC Counting and Timing

CTC Interrupt Servicing
. . . _

7.1 Interrupt Acknowledge Cycle
_

7.2 Return from Interrupt Cycle

7.3 Daisy Chain Interrupt Servicing

Absolute Maximum Ratings.
8.1 D.C. Characteristics

.
8.2 Capacitance

_ _ .
8.3 AC. Characteristics

_
8.4 AC, Timing Diagram
8.5 AC. Characteristics

. . . . . . . .
8.6 Package Configuration and Package Outline.

1,.

¿_

¿_

4.

mwxji;

16

to
17

18

1‘)

1‘)

IO
¬1

‘W

'v1

¬¬

23

m
“S

Í (i



1.0 INTRODUCTION

The Z80-Counter Timer Circuit (CTC) is a progammable component with four independent channels

that provide counting and timing functions for microcomputer systems based on the Z80-CPU. The CPU

can configure the CTC channels to operate under various modes and conditions as required to interface with
a wide range of devices. In most applications, little or no external logic is required. The Z80-CTC utilizes
N-channel silicon gate depletion load technology and is packaged in a 28-pin DIP. The Z80-CTC requires

only a single 5 volt supply and a one-phase 5 volt clock. Major features of the Z80-CTC include:

All inputs and outputs fully TTL compatible.

Each channel may be selected to operate in either Counter Mode or Timer Mode.

Used in either mode, a CPU-readable Down Counter indicates number of counts-to—go until zero.

A Time Constant Register can automatically reload the Down Counter at Count Zero in Counter and

Timer Mode.

Selectable positive or negative trigger initiates time operation in Timer Mode. The same input is

monitored for event counts in Counter Mode.

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

Interrupts may be programmed to occur on the zero count condition in any channel.

Daisy chain priority interrupt logic included to provide for automatic interrupt vectoring without
external logic.



2.0 CTC ARCHITECTURE

2.1 OVERVIEW

A block diagram of rhe ZSO-CTC 1SSl1OWn1n figure 10-1. The internal structure of the Z80-CTC con-

srsrs oía Z80-CPU bus Interface. Internal Control Logic, four sets of CounterfTrmer Channel Lr)g1c.3nd

Interrupt Control Logic. The ¡our mdependent counrerftimer channels are rdentrfied by sequenual numbers

from Oro 3. The CTC has the capabrlity of generzmng a umque interrupt vector for each separate channel

(for automatic tectorrng to an rnterrupt servrce rounne). The -1 channels can be connected rnto four con-

tlguous slots m the standard ZSO prrorzty chaln wrth channel number 0 hzmng rhe lughesr prronry. The CPL‘

bus rnrerface logro allows the CTC dance to mte ‘ace dire::l;» ro the CPL‘ with no other external logrc.

However, port address decoders andror lrne buffers may be requrred for large systems.

“YPRNH iQZKROLOLNY THIFKMTÚ

N‘ M“ " rnwrmr (l (HW-nus

l 1 LFLOCK THIMGER D

WT* (PL T-bz£R0r‘0L~r TIMEOLJTI

uus vxrnwu us [H,\\NE1_|

Il) r
KUVTRUL

,ñ
@-—-CLO('KrTRIGGER:

TZERO CDLVT TIMEOUT l
INTERRUPT
(ÍWWOL

LLXZK'
(HANNEL l

im Lr)(‘K TRIGGER 1

INTERRUPT CONTROL
Ll\ES

(H \NVEL,l

CLOCK TRIGGER l
FIGURE 2.0-1

CTC BLOCK DIAGRAM



2.2 STRUCTURE OF CHANNEL LOGIC

The structure of one of the four sets ut"C0unier:‘Tirner Channel Logic is shown in figure 10-3. This logic

is composed of " registers 2 counters and control logic. The registers are un 8-bit Tnne Constant Register‘ und

an 8-bit Channel Control Register. The counters are an 8»bit CPU-1'€8(l£lbl€ Down Counter and an 8-bit
Prescalerr

(CHANNEL
CONTROL “Mk
REGISTER co~sr.wr
,WD LOCK REGISTER

18 HIT3|

í INTERNAL ELS

PRESCALER

(X BITS)

ZERO COUNT/TIMEOUT

EXTERNAL CULX K TIMER TR|('.L}ER

FIGURE 2.0-2

CHANNEL BLOCK DIAGRAM

2.2.1 THE 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 entire CTC device there are four such registers, corresponding to the

four Counter;’Timer Channels. Which of the four is being written to depends on the encoding of two channel

select input pins: CS0 and CS1 (usually attached to AO and Al of the CPL’ address bus). This is illustrated in

the truth table below.

Ch0 O O

Chl 0 l

Ch?. l O

Ch3 1 1



2.2.1 CONTINUED

In the control word written to program each Channel Control Register, bit 0 is always set. and thelothfr

7 bits are programmed to select alternatives on the channels operating modes and parameters. as shown in ...e

diagram below. (For a more complete discussion see section 4.0 “CTC Operating Vlodes and section 3.0‘

“CTC Programming")

CHANNEL CONTROL REGISTER

97 D5 D5 D4 D3 Dz D1 D0

LOAD
'”TE”R,""

MODE RANGE SLOPE TRIGGER TIME RESET 1

5””-5 CONSTANT

USED IN
TIMER MODE ONLY

2.2.2 THE PRESCALER

Used in the Timer Mode only, the Prescaler is an 8-bit device which can be programmed by the CPU via

the Channel Control Register to divide its input, the System Clock (sb), by l6 or 256 The output of the Pre-

scaler is then fed as an input to clock the Down Counter, which initially, and every time it clocks down to
zero, is reloaded automatically with the contents of the Time Constant Register In effect this again divides

the System Clock by an additional factor of the time constant. Every time the Down Counter counts down to

zero, its output. Zero Count;'Timeout (ZC/TO), is pulsed high.

2.2.3 THE TIME CONSTANT REGISTER

The Time Constant Register is an 8-bit register, used in both Counter Mode and Timer Mode, programmed

by the CPU just after the Channel Control Word with an integer time constant value oil through 256. This

register loads the programmed value into 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 15 loaded into the Time Constant Register while a channel is counting or timing, the present down
count will be completed before the new time constant is loaded into the Down Counter, (For details of how
a time constant is written to a CTC channel, see section 5.0: “CTC Programmiiig.")

2.2.4 THE DOWN COUNTER

The Down Counter is an 8-bit register. used in both Counter Mode and Timer Vlode, loaded initially,
and later when it counts down to zero, by the Time Constant Register. The Down Counter is decremented

by each external clock edge in the Counter Mode. or in the Timer Mode, by the clock output of the Pre
scaler. At any time. by performing a simple [/0 Read at the port address assigned to the selected CTC channel,

the CPU can access the contents ot" this register and obtain the number of counts-to-zero. Any CTC channel

may be programmed to generate an interrupt request sequence each time the ¿ero count is reached.

In channels 0. l. and 2, when the zero count condition is reached. a signal pulse appears at the corres-

ponding ZC, TO pin. Due to 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.



2.3 INTERRUPT CONTROL LOGlC

The interrupt Control Logic insures that the CTC acts in accordance with Z80 system interrupt protocol

for nested priority’ interrupting and return troni interrupt. The priority of any sy stein device is deteririiired by

its physical l0C(ll10t‘t in I] daisy chain configuration. Two signal litres (lEl and IE0) are pioiided in CTC devices

to form this system daisy chain. The deyice closest to the CPL’ has the highest priority '_within the CTC. inter-

rupt priority rs predetermined by channel number. with cliatinel 0 having highest priority down to clraiinel 3

which has the lowest priority
.

The purpose of B. CTC-generated interrupt. as with JH) other peripheral device.

is to force the CPU to execute an interrupt service routine. According to Z80 system interrupt protocol, lower

priority dc\ices or channels may not interrupt higher priority devices or ch‘.innels that hate already iirteirttpted
and have not had their interrupt service routines completed. llowever. high priorit_\ devices or channels ind)‘

interrupt the seriieing of lower priority devices or channels.

A CTC channel may be progrztrtrrned to request an iirterrtipt every time its Down Counter reiiclies a

count of zero. (T0 utilize this feature requires that the (‘PU be ptograrnmed for interrupt irrode l.) Some tirite
after the interrupt request. the CPL‘ Will send out an interrupt L1Cl\i1lWV'lt')dgC.L1lid the CTC‘s liiteiittpt (‘orriiol
Logic will determine the litghest-priority‘ channel which is requesting ‘.1lllntCt‘[ttpl\Ntll1ll'1 the (‘TC device Then

it` the CTC‘s lEl input is active. indicating that it has priority within the sy stein daisy chain. it will place an

8~bit Interrupt Vector on the system data bus. The high-order 5 bits of this Vector will have been written to

the CTC earlier as part of the CTC initial programming process: the next two bits will be provided by the

CTC‘s lnterrupt Control Logic as a binary code corresponding to the lrigliest-priority channel requestitig an

interrupt: ?nally the low-order bit of the vector will always be /,Ei0JCCOt(.ll1lg to a convention described

below.

INTERRUPTVECTOR

D7 De D5 D4 D3 Dz D1 D0

V7 V6 Vs V4 V3 X X 0

I
0 CHANNEL U

1 CHANNEL 1

0 CHANNEL 2

1 CHANNEL 3

—I—noo—

This interrupt vector is used to form a pointer to a location iti memory where the address of the interrupt
service routine is stored in a table. The vector represents the least signiticant 8 bits. while the CPL‘ reads the

contents oi the I register ro provide the most significant 8-bits of the l6-bit pointer. The address in memory
pointed to will contain the low-order byte, and the next highest address will contain the high-order byte of an

address which in turn contains the ñrst opcode 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.

Z8016-BIT POINTER (INTERRUPT STARTING ADDRESS)

I REG 7BITS FROM
CONTENTS PERIPHERAL

VECTOR

There is a Z80 system convention that all addresses in the interrupt service routine table should have

their low-order byte in an even location in memory’. and their higli-order byte in the next highest location in

memory. which will always be odd so that the least signi?cant bit of any interrupt vector will always be even.
Hence the least signi?cant bit of any interrupt vector will always be zero.

The RETI instruction is used at the end of any interrupt service routine to initiali/e the daisy chain

enable line IEO tor proper control ot nested priority‘ interrupt handing. The (‘TC monitors the sy stern data

bus and decodes this instruction when it occurs. Thus the CTC channel control logic will know W hen the CPL’

has completed servicing an interrupt. without any further communication with the CPL,‘ being necessary.



3.0 CTC PIN DESCRIPTION

A diagram of the Z80-(‘TC pin coritiguration is shown in figure 30-‘; This section describes the tui":Cf1Dr‘

or each pin

DT
——

DO

ZSO—CPU Data Bus tbi-direc:it~ri;il_ tri-state;

This bus Ls used tu trunster ".ii.i and ct-mrnand words hetweeii the ZÉO-CPC :ind the ZÉO-Q TC Tlere

.ire é bits un this btts.\i:'»vliicl1DOisthe;e:1stsigniricurit.

CSl »CSO

Chaiiiiel Select tiripui. active high)

These uiris :urrn .i Í-bit binurx address code for selecting one 1>t".he tuur independent CTC channels :or
un ISO Vvriie ur Read. (See truth table below.)

t csi i cso

Ch o
I

o
l

o
l

Ch 1 o i

Ch 2 i 0

Ch 3 i i

ã
Chip Enable (input, active low)

A low level on this pin enables the CTC to accept control words. Interrupt Vectors, or time constant data

words from the Z80 Data Bus during an 1.0 Write cycle. or to transmit the contents of the Down Counter te

the CPU during an [/0 Read cycle. In most applications this signal is decoded from the 8 least signi?cant bits
of the address bus for any of the four I/O port addresses that are mapped to the four CounterJ'Timer Channels.

Clock (Kb)

System Clock (input)

This single-phase clock is used by the CTC to synchronize certain signals internally.

W
Machine Cycle One Signal from CPU (input, active low)

_
When Ml is active and the RD signal is active. the CPU is fetching an instruction from memory, When

Ml is active and the IORQ signal is active, the CPU is acknowledging an interrupt. alerting the CTC to place an

Interrupt Vector on the Z80 Data Bus it" it has daisy chain priority and one ot its channels has requested an

interrupt

IORQ

lriput Output Request trum CPU (input. l1C[1V'9 low}

The IORQ signal is used in coniunction with the É and Í) signals to transfer data and Channel Control
Words betueen the Z250-CPL" and the CTC During a CTC Write C} ele. IORQ and CE must be true and ÉT)

tnlse TheLTC dues not receive Li specitic write sign_‘.il. ll'1S7.L1Cl generating its own internally from the inverse

día valid RD signal. ln a CTC Read Cycle, IQEQ, CE and RD must be active to place the contents of the Down
Cuunter on the Z80 Data Bus. lf IORQ and M1 ¿ire both true, the CPL' is uchnowledging an interrupt request.
and the liigliestvpriority interrupting channel will place its lnterrupt Vector on the Z80 Data Bus.



3.0 CTC PIN DESCRIPTION (CONT'DI

Íñ
Read Cycle Status trcni the CPL' tinput. active low)

The Ñ) signal is used in ciiniiiiicnim with the IORQ and signals to iiaiisler data and Cliaiiriel Coiitiol
Words between the Z80-CPL'.iriritl1e CTC. During a CTC \\rite Cycle. IORQ and CÉ must he true and T{T)tL1lse,

The CTC does not receive a specitiic write SI‘ #’1isteaige1icriiting1is own ititeriiull} mini the inverse oi‘ J

\'.’_lIlCI RI) swf Iii ¿i CTC Read Ci cic. IORO. CT: and RI) must be active to place the contents ui the Down
Counter 1:11 the Z80 Data Bus.

[El

Interrupt Enable In (input. active high)

This signal is used to help 11.11111a \I}SI€l1lr\V1£IE interrupt d2.llS}’ chain which estiiblishes priorities when

more than one peripheral device in the s)sten1 has interrupting capability. A high level on this pm indicates

that no other interrupting devices oi" higher priority in the daisy chain are being serviced by the Z80-CPU.

[EO

Interrupt Enable Out If)LllpuI.ElCIl\r3lllgI1J

The [EO signal. in coniunctiori with IE1, is used to form a S) stein-wide interrupt priority daisy chain.

IE0 is high only if IE1 is high and the CPU is not servicing an interrupt from any CTC channel. Thus this sig-

nal blocks lower priority devices from interrupting while a higher priority interrupting device is being serviced

by the CPU.

INT

Interrupt Request (output. open drain, active low)

This signal goes true when any CTC channel which has been programmed to enable interrupts has a zero-

count condition in its Down Counter.

RESET

Reset (input. active low)

This signal stops all channels from counting and resets channel interrupt enable bits in all control
registers. thereby disabling CTC-generated interrupts. The ZC;'TO and [TT outputs go to their inactive states,

IEO retlects [EL and the CTC’: data bus output drivers go to the high impedance state.

CLK/TRG3 ~CLK/TRGO

External Clock;‘Tinier Trigger (input, user-selectable active high or low)

There are four CLICTRG pins, corresponding to the four independent CTC channels. In the Counter
Mode: ever)’ active edgegon this pin decrements the Down Counter. In the Timer Mode, un active edge on this
pin initiates the timing lunction_ The user may select the active edge to be either rising or falling.

ZCKTO2
—

AC 'TOO

Zero Count:Timeout (output. active high)

There are three ZC‘TO pins. corresponding to CTC channels IthroughO.(l)uetopack;igcp1nlinntaiiimg
channel 3 has11oZC9TO pin.) ln either Counter Mode or Timer Mode, when the Down Cuiiiiter decrements to
zero ari active liigli going pulse appear; ii mis pin.



3.0 CTC PIN DESCRlPT|ON

CPU j “VE”
DATA sus D441»

CTC E'_NABLE

CONTROL

-
14

WJL
INTERRUPT |N¬rENA5L5 13

CONTROL W

INT ENABLE .11
OUT

Z80-C TC
ZBOA-C TC

23

<—- CLT/TRG0

-1» ZC/T00

<~g2—CLK/TRG1

8

?>ZC/T01 CHANNEL
SHSNALS

21

<—cu<mze2
——9>zc/T02

ACLK/TRG3

CTC PIN CONFIGURATION

FIGURE 3.0-1



4.0 CTC OPERATING MODES

At power-oii. the Z80-CTC state lS undefined. Asserting R*I3§F—T puts the CTC in a known state. Before

any Channel can begin counting or timing. a Channel Control Word and Li time constant data word must be

written to the appropriate registers of that channel. Further. it an} channel has been programmed to enable

interrupts. an interrupt Vector word must be written to the CT(“s lnterrupt Control Logic. (For turther
details. refer to section 5.0‘ "CTC Progtaitiniingf‘) When the CPC has written all ot these words to the CTC

all active channels will be programmed for immediate operation in either the Counter Mode or the Tirtiei
Mode.

4.1 CTC COUNTER MODE

ln this mode the CTC counts edge of the CLKJTRG input. The Counter \lode is progriimrtietl tor a

channel when its Channel Control \\'oi is written with bit ti set The Clianiiells l;\‘tertial Clock l'Cl_K‘TR(}l

input is monitored for a series of tr _fl‘lllg edges. sitter each. in s) llCltr\)lll/‘.1ll\tt1 with the next rising edge oi‘

lI>(tlie S)S1CII1 Clock}. the Down Counter (wliielt \t as initialized with the time eoiistunt data word at the start
of any sequence ot dowti-couiititig; is deerertietited. Although there is no set-up time requirement between the

triggering edge ot the External Clock and the rising edge of Q). (Cloclu, the Down Counter will not be decre-

rtiented until the following ‘Dpulse. (See the parameter ts(CKl in section 5.3: "A.C. Cliaracteristics."l A
ch'.innels‘s External Clock input is proprograinmeti by bit 4 at the Cliannel Control Word to trigger the deere

menting sequence with either lt high or a low going edge.

In any of Channels O. l,or 2. when the Down Counter is successively Cl€e‘I<.‘mCt1l€d trom the original
time constant until finally it reaches zero. the Zero Count (ZCTO) output pin for that channel will be pulsed

active (high). (However, due to package pin liinitzitions, cliatinel S does not have this pin and so may' only be

used in applications where this output pulse is not required.) Further. if the channel has been so pre-programmed
by bit 7 of the Channel Control Word. an interrupt request sequence will be generated. (For more details, see

section 7.0: “CTC Interrupt Semciiig.“)

As the above sequence is proceeding, the zero count condition also results in the automatic reload of
the Down Counter with the original time constant data word in the Time Constant Register. There is no inter-
ruption in the sequence of continued down-counting. It‘ the Time Constant Register is written to with a new

time constant data word while the Down Counter is decretnenting. the present count will be completed before
the new time constant will be loaded into the Down Counter.

CHANNEL
('0\TROL
REGISTER

AND LOGIC

TIME
(ONSTANT
REUISTER

lh BITS!

ø INTERNAL BUS

DOWN ZERO COL'VTlTl'VIEOL'T
COLVTER

Ik BITS)

¡KH RN \L L L0l k lI\(I R lRlL.(.ER

FIGURE 4.1-0

CHANNEL-COUNTER MODE



4.2 CTC TIMER MODE

ln this mode the CTC generates timing intervals that are an integer Value of the system clock period. The

Timer Mode is programmed for a channel when its Channel Control Word is written with bit 6 reset. The :han-

nel then may be used to measure intervals of time based on the Sy stem Clock period. The System Clock ts fed

through two successite counters. the Prescaler and the Down Counter. Depending on the f.>re»prowammed bit 5

in the Channel Control Word. the Prescalerdividcs the System Clock by a factor ofeither 16 or -36. The out-

put of the Prescaler is then used as a clock to decrement the Down Counter. which may be pre-programmed

with any time constant integer between l and 256. As tn the Counter Mode, the time constant is automaticall}
reloaded into the Down Counter at e h ¿ero-count condition. and counting continues. Also at zero-count. the

channel‘s Time Out tZC TO! output (which is the output oi the Down Counter) is pulsed. resulting in a uni-

iorrn pulse train of precise period given by the product.

tC*P"TC

where tc is the System Clock period. P is the Prescaler factor of ló or 356 and TC is the preprogrammed time

constant.

Bit 3 ofthe Channel Control Word is pre-programmed to select whether timing will be automatically
initiated, or whether it will be initiated with a triggering edge at the channels Timer Trigger lCLKfTRGì input.

it hit 3 is reset the timer automatically begins t)_D6l’.’.’.li0l'\ at the start or‘ the CPL' cycle following the 1.0 Write

machine cy cle that loads the time constant data word to the channel. lfbit 3 is set the timer begins operation
on the second succeeding rising edge of ‘ballet the Timer Trigger edge following the loading of the time

constant data word. lino time constant data word is to follow then the timer begins operation on the second

succeeding rising edge of <1)after the Timer Trigger edge following the control word write cycle. Bit 4 of the

Channel Control Word is pre—programmed to select whether the Timer Trigger will be sensitive to a rising or
falling edge. Although there is no set-up requirement between the active edge of the Timer Trigger and the next
rising edge of (I). If the Timer Trigger edge occurs closer than a specified minimum set-up time to the rising edge

of CD, the Down Counter will not begin decrementing until the following rising edge of <13‘.(See the parameter

ts(TR) in section 8.3: “A.C. Characteristics")

If bit 7 in the Channel Control Word is set, the zero~count condition in the Down Counter, besides

causing a pulse at the channel's Time Out pin, will be used to initiate an interrupt request sequence. (For
more details, see section 7.0: “CTC Interrupt Servicing.“.)

CHANNEL
CONTROL
REGISTER

AND LOGIC

TIME
CONSTANT
REGISTER

tit BITS)

0_ INTERNAL BUS

PRESCALER

{X BITS)

ZERO COL"‘4T.’T[MEOUT

I xii RN \L t Los krTi\ttR TR|(£t.ER

FIGURE 4.2-0

CHANNEL-TIMER MODE

lO



5.0 CTC PROGRAMMING

Before a Z80-CTC channel can begin counting or timing operations, a Channel Control Word and a Time
Constant data word must be written to it by the CPU. These words will be stored in the Channel Control
Register and the Time Constant Register of that channel. In addition, if any of the four channels have been

programmed with bit 7 of their Channel Control Words to enable interrupts, an Interrupt Vector must be

written to the appropriate register in the CTC. Due to automatic features in the Interrupt Control Logic, one

pre-programmed Interrupt Vector suffices for all four channels. '

5.1 LOADING THE CHANNEL CONTROL REGISTER

To load a Channel Control Word, the CPU performs a normal 130 Write sequence to the port address

corresponding to the desired CTC channel. Two CTC input pins, namely CS0 and CS1, are used to form a 3-bit
binary address to select one of four channels within the device. (For a truth table, see section 2.2.1 “The
Channel Control Register and Logic”) In many system architectures, these two input pins are connected to
Address Bus lines A0 and A1. respectively, so that the four channels in a CTC device will occupy contiguous
I/O port addresses. A word written to a CTC channel will be interpreted as a Channel Control Word. and loaded

into the Channel Control Register, its bit 0 is a logic l. The other seven bits of this word select operating
modes and conditions as indicated in the diagram below. Following the diagram the meaning of each bit will
be discussed in detail.

CHANNEL
CONYRUL
REGSTER

AND LOCK‘
IR HITS)

TIME
CONSTANT
REGISTER

: INTERNAL BUS

PRESCALER

(H BITS}

ZERO COUVWTJMEOUT

l\TER"J \L 1 LL)( K/TIMER IRI(.(.Hl
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5.1 LOADING THE CHANNEL CONTROL REGISTER (CONT'D)

D: D5 D5 DA D3 D? D‘ De

E

__ ,
TÍ i

r LOAD l ‘

§“““.:?P’“P‘ MODE RANGE SLOPE ‘T:i<3et=_R: rate RES? =

t ENABLE

t r pcwsmm!
i

l
USED tN USED lN

TlMER MODE ONLY TIMER MODE ONLY

Bit 't'=l

The channel is enabled to generate an interrupt request sequence every time the Down Counter reaches a

/ero»t:ount condition. To set this bit to l in any of the four Channel Control Registers necessitates that an

Interrupt Vector also be written 10 the CTC before operation begins. Channel interrupts may be programmed

in either Counter Mode or Timer Mode. If an updated Channel Control Word is written to a channel already in

operutiori, with bit 7 set, the interrupt enable selection will not be retroactive to a preceding zero-count
condition.

Bit7=0

Channel interrupts disabled.

Bit6=1

Counter Mode selected. The Down Counter is clecremented by each triggering edge of the External Clock
(CLK TRG) input, The Prescaier is not used.

Bit 6 =0

Timer Mode selected. The Prescaler IS clocked by the System Clock (D. and the output of the Prescaler in

turn clocks the Down Counter. The output of the Down Counter (the channel's ZCHTO output) is a uniform
pulse train of period given by the product

i_.*t>*Tc

Qvheie tb- is the period oi System Clock CID.P is the Presculer factor of it} or 256. and TC is the time constant
LHJ word.

Bit5=I

(Detiiied rot Tiiiici Nude oiilyfl P':’5C1.li€l factor is 256.

Bit5=0

tDeiiiied tin Tiiiiei Mode only .ì Presculer {actor is 16.



5.1 LOADING THE CHANNEL CONTROL REGISTER (CONT'Dl

l

D? De Ds D4 DS D2 01 D@

' l LOAD l

WNÍERRUPTl
MODE RANGE SLOPE TRIGGER mus RESET r

‘ l “ABLE CONSTANT it

$ 5 x

l usEO IN user: W
TWTER MODE ONLY TIMER MODE ONLY

Bit 4 = 1

TIMER MODE — positive edge trigger starts timer operation.

COUNTER MODE -f
positive edge decrements the down counter.

Bit4=0

TIMER MODE
f

negative edge trigger starts timer operation.

COUNTER MODE v
negative edge decrements the down counter.

Bit3=l
Timer Mode Only — External trigger is valid for starting timer operation after rising edge of T2 of the

machine cycle following the one that loads the time constant. The Prescaler is decremented 2 clock cycles

later if the setup time is met, otherwise 3 clock cycles.

Bit3=0

Timer Mode Only — Timer begins operation on the rising edge of T2 of the machine cycle following the

one that loads the time constant.

Bit2=1

The time constant data word for the Time Constant Register will be the next word written to this
channel. If an updated Channel Control Word and time constant data word are written to a channel while it is

already in operation, the Down Counter will continue decrementing to zero before the new time constant is

loaded into it.

Bit2=0

No time constant data word for the Time Constant Register should be expected to follow. To program
bit 2 to this state implies that this Channel Control Word is intended to update the status of a channel already

in operation, since a channel will not operate without a correctly programmed data word in the Time Constant
Register, and a set bit 2 in this Channel Control Word provides the only way of writing to the Time Constant
Register.

iBiil=1
Reset channel. Channel stops counting or timing. This is not a stored condition. Upon writing into this

bit a reset pulse disconrinues current channel operation, however, none of the bits in the channel control reg-

ister are changed. lfboth bit 2 = 1 and bit 1 = l the channel will resume operation upon loading a time
constant.

Bit l = 0

Channel continues current operation.

13



5.2 LOADING THE TIME CONSTANT REGISTER

A channel may not begin operation in either Timer Mode or Counter Mode unless a time constant data

word is written into the Time Constant Register by the CPU. This data word will be expected on the next HO

Write to this Channel following the ID Write of the Channel Control Word, provided that bit 2 of the Channel

Control Word is 561. The time constant data word may be any integer value in the range 1-256. If all eight bits

in this word are zero. it is interpreted as 256. If a time constant data word is loaded to a channel already in

operation, the Down Counter will conttnue decrementing to Zero before the new time constant is loaded from
the Time Constant Register to the Down Counter.

TIME CONSTANT REGISTER

D7 De D5 D4 D3 Dz D1 Do

TC7 TC5 'rc5 TC4 TC3 TC2 TC1 Tc@

MSB L53

CHANNEL
CONTROL
REGISTER

AND LOGIC

INTERNAL BUS

PRESCALER

(I4 BITS)

I \Tl RN-\L l UX KITIWLR TR|(yl-LR

COUNTER
IS BITS)

ZERO COUNITIMEOUT



5.3 LOADING THE INTERRUPT VECTOR REGISTER

The Z80-CTC has been designed to operate with the Z80-CPU programmed for mode 2 interrupt response.

Under the requirements of this mode, when a CTC channel requests an interrupt and is acknowledged, a ió-bit

pointer must be formed to obtain a corresponding interrupt service routine starting address from a table in

memory. The upper 8 bits of this pointer are provided by the CPU@ I register, and the lower 8 bits ot the

pointer are provided by the CTC in the form of an Interrupt Vector unique to the particular channel that
requested the interrupt. (For further details, see section 7.0. “CTC Interrupt Servicing".)

MODE 2 INTERRUPT OPERATION

Desired starting address pointed to by:

IN TE R R UPT

SERVICE
ROUTINE LOW ORDER > I REG 7 BITS FROM

STARTING HIGH ORDER CONTENTS PERIPHERAL

ADDRESS

TABLE

The high order 5 bits of this Interrupt Vector must be written to the CTC in advance as part of the

initial programming sequence. To do so, the CPU must write to the [/0 port address corresponding to the CTC

channel 0, just as it would if a Channel Control Word were being written to that channel, except that bit O of
the word being written must contain a 0. (As explained above in section 5.1, if bit 0 of a word written to a

channel were set to 1, the word would be interpreted as a Channel Control Word, so a O in bit O signals the
CTC to load the incoming word into the Interrupt Vector Register.) Bits l and 2, however, are not used when

loading this vector. At the time when the interrupting channel must place the Interrupt Vector on the Z80
Dam BUS» the Ime?upt C0mr0I Logic Of the CTC automatically' supplies a binary code in bits I and 2 identi-
fying which of the four CTC channels is to be serviced.

INTERRUPT VECTOR REGISTER

INTERRUPT VECTOR REGISTER

D7 De D5 D4 D3 D2 D1 Do

V7 V6 Vs V4 V3 x x o

x sun I I

Ugg? BY o o CHANNEL o (Highest Priority)
o 1 CHANNEL1
1 o CHANNEL2
1 1 CHANNEL3 (Lowest Priority)

AUTOMATICALLY INSERTED
BY Z80—CTC



6.0 CTC TIMING

Thts 3CC!1t')nIllL1SItE[€Sll‘.e '.I.'T‘.lI'Ig I’ElLI ttnslttps of the relevant CTC ptns tor the follomng types at

Up€.".II1DT\ wrtrtng .1 word to the CTC. readmg a word from the CTC. cottnung. and ttrntng‘ Elsewhere in thts

m.trtu.ti .'t1;I\. be ¡band ttmtng dntgrams relatmg ta tnterrupt semetng tsectmn T O) and an ACT Ttmtng Diagram

whteh quantttatrvely spectttes the ttmtng reiatmnshtps tsectton 3.4).

6.1 CTC WRITE CYCLE

Ftgure o_O-l IllLlST.’1[6Sll‘.€IIETIIII“ assoetated wttlt the CTC \\'rtte Cygle. T3115 SBLILIEHCE :s Jppltcable to

ltudtng ctther a
ClIJnI't€lCtIII[I'<Jl\VtVI’t1.Llt‘tltI1€FIL1p[\'CCIDf.t>I’ .i ttme t.‘0I‘tS[£1I‘.I‘.j&T.’d word.

In the sequence shown. dimg clock c, "le T1. the Zt%O-CPL prepares for the Wrtte Cycle wlth a false

(htghl stgnal ;tt CTC tnput pm RD (Read). Since the CTC 'nas no separate Wrtte stgnal tnput. tr generates its

own Intét?dll} from the false RT) Input. Later. dunng clue’ cycle Tm the Z80-CPL’ tnttiates the Write Cycle

wttlz true tluwz ¿ls at CTC tnpttt pm; IORQ (I O Request) and CT. tfhtp En1bieI.(.\ote V1 must be faise

1011311 "
l‘ e e} ¬`> fr '1‘. 3.11tntettt ¬ï Acxrxoxvled” ›.-\Jw Jl thu itme .l :—b1IbtnLIt}« code appears LII CTC

Lnptttx C and CSOI nncl Select I arm‘ 0). spa ¿ng wnçn »t the Our CTC ehanneis is bang wntten to.

¿nd the wttrtl b:‘IH»:t\V.'1I'.:.‘ttJt\pC4t§ on the Z50 Dam Bus Mm d\'et}1lI1t1g1Sft?.1tl) for the wold to be ‘,at:::ed

tnto the apptoprtate CTC tnternal regtstet m synchrontzation with the rtstng edge beginmng clock cycle T3. No

addrttonal wart states are allowed.

CTC WRITE CYCLE

C5045? X CHANNEL ADDRESS Y

DATA W W f‘AUTOMATICALLY INSERTED BY Z80-CPU

I6



6.2 CTC READ CYCLE

Figure 6 0-2 illustrates the timing associated with the CTC Read Cycle. This sequence is used any time
the CPU reads the current contents of the Down Counter. During clock cycle T3. the Z80›CPU initiates the

Read Cycle with true signals at input pins RD (Read), IORQ (l/O Request). and CE (Chip Enable). Alsu at

this time a 2-bit binary code appears at CTC inputs CS1 and CS0 (Channel Select l and O)4Spe‘:1I~yiI‘Lg which

of the four CTC channels is being read from. (Note. Ml must be false to distinguish the cycle from an inter-

rupt acknowledge.) On the rising edge of the cycle T3 the valid contents of the Dovm Counter as of the rising

edge of cycle T3 will be available on the Z80 Data Bus. No additional wait states are allowed.

CTC READ CYCLE

CSO-Pã ' X CHANNEL ADDRESS X

DATA OUT

'AUTOMAT|CALLY INSERTED BV Z80~CPU



6.3 CTC COUNTING AND TIMING

FIEUYE 0.0-3 IIIUSIICNSS the ttming dtagram for the CTC Counttng and Ttmtng Hades.

In tI1e(\;111‘.terMt11)e.the eége Irtstng edge n .tet1\'e tn thts e\un1pIe)t‘rt1vn:I1e external hurdw are con-

.) ted tv 11111L LR T R(.tIc;te1ne11ts:I:e Dt1»\11(ot1nt r1t1sj.'n;I'.rt> on M: tc S cm Clock ‘[3. As

` L t'I1.1t.:utc'1;t1es ISee:111n KI I I tt* CLK TRI} 3t1:1\e J fntvrnxtrtt \\tdth;1ndtI1e

¿tt tux .I5II71tI5,EI::~II1Jtt ItV'tC€'.I‘“ >.s:e:11et1.1eI\ f: "mu. ;\III‘.\J1.1gZ
. te ts nt,1sc:-u;1ttmerequt'e-

:m utetne e ge nt the CLK TRG hi the nstng edge at tb 11 the CLK TRG edge occurs sloser

u1111111111t1m tune. the Jecrentent u! the Dmm Counter wtII be cIeI;1}ed one cycle of tb. Immed›

2.11:1} tttter the tzeetetnettt of the Down Counter, I to U. the ZCTO output ts pulsed true.

111 new
¿tt 1 >f\\.‘L’II

In the T1merMot.Ie,a puìsc trtgget (user-selectable as etther acttve high or aet1veIow)at the CLKETRG

ptn €tI.JbIC>I1mIngIIJFlCIIL)t1t)I'IIII€ sectnnd succeedtng rtstng edge of 41> As In the Counter MocIe.thet:1gger1ng

nulse 1.; dclcgted.tS\:1cI11->t1«>ttsI) unu‘ must Itute J tntttttnum ‘-\Id'.I‘1. The t'

/411111111.11“'I>.u1:d.t1:11111:nt1t11>ct1 tt111edI1e'.\\eentI1e at the CLK TRG tutti the :text

ttstttg e wt ‘I? lt tI1e(‘LI\ TRL e «Jçztttš CIUSETIIIJII t}1ts.tI1ct11tt1u£ton ut the ttmer tttnctton w1II be

tIeIu)evJt.:11e C_\LIL' txt *D

p 11111: 13

CTC COUNTING AND TIMING

INTERNAL
COUNTER

ZERO COUNT

ZC/T0

 _—TRG

INTERNAL
“MER START TIMING

I8

:tIIIC'.1«>I‘. LS ;ntt1:1ted tn 5}.t‘1CYOt‘:I-



7.0 CTC INTERRUPT SERVICING

E;1;l1(‘TC c11L11111el111'.1_1‘bel11d1\1.111.1l1} p111g1;1111111ed t111'e1111ex't 111. 1111e:11111t 1‘\1‘l_\ 111111‘11.» l)11wt\. (111t11t1‘1

reaches :1 count of ¿ero Tl1ep1ttpt1set1t;1 LTC—gener.1ted 111te111111t..1s 1111 .1111 1111111:pe_11;‘l11-1.1l1l1\111.1.» .11
t

~ 1

t
¬ '› wk 1-1‘. t; ‘* 1«_t.::1.x.

:otee the CPL to exeeute .1n11.\te11'\1ptse1\1Le r1,1\\111e. To 11t1l1z11111\.1.1t1111 [ha 7.\0(1’L 11151111111 1_1 11 11 e

IHÍCt-

*nttttttc
t'orr'.1111:le I interrupt response. Untìei the1e11t11re111e111s111112151111111e,\\'l1c11.1(‘TC L'11.llll‘.1.‘1 111111111915.t

tupt and ts aekr111wledged..1 10-bttpmtztertnttstbe1\11111e11t1111bt1111:1 e111'1es1111111.l111;;111te:111111Vs1*:\t1»

statttrtg address trom ;1t;1ble1n111e111111_\. Tl1e11me18 11113111 tl1c11111nte1 .11ep:1111Je1lh\ tl1c(‘l( 1.11tl'1'1111=11

otnnlnterrttptVector111111111et1)1l1e;m1t1e11l.11cl1.111nelthat:e1111c<tc11tl1e1:11c1111;1t IF111 11111511-111et.11l~. 131111

111:l1.1pter E1O ut the 750-CPLTe;l1111e.1lN1.111t1:1l I

ThcCTC‘shueuup1Cunvo1Luwvtnuuesthm111cmtnlguudlnarwuh/xU1\ucu1unenupthhwun?

for 'tested pr1or1t_\ 1nte1111;~t 111:1 ptnpe :c1111111z11111111te::1t11t Tl1cp11.11:1) 11:.111\ 51519-11_lc\11’c t» dctctttttttt-tl
b) tts 1’111_\s1e;1l1oc'.1t11111111111.115} e11.1111c1111t1g111.1t11111 T1\'11s1g11.1il111e\t1ll:1111l ll01.11:11:111111c1l1:‘t1'ct‘TC

and .111Z80 pe11;>l1e1;11de\1ees1111111111the >1st1‘11111;11>} L11J111.T11C 11e11;e .'l11»est111t11e1'l’1 l1.1\1he
.

hast

011111111. w1th111 the CTC. 111tet111nt 111111111) 1s111e1l1*1e:111111c1i tu ;h.11111e11111111be1.1v1tl1ch.11111el1Jl1:1\1!1pl11gl1c>t

pr1or1t).Aeco1c11ngt11Z8O <15tc1n1t11c1'r11pt11r11t1\e11l.l11\V 111111111} 11e111:e>111;h;11111c1s111q} 111111111e1:1111t |11;11e1

priortty devices or channels that have already intetrttpted .111dn111hudthe11‘1111e1111ptsc111ce11111t111es 1'o11111|e1c11

1-1owever.111gl1pr1or1t} devices or channels mu) 111te1111pt the scr\1e111g ot lower 1111111111‘11e1'1ees ut ettattttels.

(For11.1rtl1er details. see sectttttt 1.3 "l11tcr111ptCo11t1ol L11g1c".)

Seet111nsE,l and 7.2 below \'.1€SL’.'1bC the 111111111111tnntng ;el.1t11111s111ps nt ?he ieleutnt CTC pm; 1111 the

lnterrupt Ael1r111v11edgc C)1:1e 1111111111‘Ret11111 trotn l11te1‘111pt (‘}1le.Sc1‘t11111 ".3 111111111\1|§L'“S§i)S .1t_\111..1l

ex;1n1p1eutd;11syc1111in tntertupt servrctng.

7.1 INTERRUPT ACKNOWLEDGE CYCLE

Figure 7.01 illustru1testhet1111111g associated wtththeInterrupt.~\el<1111w1c1.lge Cyelc.S11111e t1111e uttet an

tnterrupt ts requested by the CTC. the (‘PL'\v1|lse11d1>11tuntntcrrupt ue1\'1111wle11ge|Ml 111111l0RQ).To

tnsure that the daisy 1;11;1111et1'.1b1e11nes 51317111/,e.el1;1r111e1S are111hibitedt't11111cl1u '11gthc1r111te1'1unt ICq1lL,‘S1

status when “-1 ts
.1ct1ve.1V‘1‘l 1s;1ct11e L1b11LlllW1)C11)Ck cycles earlier than 1ORQ..1nd Ñ) is false to disllttgtttslt

the c)c1et'r<1n1/.1111r1str11ct1o11t‘e11:l1.Duttngthtsttmethetnterruptlogrc ot the (‘TC w1ll determine the Inghest

prtorlt). channel requesttng 11111nterrupt.lft11e CTC lntcrrttpt1.nublelnp11t(lFl11s .JL'1l\1<3.l11€1l11lC‘1l|g1\CS1

pri0r1tyinterr1tpt1ng channel within the CTC places its Interrupt Vector onto the Data Btts \vhett IORQ goes

active. Two wait states (TWH :tre uutomattcally mscrted at this time m allow the d;11syc11'.11r1 tn stabtltze.

Additional wait states may be added.

INTERRUPT ACKNOWLEDGE CYCLE

151

-Í/?```` __

DATA VECTOR

‘AUTOMAT|CALLV INSERTED BV Z80-CPU



7.2 RETURN FROM INTERRUPT CYCLE

Frgure 7.0-2 lllustrates the ummg assocxated with the RETI Instruction. Thrs instruction rs used at the

end ut un interrupt servus mum: to mmahze the dany cham enable lmes for proper control of nested pn-

um) mterrupt handlmg_ The CTC decodes the two~byre RETI code mternally and determines whether It ls

mtuznded fur a ghannel bemg servxced.

When several Z80 penpheral chxps are m the daisy chain IE1 will become nctwe on the chip currently
under servrce when an EDH opcutle rs decoded. Ifthe followmg opcode XS-'1DH, the peripheral being serviced

ml} be remrtralized and us IEO M11 become active. Addrtional wan states are allowed.

RETURN FROM INTERRUPT CYCLE

00-07 MÍ), f,
4o %,

IEI _—__—_—__’
—--—_.__._._J

IEO

/jjj‘



7.3

Figure 7.0-3 illustrates a typical nested interrupt sequence which may occur in the CTC, ln this eumple.

DAISY CHAIN INTERRUPT SERVICING

channel 2 interrupts and is granted service. While this channel is being ser\1eed.higher pI'I0l‘I[_V eliuniicl I

interrupts and is granted service. The service routine for the higher priority channel is e0nip1etcd..tnd LI RETI

instruction (see section 7.2 for furtltercletails) is executed to Signal the channel that its routine is cumplas.

At this time. the service routine of the lower priority channel 2 is resumed and CUIIlPlEICLl_

HIGHEST PRIORITY CHANNEL

DAISY CHAIN INTERRUPT SERVICING

*_
CHANNELO CHANNELI CHANNEL2 CHANNEL]

1-HL-‘IE!
IEO

H'
IEI IEO “l IEI ¡EO

H'
.5. IEO -L

I. PFIIUHITY INTEHRUPT DAISY CHAIN BEFORE ANV INTEHRUPT UCCURS.

,
UNDER SERVICE

ll IEI use
H'

IEI use
H'

IEI IEO
L0

m IEO
L0

z. CHANNEL 2 REOUESWS AN INTERRUPT AND ISAEKNOWLEDGEI]

+
UNDEFISEHVICE SERVICE SUSPENDED

LL an :so
H'

IEI IEO
L0

m IEO
L”

m :50 -50-
3. CHANNEL 1 lNrennuvrssusveNns SERVICING or CHANNEL 2.

+

SERVICE COMPLETE SERVICE RESUME

LL IEI IEO
H'

IEI IEO
H'

IEI IEO
LD

|[| use

i4. CHANNEL I SERVICE HUUTINE CUMPLETE, "HETI" ISSUED, CHANNEL Z SERVICE HESUNIEU

+
SERVICE COMPLETE

HI HI HI HIHI

L: IEI IEO IEI IEO IEI IEO IE! IE0

5 SECOND "RET|” INSTRUCTION ISSUED oN COMPLETION as CHANNEL z SERVICE ROUTINE

71



8.0 ABSOLUTE MAXIMUM RATINGS

Temperature Lntier Bra:

" age Temperature

\'.>I‘..1ge On Any Pin Wrth

Remect To Ground

Power Dlsslpauon

s:

o°cto "0°C

-é:'°Ctu+ 250°C

0.} V to +¬ V'

0.8 W

‘Comment

Stresses abona those Izsted under " Absolute M.:mmum

R.1ung"maycause permanent damage to the deuce.

Thrs rs a SUBSSmung only and funcnunal operauun of

the devtce at mesa ur any other condruon above those

mdrcated In the operauonai secuons ax‘ TMS specr?catmn

Is not L:npI|E(I Exposure to rwsolute mzmznum mung

conurwvns {or strange; perzoas may han Javzue .'e—

:ra1~.1rt,»

8.1 D.C. CHARACTERISTICS

TA = Of t@ "TC Ve: : "a unless orherwue speci?ed

Z80—CTC
I

Symbol Paramctuv Min Max Unit Test Condition

mu; Clock Input Low Voltage -0.3 .45 v
I

vw; y
Clock Input Hvgh Voltage m VC@ - .s vcc + .3 v

V¿¡_ I Input Low Vmtage -0.3 0.8 V

vw
I

mou! Hrgn Voxtage 2.0 veg; v

VOL Outuut Low VoItage 0.4 v «OL = 2 mA

VDH Outout Hvgh VoItage 2.4 V IOH = -250 yA

‘Cc POWEV SUDPIV Current 120 mA Tc = 400 nsec

IL. Input Leakage Current 10 »A V|N = O to VC@

ILOH Tn-State Output Leakage Current m Float ‘I0 uA VQU-r = 2.4 to VC@

ILOL Tr:-State Output Leakage Current m Float -10 yA \/OUT = 0.4V

IQHD Darlrngton Drwe Current -1.5 mA \/OH =1.5V

REX-r = :son

Z80A-CTC

Emmi I
Parlmutnr Min

I
Max Unit Test Condition

VILC Clock Input Low Voltage -0.3 .45 V

vw; Clock Input Hugh VoItage [1] vcc —.6 v@ + .3 v
VIL Input Low VoItage -0.3 0.8 V

Vw Input Hrgn Vonage 2.0 \/cc V

VOL Output Low Voltage (JA V ¡OL = 2 mA

VOH Output High Voltage 2.4 V ¡OH = -250 MA

'cg Power Suonlv Current 12o mA Tc = 250 nsec

IL, Input Leakage Current 10 MA VIN = O to \/cc
ILOH Tn-State Output Leakage Current In Heat 10 »A VOUT = 2.4 to VCC

ILQL Tn-State Outnut Leakage Current m Float -10 »LA VOUT = 0.4V

IQHD Darhngton Drwe Current -1 5 mA VOH :1.5V
REX-r = 390:1

8.2 CAPACITANCE

TA = 25° C, f= 1 MHz

Symbol Parameter Max Unit Test Condition

Co Clock Capacxtancc 20 pF Unmcasured Pins

CIN ¡HDMI Capacitance 5 PF Returned to Gmund

Cour Output Capacxtanc: 10 pF



8.3 A.C. CHARACTERISTICS Z80-CTC

TA = 0° C to 70° C‘ Vcc = +5 V ± 5%. unless otherwtse noted

5;g,.a| Sx/mboI Parameter Mm Max Um: ` Comments

~,c Chuck Pene@ 400 : II

b
:Wv¢>>-1) CIOC'\°\JrSEV‘v‘Id[h C:o<:I<H:gh :70

ì
2000

f
I1 ,Wr.pL; Cmck Fmse \/VIdIH‘ Crock Low no 3 2000 I

`
~, tr Creer Rrse and Pa: Tmes 39 ‘

:H Am HodTr'*e‘o'Snec'r3c Sewn Trme O

M F_
131155, Cgnyn Srgral SE‘tu[) T mt: 'a Firme Edge o! I» Du In! Read 50 “S

I

‘Vb'VE'mC
ur‘A/we CVC@

I r
‘ YDgIDI Daia Outuut De e» from Rrsmg Edge efïo m. ee FIE-ad 480 n; : I

Cycwe
`

`
t5d,VDI Data Setup Tame to RISWQ Edge at 'lr Dumd WHÉE o' ‘M 60 H*

ì
r C `

D0’D7
VC e

e 2x
I

‘Duo: Data Ouxput DeIay Item FaII<r\g Edge 9. (ORO Durmg 340 ms 1 ‘
INTA CycIe ` í

t;IDI DeIav to Fmatmg Bus Ioutput Buffer Dtsab‘e TImEI 230 ns
7

`

‘H
:SHEU IEI Setup TIITVE to Fa‘I:ng EdgF of IORQ Duwng WTA 200 ms

`

cycwe ‘

tDH(IOI IEO Deray THTVE Pom RISIFIQ Edge of ¡H 220 ni [3]
:

*.DL(IOI IEO DeIay Twme from Famng Edge of IE! 190 ms [3] I
'EO

«DMHOJ rEo Dem ir:)_rr\_FalIIng Edge or W Hnterrupt Occurrmg 300 ns í
(3!

I

- Inst Prtor to MI! I

m
zsd,IIRI IORO Setup TIFTVEto RISIHQ Edge ohh Dtwng Read or 250 ns

VVrrte CvcIe

W (“(M1) W Setup T-me (O meme Edge 0f<1)DurmgINTA or M1 21o e;
I

Cvde I

ã
t5¢(RDI 7: Setup Turns to Fhsmg Edge or mpDurmg Read ow M1 240 ns

Cvde

?_-
tDCKI|T) INT DeIay Trrne from Hrsmg Edge of CLKJTRG 2tCf<I=) ' 200 Counter Mode

tD,,,HT> WT DeIav Txme hem Rvsmg Edge of (1! rem») + 20o rrmef Mene

rCnc><) Clock Pamod ztca-tn g Counter Mode

t,, tg Cmck and Trrgger RISE and FaII Tunes
I

50

ISICKI Clack Setup Trrne to RISIHQ Edge of «b fur ¡mmed-axe Count 210 Coumev Mode

rswm Tugger Setup Tune to Rvsmg Edge or (P for Enammg of 21o Trmer Mode

CLK‘TRGo,3 F‘rescaIer on Fovlowmg Hzsmg Edge of f»
`

tWICTH) CIock and Trrgger Hugh PuIse WIGU1 200
y

Counter and

I Timer Modes I
tW(CTLI Cmck and Trrgger Low PuIse Wtdth 200 Counter and

Trmer Modes I

IDHIZCI ZC/TO DeIav Tlme from RISIUQ Edge of vb, ZC/TO Hugh ‘I90 Counter and

ZC/TO0_2
y

Trmer Modes

rDL<2c) zcrro DeIay T1me‘rorn Eawng Edge or flv, zcsTo Law 190 Counter arm

Tn’Tve' Modes

Notes: [12 :C :
tWI<1’Hl + :WUÍIU + f, + if

[2] Increase deIay by 10 nsec for each 50 DF mcrease In Ioadmg, 200 pF maxunum for data Imes and 100 pF for controI Imes
[3] Increase delay by 2 nsec for each 10 pF>ncreasemIoadmg,100 pF maxnmum
{AI RESET must be actwe for a mmnrnum of 3 cIocI< CvcIes

OUTPUT LOAD CIRCUIT

TEST POINT VU;
T

ã

fzv Kl
mom OUTPUT r
UNDER TEST

A C CR2

CL 25a .A

_±

'|I*%F

CF?‘ —CR4 mamon EQUIVALENT
CL 750 UFOr» ALL PH\.S



8.4 A.C. TIMING DIAGRAM

H171 “UH

CLOCK vcc — .GV 45v

OUTPUT 2.0V .SV

Tmmg measurements are made ax the ‘c?lowwng voltages. unless otherwvsz soecmed WPUT 20v sv
FLOAT AV :0 SV

A :4-twMrH&
T1 T2 T3/ TW T4fT3 T1

‘
' »á

M10» L- _.§
l._x,¢u),:H,.<D)

00-07

«Dm
rm,<tn:}<-

,_j——-—iIORö I

.—x5.,,(M1)~—(

m /xDM(IO)-4

IEI \

rs(lEI} Hno)'o

eno

1D,_uo› ¬- I*

l «cum
«stem

-i

íWCOUNTER

MODE)

CLK/

TRG0_3

—>1t5(TR)L-—

í

(TIMER MODE)

\ —®{!DH(ZC}
¬__ 4—(w(CTL)—>(

zc/Tow

24 -J xmílC)



8.5 A.c. CHARACTERISTICS 280A-CTC

TA = 0° C lo 70° C. Vcc = +5 V ± 5%. unless otherwise noted

Notes: {ll «C = iwi<I>Hi + iwi<I>i_i + r, + ff.

Signal Symbol Parameter Mi" °°'“"‘°""

rc Clock Period 250 [71 "S

iwi<l>Hi Clock Pulse wiam, Clock High 105 2000 "S
(b

zwi<bLl Clock Pulse widm, Clock Low 105 2000 HS

i,, If Clock Rise and Fall Times 30 “S

(H Any Hold Time for Speci?ed Setuo Time 0 HS

——
t5¢lCSl Conirol Signal Setup Time (o Rising Edge of <1:During Read 60 ris

CS‘ CE’ em
or Write Cycle

«Dam Data Output Delay from Falling Edge oi FT: During Read :so ns ’2';

Cycle

rs¢lDl Data Setup Time to Fiisirig Edge of vb During Write or Mi 50 HS

Do—D7 Cycle

rD,iDi Data Output Delay from Failing Edge of IORG During 150 ns S21

INTA Cycle

tp:(Dl Delay to Floating Eus lOutput Buffer Disable Time) 110 ns

¡Ei tSllE|l IE|Setup Time to Falling Edge of IORO During lNTA 140 ns
Cycle

tDHllOl lEO Delay Time from Flisirig Edge of IEl ‘l6O ns [3]

IEO
tDi_(|Ol IEO Delay Timefrom Falling Edge of IEI 130 ns [3]

KDMIIO) IEO Delay frog Falling Edge of M1 (Interrupt Occurring 190 ns {3}

jusi Prior to M1l

IO?-Q t5¢(|Fil IORO Setup Time to Rising Edge of 0 During Head or 115 ns

Wrire Cycle

W t5¢(M1l W Setup Time to Rising Edge of ø owing lNTA or M1 90 ns
Cycle

m) ts¢,(RDl ED Setup Time to Rising Edge of o Durmg Read or M1 115 ns
Cycle

|-_T tDCK(|Tl W Delay Time from Rising Edge or CLK/TRG 2ici<i>i+14o Counter Mode

tD¢.llTl Fi? Delay Time from Rising Edge or o rc(o)+140 Timer Mode

tC(CK) Clock Period 2tC(¢l Counter Mode

tr, tg Clock and Trigger Rise and Fall Times 30

t5(CK) Clock Setup Time (0 Rising Edge of CDfor lmmediate Count 130 Counter Mode

t5(TR) Trigger Setuo Time to Rising Edge of it for enabling of 130 Timer Mode

CLK/TFlG0_3 Prescaler on Following Rising Edge of fb

rw(CTHl Clock and Trigger High Pulse Width 120 Counter and

Timer Modes

twlCTL) Clock and Trigger Low Pulse Width 120 Counter and

Timer Modes

iDH(ZCl ZC/TO Delay Time from Rising Edge of -1>,ZC/TO High 120 Counter and

ZC/Too 2
Timer Modes

tD|_(ZC) ZC/TO Delay Time from Rising Edge of 0, ZC/TO Low 120 Counter and

Timer Modes

[2] Increase delay by 10 nsec for each 50 pF increase in loading, 200 pF maximum ¡or data lines and 100 pF for control lines.
[3] Increase delay by 2 nsec for each 10 pF increase in loading, 100 pF maximum.

[4] RESET must be active for a minimum of 3 clock cycles.

OUTPUT LOAD CIRCUIT

rssr POINT Vcc

R‘=2lKX2
FROM ourrur
UNDER TEST CR1ACR4 1N9i40R EQUIVALENT

CR2 CL=5OuF ON ALL PINS

25



8.6

3 280A crc _@

PACKAGE CONFIGURATION PACKAGE OUTLINE

1 I

no
'mw

,m
mam

.
I 1,

_ H _ __
L auuuns

_- um _ _
_ ,,, _, _, WW7- _

‘N ÉWAU

m m@ Lu‘’E2- L
T

'T" TTT'TTT._.T W
Il———<——-L

‘r?xf?a
,

‘2T;"‘\‘,“‘“z'\‘("t2"‘~‘(’T[?
L x

I I ¿ ‘ II
J ü U Q ‘K I Msn \.,_ `=?:!=:å›

Vwuumw U1

,L ..m._,mm.ml __ _ _,:zu son
.m am am

'3-animus ma »Ema mu» w uniruussis mm

nuacts

Ordering Information

(`
f

Ceramic

P Plums

S
—

Standard SV ' 0:10 ‘OVC

E -Extended .<\ -40‘ ms:"‘C

\I Wim@ s\':10'7. to 125°C

Example:

Z80-CTC CS (Ceram1c—Standard Range)

Z8OA-CTC PS (_PIasuc—SIandArd Range, 4 IVII-lz)

ZILOG Z80 MICROCOMPUTER SYSTEM COMPONENT FAVIILY

Z80, Z80A-CPU

Z80. ZSOA-PIO

Z80. ZBOA-CTC

Z80. Z80A—D\I.~\

Z80. Z80.-\—SIO

Z6104

Z6116

CENTRAL PROCESSOR UNIT

PARALLEL I ‘O

COUNTEICTIMER CIRCUIT

DIRECT MEMORY ACCESS

SERIAL IO
4K \

1 STATIC RAM

16K x I DYNAMIC RAH



Appendix C

Using the Z80 SIO

In Asynchronous
Communications
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Using the 2803 S10

In Asynchronous
Communications
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Introduction.
The Z80 Sertal lrtpu‘.'Ou‘.pt;t (SIOV controller

ts deszgnec for ¿se :n a wtde varreï; :t se7:al—

to—para..e. :r.p;tt and paralleldc-ser;aZ o.;t;ut
pplzcattons. ln thts applxcatton no only

asynchronous appltcattons are cons:dered. The
emphasts rs almost cornpietely on software

tmplementatton, wtth only modest reterence to
hardware constderattons.

Whtte reference rs made only tc :re
ZEC "C1 the et:‘..re text as: apples

.
Z80 DART, whzclt ‘.5 luncttonally tdentxcal to

the ZBC lO tn asynchronous appltcattons.

Protocol Communtcatton, etther on an external data
ltnk or to a local pertpheral occurs ¿n one ot

two basrc formats' synchronous or asyna

chronous. In synchronous cornrnuntcatzon, a

message rs sen! as a continuous strmg of

characters where the strzng ts preceded and
terrmrtated by control characters: the pre«

cecltnq control characters are used by the

recetvtng devtce tc synchrorzzze :ts clock wxth

the transrnttters clock. In asynchronous corn‘
munlcatton, whtch ts described :n thrs applrca-
tron note there rs no attempt at synchrorttztnq
the clocks :n the transrn;tttnc_t ano recervrnq
devtces. Instead, each taxed-length character
(rather than character strtnql ts preceded and
termtnated by “trarntng mts" that rdentrty the
beqmntnq and end of the character. The ttme
between brts wrthrn a character rs approx-
tmately constant, srnce the clocks or “baud
rates" tn the transmttter and recetver are
selected to be the same, but the trme between

characters can vary‘
Thus‘ :rr asynchronous COmmUE1CailOh, each

character to be transmrtted ts preceded by a

"start" íramrnq btt and followed by one or
more "stop" Íramrng brts. A start btt rs a

loqtcal O and a stop btt rs a loqrcal lr The

recetver wtll look for a start brt, assemble the
character up to the number ot' brts the SIO has

been programmed tor, and then expect to fmd
a step btt. The tune between the start and stop
bzts I5 approxtmately constant, but the tzme

between characters can vary. When one char-
acter ends, the recetvtng devrce wtll war idly
tor the start ot the next character whtle the
transmitter Contmues to send stop cr
"markrng" btts (both the stop bits and the
marktng brts are loqtcal l)‘ Ftgure 1 tllus~

trates thts. A very common appltcatton ot' asyrf
chronous cornmuntcatton ts wrth keyboard
devtces, where the tune between the operator's
keystrokes can vary constderably.

usssms now

num un IE
con, rvsrv. on NONE

uAlKlm.I sun o; m sm; ' .,...(,,.G
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Figura l. Asynchronous Data Format
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Protocol
(Continued)

If the transmitters clock is slightly faster
‘than the receivers clock, the transmitter can
be programmed to send additional stop bits,
which will allow the receiver to catch up. If
the receiver runs slightly faster than the trans'
mitter, then the receiver will see somewhat
larger gaps between characters than the trans»

mitter does, but the characters will normally

still be received properly. This tolerance of

minor frequency deviations is an important
advantage of using asynchronous I/O. Note
however that errors, called “framing errors,"

can still occur if the transmitter and receiver
differ substantially in speed, since data bits

may then be erroneously treated as start or
stop bits.

Modes

SIO Con-
figurutions

The Sl@ may be used in one of three modes:
Potted, Interrupt, or Block Transfer, depend

tng on the capabilities of the CPU. ln Potted
mode the CPU reads a staius register in the
SIG periodically to determine if a data
character has been received or is ready for
transmission. When the Sl@ is ready, the CPU
handles the transfer within its main program.

In Interrupt mode, which is far more comv

mon, the SIO informs the CPU via an interrupt
signal that a single-character transfer is

required. To accomplish this, the CPU must be
able to check for the presence of interrupt
signals (or "interrupt requests") at the end of

most instruction cycles. When the CPU detects

an interrupt it branches to an interrupt service
routine which handles the single-character
transfer. The beginning memory address of

this interrupt service routine can be derived,

in part, from an “interrupt vector" (8—bit byte)
supplied by the SIC during the interrupt
acknowledge cycle.

In Block Transfer mode, the SIO is used tn

The SIO comes in four different 40-pin
configurations: SIO/O, SIO/1, SIO/2, and
SIO/'9. The first three of these support two
independent full-duplex channels, each with
separate control and status registers used by
the CPU to write control bytes and read status
bytes. The SIO/9 differs from the first three

versions in that it supports only one full—duplex
channel. The product specifications for these

coniunction with a DMA (direct memory
access) Control r or with the Z80 or Z8000
CPU blcck transfer instructions for very fast

transfers. The SIO interrupts the CPU or DMA
only when the first character of a message
becomes available, and thereafter the SIO uses

only its Wait/Ready output pin to signal its
readiness for subsequent character transfers.
Due to the faster transfer speeds achievable,
Block Transfer mode is most commonly used in
synchronous communication and only rarely in
asynchronous formats. It is therefore not
treated with specific examples in this applica»
tion note.

Since Polled mode requires CPU overhead
regardless of whether or not an I/O device
desires attention, Interrupt mode is usually the
preferred alternative when it is supported by
the CPU. Note that the choice of Polled or
Interrupt mode is independent of the choice of

synchronous or asynchronous I/O. This latter
choice is usually determined by the type of

device to which the system is communicating.

versions explain this in full.
There are 41 different signals needed for

complete two-channel implementation in the
SIO/O, SIO/l, and SIO’2, but only 40 pins are
available. Therefore, the versions differ by
either omitting one signal or bonding two
signals together. The dual-channel asyn~

chronous-only Z80 DART has the same pin
configuration as the SIO/O.



SECTION

2
Operational Considerations.

All of the SIC options to be discussed here

are software controllable and are set by the
CPU. Thus, use of the SIO begins with an
initialization phase where the various options

are set b" writing control bytes. These options
are estab .ed separately tor each of the two

nchannels supported by f
_

Sl@ tf both chart'
nels are used. Before giv. .q an overview o!

how iriitializazior. is done, we ' "` describe
some of the basic characteristi Sl@ oper-
ations ' a‘ are common to both the Pclled and
ln'.errup‘.—driven modes,

Addressing
the $10

The CPU must have a means to tdenttfv any
PO devzce, iriciuoirig any atte" ed

ln a Z83 CPU er
he lower 8 Dl'.S O

Typically, the A
_

SlO's B A input pin for selecting access to

Channel A or Channel B. and the bit '

wired to the SlO's C3D input pin for selecting
?ne use of the data bus as an avenue for
transferring control/status information (C) or
actual data messages (D). The remaining bits
of the address bus, A3—Aj, contain a port
address that uniquely identifies the SlO

clevtce These latter six .ines are

q o: ‘rte adores
above ?ne a.

as B Ã an: C id

e ed as <i’2‘i‘.'9

I eir iogic seriSe—ai“.:l voltage ',e'~‘e.—:s

Low. For example, the BA pin speciiies Char.-
nei B of the SIO when it carries a logic l {high
voltage) and it speciiies Channel A when it
carries a logic 0 (low voltage).

reier to

when

Asynch-

i-onous
Format
Operations

Bits per Character. The SIO can receive cr
transmit S, 6, 7, or 8 bits per character. This

can be different for transmission and recep»
tion, and different for each channel. ASCII
characters, for example, are usually transmit—

ted as 7 bits. The SIO can in fact transmit
fewer than 5 bits per character when set to the
5-bit mode‘, this is discussed further in the sec-

tion entitled “Questions and Answers."

Parity. A parity bit is an additional bit added
to a character for error checking. The parity
bit is set to O or l in order to make the total
number of ls tn the character (including parity
bit) even or odd, depending on whether even
or odd parity is selected. The 310 can be set

either to add an optional parity bit to the “bits

per character" described above, or not to add
such a bit. When a parity bit is included,
either even or odd parity can be chosen. This

selection can be made independently for each
channel.

Start and Stop Bits. There are two types of
framing bits tor each character: start and stop.
When transmitting asynchronously, the Si@

automatically inserts one start bit {logic 0) at

the beginning of each character transrmtted.
The STO can be programmed to set the
number of stop bits inserted at the end of each
character to either ‘i, E‘/2, or 2 The receiver
always checks tor l stop bil. Stop bits refer to
the length oi time that the stop value, a logic

l, will be transmitted‘, thus l-/z stop bits means
that a 1 will be transmitted lor the length of

clock time that lv; bits would normally take

up. A logic 1 level that continues after the
speciliecl number of stop bits is called a

"marking" condition or "mark bits."

CPU-S10
Character
Transfers

Clock
Divider

The SIO always passes 8—bit bytes to the
CPU for each character received, no matter
how many “bits per character" are specified in
the SIO initialization phase. lf the number of

"bits per character" is less than eight, parity
and/or stop bits will be included in the byte
sent to the CPU. The received character starts
with the least~signiticant bit (D3) and continues
to the most-significant bit: it is immediately

The SlO has five input pins for clock
signals. One of these inputs (CLK) is used
only for tnternal ttmtnq and does not affect
transmission or reception rates. The other tour
clock inputs (RxCA, TxCA, RXCB, and
TXCB)

are used for timing the reception and
transmission rates in Channels A and B. Only
these last four are involved in "clock divid-
tng." A clock divider within the S10 can be

followed by the parity bit (tf parity is enabled)
and by the stop bit, which will be logic l

unless there ts a framing error. The remainder
of the byte, tf space ts still available, is filled
with logic ls (marking). lf the "bits per char
acter" is eight, then the byte sent to the CPU
will contain only the data bits. ln all cases, the

start bit is stripped off by the SIO and is not
transmitted to the CPU.

programmed to cause reception/transmission
cloci-Ling at the actual input clock rate or at

1/16, 132, or l/'64 of the input clock rate. The

receiver and transmitter clock divisions within
a given channel must be the same, although
their input clock rates can be different. The xl
clock rate can be used only tf the transitions of

the Receive clock are synchronized to occur
during valid data bit times.



Auto The SIO has
an Auto Enables feature that Detect (DCD) input Will enable reception. and

Enables allows automatic SIO response and telephone a transition to logical O on the respective Clear

answering. When Auto Enables is set for a par- To Send (CTS‘, input will enable transmission.
ticular channel, a transition to logical 0 (Low This 15 described below under the heading
input level) on the respective Data Carrier “Modem Control."

Special There are three error conditions that can I Purity error. It parity bits are attached by
Receive occur when the SIO is receiving data. Each ot the external I/O device and checked by the
Conditions these will cause a status bit to be set. and if SIO while receiving characters, a parity

operating in Interrupt mode, the SIC Can error will occur whenever the number of

optionally be programmed ‘ i.“‘errup‘ logic I data bits :n the character (: uclzrig

CPU on such an error. The error Cor. ans the parity bit} does not correspond tc lie

are called “special receive conditions and odd/even setting ot the parzty-checking
they include: IUTICIIOI1.

I Framing error. If a stop bit is not detected I Receiver overrun error. SIO bullers can
in its correct location after the parity bit (if hold up to three characters. ll a character is

used) or after the most—siqnificar.t data bit received when the buffers are Íull (i.e.,
(if parity is not used), a framing error will characters have not been read by the CPU).
result. The start bit preceding the char- an SIO receiver overrun error will result. In
acter’s data bits is not considered in deter- this case, the most recently received char-

mining a framing error, although character acter overwrites the next most recently
assembly Nlll not begin until a star’. bit is received character.
detected.

Modern Five signal lines on the SIO are provided SYNC (Synchronization). A spare input to the
Control for optional modem control, although these SIO in asynchronous applications. This input

lines can also be used for other general-

purpose control functions. They are:

RTS (Request To Send). An output from the
SIO to tell its modem that the SIC is ready to
transmit data.
DTPI (Data Terminal Ready). An output from
the SIO to tell its modem that the SIO is ready
to receive data.
VCSTSV(Clear To Send). An mput to the SIO
from its modem that enables SIO transmission
if the Auto Enables function is used.

(Data Carrier Detect). Ari input to the
SIO from its modem that enables SIO recep-
tion if the Auto Enables function is used.

SIG
(CHANNEL A)

may be used for the Ring Indicator function, if

necessary, or for general-purpose inputs.

In most applications of asynchronous I/O
that use modems, the ílï and DTR control
lines and the Auto Enables function are acti-
vated during the initialization sequence, and
they are left active until no further U0 is

expected. This causes the SIO to tell its
modern continuously that the S10 is ready to
transmit and receive data, and it allows the
modem to enable automatically the SIO’s trans-

mission and reception of data. Figure 3 illus-
trates this.

uonsu

REOUESY TO SEND

CLEAH TO SEND
YIANSIIYYEI

DATA TERMINAL READY

ngcgwgn DATA CARRIER DETECT

Figure 3. Modem Control (Single Channel)



Extemul/
Status
Intorrupts

A change in the status ct certain external

lnputs to the SlO will cause status :its :n the
SIO to be set. ln the Polled Mode, ‘these status
bits can be read by the CPU, ln the lnterrupt

rrlode the Sl@ can also be program. led to
xnterrupt the CPU when the change occurs.
There are three such "external status" condi-
tions that can cause these events:

I DCD. Reflects the value of t. e EED input.

I CTS. Reflects the value 0

l Break. A series oí lcqic Ci or " '¬

Note that 'he DCD and CTS status blts are
the inyerse of the SICl1nes‘ Let, the SCZ DU.

Will be I when the DCD e 15 Low
Any trans l?. any ::rect'lon /klyent

O or ‘C loqlc 1'» on any of these .npu
SIO w cause the related status bl: c se

ei: and :p"c `i cai-se an '..".fE’l"l'L.p’

e SIC status :i .
ecl atter a tran :-

ticn :h any one :1 them. The status rnust be

reset ;-s:r.:, an SIC ”:rn.'nand, b

transztzcns can se

to loçic
s t: the

Initialization The SIC contalns t write registe.
Channel 3 '.WF‘.O~Wl3.l' anc seven wrlte
reqlsters for Channel A fall except write
register WRZV. These are described tully :n
the Z80 SÍO Techn1caIManucll and are
summarized in Áppendix B. The reglsters are
programmed separately tor each Channel to

configure the functional personaltty oi the
channel. WR2 exlsts only in the Channel B

register set and contains the interrupt vector
for both channels. Bits in each register are
named D7 (most significant) through D3. With
the exception of WRO, programming the write
registers requires two bytes: the first byte is to
WHO and contains pointer brts for selection ot
one of the other reglsters: the second byte IS

written to the register selected. WHO is a

special case iri that all of the basic commands

can be written to t! with a single byte.
There are also three read registers, named

BRO through EH2, from which status results
ot operations can be read by the CPU (see

Appendix B). Both channels have a set of

read reçjisters but register FÉZ extsts clay,

Channel B!

Let us 2 w Ices at the 'yplcal sequence :i
write reçtsters that are loaded to Lntitaltze
the SIO tor either Polled or lnterrupt-drtven
asynchronous LO Figure 4 lllustrates the

sequence. Except for step E, this loadlncg ls

done for each channel when both are used

Steps E an@ F are described further 1n the sec

tlon on “lnterrupt—Dr:'.'er_ Envlrorlments."
Reqlsters WP6 and WET are not used in

asynchronous l O. They apply only to syn-
chronous communication.

The related publications on the SIC) should
be referred to at th:s point. They Will be

necessary in tollowlng the discussion of tune
tions. ln particular the tollowlnq material
should be reviewed:

Z80 SIC Technical Manual’, pages 9 l2
("Asynchronous Operation”)

Z80 SIO Technical' Manual, pages 29-37
("Z80 SIO Programming/W

k Lead WRC This is done to reset the S10

3- Laad 'WEG This specities the Lock c..*.‘l<:.er V'lJ.'T‘lDE.' :1
stop blts and aarlry selecllon. Sine@ reglster *NN

estaollsnes the general torn: oi LO lor which the Sl@ is to
be used‘ it :s best to ser WR4 values tirsi

C. Load WH3 This specltles the number ct recetve olts

per cnaracter, Auto Enable selection‘ am: turns cn the

receiver enauiinq bit

D. Load WR5 This specifies the number ot zransmtt bits

per character, turns otl the bit that transmits the Break

signal turns on :he bits lndlcatlnq Data Terminal Ready

ana Request To Send. and turns on the iransmiiter
enabling bit

E I-055 W33 [Interrupt mode only ano Channel B oniyfi
lnis speciiies the lntermpt vector

F4 Laad WE‘. (Interrupt mode only 1 This speczzles
various lnlerrupthandilnq options that ‘Nil: be explalnec
later

ouqn F are pertormec1.n sequence
B my

ilnterrupt mode only Polling mode aeqll-.s l/O alter step 3

STARV

‘ LOAD
wan

r E o c s A

LOAD
wan

LOAD
wan

LoAu
was

LOAD t
war

LOAD 1
Wai I

ascm no

Flynn 4. Typical Initialization Soqu-ncu (On: Chunnoi)



SECTION Polled Environments.
ln a typical Polled environment, the SIO JS

initialized and then periodically checked tor
completron ot an I/O operation. Oi course, it
the checking is not frequent enough, received
characters may be lost or the transmitter may
be operated at a slower data rate than that oi

which it is capable. Initialization tor Polled lO
follows the general outline described in the

last section. We now give an overview of

routines necessary for the CPU to check

whether a character has been received by the

SIO or whether the SlO is ready to transmtt a

character

Character
Reception

«

To check whether a character has been
received, and to obtain a received character tt

cne is ava"able, the seque””“ 'l' '
_.

re 5 hould be follow e al@ is

initiatrzed. We assume that reception was
enabled during rnittalrzation; tt tt was rrot, the
Rx Enable bit in register ‘NR3 must be turned

on beiore reception can occur, This must be
done tor each channel to be Checked.

Bit Dr; ot register R30 is sei to i by the SlO
tt there is ai leastbne character available to be
received. The Si@ contains a threefcharacter
input butter tor each channel, so more than

one character may be available to be received.
Removing the last available character from the
read butter for a particular channel turns ott
bit Dg.

lt bit D@ of register RRO is 0, then no
character is available to be received. In this

case it rs recommended that checks be made ot
bit D7 to determine it a Break sequence (null
character plus a traming error) has been
received. lt so, a Reset External/Status inter»
rupts command should be given; thrs will set

the External/Status bits in register BRO to the
values ot the signals currently being received.
Thus, tt the Break sequence has terminated,
the next check ot bit Dj wrll so indicate. It may
also be desirable to check bit 3 oí register BRO

which reports the value ot the Data Carrier
Detect (BCD) bii.

l
¡EAU Han

ln any case, it bit D@ ot register RR@ is O,

polled receive processing terminates with no
character to receive Depending on the iactl›

rties oi the associated CPU, this step may be
repeated until a character is available (cr
pcssibly a timeout occurs), or the CPU

may return to other tasks and repeat this

process later.
tí bit D@ ot register HRO is 1, then at least

one character ts available to be read. ln this
Case, the value ot register RRl should tirst be
read and stored to avoid losing any error inter

mation (the manner tn whtch it is read is

explained later). The character in the data
register is then read. Note that the character
must be read to clear the butter even it there is

an error found.
Finally, it is necessary to check the value

stored from register R131 to determine it the
character received was valid. Up to three bits
need to be checked: bit 6 is set to 1 for a

traming error, bit 5 is set to l tor a receiver
overrun error (which Occurs when the receive
buffers are overwritten, i.e., no character has

been removed and more than three Characters
have been received), and bit 4 is set to l tor a

parity error (it parity is enabled at initial-
ization time). ln case ot a receiver overrun or
parity error, an Error Reset command must be

given to reset the bits.

CHARACTER
AVAILABLE

a

Dco
CNANGEDSTATE

'Es

.=

RESET EXTERNAL/
sYATus INTERNUPTS

HEAD Nm

i
READ

CHARACTER

RECEIVE
ERROR

7

RESU
Enuons

Figura 5. Failed Hocoivo Routine



Character
Transmission

To Cl".€Cl(!l”.5l5.l"i1i".ltlaliZEd S10 is ready t:
transmit a character on a channel, and if SO tU

..ustrated in
tTtãÍ

transmit the character, the steps

F "ute
6 E.".3UlCi be tollowed. We assume

'_ e Recuest To Send RTE“ :tt :n u .

"red by "18 externai "1"ElVl.')’;[ :1

bit were set atDmi: (Tx) Ena

on the external TECEIV device

it a Break sequence has been
of these situations nave occurreo, .

register HBO must oe reset oy sen tng the
Reset EXl5l"n5i’SlalUS lnterrupts command, and
the transmit sequence must be started again.

Next, bit 2 cf register ERC' ts checked. tí this

:1: is 0, then. the It‘al"iS.'1"i1‘. butfer .e not err:
_

and a new CF. racter cannot yet be fiansrr .í

Depending on the capabnzties of the CPU, thts
is repeated until a character can be trans-
mitted (or a timeout occurs), or the CPU may
return to other tasks and start again later.

If bit 2 ot' register REO is 1, then the transmit
buffer is empty and the CPU may pass the

READ mw

cnmoeo suits

l
t
I

ves ksssw sxrssmsi
sums lNTERRui=TS

BREAK
an CHANGED

SYATE

nut CHARACTER
m T: aurrsn

Figure s. Pollad Transmit

Assumptions
for an
Example

Now let us consider some examples in more
detail. We assume we are given an external
device to which we will input and output 8-bit
characters, with odd parity, using the Auto
Enables feature. We will support this device
with U0 polling routines following the patterns
illustrated in Figures 5 and 6. We assume that
the CPU will provide space to receive char-
acters from the SIO as fast as the characters

are received by the SIC, and that the CPU will
transfer characters as fast as the output can be
accomplished by the SIO.

We specify this example by giving the con-
trol bytes (commands) written to the SIC) and
the status bytes that must be read from the
SIO, Recall that to write a command to a regis-
ter, except register WHO, the number of the

register to be written is first sent to register
WRO; the following byte will be sent to the
named register. Similarly, to read a register
other than RRO (the default), the number of the

register to be read is sent to register WRO, the
following byte will return the register named.

Initialization We begin with the initialization code for the
SIO. This follows the outline illustrated in
Figure 4. In the following sample code, each
time register WHO is changed to point to
another register, the Reset External/Status
Interrupts command is given simultaneously.
Whenever a transition on any of the external
lines occurs, the bits reporting such a transi-
tion are latched until the Reset External/Status
Interrupts command is given. Up to two transi-
tions can be remembered by the SIC). There-
fore, it is desirable to do at least two different

Reset External/Status Interrupts commands as

late as possible in the initialization so that the
status bits reflect the most recent information.
Since it doesn't hurt, we include these com-
mands each time WRO is changed to point to
another register. This is an easy way to code
the initialization to insure that the appropriate
resets occur.

In the example below, the logic states on the
C/D control line and the system data bus
(D7—Dg) are illustrated, together with
comments.



Initialization
(Continuedl

Reset and
Error
Sequences

Bits sent to the SIO

D7 D5 D; D, n, D2 o, Do

0 1 l C

O ` C l

ln the receive and transmi: routines that tol—

low, we treat errors such as a transmcn on the
Data Carrter Detect lme by calling for a "reset
sequence” to set the values tn read register
BRO to reflect the current values found at

the pms. Thts sequence consists of giving
the Reset External/Status Interrupts com-
mand and beginning the driver over aqatn.
The command takes the form of a write to
reglster WHO:

D7 Ds D5 D: Ds Du

o[o[o[1lo[oio o

D2 D1

Permrzs the status bfrs m HBO ro rehect current status

Thls command does not turn off the latches
for such thmgs as parity errors stored m bits
4-6 of reqxster RRl. When such an error
occurs and the latches must be reset, we will

Effects and Comments

Channel Hese: :crnrnznc ser.: to reqster W.

fut; Er

Racer:

'NFS t:

e.
E

E

. oe on V

E Hedges: To Send (RTS or (D11

call for an "error sequence." This sequence
conszsts of gtvmg the Error Reset command
and begmnmg the drtver over agam. The
command also takes the form of a wrxte to
regzster WHO:

D7

Pesets the .“ctc/Hes ¡n regxsrer EEE

When specxfyxng the
register BRO

or Hhl or
mclìcate the values read as tollows:

Dv Ds Ds D4 Ds

BlDTDlD|D|
Head o byte from the designated reglster..

result of reading

Receive and
Transmit
Routines

Now we will first give an example
of the receive routine. Thrs parallels the
preceding dlscusston of "Character
Receptton."

The frarmng error m this routine ts reported

on a character-bycharacter basis and it IS not

necessary to execute an "error sequence" tf it
is the only error received. However, It is not
harmful to do so.

Next, we gtve an example of transm1ss1on

code that parallels the above otscusston on
"Character Transmxssxon."

LO

specifying data, we Will



Receive and
Transmit
Routines
Connnued,‘

s::c'rioN
4

Int errupt
Vectors

Bits sent and received

C,/D D7 DE D5 D‘ Da Dz D1 D0 Effects and Comments i?ecsive Routine)

',Dl:[:lDl3lD3‘l_3
I i ‘
l

, l

t

l l

i t
` ' ‘ l

l

l l l

~ l

.
T

: : r 3 o t a .~ ^ '

l

t i i l

l Í

' o- :. :5 3, o; i:_- : :
t t t

l i

y
1

3 tk
:_- fl :e :5 D4 D3 D; :t t o~

Bits sent and received

C/D D7 D; D5 D. D; n, D1 n.,

i,:~‘3 o oTzïotofo Pes@

1
flete

I l Í c'
t

l
t * i

4 .
i t , D2:G trietrer 'nu bu

.t . ._ a

l a transmit cannot ‘iaxe piace either Root: reading EEC

` cr try again later

o t 2 D D D D D D D Sent: the data oyte to De transmitted

Interrupt-Driven Environments.
In a typical interrupt-driven environment,

the SIO is initialized and the first transmission,
if any, is begun. Thereafter, further U0 is

interrupt driven. When action by the CPU is

needed, an SIO interrupt causes the CPU to

branch to an interrupt service routine after the
CPU first saves state information.

In common usage, it 1/0 is interrupt driven,
all interrupts are enabled and each different
type of interrupt is used to cause a CPU
branch to a different memory address. There is

perhaps one frequent exception to this: parity

errors are sometimes checked only at the end
of a sequence of characters. The SIO facili-
fates this kind of operation since the parity
error bit in read register RRl is latched; once
the bit is set it is not reset until an explicit

The interrupt vector, register WR2 of Chan-
nel B, is an Bsbit memory address. When an
interrupt occurs (and note that an interrupt

can only occur after interrupts have been
enabled by writing to register WR1) the inter-
rupt vector is normally taken as one byte of an

address used by the CPU to find the location
of the interrupt service routine. It is also
possible to cause the particular type of inter-
rupt condition to modify the address vector in
WR2 before branching, resulting in a branch

reset operation ‘.5 done. Thus, if a parity error
has occurred on any character since last reset,
bit 4 in register RR! will be set. lt is then
possible to set regzster WF.l so that parizy
errors do not cause an error interrupt wher. a

character is received. The user then has the
obligation to poll for the value of the parity
bit upon completion of the sequence

SIC) initialization for Interrupt mode nor-
mally requires two steps not used in Polled
mode: an interrupt vector {if used) must De

stored m write register WR2 of Channel B and

write register WRX must be initialized to

specify the form of interrupt handling. It is

preferable to initialize the interrupt vector in
WR2 first. ln this way an interrupt that arrives
after the enabling bits are set in WRI will

cause proper interrupt servicing.

to a different memory location for each inter~
rupt condition. This is a very useful construct.’
it permits short, specialpurpose interrupt
routines. The alternative, to have one general-

purpose interrupt routine which must deter-

mine the situation before proceed g, can be

quite inefficient. This is usually undesirable

since the speed of interrupt-service routines is

often a critical factor in determining system
performance.



Interrupt
Vectors
(Continued)

There are at most eight different types of

interrupts that the S10 may cause, four for
each of the two channels. lt bit 1 in register
WRl of Channel B has been turned on so that

an interrupt will modify the interrupt vector,
the three bits (1-3) of the vector will be
changed to reflect the particular type of inter-

rupt. These interrupts follow a hardware-set

priority as follows, starting with the highest
príority:

Channel A Special Receive Condition sets bits
3-1 of WRl ¡O lil,

Channel A Character Received sets bits 3-l

to 110,

Channel A Transmit Buffer Empty sets bits 3-1

to 100.

Channel A External,'Staius Transition sets bits
3-1 to 101.

Channel B Special Receive Condition sets bits
3-1 to Oil.

Channel B Character Received sets bits 3-1

to 010,

Channel B Transmit Buffer Empty sets bits 3-1

to OOO,

Channel B External/Status Transition sets bits
3-1 to 001.

For example, suppose that the interrupt vec-
tor haci the value 11110001 and the Status
Affects Vector bit is enabled, along with all
interrupt—enable bits. When an External/Status
transition occurs in Channel A, the three zeros
(bits 3-1) would be modified to 101, yielding

an interrupt vector of 11111011. The value of

the interrupt Vector, as modified, may be
tamed by reading register RR2 in Channel B.

Note that when a character is received,
either the Special Receive Condition or Rx

Character Available interrupt will occur,
depending on whether or not an error
occurred: the two will never occur simul-
taneously. Therefore, these two interrupts have

equal priority. Note also that you can select
not to be interrupted on some of the eight cone

ditions: in this case, the presence of a par-
ticular condition for which interrupts are not
desired can be determined by polling.

Suppose that interrupts have been enabled
for all possible cases, and that the Status
Affects Vector bit has also been enabled,
allowing a different routine to handle each
possible interrupt. As each interrupt causes a

branch to a location only two bytes higher than
the last interrupt, it is not possible to place a

routine directly at the location where the vec-
tored interrupt branches. In a Z80 CPU envi-
ronment, these addresses refer to a table in
memory which contains the actual starting
location of the interrupt service routine. Also,

since the state information saved by a CPU is

rarely all of the information necessary to prop-
erly preserve a computation state, a typical
interrupt service routine will begin by saving
additional information and end by restoring
that information. This 1S shown briefly in the
examples of code in Appendix A.

It is possible to connect several SIOs using
the interrupt mechanism and the IE1 and IE0
lines on the SIO to determine a priority for
interrupt service. This mechanism is discussed

on page 42 of the Z80 SIO Technical Manual
and in the Z80 Family Program Interrupt
Structure Manual. We do not go into it further
in this application note.

Initialization In general, the initialization procedure
illustrated in Figure 4 can still be followed. All

six steps (A through F) are required here.
After completing the first four steps, which are
the same as initialization for polled I/O, it is

necessary to load an interrupt vector into WR2
of Channel B. Information is then written into
register WRI specifying which interrupts are
to be enabled and whether a specific kind of
interrupt should modify the interrupt vector.

Now let us give an example. As in the polled
example, we assume that we are given a

device to which we will input and output 8-bit
characters, with odd parity, using the Auto
Enables feature. We also assume the CPU will
provide space to store characters as received.

We do not discuss the S10 commands and
registers in detail. This is done in the Z80 SIO
Technical Manual. A summary of the register
bit assignments taken from the Z80 SIO Seri'al
Input/Output Product Speci?cation is included
at the end of this note. Recall that to write a

register other than register WRO, the number
of the register to be written is first sent to
register WRO, and the following byte will be
sent to the named register. Similarly, to read a

register other than RRO (the default), the
number of the register to be read is first writ-
ten to register WRO and the next byte read will
return the contents of the register named.

In our example below, each time register
WRO is changed to point to another register,
the Reset External/Status Interrupts command
is also given. Whenever a transition on any of

the external/status lines occurs, the bits report-
ing the transition are latched until the Reset
External/Status Interrupts command is given.
Up to two transitions can be remembered by
the internal logic of the SIO. Therefore, it is

desirable to do at least two different Reset
External/Status Interrupt commands as late as

possible in the initialization so that the status
bits reflect the most recent information. Since
it doesn't hurt, we give these commands each



Initialization
(Continued?

The gelurnris below shew the logic states en

the C/D control line and the system lata sus
(Dj-OQ), together with comments.

time WHO is changed to point to another reg-
ister. This is an easy way to code the initial-
izatiori to assure that the appropri .e resets
occur.

_
Bits sem to the SIO

C/D D7 D; D5 Dc Da 132 Di Do Ettects and Comments

ne reascris _ e

:r:rr‘in; para:-.e'ers

«4

_
bits per- character

lD5—D3l.

c. Enable add parity (D1~DC).

Pctnt WRC to W33

Point WHO tc WH5

Set WES to indicate the tollowmqz

Data Terminal Ready IDTPU; en (D

amt characters to be trarismitiec (D535)

Break not to be ti-arisrr ted LD@

Tx Enable on (D3).

Request To Send (P753 on (Dj.
Patnt WRC to WR2 [Channel B only,.

|"1UOm>'

Set the interrupt vector to point to address lllOOOOC

(which is nex EC and aecirnai 224) Owe ll’ilEl""

are enabled they will cause a branch tc .is
location‘ mo Jied as described above it the Status

Altects Vector btt ts turned on (w ch .t will De herel

This vector lS on.y set far Chan 8 but If a:_ L65

to scth channels l: has :a effect when set trt
Channel A

Point WRO to WEI.

ts

Set WE] to indicate the tollcwing:

A. Cause interrupts on all characters received

treating a parity error as a Special Receive

Condition interrupt (D4~D3).

8. Turn on the Status Affects Vector teature‘ causing
interrupts te modtty the status vectur-meanmgfuì

only on Channel B, but will not hurt tt set tor
Channel A 10;;

C. Enable interrupts due in transmit buffer being

empty (DU

D. Enable External/Status interrupts (DO).



Special
Receive
Condition
Interrupts

A Special Receive Condition interrupt

occurs (a) if a parity error has occurred, (b) it

there is a receiver overrun error (data is being

overwritten because the channel's three-byte

receiver buffer is full and a new character is

being received), or (C) if there is a framing

error The processing in this case is the fol-
lowing:

I. Issue an Error Reset command (to register
VVRU) tc reset the latches in register RBI.

2. Read the chara.
discard it to empty j
lt may be desirable to read and store the

value of register RBI to gather statistics on
performance or determine whether to accept
the character, ln some applications, a

character may still be acceptable II received
with a training error.

In specifying the result of reading register
REG, RBI, or specifying data, we will indicate
the values as follows:

Dv Ds Ds D4 Ds Dz

Dl
Do

ld?s
i H _.e.._~.=.

v e no‘ present an example Of processing a

Special Receive Condition interrupt.

_
Bits sent and received

C/D D7 Ds D5 D; D3 D2 D; DQ

O O r O O O O

Effects and Comments

II we need :o know what kind of error occurred, we

point WHO to read from RRI. Note that the Reset

Exiernal'Status Interrups ccrnmand is not used. This

avoids losing a val;o interrup:

Peas a 'o e t.-arr. RBI one cr more of oi! DE “framing

D; receive overrun , or D., (par-ty error)

dicate the spec. . error.w... be

Give an Error Reset command to reset all the error
tatches.

Read in the data byte received. This must be done to

clear the receiver buffer but the character will gener-
ally be disregarded.

Received (Hx)
Character
Interrupts

When an Rx Character Available interrupt

occurs, the character need only be read from
the read buffer and stored. lf parity is enabled

with character lengths of 5, 6, or 7 bits, the
received parity bit Will be transferred with the
character. Any unused bits Wlll he ls.

External/
Status
Interrupts

Transmit l Tx)
Buffer Empty
Interrupts

To respond to an External/Status Interrupt,
all that is necessary is to send a Reset Exter-
nal/Status Interrupts command. However, it

you wish to find the specific cause of the

interrupt, it is necessary to read register HBO.

In this case, the complete processing takes the
following form:

Bits sent and received

C/í D7 D5 Ds D4 Da 132 Di Do

I D7 D5 D5 D4 D3 D; U1 D@

The final kind of interrupt is a Tx Buffer
Empty interrupt. If another character is ready
to be transmitted on this channel, a Tx Buffer
Empty interrupt indicates that it is time to do
so. To respond to this interrupt. you need only
send the next character. lf no other character
is ready to transmit, it may be desirable to
mark the availability of the transmit mechanism
for future use. In addition, you should send a

Reset Tx Interrupt Pending command. This
command prevents further transmitter inter~

Effects and Comments

Head register BRO, bit D7 (Break), D5 (Clear To Send),

or D3 {Data Carrier Detect] will have had a transition

to :ndicate the cause of the interrupt.

Give a Reset External Status Interrupts command to set
the latches in ERG to their current values and stop
External/Status Interrupts until another transition

OCCUFS.

rupts until the next character has been loaded
into the transmitter buffer.

The Reset Tx Interrupt Pending command to
WHO takes the following form:

D7 De Ds D4 Da D2 D1 Do

0 J o I l 1
o J i l o o

]
o

Reset Tx Interrupt Pending command; no Tx Empty Interv

ruprs will be given until‘ after the next character has been
D/(iced in the transmit buffer.



Z80

Assembler
Code

To fake these examples further‘ let us use

Z80 Assemnler code to xrnplement the routznes
for a smqle channel. We assume that the lace»

tron stored In .-eq:s:er W32 pomts :o the
appro;zr:ate t 'errupt service ro_‘:...e. We also

assume that e t<:.'.ew;nq Ccnstants have
¿ready been ieizned:

SIOctrl. The address at the SlO's Chanrel B

control port awe ass

.r;:luce Coce f: :r.:t‘

SIOdata. The address or the SlO's Channel B

data port.

_
Iocatzcrzs m memory

the: W111 be used to stare varxous values.

"B" surflx mdtcates mast cases, emary
constants wxll :e referred to 'av the command
names. We begm wtth the znztzalxzauon

femme:

_
JK LL

6:.

LD

OUT

LD

OUT

LD A

UT ‘CE

1.3 A
_

CUT xC‘/ ,A

L A,OC/O1C10,B

OUT (Cl ,A

LD A,liZOlOlOB

OUT (Cl ,A

LD AUOOIOOYOE

OUT TC‘, A

LD A, 11 .COOOOB

OUT (Cl A

L A,OCOlO0OlB

OUT {Cl ,A

L A 000101115

OUT ‘LC? ,A

RET

:taâe ‘he azc.

.n s_.::seq4e
“ad :hanna Reset

'o reqzster W3 3

‘write to .-eqxster WP@ pcmnnq :t to regzsrer WES

3.1t_::ut transmn parameters to WES

wnte to reqlster WED pomnnq xt ts reqlster WR2

Channel B only‘:

output the :Jer: ~' vectcr to WR2, m :..;s case 1! As

V
decmal locatzcn ¿_

write to register WRC po.nnr.g n to reqxsrer WR1

ut :nerrupt parameters to V‘/R1

‘return from mtt:al1zat:on rcutme

Now .et us look hrst at some sample codes
for the Specxal Reserve Condmon interrupt
routine, following the example above.

SIOspe<::nt: PUSH AF

LD ADOOOOOO1B

OUT (SlOctr1) ,A

IN A,lSiOcn-5)

LD (X) .A

LD A,OOl IOOOOB

OUT (SlOc:rl) A

IN A,nSlOoata)

FOP AF

El

HETI

Th1s ts followed by a slmple recexve mterrupt
rouune that wzll fetch the character recetved
and store 1t m a temporary location.

,save reqxsters wrnch W111be used m thxs routme

;wnte to reqxster WHO pomtmq n to regxster HH!

:šetch reqrster EH1

tstcre result for later error analysis

sens an Error Reset command to reset devrce

latcnes

‘zetcn the character recen/ed+we Wlll dxscard this

: Character stnce an error occurred durmq xts

' receptton

restore saved reqzsrers
zenanle Interrupts

,return :ram mterrupt



Z80

Assembler
Code
{COnt1nued>

Slorecmt PUSH AF

1.‘ A S.Oaaxa;

LD \X,

PCP AF

EI

EETI

:OMT

Iso slmpìe
.e 1s prcbaoly iar

;;s*:i=,l. It IS more hkeìy Ilia:
' ' up a buffer of

exzvrr

“etch req;s'=r EFL‘

re res1..! lor lamer analym

Jesrcre saved regsters

enable zmerrupzs

remrr :‘r:m nzermpt

Finally, " e processmg ‘or a

transmit .zzterrupì rcçtme m ¡he Case where :io
mere characters are lo be transrrzme

It 15 ` ely that thls code would just be a por-
NOT} oi a more genera; transmlt lmerrupt

sxonmm PUSH

r:u‘.1r.e var..

:r.:ormat:~3r. at a tz.

,me ¿s .nclmled m the secl.
Longer Example

se ve reg ;sters wk

send 2‘) I'*1sse:T> Irner-up;



SECTION

5

Hardware
Considerations

Questions and Answers.

Q: Can a sloppy s“
lerns in SIC opera

oh?

P.: Yes: ?ne specit

c.c:x are
-.,\to tor-ever.: :to .

voltage mas' :e
o < low voizage

an 'f "f but.‘ `

S" ìtcn* between '
els must be mace

Less than *É

oe greater í

The tr

When is a received character available to

be read?
A: Data will be avaiiaole a maximum of .3

system clock Cycles from tne rising edge of

the W signal wntch samples the last btt oi
ihe data.

What is the rnaxirriurr. tinte be Neen
Character-insertion for trans ssicn and
next-cnaracter transmission?

A: This will vary oepen mg on the speed ci
the line over which the character ts being
transmitted.

Are the control lines to the SIC synchro-

nous with the system clock so that noise may
exist on the buses any :ime before setup
requirements are satisfied?

A: Yes.

In asynchronous use must recetver and
transmitter clock rates be the same?

No, the SlO allows recetve and transmit
for each channel to use a citfterent clock
(thus up to four different clocks for recetv~

tng and transmuttnq data can be used on

each SIO). However, the clock rnult'.piier
for each channel must be the same.

Q: Do Wait states have to be added when

using the S10 with other processors other
than the Z80 CPU?

A: No. pro'.".geo

the
El@

are rnet.

he Äatc Enab.es b.’
. . _

case the Í-fl input sh:

continue to 1T'€TfUQ[ f

.cn _
t e condition be .s and the

in:errupt remains enabled?

s the maximum data rate oft

. rate of the tern clock
'C'_K,. For example, tf the system c.bcl<

operates at 4 MHZ, the SlO’s
. .axtrnum

transfer rate ts BOOK bits {l0CK bytes)

per second.

.5ihe

Q: What pins are edge sensitive and should
be strapped to avoid strange interrupts?

A: The external synchronization iSYl§ ) pins
and any other external status pgséhat are
:tot used, including CTS, and BCD.

Q: What happens it the transmitter or
receiver is disabled, while processing a

character, by turning off its associated
enable b : {bit 3 tn register WR5 for transmtt

or btt C in register WR3 for receive)?
Á: The transmitter will complete the

character transmission in an oroer:y fashion.
The receiver, however. wtll not finish, lt wtll
lose the character being received and no

Ln:-errupt will occur.

Register
Contonts

Q: Does the TX Buffer Empty (btt 2 tn register
BRO get set when the last byte in the buffer
ts tn the process of betng shifted out?

Â: No. The btt ts set when the transmit buffer
has already become empty. Similarly, the
Tx Buffer Empty interrupt will not occur
until the buffer ts empty. The same ts true
for reception: the Ex Character Available
bit (bit O in register R80) is not set until the
enttre character ts tn ihe receive buffer, and
the Ex Character Available interrupt Will

not occur until the entire character has

been moved into the buffer.

lf an Hx Overrun error occurs (and
bit 5 of register l-‘(R1 becomes latched on)
because a new character has arrived, which
character gets lost?

Q:

Á: The most recently received character
overwrites the next most recently received
character.

Q: Does the Reset External/Status Interrupts
command reset any of the status btts tn

register FRO?

A: No. However, when a transition occurs on
any of the five ExternaL'Status bits in
register REO, all of the status bits are
latched in their current position until a

Reset External Status Imerrupts command :s

issued. Thus, the command goes permit the
appropriate bits or register R80 to reflect
the current signal values and should be
done immediately after processing each
transition on the Channel.



Q: ff the CPU does not have return from
:nterrupt sequence

‘PETE inslruction on the
Z80 CPU), how may the SIC) be 1 formed cf
the completion ct interrupt handlrlg?

‘ be Gone cy w? mg the P
trr.

.rupï co mana' " cuillZCC'
C't.annel' A of

Q. It the CPU can be interrupted but cannot
be used w

iould process
lmrned:

ceed ar. a
__

'tterrupten pri»
ar :e poilirig e SIO

for both rec .
Altei'nat:yel'y',

the Status A e, s Vector bi» tbll Z tn
register \NRli tnay be set and a 0 byte
placed into the interrupt vector lreqisler
WR2 in Channel B). Then, the contents of

the interrupt vector can be used to deter»

mine the cause
ot the Lnterrupt and the

channei on which the 1 rrupt occu redl
This can be queriedbi reading reoji 1er RHÄ

of Channel B. Also, Ml should be tied High
and no equivaler‘ 3 an interrupt aci<now1-

edge should be issued.

Q: How can the Wai'JReady (W/RDY) signal
be used by the CPU in asynchronous I/O?

Â: The RDY signal is most commonly used

in Block Transfer Mode with a DMA, and
this use JS descrtbec in the Z80 DMA
7"ec}m1cor"Monucl’. However, W RDY may
be directly connected to the Z80 CPU WAIT
line in order 10 use the block I/O instruc-
tions OTDR, OTTR, TNDR, and INIR In this

case, the SI@ can be used for block transfer

reception. To do this, the SIO ts configured
to interrupt on the first character received
only (by settings bits 4 and 3 of register
WRl to O1) and additional characters are
sensed using the Vi/VRDY line. The block l’O
instructions decrement a byte counter to
determine when L0 is complete.

Q: Can the SYNC pin have any use in asyn~

chronous I/O?
Ã: It may be used as a general-purpose

input. For example, by connecting it to a

modem ring indicator, the status of that ring
indicator can be monitored by the CPU.

Q: llow can the SIC be used to transm;t
characters containing fewer than 5 bits?

A: rirst, set bits 6 and 5 in register WR5 ‘lo

indicate that five or fewer bits per character
will be :rans:n:tte:l. The S10 then deter-

mines the number of bzts to actually :ransmi:
trcrrl the data Bye itselt. The data byte

r c: consist of zero or more ls, three US,

'te data to be transmitted. Thus, begin»
the data byte w:‘l“. llll0O0l will cause

.
last bit to be transmitted:

Contents at data byte

td farbitrary value!

D‘ L; D, D; B, Dy J D;

A
` t C O Í) a l

i i A
u 0 C d d 2

l C O c o d 3

U O D a d c d 4

L‘ O O c d d d a 5

.ne transi'r..'tec

Q: Can a Break sequence be sent for a fixed
number of character periods?

Yes. Break is continuously transmitted as

logic 0 by setting bit 4 of register WES. You

can then send characters to the transmitter
as long as the Break level is desired to per-
stst. Á Break signal, rather than the char-

acters sent, will actually be transmitted, but
each bit of each character sent will be
clocked as tf tt were transmitted. The All
Sent btt, bit 0 of register BRL is set to 1

when the last bit of a character is clocked
tor transmission, and this may be used to

determine when to reset bit 4 of register
WR5 and stop the Break signal.

Q: ff a Break sequence ts initiated by setting
bit 4 of register WR5, will any character

in the process of betng transmitted be
completed?

A: NOA Break is effective immediately when
bit 4 of WR5 is set. The “all sent" bit in
regtster RBI should be monitored to deter-

mine when it is safe to initiate a Break

sequence.



SECTION Á Longer Example.
In this section, we give a longer example of

asynchronous interrupt-driven full-duplex l/O

using the S10. The code for this example is

contained xr. Appendix Á, and the basic
routines are flow charted in Figures 7-12.

The example includes code for mitialization
of the SIO, in alizanon of a receive buffer
interrupt routine, and a transfer routine which

:auses a buffer of up to EC) characters of :ntcr-
mamon to be trensm :teo on Channel A and a

buffer of up to 30 characters of information to

be received from Channel A. The transfer

routine stops when either all data is received

or an error occurs. Completion of an operation
on a buffer for both receive and transmit :5

indicated by a carriage return character.
Additional routines (not included in this exam-
ple) would be needed to call the initialization
code and initiate the transfer routine. There-
fore, we do not present a complete example;
that would only be possible when all details of
a particular communication environment and
operating system were known.

The code begins by defining the value of the
SIO control and data channels. followed by
location definitions for the interrupt vector.
There is then a series of constant definitions of

the various fields in each register of the $10.
This is followed by a table-driven SIO initiali«
zatiori routine called “SIO_init," shown in
Figure 7, which uses the table beginning at

the location “SlOItable." The SZO__1nit routine
initializes the SIO with exactly the same

l
sir nnnsuir aurtsn womrsn ro sscmnmo

or YHANSMIT ¡mirta SET nscsivs aurrs?
POVNYERro ascmumo or RECEIVE

sufren. str ascsivs aurssn coumsni
YRANSIIFYsums wonn, Aun nscsivs

sums want: To zinc

lSTART TRANS|IlS$|ON or nnsï
CHARACTERIN ms sufren.

rnmsulssiou
sullen

HECEVTIDN
CDIIPLETE on

mtsrmuu
7

nscsmou
Emma

7

RIVIIII4

l ¡Wa liinipwww

Transmit Houlhlt

LLmo i REGlSTERwrxmou svrs o; »nsaauøv
mms Aoossss

l
rom A Msuonv LGCAT on
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VNYERRUPTVTABLEAnowsss

ì
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aemmma i asss cr
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Movs run «cm: men!
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A asoisrsw mcnsusm HL

END oF
mmALizAnoN
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7
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ouwur on: now TC:
com’-zoL scar or sow
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Figura 7. lntorrupt-Drìvon

Initialization Romina

SAVEREGISYERS

GET NEXT cnuucrs?,
TRANSllrI"AND1Nc?EMD4'T
wmsurr swsau voixval

wAsi1' A

v”
cuznucs nrrunn

Yuan or: N@
rnmsurrrsn
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rnmsun sufren aclaren
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IITUIII ¡mi In-vsuurr

.
Trqiummor BudaFlrrv

Empty lntnrrupl Routlnn



A Longer
Example
(Continued)

parameters as the interrupt~driven example in
the previous section. The table-driven version
is presented simply as an alternative means oí
coding this material.

A short routine for filling the receive butter
with "FF" (hex) characters and butter defini-

tions follows the SIO_lnit routine. This in turn
is followed by the transfer routine, Figure 8,
which begins transmitting on Channel A7

transrmssion and recepzion is thereafter
directed by the interrupt routines, After the
transfer routine begins output, it checks tor

various error conditions and loops until there

is either completion or an errori
Then the tour interrupt routines follow:

TxBEmpty, Figure 9, is called on a transmit
buffer interrupt; it begins transmission of the
next character in the butter. A carriage return
stops transmission. RecvChar, Figure lO, is

called on a normal receive interrupt; it places
the received character in the butter ¡Í the buf-
fer is not full and updates receive counters.
The routines SpRecvChar, Figure ll, and
Extstatus, Figure 12, are error interrupts; they
update information to indicate the nature of
the error.

The code of this example can be used in a

situation where data is being sent to a device
which echoes the data sent. In such a case, the
transmit and receive buffers could be com-
pared upon completion for line or transmission
errors.

SAVE REGISYERS

STORE CONTENY5 or
RR1 IN RECEIVE
STATUS WORD

I

¡ESET ERRORLAYc»Es
IN slo

I

FETCN AND DISCARD
CHARACTER.

RESYORESAVED REGISYERS

¡Emma ¡nou INTERNA"

Figura ll. Spodal Hocniu Condition

Intorrupt Routlno

sAvE REGISYEHS

FEYCH CNARACTERAND
Ru? w s REGISYEH

RECEIVE
BUFFER

rum
7

SET RECEIVE
sums WORD

TU
‘OVERFLOW

iNcnEuEMi' RECEIVEBUFFER
couNTER AND REcEivE EiuFrER

i7cmtER 510R: 8 Newstin
cameras WHERE REcEivE

BUFFERPOINTS TO

SET RECEIVE
STATUS WORD

YO
*COMPLUP

WAS
CHARACTER A

CARRIAGE REYUR
7

no

RESTOREsAvED REGis1ERS

¡Erwin ¡nou mriknurr

Figure I0. Receive Character

Interrupt Routine

SAVE REGISYERS

STORE CONYENTS or Ran
IN "E TRANSIAIT
sums WORD

I

SEND THE RESET
EXTERNAL/SYAYUS

IMYERRUPTSCOWANDA

I
RESTORESAVED REmsrERS

IITIMI mol m‘rERAurr

Figure 12. External/Statu:
Interrupt Boutinu



Appendix B
Interrupt-Driven Code Example

WR3 Commands510 Port Idenuhers and System Address Bus Andre.-sses

P.xChar

QEFW SpHxConQ

Command Identifiers and Values

Incmdes an c: (ì` ytes for asyn: '.CLS ¿nc

WHO Ccmmands

RO. ECU ‘SIC req:s‘er pcxriers
R1:

R2;

F13~

R4:

R5:

R6»

R7: ECU

NC EQU

SA. EQU
. ‘ SELL?‘

RES!‘ EQU ‘Reset Ex: Sm In!

CHEST: ECU Channe: Reset

EIONHC: ECU ,EnaD‘.e Int On Next Rx Char 51Q_1mL [jRTIP: EQU ,F.ese( Tx Int Pendmq LD
ER: EQU ,Error Reset ;D
RFI: EQU ,Return From In! LD
RRCC: EQU ,Hesex Rx CRC Checker LD
HTCG: EQU ,Essex Tx CRC Generator ¡_
RTUEL. EQU oCcH ,Hem n Unaer EOM Latch

, . , ,m;t_._ocp. LD .QC_E).O.'.n1..a..zaLC.".

WB] Commands

WAIT, EQU ,Wan :uncrmn
DRCVHL EQU Dmable Recewe lnzerruçts
EXTÍE: EQU External znterrupt enabu-2
XMTHIE: ECU Transmn unerrupr enable
SAVECT: EOU :Slam: affects ectcr SIOhabxe
FIHSTC. EQU ‘Rx mterrupt an first character
PAVECT. EQU ,Rx -nterrupx on anl characters o DA???" v y

r
Iparuy ¿news vector)

PEA‘/CT. EQU .SH ,Fx .nrerrupt on all cnaracters CEN ~ E.\F1CvF.

uparny doesn: :haci vector‘;
WRONRT. ECU 20H ,Wa1L Ready on recewe OTR

-
PTS * T5 *- XENAEL

RDY: EQU -10H ,Ready mnchon
NHDYEN: EQU 80H ,Wd1:.Rsad'/ enable

‘LDC: A, (ocduon Cf In: ,ame
R1 FESI dwm c°“"“°“¿' Exrrz

»

x.x1rP?zGf:‘SA'¢Ec*

+ DA‘./EC?
IV: EQU OOH

0

An



Receiver Buffer Imuuhzunon
Bu1_ln:t LD

LD

L;

_
1

Over?ow‘

Transrerz LD

Tloop: LD

RET

RET

sen: 'o l*
:n Tx

A SIUA‘.',‘a:a ,s‘.ar' Íx task

C Â

HLQÍXBuHL-rì Ixarader
L7

,\TXE|a"; ¿was p.euo: or errorzr\JQ[\JOf1;-'4iL‘>.

N

:N

E

Í
o

.

o

m

b

Transmitter Buffer Empty Routine ~—~>

TxBEmpW PUSH

PUSH

PUSH

LD

LD

LD

LD

out
cp
JR

LD

INC

OUT

TxBExn LD

POP

POP

POP

B
RETX

AF

BC

HL

HL,{XBu:Ptr;

A‘SIC/ADGIE

C A

AJHLJ

CF

NZ‘ TxBEx.t

AFTIP
C

(CIA ,to comrol port

.as: cnaracxer?

Reset Tx Im Pending

(XButPtr),Hi. ,save pointer

Recexve Character Routine
-f r

RxCnar

REÍI

Ajomp?em
RxStarLA

RxExn

,.nc.;ca:e errcr

Special Receive Condition Routine :- »—Í- u»
SpRxCcnd. PUSH

Exlemcxb Status Routine \†›

Exlstalusz

END

PUSH

LD

LD

LD

POP

POP

El

RETI

PUSH

PUSH

LD

LD

IN

LD

LD

OUT

POP

POP

EI

RETI

ARI ,get RR.

C

,save smtus
:Reset Errors

C’; :get character

AF

BC

A,SIOACtr1

CA
AIC) Iqet RRO

(TxSìat,›,A

APESI

(CLA

BC

AF

Hesei Ext Stat Int



Appendix B

Head Register Bit Function

READ REGISTER U

EIEIEE`, I ï I
I I ‘ L: Rx cwumn AVAILABLE
I I INT KNDING WH, Â GHLTI

Ix BUFFER EMPTY
BCU
smcmuur

I

T :rsI

_—————:—————— n unnsnnumsnn
I

———~j——j—;% anumnom

‘ USED WITH “EXT'ERIAL3TATUS
IDITERRUP1”NUDE

READ REGISTER 1?

I FIELD HITS I FIELD BITS III
IN PREVIOUS SECONDPREVIOUS

BYTE BYTE

u_==ao=a uaua-4m:n>.u

LPADWY
ERROR ' NESIDUEDATA FOR EIGHT

R, OVEHRU” m” n; ans/maacrsn mucnmusn

CFICRFRAMINEERROR

END DF FRAME ISDLCI

I USED INN SPEGAL ¡SEN! common ll?llf

READ REGISTER 2

was!‘ L—::,
V19
V3?
V4

MTERRIJFI‘
VECTOR

WAMAIE If "STATUS AFFECT!
VEITDI" II FROEHAIKD



Appendix C

Write Register Bit Functions

WRITE REGISTER 0

'm
1 1

,
1

I
1 1 11 u u asuman

1 1 1 o n IREGISTER1
11 1 1 111315112112
u 1 1 ¡mmm
I D (l .""S1'ER£
1 u 1 'ERE
‘I I U ¿Y

_1 1 1

1 I
u 11 u NULLCDDE
11 o 1 SENDABOFITSDLCI

1 a 1 o 11:sz1m1s 1111151111-snnum
1 u 1 1 CRANNELRESET

1 11 u s1411aLs1111111114sx11uc1un4cm1I
1 11 1 11sss11x1141112141111111
1 1 o ERRDRRESET
1 1 1 11:Tu1111n1o1411411c1uouLv1

I 1
u n NULLCDDE
n 1 Azsaraxcnccnscxsa
1 a :1ssz1111c11cc5-11511111111
‘I I RESETTl UNDERRUNIEDMUTCH

WRITE REGISTER 1

117 _ne 115 ~ 114 Q War: 111 1 no
I I

1 1 EXT mr 5111111.:I ‘ 1 ' n Im ENABLE
smus AFFECTSvecron
(CM 3 ONLY)

I
1 1

1
I

f
I u n 1111mr DISABLE
1 o 1 n; 1141nu Hnsf cuAnAcnn 1

1 1 1 o mr un ALL n; CHARACTERS¡mm AFFECT: vmon) u
1 1 1 1 m 014 ALL n; CHARACTERS11=4n11vnoes nor

AFFECT‘

1 1 vzcrom

.
1

n an un

L- w4111r1:4n1 ou m SPFWL
" 4? Wm’ ¡nov ru11c11o14 DOIIWIM

IS
WAIT1READYENABLE

WRITE REGISTER 2 [CHANNEL B ONLY)

07 IEEIEEEII 03 EEE D0

1 1
I I

1 1 1
‘ ` ' 3'1’

1 ‘ I
vz
v:

,
nuvennum

1 1

í"
vscvun

4S
vs
vs

A —-—~—— v1

WRITER REGISTER 3

' *~—— ou mm511111:CHARACTERLOAD 114111511
ADDRESS5:411:11 nous 1snLc1

LL
Rx cnc 51111111:

1 ‘ ENTERnum mass
1 AUTO ¡MILES

1 1
a a R: 5 a1rs1c11w4c1z11
11 1 n; 1 BITS/CHARACTER
1 o R115 BlTS1CHARACI'ER
1 1 Ex 3 BITS/CHARACTER

73

WRITE REGISTER 4

I
——;PARIYY ENABLE

PARITYEVEN U_U-U

. n svnc uooes ¡mm` 1 1 310:‘ .I1‘1’CH-‘uiA1,7ER
11 115 sm? 3113t11:.RAcTEa
I Z STOPBITS Cm\RACTER

1
n n u an SYNC CHARACTER
o 1 I6 311 smc CHARACTER
1 11 SOLD MODE 1n111111n FLAG)
1 1 EXTERNALsvnc MODE

X1 CLOCKMODE
X16 CLOCK IIDDE
X32 CLOCKMODE
XM CLOCKMODE

‘-9: _a_o

WRITE REGISTER 5

urna 1131112 11111111
I
1 1 Tx cnc sum.:

1

L
1115

1 1

-í_-
šbïömnmo

1 ‘

L
Tx :NABLE

1
1

saw 3119111
I

à 11
n s ms ¿un Lzsxvcmumn

1
D 1 TI 7 IITS1’ HARACTER

I T U TX 5 HITSIEHIRICTEH
1 1 1 n 11BITS/CHARACTER

__ nm

WRITE REGISTER G

ÉIEHIZIIEHÉIEHIEFI

‘ALSO SDLDADDRESSFIELD

WRITE REGISTER 7

m E@ D; o:
_

1_13_"92 D1 un

I

1

I Li svuc sn s

1 L-—~ svuc sn 9

1
L

í *è
svnc an w

1 smc un 11
_

1
sv:1c: an 12

‘ * SV BIT I3% E-«—?——~f smc an 14

‘SEE
SVNC BIT I5

'ron smc 11 must as PROGRAMIIED
111111111111" FORFLAG RECOGNITION


