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SECTION 1.0 Hardware Configuration

The ZSIO Board is shipped with the following configuration:

1) The B5-232 interface i1s wired such that any dumb terminal can be connected
to the ZS1O without the Mogem Signal Direction Area being altered. (Pin 2,3
and 7 connection)

2) Interrupt Prionty is (in descending order)
a. ZSl0 chip #1 {Channels A and B)
b. ZSI0 chip #2 (Channels C and D)
c. CTC chip

3) Channel 0 of the CTC serves as the BAUD rate generator for Serial Channel A
Channel 1 of the CTC serves as the BAUD rate generator for Serial Channel B.
Channel ? of the CTC serves as the BAUD rate generatorfor Senal Channels C
and D.

4) No wait states are inserted during the INTA cycle

This configuration can easily be altered to suit your particular requirements. To facliitate these
modifications, seven areas (labeled A through G) and an eight position Bip Switch have been
incorporataed into the Board.

The tollowing sections detail the functions of each of the 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 R3-232 interface willappearasaterminal orasa
modem. Examples of the usage of Area A are provided in Figures A1 through A4: Modem Signal
Direction Header.

The Board is prawired 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 AZ2). This configuration will suffice for those applicationsin
which the Board is to communicate with a terminal that does not require any ‘handshaking’. Some
exampies of this type of terminal are the Sorcc, Mime 1lA and infcton.

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

Fiease 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, cutthe three traces onthe back side of the board and insert the
necessary jumpers. In the example thatis presentedin Figure A3, achannelof the ZS1Oisconnectedtoa
modem. All of the ‘handshaking' signals are being used.

Figure A3 also provides an example of a channei that generates both the receiver and the transmitter
clocks, Jumpers K and L. These jumpers must not be inserted when the channel is configured o accept
the clocks from the RS-232 interface (Figure B3). For examgple, 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 | and J would not be inserfed as in Figure B3. If the ctocks were to be generated

from the RS-232 interface, then Jumpers | and J would be inserted. Jumpers K and L for the A Channel
directicn header would not be inserted as in Figure A3.



INTRODUCTION

Description:

The ZSI10 Board is a four port RS-232 Serial I!O and Real Time Clock board. By establishing an
interface to the powerful Zilag SIO chips. it provides your micro-computer system with a link to the
cutside world.

The ZSI10 Beoard was designed to meet the needs of multi-user criented systems as well as systems
requiring state-of-the-art data communrications. Three design criteria were set forth and achieved:

1) To interface to the |EEE Standard Buss (this is the name given the 5-100 buss
oy the IEEE Standards Board)

2) To be compatible with as many previously designed boards as possible

3} To cause the Zilog SIO ang CTC support chips to “think” that they were
connected to a Z-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-of-the-art communication protocols.

Though the Beard can be port polled, maximum system throughputis achieved through the use of the
interrupt facilities of the Zileg Z510/2 and CTC LSl chips. The RESTART instruction is used for interrupt
processing on the 8080 CPU. Interrupt Mode 2 can be used forthe Z-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 Cperation
Schematic

Applicaticn Notes
Advantages:

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

Incorporates a REAL TIME CLOCK thatis programmable in increments of 1 to 255 times 1/60
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)

Cowxr

Features:

Baud rates pregrammable from 75 to 19.2K

Four Independent Full Duplex RS-232 Channels

(-880K Bits/Second

Doubly-buftered 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
HOLC and SOLC Communication Pratocols



Figure A4 illustrates the procadure 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 availabie.

When operating the ZS10 Board with slow devices, such as printers. the busy signal from the device
may be routed ito either CTS (RS$-232 Pin 5) or DTR (RS-232 Pin 20). The S0 chip can then be
programmed to cause the enabiing of the transmitter when CTS is TRUE. Additionally, the receiver can
be enabled by the use of the Carrier-Detect signal (R5-232 Pin 8). For detailed explanations of these
procedures, refer to Section 6.0: Using Auto Enables.

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

The canfiguration of this area determines the crigin of the Receiver and Transmitter Clocks signals on

the S1O 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 Ping 15
and 17, respectively, from the RS-232 interface for Channel A. Rx CLKBand T x CLKB arePins15and 17
for Channel B, etc. CTC(0), 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 Z510 Channeis A
through D, labeled accordingly.

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

Channel A Clocks accept inputs from Channel O of the CTC
Charnel B Clocks accept inputs from Channel 1 ¢f the CTC
Channels C and D Cilocks accept inputs from Channel 2 of the CTC

Since the CTC has only three outputs, two channels of Serial 1/O must be run at the same baud rate if

all four channeis are running asynchronous. Channel D may receiveits clock inputs fromany ofthe CTC
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, if any of the channels are jumpered, asin

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(D) 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 if the Zilog chips are reading the Data-In-Buss during the M1

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



7-80 Processors execute a special instruction for resetting the interrupt prionty logic of their support
circuits 1f this RET! instruction is used. then you should place the shuntin the M1 column of Area c.H
this instruction cannot be used or a processor other than a Z-80 processor 1sin the system, then you
snouid place tne shunt in the INTA column and refer to Section 2.0: Resetting the interrupt Priority Logic
of the $10 and CTC.

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

Tne configuration of this area determines whether or not a Wait State can be inserted by the 2310
Board and. if so. on which pin it is active.

When used with certain procassors, the ZSIC Board requires the insertion of Watt states duning Inputs,
Outputs, and INTA cyeles. If required {(jJumper inserted), thenitis necessary to specify whetneritisactive
on Pin 3 or Pin 72 of the S-100 Buss.

The outputis an open coliector gate. It should be connected to Pin 72 according to the IEEE specs on
tne £36 Standard. The board is prewired using this technigue. Different systems may require this signal

to be placed on Pin 3, so the option 18 avallable if needed.

Refer to Section 3.0 for information on wait states for the ZS10O Board.
SECTION 1.5 AREA E (one place, under left SIO chip U14)
This area determines the on-board priority of the three Zilog chips when using the board inaninterrupt
driven system. Area E has no significance in a pert polling environment.
The Board is shipped prewired with the following priorities (in descending order of priority):
1) U4, Channels A and B
2} U1, Channels C and D

3) CTC

Refer to Figure C for information on how this pricrity allocation may be aitered.
SECTION 1.6 AREA F (one place, lower left Pins 4 thru 11 on S-100 buss)

The configuration of this area aliows several Z510 Boards to be 'daisy-chained’ tcgether.

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

The next Board in the chain wou!d have this same pin connected to its IN pad. Its QUT pad would be
connected to the next desired S-100 pin. This fogic 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 of board)

The configuration of this area (jumper} is used 10 maximize the setup time between IORQ and the
System Clock.



This area is prewired in the Z-80 column. When the Board is 10 be used with a Z-80 or Alpha Micro
Processors, this area should not be modified.

When used with an 8080, the fcllowing procedures should be performed:
1) Cut the trace on the back side of the Board
2) Insert a jumper in the 8380 column
SECTION 1.8 Eight Position Dip Switch
The configuration of this switch determines the base port address for the Board, the number of Wait
States that are to be inserted during the INTA ¢ycle, and whether or not the Board cancause aninterrupt.
Switch positions 1 through 4 determine the base port address:
Switch #1 = Address bit 7
Switch #2 = Address bit 6

Switch #3 = Address bit 5
Switch #4 = Address bit 4

il

A closed switch represents a binary one. For example, if Switch positions one, three, and four were
closed then the base port address for the ZS10 board would be BOH.

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

One or more Wait States must be inserted during INTA whenever multiple Z510 Boards are usedin a
system. This allows the IEl and IEO daisy-chain signals to stabilize and subsequently address the proper
SIC 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. Forexample, if Switches 5
and 7 are ctosed. the switch setting is ‘010" and the number of Wait States inserted during INTA woulc be
7 minus 2 or 5. If switch positicns 6 and 7 were closed, then the number of Wait States inserted would be 7
minus 4 or 3.

If only one ZSI0O board is used in the system, then no Wait States are required during INTA and
Switches 5, 6 and 7 should be off. If two Z510 boards are daisy-chained together, then one Wait State
should be inserted during INTA. In this case, Switch 7 would be closed (7 - 6 = 1}. |f three boards are
daisy-chained together, two wait statesshould be inserted during INTA. Switch 6 would be closed (7-5 =
2).

Switch position 8 is a hardware fnterrupt 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 3would be
the board address etc.

SECTION 1.9 Reai Time Clock Connection

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



The first methed involves programming the CTC chip to countthe numoer of system clock cycles. Trus
approacn results in 2 tme interval thatis equal to T x P x TC (Appendix B. page 10) wnere:

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

Forexamele, 1 the system s running at 4MHz the prescalerissetto 255 and thetimeconstantis setto
255 tnen tne time interval would be 16.384 mili-seconds (apprx. 1680 second).

The second meihod 1nvolves causing the CTC Channel 310 ¢ountthe number of ¢lock tigks off of the
B0 cycte A.C. hine. This approach results in the time intervals being equal to TC x 16.666 msec intervals.
Again. TCs egual to the Time Constant register. This method provides the capability of generating ume
intarvais that exceed 4 seconds and can afso result in @ more accurate time slice.

To use this method, a wire must be connected between the ZSI0C Board and the power supply. The
Real Time Clock Pin s located in the upper right hand part of the Board. |t must be connected to the
secendary side of the power supply transformer, ideally to the source for the +8 voit supply. This
connection 1s accomgplished as follows:

1} Connect the clip to the transformer tap
2} Insert the wire into the RTC Pin

3} Press the wire into place with the RTC cap, using a Phillips head
screwdriver

SECTION 2.0 Resetting Interrupt Priority Logic of SIO and CTC

This section describes the technigues that are available for resetting the Interrupt Priority Logic of the
510 and CTC chips on the ZS10 Board. This information is applicable only to interrupt-driven systems.

SECTION 2.1 Using the RETI instruction

A special Z-80 Instruction, RET! (EQ 4D), is monitored by the SIO and CTC chips. Wheneverthe chips
detect the ED opcode ¢n the buss during the M1 cycle, the IEl and IEC Pins of the SIO and CTC change
state. This results in the interrupting chip being addressed, If the subsequent opcode is a 4D, then the
Interrupt Priority Logic of the agpropriate chip is reset.

Duetothe lEl and IE0 time delays that are inherentin the Zilog sugport circuits, only four chips can be
daisy-chained together in a 4MHz system that uses Z-80A 81O and Z-80A CTC chips. Eightchipscanbe
chained together in 2 MMz systems. Extra support logic has been incorporated onto the ZSI0 Board

which allcws several boards to be linked together. This feature enabies any number of S10 and CTC
chips to be daisy-chained.

The foliowing sections describe the procedure for handling the interrupt Priority Logic in these

instances. For additicnal information on this topic, refer to Appendix A of the SIO Technical Manual
(page 41).

It the interrupt priority logic of the $1Q 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 ZS10 RETI port

When the RETI instructicn is not available or daisy-chaining problems arise, an alternative method for
resetting the Interrupt Priority Logic may be employed.

A Z310 Board responds to an Quiput on port FE Hex in such a way that the $1O and CTC 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 IEl and IEO signals to address the proper chip. Note that
this port is common to all 2510 Boeards daisy-chained in the system. therefore, any chip located on a
ZSI10 Board wili respond correctly by toggting its 1EJ and IEQ lines.

it the inlerrupt priority logic is to be reset by writing out ED foilowed 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 ingtruction.
SECTION 2.3 Using the RET from Interrupt Command

If only SIO chips are being activated in asystem, thenthe interrupt Priority Logic of these 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 automaticatly 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 Z5/0O Board insert an
additicnal Wait State during Input and QOutput Instructions. The Board is shipped wired to do just that.
Since this single Wait State is cniy inserted when the ZS1Q Board is performing an Input or Qutput cycle,
the system’'s throughput is not hampered.

On a Z-80 processor, there exists a time period during which all Z-80 support circuits are allowed 1o
compete for service. A Z-80 inserts two Wait States during an INTA. The two wait states allow sufficient
time for the |IEl and |IEQ ripple signals to stabilize and identify which /O device mustinsert the response
vector. This time interval can be extended by use ot Switch positions 5, 6 and 7, as described in Section
1.8. Such an extension weuld assure that ripple time delays do not cause erroneous vectors to be placed
onto the buss.

Wait States are also inserted by the ZS10 Board whenever the user is using the Wait function of the SIO
chip. Detaiis on the procedure for programming the SIC in this manner are presented in Appendix A {Z-
80 Programming; Write Register 1}. While in this mode, a block I/0 instruction can beissued to the Z510
Board. The Wait line will become active whenever the CPU attempts to perform one of the foilowing
activities:

1) Write data while the transmit buffer is full
2) Read data that has not yet been received

If the Wait/Ready function of the SIO chip is to be used, then a wait jJumper must be inserted (Section 1.4)



Software Configuration

Sections 5. 6 and 7 that follow describe how to program the S10 and CTC. Additienal information on
the procedure for programming the SIO s provided in Appendix A, The SIO Technical Manual, and
Appendix C, The SIC Appiication Manual. CTC programming technigues may be found in Appendix B,
The CTC Technical Manual.

SECTION 5.0 Using the CTC Channels

The CTC ¢hip has four channels. referenced in Appendix B ofthe CTC Technical Manual as Channels
O through 3. As it has oniy three Outputs, the maximum number of unique baud rates thatitcan generate
is also three. If alt 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 feliows:
Channe! A connected tc CTC Channel 0
Channel B connected to CTC Channel 1
Channels C and D connectied to CTC Channef 2
The baud rate of each channet is determined by using the following formula:

Baud Rate = F/ (CTC x SIOCLK}

Where F is equal to 921.6KHz, CTC is the HEX number programmed into the CTC time constant
register and SIOCLK is the SIO chip dividing facter.

The following table details the values to be used in programming the CTC time constant register and
SI10O for the commonly used baud rates.

CTC Time Constant REG. Dividing Factor Baud Rate
03H X186 19.2K
o6H X186 9800
08H xX16 7200
0CH X16 4800
10H X186 3600
18H X186 2400
20H X16 1800
30H X186 1200
B0H X186 800
COH X16 300
CoH X32 150
83H X64 110
COH X564 75

Before the time-constant register can be programmed, the CTC channel contro! register must be
programmed with a 55H. Refer to Appendix B for information on how this vaiue was obtained.

Channel 3 of the CTC is used as a general purpose timer. It may be used ineitheracounting oratimer
mode, as described in Appendix B of the CTC technical manuatl.

When in counting mode, the CTC counts the number of system clock cycles. This can resultinashort
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

Tne ZS10 Beard is I'O mapped and occupties a total of 14 ports. The base address of each board 1§
getermined by Switches 1 through 4, as described in Section 1.8 The following text refers to this part
base address as XXXX. The ZS10O Beara's Senal Channels are referred to as Channels A through D. In

Appencix A of the SIC Technical Manual, the chipisdivided into twa channels that are also referenced as
Channei A ang Channel B.

Please note that the Board's Channels C and D correspond to the S10 Manual's Channels A and B.
respectivety.

The actual beard addresses are as foliows:

AXXX0000 = X0H - Beoard Channel A Data Input and Output Port
XXXX0001 = X1H - Board Channel A Status and Contrcl Port
KXXX0010 = X2H - Board Channel B Data input and Qutput Port
XXXX0011 = X3H - Board Channel 8 Status and Control Port
XXXX0100 = X4H - Board Channel C Data Input and QOutput Port
XXXX0101 = X5H - Board Channel C Status and Control Port
XXXX0110 = X6H - Board Channel D Data input and Qutput Port
XXXX0111 = X7H - Board Channel D Status and Control Port

AXXX1000 = X8H - CTC Channei 0 = Baud Rate Generator Channel A
XXXX1001 = X9H - CTC Channel 2 = Baud Rate Generator Channe! B
XXXX1010 = XAH - CTC Channel 2 = Baud Rate Generater Channels C and D
AXXXX1011 = XBH - CTC Channel 3 = Real Time Clock Channel

XXXX1100
XXXX1101

H]

XCH - Unused; can be used by any other $-100 board
XDH - Unused: can be used by any other $-100 board

XXXX1110 = XEH - Qutput=Carrier Generator for each Channel
Writing a 1 to this port turns on Carrier
Writing a O to this port turns off Carrier

Bit 0 = Carrier for Channel A
Bit 1 = Carrier for Channet B
Bit 2 = Carrier for Channe! C
Bit 3 = Carrier for Channet D

Input=DSR from each Channel
D8R is on when a 0 is read from this port

DSR is off when a 1 is read from this port

Bit 0 = D3R from Channel A

Bit 1 = DSR from Channel B
Bit 2 = DSR from Channel C
Bit 3 = DSR from Channel D

XXXX1111 = XFH - Same as XEH

11111110 = FEH - Port used to reset Interrupt Priority Logic of Sio and CTC chips
{Section 2.2).



When in umer mode the c:ock input may be a 60 cycle clock By
5
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time-shcing data processing

Note that any of the CTC channeis not used for baud rate generators are avallable for ganeraunrg
Sifferent ttme intervals

SECTION 6.0 Using Auto Enables

One of the special features of the 310 ¢chip s 11s ability (o enable the transmitter with the CTS signal
input and the receiver witn the DCD signalnput. This feature 1s extremery usetul in those applications
where your sysiem must communicate with siower devices. such as printers and 1ow speed modems,

This funct:on of the SIO cnip is enabled by writing a 1 to Bit 5 1n Write Hegister 3.

Forexample. a Texas Instrument 810 or 820 dot matrix printer has its Busy signaicoming outof pin 11
of 11s R3-232 imerface. When tne buffer of the printer becomes full thisline goes fatse. Thissignalcan be
wired to pin 5 {CTS) or pin 20 {DTR} ¢n the computer sige of the interface. {If this busy signal was
connected to pin 5, Jumper G.in Figure A3, would be inserted.) When the printer cannotaccept any more
data, the SIOQ CTS input will be forced low and will automatically disabie the transmitter of that particular
channel. As soon as the T.1. 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 Oniy terminai is connected 1o a channel that s programmed for auto enable. then the

recever of the 310 chip will never require enabling. Only the CTS interface signal will nave 1o be
jumpered in the Modem Signal Direction Header,

When interfacing to a device thatis both sending and receiving there may be a circumstance where the
transmitter is enabled with CTS but the receiver cannot be enabled with DCD. it is for this reason that
Jumper Cin Figure A2 was prewired on the ZS1O circuit board. By writing out t¢ port XEH, the Carrier-
Generate port, you are abletoactivate DCD. Jumper C then loops the signal back tothe DCD input of the
S10O chip, thereby enabling the channel receiver.

The following s an example of a sclutionto asoftware problem that my arise when interfacing different
devices to the Z310 board. Consider a system which has a slow printer and three high speed terminals.
The printer is a receive-only model and the terminals do not require any ‘handshaking signals. Since itis
gesirable to initialize all four channels with the same initialization driver, all four are programmed with
Auto Enable ON. This is done in order to accomodate the slow printer. The three terminais must have
both their CTS and their DCD signals True to operate. For this reason, the appropriate DCD-generated
biis 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 for the three terminals being enabled. Bit 1in Write Register51s

turnec ONtobringup RTS. Thnissignaiisthenlooped back to CTSin the Modem Signa! Direction Header
with a shunt and the transmitters are also enabied.

SECTION 7.0 Programming Examples and Tests

Youmay find the following sections to contain the most heipful parts of the ZS10 Manual. They contain
several programming examples which ilfustrate:

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

NIervais.

How to set up the ZS10 board far specific systems.



By referring to these sections and the Technical Manuals, programming the ZSIC 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 ZSIO board in a certain system. 1t 1s highly
recommended that these tests be executed. This will guarantee hardware compatibility as well as
provide a means by which you can gain famiharity with the Board

SECTION 7.1 Program to Test Receiver Interrupts

The following program tests a channel of the ZS10 board for receiver interrupts, With one Z510 boara
N the system, turn on Dip Switches 1.3 4 and 8 This sets the base address at BOH.

This program simply enables the first channel of the ZS10 board forrecewver interrupts. Any character
typed on a terminal connected to channel A will be echoed back.

0100
0103
0105
0107
0109
108
010D
010F
0111

0113
0115
o117
0119
011B
011D
011F
0121
0123
0128
0127
0129
0128
012D
012F
0131

0133
0134
0135

3100 10
3E G2
b3 B3
3E C7
D3 B3
3E 55
C3 B8
3E 06
C3 Ba

3E 14
L3 B1
3E 4C
B3 B1
3E 03
L3 B1
3E 41
D3 B1
3E G5
D3 B
3E AA
D3 B1
3E 01
D3 B1
3E 18
D3 B

FB
76

C3 33 01

(AL R AR LR LN RN SRR RNS R YRR EN N R )

Set up CTC for 9600 baud. Init SP
Set up Interrupt Vector as RST 0

LA N R A NE RS ENENNERENEESEERENENS NN

ORG 0100H

LXI SP.100CH .Set up Stack pointer

MVI A2 Set A to WR2 pointer

OuUT 0B3H Send A to B side cf Chip 1

MVI AOC7H

QUT 083H Set WR2 to a RESTARTQ

MVI A.55H :CTC(D) to Counting Mode and TC is
OuUT 0B8H next word to be written to this port
MVI AB :Time Constant equals 8 which

QOUT 0B8H sets CTC(0) to 9600 baud

Now program the SIQ chip for Receiver Interrupts

AR RS E AR EZENEE NS RENRER RN RN NS RRENEN R X J

MVI A 14H ‘Reset Ext/Starus Int, and

QUT 0B1H :Set register Pointer to WR4

MVI AACH ;X186 clock mode, no parity

OUT 0B1H .2 Stop Bits

MVI A3

OuUT 0B1H Point to WR3

MV A 41H :Set Receiver for 7 bits/char.
OUuUT 0B1H ;and Enable the Receiver

MVI A5

OouT oB1H Point to WR5

MVI A 0AAH Turn on DTR and RTS, Transmitter set to
CuT 0B1H .7 bits/Char., Transmitter enabled
MVI A

QuT 0B1H :Set pointer to WR1

MVI A 18H :Set S1O to Interrupt on all

QUT 0B1H :Received Characters

LA X L Y Y Y Y Y Y Y Y X I IR XY]

SIO is Setup for Receiver Interrupts

Q2 SEI NN NBUNBBOBRINORNIERIRIROEDE N

LOOP: E! :Enable Interrupts

HLT :Don’t do anything until Rec. Int. Occurs
JMP LOOP :After you echo character jump back



(EE R ERZE NN FENNNEN R ENNENNN]
Interupt Service Routme

ORGC
Qoo DB 80 IN 0B0H :Grap Character that caused Int
0002 03 80 QUT 0BOH ‘Ecno it pack
2004 AF XRA Ciear A w0
0005 D3 B1 QuUT C81H ‘Make sure WR pointer 1s at WRO
Q007 3E 38 MV A IRH Resetint Pending
Qo009 03 B1 QUT 0B1H 50 that next char. can cause an Int
cooB cg RET :Go back to program

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

The programbelow isvery similariothe one of Section 7.1, Inthisexample, socme of the Z-80 expanded
instructions are used. Note how much "cieaner” the ZS10 channel s inittalized and how the initiaiization
vaiues are organized within a tabte. Set Dip Switches 1.3, 4 and 8 ON. This estabiisnes BOH as the base
acdress and enaples interrupts. Piace the jumperinarea C inthe M1 column and the jumoerinarez Gin
the Z-80 column.

Interrupt Mode 2 is used in which the | Register is the high byte and vector placed on the bus during
INTA is the low-order byte of the routine's address.

Set up table with init. Values

I F R RN RN AN RN AREN AN ENENNEN]

ORG 0140
0140 14 CB 14H ‘Reset Ext/Status int. and point to WR4
0141 4C DB 4CH :X16 Clock mode, no parity, 2 stop bits
0142 03 DB 03 Point to WR3
0143 41 DB 41H 'Set Rec. for 7 bits/char., Enable Rec.
0144 05 DB 05 ‘Point to WRS
0145 AA DB 0AAH Turn on RTS and DTR, Trans 7 bits/char.

transmitter enabied

01486 01 DB 01 Point to WR1
0147 18 DB 18H Set Si0 to Int. on all Received Char
0148 02 DB 02 Point to WR2 (B channe! only)
G149 a0 DB 80H Set Vector to 80H
014A 55 DB 55H :Set CTC Channel 0 10 counting Modse
014B 08 DB 06 ‘Time Constant for 9600 baud

ORG 0100H

(AL R AR N ENE R YN SN ENN N ]

Main pregram is put herg
(AR N E N RSN Y RENRERERE YR NN

0100 310010 LX1 SP.1000H :Set up Stack Pointer just in case
0103 ED 5E IM2 ‘Set Z-80 for Interrupt Mode 2

0135 IE 02 MV A.02 Put 02 into Reg. A

cro7 ED 47 MOV LA :Set | Reg. to 02

0109 27140 M LX1 H.0140 Set H peinter to beginning of table
010C 06 08 MVI B8 :Set B to length of data table

10E 0E B1 MVl C 0B1H :Set C to port Address for Channel A
0110 ED B3 OTIR Do a block Qutput to port B1H

Dt12 06 02 MVI B.02Z2 :Set B to length of 2

D114 OE B3 MV C.0B3H :Set C to port Address for Channel B
01186 ED B3 OTIR :Do a btock Output to Port B3H

0118 Q6 02 MVI B2 .oet iength to 2 again

D11A OFE B8 MVI C,0B8BH Set C to block Address for CTC(0)

o1c ED B3 OTIR ;Do a bleck Output to CTC(D)



R EERR RN ENNERERERRNREENNRNRNRR YRS NN ¥
Tne SIO ang CTC are now programmed

[ IXT YRR ERENSRARENNERENE NN N R R R L ES N 2]

011E FB LCOPR:EI ‘Enable Interrupts
011F 76 HLT Halt until Rec. gets a charactar
0120 C2 1E 01 JMP LOOP ‘After Char Echoed. jump back

[ E N E R N N F YRS EELAEEEEREARRRER AR R R R NN N N I

Interrupt Service Routine Note CRG Statement

090290000820 00 S0 RRPYRIASSITRNITOBEOIBERRY

QORG 02804 i Reg - Wector in WH2
0280 00 OB Q0 Adaress of Routine .3 0300
0281 03 OBO03
ORG 03C0H ‘Finally got there
0300 0B BO IN 0BOH :Get Character that was typed
0302 D3 BO QUT 0BOH ‘Echo it back
0304 ED 4D RETI ‘Reset Int. Pending Status and Return

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

The next program Is a simgle test that detarmines if tne RTC wire has heen nstaileg oroperty. It also
inaicates tne procedure for programming the CTC (31 channel for interrupts.

Install the RTC wire as described in Section 19 Set Dip Switches 1.3.4 and 8 to the on or ciosed
position (Base address eguals BOH anc Interrupts Enabled; Setthe jumperinarea Cinthe M1 column
and the jumper in area G to the Z-80 column. Again £-80 mode 2 is used to process the Interrupt

This program will simply output a letter A to a specified port. inthis example the gutput goes to port 02
iSuper Sertal Port A) but the user can choose whatever port he normally uses for the conscle. Since the
CTC(3) Time Constant is set to 1. a letter will appear every 1 80 sec.

(FE R AN NS R EREN RN E RSN RIEESNE RN N YRR N NN ]

Set up CTC Channel 3 Interrupts every 160 sac.

ORG 0100H
310010 LX) SP.1000H ‘Set up stack pointar wust In case
'the cops are coming

0103 ED 5E IM2 Set Z-80 to Interrupt Mode 2
Q105 3EQ2 MVEAZ Set A Reg 1002
0107 gD 47 MOV LA 1 Reg. set to 02
0109 AF XRA Geta 00 in A
010A D3 B8 OUT 0B8H Set Interrupt Vector in CTC to 00
010C 3E D5 MVIA 0D5 :CTC Channel 3 Interrupts Enabled.
010E D3 BB CUT 0BBH Counting Mode. TC 15 next byte
0110 3E 01 MV A ‘This value equals the number of
0112 D3 BB CUT 0BBH .ticks that go by between interrupts
0114 FB LOQFEI ‘Enable Interrupts
0115 78 HLT RTC will give us an Interrupt
0116 C314 01 JMP LOOP (After we send an "A7 jmp to LOOP

Interrupt Routine Note ORG Value

2600080000300 RRRRIERGRIRRIR S

ORG 0206H I Reg. + CTC Int. Vector - Channel
offset (00000110=Int Vector)
0206 00 BB 00 :This Is address of Int. Routine
0207 03 BB 03 which is 0300H
QRG 0300H Finalty got there
0300 3E 41 MVI A A :Get ASCIlI "A” in A Reg.
0302 D3 02 QuT 02 :Qutput "A" to your favarite port

0304 EC 4D RETI ‘Reset int. Pending on CTC and Ret



SECTION 8.0 Theory of Operation

The Board can be sub-diviced into several simp-e mocules Tnese are port decoding, d3ta Duss
wterface status gecoding special functior fegic ard R5-232 imterface circunis

SECTION 8.1 Port Decoding

The ZS10 Boarc accupres atotalof i Ax121-11 O mapoed ports. where A sthe numbper of coargs intne
svstem. Port FEH s commantoall ZS10 noarcs inthesysiem Thneh:gnorgarnysbleof the Azaress Duss
during an |- O goperaton 13 gecoged oy the first four &ip switch positions and an exclusive-cr chin

A closed switch position places a togic O at the input of one of the four gates and an open position
places aiogic 1 at the input. When the opposite state1s placed atthe other input of the gate. the output of
that gate wili attempttoset 24, Pin91toalogic 1. if any of the four outpuis afthe exclusive-or circwit are
forcecicatogic0. U224 Pim3wilineatalow Thisinturn forces U17 Pin 13 toahign. cisabiing the two-10-
four decodar

The cecoder will pe enabiec oniy If tne correct address bits, A7 througn A3 are or the buss Acdress
bits A3 and A2 are two Inputs 10 the decoger ana determine one of the four port blocks.

If both A3 and A2 are at logic 0. U17 Pin 12 will go low and be the CE signal to S10 ¢chip one,
If A3 is a low and A2 s a high. then U17 Pin 11 goes iow and is the CE of SIO chip two
If A3 is high and A2 1s low, U17 Pin 10 goes low and 1s the CE of the CTC chip

fboth A3 and A2 are high, the iast four port block is enabled with U17 Pin 9. This signaiis ANDed with
Al ang usedtoenablethe secondtwotofourdecoderatU17 Pin 1. Oniy two of the four poris inthis block
are actually used to enable the buss transceivers U386 and U35,

The FEH portis decodec by U34 and U24 Pin 6. The output of the eight input NAND gate is fed to U18
Pin 3. U18 Pin 6 is the board enable during | O and s true wnen port addresses X0 through XBH,
addresses XEH and XFH, and address FEH are TRUE. (X = Board base address)

SECTION 8.2 Data Buss Interface

The ZS10 board interfaces to the 698 Standard Buss through U35 ang U386 Tri-Directional Buss

Transcewvers. The four possible buss transfers thatthe ZS!0 internal buss has with the external 1ESE 696
Standard Buss are the following:

1) 170 Read
2) 1/Q Write
3) Interrupt Acknowiedge
4) M1 Read -

Both I/0 Read and INTA transfers are from the ZS!Q Board's internal buss to the 636 Standard Input
Buss. The I/C Write transfer is from the 638 Standard output buss to the ZSIO internat buss The M1 read
transfer is from the 896 Input Buss to the 2510 internal buss.

Complete flexibility in busss transfers is achiaved by the six control inputs of the 74L 5442 busss
transceivers.



The chip enables of the transceivers. U35 and U36 Pin 1 are activated when U18 Pin 6 (boarg ! O
enable) 1s true These transceivers are also enabled during every M1 cycie {jumper area C in the M1
position) or whenever the processor is:n an INTA cycle (jumper area C in the INTA position}. Cnce the
transceivers are erabled. then 80, 51 GA. GB and GC must be in the correct state to accomplish the
appropnate busss transter. The following table iliustrates how the six control signais of the buss
transcevers are used to contror data flow;

Buss Transfer CE GA GB GC SO S
10O Read L H H L L L
[-O Write L H L L L H
INTA L H H L L L
M1 Read L H H L H L

From this table the following functions are derived:

CE = X0 thru XB - XE - XF - FE - M1

GA = logic 1 always

GB = S0UT

GC = logic 0 always

SO = SOUT +~ ([EI=IECeINTA®DEIN) - (CBIN®SINP)

S1 = (DBINeSINP) ~ (IEI®IEQ®INTA®DBIN) + (M1eINTA )

Where INTA is INTA delayed by wait states ifinserted and an asterisk s used to 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 is used tc prevent the ZS10 support circuits fromreading the IEEE Standard Data Input
Buss when the Interrupt Priority Logic of the S10 and CTC is to be reset by writing out to Port FEH and
EDH foliowed by a 4DH.

Afterthe S1O and CTC detect an EDH during M1, the Interrupt-Priority Logic (1PL) wili be resetonly if
the next M1 cycte has a4DH on the buss. consider the feollowing set of instructions used toreset the IPL.

100 3E ED MVI A.EDH
0102 D3 FE OuUT OFEH
0104 3E 4D MV A 4DH
106 D3 FE QUT OFEH

If jumper area C were left in the M1 position, the S10 and CTC would see ED during the first OUT
instructicn. However, the chips would see 3E during the next M1 cycle. Because the chips would notsee
ED followed by 4D 1n successive M1 cycles the chips would not see a RET! instruction on the buss and
the IPL wouid nct be reset. By placing jumper area C in the INTA position the SIO and CTC will have its
M1 signal true only during INTA and the above program can reset the IPL properly.

SECTION 8.3 Status Decoding

Status Decoding can best be understocd by again describing the four types of buss transfers to which
the Z510 will respond.

Curing an I/O Read. DBIN {buffered through U25) and SINP {buffered with a gate from U29) are
ANDed together with U19. The output (U139, Pin 8) is fed to the buss transceivers and alsc to IORQ and
RD of the 510 and CTC chips. When the proper port address is on the buss, the CE signal ofthe S10 and

CTC chips will be low and data from the specific chip will be transferred to the IEEE 696 Data Input Bus



OBIN gand SINP are also ANDeag with U25 :Pins 4.5 and 6) ang fed to the B input of the two-io-four

e U

gecoqer Sincetne gther input tothe decoder s awite strobe itw:ill he false and force tne ouou[oftﬂe
decocer ¥2 0w Ths s used as the pufier enanie to W29 and DSR staius for the four RS-232 cnannels s
placed onto the inout Buss. Trus transfer will tan2 pace only 1f the Ganput 1o tne cecoder L7 P 1as

Iow This will pe the case oniy wnen the correct port 18 addressed.

ourirg INT—« DBIN s ANDeg witr sgverals.gnass The
Mo

firstis INTA whicn s INTA delayed by a preset
fwartsiates (determined oy Swilch posiions 5. 8and 7y Th sdelaves sigralis i3 Py and:

fU

)

sl =
o o 3
o oive tne 210 and CTC chips sufficient time o comeete forthe IMI8rruplwhan more tnan one Chip
rInterrdoct cending

is

Li
Nas

]

i
fp

When using mora than one 2510 poard several coards can attemptlioolace an Interreptvectorontne
LS5 Zuing INTA. Forthisreasen. iElard IEQ are ANDed togetner with INTA Thss.gral U1g Pini2 3

finally ANDeg with DBIN a1 U138, Tris cutoutis routedtotne nuss transcaivers andto the lORQ Pin cftne
5:3 and CTC chips. Thus, 1n a multiple boara system. only the board with tne nignest prierity caninsert
an Interrupt Vector ¢on the buss.

When tne processor writes data out to the ZS10 board. PWR and 30UT are ANDed togetner and the
cutput. U20 Pin 13,15 fag to U271 Pin 12 Tris flp flop is used to guarantee enougn time patween 1ORQ
and the nsing ecge of the system clock. This setup time is oniy activated wnen jumper area G has tne
snuntinthe 8080 coiumn. Hf the snuntis in the Z-80 column, then U203 Pin 13 1s conrected directly tothe
IORQ fogic.

The absence of the RD signal 1o tne $1C and CTC chips forces the chips into an 1O write state. PWR
ANDed with SOUT is also fed to the two-to-four decoder U17 Pin 2. Since the B input will be faise during
an 17O write, Y1 of the decoder will strobe data into tne quad fatch. U23. The outputs of this tatch are fed
to the four RS-232 channeis as the Data Carrier Generate signals.

The M1 read state is only enabled when jumper area C has a snunt in the M1 column. When so
jumpered, the 310 and CTC chips areabletoread dataoff the Data lnput Buss durtng instruction fetches.

This function is activated through U37 Pin 2 and is fed to the M1 inout of the S1I0 and to the CTC ¢chips
through U28 Pin 8.

During the M1 fetch cycle the chips can look for an RETHinstruction. This instruction is used to reset
the Interrupt Priority Logic of the chips. Iftneshuntinjumperarea C:sintheINTA column. the M1 signal

to the SIO and CTC chips wiil anly pe TRUE during INTA. This is a requirement for enasing Interrupt
Vectors to be read from the Ziiog chips

SECTION 8.4 Special Function Logic

Most of the spectal function logic of the ZS510 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 inan interrupt envircnment. See Appendix
A, The S10 Technical Manual, page 41 and 42 for detaits.

To extend the amount of time that the S10 and CTC chips ¢can have to compete foran Interrupt Vector
response, U31, and its assoctated logic, places the processorinto a waitstate. Thelength of this period s
determined by switches 5. 6 and 7 (see Section 1.8).

Ifall three switches are open, then U31 is loaded with a binary 7 atthe timethe INTA cycle begins. The
firstrising edge of the system clock increments this counter to 8 and the INTA circuitry forces ICRQ low
without any time delay. If any of the switches are closed. a binary count less than 7 will be lcaded at the
begirning of INTA and the processor will be forced into a wait state untii the count of U31 reaches 10.



The first several clock cycles during an INTA are not used by the processor forexamining the wait line.
Because of this. the number of wait states is equal to the number loaded into U371 {at the beginning of the
INTA cycle) suttracted from 7. A load of seven results in regular INTAtiming. Thewaitlineis also forced
low when the processor is executing an input or Qutputcycletoa ZS10 Board Thisisdueto the setup of
the IORQ to rising edge of the system clock.

Finally. the ZS10 toard will put the processor into a wait state when the wat function of the ZSIC chip
is enabled. This can prove very useful when deoing block 1°Q. In Summary, the wait line is forced low
during the extended INTA cycles, during Input and Qutputinstructions to the ZSI10 Board, and if the Wait
function of the S1Q is enabled. Since these added walit cycles are added onty during the above special
conditions, total processor throughput is not degregated.

Sufficient IORQ-to-rising-edge setup time is assured by a set of fhp-flops. 172 of UZ21 and 1:2 of U30.
SOUT and PWR are ANDed together by U20 Pin 13 and are than fed to the D input of U271,

The rising edge of the system clock transfers this signal to the IORQ circuitry and the setuptime is set
at 250nsec. when running at 4MHz. The rising edge of PWR then sets U30 Pin 5 low which in turn resets
U21 Pin 9 to a low state. M1 during the next instruction tetch sets U30 Pin 5 back tc a high state and
prepares U21 for the next ZSI10 write cycle. Note that this special timing is only needed during Write
cycles to the Z510 Board. This is due to the fact that Inputtiming does notcreate setup time problems. |f
this timing is not needed (as is the case with £-80 processors). Jumper area G provides a means whereby
SCUT and PWR ANDed by U20 Pin 13 can be fed directly to the {ORQ logic.

The 18.432MHz crystal is divided by U30 and U328 by a factor of 20. The primary reason for this is to
provide a frequency that can easily be sub-divided into commeoen baud rates. The second reason for the
divide by 20 iogic isso that the frequency goinginto the CTCisless than 1MHz. Thisis desirable because
of the fact that the maximum rate at which the CTC can be clocked is 1/2 the system clock rate (in 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 desire¢ RS-232 configuration with a solderless Mogem Signal Direction Area. Each
line driver and receiver can be jumpered in one or two ways. In the case of CTS, this jumpering can be
perfermed in one of three ways.

Since the ZSI0 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 itis desirable to generate acarrier forthe A3-232
interface. It was for this reason that U23 {a four bitregister) was incorparated in the board. By writing out
to this port, DCD can be software controlled.
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Figures A1 - A4; Modem Signal Direction Header

D RTS CTs CTR DSR cD RxCLK  TxClLK
3 3 CD.20 CC.6 CF.8 pD 17 DB 15

rrT T*’Tm

TxD RxD RTS CT1s DTR DSR CF DET. DD GEN.

— O

Figure A1 - Hardware configuration for ane of four modem signal direction headers shown without any
jumpers. Note that each of the SIO signals can be connected to one of two places with the exception of
CTS which can be connected to one of three piaces.

0080000000000 000

Figure A2 - Modem signcl direction header showing the three jumpers etched into the P.C. board 14 8.
and C). Jumpers A and B are all that are needed when communicating to terminals not requiring any
handshaking signals. Jumper C is used to enabie the receiver of the channel when the Auto Enable
function is used. See text for details on how to use Autc Enables.

ledololololel

Figure A3 - In this configuration jumpers A,Band Chave been removed, jumpers D through Lhave been
added, and the Z310 channel is acting like a terminal talking to a modem The channelis excepting CTS
iGi, DSR ), and CD {Ji from the modem while genercting RTS (Fi, DTR 1H: Receiver Clock Kl and
Transmitter Clock (L), Usually when the ZSIO is aperating in Synchronous mode the modem will supply
the two clock signals, therefore jumpers K and | would not be inserted. See higure B3.

°"Z°B ©00000000000C¢C
° ©000000000000

Figure A4 - This canfiguration can be used to make a terminal act as though itis connected to a modem
when handshaking signats are needed such as Diabio or Necwriter printers The arinter’'s RTS is lcoped
beck to its CTS M1 ana the printer’s DTR is looped ta both DSR ‘N and CD O



Figures B1 - B4; Receiver and Transmitter Clock Header

RxCLKA Rx_LKD

TxCLKA KC TxCLKD

TC 2 CTC0:

crC2.
: 7 v VJ-J}
00000000000000

Retethadie an

RxCA TxCa  Rx(CB TxCB  RxCC T<{C RxCD T«CD

Figure B1 - Hardware configuration for the Receiver ana Transmitter Ciock Header. Each channel can

be jumpered such that the receiver and transmitter clocks are generated from the RS-232 interface or o
CTC channel.

Figure B2 - This figure shows the jumpers which are etched into the P.C. board. Jumpers A,.C.E, and G
are connecting the receiver and transmitter clocks together for channels AB,C.and D respectively.
Jumper B connects CTC channel G to serial channel A, jumper D connects CTC channel 1 toserial channel

B, and jumpers F and H connect CTC channel 2 to seral channels Cand D These iumpers can be cut with
a sharp knife when necessary.

Figure B3 - In this configuration jumpers A through H have been removed and jumpers | through P have
been installed. All four channels are being clocked from the RS-232 interface and the CTC channels are

not needed to generate baud rates, A channel would normally be connected as shown when it is
communicating with a Synchronous modem.

m :;:-DI”I“X-: oGoQ °o

Figure B4 - In this configuration channel A and D ciocks are generated from CTC channel 0, channel 8

clocks are generated from CTC channel 1, and channel € clocks are generated from the RS-232
interface.



Figures C1 - C3; Interrupt Priority Jumper Area

S =) S0 a2y ale

Charnels A & B Chennels T & D

IE} IEC iEi IEC IE1 IEO

e ° To "OUT" pad in jumper
area F

From “IN' pad in

jumper area F. This—c °

line is pulled up with
a 2.2K resister.

Figure Q1 - Interrupt Priceity jumper area shown without any jumpers.

Te "OUT" pad
A B C 0
From "IN pad

Figure C2 - Interrupt Pricrity crea showing the four jumpers etched into the P.C. hoard. This
configuration allows SiC #1 to have the highest priority in the daisy chain. SIO £2 1s next and the CTC has
the lowest pricrity.

° é o "—— To "CUT" pad
B
From "IN" pad ?

Figure C3 - In this example jumpers A.C and D have been cut away with a sharp knite and jumpers E F
and G have been installed. The CTC now has highest priority in the daisy chain followed by SIC 71 then
SIC ®2.




Figures D1 and D2 - Multiple Board Daisy Chain

Jumper Area
Jumper Area B Interrupt
Priority Jumper Areco

it

Figure D1 - Jumper area Fshown without any jumpers The on board daisy chair jumper area Eis showr inthis
figure to clarify the relationship between the two areas

e
i
it

Figure D2 - This example shows how fo daisy chain three ZSIO boards in o system. Jumper Area Fis contigured
such that the daisy chain communication is transmitted through $-100 buss lines 4 through 11 which are the

vectar interrupt lines. If these lines are being used in a given system, then any free lines can be used for this
purpose.

Board #1 would have nothing cennected to its 'IN” pad. which is pulled up with a 2.2K resister. This board
would have the highest priority in the three board daisy chain. The “OUT" pad of this first board weould be
connected to a free line on the S-100 buss, in this example pin 4is used. The second board would take pin 4
and connect it to its “IN" pad and the “OUT” pad would be connected to the next free line, in this example pin
3 is used. Finally, baard #3 would have pin 5 connected to its “IN“ pad which completes the doisy chain.

it should be noted thet if other hardware in the system is generating interrupts such as disk cantrollers, then
the interrupt from this board sheuld be incorpoerated in the daisy chain if there i a possibility that they can

generate an inferrupt response vector at the same time. In this way mare than one vectar could naf be placed
on the data buss during interrupt acknowledge.



ZSI0 PARTS LIST

i 75189 U23 7415175

U2 75189 U24 751504
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General Information

The Z80-SIO (Serial Input/Qutput) 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 appiication.

The Z80-SIO is capable of handling asynchronous
and synchronous byte-oriented protocols such as 1BM
Bisync, and synchronous bit-oriented protocols such as

HpLC and [BM spLC. This versatile device can also be
used to support virtually any other serial protecol for
applications other than data communications (cassette
or floppy disk interfaces, for example).

The Z80-S10 can generate and check CRC codes in
any synchronous mode and can be programmed to
check data integrity in various modes. The device also
has facilities for modem controls in both channels. [n
applications where these controis are not needed, the
modem controls can be used for general-purpase 170,

STRUCTURE

m N-channel silicon-gate depietion-load technology
& 40-pin DIP

m Single 5 V power supply

W Single-phase 5 V clock

® All inputs and outputs TTL compatible

FEATURES

@ Two independent full-duplex channels

| Data rates in synchronous or isosynchronous modes:

* 0-550K bits/second with 2.5 MHz system clock
rate

* 0-8R0OK bits/second with 4.0 MHz svstem clock
rate

W Receiver data registers quadruply buffered; trans-
mitter doubly buffered.
B Asynchronous features:
* 5 6, 7 or 8 bits/character
e ], I2 or 2 stop bits
¢ Even, odd or no parity
* x1, xI6, x32 and x64 clock modes
* Break generation and detection
* Parity, overrun and framing error detection
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m Binary synchronous features:
¢ Internal or external character synchronization
s One or two sync characters in separale registers
e Automatic sync character insertion
» CRC generation and checking

W HDLC and 1BM SDLC features:
¢ Abort sequence generation and detection
e Automatic zero insertion and deletion
» Automatic flag insertion between messages
e Address field recognition
¢ [-field residue handling
¢ Vaiid receive messages protected from overrun
e CRC generation and checking

Separate modem control inputs and outputs for both
channeis

CRC-16 or CRC-CCITT block check

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

B Modem status can be monitored

Pin Description

Dy-D4. Systern Data Bus (bidirectional, 3-state). The
system data bus transfers data and commands between
the cPU and the Z80-SI0. Dy is the leas: significant bit.

B/A. Channei A Or B Select (input, High selects Chan-
nel B). This input defines which channe! is accessed

during a data transfer between the CPU and the
Z80-S10. Address bit Ay 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 Z80-5i0. A
High at this input during a CPU write to the Z80-S10
causes the information on the data bus to be interprated
as a command for the channel selected by B-A. A Low at
c-D means that the information on the data bus 1s 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-SIO to accept command or
data inputs from the CPU during a write cycie, or to
transmit data to the CPU during a read cycle.

b. System Clock (input). The Z80-SIO uses the stand-
ard Z80A Svstem Clock to synchronize internal signals.
This is a single-phase ¢lock.

M1. Machine Cycle One (input from Z80-CPU, active
Low). When M1 is active and RD is also active, the
Z80-CPU is fetching an instruction from memory; when
M! is active while IORQ is active, the Z80-SIO accepts M1
and IORQ as an interrupt acknowledge if the Z80-SI10 is
the highest priority device that has interrupred the
Z80-CPU.

IORQ. Input/Output Request (input from CPU, aciive
Low). IORG is used in conjunction with B/A, C/D, CE
and RD to transfer commands and data between the CPU
and the Z80-SIO. When CE, RD and iORG are all active,
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the channel selected by B/A transfers data to the CrPU (a
read operation). When CE and [ORQ are active, but RD is
inactive, the channel selected by B/A is written to by the
CPU with either data or control information as specified
by ¢/D. As menticned previously, if TORG and M1 are ac-
tive simultaneously, the CPU is acknowledging an inter-
rupt and the Z80-810 automatically places its interrupt
vector on the Cpu data bus if it is the highest priority
device requesting an interrupt.

RD. Read Cycle Status. (input from CPU, active Low).
If RD is active, a memory or -0 read operation is in. pro-
gress. RD is used with B/A, CE and IORQ to transfer data
from the Z80-S10 to the crU.

RESET. Reset (input, active Low), A Low RESET dis-
ables both receivers and transmitters, forces TxDA and
T«DB marking, forces the modem controls High and dis-
ables all interrupts. The control registers must be re-
written after the ZB0-SIO is reset and before data is
transmitted ot received.

YEL. Interrupt Enable In (input, active High). This sig-
nal is used with [E0 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). [EO
is High only if 1E1 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-
vice routine,

INT. Interrupt Request (output, open drain, active

Low). When the Z80-SIO is requesting an interrupt, it
puils INT Low,

W/RDYA, W/RDYB. Wuait/Readv 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, CISB. Clear To 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 inpuis are
Schmitt-trigger buffered to accommodate slow-risetime
inputs. The Z80-SIOQ 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 TS inputs, except
they can be used as receiver enables.

RxDA, RxDB. Receive Datg (inputs, active High).
TxDA, TxDB. Transmir Data (outputs, active High).

RxCA, RxCB.* Receiver Clocks (inputs). See the fol-
lowing section on bonding options. The Receive Clocks
may be 1, 16, 32 or 64 times the data rate in asynchro-
nous modes. Receive data is sampled on the rising edge
of RxC.

*See feotnote on next page,
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TxCA, TxCB.* Transmitter Clocks (inputs). See sec-
tion on bonding options. In asynchronous modes. the
Transmitter clocks may be I, 16, 32 or 64 times the data
rate. The multiplier for the transmitter and the receiver
must be the same. Both the TxC and RXC inputs are
Schmitt-trigger buffered for relaxed rise- and fali-time
requirements (no noise margia is specified}. T<D changes
on the falling edge of TxC.

RTSA. RTSB. Reguest To Send {cutputs, active Low).
When the RTS bit is set, the &TS output goes Low. When
the RTS bit is reset in the Asynchronous mode, the out-
put goes High after the transmitter is empty. In Syn-
chronous modes, the RTs pin strictly follows the state of
the RTS bit. Both pins can be used as general-purpose
outpuis.

DTRA, DTRB. Darg Terminal Ready {ouiputs, 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 outpuis.

SYNC A, SYNC B. Synchronization (inputs/outputs,
active Low). These pins can act either as inputs or out-
puts. In the Asynchronous Receive mode, they are in-
puts similar to CTS and DCD. 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 RxC after that rising edge of RxC on which the
last bit of the sync character was received. In other
wards, after the sync pattern is detected, the external
logic must wait for two fuil Recetve Clock cycles 10 acti-
vate the SY~C input. Once SYNC is forced Low, it is wise

1o keep it Low until the Cpu informs the external svnc
logic that synchronization has been lost or a new mes-
sage is about to start. Character assembly begins on the
rising edge of RxC that immediately precedes the falling
edge of SYNC in the External Svnc mode.

In the Internal Synchronizarion mode (Monosvng
and Bisvnc), these pins act as outputs that are active
during the part of the receive clock (R<C) cyele in which
svnc characters are recognized. The sync condition is
not iatched, so these outputs are active each time a sync
pattern 1s recognized, regardless of character bounda-
ries.

BONDING OPTIONS

The consiraints of a 40-pin package make it impossible
10 bring out the Recetve 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:

e 7Z80-SIQ/0 has ail four signals, but TxCB and RxCB
are bonded together (Fig. 1}

e 780-S10/1 sacrifices DTRB and keeps TxCB, RxCB
and SYNCB (Fig. 2).

* Z80-SI0/2 sacrifices SYNCB and keeps TxCB, RxC8
and DTRB (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 1o 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 no an
additional 8-bit register (Write Register 2) in Channel B
that may be read through Read Register 2 in Channet B.
The registers for bath channels are designated in the text
as follows:

WRO-wR7 — Write Registers 0 through 7
RRO-RR2  -— Read Registers O through 2

The bit assignment and functional grouping of each
register is configured 1o simplify and organize the pro-
gramming process. Table ! illustrates the functions
assigned to each read or write register,

Register pointers, CRC initialize. initialization com-

R
WRO mands for the various modes, etc.

Transmit/Receive interrupt and data transfer mode

WR1 definition.

WR2 lInterrupt vector (Channel B only)

WR3 Receive parameters and controls

Transmit/Receive miscellaneous parameters and
modes

WRS  Transmit parameters and controls

WR6 Sync character or SCLC address field

WR7 Sync character or SDLC flag

(a) Write Register Functions

Transmit/Receive buffer status, interrupt status and

AR
external status

RR1  Special Receive Condition status

RRZ Modified interrupt vector (Channel B anly)

(b) Read Register Functicns

Table 1. Functional Assignments of Read and Write Registers

The logic for both channels provides formats, syn-
chronization and validation for data transferred to and
from the channe! interface. The modem control ol inputs
Clear to Send (cTs) and Data Carrier Detect (DCD) are
monitored by the discrete control logic under program

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

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 arrangsment (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 FIFQ,

Incoming data is routed through one of several paths
depending or 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.

In 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 flags in the SDLC mode). If the device is programmed
for Monosync Hunt, a match is made with a single sync
character stored in WR7, In Bisync Hunt, a match is
made with dual sync¢ characters stored in wRe and wR7.

In either case the incoming data passes through the
receive sync register, and is compared against the pro-
grammed syn¢ character in WRé or WR7. [n the Mono-
syn¢c mode, a match between the sync character pro-
grammed into WR? and the character assembied 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 svne
register, The match between the assembled character in
the receive sync registers with the programmed sync
character in WRe and WR7? estabtlishes synchronization.
Once synchronization is established, incoming data by-
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Figure 4. Transmit and Receive Data Path

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’s, 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 1, 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-S10 tries to match the assembled
character in the recetve shift register with the flag pat-
tern in wWR7. Once the first flag character is recognized,
all subsequent data is routed through the same path,
regardless of character length.

Although the same CrRC checker is used for both spLC
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 CPU ample time to
make this decision, the Z80-SIQ 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 &-bit transmit data register
that is loaded from the internal data bus and a 20-bit
transmit shift register that can be [oaded from wRé, WR?
and the transmit data register. Wré and WR7T contain
svnc characters in the Monosync or Bisync maodes, or
address field (one character iong) and flag respectively
in the spLC mode. During Synchronous modes, infor-
mation contained in WRre and WR? 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 leaded 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 (Monosyne or Bisync) data is shifted out to
the transmit multiplexer and also to the CRC generator
at the x 1 clock rate.

SDLC-HDLC data is shifted cut 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 0is inserted following five contiguous 1’s 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-SIQ c¢an 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 ZBO 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
ZB0-S10 offers valuabie features such as non-vectored
interrupts, polling and simple handshake capabilities.

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

[/O CAPABILITIES

The Z80-SIO offers the choice of Polling, Interrupt
(vectored or non-vectored) and Block Transfer modes io
transfer data, status and control information to and
from the Cpu. The Block Transfer mode can be
implemented under CPU o DMA control.

Polling. The Polled mode avoids interrupts. Status
registers RRo and RR1 are updaied 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 10
operate the devige 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 Dy and Ds indicate that a receive or
transmit data transfer is needed. The status also in-
dicates Error or other special status conditions (see
**ZR80-S10 Programming’). The Special Recelve Condi-
tion status contained in RR1 does not have to be read in a
Polling sequence because the status bits in rRR! are ac-

companied by a 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 RRz 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-S10 can
modify the interrupt vector in RR2 so it points directly to
one of eight interrupt service routines. This is dene
under program_control by setting a program bit {WRI,
D7) 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 {(Z80-310 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 contrel with Channet A having a higher priority
than Channel B, and with Receiver, Transmit and Ex-
ternai/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:

e 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 Errorn)
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 CTs, DCD and
SYNC 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-SI0 provides a
Block Transfer mode to accommodarte CPL blogk trans-
fer functions and DMa controilers (Z80-DMA or other
designs). The Block Transfer mode uses the WAIT/
READY output in conjunction with the Wait/Ready bits
of Write Register 1. The WAIT - READY oulput can be
defined under software control as a walT line in the CPU
Block Transfer mode or as a READY line in the DMA
Block Transter mode.

To a DMa controlier, the Z80-SIO READY output
indicates that the Z80-S10 is ready to transfer data to or
from memory, To the CPU, the waIT output indicates
that the ZB0-510 is not ready to transfer data, thereby
requesting the cru to extend the -0 cvcle. The pro-
gramming of bits 5, 6 and 7 of Write Register | and the
logic states of the WAIT READY line are defined in the

Write Register 1 description (Z80-SIGQ Programming
section.)

DATA COMMUNICATIONS CAPABILITIES

In addition to the 1-0 capabilities previously discussed,
the 7Z8%0-510 provides two independent full-duplex
channels as well as Asynchronous, Svnchronous and
SpLC tHDLCy operational modes. These modes facilitate
the implementation of commoenly used data communi-
cauons protocols.

The specific features of these modes are described in
the following sections. To preserve the independence
and completeness of each section, some information
common to all modes is repeated.

RECEIVE CHARACTER

\ INTERRUPT ON ALL

PARITY ERROR —_—
RECEIVE QVERAUN ERROR ———— SPECIAL RECEIVE

FRAMING ERROR 7 CONDITMON INTERRUPT
END OF FRAME (SDLC)

FIRST DATA CHARACTER ——wn— =~
FIRST NON-SYNC CHARACTER (SYNC) ——— —
VALID ADDRESS BYTE (SDLC)

e emm = INTERALPT ON
FIRST CHARACTER

RECEIYE CHARACTERS

<\

INTERRUPT

DCD TRANSITION

CTS TRANSITION \
SYNC TRANSITION ——— =
Tx UNDERRUN/EOM

BREAK/ABORT DETECTION ———

EXTERNAL STATUS

INTERRUPT

BUFFER BECOMING EMPTY

TRANSMIT INYERRUPT

Figure 5. Interrupt Structure




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 svstem program. wR4
parameters must be issued before WK1, WR2 and WRS
parameters or commands.

If the data is transmitted over a modem or RS232C
interface. the REQUEST 1O SEWD (RTS) and DATA TER-
MINAL READY (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
sennd the first data character of the message 1o the
Z8D-S10 without waiting for CTsS. 1f the Auto Enables
bit is set, the Z80-SIO will wait for the CTS pin to go
Low before it begins data transmission. 15, DCD and
SYNC are general-purpose 1-0 lines that may be used for
functions other than their labeled purposes. If CTS 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; WR1 defines the interrupt modes and
data transfer modes. wRe and WR? 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 (TxD) is held marking (High)
when the ¢ransmitter has no data to send. Under pro-
gram control, the Send Break (WRs, Dy) command can
be issued to hold TxD spacing (Low) until the command
is cleared.

The Z80-510 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
1o be transmitted. When the character length is six or
seven bits, the unused bits are automatically ignored by
the Z80-S10. If the character length is five bits or less,
refer 1o the table in the Write Register 3 description
(Z80-S10 Programming section) for the data format.

Serial data is shifted from TxD at a rate equal to 1,
1/16th, 1/32nd or 1/64th of the clock rate supplied 10
the Transmit Clock input (TxC ). Serial data is shifted
out on the falling edge of ¢ TxC).

If set, the External/Status Interrupt mode monitors
the status of BCD, TS and SYNC 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, this feature is used to moniter the modem control
signal CTs.

ASYNCHRONOLS FORMAT

MARKING LINE START Dg 04

D)
8¢ T
Dy PARITY 5TGP MARKING LINE
032
S \
N-56.70R3
1.1% DR 2 818

ALL TRANSACTIANS OCCUA
ON A FALLING EDGE
OF TzC.

-

MAY BE PRESENT DR
NOT. EVEN OR 0DD

MESSAGE FLOW

Figure 6, Asynchronous Message Format




Asynchronous Receive

An Asynchronous Receive operation begins when the
Receive Enable bit is set. {f the Auto Enables option is
selected, DCD must be Low as well. A Low (spacing)
condition on the Receive Data input (RxD) indicates a
start bit. I this Low persists for at least one-half of a bu
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 1 clock mode is selected, bit synchronization
must be accomplished externaily. Receive data is sam-
pled on the rising edge of RxC. The receiver inserts 1's
when a character length of other than eight bits is used.
If parity Is enabled, the parity bit {s not stripped {rom
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, pius a parity bit and 1’s for any unused bits.
For example, the receiver assembles a 5-bit character
with the following format: 11 P D4 D3 Dz Dy Dyp.

Since the receiver is buffered by three 8-bit registers
in addition to the receive shift register, the CPU has
enough time to service an interrupt and to accept the
data character assembled by the Z8(G-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:

* When parity is enabled, the Parity Error bit (RR1,
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 (wr0y s given,

* The Framing Error bit (RR1, Dg) is set if the char-
acter Is assembled without any stop bits {that is, a
Low level 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 10 the character time so the framing error is
not interpreted as a new start bir.

s [fthe CPU fails to read a data character while more
than three characters have been received, the Re-
cetve Overrun bit (RR1, D<) 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 thar has been writ-
tent 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
Spectal Recetve condition (if Status Affects Vector
is selected).

Since the Parity Error and Receive Overrun Error
flags 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

BIT? BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BIT 0
0 = Rx 5 BITS/CHAR
10 = Bx 6 BITS CRAR ALTO Rx
WR3 01 = Bx 7 BITS.CHAR ENABLES u 0 0 ENABLE
11 = Rx 8 BITS CHAR
00 = x 1 CLOCK MODE 00 = NOT USED __
wha 01 = x 16 GLOCK MODE o 01 = 1 STOF BIT-CHAR  EVENGDD PARITY
‘0 = x32 CLOCK MODE 10 = 112 STOFBITS.CHAR  RARITY ENABLE
11 = <64 CLOCK MODE 11 = 2STOP BITS.CHAR
00 = Tx 5 BITS {OR
WRS - LESSI CHAR SEND T . .
10 = Tx & BITS CHAR BREAK ENABLE ATS

01 = Tx 7 BITS'CHAR
11 = Tx 8 BITS/CHAR

Table 2. Contents of Writa Registers 3, 4 and 5 in Asynchronous Modes



FUNCTION TYPICAL PROGRAM STEPS COMMENTS
REGISTER:  INFORMATION LOADED:
WRO  CHANNEL RESET Reseat SIO
WHO  POINTER 2
WR2  INTERRUPT VECTOR Channel B only
WHO  POINTER 4. RESET EXTERNAL'STATUS INTERRUPT
WR4  ASYNCHRONOUS MODE. PARITY INFORMATION. STOP BITS Issue parameters
INFORMATION, CLOCK RATE INFOCRMATION
INITIALIZE WRO  POINTER 3
WR3  RECE!VE ENABLE, AUTO ENABLES, RECEIVE CHARACTER
LENGTH
WRO  POINTER 5
WRS  REQUEST TO SEND, TRANSMIT ENABLE. TRANSMIT Receive and Transmit both fully initial-
CHARACTER LENGTH, DATA TERMINAL READY ized. Auto Enables will enabie Trans—
mitter if TS is active and Receiver if
LCO is active.
WRO POINTER 1. RESET EXTERNAL STATUS INTERRUPT
WR1  TRANSMIT INTERRUPT EMABLE, STATUS AFFECTS VECTOR, Transmit/Receive interrupt mpde ‘se-
INTERRUPT ON ALL RECEIVE CHARACTERS, DISABLE WAIT! lected. Externg_\ Interrupt momtorls the
READY FUNCTION, EXTEANAL INTERRUPT ENAELE status of the CTS DCD and SYNC inputs
and detects the Break sequence. Status
Affects Vector in Channel B gnly.
TRANSFER FiRST DATA BYTE TO S10 This data byte must be transferred or no
transmit interrupts will occur.
IDLE MODE EXECUTE HALT INSTRUCTION OR SOME OTHER PROGRAM Program is waiting for an interrupt from
the sIO.
ZB0 INTERRUPT ACKNOWLEDGE CYCLE TRANSFERS RR2 TO CPU When the interrupt occurs, the interrupt
vector is modified by: 1, Receive Char-
iF A CHARACTER iS5 RECEIVED: acter Available; 2. Transmit Bufter Emp-
s TRANSFER DATA CHARACTER TO CPU ty; 3. External!/Status change, and 4.
* UPDATE POINTERS AND PARAMETERS Speciat Receive condition.
e AETURN FROM INTERRUPT
IF TRANSMITTER BUFFER IS EMPTY: Program control is transferred to one of
* THANSFER DATA CHARACTER TO SIO the eight interrupt service routines.
¢ UPDATE POINTERS AND PARAMETERS
DATATRANSFER AND ¢ RETURN FRCM INTERRUPT

ERROR MONITORING

IF EXTERNAL STATUS CHANGES:
s TRANSFER ARQ TO CPU
+ PERFORM ERROR ROUTINES (INCLUDE BREAK DETECTION}
* RETURN FROM INTERRUPT

IF SPECIAL RECEIVE CONDITION OCCURS:
e TRANSFER RR1 TO CPU
¢ DO SPECIAL ERROR (E.G. FRAMING ERRAOR) ROUTINE
¢ BETURN FRCM INTERRUPT

If used with processors cther than the 280,
the madified interrupt vector (RR2) should
be returned to the CPU in the Intarrupt Ac-
knowledge sequence.

TERMINATION

HEDEFINE RECEIVETRANSMIT INTERRUFT MODES

DISABLE TRANSMIT'RECEIVE MODES

UPDATE MCDEM CONTROL OUTPUTS (E.G. RTS OFF)

When transmit ar receive data transter is
complete.

In Transmit, the All Sent status bit indi-
cates transmissicn is complete.

Table 3. Asynchronous Mode



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, D~} is set. The Break Derected interrupt
should be handled by issuing the Reset External/Status
Interrupt command to the Z80-SIO in response 10 the
first Break Detected interrupt that has a Break status of
1 {KRO, D-). The Z80-510 monitors the Receive Data in-
put and waits for the Break sequence 1o terminate, at
which point the Z80-SIO interrupts the CPU with the
Break status set 1o 0. The cPU must again issue the Reset
Exrernal/Status Interrupt command in its interrupt ser-
Vice routine to reinitialize the break detection logic.

The External/Status interrupt alse monitors the
status of DCD. If the DCD pin becomes inactive for a
period greater than the minimum specified pulse width,
an interrupt is generated with the DCD status bit {RRo,
D1) set to 1. Note that the DCD input is inverted in the
RRU status registear,

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 lnter-
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
Reser command is issued. This prevents further data
from becoming available in the recetver until the Reset
command is issued, and allows CPU intervention on the
character with the error even if pMa or block transfer
techniques are being used.

If Interrupt On Everv Character is selected, the inter-
rupt vector is different if there is an error status (n RRI(.
[f a Recetver Overrun occurs, the most recent character
received 15 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 vectar is
returned if Status Affects Vector is enabled.

In a potled environment, the Receive Character
Available bit {RRD, Dy) must be monitored so the
ZB0-CPU 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 (o 1 whenever the transmit buffer is empty,



Synchronous Operation

Before describing synchronous transmission and recep-
tion, the three types of character synchronization—
Monosyne, Bisync and External Sviic—require some ex-
planation. These modes use the x 1 clock for both
Transmit and Receive gperations. Data is sampled on
the rising edge of the Receive Clock input (RxC). Trans-
mitter data transitions occur on the falling edge of the
Transmit Clock input (TxC.

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.

Monosyne, 1n a Receive operation, matching a single
sync character (8-bit sync mode) with the programmed
syng character stored in WR7 implies character synchro-
nization and enables data transfer.

Bisyne. Matching two contiguous sync characters
(16-bit sync mode) with the programmed sync charac-
ters stored in WRe 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. In this mode, character synchronization
is established externally; SYNC is 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 1o activate
the 3¥YNC input. The sYNC input must be held Low until
character synchronization is lost. Character assembly
begins on the rising edge of RxC that precedes the faliing
edge of SYNC.

In 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 synchrenization has been achieved. If
character synchronization is lost, the Hunt phase can be
re-entered by writing a contrel word with the Enter
Hunt Phase bit set (wRr3, By4). [n the Transmit mode, the
transmitter always sends the programmed number of
sync bits (8 or 16). In the Monosyne mode, the trans-
mitter transmits from WwReé; the receiver compares
4gainst WR7.

In the Monosyne, Bisync and External Sync modes,
assembly of received data continues until the Z80-S10 is
reset, or until the receiver is disabled (by command or
by DCD in the Auto Enables mode), or until the cpu sets
the Enter Hunt Phase bit.

MESSAGE FLOW
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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 WR3, WR4 and WRS are used in
synchronous receive and transmit operations, WRO
points to other registers and issuss various commands,
wRI defines the interrupt modes, WR2 stores the inter-
rupt vector, and wRe and WRT store sync characrers,
Table 5 illustrates the typical program steps that imple-
ment a half-duplex Bisync transmit operation.

Synchronous Transmit

INITIALIZATION

The systern program must initialize the transmitter with
the following parameters: odd or even parity, x 1 clock
mode, 8- or 16-bit sync character(s), CRC polvnomial,
Transmitter Enables, Request To Send, Data Terminal
Ready, interrupt modes and transmit character length.
WR4 parameters must be issued before WR1, WR3, WRS,
WRé and WR? parameters or commands.

One of two polynomiais—cCRC-16 (X1 + X + X2 4 1)
or sDLC (X'0+ X124+ X%+ 1)—may be used with syn-
chronous modes. In either case (SDLC mode not
selected), the CRC generator and checker are reset to all
'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/Starus
interrupt mode is used to monitor the status of the
CLEAR TO SEND input as well as the Transmit Under-
run/E0M latch. Optionally, the Auto Enables feature
can be used 10 enable the ransmitter when CT5 is active.
The first data transfer to the Z80-SIO can begin when
the External/Status interrupt occurs (CTS status bit sel)
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 1s not enabled. Break may be programmed
10 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 16-bit sync character.

DATA TRANSFER AND STATUS MONITORING

[n this phase, there are several combinations of inter-
rupts and Wait/Readyv,

Data Transfer Using Interrupts. [f the Transmit Inter-
rupt Enable bit (wR1, D;) 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 transmister or by resetting the Transmitter In-
terrupt Pending latch with a Reset Transmitter Pending
command (WR0, CMDs). 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.

BIT?

BIT & BIT & BIT 4 a3 BIT 2 8IT 1 BITO
00 = Rx 5 BITSCHAR ENTER SYNG
WR3 10 = Rx 5 BITS,CHAR AUTO CUNT 8x CRC CHAR RX
a1 = Rx 7 BITS/CHAR ENABLES MODE ENABLE e LOAD ENABLE
11 = Rx 8 BITS;CHAR L INHIBIT
00 = 8-BIT SYNC CHAR
WRa 0 0 01 = 16-B1T SYNG CHAR 0 0 EvenGoD RARITY
10 = 5DLC MODE SELECTS SYNC PARITY ENABLE
11 = EXT SYNC MODE MODES
00 = Tx 5 BITS {OR
LESS)CHAR SEnD . 1 .
WRS OTR 10 = Tx & BITS,CHAR x SELECTS RTS X
01 = Tx 7 BITe AR BREAK ENABLE Al ENABLE

11 = Tx 8 BITS.CHAR

Table 4. Contents of Write Registers 3, 4 and 5 in Synchronous Modes



Duta Transfer Using WAIT/READY. To the cpru, the
activation of WAIT indicates that the Z80-510 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-SIQ is
ready 1o 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-SI0 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 wRro. Following a
chip or channe! reset, the Transmit Underrun/som
status bit (RRO, Dg) 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
syne 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. [n 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
Transtmit Underrun/eEoM 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
oniy 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 1o 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
rransmission by resetting RTS, and disabling the
transmitter {WR5, Dy).

Pad characters may be sent by setting the Z80-SI0 to
8 bits/transmit character and writing FF to the transmit-
ter while CRC 1s being sent. Alternatively, the sync char-
acters can be redefined as pad characters during this

{ime. The following example is included to clarify this
point.

The Z80-510 interrupts with the Transmit Buffer Empty bit
set.

The ceu recognizes that the last character (ETx of the
message has already been sent to the Z80-S10 by examining
the internal program status.

To force the ZBO-SIO to send cac, the cpu issues the Reset
Transmit Underrun/eoM Latch command iwrm and satisfies
the interrupt with ihe Reset Transmit interrupt Pending
command. (This command prevents the 280-Si0 from re-
questing more data.) Because of the transmit underrun
caused by this command, the Z80-510 stans sending CRC.
The Z80-SIQ also causes an ExternaliStatus interrupt with
the Transmit Underrun/ecm latch set

The cru satisties this interrupt by loading pad characters in-
to the transmit buffer and issuing the Reset External/Status
Interrupt command.

With this sequence, cAc is foliowed by a pad character in-
stead of a sync character. Note that the ZB0O-SIO wilt inter-
rupt with a Transmit Buffer Empty interrupt when crC is
completely sent and that the pad character is loaded into
the transmit shift register.

From this point on the cpy can send more pad characters or
Sync characters,

Bisync CRC Generation. Setting the Transmit CRC
enable bit (WRS, Dy) initiates CRC accumulation when
the program sends the first data character to the
Z80-S10. Although the Z80-S10 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 ¢an 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-SI0.

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 Z80-8i0,

In the case of a Transmit Underrun condition in the
Transparent mode, a pair of DLE-SYN characters are
sent. The Z80-SI0O can be programmed to send the DLE-
SYN sequence by loading a DLE character into wRe and a
sync character into wWR7,

Transmit Termination. The Z80-5I0 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 CrRC
or sync characters. When the transmitter is disabled, a



FUNCTION TYPICAL PROGRAM STEPS COMMENTS
REGISTER:  INFORMATION LOADED:
WRG  CHANNEL RESET. RESET TRANSMIT CRC GENERATOR Reset SIQ. whitlize CRC generator.
WRO POINTER 2
WR2  INTERRUPT YECTOR Channei B only
WROQ  POINTER 3
WH3I  AUTO ENABLES Transmission begins only after CTS s
aetected.
WRO  POINTER 4
WR4  PARITY :NFORMATION. SYNC MODES INFORMATION, =1 Issue transmut parameters.
CLOCK MODE
WRO  POINTER B
WRE  SYNC CHARACTER 1
WAG  POINTER 7 RESET EXTERNAL STATUS INTERRUPTS
INITIALIZE WR7  SYNC CHARACTER 2
WRO  PQINTER 1, RESET EXTERNAL STATUS INTERRUPTS
WR1  STATUS AFFECTS VECTOR, EXTERNAL INTERRUPT ENABLE. External l_ng_errupt_mocje monitars the
TRANSMIT INTERRUFPT ENABLE OR WAIT/READY MODE ENABLE status of STS and OCD input pins as well
as the status of Tx Underrun/eOM fatch
Transmit Irterrupt Enable interrupts
when the Transmit buffer becomes
smpty: the Walt'Ready mode can be used
1o transter data using DMA or CPU Block
Transfer.
WRO  PQINTER 5 Status Affects Vector (Channel B only).
WRS5  REQUEST TO SEND. TRANSMIT ENABLE, BISYNC CRC, Transmil CRC Enable should be set when
TRANSMIT CHARACTER LENGTH first non-sync data is sent to Z80-Si0.
FIRST SYNC BYTE TO Si0 Need several sync characters in the be-
ginming of message. Transmitter 15 fully
\nitiaiized.
IDLE MODE EXECUTE HALT INSTRUCTION OR $OME CTHER PROGRAM Waiting for interrupt or Wait/Ready output
10 transfer data.
WHEN INTERRUPT (WAIT:READY) QCCURS: Interrupt occurs (Wait/Ready becomes
* INCLUCE/EXECLUDE DATA BYTE FROM CRC active) when first data byte is being sent.
ACCUMULATION (IN SIC). Wait mode allows CPU biock transfer
* TRANSFER DATA BYTE FROM CPU (OR MEMORY) TO SIO. from mermory to SIC: Ready mode atlows
¢ DETECT AND SET APPROPRIATE FLAGS FOR CONTROL DMA block transfer from memory o SiO.
CHARACTERS {IN CPU. The DMA chip can be programmed to cap-
DATA TRANSFER AND s RESET Tx UNDERRUN/EOM LATCH (WRO) IF LAST CHARACTER

STATUS MONITORING

OF MESSAGE IS DETECTED
* UPDATE POINTERS AND PARAMETERS (CPU).
* RETURN FROM INTERRUPT.

IF ERROR CONDITION OR STATUS CHANGE CCCURS:
* TRANSFER RRO TO CPU.
« EXECUTE ERROR ROUTINE
® RETURN FROM INTERRUPT

ture special control characters (by ex-
amining only the bits that specify ASCIt or
£BCOIC control characters), and nterrupt
CPU.

Tx Underrun/EQM indicates either trans-
mit undemun (sync character being sent)
or end of message {CRC-1§ being
sent).

TERMINATION

REDEFINE INTERRUPT MOODES

UPDATE MODEM CONTROL CUTPUTS (E.G.. TURN CFF RTS).

DISABLE TRANSMIT MODE

Program should gracefully terminate
message.

Table 5. Bisync Transmit Mode

ar



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 jusiification of
cransmitted 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, x 1! clock mode,
CRC polynomial, receive character length, etc. Sync
characters must be loaded into registers WRé and wWR7.
The receivers can be enabled only after all receive pa-
rameters are set. WR4 parameters must be issued before
WRI1, WR3, WR3, WRé and WR7 parameters or commands.

After this is done, the receiver is in the Hunt phase. It
remains in this phase until character svnchronization 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 Symc
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 syachronize the CPU or
the DM A device to the incoming data rate. In this mode,
the Z80-510 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 1o allow
the next character received to generate an interrupt.
Parity errors do not cause interrupts in this mode, but
End Of Frame (sDLC moede) and Recaive Qverrun do.

If External/Status interrupts are gnabled, they may
interrupt any time DCD changes state.

[nterrupt On Every Character. Whenever a character
enters the receive 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 Qverrun error condition. Since the Receive
QOverrun and Parity error status bits are latched, the
error status—when read—reflects 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 {WR3, 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 Z80-SI10 calcu-
lates CRC eight bit times after the character has been
transferred to the receive buffer. If CrRC is enabled
before the next character is transferred, CrRC is calcu-
lated on the transferred character. If crRC 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 (RR1, D) contains the com-
parison result of the CRC checker 16 bit times (eight bits
defay and eight shifts for CRC) after the character has
been transferred from the receive shift register to the
buffer. The result should be zero, indican’ng 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 réceive FIFO.

Foliowing is an example of the CRC checking opera-

tion when four characters (A, B, C and D) are received
in thai order.

Character A loaded into bufter
Character B lcaded into butfer

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

Character C loaded intc bufter

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

Character D loaded into butfer

After D is in the buffer, the crC Error bit shows the
resuit of the comparison through character B whether or
not B was in¢luded in the CRC calculations.

Due to the serial nature of CRC calcutation, the
Receive Clock (ReC) must cycle 16 times {8-bit delay plus
8-bit cRC shift) after the second CRe character has been
loaded into the receive buffer, or 20 times (the previous
[6 plus 3-bit buffer delay and 1-bir 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 Transmii and Receive Data Path diagram (Figure 4)
illustrates the various points of delay in the crC path.

The typical program steps that impiement a half-
duplex Bisync Receive mode are illustrated in Table 6.
The complete set of command and status bit definitions
are explained under **280-S10 Programming.”’

COMMENTS

Channel B oniy

Issue receive parameters.

Reset SIO; intiaiize Receive CRC checker.

FUNCTION TYPICAL PROGRAM STEPS
REGISTER:  INFQRMATION LOADED

WRO  CHANNEL RESET, RESET RECEIVE CRC CHECKER

WRO  POINTER 2

WR2  INTERRUPT YECTOR

WRO  POINTER 4

WR4  PARITY INFORMATION, SYNC MODES INFORMATION, x1
CLOCK MODE

WRO  POINTER 5. RESET EXTERNAL STATUS INTERRUPT

WRS  BISYNC CRC-15, DATA TERMINAL READY

WRQ  POINTER 3

INITIALIZE WR3  SYNC CHARACTER LOAD INMIBIT. RECEIVE CRC ENABLE;

ENTER HUNT MODE, AUTO ENABLES. RECEIVE CHARACTER
LENGTH

WRC  POINTER §

WRE  SYNC CHARACTER 1

WRO  POINTER 7

WR7  SYNC CHARACTER 2

WRQ  POINTER 1, RESET EXTERNAL STATUS INTERRUPT

WR1

STATUS AFFECTS VECTOR. EXTERNAL INTERRUPT ENABLE
RECEIVE INTERRUPT ON FIRST CHARACTER ONLY

Sync character foad inhibit strips all the
leading sync characters at the beginning
of the message. Auto Enables enables
the receiver o accept data only after the
&TT input is active.

in this interrupt mode. only the first non-
synt data characier 1s transferred to the
CPU. All subseguent data is transferred
on a DMA basis: however Special Re-
ceive Condition interrupts will intetrupt
the CPU. Status Affects Vector used in
Channel B cnly,

Tabie 6. Bisync Receive Made
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FUNCTION

TYPICAL PROGRAM STEPS

COMMENTS

INITIALIZE
(CONTINUED)

WHO  POINTER 3. ENABLE INTERRUPT ONNEXT RECEIVE CHARACTER

WAR3 RECEIVE ENABLE. SYNC CHARACTER LOAD INHIBIT. ENTER
HUNT MODE, AUTO ENABLE. RECEIVE WORD LENGTH

Resetting this interrupt mode provides
simple program loopback entry for the
next transaction.

WR3 is reissued to enable receiver, Re-
ceive CRC Enable must be set after re-
ceiving SOH or 8TX character.

IDLE MODE

EXECUTE HALT INSTRUCTION OR SOME OTHER PROGRAM

Receive mode is fully initialized and the
system is waiting for interrupt on first
character.

DATA TRANSFER AND
STATUS MONITORING

WHEN INTERRUPT ON FIRST CHARACTER OCCURS. THE CPU DOES THE
FOLLOWING.
* TRANSFERS DATA BYTE TO CPU
¢ DETECTS AND SETS APPROPRIATE FLAGS FOR CONTROL CHAR-
ACTERS (IN CPU)
INCLUDES/EXCLUDES DATA BYTE IN CRC CHECKER
UPDATES POINTERS AND OTHER PARAMETERS
ENABLES WAIT-READY FOR DMA OPERATION
ENABLES DMA CONTROLLER
RETURNS FROM INTERRUPT

WHEN WAIT.READY BECOMES ACTIVE. THE DMA CONTROLLER DOES THE
FOLLOWING:
s TRANSFERS DATA BYTE TO MEMORY
¢ INTERRUPTS CPU iF A SPECIAL CHARACTER IS CAPTURED BY THE
DMA CONTROLLER
* INTERRUPTS THE CPU IF THE LAST CHARACTER OF THE MESSAGE
IS DETECTED

FOR MESSAGE TERMINATION, THE CPU DOES THE FOLLOWING:
TRANSFERS RR1 TC THE CPU

SETS ACK:NAK REPLY FLAG BASED ON CRC RESULT
UPDATES POINTERS AND PARAMETERS

RETURNS FROM INTERRUPT

During the Hunt mode. the SI0 detects
two cantigugus characters to estakiish
synchronization. The CPU establishes the
DMA mode and ali subsequent data char-
acters are transferred by the DMA con-
troller. The controller is also programmed
to capture special characters (by exam-
ming only the bits that specify ASCl or
EBCDIC control characters) and interrupt
the CPuU upon detection. In response.
the CPU examines the status or control
characters and takes appropnate action
(e.g. CRC Enable Update).

The $10 interrupts the CPU for error con-
dition. and the error routine abors the
present message, clears the efror cond-
tion. and repeats the operation.

TERMINATION

REDEFINE INTERRUPT MCDES AND SYNC MODES
UPDATE MODEM CONTRQOLS

DISABLES RECEIVE MODE

Table 6. Bisync Receive Mode {Continued)
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SDLC (HDLC) Operation

The Z80-S10 is capable of handiing both High-level
Synchronous Data Link Controi (HDLC) and IBM Syn-
chronous Data Link Control (SDLC) protocols. In 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 Bisvnc 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-S10 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 1BM docu-
ment GA27-3093, '

The spLC message, called the frame (Figure 8), is
opened and closed by flags that are similar to the sync
characters in Bisyne protocel. The Z8CG-S10 handles the
transmission and recognition of the flag characters that
mark the beginning and end of the frame. Note that the
Z80-510 can receive shared-zero flags, but cannot trans-
mit them. The 8-bit address field of an spLC 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 spLC frame is transpar-
ent to the Z80-SI10, it is simply transferred to the cPU.
The Z80-SI0 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. Controtller
hardware is simplified by automatic zero insertion and
deletion logic contained in the Z80-510.

Table 7 shows the contents of WR3, wR4 and WRs dur-
ing spLC Receive and Transmit mades. WRO points to
other registers and issues various commands. WRI
defines the interrupt modes. WR2 stores the interrupt
vector, WR7? stores the flag character and wWReé the sec-
ondary address,

SDLC Transmit

INITIALIZATION

Like Synchronous operation, the spL¢ Transmit mode
must be initialized with the foilowing parameters; sDLC
maode, sDLC polynomial, Request To Send, Data Ter-
minal Ready, transmit charactey length, transmit inter-
rupt modes (or Wait/Ready function}, Transmit En-
able, Auto Enables and External/Status interrupt.

Selecting the SDL.C mode and the SDLC polynemial
enables the Z80-S10 to initialize the ¢RC Generator to
all 1’s. This is accomplished by issuing the Reset
Transmit CRC Generator command (wR0, Refer to the
Syachronous Operation section for more details on the
interrupt modes.

After reset, or when the transmitter is not enabled,
the Transmit Data cutput 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 (WR0, CMDy). This causes at teast eight,
but less than fourteen, 1's 1o be sent before the line
reverts to continuous flags. It is possible that the Abort
sequence (eight 1’s) could follow up to five continuous t
bits (allowed by the zero insertion logi¢) and thus cause
up to thirteen 1's to be sent. Any data being transmitied
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 1's in the data stream.
This does not apply o flags or aboris.

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 8. Transmit/Receive SDLC/HDLC 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 reserting the Transmit Interrupt Pending
latch with a Reset Transmitter Pending command (WRo,
CcMDe). If the interrupt is satisfied with this command
and nothing mere is written into the transmitter, there
are no further transmitier interrupts. The result is a
Transmit Underrun condition. When another character
is written and sent oul, the transmitter <an again
become empty and interrupt the cpL. Following the
flags in an SDLC operation, the 8-bit address field, con-
trol fieid and information field mav be sent to the
Z80-S10 using the Transmit Interrupt mode. The
Z80-Si0 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 transmirtter is first enabled, it is already
empty and cannct then become empty. Therefore, no
Transmit Buffer Empty interrupts can occur until after
the first data character is written.

Data Transfer Using Wait/Ready. 1f the Wait/Ready
function has been selected, WAIT indicates to the CPU
that the Z80-S10 is not ready to accept the data and the
cPU must extend the 1/0 cycle. To a bva controller,
READY indicates that the transmitter buffer is empty and
that the Z80-S10 is ready to accept the next character. If
the data character is not loaded into the Z80-SIO by the
time the transmit shift register is empty, the Z80-510
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-S10 transmits the Frame Check sequence
using the Transmit Underrun feature.

SDL.C Transmit Underrun/End Of Message. SDLC-like
protocols do not have provisiens for fill characters with-
in a message. The Z80-S10 therefore automatically ter-
minates an SDLC frame when the transmit data buffer
and output shift register have no more bits to send. [t
does this by first sending the two byres of CrC and
following these with one or more flags. This technigque
ailows very high-speed transmissions under DMA Or CPU
hlock 1:0 control without requiring the CPU to respond
guickly to the end of message situation.

The action that the Z80-510 takes in the underrun sit-
uation depends on the state of the Transmit Underrun/
EOM command. Following a reset, the Transmit Under-
run/E0M status bit (s 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-S10 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/EOM 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 Z80-SIO. Resetting this bit allows
CRC and flags to be sent when there is no data to send
which gives additional time to the cpU for recognizing
the fault and responding with an abert 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.

BIT7 BIT & BITS BIT 4 BIT 3 BIT 2 BIT 1 8IT 0
00 = Ax 5 BITS.CHAR T
WR3 10 = Rx 6 BITS.CHAR AUTO INCDM‘}\JG Rx CAC ADDRESS 9 Rx
01 = Rx 7 BITS.CHAR ENABLES DATA NOT ENABLE SEARCH ENABLE
11 =R .
x 8 BITS.CHAR NEEDED) MODE
1 9
WR4 0 0 SELECTS SDLC 2 0 0 0
MODE
00 = Tx 5 BITS (OR A
LESS)CHAR oo =
WRS OTR 10 = Tx 6 BITS GHAR 0 Ew;g c UESLDE%TS ars g;f;fi
01 = Tx 7 BITS CHAR NASL Cﬂ"c =

o= Tx 8 BITS- CHAR

Tabie 7. Contents of Write Registers 3, 4 and 5 in SDLC Modes
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When the External/Status interrupt is set and while
CRC is being sent, the Transmit Underrun/EOM bit 15 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
starus bit is set and an interrupt is generated to indicate
1o the CPU that another message can begin, This inter-
rupt occurs because CRC has been sent and the fiag has
been loaded. If no more messages are to be sent, the
program can terminate lransmission by resetting RTS,
and disabling rhe transmitter.

In the sDLC mode, it is good practice to reset the
Transmit Underrun/EOM status bit immediately after
the first character is sent to the ZB80-S10. 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—ar the receiving end—the
data pattern immediately preceding the automatic flag
insertion could match the CRC checker, giving a false
CRC check result, The External/Status interrupt is gen-
erated whenever the Transmit Underrun/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-SIC raises an interrupt with the Transmit Buffer
Empty status bit set.

The cru does not respond in time and causes a Transmit
Underrun condition.

The Z80-S10 starts sending CRC characters (two bytes).

The cru eventually satisfies the Transmit Buffer Empty in-
terrupt with a data character that follows the crc character
Deing transmitted.

The Z80-S5t0 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 cpuimmediately issues a Send Agort Command {wra) to
the Z8C-S10.

The Z80-S10 sends the Abort sequence by destroying what-
ever data (CRc, data or flagi is being sent.

This sequence itlustrates that the CPU has a protec-
tion of 22 minimum and 30 maximum transmit clock
cvcles.

SDLC CRC Generation. The CR¢C generator must be
reset 1o all 1's ai the beginning of each frame before CRC
accumuiation can begin. Acrual accumulation begins
when the program sends the address field (eight bits) to
the Z80-510. Although the Z80-SI0 auromatically

-

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 ¢RC Enable (WRs, Dg) should be en-
abled prior to sending the address field. In the SDLC
mode all the characters between the ¢opening and closing
flags are included in CRC accumulation, and the CRC
generated in the Z8(-S10 transmitter is inverted before
it is sent on the line,

Transmit Termination, If the transmitter is disabled
while a charagter 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 1s written into
the control register. Characters being transmitted, if
any, are fost. 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-SI10 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 anv number
of bits. When used in conjunction with the Receiver
Residue codes, the Z80-S1O 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 (o send CRC charac-
ters,”” ‘*‘starting to send flag characters,”” and CTsS
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 sbLC Transmit mode,



FUNCTION TYPICAL PROGRAM STEPS COMMENTS
REGISTER:  INFORMATION LOADED:
WRO  CHANNEL RESET Reset 510
WRO  POINTER 2
WR2  INTEARUPT VECTOR Channel B oniy
WRO  POINTER 3
WR3  AUTO ENABLES Transmitter sends cata only aiter £75 s
deteciad
WRO  POINTER 4. AESET EXTERNAL STATUS 'NTERRUPTS
WR4  PARITY INFORMATION, SDLC MODE. x1 CLOCK MODE
WRG  POINTER 1. RESET EXTEANAL STATUS INTERRUPTS
WA EXTERNAL INTERRUPT ENABLE., STATUS AFFECTS VECTOR. The External Interrupt modg monitors the
TRANSMIT INTERRUPT ENABLE OR WAIT/READY status of the €T3 and OCh inputs. as wel!
MODE ENABLE as the status of Tx Ungerrun:EOM latch.
Transmit Interrupt nterrupts when the
INITIALIZE Transmit buffer beccmes empty: the
Wait: Ready mode can be used to transier
data on a DMA or 3lock Transfer basis.
The frst nterrupt occurs wnen 78
becomas active. at which point ﬂags are
transmitted by the 280-5i0. The first data
byte (address fieid) can be ioaded in the
ZB0-SiQ after this interrupt, Flags cannot
be sent to the ZB0-SIO as data. Staws
Affacts Vector used in Channel B only.
WRO  POINTER 5
WRS  TRANSMIT CRC ENABLE. REQUEST TO SEND, SOLC-CRC. soLccre mode must be defined before
TRANSMIT ENABLE. TRANSMIT WORD LENGTH. DATA initializing transmit cAC generator.
TERMINAL READY
WRO  RESET TRANSMIT CRC GENERATOR Initialize CRC generator to all 1's.
IDLE MODE EXECUTE HALT INSTRUCTION OR SOME OTHER PROGRAM Waiting for interrupt or WaityReady outpit
to transfer data.
WHEN INTERRUPT (WAIT-READY) OCCURS, THE CPU DOES Flags are transmitted by the SIC as soon
THE FOLLOWING: as Transmit Enatle is set and 75 be-
* CHANGES TRANSMIT WORD LENGTH (IF NECESSARY} comes active. The CTS status change is
* TRANSFERS DATA BYTE FROM CPU (MEMORY) TO Si0 the first interrupt that occurs and is fol-
¢ RESETS Tx UNDERRUN/EOM LATCH {WRO) lowed by transmit buffer empty for
subsequent transfers.
IF LAST CHARACTER OF THE I-FIELD IS SENT, THE S0 DOES Word length can be changed “on the fly”
THE FOLLOWING: for variabie !-field Jength. The data byte
¢ SENDS CRC can contain address, control, of |-field
* SENDS CLOSING FLAG information (never a flag). 't 1s a good
e INTERRUPTS CPU WiTH BUFFER EMPTY STATUS practice to reset Tx Underun/EOM latch
in the beginming of the message to aveoid a
CPU DOES THE FOLLOWING: false end-of-frame detection ai the
DATATRANSFER AND ¢ ISSUES RESET Tx INTERRUPT PENDING COMMAND TO THE Z80-SI0

STATUS MONITORING

* UPDATES NS COUNT
® REPEATS THE PROCESS FOR NEXT MESSAGE, ETC.

IF THE VECTOR INDICATES AN ERROR, THE CPU DOES THE FOLLOWING:
* SENDS ABORT
® EXECUTES EARCR ROUTINE
* UPDATES PARAMETERS. MODES. ETC.
* RETURNS FROM INTERRUPT

recawving end. This ensures that, when
underrun gccurs, CRC is transmitted and
underrun interrupt {Tx  Undemun/ECM
latch active) occurs. Note that "Send
Abort” can be issued 0 the SIO in re-
sponse 1o any interrupting continuing to
aport the transmission.

TERMINATION

REDEFINE INTERRUPT MODES
UPDATE MODEM CONTROL DUTPUTS

OISABLE TRANSMIT MODE

Terminate gracefuily.

Table 8. SDLC Transmit Mods
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SDLC Receive

INITIALIZATION

The spLC Receive made is initialized by the system with
the following parameters: SDLC mode, x 1 clock mode,
SDLC polvnomial, receive word length, etc. The flag
characters must also be loaded in wr? and the secondary
address field loaded in WR6. 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 sbLc 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, WRe and WR7 parameters.

Under program control, the receiver can enter the -

Address Search mode. If the Address Search bit (WR3,
D) is set, a character following the flag ifirst non-flag
character) is compared against the programmed address
in wRe and the hardwired global address (11111181). If
the spLC frame address field matches either address,
data transfer begins.

Since the Z80-S1Q is capable of matching only one
address character, extended address field recognition
must be done by the CcpU. In this case, the Z80-S10
simply transfers the additional address bytes to the CPU
as if they were data characters. If the CPU determines
that the frame does not have the correct address field, it
can set the Hunt bit, and the Z80-S10 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 FIF0. The following
four interrupt modes are available to transfer this data
and its assaciated status.

No Interrupis Enabled. This mode is used for purely
poiled 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
moade, 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 tirst character received after this command is
issued causes an interrupt. If External/Status interrupts
are enabled, they may interrupt any time the DCD 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 coniains a character.
Error and Special Receive conditions generate a special
vector if Status Affects Vector is selected.

Special Receive Condition TInterrupts. The Special
Receive Condition interrupt is not, as such, a se¢parate
interrupt mode. Before the Special Receive condition
can cause an interrupi, either Iaterrupt 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 ¢urrent 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 CRrRC
Error and Residue codes are aiso 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 conrrol
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 feading 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 O0011101000011t1. The 2-byte CRC check characters
must be read by the CPU and discarded because the
Z80-SI10, while using them for CRC checking, treats
them as ordinary data.

SDLC Receive Termination. [f 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, RR1 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 RR1 under “Z80-S10 Programming.”

Any frame can be prematurely aborted by an Abort
sequence. Aborts are detected :f seven or more ’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-
ond interrupt occurs when the continuous 1's condition
has been cleared. This can be used to distinguish be-
tween the Abort and [dle line condirions.

Unlike the synachronous mode, CRC calculation in
spL¢ 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 tvpical steps required to implement
a half-duplex SDLC recetve mode. The complete set of
command and status bit definitions is found in the next
section.

FUNCTION TYPICAL PROGRAM STEPS COMMENTS
REGISTER:  INFORMATION LOADED:
WR(Q  CHANNEL 2 Reset 510
WRO  POINTER 2
WR2  INTERRUPT VECTOR Channel 8 only
WRO POINTER 4
WR4 PARITY INFORMATION, SYNC MODE, $DLC MODE, x1 CLOCK
MODE
WRD  PCINTER 5, RESET EXTERNAL/STATUS INTERRUPTS
WRS5  SDLC-CRC. DATA TERMINAL READY
WRO  POINTER 3
WR3  RECEIVE CRC ENABLE, ENTER HUNT MQDE. AUTO ENABLES. 'Auto Enables’ enabies the receiver 10 |
RECEIVE CHARACTER LENGTH, ADDRESS SEARCH MODE accept data only after DCD becomes
active. Address Search Mode enables
SI0 to match the message address with
the programmed address ar the global
address.
WRO PCINTER &
INITIALIZE WRE  SECONDARY ADDRESS FIELD This address s matched against the mes-
sage address 10 an SCLC poll operation.
WRO  POQINTER 7
WR?  SDLC FLAG 01111110 This flag detects the start and end of
frame in an SDLC cperation.
WRO  POINTER 1, RESET EXTERNAL/STATUS INTERRUPTS In this interrupt mode. only the Address
Field {1 character only) is transterred to
WHR1  STATUS AFFECTS VECTOR, EXTERNAL INTERRUPT ENABLE, the CPU. All subsequent fieids {Control.
RECEIVE INTERRUPT ON FIRST CHARACTER ONLY Infermation, etc) are transterred on a
DMA basis. Status Aflects Vector n
Channel B only.
WR0  PQINTER 3, ENABLE INTERRUPT QN NEXT RECEIVE Used to provide simple loop-back entry
CHARACTER paint for next ransaction.
WR3  RECEIVE ENABLE, RECEIVE CRC ENABLE, ENTER HUNT MODE, WR3 reissued 1o enable recaiver,
AUTO ENABLES, RECEIVER CHARACTER LENGTH, ADDRESS
SEARCH MCDE
SOLC Recewe Mode s fully initiahzed
IDLE MODE EXECUTE HALT INSTRUGTION OR SOME GTHER PROGRAM and S0 s waiung for the opening fiag

followed by a matching address held to
intarrupt the CPU.

Table 9. SOLC Receive Mode
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FUNCTION TYPICAL PROGRAM STEPS COMMENTS
WHEN INTERRUPT ON FIRST CHARACTER OCCURS, THE CPU During the Hunt phase. the SI0 intefrupts
DOES THE FOLLOWING: when the programmed address matches
« TRANSFERS DATA BYTE [ADDRESS BYTE} TG CPU the message address. The CPU estab-
s DETECTS AND SETS APPROPRIATE FLAG FOR EXTENDED lishes the DMA mode and all subsequent
ADDRESS FIELD data characters are transferred by the
* UPDATES POINTERS AND PARAMETERS DMa contrelier to memory.
s ENABLES DMA CONTROLLER
e ENABLES WAIT/READY FUNCTION IN 510
s RETURNS FROM INTERRUPT
WHEN THE READY QUTPUT BECOMES ACTIVE, THE DMA CONTROLLER During the DMA operation. the SIO
DOES THE FOLLOWING: monitors the DCD input and the Abon
s TRANSFERS THE DATA BYTE TO MEMORY seguence In the data stream 10 interrupt
*« UPDATES THE POINTERS the GPU with External Status error. The
Special Receive condition imerrupt 1s
caused by Receive Overrun error.
DATA TRANSFER AND WHEN END OF FRAME INTERRUPT QCCURS, THE CPU DOES Detection of End of Frame (Flag) causes

STATUS MONITORING

THE FOLLOWING
s EXITS DMA MODE (DISABLES WAIT/READY)
& TRANSFERS RR1 TC THE CPU
s CHECKS THE CRC ERRQCR BIT STATUS AND RESIDUE CCDES
o UPDATES NR COUNT
s |SSUES ERROR RESET COMMAND TO SIC

WHEN ABORT SEQUENCE DETECTED INTERRUPT OCCURS,
THE CPU DOES THE FOLLOWING:
¢ TRANSFERS RR0 TG THE CPU
o EXITS DMA MODE
* ISSUES THE RESET EXTERNAL STATUS INTERRUPT COMMAND
TO THE SIO
+« ENTERS THE IDLE MODE

WHEN THE SECOND ABORT SEQUENCE INTERRUPT OCCURS,
THE CPU DOES THE FOLLOWING:
* |SSUES THE RESET EXTERNAL STATUS INTERRUPT COMMAND
TCQ THE SIO

interrupt and deactivates the Wait'Ready
function. Residue codes indicate the Bit
structure of the last two bytes of the
message, which were transferred to
memary under DMA CError Reset s
issued 1o clear the special condition.

Abort sequence is detected when seven
or more 1's are found in the data stream

CcPU is waiting for Abort Sequence to
terminate. Termination clears the Break:
Abort status bit and causes interrupt.

At this point. the program proceeds o
terminate this message.

TERMINATION

REDEFINE INTERRUPT MODES, SYNC MODE AND SDLC MODES
DISABLE RECEIVE MCCE

Tahie 5. SDLC Receive Mode (Continued)



7Z80-S10 Programming

To program the Z80-SI0O, 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 10 opera-
tion. The Channel Select input (8-&) and the Control/
Data input (C/D) 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,

ciD BIA Funetion
0 0 Channel A Data
o] 1 Channel B Data
1 0 Channel A Commands/Status
1 1 Channel B Commands/Status

Write Registers

The Z80-SI0 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 WR0, programming the
write registers requires two bytes. The first byte contains
three bits (Dp-D3) 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 compiete 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 Z80-510
in a modular and structured fashion, the programmer
can use powerful block /0 instructions.

WRO is a special case in that all the basic commands
(CMDp-CMD2) can be accessed with a single byte. Reset
{internal or external) initializes the pointer bits Dy-D; to
point 10 WRO.

The basic commands (CMDy-CMD») and the CRC con-
trols (CRCq, CRC)) 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).

-~y

WRITE REGISTER 0

WRO is the command register; however, it is also used for
crC reset codes and to point to the other registers.

Dy Dg Ds Da D3 D2 D+ Dg

PTR

CRC CRC CMD CMD CMD PTR PIR
Reset Reset 2 1 o] 2 1 0
Code Code

1 0

Pointer Bits (Dg-D3). Bits Dy-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 writien into each channei
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 WR0), the pointer wiil point to
WRO.

Command Bits (D3-Ds). Three bits, D3-Ds, are encoded
to issue the seven basic Z80-SI0O commands.

Command CMD; CMD4 CMDg

0 0 0 0 Nult Command (no effect)

1 0 0 1 Send Abort (SOLC Mode)

2 0 1 O Reset External/Status
interrupts

3 0 1 1 Channei Reset

4 1 0 Enable Interrupt on next
Rx Character

5 3 0 1 Reset Transmitter Inter-
rupt Pending

3] 1 1 0 Error Reset (latches)

Return from Interrupt
{Channel A}

Command 0 ¢Null}, The Null command has no effect.
[ts normal use is to cause the Z80-510 to do nothing
while the pointers are set for the following byte.

Command | {Send Abort). This command is used only
with the SDLC mode to generate a sequence of eight to
thirteen 1’s.

Command 2 (Reset External/Status Interrupis). 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 ¢PU has time to read the
change.

Command 3 (Channel Reset). This command performs
the same funcuon as an External Reset, but only on a
single channel. Channel A Reset also resets the interrupt
prioritization logic. All control registers for the charnnel
must be rewritten after a Channel Reset command.



WRITE REGISTER 0

27 Toe 05 | D 03 0z [ 01 DO,
T I I

I

0 REGISTER 0
1 REGISTER 1
0 REGISTER 2
1 REGISTER 3
0 REGISTER 4
1 REGISTEA §
0 REGISTER 6
1 REGISTER 7

hma—caoo —]
N e L

NULL GODE

SEMD ABOAT {SOLC!

RESET EXT " STATUS INTERRUPTS
[HANMEL RESET

ENABLE INT ON NEXT Ry CHARACTER
RESET TxINT PENDING

ERROR RESET

RETURN FROM INT {CH-A ONLY)

PRy = ]
Ny
N = A=

HULL CODE

RESET Rx CAC CHECKER

RESET Tx CRG GENERATOR
AESET Tx UNDERRUN:EGM LATCH

- —a o —
_~O o

WRITE REGISTER 1

"7 [ D6 o5 | 04 | 03, 0z ] 01 00]
. ! ‘ I

| ‘ ‘ | L exr v ename

i ! | Tx INT ENABLE

STATYS AFFECTS VECTOR

.
| j ICH. B ONLY}
; ; ! 0 0 Rx INT DISABLE
‘ | 0 1 R INT ON FIRST CHARACTER
| 1 0 INT ON ALL Rx CHARACTEAS {PARITY AFFECTS VECTOR) |
11 INF ON ALL Ax CHARACTERS (PARITY DOES NOT AFFECT
| . ; VECTOR)
| i . * OR ON
| L—— WAIT:READY ON RT SPECIAL
L WAIT-READY FUNCTION CONDITION

L . WAIT/RERDY ENABLE

WRITE REGISTER 2 (CHANNEL B ONLY)

(07 ] 06 ] 05 D4 03] bz 017 00}

L L
; . ‘ i : —_
| | ! b
¥3 1 INTERRUPT
v S VECTOR

WRITER REGISTER 3

D7 j 06 | 05 , 04 | D3 | 02 ] Dt 0O
: . ! T ! i
P : | ——— Rx ENABLE
i : ——— SYNC CHARACTER LOAD INHIBIT
: . L ADORESS SEARCH MODE (SOLL)

_ ; Rx CAC ENABLE
: o ENTER HIfNT PHASE
i ATO ENABLES

fx 5 BITS.CHARACTER
Ay 7 BITS.CHARACTER
Az 6 BITS,CHARACTER
Rx 8 BITS.CHARACTER

a
P

WRITE REGISTER 4

B S .-

: ‘ ——~—— PARITY ENABLE _
| ! : i e ——— PARITY £VEN-00D

e
rp7 796 L D5 | D4 ! D3] D2 01|00
T I

SYNC MODES ENABLE

1 §TOP 8IT CHARACTER
1*2 STOP BITS CRARACTER
2 STGP BITS,CHARACTER

oo -
N

B 817 SYNL CHARACTER

16 BIT SYNC CHARALTER
SOLC MODE (01111110 FLAG)
EXTERNAL SYNC MODE

LaEo
am e

X1 CLOCK ™ODE
A16 CLOCK MODE
%32 CLOCK MCDE
XB64 CLOCK MODE

e
=

WRITE REGISTER 3

ﬁ?lusiaﬂm!nainzlmiun!
| T ;
| .+ ——— TECRCENABLE

| i : te————RTS
: , —— ————— SDLC/CREC-16
| : ~ Tx ENABLE
: : - SEND BREAK
I
i 0 Tx 5 BITS (OR LESS)/CHARACTER
B 1 Tx 7 BITS/CHARACTER
1 0 Tx § BiTS/CHAAACTER
1 1 Tx 8 BITS/CHARACTER
——DTR

WRITE REGISTER §

["m?ns!qs[nmqslnﬂn‘wlnuj

H ]
i : - | : ; ———— SYNC BIT 0
! ' i —————— SYNC BIT 1
— — - SYNCBIT2
- ——SYNCBIT3
. —— = —---———SYNC BIT ¢
| SYNC BIT 5
: SYNC BIT B
SYNC BIT 7

“ALS0 S0LL ADDRESS FIELD

WRITE REGISTER 7

r

(o7 05 0% D4 03 | D2 D% [ 00,

: ———— SYNC BIT 8

: , ————SYNC BIT 9
——— ————— SYNC BIT 10

———— SYNG BIT 11
. ———— SYNC BIT 12
; S . SYNC BiT 13
. T . SYNCBIT4
e - —— SYNC BIT 15

*FOR $OLC IT MUST 3E PROGRAMMED
T0 01111110 FOR FLAG RECOGNITION

Figure 9. Write Registar Bit 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-
terj. 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-S10 for the next message.

Command 5 (Reset Transmitter Interrupt Pending). The
transmitter interrupts when the ransmit buffer becomes
empty 1f the Transmit Interrupt Enable mode is se-
lected. In those cases where there are no more characters
10 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
RR1 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
ZB80-S10 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 RETI command.

CRC Reset Codes (¢ and 1 (Dg and D). Together, these
bits select one of the three following reset commands:

CRC Reset CRC Reset
Code 1 Code 0

0 6] Null Code (no affect)

0 1 Reset Receive CRC Checker

1 0 Reset Transmit CRC Generator

1 1 Reset Tx Underrun/End Of Message
fatch

The Reset Transmit CRC Generator command nor-
mally initializes the CRC generator to all O's. {f the sSDLC
mode is selected, this command initializes the CRC gen-
erator to all 1’s. The Receive CRC checker is also in-
itialized to all 1's for the sDLC mode.

WRITE REGISTER 1

WRI contains the control bits for the various interrupt
and Wait/Ready modes.

Dy Dg 05 D4
Wait/Ready Wail Qr Wait/Ready Receive
Enable Ready On Receive/ Interrupt
Function Transmit Mode 1

D3 D2 D4 Do

Rebe»ve Status Transmit External
Interrupt Affects Interrupt Intarrupts
Mode 0 Vector Enable Enable

External/Status Interrupt Enable (Dg). The External/
Status Interrupt Enable allows interrupts to occur as a
result of transitions on the DCD, €75 or SYNC inputs, as
a resuit of a Break/Abort detection and termination. or
at the beginning of CRC or sync character transmission
when the Transmit Underrun/ECM latch becomes set.

Transmitter Interrupt Enable (D). 1f enabled, inter-
rupts occur whenever the transmitter buffer becomes
empty.

Status Affects Vector (D3). This bit is active in Channel
B only. If this bir is not set, the fixed vector program-
med in WR2 is returned from an interrupt acknowledge
sequence. If this bit is set, the vector returned from an
interrupt acknowledge is variable according to the fol-
lowing interrupt conditions:

Vg Vo V4
0 0 ¢ Ch B Transmit Buffer Empty
ChB Q 0 1 Ch B External/Status Change
a 1 0 Ch B Receive Character Avallable
I 1 1 Ch B Special Receive Condition®
1 0 0 Ch A Transmit Buffer Empty
Ch A 1 0 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 Overrun Error.
Framing Error, End Of Frame (SDL.C).

Receive Interrupt Modes 0 and 1 (D3 and D). Together
these two bits specify the various character-available
conditions. In Receive Interrupt modes I, 2 and 3, a
Special Receive Condition can cause an interrupt and
modify the interrupt vector.

Dy D3
Receive Receive
interrupt  Interrupt
Mode 1 Mode 0

o] 0 0. Receive interrupts Disabled

0 1 1. Receive interrupt On First Character
Only

1 0 2. Interrupt On All Receive Characters—
parity error is a Special Receive
condition

1 1 3. interrupt On All Receive Characters—

parity error is not a Special
Receive condition

Wait/Ready Function Selection (Ds-D+). The Wait and
Ready functions are selected by controiling Ds, Dg, and
D+, Wait/Ready function is enabled by setting Wait/
Ready Enable (wrt, Ds) to 1. The Ready function is
s¢lected by seuting Dg (Wait/Ready function} to 1, If this
bit is 1, the WATT/READY output switches from High to
Low when the ZB0-SIO is ready to transfer data. The
Wait function is selected by setting D¢ 10 0. If this bit is



0, the WAIT 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
simultaneousiy. 1f Ds {(Wait/Ready on ReceivesTrans-
mit) is set 1o |, the Wajt/Ready function responds to the
condition of the receive buffer (empty or full). If Ds is
ser 100, the Wait/ Readv function responds to the condi-
tion of the transmit buffer (empty or full).

The logic states of the WAIT ReaDY output when ac-
tive or inactive depend on the combination of modes
selected. Following is a summary of these combinations:

1fDy=0
And Dg =1 And Dg=0
READY is High WAIT is floating
If Dy =1
And Dg=1Q And Dg=1
SEADY s High whentransmit  READY Is High when receive
ouffer s full, butfer is empty.
WAIT  Is Low when transmit  WAIT IS Low when receive
buffer is fuil and an buffer 15 empty and
SiC data port is an SI10Q data port is
selected. selected.
READY Is Low when transmit  READY Is Low when receive
butfer 1s empty. buffer is full.
WAIT  Is floating when WA s floating when

transmit butfer is receive butferis full.

amply.

The WAIT output High-to-Low transition occurs with
the delay time tpICtWR) after the 170 request. The Low-
to-High transition occurs with the delay (pHWR) from
the falling edge of ¢. The READY outpui High-to-Low
transition occurs with the delay ipLgowR) from the rising
edge of ¢. The READY output Low-to-High transition
occurs with the delay «,IC(WR) after IORG falls.

The Ready function can occur any time the Z80-510
is not selected. When the READY output becomes active
{Low), the pMa controller issues JORQ and the corre-
sponding B-A and /D inputs to the Z80-510 to transfer
data. The READY output becomes inactive as soon as
IORQ and €S become active. Since the Ready function
can occur internally in the Z80-S1Q whether it is ad-
dressed or not, the READY output becomes inactive
when any cpU data or command transfer takes place.
This does not cause problems because the DMA con-
troiler is not enabled when the crU transfer takes place.

The Wait function—on the other hand—is active
only if the CPU attempts 1o 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
CPU tries to write data while the transmit buffer is still
full. The fact that the WAIT 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 exists in Channe!
B only, V,-V- and Vy, are always returned exactly as
written; V-V are returned as written 1f the Status Af-
fects Vector (WR1, D) control bit is 0. If this bit s 1,
thev are modified as explained in the previous section.

D7 Dg Ds D4 D3 Dz Oy Do

WRITE REGISTER 3

WRI contains receiver logic control bits and parameters.

o7 Ce g Dy
Recetver Receiver Auto Enter

Bits/ Bits/ Enabies Hunt
Char 1 Char 0 Phase

D3 D2 D4 g
Receiver Addrass Sync Char Recejver

CRC Search Load Enatle
Enable Mode Inhibi

Receiver Enable (Dg). A 1 programmed into this bit
allows receive operations to begin. This bit should be set
oniy after all other receive parameters are set and
receiver is completely initialized.

Syne Character Load Inhibit (D;). 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 (D,). 1f sDLC is selected, setting
this mode causes messages with addresses not matching
the programmed address in WRe or theglobal (11151111}
address to be rejected. [n other words, no receive inter-
rupts can occur in the Address Search mode unless there
is an address match.,

Receiver CRC Enable (D1). 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 (Dj}). 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 | into bit D4, This sets
the Sync/Hunt bit (Dy) in RRO.



Auto Enables (Dg). If this mode is selected, DCD and
CTS become the receiver andtr_ansmittienables, 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 Dg). 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.

b7 Dg Bits/Character
) 0 0 s
it 1 7
1 0 6
1 1 8

WRITE REGISTER 4

WR4 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 wR1, WR3, WRS, WRe, and WR7.

D7 Dg Ds Da Dy D2 Dy Do

Clock Clock Sync Sync  Stop Stoep Parity Parity
Rate Rate Modes Modes Bits Bits Even/
1 o] 1 0] 1 0 0dd

Parity (Dyg). 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 Even/Qdd (Dy). If parity is specified, this bit
determines whether it is sent and checked as even or odd
(1 =even).

Stop Bits 0 and 1 (D, 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 D2
Stop Bits 1 Stop Bits 0

0 ¢ Sync modes

0 1 1 stop bit per character

1 8] 12 stop bits per character
1 1 2 stop bits per character

Sync Modes 0 and 1t (D4 and Dg). These bits select the
various options for character synchronization.

Sync Sync
Modei Mode
o 0

8-bit programmed sync
0 $ 16-bit programmed sync
1 ¥ SOLC mode (01111110 flag pattern)

Exlemat Sync mode

Clock Rate 0 and 1 (Dg and D). These bits specify the
multiplier between the clock (7xC and RxC) and darta
rates. For synchronous modes, the x 1 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
x 1 clock rate is selected, bit synchronization must be
accomplished externally.

Clock Rate 1 Clock Rate 0
0 Data Rate x 1 = Clock Rate

0

0 1 Data Rate x 16 = Clock Rate
1 4] Data Rate x 32 = Clock Rate
1 1

Data Rate x 64 = Ciock Rate

WRITE REGISTER 5

WRSs contains control bits that affect the operation of
transmister, with the exception of p,, which affects the
transmitter and receiver.

D7 Dg Os Da D3 D2 D4 Do

DTR Tx Tx Send Tx CRC-16/ RTS Tx
Bits/ Bits/ Break Enrable SDLC CRC
Char 1 Char 0 Enable

Transmit CRC Enable (Dy). 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 automartically sent unless
this bit is set when the Transmit Underrun condition
EX15tS.

Request To Send (D). This is the control bit for the
RTS pin. When the RTS bit is set, the RTS pin goes Low;
when reset, RTS goes 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 (D3). This bit selects the CRC poly-
nomial used by both the transmitter and receiver. When
set, the CRC-16 polynomial (X!'6+ X5+ X2+ 1) is used;
when reset the SDLC polynomial (X189 + X124+ X3+ 1) is
used. If the SDLC mode is selected, the CRC generator
and checker are preset to all 1’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 O’s (for both pelynomials).

Transmit Enable (D4). 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 ;nstead oF CRC.



Send Break (Dg). When set, this bit immediately forces
the Transmit Dara output to the spacing condition,
regardless of any data being transmitted. When reset,
TxD returns to marking.

Transmit Bits/Characters 0 and 1 (Dg and Dg). To-
gether, Dy 'and Ds control the number of bits in each byte
transferred to the transmit buffer.

Dg Dz
Transmit Bits/ Transmit Bits/

Character 1 Character 0 Bits/Charactar

2 0 Five or tess
¢} 1 7
4 0 8
1 1 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 CpPL should format the data characier as shown in
the following rable.

Dy Dy D 04 D3 Dz D1 Dy

1 1 1 1 g @ 0 O Sendsone databit

1 1 1 0 0 0 D D Sendstwo data bits
1 1 ¢ 0 O 0O D D Sendsthreedatabits
1 0 0 0 D D D D 5Sendstourdatabits
g ¢ 9 © D D D D Sendsfivedatabits

Data Terminal Ready (D+). This is the control bit for
the DTR pin. When set, DTR is active (Low); when reset,
BTR is inactive {High).

WRITE REGISTER 6

This register is programmed to contain the transmit syn¢
character in the Monosync mode, the first eight bits of a
16-bit sync character in the Bisync mode, or a transmit
sync character in the External Sync mode. In the spLC
mode, it is programmed to contain the secondary ad-
dress field used to compare against the address field of
the sDLC frame.

07 Og Os Dy O3 D2 04 Og

Sync 7 Syrct Syncd Syncd Syrc3d Sync2 Sync1 Sync(

WRITE REGISTER 7

This register is programmed to contain the receive svnc
character in the Monosync mode, a second byte (last
eight bits} of a 16-bit sync character in the Bisync mode,
or a flag character (01111110) in the sDLC mode. WRT is
not used in the External Sync mode.

Dy Dg Dg Da Djy Ds D4 Do

Sync 15 Sync 14 Sync 13 Sync 12 Sync 11 Sync 10 Sync® Sync 8

Read Registers

The Z80-SIO contains three registers, RRo-RR2 (Figure
10}, that can be read to obtain the status information
for each channel {except for RR2—Channel B only). The
status information includes error conditions, interrupt
vector and standard communications-interface signals.

Ta read the contents of a selected read register other
than RRo, the system program must first write the
pointer byte to WRO in exactly the same way as a write
register operation. Then, by executing an input mnstruc-
tion, the contents of the addressed read register can be
read by the cpU.

The status bits of RR0 and RR1 are carefully grouped
1o simplify status monitoring. For example, when the
interrupt vector indicares that a Special Receive Condi-
tion interrupt has occurred, all the appropriate error
bits can be read from a single register (RR1).

READ REGISTER ¢

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.

D7 Dg Ds D D3 Dy 04 Og
Breaki Trans- CTS Syne/ DCD Trans- Inter- Receive
Abort mit Hunit mit rupt Charac-

Under- Buffer Pend- ter
run! Empty ing Avaii-
EOM (Ch. A able

only}

Receive Character Available (Dg). This bit is set when
at least one character is available in the receive buffer; it
is reset when the receive FIFO is compietely empty.

Interrupt Pending (Dy). Any interrupting condition in
the Z80-S10 causes this bit to be set; however, it is read-
able only in Channel A. This bit is mainiy used in appii-
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 D) is reset when all the interrupting conditions are
satisfied. This bit is always 0 in Channel B,

Transmit Buffer Empty (D;}). 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 Carrier Detect (D3). The DCD bit shows the state
of the DCD input at the time of the last change of anv of
the five External/Status bits (DCD, CTS, Svnc/Hunt,
Break/Abort or Transmit Underrun/EOM). Any transi-

tion of the DCD input causes the DCD bit to be latched



and causes an External/Status interrupt. To read the
current state of the pco bit, this bit must be read im-
mediately following a Reset External/Status Interrupt
command.

Sync/Hunt (Dy). 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 SYNC 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 Low-to-High transition clears this bit and sets
the Esxternal/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 SYNC pin at the time of the change. This bit must be
read immediately foliowing a Reset External/Status In-
terrupt command to read the current state of the SYNC
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 SYNC input
must he held High by the external logic until external
character synchronization is achieved. A High at the
SYNC input holds the Sync/Hunt status bit in the reset
condition.

When external synchronization is achieved, SYNC
must be driven Low on the second rising edge of RxC
after that rising edge of R«<C on which the last bit of the
sync character was received. In other words, after the
svnc pattern is detected, the external logic must wait for
two full Receive Clock cycles to activate the SYNC input.
Once SYNC is forced Low, it 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 SYNC input goes High again, another Ex-
ternal/Status interrupt is generated that must aiso 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 SYNC input and the
operation repeats as explained previously, This implies
the CPu should also inform the external logic that char-
acter synchronization has been lost and that the
Z80-S10 is waiting for SYNC to become active,

In the Monosync and Bisyne Receive modes, the
Sync/Hunt status bit is initially set to 1 by the Enter
Hunt Mode bit. The Sync/Hunt bit is reset when the
Z80-S10 establishes character synchronization. The

READ REGISTER O

FDTI[uslus[naln_a[qzim]nuj

| vl | - Rx CHARACTER AVAILABLE

s | L INT PENDING (CH. A ONLY)
i Tx BUFFER EMPTY

| 0co

1 SYNG/HUNT P

e

_ cTs
: Tx UNDERRUN/EOM
1 BAEAK/ABORT

* USED WITH “EXTERNAL'STATUS
INTERRUPT" MODE

READ REGISTER 11

[o7 Jo6 Jos Toa o3 oz o1 ] oo

l ALL SENT
' LFIELD BITS 1§ FIELD BITS IN
{ N PREVIOUS  SECOND PREVIOUS
i BYTE BYTE
10 9 ] 3
b1 0 0 2
1 1 0 0 5 .
I B 0 §
io0 1 0 1
I 0 8
11 1 8
I 2 8
_—— PARITY ERROR * RESIDUE DATA FOR EIGHT
Ax OVERRUN ERACA Rx BITS/CHARACTER PROGRAMMED
CRC/FRAMING ERROR

END OF FRAME (SDLC)

T USED WITH SPECIAL RECEIVE CONDITION MGDE

READ REGISTER 2

[u‘?[np]nlsiu‘-tlna]qz]m]qul
\ : :

va
Vit

e )

V3t \ INTERRUPT
‘ V4 ( VECTOR

B —_——— VE

— —VE

- V7

*VARIABLE IF "'STATUS AFFECTS
VECTOR" 1S PROGRAMMED

Figure 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-S10 1o 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 10 1. The Low-to-High transition of the Svnc/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 spLC mode, the Sync/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 O when the opening flag
of the first frame is detected by the Z80-S10. 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-S10 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 (Dg). 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/£oM Latch command (WRo, Dg and
D-). When the Transmit Underrun condition occurs,
this bit is sef; its becoming set causes the External/
Status interrupt, which must be reset by issuing the
Reset External/Status Interrupt command bits (WR0),
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 (Dy). 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 [nterrupt command (WR0, CMD3)
to the break detection logic so the Break sequence tet-
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 singic extraneous null character is

A6

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 handied the same way as in
the case of a Break. The Break/Abort bit is not used in
the Synchroncus Receive mode.

READ REGISTER 1

This register contains the Special Receive condition
status bits and Residue codes for the I-field in the spLC
Reaceive Mode,

D7 Dg Dg Cg D4 D2 04 Cg
End Of CRC/

Frame Framing Overrun Error Code 2 Code 1
{8DLCY Error Error

Receiver Parity Residue Residue Residue Ail
Code 0 Semt

All Sent (Dy). 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, 1 and 2 (D-D3). Inthose 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 [-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 I-Field Bits
Residue Residue Residue In Previous In Second
Code2 Codel1 Coded Byte Previous Byte
1 v 0 0 3
0 1 o] 0 4
1 1 0 Q 5
0 0 1 a 6
1 ol 1 o] 7
Q 1 1 0 8
1 1 1 1 8
0 0 0 ? 8

I-Field bits are right-justified in all cases.

If a receive character length different from eight bits
is used for the I-field, a table similar to the previgus 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
& Bits per Character 0 1 1
7 Bits per Character 0 ] 0
§ Bits per Character 0 1 0
5 Bits per Character 0 0 1




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 (WRO) is given.

Receive Overrun Error (Ds). 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
characier 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 (Dg). 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
synchrenous and sSpDLC 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 1s always updated
when the next character is received. When used for CrRC
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 (D+). 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, It 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
wR2 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. [f no inter-
rupis are pending, the vector is modified with V=0,
Va=1 and V;=1. This register may be read only
through Channel B.

Dy Dg Dg Dy D3 Do D4 Do

Vs Vg Vg V4 Va Vo V4 Vo
Variable if Status
Affects Vector is
enabled




Applications

The flexibility and versatility of the Z80-SI0O 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 1 shows simple processor-io-processor com-
munication over a direct line, Both remote processors in
this systemn can communicate to the Z80-CPU with dif-
ferent protocols and data rates. Depending on the com-
plexity of the application, other Z80 peripheral circuirs
(ZB0-CTC, for exampie) may be required. The unused
channel of the Z80-SIO can be used to conirol other

peripherals or they can be connected to other remote

PTOCESSOrs.

Figure 12 illustrates how both channels of a single
Z80-510 are used with modems that have primary and
secondary, or reverse channel options. Alternatively,
two modems without these options ¢an be connected to
the Z80-SIO. A suitabie baud-rate generator (Z80-CTC)
must be used for asynchronous modems.

Figure 13 shows the Z80-510 in a data concentrator,
a relatively complex application that uses two Z80-S10s
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 ZB80-DMA controller circuit is used with
Z80-SIO #2 to transmit the reformatied data at high
speed with the required protocol. The high-speed
modem provides the transmit clock for this channel.
The Z8)-CTC counter-timer circuit supplies the trans-
mit and receive ciocks for the low-speed lines and is also
used as a time-out counter for various tunctions.

Z80-510 #1 controls local or remote terminals. A
single intelligent terminal is shown within the dashed
lines. The terminal employs a Z80-5S10 to communicate
to the data concentrator on one channel while providing
the interface to a line printer over its second channel.
The intelligent terminzi 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 channe!
can be connected to a number of remote processors over
a switched line.

28 <:> o RIVER
DRIVERS,
CPU Si0 RECEIVERS

‘Jﬂ_ﬁ E&ﬂ

RSXYZ {4 280 280
DRIVERS/ \:i> p
RECEIVERS S0 N CPU
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RSXYZ
‘ 280 z80
LT — —
RECEIVERS SIo CPU

Figure 11. Synchronous/Asynchronous Processor-1o-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.

Ty Tz Tw T3 Ty

@ FIIJIIL_

CE X/ CHANNEL ADDRESS X

1)

DATA ouT

Figure 14a. Read Cycle
INTERRUPT ACKNOWLEDGE CYCLE

After receiving an Interrupt Request signal (INT pulled
Low), the Z80-CPU sends an Interrupt Acknowledge
signal (M1 and [ORQ both Low). The daisy-chained in-
terrupt circuits determine the highest priority interrupt
requestor. The IE1 of the highest priority peripheral is
terminated High. For any peripheral that has no inter-
rupt pending or under service, IEO=1EI. Any peripheral
that does have an interrupt pending or under service
forces its IEO Low,

To insure stable conditions in the daisv chain, all in-
ierrupt status signals are prevented from changing while
Mi is Low. When i1ORG is Low, the highest priority inter-
rupt requestor (the one with el High) places its inter-
rupt vector on the data bus and sets its internal
interrupt-under-service latch.

T4 Ty Tw Tw Ty Ty

LIS I U N B S I O I N e O

LY U
DATA VECTOR

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-S10.

T1 T2 Tw T3 T
CE S X/ CHANNEL ADDRESS X
oA w\ /
RD
M1

DATA X IN X

Figure 14b. Write Cycle

RETURN FROM INTERRUPT CYCLE

Normally, the Z8O-CPU issues a RET! (RETurn from In-
terrupt) instruction at the end of an interrupt service
routine. RET! is a 2-byte opcode (ED-4D) that resets the
interrupt-under-service latch to terminate the interrupt
that has just been processed. This is accomplished by
manipulating the daisy chain in the following way.

The normal daisy chain operaticn 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 1EO 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 [EI
High and an 1E0 Low. If the next opcode byte is 4p,"
the interrupt-under-service latch is reset.

!
moN___ /T N[
|
R N\__/ \___/ i
0g—0y (0 > ) E
I
© _______ 4 i
t
IEO s

Figurs 14d. Return from interrupt Cycle



The ripple time of the interrupt daisy chain (both the
High-to-Low and the Low-to-High transitions) limits
the number of devices that can be placed in the daisy
chain. Ripple time can be improved with carrv-look-
ahead, or by extending the interrupt acknowiedge cycle.
For further information about techniques for increasing
the number of daisy-chained devices, refer o Zilog
Application Note 03-0041-01 (The 280 Familv Program
friterrupe Scructurel.

DAISY CHAIN INTERRUPT NESTING

Figure 15 illustrates the daisv 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-
nal Z80 peripheral circuit with a user-defined order of
interrupt priorities, However, a similar daisy chain
structure afso exists inside the Z8G-51C, which has six
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, 1t is interrupted by a higher
priority interrupt from Channel A. The second interrupt
is serviced and—upon completion—a RETI instruction i3
executed or a RETI command is written into the
ZB0-S10, resetting the interrupt-under-service latch of
the Channel A interrupt. At this uuime, the service rou-
tine for Channel B is resumed. When it is completed,
another RETH Instruciion is executed to complete the in-
terrupt service.

CTHANNEL A CHaMNEL B
CHANNEL A CHANNEL A EXTERNAL CHAMNEL B CHANNEL B EXTERNAL
RECEIVER TRANSMITTER STATUS AFCEVER TRANSMITTER 5TATUS
+
MIGH HIGH HIGH HIGH HIGH HIGH HIGH
IE] IEQ IEI IEQ 1E} 1EC IEI IEQ IE! IEC &1 IEC
1. PRIORITY INTERRUPT DAISY CHAIN BEFORE ANY INTERRUPT OCCURS.
+ UNDER SERVICE
I HIGH HIGH HIGH HIGH HIGH
13 1£ED tE! =] 1] [=e] 1E} 1EDQ 3 IEQ IE} IEQ ——
LOow Low
2. CHANNEL B TRANSMITTER INTERRUPTS AND 1S ACKNOWLEDGED.
+ UNDER SERVICE SERVICE SUSPENDED
HIGH HIGH HIGH
1E1 1EQ 1E! EQ IE) 1EQ IE| IED IE} IEC IE} IEC
LOW LOW LOwW LOW
3. EXTERNAL/STATUS OF CHANNEL A INTERRUPTS SUSPENDING SERVICE OF CHANNEL B
TRANSMITTER.
+ SERVICE COMPLETED SERVICE RESUMED
HIGH HIGH HIGH HIGH HIGH ]
15 1EDQ \E} IEQ IE1 IEQ iEl 1EQ iE} IEQ IEI IEOQ ’——
Low LOW
4, CHANNEL A EXTERNAL/STATUS ROUTINE COMPLETE. RETI ISSUED, CHANNEL B
TRANSMITTER SERVICE RESUMED.
+ SERVICE COMPLETED
HIGH HIGH HIGH HIGH HIGH HIGH HIGH
{El IEC IE| IEQ IE1 IEC IEI EQ 1El IEC iEl IEQ

3, CHANNEL B TRANSMITTER SERVICE ROUTINE COMPLETE, SECOND RET! ISSUED.

Figure 15. Typical Interrupt Sequence




AC Characteristics
Ta=0°C to 70°C, Vec= +5V, = 5%
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230-510 ZBOA-510
Signat Symbeal Parameter Min Max Min Max Unit
teld) Clock Period 400 4000 250 4000 ns
tu{ H) Clock Puise Width, clock HIGH 170 2000 105 2000 ns
] twidl) Clock Pulse Width, clock LOW 170 2000 105 2000 ng
te b Clock Risa and Fall Times 1} 30 0 30 ns
be Any Unspectied Hold Time for selup times 0 0 ns
specified below
Q_E‘ BiA 15,(CS) Controi Signal Setup Time to rising edge ot 160 145 ns
C:D. iCRQ & during Read or Wiite Cycle
to,iD) Data Qutput Delay Irom rising edge of ¢ during 240 220 ns
Read Cycle
15,0} Data Setup Time to nising edge of ¢ dunng 50 50 ns
0.-n Write or M1 Cycle
o 1ol D) Data Cutput Delay from talling edge of IDRQ 340 180 ns
during INTA Cycle
A {e)] Dalay to Fioating Bus (output bufter disable tme} 230 110 ns
il t5(1EN 1E{ Setug Time to fallng edge of IORG during 200 140 ns
INTA Cycle
toul10) IEQ Deiay Time from rising edge of IE| 150 100 ns
jafter EO' decode}
IEQ 5 (1T IEO Delay Time from fafling edge of |EI 150 100 ns
toat KD IEQ Denay Time from falling edge of M1 finterrupt 300 190 ns
accuring just gnor to M1y
M1 1g,{M1) M1 Setup Time to nsing edge of ¢ during INTA 210 %0 ns
or M1 Cycle
Ro 134/ RO} B Setup Time 1o rising edge of ¢ during Read 240 15 ns

or M1 Cycle

If i CE, IORQ, C/D and M1
WAIT from the SIO is to be used, CE, IORQ, C/D and M1 must be valid for as long as the Wait condition is 10 persist



AC Characteristics (Continued)
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'0AsC (3Y) = 100 ng
—— -y 1Dl:“n Ld—-———

Rit

fx0
"
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1g(RAC) fp(RICI
NOTES:

1. The SYNC input must be driven Low on the rising ed ge of RxC delaved two complete clock cycles from the last bit of the
svne character,

2. Data character assembly begins on the next Receive Clock cycie after the last bit of the sync character is received.

80510 Z80A-510
Signal Symbol Parametar Min Max Min Max Unit

- tomd{ M INT Delay Time ‘rom nsing edge of RxC 10 13 10 i3 @ penods
INT tordiT) INT Delay Time from transition of Xmit Data Bit 3 g 5 g @ penods

lui PH) Minimum HIGH Pulse Wicth for latching state 200 200 ng
CTSA, CTSB. o register ard generating intermupt
GCB2, OCrB. WiPL) Minimum LOW Pulse Width for laicming state 200 200 ns
SYNCA. SYNCB iNto register and generaung intermupt

tal 5 Syne Puise Delay Time from rising edge of AxG. 4 7 4 7 ¢ pencds
oo aveen Qutput Modes
SYNCA. SYNCB —

Tomci 5Y) Sync Puise Delay Time from nsing eage ot RxC 100 00 s

Extarnal Sync Mode

i TxCl Transmit Clock Penod 400 ES 400 ES ns
T«CA. TxCB tai TCHY T-ansmit Clock Pulse Widih. clock HIGH 180 = 180 = ns

Wi TCL Transmit Clock Putse Width. clocx LOW 180 = 180 = ns
TxDA, TxDBt 1 TxDy TxD Cuipul Daiay trom faling Edge of TxG 400 00 ns

1x1 Clock Mode)

tetRxC} Recawe Clock Penog 400 = 400 = ns
FxCA, Rx(C8 1w RCH} Recewve Clock Pulse Width. ciock MIGH 180 = =80 = ns

tw{RCL) Receive Clock Pulse Width. ciock LOW 180 = 180 = ns
RxDA. RxDBt tg( AxC} Setup Tome 1o neing edge of AxC. x1 made o} 0 ns

1 (AxC) Hoid Time from nsing edge af FC, x1 mode 149 140 ns

“In all modes, the system clock (¢) rate must be at least 4.5 times the maximum data rate.
RESET must be active a minimum of one complete ¢ cycle.
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AC Characteristics (Continued)

JUY AR W SR VY A Y A VNS N W

Wt
—— - IngllT} '4-*
— 3 : /
i0Rq. CE A i
F—— I W R ] =] e W R — et tpLo{ Wi}
WAIT READY i * k
! WAIT FUNCTION READY FUNCTION
30-510 ZBOA-SI0
Signal Symbod Paramstar ° Min Max Min Max Uit
NT Lo I T) WNT Delay T:ime from nsing edge o ¢ 200 20 ns
1ICW Ry WAIT-READY Celay T.me from 1ORG or CE in 180 130 ns
Wait Mode
toHBIWR) WAIT-READY Delay Time from talkng edge of & 150 130 ns
WAIT-READY HIGH, Wail Mode
WAIT-READY LRX{WR) WAIT-READY Delay Time from nsing edge of AxC e 13 10 A<} & panods
Dala By, Ready Mode
o TRiW:RY WAIT-READY Delay Time from center of Transmt ) 9 5 9 & penoos
Data Bil, Ready Made
L WiR) WAIT-READY Delay Time from rising eoge of &, 120 20 ns

WAIT'REAQY LOW Reacy Mode

DC Characteristics
To=0°C to 70°C, VCC = +5V, 5%

Symbol Parameter . - Mln hiax. Unit Tast Condition
- _V-LC . . Clock Inputr Law Yoltaga - -03 +0.45 v
Vi Clogk Input High voltage Ver—06 +55 v
Vi Input Low Voltage -03 +08 v
Yia Input High Vo\lage_ T +20 +55 W
B V-;l Oﬁr;ﬁn Low Voltage - . 0.4 v o =2.0mA
-Vé,, . Output High Qo\eage o o 24 . o v loq = — 250 a4
n Input Leakage Curert T T T +10 A Q€ Vi € Voe
I 1-5tate QutputData Bus Input Leakage Current -10 +10 uh GV € Ver
fgm SYNC Pin Leakage Current - 40 +10 uh
loe o ;orv-fer gubpl-;_c_u(rem 100 mA
Capacitance
Ta=25°C, f=1MHz
Symbol ) 5a|:a-;neler Min. Max. Unit Test Condltion
7,E,_ - Clock Capacitance 40 pF Unmeasured
Cin Input Capacitance 5 pF pins returned
Caut Output Capacitance 10 pF to ground

TEST POINT 7Y
& gn._ 2
FRoM '
DUTPUT
GNDER
TEST

€ =50 pF. increase delay by 10 ns for each 50 pF in-

50 .4 crease in G, up to 200 pF maximum.

i
i KK

a8



Package Configurations
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- = =B e =
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L-—————" lrw AT l{ ‘rn‘ n”‘hj n‘ J'_\ )i ]r N o i
s E 0y U 1
A RS e E T e 5 ez s R
40-Pin Plastic 40-Pin Ceramic

Ordering Information

C — Ceramic

P — Plastic

S — Standard 5V +5%, 0°to 70°C

E — Extended 5V 5%, -40°t0 85°C
M — Military 5V £10%, —55°to0 125°C
/0 — Type O Bonding

/1 — Type 1 Bonding

/2 — Type 2 Bonding

Example:

Z80-510/1 CS (Ceramic—Standard Range—~Type |
Bonding}

Z80-810/0 PS (Plastic — Standard Range — Type 0
Bonding)
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1.0 INTRODUCTION

The Z80-Counter Timer Circuit (CTC) is a progammable component with four independent channe!s
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:

® Allinputs and outputs fully TTL compatible.
® FEach 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.

® Sclectable positive ar negative trigger initiates time operation int Timer Mode. The same input is
monitored for event counts in Counter Mode.

® Three channels have Zero Count/Timeout cutputs capable of driving Darlington transistors.
® Interrupts may be programmed to occur on the zero count condition in any channel.

¢ Daisy chain priority interrupt Jogic included to provide for autamatic interrupt vectoring without
external logic.



2.0 CTC ARCHITECTURE
2.1 OVERVIEW

A block diagram of the Z80-CTC is shown in figure 2.0-1. The internal structure of the Z80-CTC con-
sists of @ ZBO-CPU bus interface, Internal Control Logic, four sets of Counter/Timer Channel Logic. and
[nterrupt Control Logic. The four independent counter/timer channels are identified by sequential numbers
from 0 to 3. The CTC has the capability of generating 2 unique interrupt vector for each separate channel
{for automatic vectoring to an interrupt service routine). The 4 channels can be connected into four ¢on-
tiguous slots in the standard Z80 priority chain with channel number ¢ having the highest priority. The CPU
hus interface logic allows the CTC device to interface directly to the CPU with no other external logic,
However, port address decoders andror line butfers may be reauired for large systems.

p—— 7 ERO COUNT TIMEGLT O

INTERN AL
PN CONTROE CHANNEL O
LOGI

re— " OO K TRIGCGER O

DATA —— 7 ERO COUNT TIMEOUT |

INTERNAL BLS CHANNEL |

L ONTROL [mvamenm | O K, TRIGGER !

prme—. 7 ERO COUNT. TIMEDLT 2

CHANNEL 2

[otm—— (| (3K TRIGGER 2

INTERRUPT CONTROL
LINES

CHANNEL 3

CLOCK. TRIGGER 3

FIGURE 20-1
CTC BLOCK DIAGRAM




2.2 STRUCTURE OF CHANNEL LOGIC

The structure of one of the four sets of Counter; Timer Channel Logic is shown in figure 2.0-2, This logic
is compased of 2 registers, 2 counters and control logic. The registers are an 8-bit Time Constant Register and
an 8-bit Channe! Control Register. The counters are an 8-bit CPU-readabie Down Counter and un 8-hit
Prescaler,

CHANNEL ]
CONTROL  TIME
REGISTER CONSTANT
AND LOGIC REGISTER
{8 BITS) (% BITS)
Y

: | INTERNAL BUS

PRESCALER
{4 BITS)

DOWN ZERQ COUNT/TIMEOUT
COUNTER

(8 BITS)

EXTERNAL CLOCK TIMER TRIGGER

FIGURE 2.0-2
CHANNEL BLOCK DIAGRAM

22,1 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 A0 and Al of the CPU address bus). This is illustrated in
the truth table below:

C51 CSOj

Cho 0 0
Ch1l 0 ]
Ch2 1 0
Ch3 1 1




2.2.1 CONTINUED

in the control word written to program each Channel Control Register, bit 0 is always set. and thelother
7 bits are programmed to select alternatives on the channel’s operating modes and parsmf:ters, as shewrj in the
diagram below. {For a more complete discussion see section 4.0: “CTC Operating Modes "and section 3.0
“CTC Programmung.”}

CHANNEL CONTROL REGISTER

D7 D6 D5 D4 D3 b2 o1 Po
LOAD
WIAAUFT) MODE | RANGE | SLOPE |TRIGGER| TIME | RESET 1
ENABLE CONSTANT
USED IN

TIMER MODE ONLY

2.2.2 THE PRESCALER

Used in the Timer Mode only, the Prescaler is an R-bit device which can be programmer by the CPU via
the Channel Control Register to divide its input, the System Clock (&), by 16 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 clecks down to
zero, is reloaded automatically with the contents of the Time Constant Register. In effsct this again divides
the System Clock by an additional factor of the time constant. Every time the Down Counter counts down to
zeto, 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 Chanrnel Control Word with an integer time constant value of 1 through 256. This
register loads the programmed value into the Down Counter when the CTC is first initialized and retoads the
same vaiue into the Down Counter automatically whenever it counts down thereafter to zero. If a new time
constant is loaded into the Time Constant Register while a channel is counting or timing, the present down
count will se compieted before the new time constant is loaded into the Down Counter. (For details of how
a time constant is written tg a CTC channel, see section 5.0: “CTC Programming.”™)

224 THE DOWN COUNTER

The Down Counter is an 8-bit register, used in both Counter Mode and Timer Mode, loaded initially,
2nd Jater when it counts down to zero, by the Time Censtant Regiszer. 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 [/Q Read at the port address assigned to the selected CTC channel,
the CPU can access the contents of this register and obtain the number of counts-to-zero. Any CTC channel
may be programmed (o generate an interrupt request seguence each time the zero count is reached.

In channels 0, 1. and 2, when the zero count condition is reached., a signal puise 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 LOGIC

The Interrupt Control Logic insures that the CTC acts in accordance with Z80 system interrupt protocol
for nested priority intercupting and return from interrupt. The priority of any system device is determined 'b)r'
its physical location in a daisy chain configuration. Two signal lines (IE1 and IEQY are provided in CTC devices
to form this system daisy chain. The device closest to the CPU has the highest priovity: within the CTC. inter-
rupt priority is predetermined by channel number. with channel @ having highest priority down 1o channel 3
which has the lowest priority. The purpose of a CTC-generated interrupt, as with any other peripheral device.
is to foree the CPU to execute an interrupt service routine, Accurding to Z80 system inferrupt protocol, Jower
priority devices or channels may not interrupt higher priority deviges or chunnels that have already interrupted
and have not had their interrupt service routines completed. However. high priority devices or channels may
interrupt the servicing ol lower priority devices or channels.

A CTC channel may be programmed to reguest an interrupt every Lime its Down Counter reachesa
count of zero. (To utilize this feature requires that the CPU be programmed tor interrupt mode 2.) Some thne
after the interrupt request, the CPU will send out an interrupt acknowledge. and the CTCs Inteyrupt Contiel
Logic will determine the highest-priority channel wihich is requesting an interrupt within the CTC device. Then
it the CTC's [EL input is active, indicating that it hus priority within the system daisy cham, it will place an
3-bit Interrupt Vector on the system data bus. The high-order 3 bits of this vector will have been written (o
the CTC earlier as part of the CTC initial programming process: the next two bits will be provided by the
CTC's Interrupt Control Logic as 4 binarv code corresponding to the highest-priority channel requesting an
interrupt: finally the low-order bit of the vector will always be zero according to a convention described
below.

INTERRUPT VECTOR

D7 Ds Ds Da D3 B2 D1 Do

V7 Vg Vg Vg V3 X X 0
| 1
0 0 CHANNELO
0 1 CHANNEL1
1 0 CHANNEL 2
1 1 CHANNEL 3

This interrupt vector is used to form a pointer 1o a location in memory where the address of the interrupt
service routine is stored in a table. The vector represents the least signiticant 8 bits, while the CPU reads the
contents of the ] register 5o provide the most significant 8-bits of the 16-bit pointer. The address in memory
peinted to will contain the low-order byte, and the next highest address will contain the high-order byte ot un
address which in turn contains the first opcede of the interrupt service routine, Thus in mode 2, a single &-bit
vector stored in an interrupting CTC can result in an indirect call to any memory location.

Z80 16-BIT POINTER (INTERRUPT STARTING ADDRESS)

! REG 7 BITS 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 high-order byte in the next highest location in
memory. which will always be odd so that the least significant bit of any interrupt vector will alwayvs be even.
Hence the least significant bit of any interrupt vector will always be zero.

The RETI instruction is used at the end of any interrupt service routine to initiafize the daisy chain
enable line JEO for proper control of nested priority interrupt handing. The CTC monitors the system data
bus and decodes this instruction when it occurs. Thus the CTC channel control logic will know when the CPU
has compieted servicing an interrupt. without any further communication with the CPU heing necessary.



3.0 CTCPIN DESCRIPTION

A dizgram of the Z80-CTC pin configuration s shown in figure 3.0-1. This section desenbes the function
of each pin.

D7 - DO
Z50-CPU Duta Bus (bi-directional. tri-state)

3 N . : T P A w0 - e
This hus s used to transfer w1 22ta and command words hetween the Z80-CPU and the Z80-CTC. Tlere
are 5 bits en this bus. of which DG is the feast significant,

CS51-CSO

Channel Select tinput, active high)

These pins furm 4 2-bit binany address code for selecting one of the four independent CTC channels tor
an 170 Write or Read. (See truth table pelow.)

[ T

st cso
cho .0 L0
Chi 0 1
Ch2 1 0
Ch3 1 !

CE
Chip Enable (input, active low)

A low level on this pin enables the CTC to accept control werds, [nterrupt Vectors, or time constant data
words (rom the Z80 Data Bus during an [0 Write cycle. or to transmit the contents of the Down Counter to

the CPU during an i/0 Read cycle. In most applications this signal is decoded from the 8 least significant bits
of the address bus for any of the four I/Q port addresses that are mapped 1o the four Counter/Timer Channels.

Clock {D)

Svstem Clock (input)

This single-phase clock is used by the CTC to synchronize certain signals internally.

MI
Machine Cycle One Signal from CPU {irput, active low)

__ When Ml is active and the RD signal is active. the CPU is ferching an instruction from memory. When
M1 is active and the [ORQ signal is active, the CPU is acknowledging an interrupt, alerting the CTC to place an

Interrupt Vector on the Z80 Data Bus if it has daisy chain priority and one of its channels has requested an
interrupt

I0RQ

Input-Output Request from CPU (input, active low)

The IORQ signal is used in conjunction with the CF and RD signals to transtzr dara and Channel Contrai
Words between the Z80-CPU and the CTC. During a CTC Write Cyele. TORQ and CE must be true and RD
ralse. The CTC does rot receive a specific wrire signal, instead generating its own internally from the inverse
of 2 valid RD signal. In & CTC Read Cvele, TORQ, CE and RD must be active to place the contents of the Down
Counter on the Z80 Data Bus. If [ORQ and M1 are bath true, the CPU is acknowledging an interrupt request,
and the highest-priority interrupting channel will place its Interrupt Vector on the Z80 Data Bus.




3.0 CTC PIN DESCRIPTION (CONT'D)

RD
Read Cyele Status from the CPU Ginput. active low)

The RD sigral is used in conjunction with the TORQ and CF signals to transfer data and Channel C__mnu)l
\\ords hetween 'lle Z50-CPU anyd the CTC. During a CTC Write Cyele. IORQ und CF must be true and RD talse.
The CTC does not recelve a speaitic write signal. instead generating its own jntemally from the inverse ot d
valid RD signad . In @ CTC Read Cvele. TORQ. CE and RIY must be sctive to place the contents of the Down
Counter on the 280 Dara Bus,

[EI

Interrupt Enable In (input. active high)

This signal is used te help form 4 svstem-wide interrupt dalsy chain which establishes priorities when
more than one peripheral device in the system has interrupting capability. A high level on this pin indicates
that ne other interrupting devices ot higher priority in the daisy chain are being serviced by the Z80-CPU.

IEO
Interrupt Enable Out (output. active high)

The [EO signal. in conjunction with 1EL, is used to form a system-wide interrupt priority daisy chain.
[EQ is high only if [EI is high and the CPU is not servicing an interrupt from any CTC channel. Thus this sig-

nal biocks 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 channe!l which has been programmed 1o enable interrupts has a zero-
count condition in its Down Counter.

RESET
Reset (input, active low)
This signal stops all channels from ¢ounting and resets channel interrupt enable bits in all control

registers, thereby disabling CTC-generated interrupts. The ZC/TO and INT outputs go to their inactive states,
TEG reflects [EL, and the CTC’s data bus output drivers go to the high impedance state.

CLK/TRG3 -CLK/TRGO

External Clock/Timer Trigger (input, user-selectable active high or low)

There are four CLK/TRG pins, corresponding to the four independent CTC channels. In the Counter
Mode, every active edge on this pin decrements the Down Counter. In the Timer Mode, an active edge on this
pin initiates the timing function. The user may select the active sdge to be either rising or falling.

ZC/TO2-AC/TOO
Zero Counts Timeout {autput. zctive highj
There are three ZC:TO pins. corresponding to CTC channels 2 through Q. (Due to package pin lmitations

channel 3 has no ZC:TO pin.) [n either Counter Mode or Timer Mode when the Down Counter decrements to
ZBT0 dn active hugh going pulse appears at this pin,



3.0 CTC PiN DESCRIPTION

CRU j g+

DATA BUS Dq -y

CTC ENABLE
CONTROL —

TNT 2]

INTERRUPT| INT ENABLE 13
CONTROL IN

INT ENABLE 1
ouT

Z80-CTC
ZBOA-CTC

23
== CLT/TRGq

- 7ciT0g

<2 CLK/TRGY

8
——* 2C/TO4

21
~=— CLK/TRGy

'—?" ZC/TOZ

20

== CLK/TRG3

FIGURE 3.0-1
CTC PIN CONFIGURATION

CHANNEL
SIGNALS



4.0 CTC OPERATING MODES

At power-on. the Z80-CTC state is undefined. Asserting RESET puts the CTC in a known state. Before
any channel can begin counting or timing. a Channel Control Word and a time constant data word must be
written to the appropriate registers of that channel. Further, if anv channel has been programmed to enable
interrupts, an interrupt Vector word must be written to the CTC's Interrupt Control Logic. (For turther
details, refer 10 section 5.0 “CTC Programming.”") When the CPU has written all of these words to the CTC
all active channels will be programmed for immediate operation in either the Counter Mode or the Timer
Mode.

4.1 CTC COUNTER MODE

In this mode the CTC counts edges of the CLK!TRG input. The Counter Mode is programmed for a
chanpel when its Channel Controb Word is written with bit 6 set. The Channel’s External Clock (CLR/TREG)
input is monitored for a series of triggering edges: arter euch, in synchronization with the next rising edge of
D (the System Clock). the Down Counter (which was initialized with the time constant data word at the start
of any sequence of down-counting) is decremented. Although there is no set-up time requirement between the
triggering edge of the External Clock and the rising edge of @, (Clock), the Down Counter will not be decre-
mented until the follewing @ pulse. (See the parameter ts{CK) {n section 8.3: “A.C. Characteristics.”™) A
channels’s External Clack input is pre-programmed by bit 4 of the Channel Control Word ta trisger the decre-
menting sequence with either a high or 2 low guing edge.

In any of Channels 0, 1, or 2, when the Down Counter is successively decremented trom the original
time constant until finally it reaches zero, the Zero Count (ZC'TO) output pin for that channel will be pulsed
active (high). (However, due to package pin limitations, channel 3 does not have this pin and s¢ may only be
used in applications where this outpurt pulse is not required.) Further. if the channel has been so pre-programmed
by bit 7 of the Channe! Control Word. an interrupt request sequence will be generated. (For more details, see
section 7.0: *CTC lnterrupt Servicing.”)

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. If the Time Constant Register is written to with a new
time constant data word while the Down Counter Is decrementing. the present count will be completed before
the new time constant will be loaded into the Down Counter,

CHANNEL
CONTROL TTME
REGISTER CONSTANT

AN LOGIC RECGISTER
18 BITS) (% BITS)

0 INTERN4L BUS

ZERO COUNT/TIMEOUT

EXTERNAL CLOCK TIMER TRIGAER
N— .

FIGURE 4.1-0
CHANNEL—-COUNTER MODE




42 CTC TIMER MCDE

In this mode the CTC generates timing intervals that are an integer value of the system clock peried. The
Timer Mode is programmed for a channel when its Channel Control Word is written with bit 6 reset. The chan-
nel then may be used to measure intervals of time based on the System Clock period. The System Clock is fad
through two successive counters, the Prescaler and the Down Counter. Depending on the pre-programmed Dit 5
in the Channel Control Word, the Prescaler divides the System Clock by a factor of either 16 or 256. 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 | and 256. Asin the Counter Mode, the time constant is automatically
reloaded into the Down Counter at each zero-count condition. and counting continues. Also at zero-count, the
channel’s Time Qut (ZC TO) output (which is the output of the Dewn Counter) is pulsed, resulung in a uni-
furm pulse train of precise period given by the product.

te *P*TC

where t. is the System Clock period, P is the Prescaier factor of 16 or 256 and TC is the pre-programmed time
constant,

Bit 3 of the 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 channel’s Timer Trigger (CLK/TRG) input.
It bit 3 is reset the timer automaticaily begins operation at the start of the CPU cycle following the [; O Write
machine cycle that loads the time constant data word to the channel. If hit 3 is set the timer begins operation
on the second succeeding rising edge of P after the Timer Trigger edge fullowing the loading of the time
constant data word. if no time constant data word is to follow then the timer begins operation on the second
succeeding rising edge of ®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. Afthough there is no set-up requirement between the active edge of the Timer Trigger and the next
rising edge of ®. If the Timer Trigger edge occurs closer than a specified minimum set-up time to the rising edge
of @&, the Down Counter will not begin decrementing until the following rising edge of . (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 TiMe
REGISTER CONSTANT

AND LOGIC REGISTER
{8 BITS) L (% BITS)

GL INTERNAL BLS

PRESCALER
(% BITS}

ZERC COUNT/TIMEOUT

FXTERNAL CLOUKTIMER TRIGGER

FIGURE 4.2-0
CHANNEL-TIMER MODE
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5.0 CTC PROGRAMMING

Before a Z80-CTC channel can begin counting or timing operations, a Channel Control Word and a Time
Constant dara word must be written to it by the CPU. These words will be stored in the Channei 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 ail four channels. ’

5.1 LOADING THE CHANNEL CONTROL REGISTER

To load a Channel Control Word, the CPU performs a normal 1/0 Write sequence to the port address
corresponding to the desired CTC channel. Two CTC input pins, namely CSO and £S1, are used te forma 2-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 Al, respectively, so that the four channels in a CTC device will occupy contiguous
/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 1. 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 wiil
be discussed in detail.

CHANNEL

CONTRO TIME
REG}STE& CONSTANT
AND LOGH REGISTER
iR BITS) (% BITS)

? INTERNAL BUS

PRESCALER
i% BITS)

ZERO COUNT FIMEQUT

IXTERNAL ULOUKR/TIMER TRIGGER
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5.1 LOADING THE CHANNEL CONTROL REGISTER {CONT'D)

{
|
| Oy Cg b Dy Dj D2 D Dg L
! : ;i : : S R 5
e TeRRUAT ; | LoaD | | i ‘
[ PNIETRURTY MODE | RANGE | SLOPE TRIGGER, TuE  RESET | |
‘ { ENABLE ! CONSTANT | ; l ‘
l USED N USED IN
; TIMER MODE ONLY TIMER MODE ONLY !
L |
Bit 7=1

The channel is enabled to generate an interrupt request sequence every time the Down Counter reaches a
rerp-count cendition. To set this bit ta | in any of the four Channel Control Registers necessitates that an
Enterrupt Vector also be written to 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
operation, with bit 7 set, the interrupt enable selection will not be retroactive to a preceding zero-count
condition.

Bit 7=0

Channel interrupts disabled.

Bite=1

Counter Mode selected. The Down Counter is decremented by each triggering edge of the External Clock
(CLX, TRG) input. The Prescaler is not used.

Bit6=0
Timer Mode selected. The Prescaler is clocked by the System Clock @, and the output of the Prescaler in

turn clocks thie Down Counter. The output of the Down Counter {the channel’s ZC/TO output} is 4 uniform
pulse truin ui pertod given by the product

. *P*TC

wliere (15 the period of Svstem Clock b, P is the Prescaler factor of 16 or 256. and TC is the time constant
data word.

Bit 5=1

tDetined ror Timer Maode onlv.) Prescaler factor is 236,

Bit5=0

(Detined tor Timer Mode only.) Prescaler factor is 16.



5.1 LOADING THE CHANNEL CONTROL REGISTER {CONT'D)

“NTERRUPW MODE | RANGE | SLOPE ITRIGGER! ~ TiME ~ | RESET |
| AR TR _ICONSTANTE : B
| USEDIN - - USEDIN. . il ol

\ TIMER MODE ONLY - TIMER MODE ONLY . . -

Bit4=1

TIMER MODE — positive edge trigger starts timer operation.
COUNTER MODE - positive edge decrements the down counter.

Bit4=0

TIMER MODE — negative edge trigger starts timer operation.
COUNTER MODE - negative edge decrements the down counter.

Bit3=1

Timer Mode Only ~— External trigger is valid for starting timer operation after rising edge of To 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.

Bit 3=0

Timer Mode Only — Timer begins operation on the rising edge of T 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 zeco before the new time consiant 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 channe! already
in aperation, 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.

Bit1=1
Reset channel. Channel stops counting or timing. This is not a stored condition. Upon writing into this
bit a reset puise discontinues current channel operation, however, none of the bits in the channel control reg-
ister are changed. If both bit 2= 1 and bit 1 = I the channel will resume operation upon loading a time
constant.

Bit 1 =0

Chanrel continues current operation.
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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 intc the Time Constant Register by the CPU. This data word will be expected on the next [[0
Write 1o this channel foliowing the 1/0 Write of the Channel Control Word, provided that bit 2 of the Channel
Control Word is set. 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. 1f a time constant data word is loaded to a channel alrsady in
operation, the Down Counter will continue decrementing to zero before the new time constant is [oaded from
the Time Constant Remster to the Down Counter.

TIME CONSTANT REGISTER

D7 Dg Dg D4 D3 D2 D1 Do
TC7 TCg TCs TC4 TC3 TC2 TC1 TCo
MSB LSB

CHANNEL
CONTROL FiME
REGISTER CONSTANT

AND LOGIC REGISTER
(A BITS) ‘ 15 BITS}

2] INTERNAL BUS

PRESCALER
1% BITS)

DOWN
COUNTER
18 BITS)

ZEROQ COUNT/TIMEOUT

IXTERNAL CLOR K/ TIMER TRIGGER




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 }6—b1t
pointer must be formed to obtain a corresponding interrupt service routine starting address from a ta!)le in
memory. The upper 8 bits of this pointer are provided by the CPU’s I register, and the lowar 8 bits of 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 QPERATION
/
Desired starting address pointed to by:

INTERRUPT
SERVICE
ROUTINE LOW ORDER > | REG 7BITSFROM |
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 50, the CPU must write to the I/O 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 0 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 0 in bit 0 signals the
CTC to load the incoming word into the Interrupt Vector Register.) Bits 1 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
Data Bus, the Interrupt Controf Logic of the CTC automatically supplies a binary code in bits 1 and 2 identi-
fying which of the four CTC channels is to be serviced.

INTERRUPT VECTOR REGISTER

INTERRUPT VECTOR REGISTER

D7 Ds Dsg D4 D3 D2 D1 Do
V7 Ve V5 V4 V3 X X 0
N /
sorrlll l l
UPZléIEERD 8Y 0 0 CHANNEL 0 {Highest Priority)

0 T CHANNEL 1
1 0 CHANNEL 2
1 1 CHANNEL 3 (Lowest Priority)
N

—
AUTOMATICALLY INSERTED
BY Z80-CTC
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6.0 CTC TIMING

This section illustrates the timing relationships of the relevant CTC pins tor the following tvpes af
aperation: writing a word to the CTC. reading 4 word from the CTC, counting, and timing. Elsewhere in this
manuai mav be round tming diagrams relating to interrupt servicing (section 703 and an A.C. Timing Diagram
which quantitatvely specifies the timing reiationships (section 8.4).

6.1 CTC WRITE CYCLE

Figure 6.0-1 illusirates the riming associated with the CTC Write Cyele. This sequence s applicable to
loading either 1 Channet Control Word. an lnterrupt Vector, or 3 time constant data word.

in the sequence shown, during clock cycle T the Z80-CFU prepares for the Write Cyule with a false
(high) signal at CTC input pin RD (Read}. Since the CTC has no separate Wnite signal input. it generates its
own internally from the false RD inpur. Later. during clock cvele T, the Z8C-CPU initiates the Wrire Cycle
with true (low) signals at CTC input zins IORO ('O Reguesty and CF (Chip Enabie). (Note: M1 must be faise
to distingaish the gyole fram an interrupt acknowledge ) Also at this ime a 2-bit binary code appears at CTC
puts CS1and €SO (Cliznnet Select Tand O} specifvng which of the rour CTC channeis is being written to,
and the word being written appears on the Z80 Data Bus, Now every thing is ready tor the word to be latehed
into the appropriate CTC internal register in synchronization with the rising edge beginning clock cycle T3, Mo
additional wait states are alowed.

CTC WRITE CYCLE

CSq_q.CE )( CHANNEL ADDRESS )(
ICRQ \ /

DATA ‘X N x

*AUTOMATICALLY INSERTED BY Z80-CPU
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6.2 CTC READCYCLE

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 T, the Z80-CPU initiates the
Read Cycle with true signals at input pins RD (Read), [ORQ (1/0 Request), and CE (Chip Enable). Also at
this time a 2-bit binary code appears at CTC inputs CS1 and CS0 {Channel Select | and 0). specitying which
of the four CTC channels is being read from. (Note: M1 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 Down Counter as of the nsing
edge of cycle T will be available on the Z80 Data Bus. No additional wait states are allowed.

CTC READ CYCLE

CSy_y.CE - X CHANNEL ADDRESS y
i N\ /
AD L /

M1

DATA cuT

PAUTOMATICALLY INSERTED BY 280-CPU




6.3 CTC COUNTING AND TIMING

Figure 6.0-3 iliustrates the timing diagram for the CTC Counting and Timing Modes.

In the Counter Mude. the edge {rising edge is active in this example) from the external hardware con-
4t mn CLK TRG decrements the Down Counter in svnchronizanon with the Svstem Clack & As
spevitied i tee ALC, Charsctenstios (Seetion 9 1 this CLK TRG pulse must nave a munimum width and the
minimam perod mast not e less un twice the systzm ciuck serod. Although there s no set-up ums require-
ment between the active edge of the CLKSTRG and the rising edge ot & 11 the CLKTRG edge cecurs closer
than 1 specified minimum time. the decrement vf the Down Counter will be delaved one cvele of @, Immed-

ately after the gecrement of the Down Counter, Lo U, the ZC. TO ouiput is pulsed true.

nesle

In the Timer Mode, a pulse trigger {user-sefectable as either active high or acuve low) at the CLK/TRG
pin 2nables timing function on the second succeeding rising edge of d. As in the Counter Mode, the triggering
pulse 15 Jetected usvachronously und must huve 2 minimum width. The timing function is initated in syncreni-
cotion with Boand s munimuen setun tme 15 equired hetween the agtive edége of the CLK TRG and the next
g edae o1 b 11 the CLK TRG edge veeurs closer than this. the iniuation of the timer tunction will be

o

il

rl
G

5
delyed one cyele ol .

CTC COUNTING AND TIMING
®
CLK / \ / \
::%TUEI\TTNE‘;L J ZERQ COUNT \
ZC/TO / \
b
TRG / \
INTERNAL
A /START TIMING
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7.0 CTC INTERRUPT SERVICING

Each OTC channel may be individuslly programmed to requesi anintermupt evers fime its Down Countel
rezclhies a count of zero. The purpose of a CTC wenemted interrupt, as for any other peripheral device s e
“orce the CPU to exgcute an interrupt service routine. To utilize this feature the 750- CPL must he progravned
for mode 2 interrupt response. Under the requiremenss of Uris mode. when a CTC channel requests un i
rupt and is abkmm ledged. a L6-hit pointer must be Tormed to obtlin 4 carresponding mresrupt service reuine
starting address from a table in memory. The iower 8 bits ot the pointer are provided by the CTC incthe torm
of an Interrupt \euur urigue 1o the particular dl annel that requested the mterrupt (For turther deralbs vt
1o chiapter %8 of the Z80-CPU Technieal Munual,

The CTC's Interrupt Control Logic insures that 10 acts vl accosdance with 730 svstem lept protoee]
for nested privrity interrupt and proper retur fram interrupt. The pricrity of amy systemdevice is detenined
by its phvsical location 1 a daisy chain contipuration. Twe stenat Tines (L aod Oy are provided o the OTC
and all 280 peripheral devices te form the system datsy chain, The device closest 1o the CPU as the Bighest
priority: within the CTC, interrupt priority is predeteomined by channel numiber. with chunnet O having hiehest
priority. According to 280 svstem nterrupt protecol, fow priority devices or channels may not interzupt highe
priority devices or channels that have already interrupted and not had their mterrupt service routines completed,
However, high pricrity devices or channels may interrupt the servicing of Tower priority devices vy channels.
{For turther details, see section 2.3 “Interrupt Control Logic™ )

Sections 7.1 and 7.2 beiow describe the nominal timing relationships ot the relevant CTC pins tor the
Interrupt Acknowledge (}Lle and the Return from Intercupt Cyele, Section 7.3 below discusses a Uy preal
example of daisy chain interrupt servicing.

7.1 INTERRUPT ACKNOWLEDGE CYCLE

Figure 7.0-1 illustrates the timing assoviated with the Interrupt Acknowledge Cycle. Some tme alter an
interrupt is regquested by the CTC, the CPU will send out an interrupt acknowledge (MT and TORQ). Tu
insure that the daisy chain enable lines stabilize, channels are inhibited from changing their interrupt request
status when M1 is active. M1 is uctive about two clock cycles earlier than TORQ. and RD is false to distinguish
the cycle from an instruction fetch. During this time the interrupt logic of the CTC will determine the highest
priority channel requesting an interrupt. It the CTC Interrupt l,nable Input ([F1) is uctive, then the lughest
priority interrupting channel within the CTC places its Interrupt Vector onto the Data Bus when IORG poes
active. Two wait states {Tyy+) are automatically inserted at this time te allow the daisy chain to stabilize.
Additicnal wait states may be added.

INTERRUPT ACKNOWLEDGE CYCLE

T T2 Tw™ Tw* LE! Ta

DATA VECTOR

*AUTOMATICALLY INSERTED BY Z780.CPU




7.2 RETURN FROM INTERRUPT CYCLE

Figure 7.0-2 illustrzates the timing associated with the RETI Instruction. This instruction is used at the
end of an interrupt service rodtine to (nitialize the daisy chain 2nable lines for proper controi of nested pri-
ority interrupt handling. The CTC decodes the two-byte RETI code internally and determines whether it is
intended for a channel being serviced.

When several Z80 peripheral chips are in the daisy chain 1EI will become active on the chip currently
under service when an EDH opeode is decoded. If the fallowing opcode is 4DH, the peripheral being serviced
will be re-initialized and its [EQ wili become active. Additional wait states are allowed.

RETURN FROM INTERRUPT CYCLE

T.I TZ T3 Td T1 T2 T3 Td T1
S einininisigipininlin
M \ / \ /
I N e
_ —

— A c— —— G S— Y S—

4

P —

1£Q /

IET




7.3 DAISY CHAIN INTERRUPT SERVICING

Figure 7.0-3 illustrates a typical nested interrupt sequence which may occur in the CTC. In this example.
channel 2 interrupts and is granted service. While this channe! is being serviced. higher priority channei 1
interrupts and is granted service. The service routine for the higher priority channel is compieted. and 1 RETI
instruction (see section 7.2 for further details) is executed to signal the channel that its routine is compiete.
At this time. the service routine of the lower priority channel 2 is resumed and completed.

DAISY CHAIN INTERRUPT SERVICING

HIGHEST PRIORITY CHANNEL )
CHANNEL @ CHANNEL 1 CHANNEL 2 CHANNEL 1

Hi HE Hi Hi
L—------‘IEI IEQ i€l 130 eI 1E0 H 1EI IE0 p—

1. PRIGRITY INTERRUPT DAISY CHAIN BEFORE ANY INTERRUPT GCCURS.
UNDER SERVICE

HI HI !
e IED 13 ieo =161 T3] SN ie0 2

2. CHANNEL 2 REQUESTS AN INTERRUPT AND IS ACKNOWLEDGED.
UNDER SERVICE SERVICE SUSPENDED

HI HI
LN JP 1E0 £l o2t o 24 e 1£g b2

3. CHANNEL 1 INTERRUPTS SUSPENDS SERVICING OF CHANNEL 2.
SERVICE COMPLETE SERVICE RESUMED

HI HI | LD
(WL BT IE0 IEl 5] S 1Y o246 €0 f— o

4, CHANNEL 1 SERVICE ROUTINE COMPLETE, “"RETI” ISSUED, CHANNEL 2 SERVICE RESUMED
SERVICE COMPLETE

HI Hi HI H
—Ji IE0 El IE0 {E eo =2 £ f—r

S SECOND "RETI” INSTRUCTION ISSUED ON COMPLETION OF CHAMNEL 2 SERVICE ROUTINE

N



8.0 ABSOLUTE MAXIMUM RATINGS

Temperature Lnder Bias 0°Cto 70°C *Comment

Storage Temperature 45°Cror 150°C Stresses above those listed under " Absolute Maximum

Valiage On Any Pin With Rating" may cause permanent damage to the device.
Respect Te Ground 03 Vie+T Y This is a stress rating only and functional operation of

Power 'Dissmauon 08w the Jevice at these o any ather condition above those

indicated in the operationai sections of this specification
s not implied. Exposyre to apsolute maxenum rating
cenditans for extended penrods may alfect Javice re-
fiablity

8.1 D.C. CHARACTERISTICS

TA=07C 10 T0°C. Voo = 3V = 370 unless otherwise specified

Z280-CTC
[ Symbol | Paramatar Min Max Unit Tast Condition
| ViLg | Clock Input Low Voitage -0.3 A5 v
[ Vigg ! Clock Input High Voltage (1] Veg- Bl Voo + 3 W
Vi : input Low Voltage 0.3 0.8 v
VK ! Input High Yoitage 2.0 Ve v
VoL Qutput Low Voitage 0.4 V | gL =2mA
VOH CQutput High Voltage 24 V | loy = ~250 A
r_Icc Power Supply Current 120 mA | Tp = 4030 nsec
Iy Input Leakage Current 10 wA L Vy=0toVeop
IlLoy | Tri-State Qutput Leakage Current in Float 10 wA {VouT=24110Vee
ILgL | Tri-State Qutput Leakage Current in Float -10 AL VayT =04V
lgng | Darlington Drive Current -1.b mA § ¥ou = 1.5V
RegxT = 390Q
ZBOA-CTC
rﬂmboi ‘ Paramaeter Min Max Unit | Test Condition
ViLe Clock Input Low Voitage -0.3 A5 v
ViHe | Clock Input High Voltage [1] Vepe- 61 Vet 3 v
Vi Input Low Valtage 0.3 08 v
ViH Input High Valtage 20 Vee v
VoL Cutput Low Voltage 0.4 V gL =2mA
VaH Output High Voltage 2.4 V| 1o = -250 uA
ice Power Supply Current 120 mA | T = 250 nsec
Ly Input Leakage Current 10 uA | VN=01t0 Ve
' g | Tri-State Cutput Leakage Current in Fioat 10 wA | VoyT =24 10Vee
ILgL | Tri-State Output Leakage Current in Float =10 wA I VoyT =04V
Iy 1 Darlington Orive Current -15 mA | Vg = 1.5V
| RexT = 3800
8.2 CAPACITANCE
TA=25°C,f=1MHz
Symbol Parameter Max. Unit Test Condition
Co Clock Capacitance 20 pF Unmeasured Pins
Ciy [nput Capacitance 5 pF Returned to Ground
CouTt Qutput Capacitance 10 gF




8.3 A.C. CHARACTERISTICS

Z80-CTC

TA=0"Cto70°C,Vcc=+5V £ 5%, unless otherwise noted

) i
Signal Symbol Parameter Min Max Unit Comments
' Clock Pering 400 [ ; ng
& -LWrrbH) Clocx Puise Width. Cinck High P70 i 2000 ; A%
tyy tPL Clock Pulse Width, Ciock Low 170 2000 Lo
T tf Clock Rise and Fall Times : 30 0
T H -
ey I Any Po:d T'me for Spec fec Setup Tome G .S
— vog (05 ; vt Sigral Se T rme o Risimg Edge of b Dueing B ) ; ns
o5 FF etc 15 CS) Cor: ol agra. Setup T me 1o Rising Edge o using Read a0J 5
i i ar Write Cycie |
i tnr D Dats Cutput Deiay fram Resing Edge of RD Dur ~g Read 480 ns 2
Cycle
154D} Data Setup Time 1o Rising £dge of & Ouring Write or W11 50 ns
Cycle
Dg-0C7 .
o0} Data Qutput Belay trom Falling Edge of |1ORQ During 340 ns 2
INTA Cycle ’
e {D} Selay to Floating Bus {Qutput Buftar Disab'e Time) 230 ns
€] tgUEN IE! Setup Time 10 Fatling Edoe of 1ORQ During INTA 200 ng
Cvcle :
toHO) IEO Deiay Time from Rising Edge of 1E| 220 ions 3]
(G o O] I£0 Detay Time from Falling Edge of IE] 190 ns 133
tom 0] {EQ Delay from Falling Edge of M1 {lnterrupt Occurring 300 ns {31
just Prigr o BT i
TORG tgptiR) IQRQ Setup Time to Rising Edge of & Durtng Read or 250 ns
Write Cycle
v g M) M1 Setup Time ta Rising Eoge of & During INTA or M1 210 ns
Cycle
"D g (RD) RD Setup Time to Rising Edge of i During Read or M1 240 ns
Cycile
T ook ilT) INT Delay Time fram Rising Edge of CLK/TRG 2rpla) + 200 Counter Mode
ol T INT Delay Time from Rising Edge of @ tehp) + 200 Timer Maode
1o (CK) Ciock Period PATOICU I Counter Made
te, If Clock and Trigger Rise and Fall Times i 50
1g{CK} Clock Setup Time to Rising Edge of @ for Immediate Count 210 Counter Mode
tgl{TRI) Trigger Setup Time to Rising Edge of & for Enabling of 210 Timer Mode
CLK/TRGo_3 Prescaler on Foilowing Rising Edge of &
1w (CTH) Clock and Trigger High Pulse Width 200 ! Counter and
| | Timer Moges
1wy (CTL Clock and Trigger Low Pulse Width 200 Counter and
Timer Modes
tpHiZCl 2C/TO Delay Time from Rising Edge of ¢, ZC/TO High 190 Counter and
ZCITCu_n Timer Modes
oL {2C) ZC/TO Delay Time from Falting Edge of «, ZC/TO Low 190 Counter and
Timer Modes [
Notes: [1] 1o = tyy{PHI + tudPLY + £+ ¢p,
[2] tncrease delay by 10 nsec for each 50 pF increase in loading, 200 pF maximurn for darta lings and 100 pF for contral lines.
[3] Increase delay by 2 nsec for each 10 pF increase in loading, 100 pF maximum
14} RESET must be active for a minimum of 3 clock cycles.

OUTPUT LOAD CIRCUIT

TEST POINT

: Lo’

21K

FROM CUTPUT :
UNDER TEST CRy-CR; 1NB14 OR EQUIVALENT
‘ /J\ CR, chy €L - 50 0F ON ALL PINS

M=

\
cL @ 250 A

__L




8.4 A.C. TIMING DIAGRAM

CLOCK
OUTPUT
Timing measurements are made at the foliowing valtages. unless otherwsg specified: INPUT
FLOAT
{ I 1§
= =it T2 TITW T4T3

e g

vee - 8Y A5V

2.0V v

2.0V 8v

av =05V
™

tICS) |

/S

l"—‘F(D), ty riD)

[-tDHI;O)

F

N

jo—— ek (17—

+
| I
i i
[-‘-*—tc*—ﬂ—lﬂ [-0——-——-!5 " {CS)——-I-J , | —-
| |
_ C | |
- | o
! —v’ *tsll,{;RD) ,
' |
i
g
‘ —bl ts<],lDl [4— —
Og-07 L [ wg}
i fﬁm{D'——l —{
— %¢H944- | —
TORG ! /
4‘—(5¢(M1}—ﬁ
i /
tDM[!Ol——J
IE1 \
—— tgl1EL} T
EI0 \
iNT
Lo— tc(CK}
—“i‘s'CKl
({COUNTER MODE} /
cLK/ i twiCTL)
TRGq_4 4 _-’115”1”,[*'_‘
[ {TIMER MODE]
~
_.i |
ZC/TOO_Z ) / j \

, 24 —»j tpy (ZC} L_



8.5 A.C. CHARACTERISTICS

Z80A-CTC

TA=0°Cto70°C . Vec =45V 235%

. unless otherwise noted

Max TlJnit

Signal Symbaol Parameter Min Commaents
e Clock Period 250 [1} ns
ty {PH) Clock Pulse Width, Clock High 105 2000 ns
® I PL) Clock Pulse Width, Clock Low 105 2000 ns
te, b Clock Rise and Fail Times a0 ns
tH Any Hold Time for Specified Setup Time o] ns
Cs. EE, etc tgq(CS) Control Signal Setup Time 1o Rising Edge of © During Read 60 ns
or Write Cycle
tppr(DI Data Cutput Delay from Falling Edge of RD During Read 380 ns "2
Cycie
tgp (D) Data Setup Time to Rising Edge of & During Write or M1 50 ns
Do—-D7 Cycle
tg{D} Data Qutput Delay from Falling Edge of [ORG During 160 ns 2
INTA Cycle
D) Delay to Fioating Bus (Output Buffer Disable Time) 10 ns
IEl tgLED) IE1 Setup Time to Falling Edge of IORQ During INTA 140 ns
Cycle
tpRr{10) {EC Delay Time from Rising Edge of IE! 160 ns 3]
O tp (1) IEQ Delay Time from Falling Edge of IEI 130 ns 3]
tpm{10) IEQ Deiay from Falling Edge of M1 {Interrupt Occurring 190 ns {3]
just Priar to M1)
oRa tgp(IR) IORQ Setup Time to Rising Edge of ¢ During Read or 115 ns
Write Cycle
i tgpiM1) M1 Setup Time to Rising Edge of & During INTA or M1 20 ns
Cycle
=) 15 {RDY RD Setup Time to Rising Edge of ® During Read or M1 115 ns
Cycle
WNT tpek i) iNT Delay Time from Rising Edge of CLX/TRG 2te(d) + 140 Counter Mode
tpa i iT! INT Delay Time from Rising Edge of ® to () + 140 Timer Mode
tc(CK} Clack Period 2tciel Ceunter Mode
te, tf Clock and Trigger Rise and Fall Timaes 30
15{CK) Clock Setup Time to Rising Edge of & for Immediate Count 130 Counter Made
15{TR) Trigger Setup Time to Rising Edge of ¢ for gnabling ot 130 Timer Mode
CLK/TRGp_.3 Prescaler on Following Rising Edge of @
ty (CTH) Clock and Trigger High Pulse Width 120 Counter and
Timer Mades
twiCTL) Clack and Trigger Low Pulse Width 120 Counter and
Timer Modes
tpy (ZCH ZC/TC Celay Time from Rising Edge of &, ZC/TO High 120 Counter and
2C/TOg 2 . . Timer Modes
tpL(2C) ZC/TO Detay Time from Rising Edge of ¢, ZC/TO Low 120 Counter and
Timer Modes
Notes: (1] to = tp(PH] + tlPLE # ¢, + ¢

[2} Increase delay by 10 nsec for each 50 pF increase in loading, 200 pF maximum for data lines and 100 pF for contral lines.
[3] tncrease delay by 2 nsec for each 10 pF increase in loading, 100 pF maximum,
(4] RESET must be active for a minimum of 3 ciock cycles.

OUTPUT LOAD CIRCUIT

FROM OUTPU 'I'

TEST POINT Voo

Ry=21kn

UNDER TEST

e

-CRy IN914 OR EQUIVALENT

Ry
CRZ C_ =50p0F ON ALL PINS
e 250,44 CRy
. CHa

25




8.6

PACKAGE CONFIGURATION
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© IMENSIDNS FOR METRIC SYSTEM IN FARENTHESES (mm)

Ordering Information

C - Ceramic

P Plastic

§ - Standard 3V=37.07 1070 C

E - Extended 3Vz37%, 40 (o x5°C
Mo Military SV=107%, 337 10 125°C

Example:

Z80-CTC CS (Ceramic—Standard Range)
Z80A-CTC PS (Plastic—Standard Range, 4 MHz)

Z1LOG Z80 MICROCOMPUTER SYSTEM COMPONENT FAMILY

Z80. ZROA-CPU
Z80. Z80A-P1O
£80. ZBOA-CTC
Z80. Z80A-DMA
Z80, Z8QA-SIO
26104

Zollo

CENTRAL PROCESSOR UNIT
PARALLELI/O
COUNTER/TIMER CIRCUIT
DIRECT MEMORY ACCESS
SERIAL IO

4K x 1 STATIC RAM

16K x 1 DYNAMIC RAM
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Using the Z80 SIO
In Asynchronous
Communications
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Using the 230" SIO
In Asynchronous
Communications

Application
Note

Tuly (580

SECTION
1

Introduction.

The ZBC Senal Input’Cutput (SIO) controller
is designec for use in a wide variety of seriai-
to-para..e: input and parallei-‘c-zenal ouput
appiicaticns. In this agppiicanon ncle, only
asynchrenous applications are considered. The
empnasis s almost completely on scitware

implementation, with only modest reference 1o
hardware considerations.

Whiie reference 1s made only tc the
Z&0 S10 tne entire tex: aisc appies 1o tne
Z80 DAET, which is funcheornally identical to
the ZBC 510 in asynchronous applications.

Protocol

Communication, either on an external data
link or ‘c a loca: periphera!. occurs :n one of
two basic formats: synchronous or asyn-
chrenous. In synchronous communication, a
message is sent as a continuous string of
characiers where the string 1s preceded anc
terminated by control characters; the pre-
ceding contral characters are used by the
receiving device ic synchronize its ciock with
the transmitter's clock. In asynchronous com-
munication, which 1s described in this applica-
tion ncte, there 15 no attempt at synchronizing
the clocks on the transmitting and receiving
devices. Insiead, each fixed-lergth character
(rather than character string) 1s preceded and
terminated by “traming bits” that identity the
beginning and end of the character. The time
between bits within a character is approx-
imately constant, since the clocks or "baud
rates” in the transmitter and receiver are
selected to be the same. but the ume between

characters can vary,

Thus. in asynchronous communication, each
characier 1o be transmitted is precedec by a
“start’’ framing bit and loliowed by one or
mere Ustop” framing bits, A startbitis a
logica: 0 and a stop bit is a loqucal 1. The
receiver will look for & start bit, assemble the

haracter up to the number of bits the SIO has
been programmed for, and then expect to fing
a step bit. The time between the start and stop
biis is approximately constant, but the time
between characters can vary. When one crar-
acter ends, the receiving device will wait 1dly
for the start of the nex: character whiie the
transmitter conhinues to send stop or
“marking” bits (both the stop bits and the
marking bits are logicai 1). Figure 1 illus-
trates this. A very common application of asyn-
chronous communication 1s with keyboard
devices, where the time between the operator's
keysirokes can vary considerably.

MESSAGE FLOW

PARITY MaAY BE
QD EVEN. OR NONE

MARK(NG

[smn, aly ’ '

1 T

MAEAK NG

1,1%.0R 2
$TOP BITS

5 4 T.OR & BITS PER
CHARACTER RECEIVED

1.2 4.5 8.7 OR 8 BITS pER
CHARACTER TRANSMITTED

START

]_l DATL’] IJ DATA ] [ DATA II

s;op \\

]I QATA I II DATA

/

=T

TIME BETWEEN CHARACTERS VARIES

Figure ). Asynchrooous Dota Format




Protocol
(Continued)

If the transmitter's clock is slightly faster

‘than the receiver’s clock, the transmitter can

be programmed to send additional stop bits,
which will allow the receiver to catch up. It
the receiver runs siightly faster than the trans-
mitter. then the receiver will see somewhat
larger gaps beiween characters than the trans-
mitter does, but the characters will normaiiy

still be received properly. This tolerance of
minor frequency deviations is an important
advantage of using asynchronous [/Q. Note
however that errors, called "framing errors.”
can still occur if the transmitter and receiver
differ substantialiy in speed, since data bits
may then be erronecusly treated as start or
stop bits.

Modes

The SIO may be used in one of three modes:
Polled, Interrupt, or Bicck Transfer, depend-
ing o the capabiliies of the CPU. In Polled
mode the CPU reads a status register in the
SIC perindically to determine if a data
character has been received or is ready for
transmission. When the SIO is ready, the CPU
handles the transfer within its main program.

In Interrupt mode, which is far mere com-
mon, the SIQ 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 memery address of
this interrupt service routine can be derived,
in part, from an “interrupt vector” (B-bit byte)
suppiied by the SIO during the interrupt
acknowledge cycle.

In Block Transfer mode, the SIO is used in

conjunction with a DMA {direct memory
access) comroiler ar with the Z80 or ZE000
CPU bicck transier 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 510 uses
only its Wait/Ready cutput pin to signal iis
readiness for subseguent character transfers.
Due to the faster transier speeds achievable,
Block Transfer mode is most commoniy used in
synchronous communication and only rarely in
asynchronous formats. [t 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 aiternative when it is supported by
the CPU. Note that the choice of Polled or
Interrupt mode is indepandent of the choice of
synchronous or asynchronous [/O. This latter
choice is usually determined by the type of
device to which the system is communicating.

SIO Con-
figurations

The 51O comes in four ditferent 40-pin
configurations; S10/0, SIO/1, SIO/2, and
SIO/Y. The first three of these support two
independent full-duplex channeis, each with
separate control and status registers used by
the CPU to write control bytes and read status
bytes, The S10/9 differs from the first three
versions in that it supports only one full-duplex
channel. The product specifications for these

versions explain this in {ull.

There are 41 different signals needed for
complete two-channel implementation in the
SIC/0, 51001, 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 ZB0 DART has the same pin
configuration as the SIO/0.



SECTION
2

Operational Considerations.

All of the S]O optons to pe discussed here
are soitware controllable 2nd are set by the
CPU. Thus. use of the 310 begins with an
initialization phase whers the varicus options
ares set by writing control hyies. These options
are egrablished separately for each of the two

shannels supperied oy the 31O if both chan-
rels are used. Betore qiving an overview of
how initialization is done, we will describe
some of the basic characteristics of 51O oper-
ations tha® are common ‘c be'h the Polled ana
Interrupt-driven maoaes.

Addressing
the SIO

The CPU must have a means (o identify any
spec:iiic /G device, 1nciuding any attacned
SICJ. in a Z80 CPU c-mxmﬁmm" srig 13 done
oy using the 1ower B b1t of the adaress o

n

LA]-A. i Typically, the &
SiC's BrA input oin for selecung access 'o
Ch arre] A or Cbannel B and the A b‘.t .5

U3
bt s wirag to he

the use of the da%a bus as an avenue for
transferring control/status information (C} or
actual data messages (D). The remaining bits
of the address bus. A;-A-, contain a port
address tha! uniquely :dentifies the 510

device. Tr‘eqe ]a er 51x res are usualy w\'=='*'

cerzain signa. snes, such as B'A and ©.O

rafer 1o g"l"“a wnich are intercreted as aciive
when their iogic sense—and voltage leve . —is
Low. For examplie. tne B/A pin specihes Char-
nei B of the SIO when 1t carries a logic 1 (high
voltage) and it specilies Channel A when it
carries a logic 0 (low voitage).

Asynuch-
ronous
Format
QOperations

Bits per Character. The SO can receive or
transmit 3, 6, 7, or 8 bits per character. This
can be different for transmission and recep-
tion, and different for each channei. ASCII
characters, for example, are usually transmit-
ted as 7 bits. The 51O 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 0 or | in order to make the total
number of ls in the character {(including panty
bit) even or odd, depending on whether even
or odd parity is selected. The SIO can be set
either to add an optional parity bit to the “bits
per character” described above, or not o add
such a bit. When a parity bit is included.
either even or odd parity can be chosen. This

selaction can be made independently for each
channel.

Start and Stop Bits. There are two types of
framing bits for each character: start and stop.
When transmifting asynchronously, the SIO
automatically inserts one start bit (logic G} at
the beginning of each character transmitted.
The 51O can be programmed to set the
number of siop bits inserted at the end of eacn
character to either 1, 12, or 2. The receiver
always checks for | stop bit. Stop bits refer to
the length ot time that the stop value, a logic
1, will be transmitted; thus 142 stop bits means
that a 1 will be transmitted {or the length of
clock time that |2 bits would normally take
up. A logic | level that continues after the
specilied number of stop bits 13 called a
“marking’ condition or “mark bits.”

CPU-SIO
Character
Transters

The S1O always passes 8-bit bytes to the
CPU for each character received, no matter
how many “bits per character’” are specilfied in
the SIC initialization phase. [f the number of
“bits per character” is less than =ight, parity
and/or stop bits will be included in the byte
sent to the CPU. The received character starts
with the least-significant bit {Dn) and continues
to the most-significant bit: it is immediately

followed by the parity bit (if parity 1s enabled)
and by the stop bit, which will be logic |
unless there is a framing error. The remainder
of the byte, if space s still available, is {illed
with logic s (marking). If the “bits per char-
acter' is eight, then the byte sent to the CPU
will contain only the data bits. In all cases, the
start bit is stripped off by the 3]0 and is not
‘ransmitted to the CPU.

Clock
Divider

The SIO has five input pins for clock
signals. One of these inputs {CLK) is used
only for internal timing and does not atfect
transmission or reception rates. The other four
clock inputs (RxCA, TxCA, RxCB, and
IxCB] are used for timing the reception and
transmissicn rates in Channels A and B. Only
these last four are involved in “clock divid-
ing,” A clock divider within the SIO can be

programmed 1¢ cause receptlon/transmission
clocking at the actual input clock rate or at
1416, 1/32, or 1/64 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 x|
clock rate can be used only if the transitions of
the Receive clock are synchronized to occur
during valid data bit times,



Auto The SIO has an Auto Enabies feature that Detect (DCD) input will enable reception, and
Enables allows automatic SIC response and telephone a transition to logical 0 on the respective Clear
answering. When Auto Enabies is set for a par- To Send (CTS ) input will enable transmission.
ticular channel, a transition to logical O {(Low This is described below under the heading
input level) on the respective Data Carrier "Modem Contrel.”
Special There are three error conditions that can 2 Parity error, If parity bils are attached by
Heceive occur when the SI0 is receiving data. Each of the externai '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
opticnally be programmed o interrup! the logic 1 data bits in the character {including
CPU on such ar errcr. The error conditions the parity bit} does not correspand {c the
are called "special receive conaitions” and odd/even setiing of the parity-checking
they include: function.
8 Framing error. If a stop kit is not detected # Receiver overrun error. SIO buffers can
in its correct location after the parity bt {if hold up to three characters. li & character 1s
used) or after the mosi-significant data bit received when the buffers are full (ie.
(it parity 1s not used), a framing error will characters have not been read by the CPUJ,
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
assembiy will not begin until a start bit is received character.
detected.
Modem Five signal lines on the 31O are provided SYNC (Synchrenization). A spare input to the
Control for optional modem control, although these S1O in asynchronous applications. This input

lines can alsc be used for other general-
purpose control functions. They are:

RTS (Request To Send). An output from the
510 to tell its modem that the SIO is ready o
transmit data,

DTE {Data Terminal Ready). An output from
the SIC to tell its modem that the SIO is ready
to receive data,

CTS (Clear To Send). An input to the SIO
from its modem that enables SIO transmission
if the Auto Enables tunction is used,

DCD (Data Carrier Detect). An input to the

510 from its moderm that enables SIO recep-
tion if the Auto Enables function is used.

sio
(CHANNEL &)

may be used for the Ring Indicator tunction, if
necessary, or for general-purpose inputs.

In most applications of asynchronous [/O
that use modems, the B15 and UTR control
lines and the Auto Enables function are acti-
vated during the initialization sequence, and
they are left active until no further /O is
expected. This causes the 51O to tell its
modem continuously that the SIO is ready to
transmit and receive data, and it allows the
modem to enable automaticaily the SIO's trans-
mission and reception of data. Figure 3 illus-
trates this.

MODEM

REQUEST TQ SEND

CLEAR TO SEND
TRANSMITTER

TxD

DATA TERMINAL READY

DATA CARRIER DETECY

RECEIVER

RaD

Figure 3. Modem Control (Single Channal)




‘ : . N TS ceatoa byt
External/ A change 1n the status of certain external Naote that the DCD and CT5 status Dils are
} 1 3 . — TN [ b Tan ke
Status imputs o the 51O wiil cause status bits in the the inverse of the 510 lines. .., *he DCD ot
‘ ; e P e o vhe DO Vae is 1
Interrupts SIO to be set. In the Polled Meode, these status will pe | wnen the DCD iine is Low _
. . "
b1ty can be read by the CPU. In the Interrup: Any ‘ransiticn noany direction {1.e.. to lodic
) - v~ ~f . Cive b e
mode, the SIO can alsc be programmed to 0 ortzicgic 1) on any of these inputs s the
irterrupt the CPU when the change occurs. SI0 wiil cause the related siatus bt to De
Trere are three such 'externaiistatus’ condi- fached and opnonallyl cause an
tions that can cause these avents: The 21C status Dis are laiched alter a :
. ; = son onoany cne of them. The status must be
DC i \ the [ inpet, ; . . ;
. D. Reflects the value of the DC,D e reset {using an S0 command, belore new
B CTS. Rafiects the value of the CTS input. nre sratis oot
B Bregk. A series of iogic U or "spacing' bits
itigli ; ; i - erae T aecis -
initiglization The 51O contains eight write registers for read reqisters bu! regisier ER2Z exists oruy

Channel B ! WRO-WET7® ang sever wri'e
registers ior Channel A {all except write
register WR2). These are described tully in
the Z8C S/Q Technical Manuc! and are
summarized in Appendix B. The registers are
programmed separately for each channel to
configure the functional personaity of the
channel. WR2Z exists oniy in the Channel B
requster set and contains the interrupt vector
for both ¢channels. Bits in each reqgister are
named D; (most significant] through Dg. With
the exception of WR0, programming the write
registers requires two bytes: the first byte is to
WRG and contains pointer bits tor selection of
one of the other registers; the second byte is
written to the register selected. WRO is a
special case in that all of the basic commands
can be written ‘o it with a single byte.

There are also three read reqgisters, named
RRO through RR2, from which status results
of operations can be read by the CPU (see
Appendix B). Both channels have a set of

Charne. 3,

Let us mow .cox at the typica! seguence <l
wri'e registers tha! are icaded ‘o imuaize
the SIO for either Poiied or [nterrupt-driven
asynchronous Q. Figure 4 illustrates the
sequence. Except for step E this loading is
done icr each ¢hanne., when Dol are Zsed
Steps E and F are described furiner 1n the zec
tion on “lnterrupt-Driven Environments.”

Registers WRE and WERT are nct used in
asynchronous [C. They appiy only to syn-
chronous commumnication.

The related publications on the SIO should
be referred to at this point. They will be
necessary in {ollowing the discussion of func-
tiors. In particular. the lfollowing material
should be reviewed:

Z80 SIO Technical Manuci, pages 9-12

(" Asynchronous Operation’')

Z80 510 Technical Manual, pages 29-37
{("Z8B0 31O Programm:ing”)

A. Lecad WRC This 1s done ‘o reset the SIOD

B. Load WB4 This specilies the clock aivider, numoer of
stop bits. and pariy seiection. Since regisier 'WH4
establisnes the general torm of 'O for which the S1C s 10
be used, 1t :s best to set WR4 values first.

C. Load WR3 This specifies the number of receive bits
per cnaracter. Aute Enable seiection, anag turns on the
recewver enabing bit,

D. Load WRS This specifies the number of transm® bits
per character, turns off the bit that transmuts the Break
signal. turns on the bits indicating Data Terminal Reaay
and Hequest To Send, and turns on the transmitter
enabling bit.

E. Load WR2. (interrupt mode cniy and Channel B oniy. )
Lhis specinies the interrupt vector,

F. Load WRL (Interrupt mode aniy.: This speciiies

various interrupt-handiing options that wii: be expiained
ater.

NOTES.
Zieps & thirougn Foare perlormed i sequence
*Chanre: B anuy

Interrupt mode oniy. Polling mode mequirs /O aiter step D.

STARTY
* LOAD
WRO [
FEDCBA
» OAD
L
WAE ——
LOAD
WR3
o™
LOAD
’ L WRS
|«
E
Loan |t
wR2 T
roap [t
WR1
BEGIN O

Figure 4. Typical Initialization Sequeace (One Channei)




SECTION

Polled Environments.

In a typical Polled environment, the 310 is
initialized and then periodically checked for
completion of an /O operation. Cf course, i
the checking is not frequent encugh, received
characters may be lost or the transmitter may
be operated a! a slower data rate than that of

which it i3 capable. Initialization for Pelled /O
tollows the general cutline 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 SIO is ready to transmit a
character,

Character
Reception
‘

To check whether a character has been
received, and to obtain a received character U
cne is avai.able, the sequencs llugirated in
Figure 5 should be followed after the 310 s
imtalized. We assume that recepiion was
enabled during intia.ization: if it was not, the
Rx Enable bit in registar WR3 must be turned
on belore reception can accur. This must be
done for each channel to be checked.

Bit Dy of register RRQ is set to | by the SIO
if there is at least™one character available to be
received. The SIO contains a three-character
input buifer for each channel. so more than
one character may be available to be received.
Removing the last available character from the
read bulfer for a particular channe! turns of!
bit Dp.

1 bit Dp of register RRO is 0, then no
character is available to be received. In this
case it 1s recommended that checks be made of
kit D7 to determine if a Break sequence (null
character plus a framing error) has been
received. lf so, a Reset Externai/Status Inter-
rupts command should be given; this will set
the External/Status bits in register RRO to the
values of the signals currently being received,
Thus, if the Break sequence has terminated,
the next check of bit D7 will so indicate. It may
also be desirable to check kit 3 of register RRO
which reports the value of the Data Carrier
Detect (DCD) bit.

;

HEAD RRD

CHARACTER
AVAILABLE
2

DCo

[ CHANGED STATE YEes
?

YES

|_J RESET EXTERNAL:

STATUS INTERAUPTS

In any case, if kit Dy of register KRO is 0,
polled receive processing terminates with no
character to receive. Depending on the facil-
1ties of the associated CPU, this step may be
repeated until @ character is available (cr
possibly a time-ocut cccurs), or the CPU
may return to other tasks and repeat this
process later.

If bit Dy of reqister RRO is 1, then at least
one character iz available tc be read. In this
case, the value of register RE1] should first be
read and stored to avoid losing any error infor-
mation (the manner in which it is read is
explained later]. The characier in the data
register 1s then read. Note that the character
must be read to clear the buffer even if there is
an error found.

Finally, it is necessary to chack the value
stored from register RR! to determine if the
character received was valid. Up to three bits
need to be checked: bit6issetto 1 for a
framing error, bit 5 is set {o ] for 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 1 for a
parity error (if parity is enabled at initial-
ization time). In case of a receiver overrun or
parity errcr, an Error Reset command must be
given to reset the bits.

AEAD AR

1

READ
CHARACTER

RECEIVE
ERROR
?

RESET
ERACRS

Figure 5. Polled Receive Routine




Character
Transmission

To check that an imtialized 510 15 ready 'o
transmit a character on a channei. and if so to
transmit the character, the steps :l.ustrated n
F.gure 6 should be foliowed. We assume tnat
the Request To Send 'R7S) oit in WERZ, i

‘he exlerna

I recelving device,

reguired oy

> Transmit (Tx) Enabie kit were set a°

anag
nitaiizaton.
Depencing on the exierna: receving device,

tre falcwing s 0 register BAD shculd pe

e

checged: oit G

carrier has peen detect

UL

determine 1t the cevice nas signalied ‘hat it s
clear to send; and bit 7 (Break! ‘o determine
it a2 Break sequence has peen received. I any
of these situations have occurrea, the bitsn
register BRC must be reset by sending the
Reset Externa:sStatus Interrupts command, and
the transmit sequence mus: be started again.

Next, bit 2 ¢t reqister RRC is checked. If this
zit is 0, then the transmit bulfer = not empty
and a new cnaracter cannot yet be ransmitted.
Deperding on *he capabilities of the CPU, this
is repeated until a character can pe trans-
mitted (or a timeout occurs), or the CPU may
return to other tasks and start again later,

If bit 2 of register BRRO is 1, then the transmit
buffer 13 empty and the CPU may pass the

smaracter 10 be transmitec to the
ieting the ‘ransmit crocessing. On in2
ZEC CPU this s done withoan GUT nsiry
t

C
he 1O data porr,

o}

READ RAG

RESET TXTERMAL
STATUS INTCRRUPTE

BRAEAK
8IT CHANGED
STATE

PUT CHARACTER
IN Tx BUFFER

Figure 8. Polled Transmit

Assumptions
for an
Example

Now let us consider some examples in more
detail. We assume we are given an axternal
device to which we will input and output 8-bat
characters, with odd parity, using the Aute
Enables feature. We will support this device
with [/O polling routines focllowing 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 characiers
are received by the SIO, and that the CPU will
transier characters as fast as the output can be
accomplished by the SI0.

We specify this example by giving the cen-
trol bytes (commands) written to the 51O and
the status bytes that must be read from the
SIO. Recall that ¢ write a command to a regis-
ter, excep! register WRC, the number of the
register to be written is first sent to register
WRQ: the fcllowing byte will be sent ‘o 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
iollowing byte will return the register named.

Initialization

We begin with the initialization code for the
SIQ. This follows the outline illustrated in
Figure 4. In the following sample code, each
time register WRO is changed to peint to
another register, the Heset External/Status
[nterrupts 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 SIO. 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
ancther register. This is an easy way to cede
the initialization to insure that the appropriate
resets occur.

[n the example below, the logic states on the
C/D contrsl line and the system data bus
{D7-Dy) are illustrated, together with
comments.




Initialization
‘Centinued)

Bits sent to the SIO
C/D Dy Dg Dsg Dy Dy Dy Dy Dy
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Effects and Comments

rs o bhe recerved |

i char

1z Eragiss on {

ceve [Rx

Pon WED 1o WHE.

0
i

Lroad

frotn

ta Termuna, Beady (DTE

. &b characters tc pe transmite
Break rot to be transmittea (Dy;.
Transmit {Tx} Enable on (D3l

- REegues: To Send (RTS! er {0,

i

N

0

Reset and
Error
Sequences

[ the receive and transmii routines that fol-
low, we treat errors such as a transition on the
Data Carrier Detect line by calling for a “'reset
sequence’’ to set the vaiues in read register
RR3J tc reflect the current values found at
the pins. This sequence consists of giving
the Reset External/Status Interrupts com-
mand and beginning the driver over again.
The command takes the form of a write o
register WR(:

br Dy Dy Dy Dy Dy D Dy
1

o JoJol 1 Toflaolo]s

Perm

115 the stafus bits in AR io reflect current stotus.

This command does not turn off the latches
for such things as parity errors stored in bits
4-6 of register RR1. When such an error
occurs and the latches must be reset, we will

call for an "error sequence.” This sequence
consists of giving the Error Reset command
and beginning the driver over again. The
command alsc takes the form of a4 write {0
register WRO:

D'] DE D5 D‘ Da Dz Dl DU

Resets the jotches in regisier KEi

When specifying the resuit of reading
ragister RRO or RR1 or specifving data, we will
indicate the values read as tollows:

Dy Dg Dy Dy Dy Dy

R

Resd a byte from the designated register..

Dy

ia)
il

lw]

Dy
|

Receive and
Transmit
Routines

Now we will first give an example
of the receive routine. This parallels the
preceding discussion of "Character
Reception.”

The framing error in this routine is reported
on a character-by-character basis and it is not

necessary to execute an “error sequence’ if it
is the only error received. However, it is not
harmful to do so.

Next, we give an example of transmission
code that parallels the above discussion on
"Character Transmission.”

[{a]



Receive und
Transmit
Routines
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Bits sent and received
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SECTION
4

Interrupt-Driven Environments.

In a typical interrupt-driven envircnment,
the SIO is initialized and the first transmission,
if any, is begun. Thereafter, further I/O is
interrupt drivenn. 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, if [/C is interrupt driven,
all interrupts are enabled and sach different
type of interrupt is used to cause a CPU
branch tc 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 SIC facili-
tates this kind of operation since the parity
error bit in read register RR! is latched; once
the bit is set it is not reset until an explicit

reset operation is done. Thus, if a parity errar
has occurred on any character since last rese:,
bit 4 1 register RR! will be set. [t 15 then
possible to set register WRI zc that parity
errors do not cause an error interrupt when a
character is received. The user then has the
obligation to peoll for the value of the parnty
bit upon cempietion of the sequence.

SIO initialization for Interrupt mode nor-
maily requires two steps not used in Pollec
mede: an interrupt vector {if used] must be
stored in write register WR2 of Channel B ancg
write register WR! must be initialized to
specity the form of interrupt handling. It is
preferable to initialize the interrupt vector in
WR2 first. In this way an interrupt that arrives
after the enabling bits are set in WRI will
cause proper interrupt servicing.

Interrupt
Vectors

The interrupt vector, register WR2 of Chan-
nel B, is an 8-bit memory address. When an
interrupt occurs (and note that an interrupt
can only occur alter 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

to a different memory location for each inter-
rupt condition. This is a very useful construct;
it permits short, special-purpose interrupt
routines. The alternative, to have one general-
purpose interrupt routine which must deter-
mine the situation befors proceeding, can be
quite inefficient, This is usually unagesirakle
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 SIO may cause, four for
each of the two channels. If bit 1 in register
WRI! of Channel B has been turned on so that
an interrupt will modity the interrupt vector,
the three bits (1-3) of the vector will be
changed ¢ reflect the particular type of inter-
rupt. These interrupts follow a hardware-set
priority as follows, stariing with the highest
priority:

Channel A Special Receive Condition sets bits

3-1 of WRI 10111,

Channel A Character Received sets bits 3-1

to 110,

Channe! A Transmit Buffer Empty sets bits 3-1
to 100,

Channel A External/Status Transition sets bits

3-1 to 101,

Channel B Special Receive Condition sets bits
3-1to 01,

Channel B Character Received sets bits 3-1
to 010,

Channel B Transmit Buller Empty sets bits 3-1
to 000,

Channel B External/Status Transition sets bits
3-1 to GO1.

For example, suppose that the interrupt vec-
tor nad 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 modilied to 101, yvielding
an interrupt vector of 11111011, The value of
the interrupt vecter, as modified, may be
tained by reading register RR2 in Channel B.

Note that when a character is received,
either the Special Receive Condition or Hx
Character Available interrupt will occur,
depending cn whether or not an error
oceurred: the ‘we 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 con-
ditions: in this case, the presence of a par-
ticular condition for which interrupts are not
desired can be determined by polling.

Suppose that :nterrupts have been enabied
for ail possibie cases, and that the Status
Aftects Vector bit has also been enabled,
allowing a ditferent routine to handie each
possible interrupt. As each interrupt causes a
branch to a location only twe bytes higher than
the last interrupt, it 1s not possible to place a
routine directly at the location where the vec-
tored interrupt branches, In a 280 CPU envi-
ronment, these addresses refer to a table in
memory which contains the actual starting
iocation of the interrupt service routine. Also,
since the state information saved by a CPU :5
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 restering
that information. This is shown briefly in the
examples of code in Appendix A.

It is possible to connect several SIOs using
the interrupt mechanism and the IEl and [EO
lines on the SIC to determine a priority tor
interrupt service. This mechanism is discussed
on page 42 of the Z80 SiC 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 [/O, it is
necessary to load an interrupt vector into WR2
of Channel B. Information is then written into
register WRI! specitying which interrupts are
to be enabled and whether a specific kind of
interrupt should modify the interrupt vector.

Ncw let us give an example. As in the polled
exampie, 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 SIO commands and
registers in detail. This is done in the Z80 570
Technical Manual. A summary of the register
bit assignments taken from the Z80 SIO Serial
Input/Output Product Specification 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 WRC 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 cccurs, 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 §IQ. 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)

time WRO is changed to peint to ancther reg-
ister. This is an easy way to code the 1mitial-
ization to assure that ‘he appropriate resets
QCCur.

The coclumns below show the logic states en
the C/D control line and the sysiem 2aia Dus
+D+-Dgj. together with commenzs.

Bits sent to the 8]0
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Effects and Comments

nrerripis CCmmAanc

whanever we oot ¥

a
A, Run at 1.64 the clock rate (Dn-Tigl

Jisac.e the sync bis and send out 2 3top bits per
character {D5-Ds).
C. Enable odd parzy (D-De).

Point WRD to WER3.
‘o indicate the fciizwing

-z1t characters 1o ke recerved (Dn-

As
B. Aur
C. R

Enakles on {Dz).
nable on (Dgl.

Point WRO tc WRE,

o
E

Set WRS to indicate the {ollowing:

Data Terminal Reaay {DTR} on {D-)

3-b: characters ‘0 be transmitied (Dg-Ds).
Break not to be transmitted (Dy).

Tx Enable on {D3).

Request To Send (RTS) on (D).

Point WAL 10 WR2 (Channel B only:.

B0 oo

Set the interrupt vector to point to address 11100000
{which 15 hex EC and decimmal 224). Onze interrupts
are enabled. they will cause a branch ‘o this memary
location, modified as described above if the Status
Alfects Vector bit 15 turned on {wnich  will be hersi,
This vector is oniy set for Channel B, but it agples
0 both channeis
Charnel A,

Point WRO to WEI.

It has no effect when set in

Set WRI to indicate the following:

A. Cause interrupts on all characters received.
treating a parity error as a Special Kecewve
Cendition interrupt (D4-D1).

B. Turn on the Status Affec's Vector feature, causing
interrupts 1o modify the status vector—meaningfui
only on Channel B, but will not hurt :f set for
Channel A (Dg),

C. Enable interrupts due 'o transmit butier being
empty (D1}

D. Enable External/Status interrupts (Dg).

2



Special
Receive
Condition
Interrupts

A Special Receive Condition interrupt
occurs (a) if a parity error has cccurred, (b) if
there is a receiver overrun error (data is being
overwritten because the channel's three-byte
receiver bulfer is full and a new character is
peing received), or {c) if there is a framing
error. The processing in this case is the iol-
lowing:

1. Issue an Error Reset command (to register
WED) to reset the latches in register RRI1.

2. Pead the character from the read buffer anc
discard it to empiy the butler.

It may be desirable to read and store the

vaiue of register KR! to gather statistics on
perfcrmance or determine whnether to accept
the character. In some applications, a
character may still be acceptable i received
with a framing error.

In specifying the result of reading register
RRO, RR!, or specifying data, we wiii indicate
the values as follows:

Dy Dg Dy Dy D3 Dy

R

Dy

b
DT D

)
e

Feodg o bye from ik

We now present an example of processing a
Speciai Receive Condition interrupt.

.........

_ Bits sent and received
C/D Dy Dg Dy Dy Dg Dy Dy Dp

[aw]

lclololo

Effects and Comments

If we need 0 know what kind of error ccourred, we
point WRO to read from RRi. Note that the Reset
External’Status Imterrups ccmmand is not used. This
aveoias losing e val:d interrupt.

Read a byte trom REL: one or mere of bit Dg {framing
errary, Dg (receive overrun error), or Dy (parity error)
wii. be | o indicate the specilic error.

Give an Error Reset command to reset ail the error
:atches.

Read in the data byte received. This must be done to
clear the receiver buffer, but the character will gener-
aily be disregarded.

Beceived (Bx)
Character
Interrupts

When an Hx Character Available interrupt
occurs, the character need only be read from
the read bulfer and stored. [ parity is enabled

with character lengths of 3, 8, or 7 bits, the
received parity bit wili be transierred with the
character. Any unused bits will be 1s.

External/
Status
Interrupts

To respond to an External/Status Interrupt,
all that is necessary is to send a Reset Exter-
nal/Status [nterrupts command. However, if
you wish to find the specific cause of the

interrupt, it is necessary to read register ERO.
In this case, the complete processing takes the
following form:

Bits sent and received

€D Dy Dg Dy Dy Dy Dy D Dy

i Dy | Dg |[Ds | By | Dy 1 Ds | D) | Dg

Eifects and Comments

Read register RRO: bit D7 {Break), D5 (Clear To Send),
or D5 (Data Carrier Detect) will have had a transition
te indicate the cause of the interrupt.

Give a Reset External/Status Interrupts command to set
the latches in RRQ 1o their current values and stop
External/Status Interrupts until anecther transition
QCours.

Transmit {Tx)
Buffer Empty
Interrupts

The final kind of interrupt is a Tx Buffer
Empty interrupt. If another character is ready
tc 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. If 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-

rupts until the next character has been loaded
into the transmitter buffer.

The Reset Tx Interrupt Pending command to
WRO takes the following form:

o JoJr Ja Tt To]e o
Aeset Tx Interrupt Pending command, no Tx Empty Inter-

rupts will be given untij after the next charocter has been
ploced in the transmit buffer.




280 To take these e2xamples further let us use
Assembler Z8C Assembler code to impiement the routines
Code tar 3 single channe:. We assume that the .oca-
ticn stored in register WRZ points o *he
appropniate interrupt service rounne. We also
assume rhat the fcllowing constants have
aiready been delined:
S1Qctrl. The address of the 31Q0's Channel B

centrol port {we assume Channe! B in order ¢

st ifo]
:nclude cocde f2initialize the interrupt vector).

SIOdata. The address of the SI0's Chanrel B
Zaa pert.

X. An address p01.“. g 0 locaticns In mMemory
-hat will be used 1o siore various vaiues.

‘Wa will write cata 4s birnary constants! the
"B gurhix indicates this. In rr_cst cases, ninary
constants will be referred to bv the commana
names, We beqin with the initializaton

roannel

ST LZ

LD A0

uT O
LD A
ouT i
D A 10011318
outT ,A
D A00CICCLIB
OUT T A
Lz ALLIINTE
CUT i) A
L A 00G1C13:8
OUT (Tl LA
LD A,1:1010108
oUT @A
LD A.000100108
ouUT  (C) A
LD AL11.00600R
oUT () A
LD A,000100018
oUT  iClA
LD A.GCGIO11IB
OUT (D) A
RET

.Tiace the a:dress 21 the SiC notne O \ster ior

3:ve Chan

write 'o reqister WRO pointing it to register WH4

zutput pasic UG parameters 10 WR4

cwrite 10 register WEGJ pointing it ro register WRS

cutput transmit parameters ‘o WRS

‘write to reguster WRG pointing 1t to register WRZ
; iCharnel B oniv)

cutput the interrupnt vector to WRZ: in thus case 1t s
. decimai locanon 224

write 10 register WRC pointing 1t te register WRI

icufput nterrupt parameters to WRI
k =

rreturn frem initialization routine

Now .et us look first at some sample codes
for the Speciai Receive Condition interrupt
routine, iollowing the example above.

SIOspecint: PUSH AF

LD A 000000018
QuT (SICctrl) A
N A, (SiOctri)
LD (X) A

LD A, G0} i0000B

ouT (51CcirD A

N A (510aqata)
PQP AF

El

RETI

his is followed by a simple receive m*errupt
routine that will fetch the cnardc"er received
and store it in a temporary location.

;save reqisters which will be used in this routine
iwrite to register WRO pomnting 1t to register RR1
cfetch requster RR1

istore result for ater error analysis

‘send ar. Error Reset command to reset device
; latehes

ietch the character received—we will discard this
: character since an error occurred during s

restore saved regisiers
‘enable interrupts

;return from interrupt




Z80
Assembler
Code

{Continued)

PUSH

TRT
HA

LD
PCP
El
RETI

AF

A SI0aata)
XA

AR

save registers which wii, pe used it this rounne

character receved

YO De usells,

ek

4

=, tnis 1ast routine is probaoly far
is more ikely ‘ha:
“lupakb

far of

=r ent

now Jive a sairmpl

ar. txternal Status Interru

store resu. [0 (aler anaiys:s

restcre saved registars
‘eniabie inlerrup’s
creture ircm onterrupt

transm:t interrup

roCEsEIn

rcutine 1n the

4
~

for a
ase where no

1 T
more characters are 1o be transmitted.

It Is itkely that this code would just ke a por-

tion ©f a8 more general transmit interrup:

SIOtrnint:

PUSH

e,

ouT

send a fese! Tx imterrupt Pernding coz

=
e 15 :noiucad 10 ine section entted A

o
Longer Exampie,

Ssave reqsters wiith will pe gsed n s roanne




SECTION Questions and Answers.
5 Q: Can a sicopy Y358 CL0CK C3Use prok-
lems i SIO cperaticn’

Yes: tne specifizaucns ior

A:

Hardweare
Considerations

Q: When is a recewved character availacie to
be read?

A:  Data will be avaiable a maximum of (3
systemn clock cycles from the rising edge of
the BxC signal which samples the iast bit of
the data.

Q: ‘Wrnat iz tme maximum time perween
character-inserton for transmussicn and
next-character transmissicn?

A: This will vary depending on the speed ci
the line over which the character is being
transmitted.

Q: Are the control lines to the SIO synchroe-
nous with the system clock so that noise may
exist on the buses any time before setun
reguirements are sahisiiad?

A:  Yes.

Q: In asynchronous use must receiver and
transmitter clock rates be the same?

A: Na, the SIO allows receive and ransmit
for each channel to use a different clock
(thus up to four different clocks for receiv-
ing and transmitting data can be used on
each S[Q). However, the clock multipher
for each channel must be the same.

Q: Do Wait states have ‘o be added when
using the 51O with other processors other

than the Z80 CPU?

A: Nc. croviasd tnar setup times speciiied for
tne 31O are met.

Q: ifthe Alto Enabies zit inoregister WR3 s
set, Wi 3 Dhange U ZD

15 1 3 the rate of the system clock
(CLK). For example, if the systermn c.ock
operates at 4 MHEz, the 5I0's maximum
rransfer rate is 800K bits [10CK bytes)
per seccnd.

Q: What pmins are edge sensitive and should
be strapped to avoid strange interrupts?

A: The externa: synchronizaton (STNC) pins
and any other exiernal status pins that are

not used, incluaing TS, and DCD.

Q: Whar nappens ! the fransmitter or
receiver 1s disabied, while processing a
craracter, by turmng off s associated
enabie b1t (bt 3 in register WRS for transmit
or bit G i reqister WR3 far receive)?

A: Tre transmitter will complete the
craracter *ransmissicn in an orderiy lashion.
The receiwver, however, will not hinish, [t wiil
lose the craracter being received and ro
inierrupt wiil accur.

Register Q: Does the Tx Bufier Empty (bit 2 in register

Contents RRO get set when the last byts in the buiffer
15 in the process ol being shitted out?

A: No. The bit is set when the ‘ransmit butfer

has already become empty. Simiiarly, the
Tx Buffer Empty interrupt will not occur
until the buffer is empty. The same 15 ‘rue
for reception: the Rx Character Available
bit (bit O in register RR0) is not set until the
entire character is in the receive buifer, and
the Rx Character Availabie interrupt wiil
not occur until the entire character has
been moved into the buffer

Q: If an Kx Cverrun error occurs (and
bit 5 of reqgister RR1 becomes latched on}
because a new character has arrived, which
character gets lost?

A: 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 bits in
register RRO?

A: No. However, when a transition occurs on
any of the five External/Status bits in
register RRO, all of *he status bits are
latched inn their current position until a
Eeset ExternaliStatus Interrupts command :s
issued. Thus, *he command ceoes permit the
appropriate bits of register HRJ to reflect
the current signal values and shouid be
done immediately alfter processing each
transition on the channel.



Special
Uses

Q:

Q:

A:

Ii the CPU does not have the return {rom
interrupt sequerce (RET! nsiruction on the
280 CPU), how may the SIC be informed cof
the compistion of interrupt handiing?

Tris may be deone oy wrinng the Retrr
From Interrupt command {pinary.

o W Z

Ii the CPU carn be interrupted bu’ cannot
De used win vectore ”tm'uprs how
snould procoessing oe done?

Immec.ctfly alter being in
ceed 2 manner simidar o poiling the 310
for both receive mr. Alternatively,
the Status Affects Vecrer b th in
register WH:j may be set an O byte
placed into the interrupt vectar {register
WRZ in Channei B). Ther, the contents of
the interrupt vector can be used to deter-
mine the cause of the interrupt and the
channe! on which the interrupt occurred,
This ¢an be gueried by reacing regisier RR.

f Channel B. Also, M1 should be tied High
and no eguivalert 1o an inisrrupt acknow:-
edge should pe issued.

How can the WaivReady (W/RDY) signal
be used by the CPU in asynchronous 1/O7

The W/EDY signa! is mos® commonly used
in Block Transier Mode with a DMA, and
this use 15 described in the Z50 DMA
Technical Manua!. However, W'EDY may
be directly cconnected to the Z80 CPU WAIT
line in order io use the klock IO instruc-
tions OTDR, OTIR, INDR, and INIR. In this
case, the 510 can be used tor block transter
reception. To do this, the SIO is configured
to interrupt on the first character received

only (by settings bits 4 and 3 of register
WHl to 01} and additional characters are
sensed using the W/RDY line. The block /'O
instructions decrement a byte counter io
determine when /O is complete.

vuul_“l

Fannel A of the SIC.

terruoteg, Ero-

Can the SYNC pin have any use in asyn-
chronous I/O7

It may be used as a general-purpose
input. Fer example, by connecting it to a
moderm ring indicator, the status of that ring
indicator can be monitored by the CPU.

Q:

Q:

Q:

How can the 510 be used to rranem't
characters containing fewer than 5 biis?
First, set bits 6 and 5 in register WR5 ¢
indicate that five or fewer bits per characer
wii. be ransmittez. The 5[0 then deter-
rmines the number of kite to actuaily ransmit
ne data byte itselt. The datza byte
: consist of zero or more ls three Og,
ine data to be transmitted. Thus, begin-
he data byt with 1111000! will cause
she last bit to be ransmitied:
Contents of data byte
ld - arbitrary valuel

D De D= D, D: D O D-
. . ; i co 0 0 4 L
| I - o0 8 d 4 2z
) ! o S 06 o d 4 3
.00 d 4 e 4 4
O 0 0 ¢ a d & 4 5
*The righimos: number of oits ingicated wi. e tTansmited.

Can a Break sequence be sent for a lixed
number of character periods?

Yes. Break is continuously transmitied as
logic U 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-
sist. A Break signal, rather than the char-
acters sent, will actually be transmitted, but
each bit of each character sent will be
clocked as if it were transmitted. The All
Sent bit, bit 0 of register RR1, is set to 1
when the last bit of a character is clocked
for transmission, and this may be used io
determine when to reset bit 4 of register
WHS and stop the Break signal.

If a Break sequence is initiated by setting
bit 4 of register WRS, will any character
in the process of being iransmitted be
completed?

No. Break is effective immediately when
bit 4 of WE5 is set. The “all sent” bit in
register RRI should be monitored to deter-
mine when it is safe to initiate a Break
sequence.




SECTION

A Longer Exampie.

In this section, we give a longer exampie of
asyrchrernous (nterrupt-driven full-duplex /O
using the 310. The code for this example is
contained in Appendix A, and the basic
routines are flow charted in Figures 7-12.

The example includes code for initialization
of the SIO, initalization of a receive builer
interrupt routine, and a ‘ransier routine which
causes a buller of up t¢ 83 characiers of (nior-
maucn ‘o pe transmited on Crannel A anc a
buifer cf up o 20 characters of irformarion ‘o
be received from Channel A, The transfer
rouune stops when either all data is recsived
ar an error occurs. Compieton of an operation
on a buffer for both receive and ‘ransmit s
indicated by a carriage return character,
Additional routines (not inciuded in this exam-
ple) would be needed to call the initialization
code and initiate the transfer routine. There-
fore, we do no! present a complete example;
that would only be possible when all details of
a particilar 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 S1O.
This is followed by a table-driven SIQ initiali-
zation routine called "SIO__init,” shown in
Figure 7, which uses the table beginning at
the location “"SIOIltabie.” The SIC__Init routine
initializes the SIO with exactly the same

|

SET TAANSMIT BUFEEA POINTER TO SEGINNING
GF TRANSMIT BUFFER. SET RECEIVE BUFFER
POINTER TO BEGINMNING OF RECEIVE
BUFFER. SET RECE!VE BUFFER COUNTER,
TRANSMIT STATUS WORD, AND RECEIVE
STATUS wORO TQ 2ERQ

T

STAAT TRANSMISSION OF FIRST
CHARACTER IN THE BUFFER.

TRANSMISSION
ERAOR

AECEPTION

COMPLETE OR

OVERRUN
?

RECEFTION
ERROR
?

RETURN

f

————

i

Tranamit Routine

RETURN

. i

LOAD 1 REGISTER WITH
HIGH BYTE OF 'NTEARUPT.
TABLE ADDRESS,

)

LCAD A MEMORY LOCAT'ON
WITH LW BYTE OF
INTERAUPT-TABLE ADDRESS.

LOAD HL REGISTER wITH
FEQMNING ASSAESS OF
SIO INITIALIZAT ON TABLE

E._____

MOYE DATA WORD FROM
INITIALIZATION TABLE TQ
A AEGISTER, INCREMENT ML,

END OF
INITIALIZATION
TABLE
2

GUTPUT DATA WQRD TO
CONTROL PCRT CF BOTH
310 CHANNELS.

Figure 7. Interrupt-Driven

[nitiaiization Routine

I SAYE REGISTERS 1

GET NEXT CHARACTER,
TRANSMIT, AND INCREMENT
TAANSMIT BUFFEN POINTER

WAS IT A
YES CARHMGf RETURAN
TURN OFF NO
TRANSMITTER
INTERRUPTS

STORE UPDATED VALUE OF
TRANSMIT BUFFER POINTER

I RESTORE SAVED REGISTERS

'

RETURN FROM INTERRUMT

F I"H" 9, Transmitter Buffer

Empty Interrupt Routine




A Longer
Example
{Continued)

parameters as the interrupt-driven example in
the previous secticn. The table-driven version
is presented simply as an aiternative means of
coding this material,

A short routine for filling the receive buller
with "FF" (hex) characters and buffer defini-
tions follows the SIO__Init routine. This in turn
is followed by the transfer routine, Figure 8,
which begins transmitting on Channel A;
transmission and recaption is thereatter
directed by the interrupt routines. After the
transier routine begins output, it checks for

various error conditions ancl loops unfil Jt}‘lere
is either completion or an error,

Then the four interrupt routines follow;
TxBEmpty, Figure 9, is called ¢on a transmit
buffer interrupt; it begins transmission of the
next character in the buffer. A carriage return
stops transmission. RecvChar, Figure 10, is
called on a normal receive interrupt; it places
the received character in the buffer if the buf-
fer is not fuil and updates receive counters.
The routines SpRecvChar, Figure 11, 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 bulfers could be com-
pared upon completion for line or transmission
errors.

!
r SAVE R;GISTEHﬂ

STORE CONTENTS OF
AR1 IN RECEIVE
STATUS WORD.

!

RESET ERROR LATCHES
N SI0.

i

FETCH AND DISCARD
CHARACTER.

i

[ RESTORE SAVED HEGISTERS]

RETURM FROM INTERRUPT

Figure 1). Special Receive Condition
Interrupt Routine

|

SAVE REGISTERS ]

!

FETCH CHAAACTER AND
PUT IN B REGISTER

AECEIVE
AUFFER

FULL
?

SET RECEIVE
STATUS WORD

TQ
“OYERFLOW"

INCAEMENT RECEIVE BUFFER
CCOUNTER AKD RECEIVE BUFFER
PCINTER. STORE 8 REGISTER
CONTENTS WHERE RECEIVE
BUFFERA POINTS TO,

SET RECEIVE

STATUS WORD |

TO
"COMPLETE"

WAS
CHARACTER A
CARRIAGE RETUR
?

HQ

RESTORE SAVED REGISTEAS l

!

RETURN FAOM INTERRUPT

Figurae 10. Receive Character
Interrupt Routine

!

SAVE REGISTERS J

:

S5TORE CONTENTS QOF RRO
IN THE TRANSMIT
STATUS WORD.

!

SEND THE RESET
EXTERNAL/STATUS
INTERAUPTS COMMAND,

:

l RESTORE SAVED REGISTERS]

RETUAN FROM INTERRUPT

Figure 12. External/Siagtus
Interrupt Houtine




Appendix A

Interrupt-Driven Code Example

510 Port ldentitiers and System Address Bus Agdresses

WH3 Commands

th
3]

4

0 i di U

[1v e fxy 13 4 12

able of Interrupt Vectors

Tne fabie nt Tak! sarss at

snon.d ke doacilid.

nt__Tan:

ExiStat
RxChar
SpRxCona

the Twest Shonily VSIIor, ownio

s1arfs 3t adaress with .

'
LL0:0CC0

nigrrLgt vpes ior Jnanne. A

[LI AN SRR E L

WHR4 Commeands

SYNC

o1
-

v

[

T3 UT1pay O f3r g1 rel Ll be EEodsl L

SV S OYRAYeYEYEY]

Command Identifiers and Values

inciudes ail csnirs, oytes lor asynchronous and sy

WR0 Commands

RO: ECU
Rl: QU
B2 EQU
H3: EQU
R4: =0

RE: EQU
RE: EGU
H7: )
NG EQU
SA: ey
RESE EQU

CHRsT: EQU

EIONRC: EGU
RTIP: EQU
ER: EQU
AFi: EQU
RRCC: EQU
RTCG: EQU

RTUEL: EQU

WH! Commands
WAIT: EQU
DRCVRI: ECU
EXTIE: EQU
AMTRIE: 22U
SAVECT: EQU
FIRSTC: oy
PAVECT:. ECU

PCAVCT: EQU
WRONRT: EQU
RDY: EQU
WRDYEN: EQU

WR2 Commands
1V EQU

OCH
SIH
C2H
23H
J4H

26H

ol
i

OCH
Q8H
iCH
16H

30H
38H
40H
80H
QCCH

O0H
“CH
O'H
02H
C4H
08H

e
R

20H
40H
B80H

O0H

210 reguster zainters

Nuii Coce

‘Send Azer 30LT

‘Reset Exx Stat [nt

:Channe: Reset

,Enable Int On Nexr Bx Char
;Reset Tx int Pending

.Error Reset

;Return From [nt

;Heset Rx CTHC Checker
:Reser Tx CBC Generator
:Reset Tx Under- ECM Latch

[ Wast function

:Disable Recewve interrugts
:External :nterrupr enabie
‘Transmit interrupt enable
:Status atfects vecter

:Rx tmterrupt on tirst character
;Hx interrupt on ail characters
o {parity attects vector)

P interrupt on ail characters
;iparity doesn't aliect vector)
:Waiy Ready on receive
:Ready function

;WaivReady enable

'S

WRS Commands

e
Xl

P
CRIEN. EQU

Initialization

Init__Locp: LD

ZUT

SiQOltabie: DJEFB
DEFB
DEFB
DEFB
JEFB
CEFB
DEFB
DEFB
Loc: DEFS
DEFB
DEFB
DEFB

ne_Tap

e
o

T
|
n
oL
&
b

L1la.nzanen

C ‘apie tor tmind.zanon
B4 « RES]

Z84 « ODo « PARITY + SZ

A2 « FEZI]
B& « AUTCEN + ZNACVR
RS + SES!
DTR - RTS - T8 + KENABL
R2 + RES]

[ locauon of .0t tabie
Rl + RESI ‘adaress

EXTIE + XMTRIE ~ SAVECT + PAVECT
0

o~



Receiver Bulier Initialization Receive Character Houtine -1 .-

RxChar: FUSH
FUSH
L.z

[t
L

IN
LI
LC

CP

L
IR
LZ
cP
Transmit Routine - - k
[n:nates transmission of & Duner ras !
an errcr 15 deleCieG of a COmp.EtE bt LD A Compiete
RxStat: LEFS i :_D EHESE“'A
TxStan DEFS s rhxe
Complete: ECIL : Civer 1-;:, ,A\JQ er ndicate errcr
CH, ECU  GiH Lo i
Break: ECU BGH ExExix: POP BC
TOM: ECU BUH POF AF
Cwerfiow:  EQU OFFE El
Transier: LD HL XButler ssetur e begin Tx REZ
EI\[IJ(, ?X]-:'SufPtri,HL Special Receive Condition Routine = ¥ -.:o .
e HL BB er SpRxCond: PUSH AF
LD {(RBLiPr HI PUSH BC
XOR A A= n A T
LD (RBuiCtsi. A e A SI0ADa
LD {TxStat A ~D oA
i H . L ARl .get RRi
LD (Rxz:at) A INC C
LD A SICADaa star Tw task ouT (CLA
LD C.A [N A
LD HL.{XButter) irs: characier LD (Rx3:at), A ;save status
LD AHL) Lo AER :Reset Errors
QuUT A DEC C
Tioop: Lo A TxStar iawait Ty compueton or error OUI (,E')‘A
- ) DEC o
cP J -
aET NZ IN AT :get character
LD A RxSay PCP BC
CP Owverticw PCP AF
RET Z Fl
CP Complete RETI
RET Z
IR NZ Tleop Externgl/Status Routine -~ 7572 .0
RET ExtStatus: PUSH  AF
Transmitter Buffer Empty Routine <« . _-- PUSH BC
TxBEmpty PUSH AF LD i,SIOAC!.“f
pusd BC N E'(j?:‘ { RRO
PUSH HL s A ‘g€
] LD (TxStat; A
LD HL,(XButkir; LD A RESI ;Reset Ext Stat Int
LD A SICAData CuUT (1A
LD C.A
LD A (HL; POP BC
P El
CP CR
A ) T
JR NZ. TxBExit  lasi characier? END RETI
LD A RTIP ‘Heser Tx Int Pending
INC C
oUT (C)A :to control port
TxBExt: LD {(XButPtr) HL  ;save pointer
PCP HL
POP BC
POP AF
Ei

RET!




Appendix B

Read Register Bit Functions

READ REGISTER 0

DT [ b8 L OS5 | D4 ! D3 [ D2 | Dt ] oo |

R i .
i ! i I ’ L———— Ax CHARACTER AVAILABLE
| ‘ ; | ' e NT PENDING iCH. & DALY)
: | ! _ Tr BUFFER EMPTY
! i -_ 0D
‘ SYNCIHUNT P
; : £Ts '
- Tx UNDERRUN/EOM 1

BREALABOAT

* USED WATH "EXTERMAL STATUS
INTERRUPT" MODE

READ REGISTER 1t

(07 D5 [p5 [ b4 [ D302 [ D1 ] D0

ALL SENT

| FIELD BITS | FIELD BITS IN
IN PREVIOUS  SECOND PREVIOUS
BYTE 8

S L.ty — ]

ey —1-1-]
moooeeas
B G OB O N e L3 a

DO o a@—

\—P.lﬂm ERROA * RESIDUE DATA FOR EIGHT
Ry GYERAUN ERROR Rr BITS/CHARACTER PAOGRAMMED

CAC/FRAMING ERAOR
END OF FRAME (SDLC)

1 USED WATH SPECIAL RECEIVE CONGITION MOQE

READ REGISTER 2

I

s_{_urq {03 D27 017 o0)

D
%sriL_L—wT

——
US| - }
-
| —3

| 3
¥at
W
v

1
L V8
V7

_D?
|

INTERRUPT
VECTOR

tVARIADLE IF “STATUS AFFECTS
VECTOR™ 13 PROGRAMMED




Appendix C

Write Register Bit Functions

WHRITE REGISTER 0

;7lna|ns;n4ln3,nz[n1llj

r T
| 3 ‘\ B 9§ 0 PAEGSTERD
b | & ¢ 1 AGSTEA?
0 1§ BruSTER 2
G 1 1 REGSTER3
T 0 0 RESTERL
10 1 REFSTERS
i 1 0 REGISTER &
: 1 1t REWSTER?
! | :
0 0 0 NULL CODE
0 @ 1 SEND ABOAT (SDLC)
| 8 1 0 RESET EXT' STATUS INTERRUPTS
| 0 1 1 CHANNEL RESET
T 0§ EMABLE INT ON NEXT Rr CHARACTER
| 10 1 RESET TxNT PENDING
1 1 0 EAADR RESET
11t RETURN FROM INT [CH-A ONLY)
NULL CODE

AESET Rx CAC CHEDXER
AESET Tx CAC GERERATOR
RESET Tx UNDERRUM/EOM LATCH

OO ——
—O e -

WRITE REGISTER 1

(o7 Tos [os : naIna|n]g| ot [ Do |

T T [ T T
‘ 1 1 i g L o 7 et
Lo i - Tx INT ENABLE
I i STATUS AFFECTS VECTOR
: C {CH. B ONLY)
r i 8 0 RxINT QISABLE
‘ | 0 1 FRxiINT ON FIRST CHARACTER
| [ 1 & INTON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR)
; | 1§ INT.ON ALL Rt CHARACTERS (PARITY DOES NOT AFFECT i
} ! VECTOH)
- g

WAITREADY ON AT
% WATT AEADY FUNCTION CONDITION

b WAITREADY ENABLE

WRITE REGISTER 2 (CHANNEL B OMLY}

Lmlns|as[u}4|na!n_z\'m[nn‘

o o "
P —_—
R v2

V3 ) INTERAUPT
i L Vi i YECTOR

WRITER REGISTER 3

,nﬂosjus;na[usjn mLau‘
1 T H T .r
: i ————— Aix EMABLE
: [ =~ SYNC CHARACTER LOAD INHIBIT
co | LT AbDReSS SEARCH MODE |SOLE)
c i R CRC ENABLE
i ENTER HUNT PHASE
b AUTO ENABLES
T I
4 0 Rx 5 BITS:CHARACTEA
0 1 Ax 7 BITS,CHARACTER
1 0 PAx 6 BITS/CHARACTER
11 Rx 8 BITS/CHARACTER

WRITE REGISTER 4

[07 [ ps [ bs [ o4

ua[nz[mintﬂ
! o PARITY ENABLE
L———nam EVEN. 00D

SYNC MODES EMABLE

1 3T3P T CHA nAGT'q
1z ETOP BITS. CHARACTER
2 STOP BiTs: CnAﬂACTEH

——oa _
e

& 8T SYMC CHARACTER

16 BIT SYNC CHARACTER
SOLC MODE (01111110 FLAG)
EXTERNAL SYNC MOOE

—_——o
Ny _ WF_ R

X1 CLOCK MODE
X16 CLOCK MODE
X32 CLOCK MODE
X654 CLOCK MODE

et — 1=
ey

WRITE REGISTER 5

(0?7 06 | 05 | o4 | D3 |
rr
| ‘

T T

b2 D.1 : DO

~——— Tx CRC ENABLE
RYS

. i ; - IBLECRE-18
i | ¢ Tx cNABLE
i | SEND BREAK
0 0 TaSBIS 108 LESS/CHARACTER

; i} 1 Tr 7 BITS/CHARACTER

| 1 0 Tx 6 BITS/CHARACTER

i1 1 Tug BITS,CHARACTER

——DTR

WRITE REGISTER 6

Lurjns[as[yin}ahz‘fmjguﬁ]
; ! | i
|

i i |
i i ——SYNC T D
[ i 33

SYNC BIT 2

|

b P SYNC BIT 3
| oL — SYNG BIT ¢
! — SYNC BIT 5
i SYNC BIT 6
— SYNC 81T 7

~ALSD SDLC ADDRESS FIELD

WRITE REGISTER 7

°_7 Lﬂj_ﬂgkl (TS gg_[__r_)z 01 T oo
| % I swears
| s BIT S
! - —————— SYNC BIT 10
SYNC BIT 11
: : SYNC 8/7 12
i SYNC BIT 13

SYNC BIT 14
SYMC BIT 15

*FOR SDLC (T MUST B€ PROGRAMMED
70 “01111110" FOR FLAG RECOGKITION

272



