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1.1 The Floppy Disk Controller

The floppy disk controller can access up to four 8 inch or 5.25
in¢h floppy disk drives. It can read and write IBM 3740 single
density format and double density i28,256,512,lﬂ24 secﬁorlsize
formats. Data transfer is done by programmed 1/0 with wait and
interfupt syncronization.

Note : The controller cannot accesé both 8 inch and 5;25 inch drives
simultaniously,The controller is switched from 8 inch to 5.25 inch

drives by hardware jumper options.

1.2 The 64 k Dynamic ram

The 64 k ram array can be switched on and off in 16 k increments
(P-16K,16K-32K,32K-48K,48K-64K) under software control. This allows the
CPU to access bank switchable external memory on the S160 bus.
The'memory has an access time of 28@ns. Refresh is done during

Z80 Ml cycles and during wait and reset states. The memory can

be accessed by aﬁ external DMA device on the S106 bus.

Note : Any external DMA device that is using continous mode DMA
cycles must transfer data at an average rate of 15 us per byte or
faster when holding the DMA request line for more than 1.5 ms This is
not a problem because most designers are smart enough to use
byte—at-a—timé or}burst transfer modes when dealing with slow DMA
transfer rates. The ram row address is the low order address there-
for the entire ram arfay is refreshed by the DMA device every 128

contiquous memory cycles,



1.3 System Monitor Eprom

s s S s e s S’ ———————

The system monitor eprom is switched on during reset. It can be
disabled and enabled under software control. It resides whén

enébled at Fg0oh to FFFFh. It has commands that allow the user

to load the CP/M , MP/M or other boot loaders from floppy disk.

In addition it can be used to load , examine goto and test

memory. When the prom is disabled it does not use any system address

space.

1.4 Serial ports

A 7280A D;;;—;;_;;;a-for the two serial ports , but

a Z80A S10/0 chip can be used in it's place. This allows

asyncronous and synchronous serial data communications plus a variety
of interrupt modes. Modem control signals are available at each
serial connector. There are two switch selectible baud rate
generators for baud rates of 50 to 19.2 k baud.

Note : The serial ports are TTL and must be connected to external
‘interface boards for RS232 communications.

(PS NET/I)

1.5 Parallel ports

—— e p .

A Z8Q0A PIO is used as the parallel port. The "A" channel of this chip
is connected to the parallel port connector. This port has 8 bi-dir-
ectional data lines and two hand shake lines. The "B" port can be split
between the parallel port connector and the S106 bus vectored interrupt
lines by jumper options. This allows the port to be used as an
additional parallel port or interrupt controller or both.

In the output mode the parallel ports can drive one TTL load .



1.6 Real Time Interrupt clock

- ————— —— T — — — — —————_—— ———

A zZ80A CTC is used for providing a real time system clock foz MP/M.
Three channels of the CTC are available to the user for strapping via

a jumper header for synchronous baud rates or long clock times.

1.7 S190 Bus Interface

The S100 bus interface provides the signals necessary for an 8 bit
bus master as described by the IEEE 696 bus specification.

Vectored interrupt lines VI@ - V17 are supported via jumper options
and Al6 - A23 are also supported vis an 1I/0 port.

’

The PAMNTON line is also implemented for the dynamic ram array.



2.0 EPROM and Monitor operation

The onboard EPROM occupies address FO@@H-FFFFH. The EPROM
is switched on automatically during reset or power on, the
EPROM contains SIO and FDC initialization code along with a
simple debugger and floppy disk cold start loader. After
the operating system is loaded the EPROM can be turned off
so that the ram at address F@@OH-FFFFH can be accessed. The
EPROM can be turned on and off at any time so that hardware

dependent 1/0 routines can be called.

2.1 Eprom Enable / Disable
Switching EPROM on :

F@33 3EAF MVI A,01081111B ;RESET POWER ON JUMP

: ; AND ENABLE MEMORY, EPROM ON
F@35 D316 OUT 16H ;WRITE TO CONTROL PORT

Switching EPROM off :

F@33 3EA4F MVI A,01161111B ;RESET POWER ON JUMP
; AND ENABLE MEMORY, EPROM OFF
FB35 D316 OUT 16H ;WRITE TO CONTROL PORT

Jumper‘R configqures the board to accept a 2716 or 2732 EPROM.
Note : The EPROM is always addressed at F8@#H and can not

be moved. Since the 2716 EPROM is 2K long it appears

twice , F80@N-FCOGH and FBFFH-FFFFH.

2.2 Monitof Signon

The EPROM contains a simple debugger.
The monitor signs on with :

> ADVANCED DIGITAL CORP.
Monitor Version 1.1
Mar - 1982
Press "H" for help

2.3 Monitor Commands



The monitor commands are :

Control B = Load disk boot loader 5.25"
Control C = Load disk boot loader 8 "
D SSSS Q0QQ = Dump memory in hex from SSSS to QQQQ

F 8SSS QQQQ BB Fill memory from SSSS to QQQQ with BB
G AAAA = Go to address AAAA

L AAAA = Load memory stafting at AAAA

M SS55 QQQQ DD Move from S to Q to ADDR DD

P SSSS 0000 Print in ascii from SSSS to 0QQQ
T = Test Memory

ESC will terminate any command

The cold boot loader will select and home drive 0.

Track @ sector 1 will be read into memory at logation e.
Single density is assumed for track d.

Iflan error occures an error che will be printed.

The error code must be translated using the table

in appendex F page F-4 fig 2.

e.g. FDC COLD BOOT ERROR 8@= DISK NOT DETECTED
FDC COLD BOOT ERROR 1@= WRONG FORMAT OR NO DATA ON DISK OR BAD PHASE LOC

LOGOP.
2.4 Cold Boot Program
; READ TRACK O SECTOR 1 INTO MEMORY
BOOT &: MVI A,08H '
ouT WAIT ;set double for 5 inch
BOOT: '
F4B5 3E0D MV1 A,0DH ; RESET FDC
F4B7 D36C ouT FDC ; ISSUE COMMAND
F4B9 00 NOP
FDCW1:
F4BA DB@GC ’ IN FDC ; CHECK BUSY
F4BC OF RRC
F4BD DABAF4 Jc FDCW1
FA4CO 00 NOP ; KILL TIME



F4Cl
F4C2

F4C3

F4cC4
FA4C6
F4C8

F4Co
F4CB

F4ACC
FACE
F4D0@

F4D3
F4D4
F4DS
F4D6
F4D7
F4D9
F4DB
F4DD

F4DE
FA4ED
F4E1
F4E4
FA4EG
F4E7
FA4ES

F4EB
F4ED
FAEE
F4F1
F4F2
F4F5
FA4F8
F4F9

00
0o

o0

3E03
D36C
30

DBl4
1)
TK@ 2
DBOC
E604
CACCF4

AF

6F

67

3C

D30E
3E8C
D3eC

0o

FDCRD:

DB14

B7
F2EBF4
DBOF

77

23
C3DEF4 .

BOOTDN:

DB@C

B7

CAROOo

F5

210FF6

CDEG6F@

Fl

CD21F1

NOP
NOP

NOP

MVI
ouT
NOP

IN
NOP

IN
ANI
Jz

XRA
MOV
MOV
INR
OuT
MVI
OouT
NOP

IN
ORA
JP
IN
MOV
INX
Jmp

IN
ORA
Jz
PUSH
LXI
CALL
POP
CALL

A,3
FDC

WAIT

FDC
4
TKO

A

L,A
H,A

A
FDCSEC
A,08CH
FDC

WAIT

A
BOOTDN
FDCDATA
M,A

H

FDCRD

FDC

A

2

PSW
H,BTERR
MSG

PSW
THXB

e we

.~ =

-e -e

me wme wo

~e wo ®e ws W wg

W ma WS gy W qy W w

GET A RESTORE
ISSUE COMMAND

WAIT FOR
INTRQ

CHECK TRACK ¢

POINT AT LOC 0

SET SECTOR
GET READ COMMAND
ISSUE COMMAND

WAIT FOR INTRQ
OR DRQ

EXIT IF INTRQ

GET DATA

STORE

POINT NEXT

CHECK STATUS
@ = NO ERROR
OK, GO
SAVE ERROR
PRINT

DISK ERROR
GET ERROR
PRINT 1T



INPUT / OUTPUT PORT ASSIGMENTS

Address Function

60 Read/Write S10 Channel A Data port

gl Read/Write SI0 Channel A Status/Control Port
g2 Read/Write S10 Channel B Data port

B3 Read/Write S10 Channel B Status/Control Port
g4 Read/Write P10 Channel A Data port

85 Read/Write P10 Channel B Data port

0o Write P10 Channel A Control port

@7 Write P10 Channel B Control Port

08 Read/Write CTC Channel @ Control Port

g9 Read/Write CTC Channel 1 Control Portol

ga Read/Write CTC Channel 2 Control Port

0B Read/Write CTC Channel 3 Control Port

gcC Read/Write FDC Command/States Port

gD Read/Write FDC Track Register

0E Read/Write FDC Sector Register

eF Read/Write FDC Data Port

10 Unused

11 Unused

12 ‘ Unused

13 Unused

14 Read/Write FDC Syncronization/Drive/Density
1t Write S100 Buss Extended Address AlG-A24
16 Write On-Board Memory Control Port

17 Unused

18 Unused

19 Unused

1A Unused

1B Unusecd

1C Unused

1D Unused

1k : ' Unused

1F Unused

All addresses are listed in Hexidecimal.
The unused input / output ports are internally decoded and

should not be used by external S16¢ 1/0 boards.
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4.ﬂ INPUT / OUTPUT PORT DISCR1PTIONS

4.1 Serial Communications Port A --- See Appendex A

6o Read/Wiite SI0 Channel A Data port

g1 Read/Write SI0 Channel A Status/Control Port
4.2 Serial Communications Port B --- See Appendex A

g2 Read/Write SI10 Channel B Data port

03 Read/Write S10 Channel B Stuatus/Control Port
4.3 Paralled Interface Port A --- Sece Appendix B

04 Read/Write PI0O Channel A Data port

g6 Write P10 Channel A Control Port
4.4  Pparallel Interface Port B --- See Appendix B

This port can be jumpered via jumpers E through P to the

5100 Vedtoted Interrupt lines or to connector J2 (see sec 6.0 )

85 Read/Write P10 Channel B Data port

07 Write P10 Channel B Control Port
4.5 Control Timmer Interrupt circuit --- See Appendix C

g8 Read/Write CTC Channel ¢ Control Port

89 Read/Write CTC Channel 1 Control Port

oA Read/Write CTC Channel 2 Control Port

0B Read/Write CTC Channel 3 Control Port
4.6 Floppy Disk Contirocllerx -— See Appendix D

gc Read/Write FDC Command/States Port

gD Read/Write FDC Track Register

gE Read/Write FDC Sector Register

gF Read/Write FDC Data Port

11



4.7 Floppy Disk Control Port
14 Read/Write FDC Syncronization/Drive/Density

Port Read :
ccC
When the cpu reads this port the cpu is placed into & wait

state until a data byte can be transfered to or from the floppy
disk controller or untill the command completé/terminate status
(INTRQ) is set by the floppy disk controller. The floppy disk
controller INTRQ status bit is placed on the data bus as bit D7.
This bit can be tested to determine if data is to be transfered

of if the command is complete.

+ + + +
1t p7 t D6 ¢ D5 ' D4 ! D3 ! D2 ! D1 ! DO ! D7 = MSB, D@ = LSB
+ + + +

! !
! ! +-- Don't care
! tomm e Don't care
e ntndtty Don't care

Fom e Don't care
---------------------- Don't care
--------------------------- Don't care

o e Don't care
-------------------------------- INTRQ* @=active, l=inactive

+o¢.-o-.-o—.—o-.-

Port Write :

The low two bits DB and D1 of this port control which drive is

selected.
D1 Do
@ 0 Disk drive @ selected
(/] 1 Disk drive 1 selected
1 0 Disk drive 2 selected
1 1 Disk drive 3 selected

12



' Bit D3 sets the density mode. When bit D3

selected. When bit D3 = 1, double density is selected.

= @, single density is

= MSB,

D@ = LSB

+-- Disk drive select bit D@

Disk drive select bit D1

@=HEAD @,1=HEAD 1

Density, @=single, l=double

= MSB,

S100 Buss Extended Address Al6-A23

D@ = LSB

B e kbt S e R e Kttt £
! D7 ' D6 ¢t D5 ' D4 ¢t D3 ! D2 ! D1 ! DO !} D7
e Dttt Rttt Rttt Rttt Rt et Ratatate £
! ! ! ! ! ! ! !
! ! ! ! ! ! !
! ! ! ! ! ! tm e e
! ! ! ! ! ‘o - S1IDE SELECT,
! ! ! ! e
! ! ! Frm - Don't care
! ! Fomr e ——— Don't care
! Rt it bttt ettt d b Dl D D) Don't care
o Don't care
4.8 Extended address port =--- See Section 8.1 (buss defination)
15 Write
Port Write : :
This port controls the S1086 Extended address lines.
BT T e bbb Sl R A +
! D7 ¢t D6 ! DS ' D4 ' D3 ¢ D2 ! D1 | DO ! D7
B e et e e R e +
! ! ! ! ! ! ! !
! ! ! ! ! ! ! +-- Al6
! ! ! ! ! ! tmm————— Al7
! ! ! ! ! e L Al8
! t ! ! e et L ety Al®
! ! v Fo e ————— e e n20
! ! e e A2l
! o e A22
e et A23

13



4.9 on-Board Memory Control Port
16 Write On-Board Memory Control Port

This port controls the onboard memory managment circuﬁt,

Prom enable and disable and power on Jjump reéet cirCuits.

Port write :

The four low order bits D@,D1,D2 and D3 switch the on‘board memory
in 16k banks corfesponding to address @@@0h-3FFFh,4000H-7FFFH,
800OH-BFFFH and C@P@-FFFFH on and off. When a particular bank is
switched off, external S10f# memory can be accessed in that

banks address range. This feature allows external memory to be
added to the system for multi—usér operating systems.

Bit D5 of this port switches the on-board EPROM on and off.:

The onboard EPROM occupies address FO@@H-FFFFH. The EPROM

is switched on automatically during reset or power on, the
EPROM contains SI0 and FDC initialization code along with a
simple debugger and floppy disk cold start loader. Afﬁer

the operating system is loaded the EPROM can be turned off -

so that the ram at address FOPOH-FFFFR can be accessed.

Bit D6 reset the power on jump circuit, Bit D6 must be set

high after a reset or power on situation before ram can

be accessed.

DO ! D7 = MSB, D@ = LSB
! ! ! l1=bank on, @=bank off
! ! +-- Memory Bank @@@@H-3FFFH
! fm—————— Memory Bank 4@0@GH-7FFFH
o Memory Bank 8000H-BFFFR
————————————————— Menoty Bank CO@@H-FFFFH
—————————————————————— Don't care
——————————————————————————— PROM enable=@, Disable=1
e bbbttt Power on jump reset=l
————————————————————————————————————— Don't care

Sus S fun Sew g G pem Oum

-+



5.0 Jumper Definitions

- — - —— o - S - —— — -

Jumper Function

A CPU clock rate 2mhz/4mhz

B External/Enternal Tx/Rx clock for SIO channel A

C External/Enternal 7TX/Rx clock for SI0 channel B

D Eight inch - five inch Drive selection

E Select S160 interrupt vector line Vi@ OR PINT.

P Select S100 interrupt vector VIO/PINT or Parallel

Port B bit DB on J2-25.
N Select S100 interrupt vector VI1 or Parallel
Port B bit D1 on J2-27.
M Select S180 interrupt vector VI2 or Parallel
Port B btit D2 on J2-29.
K Select 5160 interrupt vector VI3 or Parallel
Port B bit D3 on J2-31.
J Select S10@ interrupt vector V14 or Parallel
Port B bit D4 on J2-23.
H Select 5160 intcrrupt vector VIS or Parallel
Port B bit D5 on J2-35.
G Select S100 interrupt vector VI6 or Parallel
Port B bit D6 on J2-37.
F Select S100 interrupt vector VI7 or Parallel
Port B bit D7 on J2-39.
R Select 2716 or 2732 EPROM.
S Define floppy disk connector for eight ad five inch
drives. :
T Enal:le / Disable S101@8 bus memory write signal on
Jl - 68

6.0 Jumper Descriptions

- — - —— - - > - —

6.1 N CPU clock tate 2mhz/4mhz
This jumper determines the cpu clock rate.
The jumper is located below IC U7.

P S
t1 21 31
e el T S

lnstall Plug between posts 1 & 2 for 4mhz operation.

Install Plug between posts 2 & 3 for 2mhz operation.

6.2 B External/internal Tx/RxX clock for SI0 channel A
Jumper B connects the S1I0 channel A to either the internal baud rate

9 . . . .
generator or to the connector J4 pin 9 for usc in sycronous applications.-

15



Jumper B is located near J5.

+-——+
11! Connector J5 pin 9
+———t
[;! 2 ! SIO Tx/Rx clock input
+=—=—t :
! 3! Baud rate generator channel A
e 5

Install Plug between posts 1 & 2 for external SIO clock.

Install Plug between posts 2 & 3 for Baud rate generator.

6.3 C External/internal Tx/Rx clock for S10 channel B
Jumper C connects the SIO channel B to either the internal baud rate
generator or to connector J5 pin 9 for use in sycronous applications.

Jumper C is located near J5.

+-——+
t 1t Connector J5 pin 9
+--=+ ' ‘

{:! 21 SI1I0 Tx/Rx clock input
et »
1 3! Baud rate generator channel B
+-——+

Install Plug between posts 1 & 2 for external SIO clock.

Install Plug between posts 2 & 3 for Baud rate generator.

6.4 D Eight inch - five inch Drive selection

Jumper D is located near IC U2.

=t
[j! 6 ! 8 inch floppy clock source
t-——t
t 5! FDC clock input
+-——+
! 4! 5.25 inch floppy clock source
+--—+
1 3 5.25 head load/motor
4=t
! 2! Head load source
Zr+~-—+
11t 8 inch head load
-t

Install Plug between posts 1 & 2 and 5 & 6 for 8 drives.

Install Plug between posts 2 & 3 and 4 & 5 for 5.25 inch drives.

16



Note : There are other board modifications needed to interface

the FDC to a 5.25 inch drive.

6.5 E Select 5100 interrupt vector line VIP OR PINT.
Jumper E selects the intezrdpt line to be.used when channel B
bit D@ is programmed for interrupts.

Jumper E is located below IC US8.

+
!
e s Rttt
Install Plug between posts 1 & 2 for VI@ interrupt pin. (J1-4)

Install Plug between posts 2 & 3 for PINT interrupt pin. (J1-73)
6.6 yF Select S100 interrupt vector VIO/PINT or Parallel
Port B bit D@ on J2-25.
This jumper is located near connector J2.
T s e et
t 1y 2 31
e b=
Install Plug between posts 1 & 2 to connect the PIO bit D@
to J2 pin 25 (when the PIO bit is programmed for input/output).
Install Plug between posts 2 & 3 to connect the P10 bit D@
to the jumper selector area E, VIO/PINT (when the PIO bit is
programmed for interrupt mode).
6.7 NG Select S10¢ interrupt vector V1l or Parallel
Port B bit D1 on J2-27.
This jumper is located near connector J2.
FIPFU et s SRS
11t 21 3!
. e B Rt
Install Plug between posts 1 & 2 to connect the PIO bit D1
to J2 pin 25 (when the PIO bit is programmed for input/output).
Install Pluyg between posts 2 & 3 to connect the PIO bit DIl

to the vectored interrupt line VIl (when the PIO bit is

programmed for interrupt mode).

17



6.8 M Select S1@@ interrupt vector VI2 or Parallel

Port B bit D2 on J2-29.

This jumper is located near connector J2.
: SR sl s NS

i1 121t 31
bt R
Install Plug between posts 1 & 2 to connect the PIO bit D2

to J2 pin 25 (when the PIO bi; is programmed for input/output).

Install Plug between posts 2 & 3 to connect the PIO bit D2
to the vectored interrupt line Vi2 (when the PIO bit is
programmed for interrupt mode).
6.9 XJ Select S106 interrupt vector VI3 or Parallel
Port B bit D3 on J2-31.

This jumper is located near_connector J2.

T et T S P S

121 31
Install Plug between posts 1 & 2 to connect the PIO bit D3

to J2 pin 25 (when the PIO bit is programmed for input/output).

Install Plug between posts 2 & 3 to connect the PIO bit D3
to the vectored interrupt line VI3 (when the PIO bit is
programmed fdr interrupt mode).
6.10 JK Select S180 interrupt vector V14 or Parallel
Port B bit D4 on J2-33.

This jumper is located near connector J2.

SIS Nl s R

1 v 21 3¢

el e Rttt &
Install Plug between posts 1 & 2 to connect the PIO bit D4
to J2 pin 25 (when the P10 bit is programmed for input/output).
Install Plug between posts 2 & 3 to connect the PIO bit D4
to the vectored interrupt linr Vi4 (when the PIO bit is
programmed for interrupt mode).

6.11 H M Select S160 interrupt vector VIS5 or Parallel
Port B bit D5 on J2-35.

18



This jumper is located near connector J2.

e e e
Install Plug between posts 1 & 2 to connect the PIO bit D5

to J2 pin 25 (when the P10 bit is programmed for input/output).

»

Install Plug between posts 2 & 3 to connect the PIO bit DS
to the vectored interrupt line V15 (when the PIO bit is
programmedvfor interrupt mode).

6.12 2 N Select S100 interrupt vector VI6 or Parallel

Port B bit D6 on J2-37.

This jumper is located near_connector J2.
.|,_...._+_,.C$:‘.._+

t1 20 31
i et tel P
Install Plug bctween posts 1 & 2 to connect the PIO bit D6
to J2 pin 25 (when the P10 bit is programmed for input/output).
Install Plug between posts 2 & 3 to connect the PIO bit D6
to the vectored interrupt line VIi6 (when the PIO bit is

programmed for interrupt mode).

6.13 P Select S10f interrupt vector VI7 or Parallel
Port B bit D7 on J2-39.

This jumper is located near connector J2.
Install Plug between posts 1 & 2 to connect the P10 bit D7
to J2 pin 25 (when the PIO bit is programmed for input/output).

Install Plug between posts 2 & 3 to connect the PIO bit D7
to the vectored interrupt line VI7 (when the P10 bit is

programmed for interrupt mode).

6.14 R Select 2716 or 2732 EPROM.
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Jumper R configures

the board to accept a 2716 or

Jumper R is located near the Z88 chip.

Address line All

t———t

11

ot

1 2 ) EPROM input
{ R

1 3! +5 volts

+———t

Install Plug between posts 1 & 2 for
Install Plug between posts 2 & 3 for
Note The EPROM is always addressed

be moved. Since the 2716 EPROM is 2K

a 2732 EPROM.
a 2716 EPROM.
at F806H and can not

long it appears

2732 EPROM,

twice , EB8OOH-FC@BH and FBFFH-FFFFH.

6.15 s Define floppy disk connector for eight ,

drives and FDC chip type.

five inch

This jumper is located U26.

! 1g! 11t 12!
fommt e+
For 8" set-up plug the following jumpers:
ltod ,2to03,5t06,7to08.

For 5 1/4" plug the following jumpers:
l1to2,5t08,6t09,7to0l0,11tol2.(see factory

installed jumpers
additional jumpers or changes.)

for

20



6.16 T Enable / Disable S16¢ bus memory write signal on
Jl - 68
This jumper is located near Ul8.

Install Plug between posts 1 & 2 to connect the memory write
signal (MEMWR) to the S108 bus pin 68.

7.0 Baud Rate Switch

The baud rate of the two serial channels can be select separately
by setting the baud rate switch. The baud rate switch is an 8
pole switch located near U54. 1t is split into two sections.
Switches 1,2,3,4 set the baud_rate for the S1I0 channel B and

switches 5,6,7,8 set the baud rate for the SI0 channel A.

e e e + OFF (up)
SWl '8! 716 1t5 141312111
Rt D et + ON (down)

<- Channel B -> <- Channel A ->
7.1 Baud rate switch setting

Switch 8 7 6 5 Channel B baud rate
Switch 4 3 2 1 Channel A baud rate

- ———————— —_— -~ ——————— - —————————— — —————— . — —— ——

on on on on 5@
off on on on 75

on off on on 116
off off on on 134.5
on on off on 15¢
off on off on 300
on off off on 600
off off off on 1200
on on on off 1800
off on on off 2000
on off on off 2480
off off on off 3600
on on off off 4800
off on off off 7200
on off off off 26¢€@
off off off off 19,200

For exact baud rate frequencies see Appendix D
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8.0 External Connector Pin definitions

——— ——————— ———— — — i ——— -

8.1 Connector J1 - S108 bus connector

PIN$ NAME PIN # NAME

1 +8V 51 +8V

2 +16V 52 -16V

3 XRDY 53 GND

4 Vig* 54 SLAVE CLR*
5 V1l* 55-57 DMAO* -DMA2*
6 Vi2* 58 SXTRQ*
7 VI3* 59 AlS

8 V14 60 SIXTN*
9 VIS* 61-64 A20-A23
10 VIi6* 65,65 NDEF

11 vi7* 67 PHANTOM®*
12 NMI* 68 ' MWRT

13 PWRFAIL* 69 RFU

14 DMA3* 70 , GND

15 Al8 71 RFU

16 Al7 72 RDY

17 Al6 73 INT*

18 SDSB* 74 HOLD*
19 CDSB* 75 RESET*
20 GND 76 PSYNCH
21 NDEF 77 PWR*

22 'ADSB* 78 PDBIN
23 DODSB* 79-87 AG-All
24 4] 88-95 D02-D1@
25 PSTVAL* 96 SINTA
26 PHLDA 97 SWO*
27,28 RFU 98 ERROR*
29-34 AS5,A4,A3,A15,A12,A9

35 DO1/DATA 1 99 POC¥*

36 DO@/DATA @ 100 GND

37 AlQ

38 D04

39 DO5

40-43 D06,D12,DI3,D17

44 SMI

45 sSouT

46 SINP

47 SMEMR

48 SHLTA

49 CLOCK

50 GND
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8.2 Connector J2 -

1 ARDY

2 ARDY RET

3 ASTRB¥*

4 ASTRB RET

5 PAQ

9] PAO RET

7 PAl

8 PAl RET

9 PA2

10 PA2 RET

11 PA3

12 PA3 RET

13 PA4

14 PA4 RET

15 PAS

16 PAS RET

17 PAG

18 PA6 RET

19 PA7

20 PA7 RET

21 BRDY

22 BRDY RET

23 BSTRB*
_ 24 BSTRB RET
* 25 PBY

26 PBO RET
* 27 PB1

28 PB1 RET
* 29 PB2

30 PB2 RET
* 31 PB3

32 PB3 RET
* 33 PB4
‘ 34 PB4 RET
* 35 PB5

36 PB5 RET
* 37 PB6

38 PB6 RET
* 39 PB7

49 + 5 VOLTS
* Note

vectored interrupt lines,

P10 Channel
ground
P10 Channel
ground
P10 Channel
ground
P10 Channel
ground
PI0O Channel
ground
PIO Channel

ground

P10 Channel
ground
PI0O Channel
ground
PIO Channel
ground
P10 Channel
ground
P10 Channel
ground
P10 Channel
ground
PIO Channel
ground
PIO Channel
ground
PIO Channel
ground
P10 Channel
ground
P10 Channel
ground
PI0 Channel
ground
P10 Channel

ground
P10 Channel

pParallel port connector

A

> > ¥

>

ready signal
strobe

data bit D¢

data bit D1

data bit D2

data bit D3

data bit D4

data bit D5

data bit D6

data bit D7

ready signal
strobe

data bit D@

data bit Dl

data bit D2

data bit D3

data bit D4

data bit D5

data bit D6

data bit D7

These pins can can be jumpered to the S100 bus



8.3 Connector J3 Floppy disk connector

8 inch 5.25% inch

1 ground

2 Alternate Head 2%
3 ground

4 N/C

5 ground

6 N/C

7 ground

8 N/C

9 ground

10 N/C

11 ground

12 N/C

13 ‘ ' ground

14 Head 2%

15 ' ground

16 N/C

17 1 ground

18 2 Head load*

19 3 ground

20 4 Index*

21 5 ground

22 6 Ready*

23 7 ground

24 8 Above Track 43*%*
25 9 ground

26 1¢ Drive select @*
27 11 ground

28 12 Drive select 1%
29 13 ground

30 14 Drive select 2%
31 15 ground

32 16 Drive select 3*
33 17 : ground

34 18 Direction

35 19 : ground

36 2¢ Step*

37 21 ground

38 22 Write Data*

39 23 ground

49 24 Write gate?®

41 25 ground

42 26 Track @*

43 27 ground

44 28 Write protect¥®
45 29 ground

46 30 Read data*

47 31 ground

48 32 Motor on*

49 33 ground

50 34 ‘ N/C
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4

8.5

Connector

WOOIAU &S WN -

Connector

WO JAWU & WN -

J4a -

N/C

DCDA*
SYNCA*
RxXDA
CTSA*
TXDA
RTSA*
DTRA*
TX/RXCA*
GND

N/C

+16 VOLTS
-16 VOLTS
+5 VOLTS

J5 -

N/C

DCDA*
SYNCA*
RxXDA
CTSA*
TXDA
RTSA?
DTRA*
TX/RXCA*
GND

N/C

+16 VOLTS
-16 VOLTS
+5 VOLTS

Serial port Channel A

Data Carrer Detect Channel A *
Sync Detect

Receive data

Clear to send

Transmit data

Request to send

Data terminal ready

Transmitt / receive clock

Serial port Channel B

Data Carrer Detect Channel A *
Sync Detect

Receive data

Clear to send

Transmit data

Request to send

Data terminal ready

Transmitt / receive clock
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18.0

19.1

Factory Installed Jumpers

—— e —————————— - ———— —————

Jumper

A -2 CPU clock 4mhz

B 2-3 Tx/Rx clock for SIO A internal

C 2-3 TX/RX clock for SIO B internal

D 1-2,5-6 Eight inch Drive selection

E 1-2 Select vector line V1@

F 2-3 Parallel Port B bit D@ on J2-25.
G 2-3 Parallel Port B bit D1 on J2-27.
H 2-3 Parallel Port B bit D2 on J2-29.
J 2-3 Parallel Port B bit D3 on J2-31.
K 2-3 Parallel Port B bit D4 on J2-33.
M 2-3 Parallel Port B bit DS on J2-35.
N 2-3 Parallel Port B bit D6 on J2-37.
P 2-3 Parallel Port B bit D7 on J2-39.
R 2-3 Select 2716

S 1,9;2,3;5,6;7,8 define floppy disk connector

T 1-2 Enable S100 bus memory write signal
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Factory Installed jumpers for 5.25 inch floppy option

Jumper

A 2-3 CPU clock 4mhz

B 2-3 TX/Rx clock for SIO A internal

C 2-3 Tx/Rx clock for SIO B internal
D 1-2,5-6 Eight inch Drive selection

E 1-2 Select vector line VI@

F 2-3 Parallel Port B bit D@ on J2-25.
G 2-3 Parallel Port B bit D1 on J2-27.
R 2-3 Parallel Port B bit D2 on J2-29.
J 2-3 Parallel Port B bit D3 on J2-31.
K 2-3 Parallel Port B bit D4 on J2-33.
M 2-3 Parallel Port B bit D5 on J2-35.
N 2-3 Parallel Port B bit D6 on J2-37.
P 2-3 Parallel Port B bit D7 on J2-39,.
R 2-1 Select 2716

s 1,2;5,8;6,9;7,106;11,12 Define floppy disk connector

T 1-2 Enable S1¢0 bus memory write signal

(to convert an 8" board to 5 1/4" the following is required in addi-
tion to the addendum)

Capacitor C22 is changed to a 1060pf or parallel a 47pf with it.

Capacitor C6 is changed to a 10mf.

Resistor R4 is changed to 22¢k ohm

Re-adjust the phase lock loop by adjusting the R26 pot.

An easy way to adjust would be to put one trace of the scope on

pin 7 of the u27(74s124) and the other channel on a 2 MRZ.
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16.3

Shugart SA 80¢ Jumpers

—— - ——— —————— — — — - — — — ——

Disk drive jumpers

Remove all jumpers on the disk drive. Install jumpers as follows:

Jumper
Jumper
Jumper
Jumperxr
Jumper
Jumper
Jumper
Jumper
Jumper

19.4

Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper
Jumper

Y

C
T2
Tl
800
L
A

B
DS

Shugart 850

—— o —

M
FM,MFM

DS1 for drive 1 and DS2 for drive 2

install termination at the end of cable.

16.6 MFE

Model 700

Disk drive jumpers

Install jumpers as follows:

Jumper
C Jumper
Jumper
Jumper
Jumper
Jumper

J3
RHL
J4
L-1
J3
WPl

Jumper
Junper
Jumper
Jumper
Jumper
Junper

Jl1-4,J1-8
Jlg

J7

551

SE2
Jl1,HS]

29



10.7 TANDON SLIM LINE
Disk drive jumpers
Install jumpers as follows:

DS1 OR DS2
INSTALL THE TERMINATION RES. AT THE END OF THE CABLE

10.8 NEC model FD1160
Disk drive Jumpers

Install jumpers as follows:

Jumper C Jumper PRI
Jumper N Jumper DLD
Jumper HLS Jumper FU
Jumper M

10.9 QUME data track 8

Disk drive jumpers
Install jumpers as follows:

DSl OR DS2
CuT X
CuT Z
CuT L
INSTALL Y
INSTALL C

19.9.1 TANDON 5 1/4 " DRIVE(48TP1)
Disk drive jumpers
Install jumpers as follows:

On the dip shunt header only pin2,7,8 are on.
for DS1 and pins3,7,8 for DS2.
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11.0 appendex & Data sheets

-t ———————— ——— — - — - —

11-1 Appendex A - ngA SIO / DART e s 0000009 0
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28470 Z80°DART
Dual Asynchronous
Recelver/Transmitter

Ya

Product
Specification

March 1981
Features 8 Two independent full-duplex channels with ®| In x1 clock mode, data rates are 0 to 500K

separate modem controls. Modem status can bits/second with a 2.5 MHz clock, or 0 to
be monitored. 800K bits/second with a 4.0 MHz clock.

B Receiver data registers are quadruply buf- B Programmable options include 1, 1¥2 or 2
fered; the transmitter is doubly buffered. stop bits; even, odd or no parity; and x1,

Interrupt features include a programmable x16, x32 and x64 clock modes.
interrupt vector, a “status affects vector” @ Break generation and detection as well as
mode for fast interrupt processing, and the parity-, overrun- and framing-error detec-
standard Z-80 peripheral daisy-chain inter- tion are available.
rupt structure that provides automatic inter-
rupt vectoring with no external logic.

Description The Z-80 DART (Dual-Channel Asynchro- modem controls are not needed, these lines
nous Receiver/Transmitter) is a dual-channel can be used for general-purpose I/O.
multi-function peripheral component that Zilog also offers the Z-80 SIO, a more ver-
satisfies a wide variety of asynchronous serial satile device that provides synchronous
data communications requirements in micro- (Bisync, HDLC and SDLC) as well as asyn-
computer systems. The Z-80 DART is used as a chronous operation.
serial-to-parallel, parallel-to-serial converter/ The Z-80 DART is fabricated with n-channel
controller in asynchronous applications. In silicon-gate depletion-load technology, and is
addition, the device also provides modem con- packaged in a 40-pin plastic or ceramic DIP.
trols for both channels. In applications where

4 Dy ——t{ e RxDA 3
D,y ——b] }+——— RxCA
D =i} > Tx0A
CPU Dy —nt] | S— o, 1 40 [ 0,
":L:{ Dyt | WO 0.2 wJo,
Dy —] CH-A os[]s s8]0,
Dy ] e RA o[« 37 o,
\ D, +——>] | ATSA — Wrs :uglo_nd
- ©[Je 3 [
L ﬁ CONTROL 1EQ E 7 a: (] ek
EE ——] | e—— OTDA W] n[]cb
RESET Z.80 DART Voo [ 9 a2 {] A6
Wi —] WIRDYA [ 10 2.60 oART ! (] GND
CONTROL |  iGRG ——] | DY 3 A1A [] 11 30 [] wirovs
rzg: 5. KeTiCE RxDA [m X 20 [7] FB
L 08 AxcA [ 13 28 {] Rx0B
- WIRDYE Tea [ 27 [] RxTxCB
/b ——»] oA (] 15 28 [} <08
8/A ——»] CH-B bTRA [ 18 25 [7] DTRB
A ATSA [ 17 24 |} ATSB
MODEM CEA[] n[]crse
H T:_, . s‘s%': CONTROL oA [ 19 22 |} 6coB
"‘g::::;{ 1E0 <] e 5c05 ] cik [ 20 21 [] RESET
+5V GND CLX
Figure 1. Z80 DART Pin Functions Figure 2. Pin Assignments
2044-002, 007
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Pin .
Description

B/A. Channel A Or B Select (input, High
selects Channel B). This input defines which
channel is accessed during a data transfer be-
tween the CPU and the Z-80 DART. :

C/D. Control Or Data Select (input, High
selects Control). This input specifies the type
of information (control or data) transferred on
the data bus between the CPU and the Z-80
DART.

CE. Chip Enable (input, active Low). A Low at
this input enables the Z-80 DART to accept
command or data input from the CPU during a
write cycle, or to transmit data to the CPU
during a read cycle.

CLK. System Clock (input). The Z-80 DART
uses the standard Z-80 single-phase system
clock to synchronize internal signals.

CTSA. CTSB. Clear To Send (inputs, active
Low). When programmed as Auto Enables, a
Low on these inputs enables the respective
transmitter. If not programmed as Auto
Enables, these inputs may be programmed as
general-purpose inputs. Both inputs are
Schmitt-trigger buffered to accommodate slow-
risetime signals.

Dg¢-Dy. System Data Bus (bidirectional,
3-state) transfers data and commands between
the CPU and the Z-80 DART.

DCDA, DCDB. Data Carrier Detect (inputs,
active Low). These pins function as receiver
enables if the Z-80 DART is programmed for
Auto Enables; otherwise they may be used as
general-purpose input pins. Both pins are
Schmitt-trigger buffered.

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

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

IEO. Interrupt Enable Out (output, active
High). IEO is High only if IEl is High and the
CPU is not servicing an interrupt from this
Z-80 DART. Thus, this signal blocks lower
priority devices from interrupting while a
higher priority device is being serviced by its
CPU interrupt service routine.

INT. Interrupt Request (output, open drain,
active Low). When the Z-80 DART is re-
questing an interrupt, it pulls INT Low.

MI. Machine Cycle One (input from Z-80
CPU, active Low). When M1 and RD are both
active, the Z-80 CPU is fetching an instruction
from memory; when Ml is active while IORQ is

active, the Z-80 DART accepts M1 and IORQ

as an interrupt acknowledge if the Z-80 DART
is the highest priority device that has inter-
rupted the Z-80 CPU.

IORQ. /nput/OQutnut Request (input from CPU,
active Low). IORQ is used in conjunction with
B/A, C/D, CE and RD to transfer commands
and data between the CPU and the Z-80
DART. When CE, RD and IORQ are all
active, the channel selected by B/A transfers
data to the CPU (a read operation). When CE
and IORQ are active, but RD is inactive, the
channel selected by B/A is written to by the
CPU with either data or control information as
specified by C/D.

RxCA, RxCB. Receiver Clocks (inputs).
Receive data is sampled on the rising edge of
RxC. The Receive Clocks may be 1, 16, 32 or
64 times the data rate.

RD. Read Cycle Status. (input from CPU, ac-
tive Low). If RD is active, a memory or /O
read operation is in progress.

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

RESET. Resef (input, active Low). Disables
both receivers and transmitters, forces TxDA
and TxDB marking, forces the modem controls
High and disables all interrupts.

RIA. RIB. Ring Indicator (inputs, Active
Low). These inputs are similar to CTS and
DCD. The Z-80 DART detects both logic level
transitions and interrupts the CPU. When not
used in switched-line applications, these inputs
can be used as general-purpose inputs.

RTSA. RTSB. Request fo Send (outputs,
active Low). When the RTS bit is set, the RTS
output goes Low. When the RTS bit is reset,
the output goes High after the transmitter
empties.

TxCA., TxCB. Transmitter Clocks (inputs). TxD
changes on the falling edge of TxC. The
Transmitter Clocks may be 1, 16, 32 or 64
times the data rate; however, the clock
multiplier for the transmitter and the receiver
must be the same. The Transmit Clock inputs
are Schmitt-trigger buffered. Both the Receiver
and Transmitter Clocks may be driven by the
Z-80 CTC Counter Time Circuit for program-
mable baud rate generation.

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

W/RDYA, W/RDYB. Wait/Ready (outputs,
open drain when programmed for Wait func-
tion, driven High and Low when programmed
for Ready function). These dual-purpose out-
puts may be programmed as Ready lines for a
DMA controller or as Wait lines that syn-
chronize the CPU to the Z-80 DART data rate.
The reset state is open drain.
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Functional
Description

The functional capabilities of the Z-80 DART
can be described from two different points of
view: as a data communications device, it
transmits and receives serial data, and meets
the requirements of asynchronous data com-
munications protocols; as a Z-80 family
peripheral, it interacts with the 2-80 CPU and
other Z-80 peripheral circuits, and shares the
data, address and control buses, as well as
being a part of the Z-80 interrupt structure. As
a peripheral to other microprocessors, the Z-80
DART offers valuable features such as non-
vectored interrupts, polling and simple hand-

shake capability.

The first part of the following functional
description introduces Z-80 DART data com-
munications capabilities; the second part
describes the interaction between the CPU and
the Z-80 DART.

A more detailed explanation of Z-80 DART
operation can be found in the Z-80 SIO Tech-
nical Manual (Document Number 03-3033-01).
Because this manual was written for the
Z-80 SIO, it contains information about syn-
chronous as well as asynchronous operation.

Communications Capabilities. The Z-80
DART provides two independent full-duplex
channels for use as an asynchronous
receiver/transmitter. The following is a short
description of receiver/transmitter capabilities.
For more details, refer to the Asynchronous
Mode section of the Z-80 SIO Technical
Manual. The Z-80 DART offers transmission
and reception of five to eight bits per
character, plus optional even or odd parity.
The transmitter can supply one, one and a half
or two stop bits per character and can provide
a break output at any time. The receiver break
detection logic interrupts the CPU both at the
start and end of a received break. Reception is
protected from spikes by a transient spike re-
jection mechanism that checks the signal one-
half a bit time after a Low level is detected on
the Receive Data input. If the Low does not
persist—as in the case of a transient—the
character assembly process is not started.

Framing errors and overrun errors are
detected and buffered together with the
character on which they occurred. Vectored
interrupts allow fast servicing of interrupting
conditions using dedicated routines. Further-
more, a built-in checking process avoids inter-
pretit « » framing error as a new start bit: a
fram’ vor results in the addition of one-half
a bit time to the point at which the search for
the next start bit is begun.

The Z-80 DART does not require symmetric
Transmit and Receive Clock signals—a feature
that allows it to be used with a Z-80 CTC or
any other clock source. The transmitter and
receiver can handle data at a rate of 1, 1/16,
1/32 or 1/64 of the clock rate supplied to the
Receive and Transmit Clock inputs. When
using Channel B, the bit rates for transmit and
receive operations must be the same because
RxC and TxC are bonded together (RxTxCB).

1/0 Interface Capabilities. The Z-80 DART

offers the choice of Polling, Interrupt (vectored

or non-vectored) and Block Transfer modes to
transfer data, status and control information to

INTERNAL
CONTROL
LOGIC

DATA %

and from the CPU. The Block Transfer mode
can be implemented under CPU or DMA
control.

—
SERIAL DATA

S CHANNEL A f—
; / | «—— CHANNEL CLOCKS
b—— WAIT/IREADY
CHANNEL A ; WAITIREADY
READ/WRITE
REGISTERS

e
CHANNEL A

|«—— MoDEM OR
cDiscReTe | |—» oTHERCONTROLS
STATUS [

f— RIA

cPy ey
BUS IO — i

C5 5 INTERNAL BUS

CONTROL T 5 7. %

INTERRUPT ~——1 INTERRUPT
CONTROL —1 CONTROL
LINES =il LoGIC

+5VGND CLK

-——
[-+—— MODEM OR
[—> OTHER CONTROLS
—

CHANNEL 8
DISCRETE
CONTAROL AND

STATUS 1B

CHANNEL B
READ/WRITE
FEGISTERS

™ SERIAL DATA
e

CHANNEL B <#—— CHANNEL CLOCK

—> WAIT/READY

Figure 3. Block Diagram

2044-001
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Functional
Description
(Continued)

POLLING. There are no interrupts in the
Polled mode. Status registers RRO and RR1 are
updated at appropriate times for each function
being perforimed. All the interrupt modes of
the Z-80 DART must be disabled to operate the
device in a polled environment.

While in its Polling sequence, the CPU
examines the status contained in RRO for each
channel; the RRO status bits serve as an
acknowledge to the Poll inquiry. The two RRO

status bits Dy and D, indicate that a data
transfer is needed. The status also indicates
Error or other special status conditions (sée
“Z-80 DART Programming”). The Special
Receive Condition status contained in RR1
does not have to be read in a Polling sequence
because the status bits in RR1 are accom-
panied by a Receive Character Available
status in RRO.

INTERRUPTS. The Z-80 DART offers an
elaborate interrupt scheme that provides fast
interrupt response in real-time applications. As
a member of the Z-80 family, the Z-80 DART
can be daisy-chained along with other Z-80
peripherals for peripheral interrupt-priority
resolution. In addition, the internal interrupts
of the Z-80 DART are nested to prioritize the
various interrupts generated by Channels A
and B. Channel B registers WR2 and RR2 con-
tain the interrupt vector that points to an inter-
rupt service routine in the memory. To
eliminate the necessity of writing a status
analysis routine, the Z-80 DART can modify the
interrupt vector in RR2 so it points directly to
one of eight interrupt service routines. This is
done under program control by setting a pro-
gram bit (WR1, D,) in Channel B called
“Status Affects Vector.” When this bit is set,
the interrupt vector in RR2 is modified accord-
ing to the assigned priority of the various
interrupting conditions.

Transmit interrupts, Receive interrupts and
External/Status interrupts are the main sources
of interrupts. Each interrupt source is enabled
under program control with Channel A having
a higher priority than Channel B, and with
Receiver, Transmit and External/Status inter-
rupts 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 inter-
rupt the CPU in one of three ways:

B Interrupt on the first received character
B Interrupt on all received characters
m Interrupt on a Special Receive condition

Interrupt On First Character is typically
used with the Block Transfer mode. Interrupt
On All Receive Characters can optionally
modify the interrupt vector in the event of
a parity error. The Special Receive Condition
interrupt can occur on a character basis. The
Special Receive condition can cause an inter-
rupt only if the Interrupt On First Receive
Character or Interrupt On All Receive Char-
acters mode is selected. In Interrupt On First
Receive Character, an interrupt can occur
from Special Receive conditions (except Parity
Error) after the first receive character interrupt
(example: Receive Overrun interrupt).

The main function of the External/Status
interrupt is to monitor the signal transitions of
the CTS, DCD and RI pins; however, an
External/Status interrupt is also caused by the
detection of a Break sequence in the data
stream. The interrupt caused by the Break
sequence has a special feature that allows the
Z-80 DART to interrupt when the Break
sequence is detected or terminated. This
feature facilitates the proper termination of the
current message, correct initialization of the
next message, and the accurate timing of the
Break condition.

CPU/DMA BLOCK TRANSFER. The Z-80
DART provides a Block Transfer mode to
accommodate CPU block transfer functions
and DMA block transfers (Z-80 DMA or other
designs). The Block Transfer mode uses the
W/RDY output in conjunction with the
Wait/Ready bits of Write Register 1. The
W/RDY output can be defined under software
control as a Wait line in the CPU Block

Transfer mode or as a Ready line in the DMA
Block Transfer mode.

To a DMA controller, the Z-80 DART Ready
output indicates that the Z-80 DART is ready to
transfer data to or from memory. To the CPU,
the Wait output indicates that the Z-80 DART is
not ready to transfer data, thereby requesting
the CPU to extend the [/O cycle.
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Internal The device internal structure includes a Z-80 organize the programming process.
Architecture CPU interface, internal control and interrupt The logic for both channels provides for-
logic, and two full-duplex channels. Each mats, bit synchronization and validation for
channel contains read and write registers, and  data transferred to and from the channel inter-
discrete control and status logic that provides face. The modem control inputs Clear to Send
the interface to modems or other external (CTS), Data Carrier Detect (DCD) and Ring
devices. Indicator (RI) are monitored by the control
The read and write register group includes logic under program control. All the modem
five 8-bit control registers and two status control signals are general purpose in nature
registers. The interrupt vector is written into and can be used for functions other than
an additional 8-bit register (Write Register 2) modem control.
in Channel B that may be read through Read For automatic interrupt vectoring, the inter-
Register 2 in Channel B. The registers for both rupt control logic determines which channel
channels are designated as follows: and which device within the channel has the
WRO-WRS5 — Write Registers O through 5 hxghe.st prlonty.. Pnonty is fixed with Channel
RRO-RR2 — Read Redgisters O through 2 A assigned a higher priority than Channel B;
9 9 Receive, Transmit and External/Status inter-
The bit assignment and functional grouping rupts are prioritized in that order within each
of each register is configured to simplify and channel.
Data Path. The transmit and receive data path  service a Receive Character Available inter-
illustrated for Channel A in Figure 4 is iden- rupt in a high-speed data transfer.
tical for both channels. The receiver has three The transmitter has an 8-bit transmit data
8-bit buffer registers in a FIFO arrangement in register that is loaded from the internal data
addition to the 8-bit receive shift register. This bus, and a 9-bit transmit shift register that is
scheme creates additional time for the CPU to loaded from the transmit data register.
T INTERNALDATABUS - H
RECEIVE RECEIVE TRANSMIT DATA
AxcA —=| CLock SHIFT ReGISTER | START RL S SP AN
LogGIC
— —[ 38ITs ] sm{rjﬁi:lséz)ssrzn RE:IgI::(:):RE o ¢ [—Tca
Figure 4. Data Path
2044-003
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Read,
Write and
Interrupt
Timing

Read Cycle. The timing signals generated by
a Z-80 CPU input instruction to read a Data or

Status byte from the Z-80 DART are illustrated
in Figure 5a.

Write Cycle. Figure 5b illustrates the timing
and data signals generated by a Z-80 CPU out-

put instruction to write a Data or Control byte
into the Z-80 DART.

Interrupt Acknowledge Cycle. After receiv-
ing an Interrupt Request signal (INT pulled
Low), the Z-80 CPU sends an Interrupt
Acknowledge signal (M1 qnd IORQ both Low).
The daisy-chained interrupt circuits determine
the highest priority interrupt requestor. The IEI
of the highest priority peripheral is terminated
High. For any peripheral that has no interrupt
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 daisy
chain, all interrupt status signals are prevented
from changing while M1 is Low. When IORQ is
Low, the highest priority interrupt requestor
(the one with IEI High) places its interrupt vec-
tor on the data bus and sets its internal
interrupt-under-service latch.

Refer to the Z-80 SIO Technical Manual for
additional details on the interrupt daisy chain
and interrupt nesting.

Return From Interrupt Cycle. Normally, the
Z-80 CPU issues an RETI (Return From Inter-
rupt) instruction at the end of an interrupt ser-
vice routine. RETI is a 2-byte opcode (ED-4D)
that resets the interrupt-under-service latch to
terminate the interrupt that has just been
processed.

T T2 Tw T3 T

cLock

CE \»X/ CHANNEL ADDRESS X
IORQ
RD
Mi

Y grewn N

DATA out
) A 4

Figure 5a. Read Cycle

CLOCK I I l I I l I I I I I I

|

w 7 N\_____
Lveoron)
DATA < VECTOR )~

Figure Sc. Interrupt Acknowledge Cycle

When used with other CPUs, the Z-80 DART
allows the user to return from the interrupt
cycle with a special command called "Return
From Interrupt” in Write Register 0 of Channel
A. This command is interpreted by the Z-80
DART in exactly the same way it would inter-
pret an RETI command on the data bus.

Ty T2 Tw Ta T
CLOCK
CE =X/ cranneLaporess X
ioRa ;\ /
RD
M1

l
IEO :L/_

Figure 5d. Return from Interrupt Cycle
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Z-80 DART

To program the Z-80 DART, the system pro-

Programming gram first issues a series of commands that

initialize the basic mode and then other com-
mands that qualify conditions within the select-
ed mode. For example, the character length,
clock rate, number of stop bits, even or odd
parity are first set, then the Interrupt mode
and, finally, receiver or transmitter enable.

Both channels contain command registers
that must be programmed via the system pro-
gram prior to operation. The Channel Select
input (B/A) and the Control/Data input (C/D)
are the command structure addressing con-
trols, and are normally controlled by the CPU
address bus.

Write Registers. The Z-80 DART contains six
registers (WR0-WRS) in each channel that are
programmed separately by the system program
to configure the functional personality of the
channels (Figure 4). With the exception of
WRO, programming the write registers requires
two bytes. The first byte contains three bits
(Dg-D,) that point to the selected register; the
second byte is the actual control word that is
written into the register to configure the Z-80
DART.

WRO is a special case in that all the basic
commands (CMDy-CMD,) can be accessed
with a single byte. Reset (internal or external)
initializes the pointer bits Dy-D, to point to
WRO. This means that a register cannot be

pointed to in the same operation as a channel
reset.

Write Register Functions

WRO Register pointers, initialization commands for
the various modes, etc.

WRI1 Transmit/Receive interrupt and data transfer
mode definition.

WR2 Interrupt vector (Channel B only)
WR3 Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters
and modes

WR5 Transmit parameters and controls

Read Registers. The Z-80 DART contéins
three registers (RR0O-RR2) that can be read to
obtain the status information for each channel
(except for RR2, which applies to Channel B
only). The status information includes error
conditions, interrupt vector and standard
communications-interface signals.

To read the contents of a selected read
register other than RRO, the system program
must first write the pointer byte to WRO in
exactly the same way as a write register opera-
tion. Then, by executing an input instruction,
the contents of the addressed read register can
be read by the CPU.

The status bits of RRO and RRI are carefully
grouped to simplify status monitoring. For
example, when the interrupt vector indicates
that a Special Receive Condition interrupt has
occurred, all the appropriate error bits can be
read from a single register (RR1).

Read Register Functions

RRO Transmit/Receive buffer status, interrupt
status and external status

RR1  Special Receive Condition status
RR2 Modified interrupt vector (Channel B only)
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2-80 DART

READ REGISTER 0

Read and Write [0, 7525, . 5,]5:]5:]5]

Registers L Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY
pco
Rl

CTs

USED WITH “EXTERNAL/
STATUS INTERRUPT"

NOT usep | MODE

BREAK

| L ALL SENT
NOT USED
PARITY ERROR
Rx OVERRUN ERROR
FRAMING ERROR

NOT USED
*Used With Special Receive Condition Mode

WRITE REGISTER 0
r _: 0 0 0 REGISTERD
[ o 1 REGISTER 1
0 't 0 REGISTER2
0 1 1 REGISTERS
1 0 0 REGISTER4
t 0 1 REGISTERS
NULL CODE
NOT USED

RESET EXT/STATUS INTERRUPTS
CHANNEL RESET

ENABLE INT ON NEXT Rx CHARACTER
RESET TxINT PENDING

ERROR RESET

RETURN FROM INT (CH-A ONLY)

NOT USED

“aas0000
wn0Cmwaco
“0c-20a0uo

WRITE REGISTER 2 (CHANNEL B ONLY)

[o: 05 [os [oa [0, o o, oo

I_I

INTERRUPT
VECTOR

'WRITE REGISTER 4

L PARITY ENABLE
PARITY EVEN/IODD

=

[} 0 NOTUSED

0 1 1 STOP BIT/ICHARACTER

1 0 12 STOP BITS/ICHARACTER

1 1 2 STOP BITS/ICHARACTER
NOT USED

0 0 X1 CLOCKMODE

0 1 X18 CLOCK MODE

1 0  X32CLOCK MODE

1 1 X64 CLOCK MODE

E

READ REGISTER 2

[0+ ]2 [0s [0, Jos [0: [P T
Lw
iee
vaee
vaee
va
\H
ve

vr
**Vanabie It “Staws Aftects
Vector”" Is Programmed

WRITE REGISTER 1

[0r 0. [os o o Jo. o

—

WRITE REGISTER 3

AR

.

0

INTERRUPT
VECTOR

L EXT INT ENABLE

Tx INT ENABLE
STATUS AFFECTS VECTOR

(CH. B ONLY)
0 0 Rx INT DISABLE
0 1 Rx INT ON FIRST CHARACTER OR ON
1 0 INT ON ALL Rx CHARACTERS (PARITY | sPECIAL
AFFECTS VECTOR) RECEIVE

1 1 INT ON ALL Rx CHARACTERS (PARITY | CONDITION
DOES NOT AFFECT VECTOR)

WAIT/READY ON R/T
WAIT/READY FUNCTION
WAIT/READY ENABLE

L Rx ENABLE
NOT USED
AUTO ENABLES

Rx § BITS/ICHARACTER

0 Rx 7 BITSICHARACTER

1 Rx 6 BITSICHARACTER

1 R 8 BITSICHARACTER
WRITE REGISTER §
[0, T0s]os 0. j0; 70,0, Dy

L NOT USED

RTS

NOT USED

Tx ENABLE

SEND BREAK

wnoo
w00

DTR

Tx 5 BITS (OR LESS)
Tx 7 BITSICHARACTER
Tx 6 BITSICHARACTER
Tx 8 BITSICHARACTER

'CHARACTER
E
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28420
Z80° PIO Parallel
Input/Output Controller

Ya

Product

A ugn ]
Zilog Specification
March 1981
Features B Provides a direct interface between Z-80 B Programmable interrupts on peripheral
microcomputer systems and peripheral status conditions.
devices. m Standard Z-80 Family bus-request and
B Both ports have interrupt-driven handshake prioritized interrupt-request daisy chains
for fast response. imp!-mented without external logic.
B Four programmable operating modes: byte . B The eight Port B outputs can drive Dar-
input, byte output, byte input/output (Port A lington transistors (1.5 mA at 1.5 V),
only), and bit input/output.
General v The Z-80 PIO Parallel I/O Circuit is a pro- accomplished under interrupt control. Thus,
Description  grammable, dual-port device that provides a the interrupt logic of the PIO permits full use

TTL-compatible interface between peripheral
devices and the Z-80 CPU. The CPU contig-
ures the Z-80 PIO to interface with a wide
range of peripheral devices with no other
external logic. Typical peripheral devices that
are compatible with the Z-80 PIO include most
keyboards, paper tape readers and punches,
printers, PROM programmers, etc.

One characteristic of the Z-80 peripheral
controllers that separates them from other
interface controllers is that all data transfer
between the peripheral device and the CPU is

1Dy Ag f————s )
~—1 D, Ay f———
4—1D; Az [t
DATA | D3 Ay ft———n
BUS\ «—0|0D, Ay f——n
| D5 As [+=— > PORT A
e Ag f——
t————p-{ D7 A7 f——n
=} B/A SEL ARDY f———s
—|ciD sEL ASTB |4
PIO =
coNTROLY —|CE 2-80 PIO 8 j+— )
—| i B fe—
| i(ORC B; j——>
\ — | RD 8; f——n
E‘ | -
—p| +5V B [t PORT B
=] GND Bg [——
By j——>
—{cLk
BRDY p———i
wrerauer [ ™ 85T |+——
CONTROL { D
~——ie0

Figure 1. Pin Functions

of the efficient interrupt capabilities of the
Z-80 CPU during I/O transfers. All logic
necessary to implement a fully nested interrupt
structure is included in the PIO.

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

o, [ 1 40 [Jo,
o, 2 39{] o,
o [] 3 38 [] os
CE(] 4 7] wi
el s 36 [ ioRa
A ] s 3s[] Rp
a7 l]s;
s 33{] e
A e 328
A 10 31 ).,
GNDE w TEOPIO 18
A [ 12 2[7e,
] 28] By
[miall 7] 8
a s 6] +5v
AsTB [ 16 25[Jcik
BSTB [ 17 4 [Jwe
aroy [ 18 2 []iNt
0[] 19 22[Je0
o, ] 20 21 [] BROY

Figure 2. Pin Assignments
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General
Description
(Continued)

The Z-80 PIO intertaces to peripherals via
two independent general-purpose I/O ports,
designated Port A and Port B. Each port has
eight data bits and two handshake signals,
Ready and.Strobe, which control data transter.
The Ready output indicates to the peripheral
that the port is ready for a data transfer.
Strobe is an input from the peripheral that
indicates when a data transfer has occurred.

Operating Modes. The Z-80 PIO ports can be
programmed to operate in four modes: byte
output (Mode 0), byte input (Mode 1), byte
input/output (Mode 2) and bit input/output
(Mode 3).

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

In Mode 1, either Port A or Port B can be
configured in the input mode. Each port has
an input register addressed by the CPU. When
the CPU reads data from a port, the PIO sets
the Ready signal, which is detected by the
external device. The external device then
places data on the I/O lines and strobes the
1/0O port, which latches the data into the Port
Input Register, resets Ready, and triggers the
Interrupt Request, if enabled. The CPU can
read the input data at any time, which again
sets Ready.

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

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

not used. Instead, an interrupt is generated if
the condition of one input changes, or if all
inputs change. The requirements for gener-
ating an interrupt are defined during the pro-
gramming operation; the active level is
specified as either High or Low, and the logic
condition is specified as either one input active
(OR) or all inputs active (AND). For example,
if the port is programmed for active Low
inputs and the logic function is AND, then all
inputs at the specified port must go Low to
generate an interrupt.

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

B Individual bits can be masked off.

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

B When using the Z-80 PIO interrupts, the
2-80 CPU interrupt mode must be set to
Mode 2.

SYSTEM
S

cPU PIO

L]

+5V

=

1€l
2CITon

cTe
2CM0z  INT
1E0
1E) IEO
RxCA INT INT
TXCA  IEO 13}
RxCB
Tcs
WIRDYB ROY
sio DMA

Figure 3. PIO in a Typical Z80 Family Environment
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Internal
Structure

N

The internal structure of the Z-80 PIO con-
sists of a Z-80 CPU bus interface, internal con-
trol logic, Port A 1/O logic, Port B I/O logic,
and interrupt control logic (Figure 4). The
CPU bus interface logic allows the Z-80 PIO to
interface directly to the Z-80 CPU with no
other external logic. The internal control logic
synchronizes the CPU data bus to the per-
ipheral device interfaces (Port A and Port B).
The two I/O ports (A and B) are virtually
identical and are used to interface directly to
peripheral devices.

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

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

INTERNAL

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

Interrupt Control Logic. The interrupt control
logic section handles all CPU interrupt pro-
tocol for nested-priority interrupt structures.
Any device's physical location in a daisy-chain
configuration determines its priority. Two lines
(IEI and IEO) are provided in each PIO to
form this daisy chain. The device closest to the
CPU has the highest priority. Within a PIO,
Port A interrupts have higher priority than
those of Port B. In the byte input, byte output,
or bidirectional modes, an interrupt can be
generated whenever the peripheral requests a
new byte transfer. In the bit control mode, an
interrupt can be generated when the periph-
eral status matches a programmed value. The
PIO provides for complete control of nested
interrupts. That is, lower priority devices may
not interrupt higher priority devices that have
not had their interrupt service routines com-
pleted by the CPU. Higher priority devices
may interrupt the servicing of lower priority
devices.

[
/e DATA )
PORT OR CONTROL
A H—
vo HANDSHAKE
——

AT
s
> cpy :

A
cpu
INTERFACE{ Corn | Bus (‘

£ INTERNAL BUS- ©." 1

PERIPHERAL
INTERFACE

5.

CONTROL

INTERARUPT
CONTROL

%a

INTERRUPT CONTROL LINES

8
i DATA
PORT OR CONTROL
8 f—
o HANDSHAKE
—n

Figure 4. Block Diagram
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Internal
Structure
(Continued)

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

Unlike the other Z-80 peripherals, the PIO
does not enable interrupts immediately after
programming. [t waits until M1 goes Low (e.g.,
during an opcode fetch). This condition is
unimportant in the Z-80 environment but might
not be if another type of CPU is used.

The PIO decodes the RETI (Return From

MODE
CONTROL
REGISTER
2 BITS)

MASK
CONTROL |~
REGISTER {_
.2 BITS)

MASK
s REGISTER
{8 BITS)

Interrupt) instruction directly from the CPU
data bus so that each PIO in the system knows
at all times whether it is being serviced by the
CPU interrupt service routine. No other com-
munication with the CPU is required.

CPU Bus I/0 Logic. The CPU bus interface
logic interfaces the Z-80 PIO directly to the
Z-80 CPU, so no external logic is necessary.
For large systems, however, address decoders
and/or buffers may be necessary.

Internal Control Logic. This logic receives the
control words for each port duting program-
ming and, in turn, controls the operating func-
tions of the Z-80 PIO. The control logic syn-
chronizes the port operations, controls the port
mode, port addressing, selects the read/write
function, and issues appropriate commands to
the ports and the interrupt logic. The Z-80 PIO
does not receive a write input from the CPU;
instead, the RD, CE, C/D and IORQ signals
generate the write input internally.

.
INPUT/

REGISTER
8 BITS)

DATA

outPut |-
REGISTER

(8 8ITS)

DATA
- weutr |/
-} REGISTER

(3 BITS)

INTERRUPT
CONTROL
LoGIc

“—>| coNTROL
LoGic

HAND. |READY _
SHAKE HANDSHAKE

STROBE { CONTROL
|——

*Used In the bit mode only to allow generation of sn

interrupt if the peripheral /0 pins o to the specified state.

Figure 5. Typical Port 1/0 Block Diagram
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Programming Mode 0, 1, or 2. (Byte Input, Qutput, or

Bidirectional). Programming a port for Mode
0, 1, or 2 requires two words per port. These
words are:

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

An Interrupt Vector. The Z-80 PIO is designed for use with
the 2-80 CPU in interrupt Mode 2 (Figure 7). When inter-
rupts are enabled, the PIO must provide an interrupt
vector.

Mode 3. (Bit Input/Ouiput). Programming a
port for Mode 3 operation requires a control
word, a vector (if interrupts are enabled), and
three additional words, described as follows:
1/0 Register Control. When Mode 3 is selected, the mode
control word must be followed by another control word that
sets the I/O control register, which in turn defines which
port lines are inputs and which are outputs (Figure 8).

o ool [
_—: IDENTIFIES MODE

CONTROL WORD

DON'T CARE
MODE SELECT
© 0 MODEO

1 1 MODE3

Figure 6. Mode Control Word

L IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

[o:]osos oJos o ou oo
0 SETS BIT TO OUTPUT

1 SETS BIT TO INPUT

Figure 8. 1/0 Register Control Word

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

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

Interrupt Disable. There is one other control
word which can be used to enable or disable a
port interrupt. It can be used without changing
the rest of the interrupt control word

(Figure 11).

IDENTIFIES INTERRUPT
CONTROL WORD
D4 = 0 NO MASK WORK FOLLOWS
T 04 = 1 MASK WORD FOLLOWS
Ds = 0 ACTIVE LEVEL IS LOW
Ds = 1 ACTIVE LEVEL IS HIGH
Dg = 0 INTERRUPT ON OR FUNCTION
Dg = 1 INTERRUPT ON AND FUNCTION
D7 = 0 INTERRUPT DISABLED

D7 = 1 INTERRUPT ENABLED*

T

*NOTE: THE PORT IS NOT ENABLED UNTIL
THE INTERRUPT ENABLE IS FOLLOWED
BY AN ACTIVE M1.

Figure 9. Interrupt Control Word

MBo-MBy MASK BITS. A
BIT IS MONITORED FOR AN
INTERRUPT IF IT IS

DEFINED AS AN INPUT AND
THE MASK BIT IS SET TO 0.

Figure 10. Mask Control Word

IDENTIFIES INTERRUPT
DISABLE WORD

DON'T CARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

Figure 11. Interrupt Disable Word
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Pin
Description

BAg-Ay. Port A Bus (bidix:ectional, 3-state).
This 8-bit bus transfers data, status, or control
information between Port A of the PIO and a

peripheral device. Ay is the least significant
bit of the Port A data bus.

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

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

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

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

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

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

Output Mode. The positive edge of this strobe is issued by

the peripheral to acknowledge the receipt of data made
available by the PIO.

Input Mode. The strobe is issued by the peripheral to load
data from the peripheral into the Port A input register.
Data is loaded into the PIO when this signal is active.
Bidirectional Mode. When this signal is active, data from
the Port A output register is gated onto the Port A bidirec-
tional data bus. The positive edge of the strobe acknowl-
edges the receipt of the data.

Control Mode. The strobe is inhibited internally.

Bg-By. Port B Bus (bidirectional, 3-state). This
8-bit bus transfers data, status, or control
information between Port B and a peripheral
device. The Port B data bus can supply

1.5 mA at 1.5 V to drive Darlington transistors.

By is the least significant bit of the bus.

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

BRDY. Register B Ready (output, active High).

This signal is similar to ARDY, except that in
the Port A bidirectional mode this signal is
High when the Port A input register is empty
and ready to accept data from the peripheral
device.

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

C/D. Control Or Data Select (input,

High = C). This pin defines the type of data
transfer to be performed between the CPU and
the PIO. A High on this pin during a CPU
write to the PIO causes the Z-80 data bus to be
interpreted as a command for the port selected
by the B/A Select line. A Low on this pin
means that the Z-80 data bus is being used to
transfer data between the CPU and the PIO,
Often address bit A} from the CPU is used for
this. function.

‘CE. Chip Enable (input, active Low). A Low
on this pin enables the PIO to accept com-
mand or data inputs from the CPU during a
write cycle or to transmit data to the CPU dur-
ing a read cycle. This signai is generally
decoded from four I/O port numbers for Ports
A and B, data, and control.

CLK. System Clock (input). The Z-80 PIO uses
the standard single-phase Z-80 system clock.

Dg-Dy. Z2-80 CPU Data Bus (bidirectional,
3-state). This bus is used to transfer all data
and commands between the Z2-80 CPU and the
Z-80 PIO. Dy is the least significant bit.

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

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

INT. Interrupt Request (output, open drain,
active Low). When INT is active the Z-80 PIO
is requesting an interrupt from the Z-80 CPU.

IORQ. Input/Output Request (input from Z-80
CPU, active Low). IORQ is used in conjunc-
tion with B/A, C/D, CE, and RD to transfer
commands and data between the Z-80 CPU and
the Z-80 PIO. When CE, RD, and TORQ are
active, the port addressed by B/A transfers
data to the CPU (a read operation). Con-
versely, when CE and [ORQ are active but RD
is not, the port addressed by B/A ‘is written
into from the CPU with either data or control
information, as specified by C/D. Also, if
IORQ and M1 are active simultaneously, the
CPU is acknowledging an interrupt; the inter-
rupting port automatically places its interrupt
vector on the CPU data bus if it is the highest
priority device requesting an interrupt.
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Pin M1. Machine Cycle (input from CPU, active the PIO interrupt logic; when M1 occurs

Description  Low). This signal is used as a sync pulse to without an active RD or IORQ signal, the PIO
(Continued) = control several internal PIO operations. When is reset.
 both the M1 and RD signals are active, the RD. Read Cycle Status (input from Z-80 CPU,
’ Z2-80 CPU is fetching an instruction from active Low). If RD is active, or an I/O opera-
{ memory. Conversely, when both Ml and tion is in progress, RD is used with B/A, C/D,
. IORQ are active, the CPU is acknowledging CE, and IORQ to transfer data from the Z-80
an interrupt. In addition, M1 has two other PIO to the Z-80 CPU.
functions within the Z-80 PIO: it synchronizes
Timing The following timing diagrams show typical 1 T Tua n T

timing in a Z-80 CPU environment. For more oK | | l l l l f l [ I

precise specifications refer to the composite

ac timing diagram. 15, aik 3 X
Write Cycle. Figure 12 illustrates the
timing for programming the Z-80 PIO ] \ /

or for writing data to one of its ports. No

Wait states are allowed for writing to the : ioRa '——'\____/——

PIO other than the automatically inserted
DATA X N X

Twa. The PIO does not receive a speci-
its own from the lack of an active _—L___/—
RD signal.

fic write signal; it internally generates
*WR = RD » CE » C/D » TORQ

H
k.l
d

Figure 12. Write Cycle Timing

Old 082

Read Cycle. Figure 13 illustrates the timing
for reading the data input from an external cix J—]_J—l_l—l_l_l_l_l_
device to one of the Z-80 PIO ports. No Wait

states are allowed for reading the PIO other _
-than the automatically inserted Twa. Cib, BIA :X DC
Output Mode (Mode 0). An output cycle =

(Figure 14) is always started by the execution =\ /-
of an output instruction by the CPU. The WR* _
pulse from the CPU latches the data from the fora _—\———/_
CPU data bus into the selected port’s output

register. The WR* pulse sets the Ready flag _—\__./_
after a Low-going edge of CLK, indicating

data is available. Ready stays active until the DATA our
positive edge of the . trobe line is received,

indicating that data was taken by the periph- Rb* _\______/_
eral. The positive edge of the strobe pulse T —

generates an INT if the interrupt enable flip- RD = RD ¢ CE+C/D < IORQ

flop has been set and if this device has the
highest priority.

Figure 13. Read Cycle Timing .

: /!
" /[
ouTeOT X | [ /
. \ /

READY

STROBE

i N

“WR = RD » CE » C/D « IORQ

=1

Figure 14. Mode 0 Output Timing
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Timing
(Continued)

Input Mode (Mode 1). When STROBE goes
Low, data is loaded into the selected port input
register (Figure 15). The next rising edge of
strobe activates INT, if Interrupt Enable is set
and this is the highest-priority requesting
device. The following falling edge of CLK
resets Ready to an inactive state, indicating

cL

that the input register is full and cannot accept
any more data until the CPU completes a read.
When a read is complete, the positive edge of
RD sets Ready at the next Low-going transition
of CLK. At this time new data can be loaded
into the PIO.

STROBE

SAMPLE
PORT = — —
INPUT

READY ——\

RD* 77

*HD = RD » CE « C/D » IORQ

Figure 15. Mode 1 Input Timing

Bidirectional Mode (Mode 2). This is a com-
bination of Modes 0 and 1 using all four hand-
shake lines and the eight Port A I/O lines
(Figure 16). Port B must be set to the bit mode
and its inputs must be masked. The Port A
handshake lines are used for output control

“and the Port B lines are used for input control.

If interrupts occur, Port A's vector will be used
during port output and Port B's will be used
during port input. Data is allowed out onto the
Port A bus only when ASTB is Low. The rising
edge of this strobe can be used to latch the
data into the peripheral.

LK
WR*

M e S S

- jpa— )

PORT A / T\
DATA BUS AL \LLLY,

SAMPLE

Nt \_‘

*WR = RD ¢ CE » C/D ¢ IORQ

Figure 16. Mode 2 Bidirectional Timing
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Timing
(Continued)

Bit Mode (Mode 3). The bit mode does not
utilize the handshake signals, and a normal
port write or port read can be executed at any
time. When writing, the data is latched into
the output registers with the same timing as the
output mode (Figure 17).

When reading the PO, the data returned to
the CPU is composed of output register data
from those port data lines assigned as outputs
and input register data from those port data

lines assigned as inputs. The input register
contains data that was present immediately
prior to the falling edge of RD. An interrupt is
generated if interrupts from the port are
enabled and the data on the port data lines
satisfy the logical equation defined by the 8-bit
mask and 2-bit mask control registers. How-
ever, if Port A is programmed in bidirectional
mode, Port B does not issue an interrupt in bit
mode and must therefore be polled.

DATA":I’:; x DATA WORD 1 x DATA WORD 2 x
inT
DATA MATCH /
OCCURS HERE
ionQ /

(1] R /

Do-D7 { oatan )

ZDAVA WORD 1 PLACED ON 8US

*Timing Diagram Refers to Bit Mode Read

Figure 17. Mode 3 Bit Mode Timing

Interrupt Acknowledge Timing. During M1
time, peripheral controllers are inhibited from
changing their interrupt enable status, permit-
ting the Interrupt Enable signal to ripple
through the daisy chain. The peripheral with
1EI High and IEO Low during INTACK places
a preprogrammed 8-bit interrupt vector on the
data bus at this time (Figure 18). IEO is held
Low until a Return From Interrupt (RETI)
instruction is executed by the CPU while IEI is
High. The 2-byte RET! instruction is decoded
internally by the PIO for this purpose.

LASTT
wr| v | | e " |

CLK
SAMPLE
—_ ) IN / -
INT "

o L/

Twa

iGRG AND M1
INDICATE
INTERRUPT

’ ACKNOWLEDGE
INTACK

Figure 18. Interrupt Acknowledge Timing

Return From Interrupt Cycle. If a Z-80 per-
ipheral has no interrupt pending and is not
under service, then its [EO = IEL If it has an
interrupt under service (i.e., it has already
interrupted and received an interrupt acknowl-
edge) then its IEQO .is always Low, inhibiting
lower priority devices from interrupting. If it
has an interrupt pending which has not yet
been acknowledged, IEO is Low unless an
“ED" is decoded as the first byte of a 2-byte
opcode (Figure 19). In this case, IEO goes
High until the next opcode byte is decoded,
whereupon it goes Low again. If the second
byte of the opcode was a "'4D,” then the
opcode was an RETI instruction.

After an "ED" opcode is decoded, only the
peripheral device which has interrupted and is
currently under service has its IEI High and its

IEO Low. This device is the highest-priority
device in the daisy chain that has received an
interrupt acknowledge. All other peripherals
have IEI = IEO. If the next opcode byte
decoded is "4D,"” this peripheral device resets
its “interrupt under service” condition.

Do-Dr ——" (o y—
——

o /—_

Figure 19. Return From Interrupt

2006-0329, 0330, 0331
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Charac-
teristics

CcLOCK

_ CE
BiA, CID

RD, iORQ

Do-D7

IEO

READY
(ARDY OR BRDY) e
@ |<—®—b
STROBE \
(ASTB OR BSTB) N p
D
MODE 0 ———Et
MODE 1 )[ X
Ag-A7r
Bo-B7 | —@)—>| <—@—>l
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MODE 2 —_— D
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@
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Z-80 PIO Z-80A PIO Z-80B PIOI9]
Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) (ns) Comment
1 TcC Clock Cycle Time 400 (1) 25 (1) 165 [1)
2 TwCh Clock Width (High) 170 2000 105 2000 65 2000
3 TwCl Clock Width (Low) 170 2000 105 2000 65 2000
4 TiIC Clock Fall Time 30 30 20
55— TrC— Clock Rise Time 30 30 20
6  TsCS(RI) CE,_B/A, C/D to RD,
IORQ | Setup Time 50 50 50 [6]
7 Th Any Hold Times for Specified
Setup Time 0 0 0 0
8  TsRKC) RD, TORQ to Clock ! Setup
Time 115 115 70
9— TdRI(DO) RD, TORQ o Data Out Delay 430 380 300 [2]
10 TdRI(DOs) RD, TORQ ! to Data Out Float
Delay 160 110 70
11 TsDI(C) Data In to Clock ! Setup Time 50 50 40 CL = 50 pF
12 TdIO(DQI) IORQ ! to Data Out Delay
(INTACK Cycle) 340 160 120 [3}
13— TsM1(Cr) M1 | to Clock t Setup Time 210 a0 70
14  TsMI(CH) MI_1 to Clock | Setup Time
(M1 Cycle) 0 0 0 [8)
15  TdMI(IEQ) M1 | to IEO | Delay (Interrupt
Immediately Preceding M1 |) 300 190 100 [S, 7]
16  TsIEKIO) 1IEI to IORQ | Setup Time
(INTACK Cycle) 140 140 100 [7}
17— TdIEI(IEOf)— IEI | to IEO | Delay 190 130 120 (5]
CL = 50 pF
18 TdIEI(IEOr) IEI 1 to IEO 1 Delay (after ED
Decode) 210 160 160 [5]
19 TclO(C) IORQ 1 to Clock | Setup Time
(To Activate READY on Next
Clock Cycle) 220 200 170
20 — TdC(RDYr)— Clock !} to READY t Delay 200 190 170 [5]
CL = 50 pF
21 TdC(RDY{) Clock | to READY ! Delay 150 140 120 [5]
22 TwSTB "STROBE Pulse Width 150 150 120 (4]
23 TsSTB(C) “STROBE 1 to Clock | Setup
Time (To Activate READY on
Next Clock Cycle) 220 220 150 [5])
24 — TdIO(PD)—— IORQ 1 to PORT DATA Stable
Delay (Mode 0) 200 180 160 [5]
25 TsPD(STB) PORT DATA to STROBE !
Setup Time (Mode 1) 260 230 190
26 TdSTB(PD) STROBE ! to PORT DATA
Stable (Mode 2) 230 210 180 5]
27 —TdSTB(PDr)— STROBE 1 to PORT DATA Float
Delay (Mode 2) 200 180 160 CL = 50 pF
28 TdPD(INT) PORT DATA Match to INT |
Delay (Mode 3) 540 490 430
29 TdASTB(INT) STROBE t to INT | Delay 490 440 350

NOTES:

1] TeC = TwCh + TwCl + TrC + TiC.

[2] Increase TdRI(DO) by 10 ns for each 50 pF increase in load
up to 200 pF max.

[3) Increase TdIO(DOI) by 10 ns for each 50 pF, increase in
loading up to 200 pF max.

(4} For Mode 2: TwSTB > TsPD(STB).

[5] Increase these values by 2 ns for each 10 pF increase in
loading up to 100 pF max.

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

[7] 2.5 TcC > (N-2)TAIEIIECH) + TdMI(IEQ) + TsIEKIO)
+ TTL Buifer Delay, if any.

[8] M1 must be active for a minimum of two clock cycles to
reset the PIO.

[9] Z80B PIO numbers are preliminary and subject to change.
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Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum withrespectto GND.......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Ratings ) ] This is a stress rating only; operation of the device at any
g Operating Ambient condition above those indicated in the operational sections
Temperature ................. As Specified in of these specifications is not implied. Exposure to absolute
Orderin g Information maximum rating conditions for extended periods may affect
device reliability.
Storage Temperature. ....... -65°Cto +150°C
Test The characteristics below apply for the Ordering Information section.
Conditions following standard test conditions, unless All ac parameters assume a load capacitance
otherwise noted. All voltages are referenced to of 100 pF max. Timing references between two
GND (0 V). Positive current flows into the output signals assume a load difference of
referenced pin. Available operating 50 pF max.
temperature ranges are:
m 0°to +70°C, T
+475V < Voo = +5.258V 21
m -40°C to +85°C, e
+475V = Voo < +5.25V
m -55°to +125°C, 1000F w
+4.75V = Voo = +58V I
The product number for each operating = T <
temperature range may be found in the
DC Symbol Parameter Min Max  Unit Test Condition
Charac-
teristics Vie Clock Input Low Voltage -03 +045 V
Vine Clock Input High Voltage Vee-0.6 +5.5 A
Vi Input Low Voltage -0.3 +0.8 \
Vi Input High Voltage +2.0 +55 v
VoL Output Low Voltage +0.4 \ Iop = 2.0mA
Vou Output High Voltage +2.4 A\ Ioy = -250 gA
I Input Leakage Current -10.0 +10.0 kA 0<ViN<Vce
L 3-State Output/Data Bus Input Leakage Current  -10.0  +10.0 uA 0<Vin< Ve
Iec Power Supply Current 100.0 mA Vou=1.5V
Ioup Darlington Drive Current -1.5 3.8 mA Rext = 390 @
Qver specified temperature and voltage range.
Capacitance Symbol Parameter Min® Max Unit Test Condition
C Clock Capacitance 10 pF Unmeasured
Cn Input Capacitance 5 pF gn;r;it:;ned
Cour Output Capacitance 10 pF
Over specitied temperature range; { = IMH,
56 C8085-006
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28430
Z80° CTC Counter/
Timer Circuit

v/

Product

Zilog Specification
March 1981
Features 8 Four independently programmable B Selectable positive or negative trigger
counter/timer channels, each with a initiates timer operation.
readable downcounter and a selectable B Standard Z-80 Family daisy-chain interrupt
16 or 256 prescalgr. Downcounters are structure provides fully vectored, prioritized
reloaded automatically at zero count. interrupts without external logic. The CTC
a Three channels have Zero Count/Timeout may also be used as an interrupt controller.
outputs capable of driving Darlington o Interfaces directly to the Z-80 CPU or—for
transistors. baud rate generation—to the Z-80 SIO.
General The Z-80 CTC four-channel counter/timer each channel is programmed with two bytes; a
Description can be programmed by system software for a third is necessary when interrupts are enabled.
broad range of counting and timing applica- Once started, the CTC counts down, reloads
tions. The four independently programmable its time constant automatically, and resumes
channels of the Z-80 CTC satisty common counting. Software timing loops are completely
microcomputer system requirements for event eliminated. Interrupt processing is simplified
counting, interrupt and interval timing, and because only one vector need be specified; the
general clock rate generation. CTC internally generates a unique vector for
System design is simplified because the CTC  each channel.
connects directly to both the Z-80 CPU and the The Z-80 CTC requires a single +5 V power
Z-80 SIO with no additional logic. In larger supply and the standard Z-80 single-phase
systems, address decoders and buffers may be  system clock. It is fabricated with n-channel
required. silicon-gate depletion-load technology, and
Programming the CTC is straightforward: packaged in a 28-pin plastic or ceramic DIP.
-«—a{ Oy CLKITRGy [
~—»1 Dy .2CM0g —>
Dz
Dg:: :__q Dy CLKITRG; fa—me 0. [ 28] o5
Bus | <+ D4 2010 i CHANKEL Ds E 2 2 :I D2
] Ds SIGNALS o s 27 o0
<_.1 Dy CLKITRG, |=— oy s 25[] po
=10 o, * ano s 4[] +sv
—]cE ap O 23 [] CLKTRGo
ere | = ¢ curngy [e— zcmo, [ 7 280 ‘:"f 22[] cLTRa
COWTROL | —| €51 o zemo, s zsoacre ] cukiTRa,
FROM | —] Ni RESET et
cPU — zermo; [ 9 20 [] cLkiTRGg,
| ioRa 280 CTC ora [ 10 197 s
R0 zsoacTe €0 [ 11 18 g csg
gﬁz;{ * ::‘o Nt [ 12 17 rf_sﬁ
mTerrUpT § 120 | 13 ] CE
CONTROL | =——] iNT W[ 15 ek
LLL
Figure 1. Pin Functions Figure 2. Pin Assignments
2041-0154, 0155
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Functional
Description

The Z-80 CTC has four independent counter/
timer channels. Each channel is individually
programmed with two words: a control word
and a time-constant word. The control word
selects the operating mode (counter or timer),
enables or disables the channel interrupt, and
selects certain other operating parameters. If
the timing mode is selected, the control word
also sets a prescaler, which divides the system
clock by either 16 or 256. The time-constant
word is a value from 1 to 256.

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

The timer mode determines time intervals as
small as 4 pus (Z-80A) or 6.4 us (Z-80) without
additional logic or software timing loops. Time
intervals are generated by dividing the system
clock with a prescaler that decrements

a preset down-counter.

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

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

The second output is Interrupt Request
(INT), which occurs if the channel has its
interrupt enabled during programming. When
the Z-80 CPU acknowledges Interrupt Request,
the Z-80 CTC places an interrupt vector on the
data bus.

The four channels of the Z-80 CTC are fully
prioritized and fit into four contiguous slots in
a standard Z-80 daisy-chain interrupt struc-
ture. Channel 0 is the highest priority and
Channel 3 the lowest. Interrupts can be
individually enabled (or disabled) for each of
the four channels.

Architecture

The CTC has four major elements, as shown
in Figure 3.

m CPU bus /O

B Channel control logic
W Interrupt logic

B Counter/timer circuits

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

DATA
FROM
280 CPU
CONTROL

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

Interrupt Logic. The interrupt control logic
ensures that the CTC interrupts interface prop-
erly with the Z-80 CPU interrupt system. The
logic controls the interrupt priority of the CTC
as a function of the IEI signal. If IEI is High,
the CTC has priority. During interrupt '

INTERNAL
CONTROL
LOGIC

\I INTERRUPT
/] Loaic

COUNTER/
TIMER
LoGIC

Figure 3. Functional Block Diagram
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Architecture
(Continued)

processing, the interrupt logic holds IEO Low,
which inhibits the interrupt operation on lower
priority devices. If the IEI input goes Low,
priority is relinquished and the interrupt logic
drives IEO Low.

If a channel is programmed to request an
interrupt, the interrupt logic drives IEO Low at
the zero count, and generates an INT signal to
the Z-80 CPU. When the Z-80 CPU responds
with interrupt acknowledge (M1 and IORQ),
then the interrupt logic arbitrates the CTC
internal priorities, and the interrupt control
logic places a unique interrupt vector on the
data bus.

If an interrupt is pending, the interrupt logic
holds IEO Low. When the Z-80 CPU issues a
Return From Interrupt (RETI) instruction, each
peripheral device decodes the first byte
(EDje). If the device has a pending interrupt,
it raises IEQO (High) for one M1 cycle. This
ensures that all lower priority devices can
decode the entire RETI instruction and reset
properly.

CONTROL
LoGIC

TIME
CONSTANT

INTERNAL BUS ©. - :
— REGISTER

0OWN- | —u zcrro
COUNTER

CLKTRG —————p-|

croex

Figure 4. Counter/Timer Block Diagram

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

Channel Control Logic. The channel control
logic receives the 8-bit channel control word
when the counter/timer channel is pro-

grammed. The channel control logic decodes

the control word and sets the following
operating conditions:

A Interrupt enable (or disable)

&l Operating mode (timer or counter)

B Timer mode prescaler factor (16 or 256)

@& Active slope for CLK/TRG input

B Timer mode trigger (automatic or CLK/TRG
input)

® Time constant data word to follow

B Software reset

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

Prescaler. The prescaler, which is used only
in timer mode, divides the system clock fre-
quency by a factor of either 16 or 256. The
prescaler output clocks the down-counter dur-
ing timer operation. The effect of the prescaler
on the down-counter is a multiplication of the
system clock period by 16 or 256. The pre-
scaler factor is programmed by bit 5 of the
channel control word.

Down-Counter. Prior to each count cycle, the
down-counter is loaded with the time constant
register contents. The counter is then
decremented one of two ways, depending on
operating mode:

B By the prescaler output (timer mode)
@ By the trigger pulses into the CLK/TRG
input (counter mode) ’

Without disturbing the down-count, the Z-80
CPU can read the count remaining at any time
by performing an I/O read operation at the
port address assigned to the CTC channel.
When the down-counter reaches the zero
count, the ZC/TO output generates a positive-
going pulse. When the interrupt is enabled,
zero count also triggers an interrupt request
signal (INT) from the interrupt logic.

2041-0158
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Programming

Each Z-80 CTC channel must be pro-
grammed prior to operation. Programming
consists of writing two words to the I/O port
that corresponds to the desired channel. The
first word is a control word that selects the
operating mode and other parameters; the
second word is a time constant, which is a
binary data word with a value from 1 to 256. A
time constant word must be preceded by a
channel control word.

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

If the interrupt on any Z-80 CTC channel is
enabled, the programming procedure should
also include an interrupt vector. Only one vec-
tor is required for all four channels, because
the interrupt logic automatically modifies the
vector for the channel requesting service.

A control word is identified by a ! in bit 0.
A 0 in bit 2 indicates a time constant word is to
follow. Interrupt vectors are always addressed
to Channel 0, and identified by a 0 in bit 0.

Addressing. During programming, channels
are addressed with the channel select pins CS)
and CSj. A 2-bit binary code selects the
appropriate channel as shown in the following
table.

Channel CS; CSp
0 0 0
1 0 1
2 1 0
3 1 1

Reset. The CTC has both hardware and soft-
ware resets. The hardware reset terminates all
down-counts and disables all CTC interrupts
by resetting the interrupt bits in the control
registers. In addition, the ZC/TO and Interrupt
outputs go inactive, IEO reflects IEI, and

Do-D7 go to the high-impedance state. All
channels must be completely reprogrampmed
after a hardware reset.

The software reset is controlled by bit 1 in
the channel control word. When a channel
receives a software reset, it stops counting.
When a software reset is used, the other bits in
the control word also change the contents of
the channel control register. After a software
reset a new time constant word must be written
to the same channel.

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

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

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

Operating Mode. Dg selects either timer or
counter mode.

Prescaler Factor. (Timer Mode Only). Dy
selects factor—either 16 or 256.

Trigger Slope. D4 selects the active edge or
slope of the CLK/TRG input pulses. Note that
reprogramming the CLK/TRG slope during
operation is equivalent to issuing an active
edge. If the trigger slope is changed by a con-
trol word update while a channel is pending
operation in timer mode, the result is the same
as a CLK/TRG pulse and the timer starts.
Similarly, if the channel is in counter mode,
the counter decrements.

INTERRUPT

1 ENABLES INTERRUPT
0 DISABLES INTERRUPT
MODE

0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

ER VALUE*

L CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD
RESET
0 = CONTINUED OPERATION

1 = SOFTWARE RESET
TIME CONSTANT

1 = VALUE OF 256
0 = VALUE OF 16

CLKITRQG EDGE SELECTION
0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

TIMER TRIGOGER*

0 = AUTOMATIC 1RIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKITRG PULSE STARTS TIMER

*TIMER MODE ONLY

Figure 5. Channel Control Word
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Programming
(Continued)

Trigger Mode (Timer Mode Only). Dj selects
the trigger mode for timer operation. When D3
is reset to 0, the timer is triggered automatic-
ally. The time constant word is programmed
during an I/O write operation, which takes one
machine cycle. At the end of the write opera-
tion there is a setup delay of one clock period.
The timer starts automatically (decrements) on
the rising edge of the second clock pulse (T5)
of the machine cycle following the write opera-
tion. Once started, the timer runs contin-
uously. At zero count the timer reloads
automatically and continues counting without
interruption or delay, until stopped by a reset.

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

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

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

A 0 in Dy indicates no time constant word is
to follow. This is ordinarily used when the
channel is already in operation and the new
channel control word is an update. A channel
will not operate without a time constant value.
The only way to write a time constant value is
to write a control word with Dj set.

Figure 6. Time Constant Word

Software Reset. Setting D) to 1 causes a soft-
ware reset, which is described in the Reset
section.

Control Word. Setting Dg to 1 identifies the
word as a control word.

Time Constant Programming. Before a chan-
nel can start counting it must receive a time
constant word from the CPU. During program-
ming or reprogramming, a channel control
word in which bit 2 is set must precede the
time constant word to indicate that the next
word is a time constant. The time constant
word can be any value from 1 to 256 (Figure
6). Note that 00;¢ is interpreted as 256.

In timer mode, the time interval is controlled
by three factors:

8 The system clock period (¢)

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

m The time constant (T), which is programmed
into the time constant register

Consequently, the time interval is the pro-
duct of ¢ xPxT. The minimum timer resolu-
tion is 16 X ¢ (4 us with a 4 MHz clock). The
maximum timer interval is 256 X ¢ X 256 (16.4 ms
with a 4 MHz clock). For longer intervals
timers may be cascaded.

Interrupt Vector Programming. If the Z-80
CTC has one or more interrupts enabled, it
can supply interrupt vectors to the Z-80 CPU.
To do so, the Z-80 CTC must be pre-pro-
grammed with the most-significant five bits of
the interrupt vector. Programming consists of
writing a vector word to the I/O port cor-
responding to the Z-80 CTC Channel 0. Note
that Dy of the vector word is always zero, to
distinguish the vector from a channel control
word. D) and D; are not used in programming
the vector word. These bits are supplied by
the interrupt logic to identify the channel
requesting interrupt service with a unique
interrupt vector (Figure 7). Channel 0 has the
highest priority.

[0: o [b, TouJos [0 Jou oo
L 0 = INTERRUPT VECTOR WORD
Vr-v3 1 = CONTROL WORD

SUPPLIED
BY USER

CHANNEL IDENTIFIER
(AUTOMATICALLY INSERTED
BY C1C)
0 0 = CHANNELO
0 1 = CHANNEL 1
1 0 = CHANNEL2
1 1 = CHANNEL3

Figure 7. Interrupt Vector Word
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Pin
Description

CE. Chip Enable (input, active Low). When
enabled the CTC accepts control words, inter-
rupt vectors, or time constant data words from
the data bus during an I/O write cycle; or
transmits the contents of the down-counter to
the CPU during an I/O read cycle. In most
applications this signal is decoded from the
eight least significant bits of the address bus
for any of the four I/O port addresses that are
mapped to the four counter-timer channels.
CLK. System Clock (input). Standard single-
phase Z-80 system clock.
CLK/TRGy-CLK/TRG3. External Clock/Timer
Trigger (input, user-selectable active High or
Low). Four pins corresponding to the four Z-80
CTC channels. In counter mode, every active

edge on this pin decrements the down-counter.

In timer mode, an active edge starts the timer.
CSg-CS). Channel Select (inputs active High).
Two-bit binary address code selects one of the
four CTC channels for an I/O write or read
(usually connected to Ag and A)).

Do-Dy. System Data Bus (bidirectional,

3-state). Transfers all data and commands
between the Z-80 CPU and the Z-80 CTC.

SYSTEM
BUSES

cPU

INT

+5V

-

1E)
zcimo,
cre
20M0; iNT
1E0

!

13]
RxCA INT
TaCA IEO

RxCB
TxC8B

WIRDYB

sio

Figure 8. A Typical Z-80 Environment

IEl. Interrupt Enable In (input, active High).
A High indicates that no other interrupting
devices of higher priority in the daisy chain
are being serviced by the Z-80 CPU.

IEO. Interrupt Enable Out (output, active
High). High only if IEI is High and the Z-80
CPU is not servicing an interrupt from any
Z-80 CTC channel. IEO blocks lower priority
devices from interrupting while a higher
priority interrupting device is being serviced.

INT. Interrupt Request (output, open drain,
active Low). Low when any Z-80 CTC channel
that has been programmed to enable interrupts
has a zero-count condition in its down-counter.

I0ORQ. Input/Output Request (input from CPU,
active Low). Used with CE and RD to transfer
data and channel control words between the
Z-80 CPU and the Z-80 CTC. During a write
cycle, IORQ and CE are active and RD
inactive. The Z-80 CTC does not receive a
specific write signal; rather, it internally
generates its own from the inverse of an active
RD signal. In a read cycle, IORQ, CE and RD
are active; the contents of the down-counter
are read by the Z-80 CPU. If IORQ and M1 are
both true, the CPU is acknowledging an inter-
rupt request, and the highest priority inter-
rupting channel places its interrupt vector on
the Z-80 data bus.

MI1. Machine Cycle > One (input from CPU,
active Low). When M1 and IORQ are active,
the Z-80 CPU is acknowledging an interrupt.
The Z-80 CTC then places an interrupt vector
on the data bus if it has highest priority, and if
a channel has requested an interrupt (INT).

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

between the Z-80 CPU and the Z-80 CTC.

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

ZC/TOg-ZC/TO3. Zero Count/Timeout (output,
active High). Three ZC/TO pins corresponding
to Z-80 CTC channels 2 through 0 (Channel 3
has no ZC/TO pin). In both counter and timer
modes the output is an active High pulse when
the down-counter decrements to zero.
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Timing - Read Cycle Timing. Figure 9 shows read

cycle timing. This cycle reads the contents of a

down-counter without disturbing the count.

During clock cycle Ty, the Z-80 CPU initiates a

read cycle by driving the following inputs
Low: RD, IORQ, and CE. A 2-bit binary code
at inputs CSy and CSy selects the channel to
be read. M1 must be High to distinguish this
cycle from an interrupt acknowledge. No addi-
tional wait states are allowed.

T4 T2 Twa T Ty

x CHANNEL ADDRESS *

e N S

€80, €S1, CE

DATA o )
N/

Figure 9. Read Cycle Timing

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

The CTC does not have a write signal input,
so it generates one internally when the read
(RD) input is High during T}. During T2
IORQ and CE inputs are Low. M1 must be
High to distinguish a write cycle from an inter-
rupt acknowledge. A 2-bit binary code at
inputs CSy and CSy selects the channel to be
addressed, and the word being written is
placed on the Z-80 data bus. The data word is

cSo, CS1, CE X cmannewaooress X
iora \ /
=T
C
-t
__ ey
W

DATA X N X

Figure 10. Write Cycle Timing

latched into the appropriate register with the
rising edge of clock cycle Twa. No additional
wait states are allowed.

CLKITRQ

INTERNAL
TIMZR __._/_S"T“"_'“"—_

Figure 11. Timer Mode Timing

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

CLKITRG LEAD
(= 7

Figure 12, Counter Mode Timing

INTERNAL
COUNTER

2CITO

Counter Operation. In the counter mode, the
CLK/TRG pulse input decrements the down-
counter. The trigger is asynchronous, but the
count is synchronized with CLK. For the
decrement to occur on the next rising edge of
CLK, the trigger edge must precede CLK by a
minimum lead time as shown in Figure 12. If
the lead time is less than specified, the count
is delayed by one clock cycle. The trigger
pulse must have a minimum width, and the
trigger period must be at least twice the clock
period.

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

2041-0162, 0163, 0164, 0165
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Interrupt
Operation

+5V

HIGHEST PRIORITY
DEYVICE

The Z-80 CTC follows the Z-80 system inter-
rupt protocol for nested priority interrupts and
return from interrupt, wherein the interrupt
priority of a peripheral is determined by its
location in a daisy chain. Two lines—IEI and
IEO—in the CTC connect it to the system daisy
chain. The device closest to the +5 V supply
has the highest priority (Figure 13). For addi-
tional information on the Z-80 interrupt struc-
ture, refer to the Z-80 CPU Product Specifica-
tion and the Z-80 CPU Technical Manual.

LOWEST PRIORITY
DEVICE

DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 3

H!
1 1) DL PRy SLI [y S v 1€0

Figure 13. Daisy-Chain Interrupt Priorities

Within the Z-80 CTC, interrupt priority is
predetermined by channel number: Channel 0
has the highest priority, and Channel 3 the
lowest. If a device or channel is being serviced
with an interrupt routine, it cannot be inter-
rupted by a device or channel with lower
priority until service is complete. Higher
priority devices or channels may interrupt the
servicing of lower priority devices or channels.

A 7-80 CTC channel may be programmed to
request an interrupt every time its down-
counter reaches zero. Note that the CPU must
be programmed for interrupt mode 2. Some
time after the interrupt request, the CPU sends
an interrupt acknowledge. The CTC interrupt
control logic determines the highest priority
channel that is requesting an interrupt. Then,
if the CTC IEI input is High (indicating that it
has priority within the system daisy chain) it
places an 8-bit interrupt vector on the system
data bus. The high-order five bits of this vector

RD
- —— - —— 7._\_-_ _——
DATA { vector )

N/

Figure 14. Interrupt Acknowledge Timing

were written to the CTC during the program-
ming process; the next two bits are provided
by the CTC interrupt control logic as a binary
code that identifies the highest priority chan-
nel requesting an interrupt; the low-order bit
is always zero.

Interrupt Acknowledge Timing. Figure 14

- shows interrupt acknowledge timing. After an

interrupt request, the Z-80 CPU sends an inter-
rupt acknowledge (M1 and IORQ). All chan-
nels are inhibited from changing their inter-
rupt request status when M1 is active—about
two clock cycles earlier than IORQ. RD is
High to distinguish this cycle from an instruc-
tion fetch.

The CTC interrupt logic determines the
highest priority channel requesting an inter-
rupt. If the CTC interrupt enable input (IEI) is
High, the highest priority interrupting channel
within the CTC places its interrupt vector on
the data bus when IORQ goes Low. Two wait
states (Twa) are automatically inserted at this
time to allow the daisy chain to stabilize. Addi-
tional wait states may be added.

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

If several Z-80 peripherals are in the daisy
chain, IEI settles active (High) on the chip
currently being serviced when the opcode
EDjg is decoded. If the following opcode is
4D;g, the peripheral being serviced is released
and its IEO becomes active. Additional wait
states are allowed.

Do-D7 AL o g

1EO - f

Figure 15. Return From Interrupt Timing
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FD 179X-02 Floppy Disk Formatter/Controller Family

FEATURES o PROGRAMMABLE CONTROLS 2
Selectable Track to Track Stepping Time -l
& TWO VFO CONTROL SIGNALS Side Select Compare b
e SOFT SECTOR FORMAT COMPATIBILITY ® WRITE PRECOMPENSATION b3
* AUTOMATIC TRACK SEEK WITH o WINDOW EXTENSION
VERIFICATION ¢ INCORPORATES ENCODING/DECODING
o ACCOMMODATES SINGLE AND DOUBLE AND ADDRESS MARK CIRCUITRY
DENSITY FORMATS e FD1792/4 1S SINGLE DENSITY ONLY
:gm 374? SuagtleDDegls-tvD(FM)ty (MFM) e FD1795/7 HAS A SIDE SELECT OUTPUT
ystem ouble Densi
e READ MODE 179X-02 FAMILY CHARACTERISTICS
Single/Multiple Sector Read with Automatic
Search or Entire Track Read - FEATQHES AL B LR B
Selectable 128 Byte or Variable length Sector Single Density (FM) X X X X
¢ WRITE MODE Double Density (MFM) X X X X
Single/Multiple Sector Write with Automatic True Data Bus X X
Sector Search Inverted Data Bus X X
Entire Track Write for Diskette Formatting Write Precomp X X X X
e SYSTEM COMPATIBILITY Side Selection Output X X
Double Buffering of Data 8 Bit Bi-Directional
Bus for Data, Control and Status APPLICATIONS
DMA or Programmed Data Transfers FLOPPY DISK DRIVE INTERFACE
All Inputs and Outputs are TTL Compatible SINGLE OR MULTIPLE DRIVE CONTROLLER/
On-Chip Track and Sector Registers/Comprehensive FORMATTER
Status Information NEW MINI-FLOPPY CONTROLLER
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GENERAL DESCRIPTION

The FD179X are MOS LSI devices which perform the
functions of a Floppy Disk Formatter/Controller in
a single chip implementation. The FD179X, which
can be considered the end result of both the FD1771
and FD1781 designs, is IBM 3740 compatible in
single density mode (FM) and System 34 compatible
in Double Density Mode (MFM). The FD179X con-
tains all the features of its predecessor the FD1771,
plus the added features necessary to read/write and
format a double density diskette. These include ad-
dress mark detection, FM and MFM encode and de-
code logic, window extension, and write precompen-
sation. In order to maintain compatibility, the FD1771,
FD1781, and FD179X designs were made as close as
possible with the computer interface, instruction set,
and /O registers being identical. Aiso, head load

control is identical. In each case, the actual pin as-
signments vary by only a few pins from any one to
another.

The processor interface consists of an 8-bit bi-
directional bus for data, status, and control word
transfers. The FD179X is set up to operate on a mul-
tiplexed bus with other bus-oriented devices.

The FD179X is fabricated in N-channel Silicon Gate
MOS technology and is TTL compatible on all inputs
and outputs. The 1793 is identical to the 1791 except
the DAL lines are TRUE for systems that utilize true
data busses. .

The 1795/7 has a side select output for controlling dou-
ble sided drives, and the 1792 and 1794 are “Single
Density Only” versions of the 1791 and 1793. On these
devices, DDEN must be left open.

PIN OUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 NO CONNECTION NC Pin 1 is internally connected to a back bias
generator and must be left open by the user.

19 MASTER RESET MR A logic low on this input resets the device and
loads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE.
When MR is brought to a logic high a RESTORE
Command is executed, regardless of the state of
the Ready signal from the drive. Also, HEX 01 is

: loaded into sector register.

20 POWER SUPPLIES Vss Ground

21 Vec +5V 5%

40 Voo +12V x5%

COMPUTER INTERFACE:

2 WRITE ENABLE WE A logic low on this input gates data on the DAL
into the selected register when CS is low.

3 CHIP SELECT Cs A logic low on this input selects the chip and ena-
bles computer communication with the device.

4 READ ENABLE RE A logic low on this input controls the placement of
data from a selected register on the DAL when CS
is low.

5,6 REGISTER SELECT A0, A1 These inputs select the register to_receive/
LINES transfer data on the DAL lines under RE and WE
control:
Al A0 RE WE
0 0 Status Reg Command Reg
0 1 Track Reg Track Reg
1 0 Sector Reg Sector Reg
1 1 Data Reg Data Reg
7-14 DATA ACCESS LINES DALC-DAL7 | Eight bit inverted Bidirectional bus used for trans-
fer of data, control, and status. This bus is receiver
enabled by WE or transmitter enabled by RE.

24 CLOCK CLK This input requires a free-running square wave
clock for internal timing reference, 2 MHz for 8"
drives, 1 MHz for mini-drives.




PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

38

39

DATA REQUEST

INTERRUPT
REQUEST

FLOPPY DISK INTERFACE:

15
16

17

18

22

23

25

25

26

27

28

29

STEP
DIRECTION

EARLY

LATE

TEST

HEAD LOAD TIMING

READ GATE (1791/3)

SIDE SELECT QUTPUT
(1795, 1797)

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER
THAN 43

WRITE GATE

DRQ

INTRQ

STEP
DIRC

EARLY

LATE

TEST

HLT

RG

' ss0

RCLK

RAW READ

HLD

TG43

WG

This open drain output indicates that the DR: con-
tains assembled data in Read operations, or the
DR is empty in Write operations. This signal is
reset when serviced by the computer through
reading or loading the DR in Read or Write opera-
tions, respectively. Use 10K pull-up resistor to +5.

This open drain output is set at the completion of any
command and is reset when the STATUS register is

read or the command register is written to. Use 10K
pull-up resistor to +5.

The step output contains a pulse for each step.

Direction Output is active high when stepping in,
active low when stepping out.

Indicates that the WRITE DATA pulse occurring
while Early is active (high) should be shifted early
for write precompensation.

Indicates that the write data pulse occurring while
Late is active (high) should be shifted late for write
precompensation.

This input is used for testing purposes only and
should be tied to +5V or left open by the user un-
less interfacing to voice coil actuated mot