THE WORLD'S FIRST . ...

S-100 Single Board Computer

TECHNICAL MANUAL
for

SUPER QUAD

[ o)

12700-B Knott Avenue, Garden Grove, CA 92641
TELE: (714) 891-4004 / TELEX: 678401 Tabirin




ADVANCED DIGITAL CORPORATION is proud to introduce the SUPER QUAD.
The SUPER QUAD is a Z80 based single board computer designed to be
a bus master in an S100 bus system. The SUPER QUAD SBC has all the
hardware needed to run a single user CP/M system or 2 user MP/M
system with up to 4 external floppy disk drives and an external

Centronics parallel interface printer all on one board.
The board also runs with TURBO-DOS tm.
The SUPER QUAD SBC contains:

1
2)
3)
4)
5)
6)

7)
8)

Z-80A cpu (4 MHZ)

Floppy disk controller (up to 4 drives 8" or 5%")
64K of dynamic memory (16K bank selectible)

2K or 4K of shadow eprom (2716 or 2732)

2 serial ports (z80A SIO opt. syncronous)

2 12 bit parallel ports, (Z80A PIO)
one of which can be used

for S100 vectored interrupts

Real time interrupt clock (Z80A CIC)
S100 extended address Al6-A23

ONE YEAR WARRANTY.

*Note: Items 5 and 6 require external adaptation for RS-232 and
Centronics. The adapter boards are 2 x 2" and are called
PS NET. They hoop up to the back of the main frame with
a DB-25 connector.
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1.1 The Floppy Disk Controller

- ————— — — — - - — ———— — - ———

The floppy disk controller can access up to four 8 inch or 5.25
inch floppy disk drives. It can read and write IBM 3740 single
density format and double density 128,256,512,1824 sector size
formats. Data transfer is done by programmed I/0 with wait and
interrupt syncronization.

Note : The controller cannot access 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
(8-16K,16K-32K,32K-48K,48K-64K) under software control. This allows the
CPU to access bank switchable external memory on the S166 bus.

The memory has an access time of 286ns. Refresh is done during

280 M1 cycles and during wait and reset states. The memory can

be accessed by an external DMA device on the S100 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-time 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 array is refreshed by the DMA device every 128

contiguous memory cycles.



1.3 System Monitor Eprom

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

enabled at F@@Ph 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 Z80A D;;;_;;-;;;g—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 56 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

A 280A 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 S100 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

- — - —————— - ——— - ————————— ———

A 280A CTC is used for providing a real time system clock for 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 S10@8 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 1/0 port.

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



2.0 EPROM and Monitor operation

The onboard EPROM occupies address F@@@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 :

F033 3EAF MVI A,01001111B ;RESET POWER ON JUMP
; AND ENABLE MEMORY, EPROM ON
F@35 D316 OUT 16H ;WRITE TO CONTROL PORT

Switching EPROM off :

F@33 3E4F MVI A,011061111B ;RESET POWER ON JUMP
; AND ENABLE MEMORY, EPROM OFF
FG35 D316 OUT 16H ;WRITE TO CONTROL PORT

Jumper R confiqures the board to accept a 2716 or 2732 EPROM.
Note : The EPROM is always addressed at F80#H and can not

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

twice , F8¢@HN-FC@OBH and FBFFH-FELFFH.

2.2 Monitor 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 :

Load disk boot loader 5.25"

Control B =
Control C = Load disk boot loader 8 "
D SSSS QQQQ = Dump memory in hex from SSSS to Q0QQQ

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

L AAAA = Load memory starting at AAAA

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

P SSSS QQQQ Print in ascii from SSSS to QQQQ

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 location 0.
Single density is assumed for track 0.

1f an error occures an error code 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 A
FDC COLD BOOT ERROR 1@= WRONG FORMAT OR NO DATA ON DISK OR BAD PHASE LO

LOOP.
2.4 Cold Boot Program
; READ TRACK O SECTOR 1 INTO MEMORY
BOOT 5: MVI A,08H
ouT WAIT ;set double for 5 inch
BOOT: .
F4B5 3E8D MV1 A,0DH s+ RESET FDC
F4B7 D36C ouT FDC ; ISSUE COMMAND
FAB9 00 NOP
FDCW1: ,
F4BA DB@C IN ¥FDC ; CHECK BUSY
F4BC OF RRC
FABD DABAF4 JC FDCW1
F4Co €@ NOP s KILL TIME



F4Cl
F4C2

F4C3

F4C4
F4C6
F4C8

F4C9
FACB

F4CC
FACE
F4D@

F4D3
F4D4
F4D5
F4D6
F4D7
F4D9
F4DB
F4DD

F4DE
F4EQ
F4E1l
F4E4
EF4E6
F4E7
F4ES

F4EB
F4ED
FAEE
F4F1l
F4F2
F4F5
F4F8
F4F9

0o
0o

3E@3
D3ecC
e

DBl4
00
TK@ ¢
DBBC
E604
CACCF4

AF

6F

67

3C
D30E
3E8C
D36C
o0

FDCRD:

DB14
B7
F2EBF4
DBOF
77

23
C3DEF4

BOOTDN:

DB@GC

B7

CAPOO0

F5

210FF6

CDE6F@

Fl

CD21Fl

NOP
NOP

NOP

MVI
ouT
NOP

IN
NOP

IN
ANI
Jz

XRA
MOV
MOV
INR
ouT
MV1
ouT
NOP

IN
ORA
JP
IN
MOV
INX
JMP

IN
ORA
Jz
PUSH
LX1
CALL
POP
CaLL

WAIT

FDC
4
TK@

A

L,A
}lgl\

A
FDCSEC
A,08CH
FDC

WAIT

A
BOOTDN
FDCDATA
M,A

H

FDCRD

FDC

A

0

PSW
H,BTERR
MSG

PSW
THXB

-e -e e we we we

we we weo

e @s We w. we ap e we

We e WO @ T a

GET A RESTORE
ISSUE COMMAND

WAIT FOR
INTRQ

CHECK TRACK 0

POINT AT LOC @

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 IT



3.0 INPUT / OUTPUT PORT ASSIGMENTS
Address Function
o) Read/Write S10 Channel A Data port -
g1 Read/Write S10 Channel A Status/Control Port
g2 Read/Write S10 Channel B Data port
03 Read/Write SI0 Channel B Status/Control Port
04 Read/Write P10 Channel A Data port
05 Read/Write P10 Channel B Data port
06 Write P10 Channel A Control port
] Write P10 Channel B Control Port
a8 Read/Write CTC Channel @ Control Port
09 Read/Write CTC Channel 1 Control Portol
oA Read/Write CTC Channel 2 Control Port
fB Read/Write CTC Channel 3 Control Port
@C Read/Write FDC Command/States Port
gD Read/Write FDC Track Register
OE Read/Write FDC Sector Register
BF Read/Write FDC Data Port
10 Unused '
11 Unused
12 Unused
13 Unused
14 Read/Write FDC Syncronization/Drive/Density
1t Write S1¢0# Buss Extended Address Al16-A24
16 Write On-Board Memory Control Port
17 Unused
18 Unused
1¢ Unused
1A Unused
1B Unused
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 S166 1/0 boards.

10



4.0

4.3

4.4

INPUT / OUTPUT PORT DISCR1PTIONS

Serial Communications Port A --- See Appendex A

00 Read/Wiite SIO Channel A Data port

81 Read/Write SIO Channel A Status/Control Port
Serial Communications Pott B --- See Appendex A

g2 Read/Write S10 Channel B Data port

3 ReaG/Write S10 Channel) B Stutus/Control Port

paralled Interface Port A

04
66

parallel Interface Port B

Read/Write
Write

PIO
P10

See Appendix B

Channel A Data port
Channel A Control Port

See Appendaix B

1his port can be jumpered via jumpers E through P to the

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

95 Read/Write PIO Channel B Data port

07 Write P10 Channel B Control Port
Control Timmer Interrupt cirecuit --- See Pppendix C

08 Read/Write CTC Channel ¢ Control Poirt

g9 Read/Write CTC Channel 1 Control PolLt

oA Read/Write CTC Channel 2 Conttol Port

oB Read/Wir ite CTC Channel 3 Control Port
Floppy Disk Contirollet -——- See Appendix D

gcC Read/Write FDC Command/States Port

¢D Read/Write FDC Track Register

oE Recad/Write FDC Sector Registetr

OF Read/Write FDC Data Port

11



4.7 Floppy Disk Control Port

14 Read/Write FDC Syncronization/Drive/Density

Port Read :
CccC

When the cpu reads this port the cpu is placed into 2 wait
state until a data byte‘can be transfered to or from the floppy
disk controller or untill the command complete/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.

- e e e e s s e e e > - —-—— -

+
]
|
|
|
\
|
\
!
+

MSB, DO LSB

- i o o e s s e e > e o e - —————

care
care
care
care
care
care
care
@=active,

—— ——— T - - — —— — — —— - ——— - — - - -~

s gum Sun gem Gm pw S g

l=inactive

Port Write :

The low two bits D@ and Dl of this port control which drive 1s
selected.

D1 D@

[/} 2 Disk drive @ selected

0 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 = @, single density is

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

e ettt e LT e e el L b

! D7 | D6 | D5 ! D4 ¢ D3 ! D2 ¢ D1 ! DO ! D7 = MSB, D@ = LSB

N s Sttt S T e St B e
! ! ! ! ! ! ! ! .
! ! ! ! ! ! ! +-- Disk drive select bit D@
! ! ! ! ! ! term————— Disk drive select bit D1
] ! ! ! ! e SIDE SELECT, @=HEAD @,1=HEAD 1
! ! ! ! At Db Dl e tatat Density, @#=single, l=double
! ! ! tommm e e Don't care
! ! ettt Don't care
! ettt ———————— Don't care
et Rttt el Don't care

4.8 Extended address port --- See Section 8.1 (buss defination)
15 Write S100 Buss Extended Address Al16-A23
Port Write :

This port controls the S100 Extended address lines.

+ + + + + + +
}! D7 ¢ D6 ! DS ¢t D4 ! D3 {t D2 ! D1 ! DO ! D7
+ + + + + +

- —

- o o e - ——

"

MSB, D@ = LSB

G s P = e o V=
+._o—.—o—..t—.-

13



4.9 On-Board Memory Control Port

16 Write On-Board Memory Control Port
This port controls the onboard memory managment circuit,
Prom enable and disable and power on jump reset circuits.
PorL write
The four low order bits D@ ,D1,D2 and D3 switch the on board memoty
in 16k banks corresponding to address @6@080h-3FFFh,40080R-7FFFH,
80PO0H-BFFFH and CO@O-FFFFH on and off. When a particular bank is
switched off, external S10@ memory can be accessed in that
banks address range. ThiS’featurevallows external memory to be
added to the system for multi-user operating systems.
Bit D5 of this port switches the on-board EPROM on and off.
The onboard EPROM occupies address FOOOH-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. After
the operating system is loaded the EPROM can be turned off
so that the ram at address FA@@H-FFFFH can be accessed.
Bit D6 reset the power on jump circuit, Bit D6 must be set
power on situation before ram can

high after a reset o1t

be accessed.

tan G g G g Sue pam ous

4

——————————— —————_— -

- ———————————— - ——— - —— —— —— - ————_——— -

D7 =

l=bank on,
Memory Bank
Memory Bank
Memory Bank
Menotry Bank
Don't care

PROM enable=

MSB,

D@ = LSB
f#=bank off

POOPH-3FFFH
4000H-7EFFFH
800OH-BFFFH
COQ@H-FFEFH

@, Disable=1

Power on jump reset=1

Don't care



£.0 Jumper Definitions

G — - - ——— —— - -

-— - e - - —— G > - —— — - - Y — . — ———— - ———— -

A CPU clock tate 2mhz/4mhz

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

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

D Eight inch - five inch Drive selection

E Select S100 interrupt vector line Vi@ OR PINT.

P Select S100 interrupt vector VIO/PINT or Parallel
Port B bit D® on J2-25.

N Select S100 interrupt vector VI1 or Parallel
Port B bit D1l on J2-27.

M Select S100 interrupt vector VI2 or Parallel
Port B Lit D2 on J2-29.
K Select S100 interrupt vector V13 or Parallel
Port B bit D3 on J2-31.
J Select S16@ interrupt vector V14 or Parallel
Port B bit D4 on J2-23.
H Select S160 intcirrupt vector VIS or Parallel
Port B bit D5 on J2-35.
G Select S1006 interrupt vector VIS 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 $100 bus memory write signal on
Jl - 68
6.0 Jumper Descriptions
6.1 A CPU clock tate 2mhz/4mhz

This jumper determines the cpu clock rate.
The jumper is located below IC U7.

et et Bt
! 1t 3!

et et T

Install Plug between pousts 1 & 2 for 4mhz operation,

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

6.2 B External/internal Tx/Rx c¢lock for S10 channel A
Jumper B connects the S$10 channel A to either the internal baud rate

generator or to the connector J4 pin 9 for usc in syctonous applications.:

15



Jumper B is located near J5.

=t

! 1! Connector J5 pin 9

t-——t

1 21 SI0 Tx/Rx clock input

+-——t+

! 3! Baud rate generator channel A
+---4

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 SIO channel B
Jumper C connects the SI0 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.

+-——+

11! Connector J5 pin 9

+-——+

1 2t S10 Tx/Rx clock input

+-——+

1 31 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.

+-—-+
! 6} 8 inch floppy clock source
+-——+

1 51 FDC clock input

+———t

1 41 5.25 inch floppy clock source
+——-+

1 3! 5.25 head load/motor

R

1 21 Head load source

+-——+

11 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 S100 interrupt vector line VI® OR PINT.
Jumper E selects the interrupt line to be used when channel B
bit D@ is programmed for interrupts.

Jumper E is located below IC U8,

ottt
11t 21 31
s Rt Tl 3
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 P Select 5188 interrupt vector VIO/PINT or Parallel
Port B bit DB on J2-25.

This jumper is located near connector J2.

to J2 pin 25 (when the PIO bit is programmed for input/output).
Install Plug between posts 2 & 3 to connect the PIO bit D@

to the jumper selector area E, VIB/PINT (when the PIO bit is
programmed for interrupt mode).

6.7 N Select S100 interrupt vector V11l or Parallel

Port B bit D1 on J2-27.
This jumper is located near connector J2.

+
!
_ -m—t et
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 Plug between posts 2 & 3 to connect the PIO bit Dl
to the vectored interrupt line VI1 (when the P10 bit is

programmed for intetrupt mode).

17



6.8 M Select S10@ interrupt vector VI2 or Parallel

Port B bit D2 on J2-29.
This jumper is located near connector J2.

Install Plug between posts 1 & 2 to connect the PIO bit D2

to J2 pin 25 (when the PIO bit is programmed for ihput/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 K Select S180# interrupt vector VI3 or Parallel

Port B bit D3 on J2-31.
This jumper is located near connector J2.

e Sep—
!1 ! 21! 3
e T s

Install Plug between posts 1 & 2 to connect the PI0O 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 for interrupt mode).

6.10 J Select S10@ interrupt vector VI4 or Parallel

Port B bit D4 on J2-33.
This jumper is located near connector J2.

e S r S
11t 21t 31
R L s

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 n Select S100 interrupt vector VIS or Parallel
Port B bit D5 on J2-35.
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This jumper is located near connector J2.

e a5
11t 21 38
e T S
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).

. B

Install Plug between posts 2 & 3 to connect the PIO bit D5
to the vectoired interrupt line V15 (when the PIO bit is
programmed for interrupt mode).

6.12 G Select 51008 interrupt vector VI6 or Parallel
Port B bit D6 on J2-37.

Install Plug bctween posts
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 VI6 (when the PIO bit is
programmed for interrupt mode).

6.13 13 Select S10@ interrupt vector VI7 or Parallel
Port B bit D7 on J2-39.

This jumper is located near connector J2.
Install Pluy between pusts 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 P10 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 2732 EPROM,

Jumper R is located near the 788 chip.

tm——t

1ot Address line All
+———t

1 2! EPROM input
tm——t

' 31 +5 volts

ot

Install Plug between posts 1 & 2 for a 2732 EPROM,

Install Plug between posts 2 & 3 for a 2716 EPROM.

Note : The EPROM is always addressed at F88@H and can not

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

twice , F800H-FCBOH and FBFFH-FFFFH.

6.15 S Define floppy disk connector for eight , five inch
drives and FDC chip type.

This jumper is located U26.

s N Y
11218 318
s s S
141 51 6 1
T TS S
t7 18191}
e T S
119! 11 12t
e s TS

For 8" set-up plug the following jumpers:
1tod,2to3,5to06,7to08.

For 5 1/4" plug the following jumpers:

1to2,5to08,6t09,7tol@,11tol2.(see factory 1installed jumpers for
additional jumpers or changes.)
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6.16 T Enable /
Jl - 68

Disable S106 bus memory write signal on

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
by setting the baud rate
pole switch located near
Switches 1,2,3,4 set the

switches 5,6,7,8 set the

SW1 1817161151

<- Channel B ->

serial channels can be select separately
switch. The baud rate switch is an 8
U54. It is split into two sections.

baud rate for the S10 channel B and

baud rate for the SI10 channel A,

.............. + OFF (up)

______________ + ON (down)

<- Channel A ->

7.1 Baud rate switch setting

Switch 8 7 6
Switch 4 3 2

- - ——————— o —_——

5 Channel B baud rate
1 Channel A baud rate

——————— - ———— - ——— o 2

on on on on 5¢
off on on on 75

on off on on 119
off off on on 134.5
on on off on 150
off on off on 3¢0
on off off on 600
off off off on 1200
on on on off 1800
off on on off 2000
on off on off 2400
off off on off 3600
on on off off 4800
off on off off 7200
on off off off 26080
off off off off 19,200

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

—————————_——_— — —— - — —— T —————— —— - —

8.1 Connector J1 - $S10# bus connector

PINE NAME PIN # NAME

1 +8V 51 +8V

2 +16V 52 -16V

3 XRDY 53 GND

4 vVig* 54 SLAVE CLR*
5 VIl* 55-57 DMAQ*-DMA2*
6 Vi2* 58 SXTRQ*
7 VI3* 59 Al9

8 Vig* 60 SIXTN¥*
9 VI5S* 61-64 A2@8-A23
10 Vie¥* 65,65 NDEF

11 V17%* 67 PHANTOM*
12 NMI1* 68 MWRT
13 PWRFAIL* 69 RFU

14 DMA3* 79 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 Af-All
24 )] 88-95 DO2-D1@
25 PSTVAL* 96 SINTA
26 PHLDA 97 SWO*
27,28 RFU 98 ERROR*
29-34 A5,A4,A3,A15,A12,A9

35 DO1/DATA 1 99 POC*

36 DOg/DATA @ 100 GND

37 AlQ

38 D04

39 D05

40-43 po6,D12,D13,D17

44 SM1

45 SOuUT

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 PAg

6 PA@ RET

7 PAl

8 PAl RET

° PA2

10 PA2 RET

11 PA3

12 PA3 RET

13 PA4

14 PA4 RET

15 PAS

16 PAS RET

17 PA6

18 PA6 RET

19 PA7

20 PA7 RET

21 BRDY

22 BRDY RET

23 BSTRB*

24 BSTRB RET
* 25 PB@

26 PB@ 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

40 + 5 VOLTS

-

Parallel port connector

P10 Channel A ready signal

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

ground
P10 Channel

A

A

- A G A A

w

B

strobe

data bit D@
data bit D1
data bit D2
data bit D3
data bit D4
data bit DS
data bit D6
data bit D7
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

* Note : These pins can can be jumpered to the 5160 bus

vectored

interrupt lines.



8.3

Connector J3

8 inch

17

46
47
48
49
50

5.25 inch

OCONAUL S WN -

Floppy disk connectot

ground
Alternate Head 2*
ground

N/C

ground

N/C

ground

N/C

ground

N/C

ground

N/C

ground

Head 2*

ground

N/C

ground

Head load*
ground

Index*

ground

Ready*

ground

Above Track 43*%*
ground

Drive select 0*
ground

Drive select 1*
ground

Drive select 2*
ground

Drive select 3*
ground
Direction
ground

Step*

ground

Write Data*
ground

Write gate*
ground

Track @*

ground

Write protect*
ground

Read data¥*
ground

Motor on*
ground

N/C
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8.4

8.5

Connector

WOLOU & W -

. Connector

woJdoaummd wn =~

Ja -

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*
RXDA
CTSA*
TxDA
RTSA*
DTRA*
TXx/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

25



4————
tconn!
e T

tm———
tconn!
R e

connector
P U ———

SR

e 1
connector
bt mm b=t

e I o d = e A
\ i | |
- =t e 4 M) 1 I >~ [}
] | |} © [}
| - | | |
[ I | o |
Ve 2y 1 < |
[ VIR | \ ]
| @ o =t b o=y B A e b et = e = e A
1 n o | | | © | |
| Q. | | > 1 1
| | | | | i
- - g i | | ] 1
} | | | | 1
d e - + “ d = e + “
| \
| ]
] \
| |
] |
| \
& - = + ] o+ - - + 1
[ I | i | | |
o | | | |
boomt =g | ] | |
o | | | [}
| O | | 1 | |
I > i [ ] | |
- =t e o QA e e e = Oy } ]
I Qac | 1 O | |
I 00} | | | 4 =t -+ \
I = O | | | | | i ]
Vo | | ] | (] | |
| ] | I | [ i 1
L A i o \ + o=+ () \ \
] 1 [ 1 ]
| | | O | |
| 4 =t =t TNt -+
| 1 Y
| | | o1
| L el i [
| (B =R | & |
+ =+ | i O« | oo |
[ | | s o~ | WO
P | 1 Qx| i 1
[ | | ! N 4 = -+
2y ! 4 = - 4
| E 4 = == oo e | 4 -
= I >
1 '™ | o =t e =t ot =0 e = et = e =t e =
+ + + }
| |
| |
i 4 - - 1 4 = -
| | \ ' | ]
] [ | | O w
- = 4+ Q ] d et ot =t s D
b= 0 | I =~ @ !
b | + = - | > |
I © M ) | [ \ | Qe | e =
I = O ) \ )y O | S AV
| © Qud =t =0 we = | O 1 I 8o
- -t - 4+ 0 \ |\ = | I TN
1 \ vy O ] ] \
+ - e 4 PO i o + =t e

26

5180 BUS
¢

tlines
S i Sy Uy Uy ¥

1
.



16.9 Factory Installed Jumpers

190.1 Factory Installed jumpers for 8 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.
B 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 2-1 Select 2716

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

T 1-2 Enable S100 bus memory write signal

27



Factory Installed jumpers for 5.25 inch floppy option

Jumper

A 2-3 CPU clock 4mhz

B 2-3 Tx/Rx clock for SI0O 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 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;7,10;11,12 Define floppy disk connector

T 1-2 Enable S100 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 16@6pf or parallel a 47pf with it.

Capacitor C6 is changed to a 1@mf.

Resistor R4 is changed to 226k 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 MHZ.
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19.3 Shugart SA 800 Jumpers

——— —— —————— —————— — - —— — ——

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

Jumper Y
Jumper C
Jumper T2
Jumper T1
Jumper 800
Jumper L
Jumper A
Jumper B
Jumper DS

10.4 Shugart 850

- ———— o

Jumper 2
Jumper C
Jumper A
Jumper B
Jumper R
Jumper I
Jumper Y
Jumper 850

Jumper S2

Jumper IT

Jumper FS

Jumper RM

Jumper HL

Jumper S

Jumper M

Jumper FM,MFM

DS1 for drive 1 and DS2 for drive 2
install termination at the end of cable.

18.6 MFE Model 700
Disk drive jumpers

install jumpers as follows:

Jumper J3 Jumper J1-4,31-8
C Jumper RHL Jumper J1@

Jumper J4 Jumper J7

Jumper L-1 Jumper SSI1

Jumper J3 Jumper SE2

Jumper WP1 Jumper J11,HS1
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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 FD116@
Disk drive Jumpers

Install jumpers as follows:

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

19.9 QUME data track 8

Disk drive Jjumpers

Install jumpers as follows:

DS1 OR DS2
CUT X
CuT Z
CUuT L
INSTALL Y
INSTALL C

10.9.1 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 DSl and pins3,7,8 for DS2.
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11.0 Appendex & Data sheets

- —— - —— D W — - - — - —— -

11.1 Appendex A - zsﬂA SIO / DART e0e o0 ces s e
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Z8470 Z80° DART
Dual Asynchronous
Recelver/Transmitter

% Product

Zilog Specification

March 1981
Features ® Two independent full-duplex channels with 8 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.

® Receiver data registers are quadruply buf- 8 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” B 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.

LEVQ 082

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

( Oy ja—— Rx0A BN
[ j—Ka
[ S—— |——s 7a0A
cry 0, «— e Tiea o, oo
"‘.‘.'.:‘ Dy s - VA 0[]z »[Jo,
Dy -] cHa 5[] s #[]o,
D ] le— RIA o[« ] o,
(Y S— 0 IIITEs ugm
e mooEM w|]e sl] e
____.,% conTRoL wo [+ ulJei
& ——t le— BT W[ nicd
RESEY 2-20 DART Voo [ 0 2[] 7
i - WRGVA [] 10 31 [J ano
conTaoL no:—-:- e neon 1 '“‘E" 280 DART o0 [ wiov
'm{ [ —— - P ] nxba (] 12 a]m
e TxOB Wuu 2 [] ma08
. e mdy g
x| 1 E- ] Xl
B8R ——a] &cu-n OTRA [] 16 25 [] 5TRB
A (] v 2 [] AvEs
DAISY P ey ) MODEM WEu n[]cEe
g I | BT | CONTe 5€BA [ 1 = [ 6e58
CONTROL 1E0 a—— 5558 ) ok [ 20 21 7] AESEY
+5V GND CLK
Figure 1. 280 DART Pin Functions Figure 2. Pin Assignments

2044-002, 007
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Description

B/R. 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.

Dy-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 IEI 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.

M1. 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 M1 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 irter-
rupted the Z-80 CPU.

IORQ. Input/Quiput 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 I/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 to 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
tor 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 Z-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-
preting a framing error as a new start bit: a
framing error results in the addition of one-half
a bit time to the point at which the search for
the next start bit is begun.

The 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

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

i
- SERIAL DATA

CHANNEL A

CHANNEL A
READVWRITE
REGISTERS

-
js—— CHANNEL CLOCKS
|-— WAITREADY

S—

[-a—— WMODEM OR
f———a= OTHER CONTROLS
f——a

fe—o RIA

le—
j«¢—— MODEM OR
j——a OTHER CONTROLS

INTERRUPT <o—— INTERRUPT
CONTROL ——] CONTROL
LINES -y LOGIC

CHANNEL B
READIWRITE
REGISTERS

T~

—
SERIAL DATA
CHANNEL 8

+8VGND CLK

[«ea——— CHANNEL CLOCK
e Wi

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 RR! are
updated at appropriate times for each function
being performed. 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:

® Interrupt on the first received character
W Interrupt on all received characters
@ Interrupt on a Special Receive condition

Interrupt On First Character is typically
used with the Block Transfer mode. Interrupt
On All 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

Transter 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 I/O cycle.
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Internal
Architecture

The device internal structure includes a Z-80
CPU interface, internal control and interrupt
logic, and two full-duplex channels. Each
channel contains read and write registers, and
discrete control and status logic that provides
the interface to modems or other external
devices.

The read and write register group includes
five 8-bit control registers and two status
registers. The interrupt vector is written into
an additional 8-bit register (Write Register 2)
in Channel B that may be read through Read
Register 2 in Channel B. The registers for both
channels are designated as follows:

WRO0-WRS — Write Registers 0 through 5
RRO-RR2 — Read Registers O through 2

The bit assignment and functional grouping
of each register is configured to simplify and

organize the programming process.

The logic for both channels provides for-
mats, bit synchronization and validation for
data transferred to and from the channel inter-
face. The modem control inputs Clear to Send
(CTS), Data Carrier Detect (DCD) and Ring
Indicator (RI) are monitored by the control
logic under program control. All the modem
control signals are general purpose in nature
and can be used for functions other than
modem control.

For automatic interrupt vectoring, the inter-
rupt control logic determines which channel
and which device within the channel has the
highest priority. Priority is fixed with Channel
A assigned a higher priority than Channel B;
Receive, Transmit and External/Status inter-
rupts are prioritized in that order within each
channel.

Data Path. The transmit and receive data path
illustrated for Channel A in Figure 4 is iden-
tical for both channels. The receiver has three
8-bit buffer reqgisters in a FIFO arrangement in
addition to the 8-bit receive shift register. This
scheme creates additional time for the CPU to

UO DATA BUFFER

RECEIVE

ERROR

FIFO

service a Receive Character Available inter-
rupt in a high-speed data transfer.

The transmitter has an 8-bit transmit data
register that is loaded from the internal data
bus, and a 9-bit transmit shift register that is
loaded from the transmit data register.

TRANSMIT DATA

RECEIVE
LoGic

RECEIVE
ERROR
Loaic

TRANSMIT
28T DELAY [~ TX0A

START
SHIFY REGISTER | >0

TRANSMIT
CLOCK LOGIC

RECEIVE
—] GBI —[ 3eiTs
DELAY @ 8ITS)

Figure 4. Data Path
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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 and 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 =1El. 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.

i T, Tw 1 T
CLOCK
cE )/ cuanneLaooress X
ioRa
o N /S
i
DATA £ )

)
DATA —{vecton )
\_—,

Figure 5c. 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.

3 n Tw T 1,
cLock

CE o)/ canneLaopress X0
ioRG

fAD

w1

DATA X 0w X

%

1
|
|
. |
Do-Dy { &0 ) { w0 ) J!
|
- _ _l, :
|
1E0 JI /

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 (WR0O-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
WR3
WR4

Interrupt vector (Channel B only)
Receive parameters and control

Transmit/Receive miscellaneous parameters
and modes

WRS5 Transmit parameters and controls

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

To read the contents of a selected read
register other than RRO, the system program
must first write the pointer byte to WR0 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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Z-80 DART READ REGISTER 0
Read and Write [0: "4 [0, 70. ,]o, o, [o]
Registers I L. ax cHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY
pco
Rl
USED WITH “EXTERNAL/
crs STATUS INTERRUPT"
NOT usgp | MODE
BREAK
READ REGISTER 2
I L avusent ‘ Lv
NOT USED viee
PARITY ERROR v
Ax ERROR V3** \ INTERRUPT
FRAMING ERROR va [ VECTOR
NOT USED vs
*Used With Special Recewve Condition Mode Ve
vi
**Variabie It “Status Affecis
Vecior  1s Programmed
WRITE REGISTER 0 WRITE REGISTER 1}
_—: L exr i enaste
0 0 0 REGISTERO
0 0 1 REGISTER1 Tx INT ENABLE
0 1 0 REGISTER2 STATUS AFFECTS VECTOR
0 1 1 REGISTER3 (CH. B ONLY)
1 0 0 REGISTER4
1 0 1 REGISTERS 0 0  RxINTDISABLE
0 1 RxINTON FIRST CHARACTER OR ON
1 0 INTON ALL Rx CHARACTERS (PARITY | SPECIAL
AFFECTS VEC
g 3 “’ %lugggi 11 INTONALLRx W (PARITY coNDI
0 1 0  RESET EXTSTATUS INTERRUPTS DOES NOT AFFECT VECTOR)
0 1 1  CHANNEL RESET WAIT/READY ON RIT
10 0  ENABLEINT ON NEXT Rx CHARACTER
10 1 RESET TxiNT PENDING WAITIREADY FUNCTION
1 1 0 ERROR RESET ENABLE
11 1 RETURN FROM INT (CH-A ONLY)
NOT USED
WRITE REGISTER 2 (CHANNEL B ONLY) WRITE REGISTER 3
[0: 0, [0 [ouTos 0. [0, [0 [0: [oe]o, ]o. [0 [0, T2, [ 0o
| RAx ENABLE
NOT USED
AUTO ENABLES
0 Rx5BITSICHARACTER

INTERRUPT
va VECTOR

55 ssl:

WRITE REGISTER 4

G [o o o]

I L paniry enaste
PARITY EVEN/GDD

0 0 NOT USED

0 1 1STOP BITICHARACTER

t [ 1%z STOP BITS/ICHARACTER

1 1 2 STOP BITS/ICHARACTER
NOT USED

[ 0 X1 CLOCK MODE

[] 1 X18 CLOCK MODE

1 0  X32 CLOCK MODE

1 1 X64 CLOCK MODE

WRITE REGISTER §

[o.To]ox o [o: 5. 1]

=

1 Rx 7 BITSICHARACTER
0  Rx6BITS/ICHARACTER
1

[
[
1
1 Rx 8 BITS/ICHARACTER

NOT USED
RTS

NOT USED
Tx ENASLE
SEND BREAK

0 0 Tx5BITS(OR LESSYCHARACTER
0 1 Tx 7 BITSICHARACTER
1 0  Tx6BITS/ICHARACTER
1 1 Tx 8 BITSICHARACTER
DTR
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Z8420
Z80° PIO Parallel
Input/Qutput Controller

Product

[} -
Specification
March 1981
Features B Provides a direct interface between Z-80 B Programmable interrupts on peripheral
microcomputer systems and peripheral status conditions.
devices. B Standard Z-80 Family bus-request and

W Both ports have interrupt-driven handshake prioritized interrupt-request daisy chains
for fast response. implemented without external logic.

8 Four programmable operating modes: byte # 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 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 of the efficient interrupt capabilities of the

devices and the Z-80 CPU. The CPU config- Z-80 CPU during 1/O transfers. All logic

ures the Z-80 PIO to interface with a wide necessary to implement a fully nested interrupt

range of peripheral devices with no other structure is included in the PIO.

external logic. Typical peripheral devices that Another feature of the PIO is the ability to

are compatible with the Z-80 PIO include most interrupt the CPU upon occurrence of speci-

keyboards, paper tape readers and punches, fied status conditions in the peripheral device.
printers, PROM programmers, etc. For example, the PIO can be programmed to
One characteristic of the Z-80 peripheral interrupt if any specified peripheral alarm con-
controllers that separates them from other ditions should occur. This interrupt capability
interface controllers is that all data transfer reduces the time the processor must spend in
between the peripheral device and the CPU is polling peripheral status.
( pra— : : | ——a ) o[ « 0o,
e o[ 2 39 [Jo,
s [] 3 38 ] o
D::I:4 ‘_’: :«-—» CE[] 4 37:]»51
e} s s [ ioro
~<—a]o, Asj+— PORT A > tOF
o o BA[] 6 a5 [] #D
o N a7 34 és,
as[ds 8 Y
( ] BIA SEL ARDY |——» A s 3211 Bs
] €15 SEL ASTH |m— o zaopio ¥ H &
ano [ 1 0[]e,
contRoLy —{&E  zsoro  m|e— Al »le,
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— i 8 Je—n [ mRH 26 +sv
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Figure 1. Pin Functions Figure 2. Pin Assignments
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General
Description
(Continued)

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

Operating Modes. The 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
I/O port, which latches the data into the Port
Input Register, resets Ready, and triggers the
Interrupt Request, if enabled. The CPU can
read the input data at any time, which again
sets Ready.

Mode 2 is bidirectional and uses Port A,
plus the interrupts and handshake signals from
both ports. 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.

® Individual bits can be masked off.

B 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
Z-80 CPU interrupt mode must be set to
Mode 2.

1€t

2em0,

cre
2CIToz  INT | —e
1E0
el __ 0
RxCA  INT INT
TxCA  IEO 1]
RxCB
TxCB
WIRDYB RDY
sio

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

The internal structure of the Z-80 PIO con-
sists of a Z-80 CPU bus interface, internal con-
trol logic, Port A I/O logic, Port B /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.

]
CPU } pata
INTERFACE 0

CONTROL

INTERRUPT CONTROL LINES

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
(IE1 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.

| 8
DATA
%> or conTROL
}HANDSNAKE
PERIPHERAL

‘ INTERFACE
8
w—y— DATA
‘OR CONTROL

-

}NANDSMAKE

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
1 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 0 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. It waits until M1 goes Low (e.qg.,
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

MASK
CONTROL
REGISTER

2eBIrs)

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
2-80 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.

DATA
INPUT | Sl

] reaister K.
(8 BITS)

INTERRUPT
CONTROL
Logic

HANDSHAKE

READY
L >
} CONTROL

STROBE
l—————

*Used in the bit mode only to alow generation of sn

interrupt i the peripheral VO pins go to the specified state.

Figure 5. Typical Port 1/0 Block Diagram
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Programming Mode 0. 1. or 2. (Byte Input, Output, 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 Z-80 CPU in interrupt Mode 2 (Figure 7). When inter-
rupts are enabled, the PIO must provide an interrupt
vector.

Mode 3. (Bit Input/Output). Programming a
port for Mode 3 operation requires a control
word, a vector (if interrupts are enabled), and
three additional words, described as follows:

I/0 Register Control. When Mode 3 is selected, the mode
control word must be followed by another control word that
sets the 1/O control register, which in turn defines which
port lines are inputs and which are outputs (Figure 8).

e o ]
_: IDENTIFIES MODE

CONTROL WORD

DON'T CARE
MODE SELECT

MODE 0
MODE 1
MODE 2

[]
[
1
1 MODE 3

~o=0

Figure 6. Mode Control Word

I_ IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

7] 08 os  oc] s [z o1 [ou]
‘ 0 SETS BIT YO 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 leve] 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 Dy 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
Dy = 0 NO MASK WORK FOLLOWS
D¢ = 1 MASK WORD FOLLOWS

Dg = 0 ACTIVE LEVEL IS LOW
Ds = 1 ACTIVE LEVEL IS HIGH

Dg = O INTERRUPT ON OR FUNCTION
D¢ = 1 INTERRUPT ON AND FUNCTION

Dy = 0 INTERRUPT DISABLED
D7 = 1 INTERRUPT ENABLED"

*NOTE: THE PORT IS NOT ENABLED UNTIL
THE INTERRUPT ENABLE IS FOLLOWED
B8Y AN ACTIVE M1,

Figure 9. Interrupt Control Word

MBg-MEB; MASK BITS. A
BIT IS MONITORED FOR AN
INTERRUPT IF IT IS

DEFINED AS AN INPUT AND
THE MASK BIT IS SET T0 0.

Figure 10. Mask Control Word

or[oe]osjoa] o Jo v {1 ]
! 1DENTIFIES INTERRUPT

DISABLE WORD

DON'T CARE

D7 = 0 INTERRUPT DISABLE
D7 = t INTERRUPY ENABLE

Figure 11. Interrupt Disable Word
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Pin
Description

BRg-Rjy. Port A Bus (bidirectional, 3-state).
This 8-bit bus transfers data, status, or control
information between Port A of the PIO and a
peripheral device. A 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 signat 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 P1O.

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.

Bo-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 1.8 V to drive Darlington transistors.

Bo 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 signal 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.

Do-Dy. 2-80 CPU Data Bus (bidirectional,
3-state). This bus is used to transfer all data
and commands between the Z-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 IEO 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 TORQ 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
Description
(Continued)

MI. Machine Cycle (input from CPU, active
Low). This signal is used as a sync pulse to
control several internal PIO operations. When
both the M1 and RD signals are active, the
Z-80 CPU is fetching an instruction from
memory. Conversely, when both M1 and
IORQ are active, the CPU is acknowledging
an interrupt. In addition, M1 has two other
functions within the Z-80 PIO: it synchronizes

the PIO interrupt logic; when M1 occurs

without an active RD or IORQ signal, the PIO

is. reset.

RD. Read Cycle Status (input from Z-80 CPU, -

active Low). If RD is active, or an I/O opera-
tion is in progress, RD is used with B/A, C/D,

CE, and IORQ to transfer data from the Z-80
PIO to the Z-80 CPU.

Timing

The following timing diagrams show typical
timing in a Z-80 CPU environment. For more
precise specifications refer to the composite
ac timing diagram.

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
PIO other than the automatically inserted
Twa. The PIO does not receive a speci-
fic write signal; it internally generates
its own from the lack of an active

RD signal.

T T2 Twa Ty T

i

*WR = RD » CE » C/D » IORQ

Figure 12. Write Cycle Timing

Read Cycle. Figure 13 illustrates the timing
for reading the data input from an external
device to one of the Z-80 PIO ports. No Wait
states are allowed for reading the PIO other
than the automatically inserted Twa.

Output Mode (Mode 0). An output cycle
(Figure 14) is always started by the execution
of an output instruction by the CPU. The WR*
pulse from the CPU latches the data from the
CPU data 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
positive edge of the . trobe line is received,
indicating that data was taken by the periph-
eral. The positive edge of the strobe pulse
generates an INT if the interrupt enable flip-
flop has been set and if this device has the
highest priority.

cLK

e N
N

“AD = AD « CE » T/D » TORQ

Figure 13. Read Cycle Timing

WR*

PORT
oUTPUT X

READY

TN

STROBE

“WR = RD ¢ CE » T/D » IORQ

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

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.

*RD = 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.

1f 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.

ARDY

ASTB

PORT A
DATA BuUS

\

iNT

BSTB

BRDY

*WR = RD » CE » C/D » IORQ

Figure 16. Mode 2 Bidirectional Timing

20060327, 0328
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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 PIO, the data returned to
the CPU is composed of output register data
from those port data lines assigned as outputs
and input register data from those port data

lines assigned as inputs. The input register
contains data that was present immediately
prior to the falling edge of RD. An interrupt is
generated il 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 WORD 1 x

DATA WORD 2 X

DATA MATCH
OCCURS HERE —f

ona ) /

3l
..

*Timing Diagram Refers to Bit Mode Read

00-07 (oatam )

ZDAIA WORD 1 PLACED ON 8US

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
IEI 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 RETI instruction is decoded
internally by the PIO for this purpose.

LASTT

STATE Twa

,,I

T l T2 I'wn

SAMPLE
INT

wi L /S

iOAG AND i1
l INDICATE
1

NTERRUPT
I 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 [IEO = IEI. If it has an
interrupt under service (i.e., it has already
interrupted and received an interrupt acknowl-
edge) then its IEO 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.

Atter 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-D7 ‘, €0 L, ‘, 40 ‘,
w_ Y

mo /—

Figure 19. Return From Interrupt
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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 TeC Clock Cycle Time 400 [1} 250 [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 TIC Clock Fall Time 30 30 20
5— 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 t Setup
Time 115 115 70
9— TdRI(DO)—— RD, IORQ !to Data Out Delay 430 380 300 [2)
10 TdRKDOs)  RD, IORQ 1 to Data Out Float
Delay 160 110 70
11 TsDI(C) Data In to Clock t Setup Time 50 50 40 CL = 50 pF
12 TdIO(DOI) IORQ | to Data Out Delay
(INTACK Cycle) 340 160 120 [3]
13— TsMI(Cr) ‘M1 | to Clock t Setup Time 210 90 70
14 TsMI(CH) M1_1 to Clock | Setup Time
(M1 Cycle) 0 0 0 8]
15  TdAMKIEO) M1 | to IEO | Delay (Interrupt
Immediately Preceding M1 {) 300 190 100 [S. 71
16  TsIEKIO) IEI to IORQ ! Setup Time
(INTACK Cycle) 140 140 100 [7]
17 — TAIEKIEOf)— IEI | to IEO | Delay 190 130 120 [S]
CL = S0 pF
18  TdIEKIEOTr) IEI ! to IEO 1 Delay (after ED
Decode) 210 160 160 [5]
19 TcIO(C) IORQ 1 to Clock | Setup Time
(To Activate READY on Next
Clock Cycle) 220 200 170
20 — TdC(RDYr)— Clock | to READY 1 Delay 200 190 170 [5]
CL = 50 pF
21 TdCRDYf) = Clock | to READY 1t Delay 150 140 120 [5]
22 TwSTB "STROBE Pulse Width 150 150 120 {41
23 TsSTB(C) STROBE 1 to Clock | Setup
Time (To Activate READY on
Next Clock Cycle) 220 220 150 [5}
24 — T3IO(PD)— IORQ 1! to PORT DATA Stable
Delay (Mode Q) 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  TdSTB(INT)  STROBE 1 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.

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

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

151 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)TAIEI(IEOf) + TdMI(IEO) + TsIEI(1O)

+ TTL Buffer 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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Voltages on all inputs and outputs

Absolute ' Stresses greater than those listed under Absolute Maxi-
Maximum with respecttoGND.......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Ratin, A ] This is a stress rating only; operation of the device at any
gs Operating Ambient condition above those indicated in the operational sections
Temperature _________________ As Speciﬁed in of these specifications is not implied. Exposure to absolute
Ordering Information maximum rating conditions for extended periods may affect
device reliability.
Storage Temperature. .. .. ... -65°Cto +150°C
Tost 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,
+475V < Voo s +5.25V 21K
m -40°C to +85°C, Fromaureut
+475V < Voo = +5.28V
m -55°to +125°C, 100 ¢ =0
+475V < Voo s +55V I
The product number for each operating = F 0T
temperature range may be found in the
DC Symbol Parameter Min Max  Unit Test Condition
Charac-
teristics Viie Clock Input Low Voltage -0.3 +045 V
Vine Clock Input High Voltage Vee-0.6 +5.5 v
ViL Input Low Voltage -0.3 +08 )"
Vin Input High Voltage +2.0 +5.5 v
VoL Output Low Voltage +0.4 A Iop =20mA
Vou Output High Voltage +2.4 \ Ioy = -250 4A
I Input Leakage Current ~-10.0 +10.0 4A 0<Vin< Ve
I 3-State Output/Data Bus Input Leakage Current -10.0 +10.0 4A 0<Vin<Vee
I Power Supply Current 1000 mA Vou =1.5V
Ioup Darlington Drive Current -1.5 3.8 mA Rext = 390 Q
Qver specified tlemperature and voltage range.
Capacitance Symbol Parameter Min Max Unit Test Condition
C Clock Capacitance 10 pF Unmeasured
. i turned
Cn Input Capacitance 5 pF glgr;i:én
Cout Output Capacitance 10 pF
Over specitied temperature range; { = IMH,
C8085- 0006
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Z8430
Z80° CTC Counter/
Timer Circuit

Product
Specification

March 1981
Features ® Four independently programmable W Selectable positive or negative trigger
counter/timer channels, each with a initiates timer operation.
readable downcounter and a selectable m Standard Z-80 Family daisy-chain interrupt
16 or 256 prescalfar. Downcounters are structure provides fully vectored, prioritized
reloaded automatically at zero count. interrupts without external logic. The CTC
® Three channels have Zero Count/Timeout may also be used as an interrupt controller.
outputs capable of driving Darlington ® 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 satisfy 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.
] Do CLKITRGo <—W
] Dy ZCmog p—>
—a] D2
CPV | -y CLIITRG |e— Da 2[] s
D:"I": <] 0, cmo, —e > CHANNEL o E ; a g .
-] D5 SIGNALS De E 3 . 3 o1
<] Dy CLKITRG; fe— o [« 251] oo
o 2emo, ano s 2[] +sv
——»4 CE ro [ 23] CLKTRG,
cre | % CLKITRG; [=— zemo, []7 86 CTC 22 [ cikaa,
courpoL ) —] cs zcmo, (8 2 [] cerra,
Fl::o’: ——e 51_ RESET fa—o 2emor [ 9 20 [} CcLKTRG,
—w zmoere Y I - s
Z80A CTC
g:"‘lx —i= Nt [ 12 17 [] RESET
INTERAUPT | <+ '%° e wl] e
CONTROL { - INY W 15[ ewx
CIK +5V GND
Figure 1. Pin Functions Figure 2. Pin Assignments
2041-0154, 0155 59
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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 counter
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 ps (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 (Channe! 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.
® CPU bus /O
@ Channel control logic
@ Interrupt logic
® Counter/timer circuits
CPU Bus 1/0. 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
zsocr

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

Figure 3. F

1 Block Diag
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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.

1If 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
(EDyg). If the device has a pending interrupt,
it raises IEO (High) for one Ml cycle. This
ensures that all lower priority devices can
decode the entire RETI instruction and reset
properly.

INTERNAL BUS

CLOCK

PRESCALER

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:

B Interrupt enable (or disable)

8 Operating mode (timer or counter)

B Timer mode prescaler factor (16 or 256)

& Active slope for CLK/TRG input

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

® Time constant data word to follow

W 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)
B 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 ul158
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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 time 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 1 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 CSy. A 2-bit binary code selects the
appropriate channel as shown in the following
table.

Channel CS, CSo
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 reprogrammed
after a hardware reset.

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

If the channel control word has both bits Dy
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. D; 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). Dg
selects factor—either 16 or 256.

Trigger Slope. Dy 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 J
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT .

MODE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

|— CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD
Ri

ESET
0 = CONTINUED OPERATION
1 = SOFTWARE RESEY

PRESCALER VALUE"
1 = VALUE OF 256
0 = VALUE OF 18

TIME
0 = NO TIME CON: FOLLOWS
= TIME CONSTANT FOLLOWS

CLX/TRO EDGE SELECTION
0 SELECTS FALLING EDGE
t SELECTS RISING EOGE

TIMER

0 = AUTOMATIC IRIGGER WHEN
TIME CONSYANT 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). Dj3 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 (T3)
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
I/0 write operation, which takes one machine
cycle. The timer is ready for operation on the
rising edge of the second clock pulse (T3) 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 T; by
one clock cycle plus its minimum setup time. If
the minimum time is not met, the timer will
start on the third clock cycle (T3).

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

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

A 0 in Dj 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 Dy set.

1 J ' | TCo
TCs ¢
TC5 — e,

TCy TCs

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 00,4 is interpreted as 256.

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

B The system clock period (¢)

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

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

Consequently, the time interval is the pro-
duct of ¢ x P x T. 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 Dj 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 O has the
highest priority.

l 0 = INTERRUPT VECTOR WORD
1 = CONTROL WORD

CHANNEL IDENTIFIER
(AUTOMATICALLY INSERTED

SUPPLIED
BY USER

D 0 = CHANNELO
0 1 = CHANNEL {
1 0 = CHANNEL 2
1 1 = CHANNEL 3

Figure 7. Interrupt Vector Word
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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 1/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/TRGo-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.

CSo-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
o
iNT
G
__1E0
INT
&
RxCB
T<CB
WIRDYS . ADY
si0 DMA

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
2-80 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.

IORQ. 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 MI 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.

M1. 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, activg_ng).
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; IEQ reflects IEI; Dg-D7 go to the
high-impedance state.

2ZC/TOg-2ZC/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.

2041-0156



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 CS; 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.

Timing

T T2 Twa T3 T

X

€80, €Sy, CE cHanneL aporess Y

DATA Lot )
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
(BD) 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 CS) and CSj selects the channel to be
addressed, and the word being written is
placed on the Z-80 data bus. The data word is

T T2 Twa T3 T

X cuanneLacoress X

e e N

€so, €Sy, CE

ey
RD /
-
_ =~
w oy

DATA X wn 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.

CLKITRG

INTERNAL
TIMER

STYART TIMING

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.

CLK/TRG

INTERNAL
COUNTER

zcIrTro

Figure 12. Counter Mode Timing

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.

24 Gle, e e D6
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Interrupt

Operation

HIGHEST PRIORITY
DEVICE

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 Z2-80 CPU Product Specifica-
tion and the Z-80 CPU Technical Manual.

LOWEST PRIORITY
DEVICE

DEVICE 1 DEVICE 2 DEVICE 3

H
@ o -4 e ) LI P 1eo 1 u

DEVICE 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 Z-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

DATA @_—

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
ED)g is decoded. If the following opcode is
4D, the peripheral being serviced is released
and its [EO becomes active. Additional wait
states are allowed.

- 0 ) 4 o)
Do-P7 { = ) { © )
S

{E0 /-

Figure 15. Return From Interrupt Timing

2041-0166, 0167, 0168



11.4 Appendex D - Floppy Disk controller ....



>
£
4

=y

GENERAL DESCRIPTION

The FD179X are MOS LS| devices which perform the
functions of a Floppy Disk Formatter/Controller in
a single chip implementation. The FD179X, which
can be considered the end resuilt 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. Also, head load

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

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 signa! from the drive. Also, HEX 01 is
loaded into sector register.

20 POWER SUPPLIES Vss Ground

21 Vee +5V 5%

40 Voo +12V +5%
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 iow on this input controis the placement of
data from a selected register on the DAL when CS
is low.

5,6 REGISTER SELECT A0, At These inputs select the register to receive/
LINES transfer data on the DAL lines under RE and WE
control:
A A0 RE WE
0 0 Status Reg Command Reg
0 1 Track Reg Track Reg
1 0 Sector Reg " Sector Reg
1 1 DataReg 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.




NUMBER PIN NAME SYMBOL FUNCTION

3s DATA REQUEST DRQ 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.

39 INTERRUPT INTRQ This open drain output is set at the completion of any
REQUEST ' command and is reset when the STATUS register is
read or the command register is written to. Use 10K
FLOPPY DISK INTERFACE: pull-up resistor to +5. s
15 STEP STEP The step output contains a pulse for each step. ‘;
16 DIRECTION DIRC Direction Output is active high when stepping in, |
active low when stepping out. S
17 EARLY EARLY Iindicates that the WRITE DATA pulse occurring 2

while Early is active (high) should be shifted early
for write precompensation.

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

22 ST TEST 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 motors.

23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the
head is assumed to be engaged.
25 READ GATE (1791/3) RG A high level on this output indicates to the data

separator circuitry that a field of zeros (or ones)
has been encountered, and is used for synchroni-
zation.

25 SIDE SELECT OUTPUT SSO The logic leve! of the Side Select Output is directly
(1795, 1797) controlled by the ‘S’ flag in Type Ii or Il commands.
When S = 1, SSO is set to a logic 1. When S = 0,
SSOis set to a logic 0. The Side Select Output is only
updated at the beginning of a Type i or it command.
It is forced to a logic 0 upon a MASTER RESET
condition.

26 READ CLOCK RCLK A nominal square-wave clock signal derived from
' the data stream must be provided to this input.
Phasing (i.e. RCLK transitions) relative to RAW
READ is important but polarity (RCLK high or low)

is not.

27 RAW READ RAW READ | The data input signal directly from the drive. This
input shall bé a negative pulse for each recorded
flux transition.

28 HEAD LOAD HLD The HLD output controls the loading of the
Read-Write head against the media.

29 TRACK GREATER TG43 This output informs the drive that the Read/Write

THAN 43 head is positioned between tracks 44-76. This output
is valid only during Read and Write Commands.
WRITE GATE WG This output is made valid before writing is to be

performed on the diskette.




FUNCTION

PIN
NUMBER PIN NAME SYMBOL
3 WRITE DATA wD
32 READY READY
33 WRITE FAULT WF/VFOE
VFO ENABLE
u TRACK 00 TRO0
35 INDEX PULSE P
36 WRITE PROTECT WPRT
37 DOUBLE DENSITY DDEN

A 250 ns (MFM) or 500 ns (FM) pulse per flux
transition. WD contains the unique Address marks
as well as data and clock in both FM and MFM
formats.

This input indicates disk readiness and is sampled
for a logic high before Read or Write commands
are performed. If Ready is low the Read or Write
operation is not performed and an interrupt is
generated. Type | operations are performed re-
gardless of the state of Ready. The Ready input
appears in inverted format as Status Register bit
7

This is a bi-directiona! signal used to signify writing
faults at the drive, and to enable the external PLO
data separator. When WG = 1, Pin 33 functions as
a WF input. If WF = 0, any write command will im-
mediately be terminated. When WG = 0, Pin 33 func-
tions as a VFOE output. VFOE will go low during a
read operation after the head has loaded and settied
(HLT = 1). On the 1795/7, it will remain low until the
last bit of the second CRC byte in the ID field. VFOE
will then go high until 8 bytes (MFM) or 4 bytes (FM)
before the Address Mark. It will then go active until
the last bit of the second CRC byte of the Data Field.
On the 1791/3, VFOE will remain low until the end of
the Data Field.

This input informs the FD179X that the Read/Write
head is positioned over Track 00.

This input informs the FD179X when the index hole
is encountered on the diskette.

This input is sampled whenever a Write Command
is received. A logic low terminates the command
and sets the Write Protect Status bit.

This pin selects either single or double density op-
eration. When DDEN = 0, double density is
selected. When DDEN = 1, single density is
selected. This line must be left open on the 1792/4

ORGANIZATION

The Floppy Disk Formatter block diagram is illus-
trated on page 5. The primary sections include the
parallel processor interface and the Floppy Disk inter-
face.

Data Shift Register—This 8-bit register assembies
serial data from the Read Data input (RAW READ)
during Read operations and transfers serial data to
the Write Data output during Write operations.

Data Register—This 8-bit register is used as a hold-
ing register during Disk Read and Write operations.
In Disk Read operations the assembled data byte is
transferred in parallel to the Data Register from the
Data Shift Register. In Disk Write operations informa-
tion is transferred in parallel from the Data Register
to the Data Shift Register.

When executing the Seek command the Data Regis-
ter holds the address of the desired Track position.
This register is loaded from the DAL and gated onto
the DAL under processor control.

Track Register—This 8-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
(towards track 76) and decremented by one when the
head is stepped out (towards track 00). The contents
of the register are compared with the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register should
not be loaded when the device is busy.
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Sector Register (SR)—This 8-bit register hoids the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write op-
erations. The Sector Register contents can be loaded
from or transferred to the DAL. This register should
not be loaded when the device is busy.

Command Register (CR)—This 8-bit register holds
the command presently being executed. This register
should not be loaded when the device is busy uniess
the new command is a force interrupt. The command
register can be loaded from the DAL, but not read
onto the DAL.

Status Register (STR)—This 8-bit register holds de-
vice Status information. The meaning of the Status
bits is a function of the type of command previously
executed. This register can be read onto the DAL,
but not loaded from the DAL.

CRC Logic—This logic is used to check or to gener-
ate the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is: G(x) = x'® + x'? + x5 + 1.

335

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit (ALU)—The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and comparisons with
the disk recorded ID field.

Timing and Control—All computer and Floppy Disk
Interface controls are generated through this logic.
The internal device timing is generated from an ex-
ternal crystal clock.

The FD1791/3 has two different modes of ation
according to the state of DDEN. When N=0
double density (MFM) is assumed. When =1,

single density (FM) is assumed.

AM Detector—The address mark detector detects
ID, data and index address marks during read and
write operations.




PROCESSOR INTERFACE

The intertace to the processor is accomplished
through the eight Data Access Lines (DAL) and as-
sociated control signals. The DAL are used to trans-
fer Data, Status, and Control words out of, or into the
FD179X. The DAL are three state buffers that are en-
abled as output drivers when Chip Select (CS) and
Read Enable (RE) are aclive (low logic state) or_act
as input receivers when CS and Write Enable (WE)
are active.

When transfer of data with the Floppy Disk Controller
is required by the host processor, the device address
is decoded and CS is made low. The address bits A1
and AQ, combined with the signals RE during a Read
operation or WE during a Write operation are inter-
preted as selecting the following registers:

A1-AQ READ (RE) WRITE (WE)
00 Status Register Command Register
01 Track Register Track Register
10 Sector Register Sector Register
11 Data Register Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the FD179X
and the processor, the Data Request (DRQ) output is
used in Data Transfer control. This signal also ap-
pears as status bit 1 during Read and Write opera-
tions.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byte
is transferred in parallel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred
into the register prior to processor readout, the Lost
Data bit is set in the Status Register. The Read op-
eration continues until the end of sector is reached.

On Disk Write operations the data Request is acti-
vated when the Data Register transfers its contents
to the Data Shift Register, and requires a new data
byte. It is reset when the Data Register is loaded
with new data by the processor. If new data is not
loaded at the time the next serial byte is required by
the Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data bit is set in the Status Re-
gister.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the
status register or by loading the command register
with a new command. In addition, INTRQ is gener-
ated if a Force Interrupt command condition is met.

FLOPPY DISK INTERFACE

The 179X has two modes of %g't]ion according to the
state of DDEN (Pin 37). When = 1, single density
is selected. In either case, the CLK input (Pin 24) is at
2 MHz. However, when interfacing with the mini-floppy,
the CLK input is set at 1 MHz for both single density and
double density. When the clock is at 2 MHz, the stepping
rates of 3, 6, 10, and 15 ms are obtainable. When CLK
equals 1 MHz these times are doubled.

HEAD POSITIONING

Five commands cause positioning of the Read-Write
head (see Command Section). The period of each
positioning step is specified by the r field in bits 1 and
0 of the command word. After the last directional
step an additional 15 milliseconds of head settling
time takes place if the Verify flag is set in Type |
commands. Note that this time doubles to 30 ms for
a 1 MHz clock. If = 0, there is zero settling
time. There is also a 15 ms head settling time if the E
flag is set in any Type Il or lll command.

The rates (shown in Table 1) can be applied to a
Step-Direction Motor through the device interface.

Step—A 2 us (MFM) or 4 us (FM) pulse is provided
as an output to the drive. For every step pulse is-
sued, the drive moves one track location in a direc-
tion determined by the direction output.

Direction (DIRC)—The Direction signal is active high
when stepping in and low when stepping out. The Di-
rection signal is valid 12 ps before the first stepping
pulse is generated.

When a Seek, Step or Restore command is executed
an optional verification of Read-Write head position
can be performed by setting bit 2 (V = 1) in the
command word to a logic 1. The verification operation
begins at the end of the 15 millisecond settling time
after the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register. if
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify oper-
ation is complete and an INTRQ is generated with no
errors. The FD179X must find an 1D field with correct
track number and correct CRC within 5 revolutions of
the media; otherwise the seek error is set and an
INTRQ is generated.

Table 1. STEPPING RATES

CLK 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz
DOEN © 1 0 1 x x
A1RO TEST=t TEST-1 TEST:1 TEST=1 TEST=0 TEST=0
o0 Ims 3ms 6ms 6 ms 184us 368us
01 6ms 6ms 12 ms 12 ms 190us  380us
10 10ms 10 ms 20 ms 20 ms 198us 396ps
11 15ms 15ms  30ms 30ms 208us 416ps

The Head Load (HLD) output controls the movement
of the read/write head against the media. HLD is ac-
tivated at the beginning of a Type | command if the h
flag is set (h = 1), at the end of the Type | command
if the verify flag (V = 1), or upon receipt of any Type
Il or 1H command. Once HLD is active it remains ac-
tive until either a Type | command is received with
(h = 0and V = 0); or if the FD179X is in an idle state
(non-busy) and 15 index pulses have occurred.
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Head Load Timing (HLT) is an input to the FD179X
which isused for the head engage time. When
HLT = 1, the FD179X assumes the head is com-
pletely engaged. The head engage time is typically
30 to 100 ms depending on drive. The low to high
transition on HLD is typically used to fire a one shot.
The output of the one shot is then used for HLT and
supplied as an input to the FD179X.

HLD V—*J

. l——so TO 100ms ——={

; i [

o
HLT (FRAOM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FD179X will
then read from or write to the media. The “and” of
HLD and HLT appears as a status bit in Type |
status.

In summary for the Type | commands: if h = 0 and
V =0,HLDisreset. ifth = 1tand V = 0, HLD is set at the
beginning of the command and HLT is not sampled nor
is there an internal 15 ms delay. f h=0and V=1,
HLD is set near the end of the command, an internal
15 ms occurs, and the FD179X waits for HLT to be
true. fh = 1 and V = 1, HLD is set at the beginning
of the command. Near the end of the command, after
all the steps have been issued, an internal 15 ms
delay occurs and the FD179X then waits for HLT to
occur.

For Type Il and It commands with E flag off, HLD is
made active and HLT is sampled until true. With E
flag on, HLD is made active, an internal 15 ms delay
occurs and then HLT is sampled until true.

DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtaina-
ble in either FM or MFM formats. For FM, DDEN
should be placed to logical “1.” For MFM formats,
DDEN should be placed to a logical “0."" Sector
lengths are determined at format time by a special
byte in the “ID” field. If this Sector length byte in the
ID field is zero, then the sector length is 128 bytes. If
01 then 256 bytes. If 02, then 512 bytes. If 03, then
the sector length is 1024 bytes. The number of sec-
tors per track as far as the FD179X is concerned can
be from 1 to 255 sectors. The number of tracks as far
as the FD179X is concerned is from 0 to 255 tracks.
For IBM 3740 compatibility, sector lengths are 128
bytes with 26 sectors per track. For System 34 com-
patibility (MFM), sector lengths are 256 bytes/sector
with 26 sectors/track; or lengths of 1024 bytes/sector
with 8 sectors/track. (See Sector Length Table.)

For_read operations, the FD179X requires RAW
READ Data (Pin 27) signal which is a 250 ns pulse
per flux transition and a Read clock (RCLK) signal to
indicate flux transition spacings. The RCLK (Pin 26)
signal is provided by some drives but if not it may be

derived externally by Phase lock loops, one shots, or
counter techniques. In addition, a Read Gate Signal
is provided as an output (Pin 25) which can be used
to inform phase lock loops when to acquire syn-
chronization. When reading from the media in FM. RG
is made true when 2 bytes of zeroes are detected.
The FD179X must find an address mark within the
next 10 bytes; otherwise RG is reset and the search
for 2 bytes of zeroes begins all over again. if an ad-
dress mark is found within 10 bytes, RG remains true
as long as the FD179X is deriving any useful informa-
tion from the data stream. Similarly for MFM, RG is
made active when 4 bytes of “00” or “FF" are de-
tected. The FD179X must find an address mark
within the next 16 bytes, otherwise RG is reset and
search resumes.
During read operations (WG = 0), the VFOE (Pin 33)
is _provided for phase lock loop synchronization.
V will go active when:

a) Both HLT and HLD are True

b) Settling Time, it programmed, has expired

c) The 179X is inspecting data off the disk
If WF/VFOE is not used, leave open or tie to a 10K
resistor to +5.

DISK WRITE OPERATION

When writing is to take place on the diskette the
Wirite Gate (WG) output is activated, allowing current
to flow into the Read/Write head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the FD179X before the Write Gate signal can be
activated.

Writing is inhibited when the Write Protect input is a
logic fow, in which case any Write command is im-
mediately terminated, an interrupt is generated and
the Write Protect status bit is set. The Write Fault in-
put, when activated, signifies a writing fault condition
detected in disk drive electronics such as failure to
detect write current flow when the Write Gate is acti-
vated. On detection of this fault the FD179X termi-
nates the current command, and sets the Write Fault
bit (bit 5) in the Status Word. The Write Fault input
should be made inactive when the Write Gate output
becomes inactive.

For write operations, the FD179X provides Write
Gate (Pin 30) and Write Data (Pin 3t) outputs. Write
data_consists of a series of 500 ns pulses in FM
(DDEN = 1) and 250 ns pulses in MFM (DDEN = 0).
Write Data provides the unique address marks in
both formats.

Also during write, two additional signals are provided
for write precompensation. These are EARLY (Pin
17) and LATE (Pin 18). EARLY is active true when
the WD pulse appearing on (Pin 30) is to be written
early. LATE is active true when the WD pulse is to be
written LATE. If both EARLY and LATE are low when
the WD puise is present, the WD pulse is to be written at
nominal. Since write precompensation values vary from
disk manufacturer to disk manufacturer, the actual
value is determined by several one shots or delay lines
which are located external to the FD179X. The write
precompensation signals EARLY and LATE are valid
for the duration of WD in both FM and MFM formats.
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Whenever a Read or Write command (Type H or i)
is received the FD179X sampies the Ready input. ¥
this input is logic low the command is not executed
and an interrupt is generated. All Type | commands
are performed regardiess of the state of the Ready
input. Also, whenever a Type Il or Ill command is re-
ceived, the TG43 signal output is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit 0).
The one exception is the Force Interrrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is re-
set. The Status Register indicates whether the com-
pleted command encountered an error or was fauit
free. For ease of discussion, commands are divided
into four types. Commands and types are sum-
marized in Table 2.

Table 2 COMMAND SUMMARY

BITS
TYPE COMMAND 76543210
] Restore 0000hVIHT
| Seek 0001hVnrn
| Step 001uhVnrn
1 Step In 010uhVnr
1 Step Out 01 1TuhVnr
n Read Sector 100mFEFO
H Write Sector 101 mFEF, a
m Read Address 11000EO00O
n Read Track 11100E00
[11] Write Track t1110EO00
[\") Force Interrrupt 1101 L LLDb

Table 4 FLAG SUMMARY
TYPE H & Il COMMANDS
m = Multiple Record flag (Bit 4)

m = 0, Single Record
m = 1, Multiple Records

a, = Data Address Mark (Bit 0)

a = 0, FB (Data Mark)
a, = 1, F8 (Deleted Data Mark)

E = 15 ms Delay (2MHz)
E =1, 15 ms delay
€ = 0. no 15 ms delay
(F,) S = Side Select Flag (1791/3 only)
S = 0, Compare for Side 0
S = 1;.Compare for Side 1
(Fs) C = Side Compare Flag (1791/3 only)
C = 0, disable side select compare
C =1, enable side select compare
(F\) S = Side Select Flag.
(Bit 1, 1795/7 only)
S = 0 Update SSO to 0
S = 1 Update SSO to 1

(F.) b = Sector Length Flag
(Bit 3, 1975/7 only)

Sector Length Field
00 o1 10 1
b=0 256 512 1024 128
b=1 128 256 512 1024

Note: Bits shown in TRUE form.

Table 3 FLAG SUMMARY

TYPE | COMMANDS
h = Head Load Flag (Bit 3)

h = 1, Load head at beginning
h =0, Unload head at beginning

V = Verify flag (Bit 2)
V = 1, Verify on destination track
V = 0, No verify

rifo = Stepping motor rate (Bits 1-0)

Refer to Table 1 for rate summary
u = Update flag (Bit 4)

u = 1, Update Track register
u = 0, No update

Table 5 FLAG SUMMARY
TYPE IV COMMAND

li = Interrupt Condition flags (Bits 3-0)
10 = 1, Not-Ready to Ready Transition
It = 1, Ready to Not-Ready Transition
12 = 1, index Pulse
13 = 1, Inmediate Interrupt
13 -1g = 0, Terminate with no Interrupt

TYPE | COMMANDS

The Type | Commands inciude the ‘Restore, Seek,
Step, Step-In, and Step-Out commands. Each of the
Type | Commands contains a rate field (ror:), which
geat;:n'mes the stepping motor rate as defined in
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The Type | Commands contain a head load flag (h)
which determines if the head is to be loaded at the
beginning of the command. If h = 1, the head is
loaded at the beginning of the command (HLD output
is made active). If h = 0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
until the FD179X receives a command that specifi-
cally disengages the head. If the FD179X is idle
(busy = 0) for 15 revolutions of the disk, the head will
be automatically disengaged (HLD made inactive).

The Type | Commands also contain a verification (V)
flag which determines if a verification operation is to
take place on the destination track. if V = 1, a verifi-
cation is performed, if V =0, no verification is per-
formed.

During verification, the head is loaded and after an
internal 15 ms delay, the HLT input is sampled.
When HLT is active (logic true), the first encountered
ID field is read off the disk. The track address of the

1D field is then compared to the Track Register; if
there is a match and a valid ID CRC, the verification
is complete, an interrupt is generated and the Busy
status bit is reset. If there is not a match but there is
valid ID CRC, an interrupt is generated, and Seek
Error Status bit (Status bit 4) is set and the Busy
status bit is reset. If there is a match but not a valid
CRC, the CRC error status bit is set (Status bit 3),
and the next encountered ID field is read from the
disk for the verification operation. f an ID field with a
valid CRC cannot be found after four revolutions of
the disk, the FD179X terminates the operation and
sends an interrupt, (INTRQ).

The Step, Step-In, and Step-Out commands contain
an Update flag (U). When U = 1, the track register is
updated by one for each step. When U = 0, the track
register is not updated.

On the 1795/7 devices, the SSO output is not affected
during Type 1 commands, and an internal side com-
pare does not take place when the (V) Verify Flag is
on.

Has
A TYPE ¢
COMMAND BEEN
RECEWED

ves

SET BUSY RESET CRC
SEEK ERROR DRQ INTRO

NO

TYPE §| COMMAND FLOW
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RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO)
input is sampled. If TROO is active low indicating the
Read-Write head is positioned over track O, the Track
Register is loaded with zeroes and an interrupt is
generated. If TROO is not active low, stepping pulses
(pins 15 to 16) at a rate specified by the riro field are
issued until the TROO input s activated. At this time the
Track Register is ioaded with zeroes and an interrupt is
generated. If the TROO input does not go active low
after 255 stepping pulses, the FD179X terminates op-
eration, interrupts, and sets the Seek error status bit.
A verification operation takes place if the V flag is
set. The h bit allows the head to be loaded at the
start of command. Note that the Restore command is
executed when MR goes from an active 1o an inac-
tive state.

INTRQ PESEY BUSY
SET SEEW ERROR

NOTE ¥ TEST 0 THERE 1S MO 15MS DELAY
FTEST 1 ANDCLK ) Wbz THERE 1S A 10MS DEIAY

TYPE | COMMAND FLOW

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read-Write head and the Data Register contains the
desired track number. The FD179X will update the
Track register and issue stepping pulses in the ap-
propriate direction until the contents of the Track re-
gister are equal to the contents of the Data Register
(the desired track location). A verification operation
takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the com-
mand.

STEP

Upon receipt of this command, the FD179X issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by thero field, a
verification takes place if the V flag is on. If the u flag is
on, the Track Register is updated. The h bit aliows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the command.

STEP-IN

Upon receipt of this command, the FD179X issues
one stepping pulse in the direction towards track 76.
If the u flag is on, the Track Register is incremented
by one. After a delay determined by the nro field, a
verification takes place if the V flag is on. The h bit
allows the head to be loaded at the start of the
command. An interrupt is generated at the comple-
tion of the command.

STEP-OUT

Upon receipt of this command, the FD179X issues
one stepping pulse in the direction towards track 0. If
the u flag is on, the Track Register is decremented by
one. After a delay determined by the nro field, a ver-
ification takes place if the V flag is on. The h bit al-
lows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Il COMMANDS

The Type Il Commands are the Read Sector and
Wirite Sector commands. Prior to loading the Type Il
Command into the Command Register, the computer
must load the Sector Register with the desired sector
number. Upon receipt of the Type Il command, the
busy status Bit is set. if the E flag = 1 (this is the
normal case) HLD is made active and HLT is sam-
pled after a 15 msec delay. If the E flag is O, the
head is loaded and HLT sampled with no 15 msec
delay. The ID field and Data Field format are shown
onpage13.

When an ID field is located on the disk, the FD179X
compares the Track Number on the 1D field with the
Track Register. if there is not a match, the next en-



countered ID field is read and a comparison is again
made. if there was a match, the Sector Number of
the ID field is compared with the Sector Register. If
there is not a Sector match, the next encountered ID
field is read off the disk and comparisons again
made. If the ID field CRC is correct, the data field is
then located and will be either written into, or read
from depending upon the command. The FD179X
must find an ID field with a Track number, Sector
number, side number, and CRC within four revoiutions
of the disk; otherwise, the Record not found status bitis
set (Status bit 3) and the command is terminated with an
interrupt.

SET BUSY. RESET DRQ. L.0ST
DATA RECORD NOT FOUND. &
STATUS BITS 3 4 6 NTRQ

THERE 15 N 150K DELAY
AND CLE 1 M7 THERE 15 Y0MS DELAY

{

Sector Length Table
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
01 256
02 512
03 1024

Each of the Type Il Commands contains an (m) fiag
which determines if multiple records (sectors) are 0
be read or written, depending upon the command. if
m = 0, a single sector is read or written and an inter-
rupt is generated at the completion of the command.
if m = 1, multiple records are read or written with the
seclor register internally updated so that an address
verification can occur on the next record. The
FD179X will continue to read or write multiple records
and update the sector register until the seclor regis-

STORE LENGTH IN INTERNAL
REGISTER

TYPE Il COMMAND
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ter exceeds the number of sectors on the track or
until the Force Interrupt command is loaded into the
Command Register, which terminates the command
and generates an interrupt.

If the Sector Register exceeds the number of sectors
on the track, the Record-Not-Found status bit will be
set.

The Type 1l commands also contain side select com-
pare flags. When C = 0, no side comparison is made.
When C = 1, the LSB of the side number is read off the
ID Field of the disk and compared with the contents of
the (S) flag. If the S flag compares with the side number
recorded in the ID field, the 179X continues with the
ID search. if a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

The 1795/7 READ SECTOR and WRITE SECTOR com-
mands include a ‘b’ flag. The ‘b’ flag, in conjunction with
the sector length byte of the ID Field, allows different
byte lengths to be implemented in each sector. For IBM
compatability, the ‘b’ flag should be set to a one. The

‘s’ flag allows direct control over the SSO Line (Pin 25)
and is set or reset at the beginning of the command,
dependent upon the value of this flag.

READ SECTOR

Upon receipt of the Read Sector command, the head
is loaded, the Busy status bit set, and when an ID
field is encountered that has the correct track
number, correct sector number, correct side number,
and correct CRC, the data field is presented to the
computer. The Data Address Mark of the data field must
be found within 30 bytes in single density and 43 bytesin
double density of the last ID field CRC byte; if not, the
Record Not Found status bit is set and the operation is
terminated.

When the first character or byte of the data field has
been shifted through the DSR, it is transferred to the
DR, and DRQ is generated. When the next byte is
accumulated in the DSR, it is transferred to the DR
and another DRQ is generated. If the Computer has
not read the previous contents of the DR before a
new character is transferred that character is lost and

INTRQ RESET BUSY
SET RECORD.NOT FOUND

SETDATA
LosT

DELAY 2 BYTES OF GAP

MTRO RESET BUSY
SETLOST DATA

ves

DELAY 1 BYTE OF GAP

TURN ON WG § WRITE
6 BYTES OF ZEROS

DELAY 11 BYTES

WRITE DATA AM
ACCORDING TO A0 FIELD
OF WRITE COMMAND

TURN ON WG 8 WRITE!
12 BYTES OF ZEROS

TYPE Il COMMAND

TYPE H COMMAND
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the Lost Data Status bit is set. This sequence con-
tinues until the complete data field has been inputted
to the computer. If there is a CRC error at the end of
the data field, the CRC error status bit is set, and the
command is terminated (even if it is a multiple record
command).

At the end of the Read operation, the type of Data
Address Mark encountered in the data field is re-
corded in the Status Register (Bit 5) as shown below:

STATUS
BIT 5
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, correct side num-
ber, and correct CRC, a DRQ is generated. The FD179X
counts oft 11 bytes in single density and 22 bytes in
double density from the CRC field and the Write Gate
(WG) output is made active if the DRQ is serviced (i.e.,
the DR has been loaded by the computer). if DRQ has
not been serviced, the command is terminated and the
Lost Data status bit is set. if the DRQ has been ser-
viced, the WG is made active and six bytes of zeros
in single densitv and 12 bytes in double density are
then written on the disk. At this time the Data Ad-
dress Mark is then written on the disk as determined
by the ao field of the command as shown below:

@& Data Address Mark (Bit 0
1 Deleted Data Mark
0 Data Mark

The FD179X then writes the data field and generates
DRQ's to the computer. If the DRQ is not serviced in
time for continuous writing the Lost Data Status Bit is
set and a byte of zeros is written on the disk. The
command is not terminated. After the last data byte
has been written on the disk, the two-byte CRC is
computed internally and written on the disk followed
by one byte of logic ones in FM or in MFM. The WG
output is then deactivated.

TYPE lil COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the
head is loaded and the Busy Status Bit is set. The

next encountered ID field is then read in from the
disk, and the six data bytes of the ID field are as-
sembled and transferred to the DR, and a DRQ is
generated for each byte. The six bytes of the 1D fieid
are shown below:

TRACK SIDE SECTOR | SECTOR | CRC | CRC
ADDR | NUMBER | ADDRESS | LENGTH 1 2

1 2 3 4 5 6

Although the CRC characters are transferred to the
computer, the FD179X checks for validity and the
CRC error status bit is set if there is a CRC error.
The Track Address of the ID field is written into the
sector register. At the end of the operation an inter-
rupt is generated and the Busy Status is reset.

READ TRACK

Upon receipt of the Read Track command, the head
is loaded and the Busy Status bit is set. Reading
starts with the leading edge of the first encountered
index pulse and continues until the next index pulse.
As each byte is assembled it is transferred to the
Data Register and the Data Request is generated for
each byte. No CRC checking is performed. Gaps are
included in the input data stream. The accumulation
of bytes is synchronized to each Address Mark en-
countered. Upon completion of the command, the in-
terrupt is activated. RG is not activated during the
Read Track Command. An internal side compare is not
performed during a Read Track.

WRITE TRACK

Upon receipt of the Write Track command, the head
is loaded and the Busy Status bit is set. Writing
starts with the leading edge of the first encountered
index puise and continues until the next index pulse,
at which time the interrupt is activated. The Data Re-
quest is activated immediately upon receiving the
command, but writing will not start until after the first
byte has been loaded into the Data Register. If the
DR has not been loaded by the time the index pulse
is encountered the operation is terminated making
the device Not Busy, the Lost Data Status Bit is set,
and the Interrupt is activated. If a byte is not present
in the DR when needed, a byte of zeros is substi-
tuted. Address Marks and CRC characters are writ-
ten on the disk by detecting certain data byte pat-
terns in the outgoing data stream as shown in the
table below. The CRC generator is initialized when
any data byte from F8 to FE is about to be transfer-
red from the DR to the DSR in FM or by receipt of
F5 in MFM.

GAP| ID | TRACK | SIDE |SECTOR|SECTOR |CRC|CRC|GAP|DATA CRC | CRC
i { AM{NUMBER [NUMBER|NUMBER{LENGTH | 1 2 L] AM |DATAFIELD | 1 2
ID FIELD DATA FIELD

In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5

missing.
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LOSY DATA
AESET BUSY

SET BUSY RESET OO
LOST DATA STATUS
srses

WRITE FC
o7

WRITE ¥D FE OR
hiddy Faf8 CLx Cr

INITIALIZE CRC -

WRITE A1 IN MFM
> T34 MISSING CLOCK]
WTIALIZE CRC

TYPE ili COMMAND WRITE TRACK
CONTROL BYTES FOR INITIALIZATION

TYPE i COMMAND WRITE TRACK

DATA PATTERN FD179X INTERPRETATION FD1791/3 INTERPRETATION

IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)

00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM

F5 Not Allowed Write A1* in MFM, Preset CRC

F6 Not Allowed Write C2** in MFM

F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8 thru FB Write F8 thru FB, Cik = C7, Preset CRC Write F8 thru FB, in MFM

FC Write FC with Clk = D7 Write FC in MFM

FD Write FD with Clk = FF Write FD in MFM

FE Write FE, Cik = C7, Preset CRC Write FE in MFM

FF Write FF with Clk = FF Write FF in MFM

*Missing clock transition-between bits 4 and 5
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SET 8UsSY
RESET STATUS
oT52. 4.5

COPY'S FLAG
TO SSO LNE
(17987 ONLY)

SET LD

YES

TG43
UPDATE
D3R YO DR
READ N
U =
vES READ
ADDRESS
"0 TEST 4. MO DELAY TYPE ¥l COMMAND
% TESY =1 and CLK=1 MHZ, 30 M5 DELAY Read Track/Address
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TYPE IV COMMAND

FORCE INTERRUPT

This command can be loaded into the command re-
gister at any time. If there is a current command
under execution (Busy Status Bit set), the command
will be terminated and an interrupt will be generated
when the condition specified in-the lo through k field
is detected. The interrupt conditions are shown be-
low:

lo = Not-Ready-To-Ready Transition

h = Ready-To-Not-Ready Transition

Iz = Every index Pulse :

Is = Immediate Interrupt (requires reset, see
Note)

NOTE: If lo — Is = 0, there is no interrupt generated but
the current command is terminated and busy is
reset. This is the only command that will enable
the immediate interrupt to clear on a subse-
quent Load Command Register or Read Status

KO- -a0m

N

Register.
S e STATUS DESCRIPTION
Upon receipt of any command, except the Force In-
1 terrupt command, the Busy Status bit is set and the
rest of the status bits are updated or cleared for the

. new command. If the Force Interrupt Command is
Rliaeirid received when there is a current command under

execution, the Busy status bit is reset, and the rest of
the status bits are unchanged. if the Force Interrupt
command is received when there is not a current
command under execution, the Busy Status bit is
reset and the rest of the status bits are updated or
cleared. In this case, Status reflects the Type | com-
mands.

SET DRQ

The format of the Status Register is shown below:

{BITS)
7 | 6 ] 54 ]3T2T]T17To0

TRANSFER TRACK s7 | s6 | ss5[s4 [s3|s2] s1]so
NUMBER TO SECTOR

REGISTOR

Status varies according to the type of command exe-
CcRC YES SET cAC cuted as shown in Tabie 6.
ERAOR ERROA BIT

SET INTRQ
RESET BUSY

TYPE Il COMMAND
Read Track/Address

346



FORMATTING THE DISK

(Refer to section on Type Il commands for flow diag-
rams.)

Formatting the disk is a relatively simple task when
operating programmed /O or when operating under
Formatting the disk is accomplished by positioning
the R/W head over the desired track number and is-
suing the Write Track command. Upon receipt of the
Write Track command, the FD179X raises the Data
Request signal. At this point in time, the user loads
the data register with desired data to be written on
the disk. For every byte of information to be written
on the disk, a data request is generated. This sequ-
ence continues from one index mark to the next
index mark. Normally, whatever data pattern appears
in the data register is written on the disk with a nor-
mal clock pattern. However, if the FD179X detects a
data pattern of F5 thru FE in the data register, this is
interpreted as data address marks with missing
clocks or CRC generation. For instance, in FM an FE
pattern will be interpreted as an ID address mark
{DATA-FE, CLK-C7) and the CRC will be initialized.
An F7 pattern will generate two CRC characters in
FM or MFM. As a consequence, the patterns F5 thru
FE must not appear in the gaps, data fields, or ID
fields. Also, CRC's must be generated by an F7 pat-
tern.

Disks may be formatted in {BM 3740 or System 34
formats with sector lengths of 128, 256, 512, or 1024

bytes.

IBM 3740 FORMAT—128 BYTES/SECTOR

Shown below is the IBM single-density format with
128 bytes/sector. In order to format a diskette, the
user must issue the Write Track command, and loac
the data register with the following values. For every
byte to be written, there is one data request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
40 FF (or 00)'
6
1 FC (Index Mark)
. 26 FF (or 00)
6 00
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 1A)
1 00
+ F7 (2 CRC's written)
1 FF (or 00)
6 00
T FB (Data Address Mark)
128 Data (IBM uses ES5)
1 F7 (2 CRC's written)
27 FF (or 00)
247°* FF (or 00}

*Write bracketed field 26 times

“*Continue writing until FD179X interrupts out.

Approx. 247 bytes.
1-Optional ‘00" on 1795/7 only.
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IBM SYSTEM 34 FORMAT-

256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256
bytes/sector. In order to format a diskette the user
must issue the Write Track command and load the
data register with the following values. For every byte
to be written, there is one data request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
80 4E
12 00
F6
FC (Index Mark)
4E
00
F5
FE (1D Address Mark)
Track Number (0 thru 4C)
Side Number (0 or 1)

Sector Number (1 thru 1A)
01

F7 (2 CRCs written)

4E

00

F5

FB (Data Address Mark)
DATA

F7 (2 CRCs written)

4E

4E

N
.

14

S

598>

* Write bracketed field 26 times
**Continue writing until FD179X interrupts out.
Approx. 598 bytes.

ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS

1. NON-IBM FORMATS

Variations in the I1BM format are possible to a limited
extent if the following requirements are met: sector
size must be a choice of 128, 256, 512, or 1024 bytes;
gap size must be according to the following table. Note
that the Index Mark is not required by the 179X. The
minimum gap sizes shown are that which is required by
the 179X, with PLL lock-up time, motor speed variation,
etc., adding additional bytes.

FM MFM
Gap | 16 bytes FF 32 bytes 4E
Gap Il 11 bytes FF 22 bytes 4E
. 6 bytes 00 12 bytes 00
3 bytes A1
Gap I 10 bytes FF 24 bytes4E
3 bytes A1
. 4 bytes 00 8 bytes 00
Gap IV 16 bytes FF 16 bytes4E
*Byte counts must be exact.

**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

Voo With Respect to Vss (Ground) =15 to —0.3V Operating Temperature 0°C to 70°C
Max. Volitage to Any Input With =15to -0.3V Storage Temperature —55°C to +125°C
Respect to Vss
Vpp = ID ma Nominal Voo = 35 ma Nominal
OPERATING CHARACTERISTICS (DC)
TA = 0°Cto 70°C, Voo = + 12V + 6V, Vss = OV, Vec = + 5V + 25V
SYMBOL CHARACTERISTIC MIN. MAX. UNITS | CONDITIONS
In Input Leakage 10 nA Vi = Voo
lou Output Leakage 10 nA Vour = Voo
Vi Input High Voitage 26 v
Vi Input Low Volitage 08 v
Vo Output High Voltage 28 \ fo = —100 nA
Vou Output Low Voitage 0.45 \ lo=16mA
Po Power Dissipation 0.5 w
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TIMING CHARACTERISTICS
Ta = 0°C t0 70°C, Voo = + 12V x 6V, Vss = OV, Vcc =45V + .26V

READ ENABLE TIMING
SYMBOL CHARACTERISTIC _ MIN. TYP. MAX. | UNITS | CONDITIONS
TSET Setup ADDR & CS to RE_ 56 nsec
THLD Hold ADDR & CS from RE 10 nsec
TRE AE Pulse Width __ 400 nsec C.=50pf
TORR DRQ Reset from RE__ 400 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec See Note 5 S
TDACC Data Access from RE 350 nsec C. = 50 pf £
TOOH Data Hold From RE 50 150 nsec C. = 50 pf §
\
N
. - % OR 32 uS -]
I o rom |
S SO —
wino bt
—q ISERVICE fum— ]
LTS vou
: b
AQ AY CS G-)—_-J_— i
j— TRE
-] .
/’I Tepr fuo—
—tmd TOACC fum— I
.o 5:'.‘»
NOTE 1 EX WAY BE PERMANENTLY THEC LOW ¥ DESMED
“TIME DOUBLES Wit CLOCR YWz
15':.:\1’!?‘!% :;gu?&' CASEV

READ ENABLE TIMING
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WRITE ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS ] CONDITIONS
TSET Setup ADDR & CS to WE 50 nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Pulse Width __ 350 nsec
TDRR DRQ Reset from WE 400 500 nsec
TIRR INTRQ Reset from WE 500 3000 nsec See Note 5
0S8 Data Setup to WE 250 nsec
TOH Data Hold from WE 70 nsec
INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS | CONDITIONS
Tpw Raw Read Pulse Width 100 200 nsec | See Note 1
tbe Aaw Read Cycle Time 1500 nsec | 1800 ns @ 70°C
Tc RCLK Cycle Time 1500 nsec |1800 ns @ 70°C
Tx RCLK hold to Raw Read 40 nsec | See Note 1
Tx2 Raw Read hold to RCLK 40 nsec
L
P o ~
I e
" [ LI
b ~
o oo e+ —=f
0]
_JI— A
]
- ATa sasst NOMINAL
tos DISKETTE | MODE |ODEN | cik [ 1. | T | T,
-~ .,,.,I.. (3 MFM 0 | 2MHz [1gus 1,:3 2 u8
8" M 1 2MHZ |28 | 2u8 | Qus
NOTE 1 CS v 0€ sErMMNENTLY TRD LOW € CESRED. 5" MFM 0 TMHZ [ 2u8 | 248 4 8
1 SERVICE IWORST CASE) %ﬁ%@%: s F” ‘ ' MHI ‘ u ‘ ” o "
g s T BOUBLES WHEN COn T ae D WHEN CLE 1 ke INPUT DATA TIMING

WRITE ENABLE TIMING
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WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz)

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS| CONDITIONS
Twp Write Data Puise Width 450 500 550 nsec F™M
150 200 250 nsec MFM
Twg Write Gate to Write Data 2 pnsec FM
1 usec MFM
Tbe Write data cycle Time 23,004 pnsec +CLK Error
Ts Early (Late) to Write Data 125 nsec MFM
Th Early (Late) From 125 nsec MFM
Write Data
Twi Write Gate off from WD 2 usec FM
1 usec MFM
Twdl WO Valid to Clk 100 nsec CLK=1 MHZ
50 nsec CLK=2 MHZ
Twd2 WD Valid after CLK 100 nsec CLK=1 MHZ
30 nsec CLK=2 MHZ

WD

WRITE DATA/CLOCK RELATIONSHIP
{DDEN= 0)

WRITE DATA TIMING
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MISCELLANEOUS TIMING:

SYMBOL CHARACTERISTIC MiN. TYP. MAX. UNITS | CONDITIONS
TCD: Clock Duty (low) 230 250 20000 nsec
TCD2 Clock Duty (high) 200 250 20000 nsec
TSTP Step Pulse Output 20r4 nsec See Note 5
TOIR Dir Setup to Step 12 usec + CLK ERROR
TMR Master Reset Pulse Width 50 psec
e index Pulse Width 10 usec
TWF Write Fautt Pulse Width 10 usec | SeeNoteS

'-"rt-

L
e I

R o S SO T

[ L
vou r
MISCELLANEOUS TIMING

NOTES:
1. Puise width on RAW READ (Pin 27) is normally 3. tbc should be 2 us, nominal in MFM and 4 s nominal

100-300 ns. However, pulse may be any width if in FM. Times double when CLK = 1 MHz.

pulse is entirely within window. if pulse occurs in both 4. RCLK may be high or low during RAW READ (Polarity

windows, then pulse width must be less than 300 ns is unimportant).

for MFM at CLK = 2 MHz and 600 ns for FM at 2 5. Times double when clock = 1 MHz.
MH2z. Times double for 1 MHz.
2. A PPL Data Separator is recommended for 8" MFM.
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FD179X Application Notes

INTRODUCTION

Over the past several years, the Floppy Disk Drive has
become the most popular on-line storage device for
mini and microcomputer systems. Its fast access time,
reliability and low cost-per-bit ratio enables the Floppy
Disk Drive to be the solution in mass storage for mi-
croprocessor systems. The drive interface to the Host
system is standardized, allowing the OEM to substitute
one drive for another with minimum hardware/ software
modifications.

Since Floppy Disk Data is stored and retrieved as a
self-clocking serial data stream, some means of sep-
arating the clock from the data and assembling this
data in parallel form must be accomplished. Data is
stored on individual Tracks of the media, requiring con-
trol of a stepper motor to move the Read/Write head
to a predetermined Track. Byte sychronization must
also be accomplished to insure that the parallel data
is properly assembled. After all the design considera-
tions are met, the final controiler can consist of 40 or
more TTL packages.

To alleviate the burden of Floppy Disk Controller de-
sign, Western Digital has developed a Family of LS!
Fioppy Disk controller devices. Through its own set of
macro commands, the FD179X Controller Family will
perform all the functions necessary to read and write
data to the drive. Both the 8" standard and 5%" mini-
fioppy are supported with single or double density re-
cording techniques. The FD179X is compatible with
the IBM 3740 (FM) data format, or the System 34
(MFM) standards. Provisions for non-standard formats
and variable sector lengths have been included to pro-
vide more storage capability per track. Requiring stan-
dard +5, +12 power supplies the FD179X is available
in a standard 40 pin dual-in-line package.

The FD179X Family consists of 6 devices. The
differences between these devices is summarized in
Figure 1. The 1792 and 1794 are “single density only”
devices, with the Double Density Enable pin (DDEN)
left open by the user. Both True and inverted Data bus
devices are available. Since the 179X can only drive
one TTL Load, a true data bus system may use the
1791 with external inverting buffers to arrive at a true
bus scheme. The 1795 and 1797 are identical to the
1791 and 1793, except a side select output has been

added that is controlled through the Command Register.

EMBER, 1980

SYSTEM DESIGN

The first consideration in Floppy Disk Design is to de- §
termine which type of drive to use. The choice ranges
from single-density single sided mini-floppy to the 8"
double-density double-sided drive. Figure 2 illustrates
the various drive and data capacities associated with
each type. Although the 8" double-density drive offers
twice as much storage, a more complex data separator
and the addition of Write Precompensation circuits are
mandatory for reliable data transfers. Whether to go
with 8" double-density or not is dependent upon PC
board space and the additional circuitry needed to ac-
curately recover data with extreme bit shifts. The byte
transfer time defines the nominal time required to
transfer one byte of data from the drive. If the CPU
used cannot service a byte in this time, then a DMA
scheme will probably be required. The 179X also needs
a few microseconds for overhead, which is subtracted
from the transfer time. Figure 3 shows the actual ser-
vice times that the CPU must provide on a byte-by-byte
basis. If these times are not met, bytes of data will be
lost during a read or write operation. For each byte
transferred, the 179X generates a DRQ (Data Re-
quest) signal on Pin 38. A bit is provided in the status
register which is also set upon receipt of a byte from
the Disk. The user has the option of reading the status
register through program control or using the DRQ Line
with DMA or interrupt schemes. When the data register
is read, both the status register DRQ bit and the DRQ
Line are automatically reset. The next full byte will
again set the DRQ and the process continues until the
sactor(s) are read. The Write operation works exactly
the same way, except a WRITE to the Data Register
causes a reset of both DRQ's.

RECORDING FORMATS

The FD179X accepts data from the disk in a Fre-
quency-Modulated (FM) or Modified-Frequency-Mod-
ulated (MFM) Format. Shown in Figures 4A and 4B are
both these Formats when writing a Hexidecimal byte
of 'D2'. In the FM mode, the 8 bits of data are broken
up into “bit cells.” Each bit cell begins with a clock
puise and the center of the bit cell defines the data. If
the data bit = 0, no pulse is written; if the data = 1,
a pulse is written in the center of the cell. For the 8"
drive, each clock is written 4 microseconds apart.
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in the MFM mode, clocks are decoded into the data
stream. The byte is again broken up into bit cells, with
the data bit written in the center of the bit cell if data
= 1. Clocks are only written if both surrounding data
bits are zero. Figure 4B shows that this occurs only
once between Bit cell 4 and 5. Using this encoding
scheme, pulses can occur 2, 3 or 4 microseconds
apart. The bit cell time is now 2 microseconds; twice
as much data can be recorded without increasing the
Frequency rate due to this encoding scheme.

The 179X was designed to be compatible with the IBM
3740 (FM) and System 34 (MFM) Formats. Although
most users do not have a need for data exchange with
IBM mainframes, taking advantage of these well stud-
ied formats will insure a high degree of system
performance. The 179X will allow a change in gap
fields and sector lengths to increase usable storage
capacity, but variations away from these standards is
not recommended. Both IBM standards are soft-sector
format. Because of the wide variation in address marks,
the 179X can only support soft-sectored media. Hard
sectored diskettes have continued to lose popularity,
mainly due to the unavailability of a standard and the
limitation of sector lengths imposed by the physical
sector holes in the diskette.

PROCESSOR INTERFACE

The Interface of the 179X to the CPU consists of an
8-bit Bi-directional bus, read/write controls and optional
interrupt lines. By selecting the device via the CHIP
SELECT Line, each of the five internal registers can
be accessed.

Shown below are the registers and their addresses:

PIN3|PIN6 [PIN5|  PIN 4 PIN2

cs [ A | A RE=¢ - WE=O

o | o | o [STATUS REG | COMMAND
REG

0| o 1 [TRACK REG | TRACK REG
o | 1 0 |SECTOR REG | SECTOR REQ

0| 1 1 |DATAREG | DATA REG

1 | X | x [H1-Z H1-Z

Each time a command is issued to the 179X, the Busy
bit is set and the INTRQ (Interrupt Request) Line is
reset. The User has the option of checking the busy bit
or use the INTRQ Line to denote command comple-
tion. The Busy bit will be reset whenever the 179X is

idle and awaiting a new command. The INTRQ Line, .

once set, can only be reset by a READ of the status
register or issuing a new command. The MR (Master
Reset) Line does not affect INTRQ.

The A,, A,, Lines used for register selections can be
configured at the CPU in a variety of ways. These lines
may actually tie to CPU address lines, in which case
the 179X will be memory-mapped and addressed like
RAM. They may also be used under Program Control
by tying to a port device such as the 8255, 6820, etc.
As a diagnostic tool when checking out the CPU in-
terface, the Track and Sector registers should respond
like “RAM” when the 179X is idle (Busy = INTRQ =
0).

Because of internal synchronization cycles, certain
time delays must be introduced when operating under
Programmed I/O. The worst case delays are:

ERATION | NEXT DELAY REQ'D)
" | oPERATION
WRITE TO READ STATUS |MFM = 14us"
ICOMMAND REG | REGISTER FM = 28us.
RITE TO READ FROM A | NO DELAY
Y REGISTER | DIFFERENT REG

*NOTE: Times Double when CLK = 1MHz (5%" drive)

Other CPU interface lines are CLK, MR and DDEN.
The CLK line should be 2MHz (8” drive) or 1IMHz (5%”
drive) with a 50% duty cycle. Accuracy should be 1%
(crystal source) since all internal timing, including step-
ping rates, are based upon this clock.

The MR or Master Reset Line should be strobed a
minimum of 50 microseconds upon each power-on
condition. This line clears and initializes all internaf reg-
isters and issues a restore command (Hex ‘03’) on the
rising edge. A quicker stepping rate can be written to
the command register after agﬁﬁ, in which case the
remaining steps will occur at the faster programmed
rate. The 179X will issue a maximum of 255 stepping
pulses in an attempt to expect the TROO line to go
active low. This line should be connected to the drive’s
TROO sensor.

The DDEN line causes selection of either single den-
sity (DDEN = 1) or double density operation. DDEN
should not be switched during a read or write operation.
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FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three
sections: Motor Control, Write Signals and Read Sig-
nals. All of these lines are capable of driving one TTL
load and not compatibie for direct connection to the
drive. Most drives require an open-collector TTL inter-
face with high current drive capability. This must be
done on all outputs from the 179X. Inputs to the 179X
may be buffered or tied to the Drives outputs, providing
the appropriate resistor termination networks are used.
Undershoot should not exceed —0.3 volts, while integ-
rity of Vi and Vo levels should be kept within spec.

MOTOR CONTROL

Motor Control is accomplished by the STEP and DIRC
Lines. The STEP Line issues stepping pulses with a
period defined by the rate field in all Type | commands.
The DIRC Line defines the direction of steps (DIRC =
1 STEP IN/DIRC = 0 STEP OUT).

Other Control Lines include the TP or Index Pulse. This
Line is tied to the drives’ Index L.E.D. sensor and
makes an active transition for each revolution of the
diskette. The TROO Line is another L.E.D. sensor that
informs the 179X that the stepper motor is at its fur-
thest position, over Track 00. The READY Line can be
used for a number of functions, such as sensing “door
open”, Drive motor on, etc. Most drives provide a pro-
grammable READY Signal selected by option jumpers
on the drive. The 179X will look at the ready signal prior
to executing READ/WRITE commands. READY is not
inspected during any Type | commands. All Type |
commands will execute regardiess of the Logic Level
on this Line.

WRITE SIGNALS

Writing of data is accomplished by the use of the WD,
WG, WF, TG43, EARLY and LATE Lines. The WG or
Write Gate Line is used to enable write current at the
drive’'s R/W head. It is made active prior to writing data
on the disk: The WF or WRITE FAULT Line is used to
inform the 179X of a failure in drive electronics. This
signal is multiplexed with the VFOE Line and must be
logically separated if required. Figure 5 illustrates three
methods of demultiplexing.

The TG43 or “"TFACK GREATER than 43" Line is
used to decrease the Write current on the inner tracks,
where bit densities are the highest. If not required on
the drive, TG43 may be left open.

WRITE PRECOMPENSATION

The 179X provides three signals for double density
Write Precompensation use. These signals are WRITE
DATA, EARLY and LATE. When using single density
drives (eighter 8” or 5%"), Write Precompensation is
not necessary and the WRITE DATA line is generally
TTL Buffered and sent directly to the drive. In this
mode, EARLY and LATE are left open.

For double density use, Write Precompensation is a
function of the drive. Some manufacturers recommend
Precompensating the 5%" drive, while others do not.
With the 8" drive, Precompensation may be specified
from TRACK 43 on, or in most cases, all TRACKS. If
the recommended Precompensation is not specified,
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check with the manutacturer for the proper configura-
tion required.
The amount of Precompensation time also varies. A
typical value will usually be specified from 100-300ns.
Regardless of the parameters used, Write Precom-
nsation must be done external to the 179X. When
DEEN is tied low, EARLY or LATE will be activated at
least 125ns. before and after the Write Data pulse. An
Algorithm internal the 179X decides whether to raise
EARLY or LATE, depending upon the previous bit pat-
tern sent. As an example, suppose the recommended
Precomp value has been specified at 150ns. The fol-

lowing action should be taken:
EARLY  LATE ACTION TAKEN
0 0  delay WD by 150ns (nominal)
0 1 delay WD by 300ns (2X value)
1 0  do not delay WD

There are two methods of performing Write
Precompensation:
1) External Delay elements
2) Digitally

Shown in Figure 6 is a Precomp circuit using the West-
em Digital 2143 clock generator as the delay element.
The WD pulse from the 179X creates a strobe to the
2143, causing subsequent output pulses on the.01,.02
and #3 signals. The 5K Precomp adjust sets the de-
sired Precomp value. Depending upon the condition of
EARLY and LATE, 81 will be used for EARLY, 82 for
nominal (EARLY = LATE = 0), and #3 for LATE. The
use of “one-shots” or delay line in a Write Precom-
pensation scheme offers the user the ability to vary the
Precomp value. The &4 output resets the 74LS175
Latch in anticipation of the next WD puise. Figure 7
shows the WD-EARLY/LATE relationship, while Figure
8 shows the timing of this write Precomp scheme.
Another method of Precomp is to perform the function
digitally. Figure 9 illustrates a relationship between the
WD puise and the CLK pin, allowing a digital Precomp
scheme. Figure 10 shows such a scheme with a pre-
set Write Precompensation value of 250ns. The syn-
chronous counter is used to generate 2MHz and 4MHz
clock signals. The 2MHz clock is sent to the CLK input
of the 179X and the 4MHz is used by the 4-bit shift
register. When a WD pulse is not present, the 4MHz
clock is shifting “ones” through the shift register and
maintaining Q, at a zero level. When a WD pulse is
present, a zero is loaded at either A, B, or C depending
upon the states of LATE, EN PRECOMP and EARLY.
The zero is then shifted by the 4MHz clock untit it
reaches the Qp output. The number of shift operations
determines whether the WRITE DATA pulse is written
early, nominal or late. if both FM and MFM operations
is a system requirement, the output of this circuit should
be disabled and the WD pulse should be sent directly
to the drive.
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DATA SEPARATION

The 179X has two inputs (RAW READ & RCLK) and
one output (VFOE) for use by an external data sepa-
rator. The RAW READ input must present clock and
data puises to the 179X, while the RCLK input provides
a “window" or strobe signal to clock each RAW READ
pulse into the device. An ideal Data Separator would
have the leading edge of the RAW READ pulse occur
in the exact center of the RCLK strobe.

Motor Speed Variation, Bit shifts and read amplitier
recovery circuits all cause the RAW READ puises to
drift away from their nominal positions. As this occurs,
the RAW READ pulses will shift left or right with re-
spect to RCLK. Eventually, a pulse will make its tran-
sition outside of its RCLK window, causing either a
CRC error or a Record-not-Found error at the 179X.
A Phase-Lock-Loop circuit is one method of achieving
synchronization between the RCLK and RAW READ
signals. As RAW READ pulses are fed to the PLL,
minor adjustments of the free-running RCLK frequency
can be made. If pulses are occurring too far apart, the
RCLK frequency is decreased to keep synchroniza-
tion. If puises begin to occur closer together, RCLK is
increased until this new higher frequency is achieved.
In normal read operations, RCLK will be constantly
adjusted in an attempt to match the incoming RAW
READ frequency.

Another method of Data Separation is the Counter-
Separator technique. The RCLK signal is again free-
running at a nominal rate, unti a RAW READ pulse
occurs. The Separator then denotes the position of the
pulse with respect to RCLK (by the counter value), and
counts down to increase or decrease the current RCLK
window. The next RCLK window will occur at a nominal
rate and will continue to run at this frequency until an-
other RAW READ pulse adjusts RCLK, but only the
present window is adjusted.

Both PPL and Counter/Separator are acceptable
methods of Data Separation. The PPL has the highest
reliability because of its “tracking” capability and is rec-
ommended for 8” double density designs.

As a final note, the term “Data Separator” may be
misteading, since the physical separation of clock and
data bits are not actually performed. This term is used

throughout the industry, and can better be described

as a "Data Recovery Circuit” rather than a Data
Separator.

The VFOE signal is an output from the 179X that sig-
nifies the head has been loaded and valid data pulses
are appearing on the RAW READ line. it can be used
to enable the Data Separator and to insure clean RCLK
transitions to the 179X. Since some drives will output
random pulses when the head is disengaged, VFOE
can prevent an erratic RCLK signal during this time. If
the Data Separator requires synchronization during a
known pattern of one’s or zero's, then RG (READ
GATE) can be used. The RG signal will go active when
the 179X is currently over a field of zeros or ones. RG
is not available on the 1795/1797 devices, since this
signal was replaced with the SSO (Side Select Output)
Line.

Shown in Figure 11 is a 212 IC Counter/Separator. The
74LS193 free runs at a frequency determined by the
CRYCLK input. When a RAW READ pulse occurs, the
counter is loaded with a starting count of '5’. When the
RAW READ Line returns to a Logic 1, the counter
counts down to zero and again free runs. The 74LS74
insures a 50% duty cycle to the 179X and performs a
divide-by-two of the Qp output.

Figure 12 illustrates another Counter/Separator utiliz-
ing a PROM as the count generator. Depending upon
the RAW READ phase relationship to RCLK, the PROM
is addressed and its data output is used as the counter
value. A 16MHz clock is required for 8” double density,
while an 8MHz clock can be used for single density.

Figure 13 shows a Phase-Lock-Loop data recovery
circuit. The phase detector (U2, Figure 2) compares
the phase of the SHAPED DATA pulse to the phase
of VFO CLK + 2. Iif VFO CLK + 2 is lagging the
SHAPED DATA puise an output pulse on #9, U2 is
generated. The filter/amplifier converts this pulse into
a DC signal which increases the frequency of the VCO.
If, correspondingly, CLK + 2 is leading the SHAPED
DATA pulse, an output pulse on #5, U2 is generated.
This pulse is converted into a DC signal which de-
creases the frequency of the VCO. These two actions
cause the VCO to track the frequency of the incoming
READ DATA pulses. This correction process to keep
the two signals in phase is constantly occuriing because
of spindle speed variation and circuit parameter
variations.

The operating specifications for this circuit are as
follows:

Free Running Frequency 2MHz

Capture Range + 15%

Lock Up Time 50 microsec. “1111" or
“0000" Pattern
100 Microsec “1010" Pat-|
tern

The RAW READ pulses are generated from the falling
edge of the SHAPED DATA pulses. The puises are
also reshaped to meet the 179X requirements. VFO
CLK + 2 OR 4 is divided by 2 once again to obtain
VFO CLK OUT whose frequency is that required by the
179X RCLK input. RCLK must be controlled by VFOE
so VFOE is sampled on each rising edge of VFO CLK
OUT. When VFOE goes active EN RCLK goes active
in synchronization with VFO CLK OUT preventing any
glitches on the RCLK output. When VFOE goes inac-
tive EN RCLK goes inactive in synchronization with
VFO CLK OUT, again preventing any glitches on the
RCLK output.

Figure 14 illustrates a PPL data recovery circuit using
the Western Digital 1691 Floppy Support device. Both
data recovery and Write Precomp Logic is contained
within the 1691, allowing low chip count and PLL re-
liability. The 745124 supplies the free-running VCO
output. The PUMP UP and PUMP DOWN signals from
the 1691 are used to control the 745124’s frequency.
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COMMAND USAGE

Whenever a command is successfully or unsuccess-
fully completed, the busy bit of the status register is
reset and the INTRQ line is forced high. Command ter-
mination may be detected either way. The INTRQ can
be tied to the host processor’s interrupt with an appro-
priate service routine 10 terminate commands. The
busy bit may be monitored with a user program and
will achieve the same results through software. Per-
forming both an INTRQ and a busy bit check is not
recommended because a read of the status register to
determine the condition of the busy bit will reset the
INTRQ line. This can cause an INTRQ from not
occurring.

RESTORE COMMAND

On some disk drives, it is possible to position the R/'W
head outward past Track 00 and prevent the TROO
line from going low unless a STEP IN is first performed.
if this condition exists in the drive used, the RESTORE
command will never detect a TROO. Issuing several
STEP IN pulses before a RESTORE command will
remedy this situation. The RESTORE and all other
Type | commands will execute even though the READY
bit indicates the drive is not ready (NOT READY = 1).

READ TRACK COMMAND

The READ TRACK command can be used to manually
inspect data on a hard copy printout. Gaps, address
marks and all data are brought in to the data register
during this command. The READ TRACK command
may be used to inspect diskettes for valid formatting
and data fields as well as address marks. Since the
179X does not synchronize clock and data until the In-
dex Address Mark is detected, data previous to this ID
mark will not be valid. READ GATE (RG) is not ac-
tuated during this command.

READ ADDRESS COMMAND

In systems that use either multiple drives or sides, the
read address command can be used to tell the host
processor which drive or side is selected. The current
position of the R/W head is also denoted in the six
bytes of data that are sent to the computer.

CRS CRC

TRACK SIDE LENGTH 1

SECTOR

CRC
2

The READ ADDRESS command as well as all other
Type |l and Type lii commands will not execute if the
READY line is inactive (READY = (). Instead, an in-
terrupt will be generated and the NOT READY status
bit will be set to a 1.
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FORCED INTERRUPT COMMAND

The Forced interrupt command is generally used to
terminate a multiple sector command or to insure Type
| status in the status register. The lower four bits of the
command determine the conditional interrupt as follows:

NOT-READY TO READY TRANSITION
READY TO NOT-READY TRANSITION
EVERY INDEX PULSE

IMMEDIATE INTERRUPT

i nwn

Regardless of the conditional interrupt set, any com-
mand that is currently being executed when the Forced
Interrupt command is loaded will immediately be ter-
minated and the busy bit will be reset indicating an idle
condition.

Then, when the condition for interrupt is met, the INTRQ
line will go high signifying that the condition specified
has occurred.

The conditionai interrupt is enabled when the corre-
sponding bit positions of the command (I, —I,) are set
toa1.lfl; —|, are all set to zero, no interrupt will occur,
but any command presently under execution will be
immediately terminated upon receipt of the Force In-
terrupt command (HEX DO).

As usual, to clear the interrupt a read of the status reg-
ister or a write to the command register is required.
The exception is when using the immediate interrupt
condition (}; = 1). if this command is loaded into the
command register, an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command register
will not automatically clear the interrupt; another forced
interrupt command with i; —I, = 0 must be loaded into
the command register in order to reset the INTRQ from
this condition.

More than one condition may be set at a time. I for
example, the READY TO NOT-READY condition (I, =
1) and the Every Index Pulse (I, = 1) are both set, the
resultant command would be HEX “DA”. The “OR"
function is performed so that either a READY TO NOT-
READY or the next index Pulse will cause an interrupt
condition.

DATA RECOVERY

Occasionally, the R/W head of the disk drive may get
“off track”, and dust or dirt may get trapped on the
media. Both of these conditions will cause a RECORD
NOT FOUND and/or a CRC error to occur. This “soft
error” can usually be recovered by the following
procedure:

1. Issue the command again
2. Unload and load the head and repeat step
3. Issue a restore, seek the track, and repeat step 1

If RNF or CRC errors are still occurring after trying
these methods, a “hard error” may exist. This is usu-
ally caused by improper disk handling, exposure to
high magnetic fields, etc. and generally results in de-
stroying portions or tracks of the diskette.

N Z0——=0mw



FIGURE 1 DEVICE CHARACTERISTICS

DEVICE SNGL DENSITY | DBLE DENSITY | INVERTED BUS| TRUE BUS | DOUBLE-SIDED
1791 X X X
1792 X X
1793 X X X
1794 X X
1795 X X X X
1797 X X X X
s
E
c
T
i
0
N FIGURE 2 STORAGE CAPACITIES
2
UNFORMATTED BYTE FORMATTED
APACITY
CAPACITY (NOMINAL) | _2YTE CAPAC
SIZE DENSITY SIDES |PER TRACK| PER DISK TIME  {peg TRACK| PER DISK
5% SINGLE 1 3125 109,375 64us 2304* 80,640
5%" DOUBLE 1 6250 218,750 32us 4608 161,280
5% SINGLE 2 3125 218750 |  64us 2304 161,280
5%" DOUBLE 2 6250 437,500 32us 4608 322,560
8" SINGLE 1 5208 401,016 32us 3328 256,256
8 DOUBLE 1 10,416 802,032 16ps 6656 512,512
8 SINGLE 2 5208 802,032 32us 3328 512,512
8 DOUBLE 2 10,416 ] 1,604,064 16us 6656 1,025,024

*Based on 35 Tracks/Side
**Based on 18 Sectors/Track (128 byte/sec)
***Based on 18 Sectors/Track (256 bytes/sec)
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28400
Z80°CPU Central
Processing Unit

Ya

Product
Specification

March 1981

Features

B The instruction set contains 158 instructions.
The 78 instructions of the 8080A are
included as a subset; 8080A software com-
patibility is maintained.

# Six MHz, 4 MHz and 2.5 MHz clocks for the
Z80B, Z80A, and Z80 CPU result in rapid
instruction execution with consequent high
data throughput.

# The extensive instruction set includes string,
bit, byte, and word operations. Block
searches and block transfers together with
indexed and relative addressing result in
the most powerful data handling capabilities
in the microcomputer industry.

® The Z80 microprocessors and associated
family of peripheral controllers are linked
by a vectored interrupt system. This system

D L1 ro p——s

A p—
et MREQ Ay ——

system | <+———]ioRa o f—
CONTROL | «——fdD A
- WR As

—
Ra— RFSH A7 — | aDDREsS

A p— BUS
o HALT A

Ago
—d WAIT Ay p—>

cru Zso cPY (7] amannad
CONTROL |\ ———]inT Ay p—
——t NI A >

Ay p—

e L3
| e
CcPU . lBusREG Dy et
co.":g: ( ~«————J BUSACK [ P —

D3 tt——t- DATA
et CLK Do je—n ( BUS
el +5V Dg f——>
et GND Dg f—————t-

D7 f—n

Figure 1. Pin Functions

may be daisy-chained to allow implemen-
tation of a priority interrupt scheme. Little,
if any, additional logic is required for
daisy-chaining.

8 Duplicate sets of both general-purpose
and flag registers are provided, easing
the design and operation of system soft-
ware through single-context switching,
background-foreground programming, and
single-level interrupt processing. In addi-
tion, two 16-bit index registers facilitate
program processing of tables and arrays.

B There are three modes of high speed inter-
rupt processing: 8080 compatible, non-Z280
peripheral device, and Z80 Family
peripheral with or without daisy chain.

® On-chip dynamic memory refresh counter.

A [ w[] Ac
Az []2 0[]
aa]s 3s[] A
A ] s Y
as s ] A
ck [ s s[] A
mEr u[J A
0 (s 30] A
os[]s 2[] A
D¢ 10 N Ay
‘SVE " zeo ceu wgh
o, [ 2 »[] ano
o3 20 L) APSR
Do ] a2 [J Wi
o, [ s 26 ['] RESET
iNT [ 18 25 [} 8USREG
i [ uanTv
HALT [ 18 23 [} BUSACK
MREG (] 19 2] WR
i0RG [ 20 21{] AB

Figure 2. Pin Assignments
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General
Description

The Z80, Z80A, and Z80B CPUs are third-
generation single-chip microprocessors with

-exceptional computational power. They offer

higher system throughput and more efficient
memory utilization than comparable second-
and third-generation microprocessors. The
internal registers contain 208 bits of read/write
memory that are accessible to the programmer.
These registers include two sets of six general-
purpose registers which may be used
individually as either 8-bit registers or as
16-bit register pairs. In addition, there are two
sets of accumulator and flag registers. A group
of "Exchange” instructions makes either set of
main or alternate registers accessible to the
programmer. The alternate set allows operation
in foreground-background mode or it may

INSTRUCTION
DECODER

+5V
GND -

CLOCK —»

TIMING
CONTROL

8 SYSTEMS 5CPU

be reserved for very fast interrupt response.

The Z80 also contains a Stack Pointer, Pro-
gram Counter, two index registers, a Refresh
register (counter), and an Interrupt register.
The CPU is easy to incorporate into a system
since it requires only a single +5 V power
source, all output signals are fully decoded
and timed to control standard memory or
peripheral circuits, and is supported by an
extensive family of peripheral controllers. The
internal block diagram (Figure 3) shows the
primary functions of the Z80 processors.
Subsequent text provides more detail on the
Z80 /O controller family, registers, instruction
set, interrupts and daisy chaining, and CPU
timing.

DATA BUS
INTERFACE

ALY

REGISTER
ARRAY

16-BIT
ADDRESS BUS

Figure 3. Z80 CPU Block Diagram
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280 Micro- The Zilog Z80 microprocessor is the central each of which has an 8-bit prescaler. Each
processor element of a comprehensive microprocessor of the four channels may be configured to
Family product family. This family works together in operate in either counter or timer mode.
most ?p.licatlitl)ns.witfh n_'nli.nirx_lum ;eqcl‘x;r.eme;x;s ® The DMA (Direct Memory Access) con-
f‘;;'_ ad "‘°“; °g’°f'f acilitating the design troller provides dual port data transfer
efficient and cost-effective microcomputer- operations and the ability to terminate data
based systems. . . transfer as a result of a pattern match.
Zilog has designed five components to pro- )
vide extensive support for the Z80 micro- @ The SIO (Serial Input/Output) controller
processor. These are: offers two channels. It is capable of
operating in a variety of programmabl
8 The PIO (Parallel Input/Output) operates in pe 9 Y 0! prog a .e
both data-byte /O ¢ od h modes for both synchronous and asyn
ta-byte /O transter mode (wit chronous communication, including
handshaking) and in bit mode (without Bi-Synch and SDLC
! ) -Synch an .
handshaking). The PIO may be contfig- .
ured to interface with standard parallel ® The DA.RT (Dual. Asynch.ronous Receiver/
peripheral devices such as printers, Transmitter) devn:ce provides .low‘ cost
tape punches, and keyboards. asynchronous serial communication. It has
L two channels and a full modem control
8 The CTC (Counter/Timer Circuit) features interface.
four programmable 8-bit counter/timers,
280 CPU Figure 4 shows three groups of registers foreground data processing. The second set of
Registers within the Z80 CPU. The first group consists of registers consists of six registers with assigned
duplicate sets of 8-bit registers: a principal set functions. These are the I (Interrupt Register),
and an alternate set (designated by  [prime], the R (Reifresh Register), the IX and IY (Index
e.g., A’'). Both sets consist of the Accumula- Registers), the SP (Stack Pointer), and the PC
tor Register, the Flag Register, and six (Program Counter). The third group consists of
general-purpose registers. Transfer of data two interrupt status flip-flops, plus an addi-
between these duplicate sets of registers is tional pair of flip-flops which assists in identi-
accomplished by use of “Exchange” instruc- fying the interrupt mode at any particular
tions. The result is faster response to interrupts time. Table 1 provides further information on
and easy, efficient implementation of such ver- these registers.
satile programming techniques as background-
MAIN REGISTER SET ALTERNATE REQISTER SET
A ACCUMULATOR F FLAG REGISTER A" ACCUMULATOR F'  FLAG REGISTER
] c 8 GENERAL PURPOSE C' GENERAL PURPOSE
1] E D' GENERAL PURPOSE € GENERAL PURPOSE
H L H' GENERAL PURPOSE L' GENERAL PURPOSE
8 BITS
18 BITS INTERRUPY FLIP-FLOPS STATUS
IX INDEX REGISTER IFF1 IFF2
1Y INDEX REGISTER 0 = INTERRUPTS DISABLED STORES IFF1
; 1 = INTERRUPTS ENABLED OURING NHi
SERVICE
SP STACK POINTER INTERRUPT MODE FLIP-FLOPS
PC PROGRAM COUNTER MF, MFy
1 INTERRUPT VECTOR R MEMORY REFRESH H O ERRuEy MoDEQ
1 ] INTERRUPT MODE 1
sorrs 1 1 INTERRUPT MODE 2
Figure 4. CPU Registers
20010213 7



Z80 CPU Register Size (Bits) Remarks
Re g II.OI’l A X Accumulator 8 Stores an operand or the results of an operation.
(Continued)

F.F Flags 8 See Instruction Set.

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

(o o General Purpose 8 See B, above.

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

E.F General Purpose 8 See D, above.

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

L. L General Purpose 8 See H, above.

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

I Interrupt Register 8 Stores upper eight bits of y add for vectored interrupt
processing.

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

X Index Register 16 Used for indexed addressing.

Y Index Register 16 Same as [X, above.

sp Stack Pointer 16 Stores addresses or data temporarily. See Push or Pop in instruc-
tion set.

PC Program Counter 16 Holds address of next instruction.

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

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

Table 1. Z80 CPU Registers
Interrupts: __ The CPU accepts two interrupt input signals: B Mode 1 — Peripheral Interrupt service, for
General NMI and INT. The NMI is a non-maskable use with non-8080/Z80 systems.
Operation interrupt and has the highest priority. INT is a B Mode 2 — a vectored interrupt scheme,

lower priority interrupt since it requires that

interrupts be enabled in software in order to

operate. Either NMI or INT can be connected
to multiple peripheral devices in a wired-OR
configuration.

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

® Mode 0 — compatible with the 8080 micro-
processor.

usually daisy-chained, for use with Z80
Family and compatible peripheral devices.

The CPU services interrupts by sampling the

NMI and INT signals at the rising edge of the

last clock of an instruction. Further interrupt
service processing depends upon the type of
interrupt that was detected. Details on inter-
rupt responses are shown in the CPU Timing
Section.




Interrupts:
General

Operation
(Continued)

Non-Maskable Interrupt (NMI). The non-
maskable interrupt cannot be disabled by pro-
gram control and therefore will be accepted at
at all times by the CPU. NMI is usually
reserved for servicing only the highest priority
type interrupts, such as that for orderly shut-
down after power failure has been detected.
After recognition of the NMI signal (providing
BUSREQ is not active), the CPU jumps to
restart location 0066H. Normally, software
starting at this address contains the interrupt
service routine.

Maskable Interrupt (INT). Regardless of the
interrupt mode set by the user, the Z80
response to a maskable interrupt input follows
a common timing cycle. After the interrupt has
been detected by the CPU (provided that
interrupts are enabled and BUSREQ is not
active) a special interrupt processing cycle
begins. This is a special fetch (M1) cycle in
which IORQ becomes active rather than
MREQ, as in a normal M1 cycle. In addition,
this special M1 cycle is automatically extended
by two WAIT states, to allow for the time
required to acknowledge the interrupt request
and to place the interrupt vector on the bus.

Mode 0 Interrupt Operation. This mode is
compatible with the 8080 microprocessor inter-
rupt service procedures. The interrupting
device places an instruction on the data bus,
which is then acted on six times by the CPU.
This is normally a Restart Instruction, which
will initiate an unconditional jump to the
selected one of eight restart locations in page
zero of memory.

Mode 1 Interrupt Operation. Mode 1 oper-
ation is very similar to that for the NMI. The
principal difference is that the Mode 1 inter-
rupt has a vector address of 0038H only.

Mode 2 Interrupt Operation. This interrupt
mode has been designed to utilize most effec-
tively the capabilities of the Z80 microproc-
essor and its associated peripheral family. The
interrupting peripheral device selects the
starting address of the interrupt service
routine. It does this by placing an 8-bit
address vector on the data bus during the
interrupt acknowledge cycle. The high-order
byte of the interrupt service routine address is
supplied by the I (Interrupt) register. This flex-
ibility in selecting the interrupt service routine
address allows the peripheral device to use
several different types of service routines.
These routines may be located at any available

location in memory. Since the interrupting
device supplies the low-order byte of the
2-byte vector, bit 0 (Ag) must be a zero. -

Interrupt Priority (Daisy Chaining and
Nested Interrupts). The interrupt priority of
each peripheral device is determined by its
physical location within a daisy-chain config-
uration. Each device in the chain has an inter-
rupt enable input line (IEI) and an interrupt
enable output line (IEO), which is fed to the
next lower priority device. The first device in
the daisy chain has its IEI input hardwared to
a High level. The first device has highest
priority, while each succeeding device has a
corresponding lower priority. This arrange-
ment permits the CPU to select the highest
priority interrupt from several simultaneously
interrupting peripherals.

The interrupting device disables its IEO line
to the next lower priority peripheral until it has
been serviced. After servicing, its IEO line is
raised, allowing lower priority peripherals to
demand interrupt servicing.

The Z80 CPU will nest (queue) any pending
interrupts or interrupts received while a
selected peripheral is being serviced.

Interrupt Enable/Disable Operation. Two
flip-flops, IFF| and IFF,, referred to in the
register description are used to signal the CPU
interrupt status. Operation of the two flip-flops
is described in Table 2. For more details, refer
to the Z80 CPU Technical Manual and Z80
Assembly Language Manual.

Action IFF, IFF; Comments
CPU Reset 0 [¢] Maskable interrupt
INT disabled
DI instruction ] [ Maskable interrupt
execution INT disabled
El instruction 1 1 Maskable interrupt
execution INT enabled
LD Al instruction . . IFF, — Parity flag
execution
LD A,R instruction . . IFF) — Parity flag
execution
Accept NMI 0 IFFy [IFF; — IFF;
(Maskable inter-
rupt INT disabled)
RETN instruction IFFy o IFF, — IFFj at
execution completion of an

NMI service
routine.

Table 2. State of Flip-Flops




Instruction The Z80 microprocessor has one of the most O 16-bit arithmetic operations
Set pou{erful a'nd versatx.le lfxstruction sets O Rotates and shifts
available in any 8-bit microprocessor. It ) .
includes such unique operations as a block O Bit set, reset, and test operations
move for fast, efficient data transfers within O Jumps
emory or between memory and I/O. It a
memory - mory d It N lso' 0O Calls, returns, and restarts
allows operations on any bit in any location in
memory. O Input and output operations
The following is a summary of the Z80 A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficient and fast data
language mnemonic, the operation, the flag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/output devices. These
tion. The Z80 CPU Technical Manual addressing modes include:
(03-0029-01) and Assembly Language O Immediate
Programming Manual (03-0002-01) contain
significantly more details for programming O Immediate extended
use. 0O Modified page zero
The instructions are divided into the O Relative
following categories:
. 0O Exte:
O 8-bit loads Extended
0O 16-bit loads O Indexed
O Register
O Exchanges, block transfers, and searches 9
. : . . . a ister indire:
O 8-bit arithmetic and logic operations Reqist direct
. . m] i
O General-purpose arithmetic and CPU Implied
control O Bit
8-Bit Symbalic Flags Opeods No.of No.of M No.of T
Load » op s z H PV N C 7653210 Hex Bytes Crcles Siates Comments
LDr ¢ T—r e o X e X o o o oL r r 1 1 4 rr .
Gto‘lp LDrn r~n e ¢ X o X o o o 00 r 110 2 2 7 00 B
—n - ol C
LDr, (HL)  r— (HL) e e X e X s s o O 10 1 2 7 010 D
LDr, (IX+d) r— (IX+d) e o X » X e e o 11010 DD 3 5 19 o E
ol r 101 10 H
—d - 100 L
WDr (AY+d) r— (Y+d) « o X e X s s o 1LLIII FD 3 5 19 n o A
o r 110
—-d -
LD(HL).r  (HL) —r e o X o X e o + OLII0 r 1 2 7
LD (X+d), r {(X+d) — r « + X ¢ X o s o 101N DD 3 5 19
01110 r
-d -
LDUY+dh.t  (Y+d) — ¢ * + X o X o e s 11NN FD 3 5 19
01110 r
-d -
LD(HLL n  (HL) - n e+ X o X o e o 0000 3 2 3 10
-
LD(IX+d).n (IX+d)— n o o X e X e o o 11 011 101 DD 4 S 19
00 110 110 36
-d —
Tas
LDAY+d.n  (Y+d) = n e + X o X o e s LI FD 4 s 19
00 110 110 36
-d -
N
LDA (BC) A - (BC) e o X o X e o s 0000100 A | 2 7
LDA (D) A - (DB) e ¢ X o X o o o 00000 IA I 2 7
LDA, () A — (nn) e + X o X o o o 0011100 3 3 4 13
—n—
n
LD(BC).A  (BC) - A e e X X e s o 0000000 02 1 2 7
LD(DE), A  (DE) - A e ¢« X o X e o o 000000 12 I 2 7
LD(n) A (nn) — A e « X e X e o o 0010000 32 3 4 13
—n—
A
LDA.1 A-1 1 1 X 0 XIFF O 110110 ED 2 2 9
01 010 111 57
LDA. R A-R 1 1 X 0 XIF O s 1I0II10] ED 2 2 9
o101 111 5F
LDL A 1-A e o X o X o o o 11 101 101 ED 2 2 9
01 000 111 47
LDR. A R-A e + X o X e e o 11101101 ED 2 2 9
01 001 111 4F

NOTES: r. r' means any of the registers A, B, C. D, E. H. L.
IFF the content of the interrupt enabte 1hp-tlop, (IFF)1s
copied into the P:V flag.
For an explanation ot flag notation and symbols for
mnemonic tables. see Symbolic Notatian section
toiiowing tables.
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16-Bit Load Symbolic Wo.of Mo.of M No.of T
Group i op s z H P/VN C 76548 210 Hex Bytes Cycles States Comments
LD dd, nn dd - nn o o X o X e o o 00 ddo 001 3 3 10 dd Pair
- n- 00 BC
—n- ol DE
LD IX, nn X - on e« o X e X e e o 110I1101DD 4 4 14 10 HL
00 100 001 21 1 osp
—n-
=
LD IY, nn I¥ — nn e o X s X e o o 1iLI0NFD 4 4 14
00 100 001 21
—n-
-
LDHL (nn)  H = (an+1) e ¢ X e X e e« o 001010102F 3 5 16
L - (nn) -n-
—n-
LDdd, ()  ddy — (an+1) e« o X e X ¢ o o 11101101 ED 4 6 0
ddf, — (nn) 01 dd1 011
—n-—
R
LDIX. ()  IXH ~ (nn+ 1) e ¢ X o X e ¢ e 11011101DD 4 6 20
X, ~ (nn) 00 101 010 2A
—n-
P
LDIY, (o)  I¥y — (an+1) e ¢ X e X o o ¢ 11111101FD 4 6 2
1Yy - (nn) 00 101 010 2A
—n-—
e n—
LD(nn), HL  (nn+1) ~ H e ¢ X e X e o ¢ 0010000022 3 5 16
(nn) — L —n-
—n-
LD (nn). dd  (nn+1) — ddy e« ¢ X e X e ¢ o 11101101 ED 4 6 2
{nn) — dd 0l ddo 011
en-
—n-
LD (on), IX  (nn+1) — IXy e« o X e X e ¢ o 110110DD 4 6 2
(nn) — IXg 00 100 010 22
—n-
P
LD (nn), IY  (nn+1) ~ I¥y e« ¢ X e X o o o IINIIFD 4 6 2
(nn) ~ I¥L, 00 100 010 22
—n-—
—n-
LDSP.HL  SP-HL e o X e X e e o 1111001 F3 1 1 6
LD SP, IX SP — IX e o X o X e o s LIOILIIDD 2 2 10
11 111 001 F9
LD SP. IY SP - 1Y e ¢ X o X e o o 1IN 2 2 10
11 111 001 F9 9 Pair
PUSH qq (SP-2) — qqr. e« o X o X e o s 11qq0lll 1 3 n 0 BC
(SP-1) ~ gy ol DE
SP ~ SP -2 10 HL
PUSH IX (SP-2) - IX e o X e X e ¢ s LIOLII}DD 2 4 15 11 AF
(SP-1) ~ IXg 11 100 101 E5
SP - SP -2
PUSH IY (SP-2) — IV e ¢ X o X o o o L UIIIFD 2 4 15
(SP-1) - IYy 11 100 101 E5
SP - SP -2
POP qq qaH ~ (SP+1) « ¢ X s X o o o 1lqq000l 1 3 10
qaL - (SP)
SP— SP +2
POP IX IXg — (SP+1) e o X e X o e e 110I1101DD 2 4 14
L — (SP) 11 100 001 E1
SP -~ SP +2
POP IY IYY ~ (SP+1) e o X e X o o o 1UII1FD 2 4 14
1YL, — (SP) 11 100 001 EI
SP ~ SP +2
NOTES: dd is any of the register pairs BC, DE, HL, SP.
qq is any of the register pairs AF, BC, DE, HL.
(PAIR)Y, (PAIR)|, refer 0 high order and low order eight bits of the reqister pair respectively,
eq..BC| = C. AFy = A
Exchange. EXDE,HL  DE - HL . . . e o « nHIQOLEB .1 1 4
Block EX AF, AF AF - AF e + X e X e o o 0000100008 I 1 4
EXX BC ~ BC' . . . e o o 11011001 D8 1 1 4 Register bank and
Transfer. DE - DE' auxiliary register
HL - HL' bank exchange
Block Search y(op) by 1 (spey) e o X e X o o o 1110001 E3 1} 5 19
Groups L - (sP)
EX(SP), IX  IXy = (SP+1) e ¢ X e X e o o 110I11IDD 2 6 b2
DXy - (SP) 11 100 011 E3
EX(SP)IY  IYf - (SP+1) e ¢« X ¢ X & o o HINIIFD 2 6 zn
IYL, - (SP) 11 100 011 E3
©
LDI (DE) — (HL) e ¢+ X 0 X t 0 e 110110E 2 4 16 Load (HL) into
DE - DE+1 10 100 000 A0 (DE), increment
HL - HL+1 the pointers and
BC - BC-1 decrement the byte
counter (BC)
LDIR (DE) ~ (HL) e« ¢+ X 0 X 0 0 s 11101100 ED 2 5 21 HBC #0
DE — DE+1 16110 000 BO 2 4 16  HBC =0
HL — HL+1
BC — BC-1
Repeat until
NOTE: @P/Vllcqiuﬂll the result of BC—1 = 0. otherwise P/V = |.
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Exchange. Symbolic Flags Opcode No.ot No.of M No.of T

Block M ! Op s 2 H PVN C 78 543 210 Hex Bytes Cycles States Commaents
Transfer, 0}
LDD (DE) — (HL) e ¢ X 0 X 1 0 e 11101101 ED 2 4 16
Block Search DE - DE- 1 10 101 000 A8
Groups HL - HL-1
(Continued) BC - BC-1
LDDR (DE) — (HL) e« « X 0 X 0 0 e 11101100 ED 2 5 21 HBC #0
DE — DE-1 10111 000 B8 2 4 16 BC = 0
HL — HL-1
BC — BC-1
Repeat until
BC = 0
@ 0]
CPl A - (HL) t 1 X 1 X 1t 1 e liloliolED 2 4 16
HL — HL+1 10 100 001 Al
BC — BC-1
0] (0]
CPIR A - (HL) t t X t X 1 1 e }l101101 ED 2 5 21 1 BC # 0 and
A + (HL)
HL — HL+1 10 (10 001 Bl 2 4 16 ¥BC = Oor
BC - BC-1 A = (HL)
Repeat until
A = (HL)or
BC =0
0} O]
CPD A - (HL) t 1 X t X ! 1 e 11161101 ED 2 4 16
HL — HL-1 10 101 001 A9
BC — BC-1
@ o
CPDR A - (HL) t 1 X ¢t X t 1 e 1110010l ED 2 5 21 1f BC # 0and
A % (HL)
HL - HL-1 10 111 001 B3 2 4 16 ItBC = Qor
BC — BC-1 A = (HL)
Repeat until
A = (HL)or
BC =0

NOTES: (D) PV Hlag is O if the result of BC- 1 = 0, otherwise P/V = 1.
@ 1ztlogis 1if A = (HL), otherwise Z = 0.

8-Bit ADD A, ¢ A-Ad+r f 1 X 1 X Voo 1 10y 1 1 4 t  Req
Arithmetic ADDA, n A-A+n 1t Xt XV o 1 110 2 2 7 0o B
% - 001 C
and Logical o B
Group ADDA,(HL) A — A + (HL) 1t 1t Xt XV 0 1 110 1 2 7 o E
ADD A. (IX+d) A — A + (IX+d) 11Xt X vVoo 1 100 DD 3 5 19 100 H
110 100 L
- 1 A
ADD A, (IY+d) A — A + (IY +d) t t X t X V o t il1iol FbO 3 5 19
10003 110
ADC A, s A - A+s+CY t ot X 1 X Voo 1t slsl;Evoll;.rg)
(HL), (IX+d).
SUBs A-A-s X o X VoL (I + d) a5 shown
SBCA,s A~ A-s-CY t t X t X v 1o for ADD instruction.
AND's A-AAs 1t X 1L X PO O Thel ‘"d‘c;: bits
replace ! JOOU} in
ORs A-AvVs t 1+ X 0 X P 0 O the ADD set above.
XOR's A-Aes 1 1 X 0 X P 0O
CPs A-s 1t X o1 X Vo1
INCr r—r+1 t 1t X t X V Q0 e 1 1 4
’ INC (HL) (HL) —(HL)+1 t t X t XV 0 e 1 3 11
INC(IX+d)  (IX+d) — t 1t X t XV 0o e lIOHMION DD 3 6 23
(IX+d)+1 00 110 [[09)
- d -
INC(Y+d)  (IY+d) — 1t t X t X V 0 e 11110l FD 3 6 px]
(Y +d)+1 00 110 [[09)
- d -
DEC m me-m-1 X ot X Vol [0 ' m is any of r, (HL),

(IX+d), (IY +d)
as shown for INC
DEC same format
and states as INC
Replace with
in opcode.
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General- Symbolic Flags Opoode Mool No.of M No.of T
P\lrpOlO Mnemonic Operation 8 2z H PVN C 78 543 210 Hex Bytes Cycles States Comments
DAA Convertsacc.content 1t 1 X | X P .o 00 100 111 27 1 1 4 Decimal adjust
Arithm.!ic into packed BCD accumulator.
cnd following add or
subtract with packed
CPU Control BOD eporand,
Groups cPL A-R& e« o X I X e ) e 0010111 F 1 1 4 Complement
accumulator (one's
) complement).
NEG A-0-A t t X 1 X V 11 11 101 101 ED 2 2 8 Negate acc. (two's
. 01 000 100 44 complement).
CCF CY - CY e ¢ X X X o 0 1 00 111 111 3F 1 1 4 Complement carry
flag.
SCF CY -1 2 ¢ X 0 X o 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP No operation e o X o X e o o 00 000 000 00 1 1 4
HALT CPU halted e o X o X o o o 0l 110 110 76 1 1 4
DI IFF - 0 e o X o X o o 11110011 F3 1 1 4
El » IFF - 1 e o X o X o o o 11111 011 FB 1 1 4
MO Set interrupt e e X o X o o o 11 101 101 ED 2 2 8
maode 0 01 000 110 46
M1 Set interrupt e o X o X o o o 11 101 101 ED 2 2 2]
mode | 01 010 110 S6
M2 Set interrupt o o X o X o o o 11 101 101 ED 2 2 8
mode 2 01 011 110 SE
NOTES: IFF indicates the interrupt enable fiip-flop.
CY indicates the carry flip-fiop.
* indicates interrupts are not sampled at the end of El or DI.
16-Bit ADDHL.ss  HL — HL+ss e ¢ X X X e 0 1 00ssl 00 1 3 1 s Reg.
00 BC
Arithmetic ADCHLss HL-HL+s4CY t t X X X V O 1 11101101 ED 2 4 15 0l DE
u 0l ssi 010 10 HL
Gro P 11 SP
SBC HL, ss HL — HL-1s-CY 1t X X X v 11 11 101 101 ED 2 4 15
01 ss0 010
ADD IX. pp X ~IX + pp e ¢ X X X o 0 1 i1 011 101 DD 2 4 15 Reg.
01 ppl 001 % R;
01 DE
10 X
11 SP
ADDIY, rr I¥ —IY +rr e ¢ X X X o 0 1 11 111 101 FD 2 4 ] rr_Reg.
00 rrl 001 00 BC
01 DE
oIy
11 SP
INC ss ss — ss + | ¢ * X o X e o @ 00 ss0 011 1 1 6
INC IX X-IX+1 e o X o X o o o 11 011 101 DD 2 2 10
00 100 011 23
INC 1Y I¥ — 1Y +1 e ¢ X o X o o o 11 111 101 FD 2 2 10
00 100 011 23
DEC ss 85 — ss—1 o o X o X o o o 00 ss} 011 1 1 6
DEC IX IX - 1X-1 ¢ o X o X o o o 11 011 101 DD 2 2 10
00 101 011 2B
DEC IY ¥ —1Y-1) e o X o X e o o 11 111 101 FD 2 2 10
00 10! 011 2B
NOTES: 85 15 any of the reqgister pairs BC, DE. HL. SP.
pp 1= any ol the register pairs BC., DE, IX, SP.
115 any of the reqister pairs BC, DE. 1Y, SP.
Rotate and —
Shift Grou; RLCA [e¥] =51 . o x o x - 01 oowin o 4 Rotate left circular
1 P A accumulator.
RLA e o X 0 X e 0 1 00010 11 17 4 Rotate left
accumulator.
RRCA e« ¢ X 0 X * 0 1 00 001 i1l OF 4 Rotate right circular
accumulator.
RRA e« ¢ X 0 X e 0 1t 00 01 11l iF 4 Rotate nght
accumulator.
RLCr t + X 0 X P 0 1t 11001 011 CB 8 Rotate left circular
00000 r reqister r.
RLC (HL) t 1+ X 0 X P O 1t 11001 0i1 CB 15 ———H) : 3
00 000 110 001 c
RLC (IX+d) =0 1 ¢+ X 0 X P O 1t 11011 101 DD 23 ol £
r(HLY.(IX +d).(IY + d) 11001 O}l CB 100 H
- d - 0 L
00 000 110 1l A
RLC (1Y + ) 1t ¢+ X 0 X P 0O t t1 111 101 FD 6 23
11001 011 CB
- d - Instruction format
5 00 000 110 and states are as
RLm - 0 11 X 0 X P O 1 010 shown for RLC's.
mmsr (HL) (X +d).(IY + Q) To form new
[~ ] spcode replace
RRC m =31l v x o x 7 0 s oot 000 or RLC"s

mmr (HL).(IX +d} (1Y + d)

with shown cude

R
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Rotate and Symbolic Opeode No.ot No.of M No.of T
Shift Gtoup i Op s H PP/VN C 76 543 210 Hex Bytes Cycles States Comments
(Continued)
m : X 0 P01
mmr,(HL) (IX+d).(IY + d)
SLAm ° X o P 0 1
mumr,(HL)(IX +d).(IY +d)
SRA m “@ 1 X 0 P 0 1 107]
mar.(HL),(IX +d).(IY + &)
SRL m o 1 X 0 P O t i
mmr, (HL),(IX +d),(IY +d)
RLD X o P O e 11101100 ED 2 5 18  Rotate digit left and
Ol 101 111 6F right between
the accumulator
and location (HL).
RRD R _" 1 X 0 P 0 e 1101101 ED 2 5 18 The content of the
A D 01 100 111 67 upper half of
the accumulator is
unaffected
Bit Set. Reset bBiTb, - -7 X X 1 X 0 e 1100101 CB 2 2 8 r__ Reg.
and Test = o b 0B
BITb, (HL)  Z~ (HL) X X 1 X 0 e 11001CILCB 2 3 12 001 C
Group _ ol b 110 010 D
BiT b, (IX+d)p Z ~ (IX+d)p X X 1 X 0 e 110H1W01DD 4 5 20 ol E
11 001 01t CB 100 H
- d - 10 L
ol b 110 1 A
b Bit Tested
BITb, (IY +d)p, Z — ([Y+d)p X X 1 X 0 e 1111100 FD 4 5 20 000 0
11 001 011 CB 0! 1
- d - 010 2
0l b 110 o1l 3
100 4
100 5
110 6
ur 7
SETb, r -1 . X e » + e 1100IOIICB 2 2 8
b r
SET b, (HL)  (HL)p — 1 . X e e e o J100IOIICB 2 4 15
o b 110
SET b, (IX+d) (IX+d)p — 1 . X . « e e 1101101 DD 4 6 2
11 001 011 CB
- d -
M b 10
SETb, (IY+d) (IY +d)p ~ 1 . X o e o e 11111101 FD 4 6 23
11 001 011 CB
- d -
@b 110
RESb, m mp — 0 . X o o o o m To form new
m = r, (HL), opcode replace
(IX+d), [ of SETb. s
(¥ +dy with 0. Flags
and time states for
SET instruction.
NOTES:  The notation my, indicates bt b (0 10 7) or location m.
Jump 1P nn PC — nn . X e o o llOMOI C3 3 3 10
- n -
Group - n - cc Condition
JP cc, nn 1t condition cc is - X o o e 11 cc 010 3 3 10 NZ non-zero
true PC — nn, - n - 001 Z zero
otherwise - n - 010 NC non-carry
continue 0ll C carry
100 PO parity odd
101 PE parity even
110 P sign positive
Re PC - PC +e . X o e o e 00 011 000 18 2 3 12 111 M sign neqgative
-2 -
IRC. e HC =0 . X e e o o 00111000 38 2 2 7 If condition not met.
continue - e~2 —
KtC =1, 2 3 12 It condition is met.
PC — PC+e
JRNC, e HC =1, . X e e e e+ 00110000 30 2 2 7 Ii condition not met.
continue -e-2 —~
C =0, 2 3 12 It condition is met.
PC — PC+e
PZe izZ=0 . X o e s+ o 00101000 28 2 2 7 1f condition not met
continue - e-2 ~
Itz =1, 2 3 12 1f condition is met.
PC ~ PC +e .
IR NZ, e Hz =1, . X . e » + 00100000 20 2 2 7 It condition not met.
continue - e-2 —
tzZ =0, 2 3 12 [f condition is met.
PC — PC+e
1P (HL) PC — HL . X o e o e 110l 001 E9 1 1 4
1P (1X) PC - IX . X . e e e 11011101 DD 2 2 8
11 101 001 E9
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Jump Group Symbolic Flogs Opeode Mool Wo.of M No.ol T
(Continued) W Op 8 2 L YR C 78 543 210 Hex Bytes Cycles Siates Comments
P (Y PC 1Y e o X ¢ X o .0 o i o 2 2 8

11 101 001 E9
DINZ B-B-1 " * o X o X o o s (000000 2 2 8 HB=O
UB =0, - -2 -
continue
TR 2 3 13 uBso
PC —~PC+e

NOTES: ® represents the extension in the relative addressing mods.
® is a signed two's complement number in the range < -126, 129 >.
#~2 in the opcode provides an effective addrees of pc + e as PC is incremented

by 2 prior to the addition of e. i
Call and CALL nn (SP-1) ~ PCH e« o X o X e e o 1001100CD 3 s 17
(SP-2) — PCL, - n -
Return Group PC — mn A
CALLcc, nn I condition e o X e X o o o 11 cc 100 3 3 10 H cc is false.
cc is false - n -
continue, - n - 3 5 17 1f cc is true.
otherwise as
CALL nn
RET PCL ~ (SP) e e X ¢ X o o e 11000001 C9 1 3 10
PCH ~ (SP+1)
RET cc H condition e o X e X o o o 1] ccO00 1 1 S Ifecisfabe.
cc is false
continue, 1 3 11 If cc is true.
as ce Condition
RET . @ Ei non-zero
. 00! Z zero
RETI Retwumfom ' e .o X o X e o o 1IMIIED 2 4 14 O NC nomcamy
011 C carry
interrupt 01 001 101 4D 100 PO parity odd
RETN! Return from s o X e X e o o 11101101 ED 2 4 M 101 PE ba
parity even
non-maskable 01 000 101 45 110P sign positive
interrupt 11 M sign negative
RST p © (SP-1) — PCy e« o X e X e o o 11t 1 3 ET R
(sP-2) - PO 5 oom
PCH - 0 001 08H
PCL~P 010 10H
o1l 18H
100 20H
101 28H
110 H
111 38H
NOTE: 'RETN losds IFF3 ~ IFF)
Input and INA, (n) A-m + o X o X e e o npOUOIDB 2 3 1 nwAg- A
’ - n - Acc. to Ag ~ Ajs
Output Group . r—(C 't X 1t X P O e 110010ED 2 3 12 CtloAg- A7
if r = 110 only the 0l r 000 Bto Ag -~ Ajs
flags will be affected o
INI (HL) ~ (C) X t X X X X 1 e 111001001 ED 2 4 16 CloAg ~ A7
B~B-1 10 100 010 A2 Bto Ag ~ Aj5
HL — HL + 1
INIR (HL) = (O) X 1 X X X X 1 e 111001100 ED 2 5 21 CtoAg ~ A7
: B ~B-1 10 110 010 B2 (1f B#0) BtoAg ~ A5
HL — HL + | 2 4 16
Repeat until ({B=0)
B=0
(0]
IND (HL) — (C) Xt X X X X 1 e 11100110ED 2 4 16 CloAg ~ A7
B~B-1 10 10i 010 AA Bto Ag ~ Ajs
HL ~ HL~1
INDR (HL) — (O) X 1 X X X X 1 e 11101100 ED 2 5 21 CtoAg ~ A7
B ~ B-1 10 111 010 BA (1t B#0) Bto Ag ~ A}
HL — HL-1 2 4 16
Repeat until (i B=0)
OUT(LA (n)—A e ¢ X e X s o s 1101001 D3 2 3 1 nto Ag ~ A7
- n - Acc. to Ag ~ Aj5
OUT(C).r (C)=—r e« ¢ X e X o o o 11101101 ED 2 3 12 CloAg ~ A7
0l r 001 Bto Ag ~ Als
o
outi (C) ~ (HL) X t X X X X 1 e 1110110 ED 2 4 16 CtoAg~ A7
B~ B-! 10 100 011 A3 BtoAg ~ Ajs5
HL - HL + 1
OTIR (C) — (HL) X 1 X X X X 1 e 11101100 ED 2 5 21 CtoAg - A7
B-—B-1 10 110 011 B3 (1 B#0) BtoAg ~ Ajs5
HL — HL + 1 2 4 16
Repeat until {{B=0)
B=0
o
OoUTD . (C) — (HL) X t X X X X 1 e 11101100 ED 2 4 16 CtoAg ~ A7
B~ B-1 10 101 011 AB Bto Ag ~ Ajs
HL — HL-1

NOTE: () If the result of B~1 is zero the Z flag is set, otherwise it is reset.
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Input and Symboltc Opcode No.of No.ot M No.of T
o‘“p“. Gfo“p l‘ O 8 z H PVN C 78 543 210 Hex Bytes Cycles States Comments
(Continued) OTDR (©) ~ (HL) X 1 X X X X 1 e« 11100101ED 2 5 21 CtoAg ~ A7

B-B-l 10 111 011 (I B0) Bto Ag ~ Ajs

HL — HL-1 2 4

Repeat until (fB=0)

B=0
Summary of Dy Do
Fl g Instruction s 2z B PPV N C Comments
OP.m‘on ADDA, s ADCA, s t ¢t X t X vV 0o 1 8-bit add or add with carry.

SUBs; SBC A, s; CP s; NEG t t X t X VvV 1.1t 8-bit subtract, subtract with carry, compare and negate accumulator.

AND s t t X I X P 0 O }

ORs. XOR s t + X 0 X P 0 O Logical operations.

INCs ' t X 1 X V 0 8-bit increment.

DECs H t X 1 X vV 1 e 8-bit decrement.

ADD DD, ss e ¢ X X X e 0 1 16-bit add.

ADC HL, ss ' 1t X X X Vv o0 1t 16-bit add with carry.

SBC HL, ss t ¢t X X X v 1 1 16-bit subtract with carry.

RLA, RLCA, RRA; RRCA e e X 0 X e 0 1 Rotate accumulator.

RL m; RLC m; RR m; t ¢+ X 0 X P 0 1 Rotate and shift locations.

RRC m; SLA m;
SRAm; SRL m

RLD: RRD 1 1 X 0 X P 0 o Rotate digit left and right.

DAA 1 t X 1t X P e 1 Decimal adjust accumulator.

CPL e e X 1 X o 1 . Complement accumulator.

SCF e« o X 0 X e 0 I Setcary.

CCF e e X X X e 0 1 Complement carry.

INr(C) o t 1 X 0 X P O Input register indirect.

INL IND, OUTL; OUTD X 1 X X X X 1 ) e o

INIR; INDR: OTIR; OTDR X I X X X X 1 .} Block input and output. Z = 9 if B # 0 otherwise Z = 0.

D rrrexrLe :} Block transfer instructions. P/V = 1 il BC # 0, otherwise P/V = 0.

CPI; CPIR; CPD: CPDR X 1+ X X X 1 1 = Block search instructions. Z = 1 it A = (HL), otherwise Z = 0. P/V = 1

if BC # 0, otherwise P/V = 0.
LDA, L, LDAR 1t ¢+ X 0 X IFF 0 = The content of the interrupt enable flip-flop (IFF) is copied into the P/V flag.
BITb. s X X 1 X X 0 o The state of bit b of location s is copied into the Z flaq.
Symbolic Symbol Operation Symbol Operation
Notation S Sign flag. S = 1 if the MSB of the result is 1. 1 The flag is affected according to the result of the
A Zero flag. Z = 1 if the result of the operation is 0. operation.
P/V Parity or overflow flag. Parity (P) and overflow . The flag is unchanged by the operation.
(V) share the same flag. Logical operations affect 0 The flag is reset by the operation.
this flag with the parity of the result while 1 The flag is set by the operation.
arithmetic operations affect this flag with the X The flag is a "don't care.”
overflow of the result. If P/V holds parity, P/V = ) P/V flag affected according to the overflow result
1 if the rezult of the operation is even, P/V = O if of the operation.
result is ... 1. If P/V holds overflow, P/V = 1 if P P/V tlag affected according to the parity result of
the resu!' :* the operation produced an overflow. the operation.

H Half-cai: - "iag. H = 1 if the add or subtract r Any one of the CPU registers A, B, C, D, E, H, L.
operatic: +--oduced a carry into or borrow from s Any 8-bit location for all the addressing modes
bit 4 of - - accumulator. allowed for the particular instruction.

N Add/Sui ' ict flag. N = 1 if the previous opera- ss Any 16-bit location for ail the addressing modes
tion was - -ubtract. allowed for that instruction.

H&N HandN - 3sare used in conjunction with the ii Any one of the two index registers IX or IY.
decimai st instruction (DAA) to properly cor- R Refresh counter.
rect the At into packed BCD format tollowing n 8-bit value in range < 0, 255 >.
addition  subtraction using operands with nn 16-bit value in range < 0, 65535 >.
packed - ) format.

C Carry/Li  flag. C = 1 if the operation produced
acarry b n the MSB of the operand or result.
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Pin
Descriptions

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

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

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

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

HALT. Hait State (output, active Low). HALT
indicates that the CPU has executed a Halt
instruction and is awaiting either a non-
maskable or a maskable interrupt (with the
mask enabled) before operation can resume.
While halted, the CPU executes NOPs to
maintain memory refresh.

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

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

placed on the data bus.

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

MREQ. Memory Reguest (output, active

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

NMI. Non-Maskable Interrupt (input, active
Low). NMI has a higher priority than INT. NMI
is always recognized at the end of the current
instruction, independent of the

status of the interrupt enable flip-flop, and
automatically forces the CPU to restart at
location 0066H.

RD. Memory Read (output, active Low,
3-state). RD indicates that the CPU wants to
read data from memory or an I/O device. The
addressed /O device or memory should use
this signal to gate data onto the CPU data bus.

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

RFSH. Refresh (output, active Low). RFSH,
together with MREQ, indicates that the lower
seven bits of the system’s address bus can be
used as a refresh address 1o the system's
dynamic memories.

WAIT. Wait (input, active Low). WAIT
indicates to the CPU that the addressed mem-
ory or I/O devices are not ready for a data
transfer. The CPU continues to enter a Wait
state as long as this signal is active. Extended
WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

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




CPU Timing

The Z80 CPU executes instructions by pro-
ceeding through a specific sequence of opera-
tions:

@ Memory read or write
B 1/O device read or write
B Interrupt acknowledge

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

Instruction Opcode Fetch. The CPU places
the contents of the Program Counter (PC) on
the address bus at the start of the cycle (Figure
5). Approximately one-half clock cycle later,
MREQ goes active. The falling edge of MREQ
can be used directly as a Chip Enable to dyna-
mic memories. When active, RD indicates that
the memory data can be enabled onto the CPU

T Tz Tw

data bus.

The CPU samples the WAIT input with the
rising edge of clock state T3. During clock
states T3 and T4 of an M1 cycle dynamic RAM
refresh can occur while the CPU starts
decoding and executing the instruction. When
the Refresh Control signal becomes active,
refreshing of dynamic memory can take place.

f \ y ]
e RWAWRWAW RN
1 7; @.'
Ao-As pc ’.’ )( REFRESH ADOR
LTy
MRE! vy / i
— © 9
L Py 3
o g e
WAIT | y 7_] LY
-®
W]\ ” ) 4
- @ G| 1 ~®

)v

ALID DATA

I

Lo

NOTE: T,,-Wait cycle added when necessary for slow ancilliary devices.

v

Figure 5. Instruction Opcode Fetch
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CPU Memory Read or Write Cycles. Figure 6 bus is stable, so that it can be used directly as

Timing shows the timing of memory read or write a Chip Enable for dynamic memories. The WR

(Continued) cycles other than an opcode fetch (M]) cycle. line is active when the data bus is stable, so
The MREQ and RD signals function exactly as that it can be used directly as an R/W pulse to
in the fetch cycle. In a memory write cycle, most semiconductor memories.

MREQ also becomes active when the address

T2 Tw T3

NAWAWAYAY

cLock -/-_\
+®~
A

Ao-Ays

Za oS fm
V’ED ADDRESS L. X
— o |
T -+ @ .
__ s
MREQ | —F _— /

*J/‘ED, T .

-

wair
— — @
I
ﬁ vyl £ Lo
! o o
READ | _.l® |
OPERATION — =@ @~ I+ 1~
Do-Dy % /777 s e VALID
A AR s /L DATA
-~ @
| "\
L3
b_-_ ’ - @
WRITE 4_@—’._@__1
OPERATION
S5
[ S — " oataour

Figure 6. Memory Read or Write Cycles
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Input or Output Cycles. Figure 7 shows the

CPU inserts a single Wait state (T,,). This extra Wait
Timing timing for an I/O read or /O write operation. state allows sufficient time for an 1/O port to
(Continued)  During I/O operations, the CPU automatically decode the address and the port address lines.
T2 Tw Tw Ty
cxoex j \ [\ /) [ )
® =7 )
=}
Ao-A — VALID PORT ADDRESS ':ﬁ X
’1-7) g () -
4@ O '.@
0 e @-»l 2
waw O:l J/“' )
@ —sH(a)-—
RO 3 pye o
"o kb .1 -
. Iy . gl
Do-D7 ; &( ‘;’r,; DATA
+® o
WR L 1 -] @Lq-
'Rl:": ‘@_: @
OPERATION .
[ R —— ’:' DATA OUT —

NOTE: T+ = One Wait cycle automatically inserted by CPU.

Figure 7. Input or Output Cycles

Interrupt Request/Acknowledge Cycle. The
CPU samples the interrupt signal with the ris-
ing edge of the last clock cycle at the end of
any instruction (Figure 8). When an interrupt
is accepted, a special M1 cycle is generated.

During this M1 cycle, IDRQ becomes active
(instead of MREQ) to indicate that the inter-

rupting device can place an 8-bit vector on the

data bus. The CPU automatically adds two
Wait states to this cycle.

0 Ty T2 Tw: Tw: Tw T3
S AYAYAVAVA VAV AN
L, krsd
Y
® 5
Ao-A1s PC 5’;
1 ® ’ ®
wo | ) " Vi

7

—ol D) |- - @ e

ioRa @ »”
I A—— - "q-@ - (8
WaTT /7 \
’ - ‘—@
- 4—@ @., e
Do-D7 m, £ ﬂ, '; VALID DATA C

NOTE: 1) T = Last state of previous instruction.

2) Two Wait cycles automatically inserted by CPU(").

Figure 8. Interrupt Request/Acknowledge Cycle
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Non-Maskable Interrupt Request Cycle.

CPU
Timing NMI is sampled at the same time as the .
(Continued)  maskable interrupt input INT but has higher

priority and cannot be disabled under software
control. The subsequent timing is similar to

that of a normal memory read operation except
that data put on the bus by the memory is
ignored. The CPU instead executes a restart
(RST) operation and jumps to the NMI service
routine located at address 0066H (Figure 9).

T LAST T TIME T T2 T3 " Ta Ts I
WAVAWAVAWAWAY AW
______ | ® U (U A (St PR
m _______ N JR— SN g S U R U U (O R —— R T e mMmsm
@ @ e
Ag-As B PC |REFRESH
_.@{f @ =
m /
, - ®
o= -® - @ |
_‘®l* o =
L3 \‘ )I
@
- I S

* Although NMI is an asynchronous input, to quarantee its being
recognized on the following machine cycle, hMI’s falling edge

Figure 9. Non-M

kable Interrupt Req

must occur no later i . the rising edge of the clock cycie

preceding T AST-

t Op - “ion

Bus Request/Acknowledge Cycle. The CPU
samples’BUSREQ with the rising edge of the
last clock period of any machine cycle (Figure
10). If BUSREQ is active, the CPU sets its
address, data, and MREQ, IORQ, RD, and WR

lines to a high . npedance state with the rising
edge of the ne ! -:lock pulse. At that time, any
external devic.- ..an take control of these lines,
usually to transfer data between memory and
I/O devices.

’/",

-
ao-Ars ’ FLOAT <_—
1 J e
" FLOAT
Do-Dy {h_
-~ @ @
gl ” FLoAT *1
ioRa,
-~ ®
w
- @ |
wa

WALY

UNCHANGED

NOTE: Tp = Last state of any M cycle.

Figure 10.

Tx = An arbitrary clock cycle used by requesting device.

Bus Request/Acknowledge Cycle

20050218, 886
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Halt Acknowledge Cycle. When the CPU

CPU
Timing receives a HALT instruction, it executes NOP
states until either an INT or NMI input is

(Continued)

‘received. When in the Halt state, the HALT
output is active and remains so until an inter-
rupt is processed (Figure 11).

1 -

] }

Ta Ty T2

HALT

T3

' T T2

}[,‘@_______

Ta

Hait instruction i
Received

NOTE: INT will also force a Halt exit.

o

*See note, Figure 9.

Figure 11. Halt Acknowledge Cycle

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

inactive, two internal T cycles are consumed
before the CPU resumes normal processing
operation. RESET clears the PC register, so the
first opcode fetch will be to location 0000
(Figure 12).

S AYAYAWRAWAYRWAY
LI FC
= [y —
-
- ®t
- 7 75~ ,
"_"—:‘_—:{ V//////4 ) W

Figure 12. Reset Cycle
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AC k 80 CPU Z30K CPU Z80B CPU

Charac- Min Max Min Max Min  Max
teristics Number Symbol . Parameter (ns) (ns) (ns) (ns) (ns) (ns)

1 TeC Clock Cycle Time 400* 250* 165*

2 TwCh Clock Pulse Width (High) 180° - 110* 65*

3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000

4 TIC Clock Fall Time — 30 — 30 — 20

§ — TrC ~————— Clock Rise Time 30 30 20

6 TdCr(A) Clock ! to Address Valid Delay — 145 — 110 — 9

7 TJAMREQf)  Address Valid to MREQ 125*  — 65 — 3B —

| Delay

8 TACHMREQf) Clock | to MREQ | Delay — 100 - 85 — 70

9  TdCr(MREQr) Clock ! to MREQ ! Delay — 100 — 85 — 70
10 — TwMREQh —— MREQ Pulse Width (High) 170* 110° 65*
11 TwMREQI MREQ Pulse Width (Low) 360° — 2200 — 135*  —
12 TdCHMREQr) Clock ! to MREQ ! Delay — 100 — 85 — 70
13 TdCH(RDf) Clock | to RD | Delay — 130 — 95 — 80
14  TdCr(RDr) Clock 1 to RD 1 Delay — 100 — 85 — 70
15 —TsD(Cr) Data Setup Time to Clock ! 50 35 30
16  ThD(RDr) Data Hold Time to RD 1 — 0 — 0 - 0
17 TsWAIT(Cf) ‘WAIT Setup Time to Clock | 70 — 70 — 60 —
18 ThWAIT(Cf) ‘WAIT Hold Time after Clock | — 0 _— 0 — 0
19  TdCr(Ml1f) Clock 1 to M1 | Delay — 130 — 100 — 80
20 — TdCr(Mlr) Clock 1 to M1 t Delay 130 100 80
21  TACr(RFSHf) Clock ! to RFSH | Delay — 180 — 130 — 110
22 TdCr(RFSHr) Clock ! to RFSH t Delay . 150 — 120 — 100
23 TdCHKRDr) Clock | to RD t Delay — 10 — 85 — 70
24  TdCr(RDf) Clock 1 to RD | Delay — 100 — 85 - 70
25 — TsD(CY) Data Setup to Clock | during 60 50 40

M;, M3, My or Mg Cycles

26  TJA(IORQf) Address Stable prior to IORQ §  320° — 180* — 1100 —
27  TdCr(IORQf) Clock ! to IORQ | Delay — 0 — 75 —_ 65
28 TdCHIORQr) Clock ! to TORQ t Delay — 110 — 85 — 70
29  TdD(WRf) Data Stable prior to WR | 190* — 80+ — 25 —
30 — TACHWRf) —— Clock | to WR | Delay 90 80 70
31 TwWR WR Pulse Width 360* — 220° — 135*  —
32  TdCHWRr) Clock | to WR t Delay — 100 - 80 — 70
33  TdD(WRf) Data Stable prior to WR | 20° — -10* — -85* —
34  TdCr(WRf Clock f to WR | Delay — 80 - 65 - 60
35 — TdWRr(D) Data Stable from WR 1 120* 60* 30*
36 TACHHALT)  Clock ! to HALT t or | — - 300 — 300 — 260
37  TwNMI NMI Pulse Width 80 — 80 — 70 -
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock 1 80 — 5 — 50 —

*For clock periods other than the minimums shown in the table,
calculate parameters using the expressions in the table on the
following page.

23



AC . Z80 CPU

Z80A CPU Z80B CPU

Charac- . Min Max Min Max Min Max
teristics Number Symbol Parameter . (ns) (ns) (ns) (ns) (ns) (ns)
(Continued) 39  ThBUSREQ(Cr) BUSREQ Hold Time after Clock I 0 — 0o — -
40 — TdCr(BUSACKf)-Clock ! to BUSACK | Delay 120 100 90
41  TdCHBUSACKr) Clock | to BUSACK 1 Delay — 110 — 100 - 9
42 TdCr(Dz) Clock 1 to Data Float Delay — et} — 90 — 80
43 TdCr(CTz) Clock 1 to Control Qutputs Float — 110 — 80 —_— 70
Delay (MREQ, IORQ, RD,
and WR)
44 TdCr(Az) Clock ! to Address Float Delay — 110 — a0 — 80
45 —TdCTr(A) Address Stable after MREQ 1, 160" 80* 35*
IORQ !, RD 1, and WR 1
46  TsRESET(Cr) RESET to Clock ! Setup Time % — 60 — 60 —
47  ThRESET(Cr)  RESET to Clock ! Hold Time — 0 — 0 - 0
48 TsINTH(Cr) INT to Clock t Setup Time 80 — 80 — 70 —_
49 ThINTr(Cr) INT to Clock | Hold Time — 0 — 0 — 0
50 — TdM1{(IORQf) — M1 | to IORQ | Delay 920* 565 365*
51  TdCHIORQf) Clock | to IORQ | Delay — 110 — 8 - 70
52 TdCH(IORQr) Clock ! to IORQ 1 Delay — 100 — 85 — 70
53 TdCH{D) Clock | to Data Valid Delay — 230 — 150 — 130
*For clock periods other than the minimums shown in the table,
calculate parameters using the following expressions. Calculated
values above assumed TrC = TIC = 20 ns.
Footnotes to AC Characteristics
Number Symbol 280 Z80A Z80B
1 TeC TwCh + TwCl + TrC + TIC TwCh + TwCl + TrC +TiIC TwCh + TwCl + TrC + TIC
2 TwCh Although static by design, Although static by design, Although static by design,
TwCh of greater than 200 ps TwCh of greater than 200 s TwCh of greater than 200 us
is not guaranteed is not guaranteed is not guaranteed
7 — TdA(MREQf) — TwCh + TiC - 75 ~—————— TwCh + TiC - 65 TwCh + TiC - 50
10 TwMREQh TwCh + TfC - 30 TwCh + TIC - 20 TwCh + TiIC - 20
11 TwMREQI TcC - 40 TeC - 30 TcC - 30
26 TdA(IORQf) TcC - 80 TeC - 70 TeC - 55
29 TdD(WR{) TeC - 210 TecC - 170 TcC - 140
31 — TwWR TcC - 40 ——————— TeC - 30 TcC - 30
33 TdD(WRHf) TwCl + TrC - 180 TwCl + TrC - 140 TwCl + TrC - 140
35 TdWRr(D) TwCl + TrC - 80 TwCl + TrC - 70 TwCl + TrC - 55
45 TdCTr(A) TwCl + TrC - 40 TwCl + TrC - 50 TwCl + TrC - 50

50 TdMI{IORQf) 2TcC + TwCh + TIC - 80 2TcC + TwCh + TiC - 65

2TcC + TwCh + TiC - 50

AC Test Conditions: VoH = 20V
Vig = 20V VoL = 08V
ViL =08V FLOAT = 05V
ViHc = Vcg 06 V
ViLc = 045V
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Table 6 STATUS REGISTER SUMMARY

ALL TYPE) READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 |NOT READY NOT READY NOT READY NOT READY [NOT READY |NOT READY
S6 [WRITE (1] 0 ] WRITE WRITE
PROTECT PROTECT PROTECT
S5 {HEAD LOADED [} RECORD TYPE 0 WRITE FAULT |WRITE FAULT
S4 |SEEK ERROR |RNF RNF 0 RNF 1]
S$3 |CRC ERROR |CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 |TRACK 0 LOST DATA LOST DATA LOST DATA |LOST DATA LOST DATA
St |INDEX DRQ DRQ DRQ DRQ DRQ
S0 _|BUSY BUSY BUSY BUSY BUSY BUSY E
b
i
STATUS FOR TYPE | COMMANDS X
BIT NAME MEANING 2
S7 NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR.
56 PROTECTED Wh"pmen set, indicates Write Protect is activated. This bit is an inverted copy of WhPT
input.
S5 HEAD LOADED | When set, it indicates the head is loaded and engaged. This bit is a logical “and” of
HLD and HLT signals.
S4 SEEK ERROR | When set, the desired track was not verified. This bit is reset to 0 when updated.
S3 CRC ERROR CRC encountered in 1D field.
S2 TRACK 00 When sel, indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the TROO input.
St INDEX :I_'l’lhemgm set, indicates index mark detected from drive. This bit is an inverted copy of the
S0 BUSY When set command is in progress. When reset no command is in progress.

STATUS FOR TYPE Il AND {1l COMMANDS

BIT NAME MEANING

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type il
and Il Commands will not execule unless the drive is ready.

S6 WRITE PROTECT|On Read Record: Not Used. On Read Track: Not Used. On any Wirite: It indicates a
Wirite Protect. This bit is reset when updated.

On Read Record: It indicates the record-type code from data field address mark.
1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit
is reset when updated.

S5 RECORD TYPE/
WRITE FAULT

S4 RECORD NOT  [When set, it indicates that the desired track, sector, or side were not found. This bit is
FOUND (RNF) reset when updated.
S3 CRC ERROR It S4 is set, an error is found in one or more ID fields; otherwise it indicates error in

data field. This bit is reset when updated.
When set, it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bit is reset to zero when up-
dated.

When set, command is under execution. When reset, no command is under execution.

S2 LOST DATA

St DATA REQUEST

S0 BUSY
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TECHNICAL APPLICATION NOTES FOR THE SUPER QUAD SINGLE BOARD COMPUTER.

In case of problems with the SUPER QUAD; these are two thing a customer

may do:

1. send the product back for warranty service(turn around time is 1 day)

2. follow thw following notes and then if there are still no results do
the first step! '

1. 1f the board is totaly dead and won't communicate with the CRT, then
do the following:
a. check you power supply for 5,+,-12 volts,
b. check pins 1,3,17 of the US53(BR1941) baud rate gen. for step type
pulses.(if you do not see any thing on these pins then replace the

BR1941 chip)

I 1 I 1 I 1

c. Check your PS NET/I the serial port adapter cable for possible
loss of + or - 12 volts or the 1488 chip.

d. check pin 3 of Ul1(741sl1l). there should be a positive going
signal (about 5 volts) and when you press RESET you should see that
pulse going to ZERO voltage.

e. 1f the step d is OK then you have a problem with either on of the
a or bor c .

f. check the 4MHZ clock signal going to pin 6 of the CPU.

2. 1f there is a problem with the floppy disk controller part only and
you think that the phase lock loop needs to be adjusted, then follow
the folowing steps:

a. This is done with the help of a dual trace scope.
b. put one channel on the 4MHZ signal (PIN 6 of the cpu chip)
put the other channel on pin 7 of the U27(74s124) and by tweeking
the R26(pot) those two signals are supposed to lock.
c. the above procedure is only recomended to engineeres or techn1c1ans
with experience of doing such things before.
3. Make sure the board is being properly cooled by a fan.

4. The power consumption of the board is:

+8v--- 1.8 amps max.
+16--- .4 amps max.
-16--- .2 amps max.

5. To ensure the proper operation of your floppy disk drives, make
sure to put the termination resistor at the end of the cable.

6. Reter to the softare manual for software problems.
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Application notes to run TURBO-DOS operating system:

1f you have one of the early revisions of the SUPERQUAD check the following:
1. pin 13 of the CTC should be hooked to +5V.

2. R17 should be hooked to +5.

3. for double sided drives, there should be a jumper from j3 connector
to PIO bit3(PI0-29)

4. 1E3 1in2 (P10-22) should goto ul8-9, on some older rev. boards its
also going to pin 12 of ul4. the place to cut would be on top of u8
right above pin 2@ there is a pad hole; the etch going north should be
cut,then install a jumper from ul4-12 to ul5-6
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application notes on how to interface the Measurement Systems Memory (DMB64060)
to the SUPERQUAD.
ON DMB640@ SET SWITCHES AS FOLLOMWS:
(TOGLE SWITCH...UP MEANS PRESS T® THE TOP DOWN)
S1-1 DOWN,S1-2 DOWN.S1-3 DOWN, S1-4 DOWN
82-1'2'4'5 UpP-=———-- 53-112 UP""”S4"1'4 DOWN‘---SS-1'2'3'4'5,6'8 Up

HEADER 1 SHOULD BE WIRED AS: PIN 1 TO 16,3 TO 9,7 TO 11,8 TO 10.
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SUPER NET MODIFICATION SHEET

To run the SUPER @uAp (Advanced Digital Corportion's S-1¢0 single
board computer) with the BSR 64/256 (PCE Systems' 256K RAM card) there
are two modifications to be made to - the SUPER Quadb. The first

modification (as described below)

is to buffer the 2z- 89 tefresh

signal, and bring it to pin 66 of the S-190 bus (see figqure 1).

'E R va3
1) Solder a wire from U598, pin 28 ﬁgﬁl 13 ‘ 14 28
8T97

(z-88) to U43, pin 14 (8T97). 2)
Solder a wire from U43, pin 13

(8T97) to pin 66 of the S-100 bus.

The second modification needs to be

done so that the RAM card can sense
when the 1288 is in a wait state.
This is done by cutting the RAM
RFSH and FDC WAIT signals on the
SUPER &uyAb away from the inputs of
Us6, and ANDING them and tying the
result to PRDY of the S-198 bus
(see fiqure 2). Because PRDY may be
driven by a number of different
cards, an open collector device is
needed. For this purpose a 7409 is
added to the board, as described

below, at SPARE location US57. 2-ps5)2AM _RESH
e ' §4 C7;FDC WALT

. Jl

Figure 1

usg
Z80

Jl

HOLD [74 :

+5VDC

RM6

BUSREQ Pin 25

XRDY | 3

usa
> US6

PRDY |72

U57

4 .
ts1)6 Pin 13

=l =
o

¥ u34

X

Figure 2

1) Solder a 14 pin socket in location U57 for a 7489. 2) Solder a

wire from RM6, pin 2 to U57, pin 1.

through hole located under US55 between pins 13 & 14,

4) Solder a wire from U57, pin 3 to

3) Solder a wire from the plated

use6,

pin 4. 5) Cut two traces located on

component side'bﬁ board between US56 and

RM6

RM6 (see figure 3). 6) Install a 7499 in CUTS

us7v.

W ,),/:[C f;/Q i 4 (t» . ;//

-

useé

(A CL‘\Q 27

to U557, pin 2.
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SUPER NET Parts list

- — - — - ————— - - - —— - - - . - S W G > = " - .- _D W - = - = o> - -

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
213.
24.
25.
26.
27.
28.
29.
30.
3l.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
2.
43.
44.
45.
46.
47.
48.
49.

Pt et Pt bt P g P gt et et b pt D e P o Pt et P e et et Pt et Pt g ot e P bt P et Pt e B ped P e Pt g (et e et g Pt et P e Bl e bt

- — - - - - e - —

74LS00
74s04
74LS04
7406
7407
74L8180
74LS11
74LS13
74LS14
74LS27
74LS32
7438
74L574
74LS123
745124
74LS132
74LS138
74LS139
74LS153
74LS175
74152490

u-32
u-1

U-41
u-11

u-2
U-35

U-42,U-22

u-14

uU-33,U-40

u-27

uU-16,U-39,U-46
U'ZI,U‘36.

u-5
u-28
u-10

745240
74LS5244
74LS245

Uu-59,U-24
u-68,U-69
u-8

U-44,U-51

74LS273

745287 (PROM)
74LS373
74LS374
74LS393
MB4164-20
Z-80A CPU
z-80A PIO
Z-80A DART(S10)
Z-80A CTC
WD-1793(8877)
WD-1691
WD-2143
BR-1941
TTLDM-100

2716 EPROM
8T97

8T98

14 PIN HEADER
LM323K VOLT.
8.000 MHZ XTAL
5.86 MHZ XTAL
16 PIN SWITCH
2N2222 TRANS.
2N39¢6 TRANS.

u-17
u-49

u-23
U-12'U-7

U-60 THRU U-67

u-50
u-9

u-52
u-37
U-26
u-19
u-20
U-53
u-54
u-29
u-43

U—SS,U-IS

u-31
VR1
Yl
Y2
SWl

Q1,02,04

Q3

Pt ) P et e et e N P et P et P et b et e e = O NNV NN~ NWE DN N N e N



50.
Sl.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

Pt et Pt P et et e et e

78L12

220 MH CHOKE
4.7K sIp

16K SIP

33 OHM SsIP
220/330 SIP
33 OHM DIP
1N914 DIODE
5.1 V ZENER
106 MF CAP

.1 MF CAP

4.7 MF CAP
16K POT

14 PIN HEADER
50 PIN HEADER
40 PIN HEADER

et Pt et bt gt P g P Pt B el Pt et o et

Q5 1
Ll,L2 ) ¢
RM1,RM3,RM7 1
RM2,RMS 1
RM6 ¢
RM4 1
RMS 1
CR2 I
CR1 1
c2 I

1
c6,C3,C19,C27,C281
R27,R28 1
'J4,35 1
J3 1
J2 1

= N N 00 b bt bt et b et b DD WD N
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WARRANTY NOTICE

Advanced Digital Corporation now requires a Return Authorization
Number for the return of any equipment for repair or credit. This
number will be issued by the Customer Support Department. Any
equipment received without the Return Authorization Number clearly
marked on the outside of the package may be subject to significant
delays in the repair process.

Return Authorization Numbers are active for 30 days after they are
issued. If the equipment specified in the Return Authorization is
not received by Advanced Digital within this 30 day period signi-
ficant delays in handling the repair may be incurred.

If the equipment must be returned a second time, a new Return
Authorization Number must be issued. Reuse of Return Authorization
Numbers may result in delays in processing returns.

Effective November 1, 1981, repair of all kit and norwarranty
boards will be $70.00. This fee is subject to change without
notice.

Returns for credit will be subject to a 15% restocking charge. If
material for credit was purchased through a dealer, Advanced Digital
cannot issue a credit. Adjustment must be handled through the dealer.
Other credit returns should have reference to the original invoice
number.

If you have any questions regarding special handling, packaging of

the equipment, or procedures for returning equipment, please contact
the Advanced Digital Corporation.

The warranty on the super quad is one year fram the date of purchase.
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