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SECTION I 

INTRODUCTION 

1.1 PURPOSE 

This Manual provides the technical information necessary to mstall, uperate dna maintair. 
the SUPER SIX singleboard computer by Advanced Digital Corporation. 

1.2 EQUIPMENT OVER VIEW 

SUPER SIX, produced by Advanced Digital Corporation, is the first single board computer 
for the S-IOO bus running at 6MHz. Without the S-100 bus the SUPER SIX can also run. as 
a standalone computer executing a single user CP/M 2.2 or 3.0, or a multiuser MP /M, 
OASIS, or TurboDOS operating system. SUPER SIX runs substantially faster than any 
other S-l 00 single board computer a vialable in the market. 

The SUPER SIX contains the following set of capabilities: 

1. 280B CPU operating at 6MH2 

2. 128K of dynamic bank se lect RAM arranged in 16k banks 

3. Floppy Disk Controller which supports the 8-inch and 5.25-inch disk 
drives simultaniously 

4. 2/4 K of shadow EPROM (Monitor) 

5. 2 serial I/O (RS-232) ports offering software or hardware selectable 
baud rate, 280B DAR T 

6. 2 parallel ports (280B PIO) 

7. Real time clock (280B CTC) 

8. DM A controller (280 DM A) 

9. Extended addressing: A 16-A23 

10. Single 5 volt supply on board 

11. One-year warranty 

12. Free copy of CP/M 2.2 BIOS supplied. 

* NOTE: Items 5 and 6 require external adaptation for 
RS-232 and Centronics. The adapter boards contain a 
DB-25 connector on a 2-inch by 2-inch board attached to 
the back panel·of the 5-100 system (MODEM and RS 422 
Paddle cards are also available). 

-1-



1.3 " 

This document is organizt'd inh' ') sc\.·t i,-'Ils .. md 14 .lppcndices. 

Section I serves as an introductioll to tht' entire document, stating the purpose of the 
document and providing an introduction to the SuPER SIX single board computer. This 
section also provides a list of acronyms used in the document and provides a statement on 
the responsibilities of document maintenance. 

Section II provides a description of the operations of aU components associated with the 
SUPER SIX single board computer. 

Section III lists aU SUPER SIX input/output ports and defines the assignments and 
functions of each port. 

Section IV lists and defines aJJ SUPER SIX jumper connections. This section includes the 
jumper ,assignments for factory (OEM) installed jumpers. 

Section V describes the external connector pins for SUPER SIX connectors J 1 through J 5. 

The appendices provide supplemental material to the body of the text and are referenced 
in the text at the associated points. 

1.4 LIST OF ACRONYMS 

Table 1 -1 provides a listing and description of the acronyms used within this text. 

ACRONYM DESCRIPTIO~ 

CPU Central Processor Unit 

CTC ControJJer /Timer Circui t 

DART Dual Asynchronous Receiver/Transmitter 

DMA Direct Memory Access 

EPROM ElectricaUy Erasable Programmable Read-Only Memory 

FDe Floppy Disk Controller 

IEEE Institute of Electrical and Electronic Engineers 

MP/M Multiuser Program For Microcomputers 

OEM Original Equipment Manufacturer 

PIO ParaUel Input/Output 

PROM Programmable Read-Only Menlory 

Table 1-1. List of Acronyms 
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Table I-I. List of Acronyms (Continued) 

ACRONYM DE~CRIPTIOi\ 

1.5 

RAM Random Access Memory 

SIO Serial Input/Output 

TTL Transistor-transistor Logic 

TurboDOS A Multiuser Networking Operating System used as software with the 
SUPER SIX 

DOCUMENT MAINTENANCE 

This document is the property of Advanced Digital Corporation, who is responsible for its 
content. Any modifications made to this manual must be made with the express written 
approval of Advanced Digital Corporation. 

1.6 THEOR Y OF OPERATION - ST ART-UP PROCEDURE 

The SUPER SIX Single board computer is shipped configured for 19. 
installation procedure is as follows: 

baud rate. The 

1. Plug the PSNET /1 to connector J5. Use caution; pin 1 is marked. 

2. Connect the CRT. Pins 2, 3, 5, 7, and 20 must be used; no parity 
must be specified, 

3. Apply power to the system. The monitor message shown in 
subsection 2.9.2 appears. Check the CRT baud rate- if 9600 baud is 
required, unplug jumper area J7, pin 7-8. 

4. Install the floppy disk cable, load the CP/M diskette, and bootstrap 
the system. 

Note: CP/M is shipped configured for 64K bytes of 
memory. The parallel port is configured as the default 
printer. 1024 bytes per sector read/writes are also' 
supported (or DMA). The plus 8V and the plus/minus 16 V 
on the S-lOO bus must be verified prior to installing the 
SUPER SIX board. 
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SECTION II 
OPERATION 

This section describes the opera tion 01 all SUPER SIX <;:ompone.nts. 

2.1 FLOPPY DISK CONTROLLER 

The floppy disk controiJer can access up to four 8-inch or four 5.25-inch disk drives or any 
combination of the two. The controller can read and write ISIv1 3740 single density format 
and double density 1024 sector-SIze formats. Data transfer is performed via Direct 
Memory Access (DMA). Due to the simultanious operation capability of the SUPER SIX 
the format compatibility problems with 5.25-inch disks have been eliminatea. The floppy 
disk controller used is the WD27~3. The WD2793 has on-chip PLL ,data separators and 
on-chip write pre-compensation logic. Adjustments for PLL are factory set dnu write 
pre-compensation has been provided with the SUPER SIX. 50 Pin and 34 pin connectors 
are available for 8-inch and 5.25-inch disk drives respectively. 

2.2 

NOTE: Customer adjustment of trim pots 
may result in cancellation of warranty. 

THE 128K DYNAMIC RAM 

The 128K RAM array can be switched ON and OFF in 16K increments, (0-16K, 16K-32K, 
32K-48K, 48K-64K for both banks) under soitware control. This feature allows the CPU 
to access bank switchable external memory on the S-IOO bus. The memury has an access 
time of 150ns. A Refresh operation is performed during Z80 M I cycles and during \V AIT 
and RESET states. The memory can be accessed by floppy dIsk via D~iA, serial and 
paralle 1 'I/O, or another DMA device un the S-l 00 bus. 

*NOTE: Any external DlV1A device that is 
using continous mode DMA cycles must 
transfer data at an average rate of 1501s per 
byte or faster when holding the DMA request 
line for more than 1.5I11s. The RAM row 
address is the low order address; therefore 
the entire RAM array is refreshed by DMA 
device every 128 contiguous memory cycles. 

Under CPM 2.2 or CPM 3.0 the additional 64K can be used as a dISk buffer. The ·SUPER 
SIX is ideal when operating in the bank mode under CP/M 3.0, as 128K RAM is required. 

-4-
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2.3 SYSTEM MONIT01< EPHOM 

The system monitor t.PHOM is switched ON during reset. Jt C~II t)(~ (jj~~t.Jl(:a dr,G (:rlabled 
under software control. When enabled, the system IIluflltor r(:sjrj(:C) dt locations 
F800-FFFF (hex) (refer to subsection 2.9.1.2) when using 1716 Ll't<U,\' or CIt locations 
FOOO-FFFF (hex) when using the 2732 EPRL'M. lhe ~>stelrr I/lonitur LP~lIM contains the 
cold-start loader for CP /tvl, MP /1\1 and 1 urboDl.\). In .:idunia! I j t Cdn De used to perform 
LOAD, I/O READ and 1/0 'W RITE operations. 'When the LP1.(,-).vi is disablea no system 
address space is used. 

2.4 SERIAL PUR IS 

A 6MHz Z801:) DAR T is used for the two serial I/O ports; a 2:805 ,)10 or Z80A DAH T can 
be used in it's place (if a 4MHz Z80A DAR T is used the CPU and all other devices must 
also be 4MHz). This allows asynchronous serial data communication plus a variety of 
interrupt modes. Modem control signals are available at each serial connector. There are 
software selectable baud rates as well as hardware selectable baud rates (mini-jumpers 
J7). 

2.5 

* NOTE: The serial ports are TTL and must 
be connected to PSN ET/ 1 (serial adapter 
interface) for RS-232 communications. The 
J4 connector is for the CR T; the J5 
connector is for the serial printer or CH T. 

PARALLEL POl{ 15 

A 6MHz 280B PIO is used as the parallel port. The "A" channel of this chip is used to 
connect the parallel port connector (J2) to PIO. This port has an 8-bit bi-directional data 
line and two hand-shake lines. 1 he "13" port can be split between the parallel port 
connector and the 5-100 bus vectored interrupts lines by jumper options. This allows the 
port to be used as an additional paralJel port, an interrupt controller, or both of the 
above. In the output mode the parallel ports can drive one TTL load. 

2.6 REAL TIME INTERkUPT LLOCK 

A 6MHz 280B eTC is used for providing a real time system clock for tvlP /M or TurboDOS 
operating systems. Three channels of the eTC are available to the user for jumpering to 
synchronous baud rates or long clock times. 

2.7 S-IOO BUS IN1ERFACE 

The 5-100 bus interface provides the signals necessary for an 8-bit bus master as 
described by the lEEE-696 bus specification. Vectored interrupt lines VIO-V 17 are 
supported via jumper options (refer to section I V) and A 16-A23 are also supported via an 
1/0 port. The Phantom line is also implemented for the dynamic RAM array. 

The S U PEl{ SlX interface with the S-1 00 bus is depicted in Figure 2-1. 

TurboJ..)O~ is the registered trademark of Software 2000, Inc. 
CP/M and M P /M are the registered trademarks of Digital i{esearch, Inc. 
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2.8 BAUD RATE JUMPER 

Upon SUPER SIX initialization, the baud rate for the two serial channels can be 
hardware-selected independently by means of the baud rate jumper (J7). This 7-pole 
jumper is located between U70 and U68 and is divided into two sets of jumpers containing 
four and three pins for 510 channels A and B, respectively. Pins 7, 6, 5, and 4 set the baud 
rate for 510 channel A and are designated as A, 5, C, and D, respectively; pins 3, 2, and I 
set the baud rate for 510 channel B and are designated as A, B, and C, respectively. 
Because this jumper comprises of only seven pin sets, SIO channel B has a hardware 
limitation of 1200 baud; by means of port 18 the software may be set to allow up to 19.2K 
baud for channel B. The baud rate settings, as determined by this jumper, are shown in 
Table 2-1, below. Once the SUPER SIX is initialized, I/O port 18 is used to modify the 
baud rate. Port 18 is described in subsection 3.2.21. 

BIT BIT BIT BIT BAUD 
D C B A RATE 

0 0 0 0 50 
0 0 0 I 75 
0 0 I 0 110 
0 0 I I 134.5 
0 I 0 0 150 
0 I 0 I 300 
0 I I 0 600 
0 I I 1 1200 
I 0 0 0 1800 
I 0 0 I 2000 
1 0 I 0 2400 
I 0 1 I 3600 
1 1 0 0 4800 
I I 0 I 7200 
I I I 0 9600 
I I I I 19,200 

Table 2-1. SUPER SIX Baud Rate Jumper Settings 

2.9 EPROM AND MONITOR OPERATION 

The on-board EPROM occupies addresses FOOO-FFFF (hex). This EPROM is switched ON 
automatically during RESET or POWER-ON. It contains the serial input/output (510) and 
floppy disk controller (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 to allow access to the RAM at address FOOOH-FFFFH. The EPROM can be enabled 
or disabled at any time to permit the calling of hardware dependant lio routines. 

2.9.1 EPROM Enable/Disable 

A listing of· the program required to enable and disable the EPROM is provided below 

/ 
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BAUD RATE JUMPERS 

ADVANCED DIGITAL CORPORATION SUPER SIX SUPPLEMENT 

Update for Page 7 

With the Super Six component side facing you and the S-100 cunnector down there 
are 7 jumpters between U68 and U70 aligned vertically. There are assigned as 
follows: <I III bit A 

1111 bit B JUMPER INSTALLED 1 
1111 bit C 
1111 bit D JUMPER OFF = 0 

console -SIO CR. A= 

-SIO CR. B= 
~III1 bit A 

1111 bit B 
1111 bit C 

Bit D for SIO CR. B is not available as a jumper and must be set in software. 
Bit 7 of this input port (port 15) is instead used to sense double sided drives. 
Some software reads this bit and sends it to the SIO CR. B baud rate anyway. If 
you have double sided drives, this will make the bit a 0 thru creating baud rates 
from 50 to 1200. If you have single sided drives, this will make the bit a 1 
and create baud rates from 1800 to 19.2K. If you experience a problem with this 
you can make a file under cpm to correctly assign the baud rate to SIO CH. B 
(used for serial printer and/or modem) as follows: 

Console 
SIO CR. B 

(ON ) 
(ON ) 
(ON ) 
(ON ) 
(ON ) 
(off) 
(ON ) 

19.2k 
= 300 

A)ddt 
-a100 

in 15 0100 
0102 ani 7f (for 50 to 1200 baud. for 1800 to 

19.2k type ori 80) 
0104 
0106 
0109 
-gO 

out 18 
jmp 0 
(CR) 

A)save 1 setbaud.com 
A}setbaud 

COMMON BAUD RATE SETTINGS 

Console 
SIO CR. B 

(ON ) 
(ON .) 
(ON ) 
(ON ) 
(ON ) 
(ON ) 
(ON ) 

19.2k 
=1200 

7A 

Console 

(off) 
(ON ) 
(ON) 
(ON) 

9600 Console 

(ON ) 
(ON ) 
(ON) 
(off) 

12 



2.9~1.1 Enabling'the EPROM: 

·F03J 3E4F MVI A,OIOOIIIIB 

F035 0316 OUT 16H 

2.9.1.2 . Disabling the EPROM: . 

F0333E4F M VI A,O 110 IIII B 

F035 0316 OUT 16H 

;RESET POWER ON JUMp· AND 
ENABLE MEMORY, EPROM ON 
;WRITE TO CONTROL PORT 

;RESET POWEl{ ON JUMP AND 
ENABLE MEMORY, EPROM OFF 
;WRITE.TO CONTROL PORT 

Jumper R25 configures the board to accept a 2716 or 2732 EPROM (as described in 
section IV). 

2.9.2 

. NOTE: The EPROM is always dooressed at 
location F800 (hex) and can not be moved. 
Since the 2716 EPROM is 2K long it appears 
twice, at location F800-FCOO (hex) and at 
location FBFF-FFFF (hex). 

Moni tor· Sign-on 

The monitor signs-on with the following messages: 

2.9.3 

, . . 

ADVANCED DIGITAL CORP. 
Monitor Version 3.6 

. April - 1983 
Press "H'" for he lp 

Monitor Commands 

The monitor commands are shown in table 2-2. 
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COMMAND 

B 

D ssss qqqq 

F ssss qqqq bb 

GAAAA 

I pp 

L aaaa 

M ssss qqqq dddd 

o pp dd 

ESC 

FUNCTION 

Loads the disk-boot loader 

Dumps memory in hex starting at user-specified address 
ssss and ending at user-specified address qqqq 

Fills memory from user-specified address ssss to 
user-specified address qqqq with bb 

Goes to address AAAA 

Input to user-specified port pp 

Load~ memory starting at user-specified address aaaa 

Moves the contents of user-specified starting address 
ssss through user-specified ending address qqqq to the 
user-specifiea starting address of dddd 

Output user-specified data dd to port pp 

Terminates any command 

Table 2-2. Monitor Commands For the SUPER SIX 

The cold-start loader will select and home drive O. 1 rack 0 sector 1 will be read into 
memory at location o. Single density is assumed for track O. If an error occures an error 
code will be printed. The error code must be translated using the table in appendex G. 

-~- . 



2.9.4 Cold Start Program 

The cold start program is listed below. 

F4B53EOD 
F4B7D30C 
F4B900 

F4BA DBOC 
F4BC OF 
F4BD DABAF4 
F4CO 00 
F4Cl 00 
F4C200 
F4C300 
F4C43E03 
F4C6030C 
F4C800 
F4C9DB14 
F4CB 00 

F4CC OBOC 
F4CE E604 
F4DO CACCF4 
F4D3 AF 
F4D46F 
F4D567 
F4D63C 
F4D7 D30E 
F4D93E8C 
F4DB D30C 
F4DD 00 

F4DE DB14 
F4EO B7 
F4El F2EBF4 
F4E4 DBOF 
F4E677 
F4E723 
F4E8 C3DEF4 

BOOT 5: 
MVI A,018H 

;i<EAO 1 HACK 0 SECTION I INTO 
ME.MOHY 

OWT WAIT ;set double for 5 inch 

BOOT: 
MVI A,ODH ;RESET FDe 
OUT FDC ;ISSUE COMMAND 
NOP 

FOCW 1: 
IN FOC ;CHECK BUSY 
RRC 
JC FDCWI 
NOP ;KILL TIME 
NOP 
NOP 
NOP 
MVI A,3 ;GET A RESTORE 
OUT FDC ;lSSUI; COMMAND 
NOP 
IN WAIT ;WAIT~FOR 
NOP ;INTRQ 

TKO: 
IN FDC 
ANI 4 ;CHECK TRACK 0 
JZ TKO 
XRA A 
MOV L,A ;POIN1 AT LOC 0 
MOV H,A 
INR A 
OUT FDCSEC ;SET SECTOR 
MYI A,08CH ;GET READ COMMAND 
OUT FDC ;lSS':LECOMMAND 
NOP .~ 

I 

FDCRD: 
IN WAIT ;WAIT FOR Il'ITRQ 

.ORA- A ;Orr-DR 0 
JP BOOTDN JE~Jt IF IN TR Q 
IN FDCOA T A= ;GE:r DATA 
MOV M,A ;STG)Rt. 
INX H ;PO)NT NEXT 
JMP FDC~D 

-
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F4EB OBOC 
F4EO 87. 
F4EE CAOOOO 
F4F 1 F5 
F4F2210FF6 
F4F5 COE6FO 
F4F8 Fl 
F4F9 C021Fl 

2.10 

IN 
ORA 
JZ 
PUSH 
LXI 
CALL 
POP 
CALL 

BOOTON: 
Foe ;CHECK ~ lA TUS 
A ;0 = NO ERROR 
o ;OK, GO 
PSW ;SAVE ERROR 
H,BTERR ;PRINT 
MSG ;OISK ERROR 
PSW ;GET ERROR 
THXB ;PRINT IT 

RAM ORGANIZATION 

The SUPER SIX 128K RAM is configured as shown in Figure 2-2. 

U55 U46 U47 

U57 U4B U56 

U5B U49 U50 

U60 U51 U59 

U61 U52 U53 

U63 U54 U62 

Figure 2-2. SUPER SIX RAM Configuration 

The first 64K bank of RAM comprises of U46, U47, U48, U49, U51, U52, U54, U53, and 
U50; U46 is the parity chip. 

2.11 Z80A OMA FEATURES 

The Z80A DMA performs transfers, searches and search/transfers on a full-byte basis in 
burst or continuous modes. The cycle length and edge timing can be programmed to 
match the speed of any port. A bit maskable byte search can be performed either 
concurrently with transfers or as an operation itself. 

2.12 PSNET/IOPERATION 

This paddle card converts TTL to RS232 levels. Pin 6 of the 14 pin connector on the card 
represents TXD; pin 7 is R TS*; pin 8 is OTR*; pin 5 is CTS*; 1 is DCD* (normally GND); 3 
is RNG* optional; 2 is OSR*; 4 is RXO. Only pins 3, 5, 20, 2, and I are required for most 
printers or CR T's. Printers employing the BUS Y line must be tied to pin 20 of the OB-25 
connector on PSN ET /1. A PSN ET /1 schematic is provided in Appendix L. 
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2.13 PSNET/PAR 

This paddle card connects the SUPER SIX parallel 1/0 to a Centronics printer or any other 
device that requires buffered signals. Note that a DB-25 connector is used to simplify the 
connection for the back panel of the 5-100 system. Thirteen wires are required between 
the OB-25 and the printer. A PSN ET IPAR schematic is provided in Appendix M. 

2.14 SYNCHRONOU!) OPERATIONS 

If synchronous operation is required, the CTC channels (all four) are unused; the jumper 
option on Hand T can be used to bring external clock into the SlOe The 1 4 pinconn~ctors 
(J4 and J5), pins J and 11, are not used and can be employed for RNG. SIO pins 13 and 14 
are connected 01) the SUPER ~IX board and must be cut for synchronous operation. 

2.15 POWER C0f'.45UMPTION 

+8V 
+/-16V 

2.8 Amp typical 
250 rna 
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3.1 

SECTION III 
INPUT/OUTPUT PORTS 

INPUT/OUTPUT PORT ASSIGNMENTS 

Input/Output port assignments are shown in Table 3-1: 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
OD 
OE 
OF 
10 
1 1 
12 
13 
14 
15 
15 
16 
17 
18 
19 
lA 
IB 

ADDRESS FUNCTION 

Read/Write SIO channel A Data port 
Read/Write SIO channel A status/control port 
Read/Write SIO channel B Data port 
Read/Write SIO channel B status/control port 
Read/Write PIO cha~nel A Data port 
Write PIO channel B Data port 
Read/Write PIO channel A control port 
Write PIO channel B control port 
Read/Write CTC channel 0 control port 
Read/Write CTC channell control port 
Read/Write CTC channel 2 control port 
Read/Write CTC channel 3 control port 
Read/Write FOC command/status port 
Read/Write FDC Track register 
Read/Write FOe sector register 
Read/Write FOC data port 
Read/Write OM A control port 
Read/Write Same as port 10 
Read/Write Same as port 10 
Read/Write Same as port 10 
Read/Write FOe synchronization/Drive/Density 
Write S-IOO bus extended address A 16-A23 
Read On-board Baud Rate jumpers 
Write On-board memory control port 110 
Write On-board memory control port III 
Write Set Baud Rate 
Write Same as port 18 
Write , Same as port 18 
Write Same as port 18 

Table 3-1. I/O Port Assignments for the SUPER six Board 

Note: All Address in table 3-1 are listed in Hex. 
The unused input/output ports are internally 
decoded and should ntit be used by external S-IOO 
I/O boards. 

The individual ports are described in detail in the following subsection. 
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3.2 I/O POR T DESCRIPTIO NS 

This subsection discribes the function of all SUPER SIX I/O ports. 

3.2.1 Port 00 

This read/write port acts as the serial input/output channal A data port and is described in 
de"tail in Appendix A. 

3.2.2 Port 01 

This read/write port acts as the serial input/output channel A status/control port and is 
discribed in Appendix A. 

3.2.3 Port 02 

This read/write port acts as the serial input/output channel B data port and is discribed in 
detail in Appendix A. 

3.2.4 Port 03 

This read/write port acts as the serial input/output channel B status/control port and is 
described in detail in Appendix A. 

3.2.5 Port 04 

This read/write port acts as the parallel input/output channel A data port and is discribed 
in detail in Appendix B. 

3.2.6 Port 05 

This write-only port acts as the parallel input/output channel:g data po~t and is 
described in detail in Appendix B. This port can be jumpered to the S-IOO vectored 
intercept lines onto connector J2 (refer to Section IV). 

3.2.7 Port 06 

This read/write port acts as the parallel input/output channel A control. is discribed 
in detail i~ Appendix B. 

3.2.8 Port 07 

This write-only port acts as the parallel input/output channel B control port and is 
described. in detail in Appendix B. This port can be jumpered to the S-IOO vectored 
interrupt lines onto connector J2 (refer to ~ection IV). 

3.2.9 Port 08 

This read/write port acts as the counter/timer circuit channel zero control port and is 
discribed in detail in Appendix C. 
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3.2.10 Port 09 

This read/write port acts as the counter/timer circuit channel 1 control port and is 
discribed in detail in Appendix C. 

3.2.11 Port OA 

This read/write port acts as the counter/timer circuit channel 2 control port and is 
discribed in detail in Appendix C.' 

3.2.12 Port OB 

This read/write port acts as the counter/timer circuit channel 3 control port and is 
described in detail in Appendix C~ 

3.2.13 Port OC 

This read/write port acts as the floppy disk control command and status port and is 
described in detail in Appendix F. 

3.2.14 Port OD 

This read/write port acts as the floppy disk control track register port and is discribed in 
detail in Appendix F. ' 

3.2.15 Port OE 

This read/write port acts as the floppy disk control sector register port and is discribed in 
detail in Appendix F. 

3.2.16 Port OF 

This read/write port acts as the floppy disk control data port and is described in detail in 
Appendix F. 

3.2.17 Ports 10-13 

These ports act as direct memory access (OMA) control ports. The Z80A DMA controller 
requires only one control/status port; ports 11, 12, and 13 (hex) are ·therefore identical to 
port 10 (hex). The floppy disk controller (FOC) data request line is tied to the Z80 DMA 
ready input and is active when the signal is high. The OMA controller can move data to 
and from the FDC and memory, any I/O channel and memory, or memory and memory, on 
or off the board. 

*NOTE: All DMA other than FOC must be 
started by ready = low (e.g., FOC DRQ = low) 
and sycronized using the 5-100 wait line, pin 
72. The OMA interrupt output is connected 
to interrupt jumper J6. IN T from the DMA is 
active when low. 
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3.2.18 Port 14 

This read/write port acts as the floppy rjhk (~OrltroJler synchronization, drive 
identification, and density port. ' 

3.2.18.1 Port 14, Write Operation 

The two low-order bits (DO and 01) specify the disk drive (see table below). Bit D2 
selects the disk head. Bit 03 specifies the disk density, where zero (0) specifies single 
density and 1 specifies double density. Bit 04 specifies the disk drive size, where zero (0) 
specifies 8-inch disk and 1 specifies 5.25-inch disk. 

The bit significance is shown below. 

07 = MSB; DO = LSB 

Disk drive select (see table below) 
...... --.... Disk drive select (see table below) 

'-------.Head select (O=head 1; l=head 2) 
~-------. Disk Density (O=single; 1 =double) 

-----------.... Size select (0=8 inch; 1=5.25 inch) 
---------------------~Not read 

~-------------------~~Not read 
--------------------------------~Not read 

The two low-order bits (DO and DJ) specify the selected disk drive, where: 

Dl DO RESULT 

0 0 Disk Drive 0 selected 
0 1 Disk Drive 1 selected 
1 0 Disk Drive 2 selected 
1 1 Disk Drive 3 selected 

Two connectors are provided on the SUPER SIX for the floppy disk: J 1 and J3. J 1 drives 
the 5.25-inch floppy disk; pin 1 is clearly marked to this effect. J3 drives the 8 inch disk. 
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/ 

3.2.19, Port 15 

3.2.19.1 Port 15, Read Operation 

This port reads the on-board baud rate. The bit significance is shown below. 

D7 = MSB; DO = LSB 

'Switch 1. 0 = closed; 1 = open 
..... __ ... Switch 2. 0 = closed; 1 = open 

...... ---_~ Switch 3. 0 = closed; 1 = open 
..... -------. Switch 4. 0 = closed; 1 = open 

'----------~ Switch 5. 0' = closed; 1 = open 
'-------------~ Switch 6. 0 = closed; 1 = open 

'----------------01~ Switch 7. 0 = closed; 1 = open 
------------------~ Double sided disk drive status. 

o = double sidee diskette 

3.2.19.2 

Note: Jumper J7 specifies the hardware setting for the 
baud rate. Port 15 reads jumper J7 to determine the 
hardware specified rate. 

Port 15, Write Operation 

This port controls the S-lOO extended address lines. The bit significance is shown below: 

D6 D5 D7 = MSB; DO = LSB 

A16 
..... --'l~A17 

'-------~ A18 
~------------.A19 

~----------.A20 
---------------------~A21 

--------------------------~A22 

------------------------------~A23 

3.2.20 Ports 16 and 17 

These wri te-only ports act as the on-board m.emory control ports zero (0) and 1 
respectively. These ports control the on-board memory management circuit, PROM 
enable and disable circ~it, power-on jump reset circuit, and the parity check enable. Port 
zero (0) controls the first 64K bytes of memory; port 1 controls the second 64K of memory. 
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3.2.20.1 Port· 16, Write Operation 

.. The four low-order bits (DO, D 1, D2, and (3) switch the on-board memory Of\l. and OFF in 
l6K banks. Relative addresses of these banks are as shown below, On hex). 

BANK FROM TO 

DO 0000 3FFF 
01 4000 7FFF 
D2 8000 BFFF 
D3 COOO FFFF 

Bit 5 of this port switches the on-board EPROM ON and OFF. This EPROM occupies 
addresses FOOD through FFFF (Hex). After the opera ting system is loaded the EPROM can 
be set to OFF to enable accessing of the RAM addresses FOOD through FFFF (hex); it is 
switched to ON Automatically during reset or power-on. This EPROM contains the 510 
and FOC initialization code, a simple debugger, and the floppy disk cold-start loader. 

Bit D6 resets the power-on jump circuit; it must be reset high before RAM can be 
accessed upon completion of a reset or power-on operation. 

Bit 07 enables and disables the on-board memory parity check latch. On power-up or 
reset, this bit is set to low and disables the parity circuit. Prior to enabling the parity 
circuit, all memory must be written; this initializes the parity bit for each location. If a 
parity error occurs an on-board LED is turned 0 N. If interrupts are enabled and the board 
is jumpered for parity error interrupts, the location in error can be located by clearing bit 
D7 (to clear the error), resetting the bit,and then reading each location again; If no parity 
error is encountered it is likely that the error encountered was a soft read error. Parity. 
error interrupts can be jumpered to create a non-maskable or counter/timer channel 
interrupt. 

The bit significance of this port is shown below.' 

D7 = M5B; DO = L5B 

1 = Bank ON; 0 = Bank OFF 
Memory bank 0 = 0000 - 3FFF (hex) ...... -----l. Memory bank 1 = 4000 - 7FFF (hex) 

~----..... Memory bank 2 = 8000 ~ BFFF (hex) 
--------..... Memory bank 3 = COOO - FFFF (hex) 

---------------------.Not read 
"------------. PROM enabled = 0; PROM disabled = 1 

-----------------......... Power on jump reset = 1 
"-----------------...... Parity check enable = 1 
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3.2.20.2 Port 17, W rite Operation 

Bits DO, D 1, D2, and D3 switch the second 64K set of on-board mernory similarly to the 
corresponding bits for port 16. Bits D4, D5, and D6 control memory mapping of the 
second set of memory. The first set of 64K bytes is not affected by these settings. Five 
memory maps are available and are depicted below. Note that if any 16K segment from 
the first bank is selected to overlay a 16K segment frorn the second bank, only the first 
bank's 64K memory is selected. 

The bit significance of map a is shown below. No overlays may be performed on this bank. 

I 07 106 
l 05 04 03 021 01 I DO I 

L 
p 

.. 

D7 = MSB; DO = LSB 

I = Bank ON; a = Bank OFF 
Memory bank 4 = 0000 - 3FFF (hex) 
Memory bank 5 = 4000 - 7FFF (hex) 
Memory bank 6 = 8000 - BFFF (hex) 
Memory bank 7 = COO a - FFFF (hex) 
Set to zero for map zero 
Set to zero for map zero 
Set to zero for map zero 
Not read 

The bit significance of map I is shown below. Bank zero of the first memory set may 
overlay bank 7. 

D7 = MSB; DO = LSB 

I = Bank ON; a = Bank OFF 
Memory bank 4 = 0000 - 3FFF (hex) 

-----~Memory bank 5 = 4000 - 7FFF (hex) 
------. Memory bank 6 = 8000 - BFFF (hex) 

------------. Memory bank 7=0000-3FFF(hex)-bank a 
'----------... Set to I for map I 

-------------~Set to zero for map 1 
~--------------.... Set to zero for map 1 

-----------------~----~~Not read 
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The bit significance of map 2 is shown below. Bank I of the first memory set may overlay 
bank 6. 

07 06 05 04 03 02 01 I DO 

L 
_. 

-

p 

D7 = MSB; DO = LSB 

I = Bank ON; 0 = Bank OFF 
Memory bank 4 = 0000 - 3FFF (hex) 
Memory bank 5 = 4000 - 7FFF (hex) 
Memory bank 6=4000-7FFF(hex)-bank 1 
Memory bank 7 = COOO - FFFF (hex) 
Set to zero for map 2 
Set to 1 for map 2 
Set to zero for map 2 
Not read 

The bit significance of map 3 is shown below. Banks zero and I of the first memory set 
overlay banks 6 and 7, respectively. 

1 07 06 05 D4 D3 D2 I D 1 I DO I 
L 

p 

-

D7 = MSB; DO = LSB 

1 = Bank ON; 0 = Hank OFF 
,Memory bank 4 = 0000 - 3FFF (hex) 
Memory bank 5 = 4000 - 7FFF (hex) 
Memory bank 6=0000-3FFF(hex)-bank 0 
Memory bank 7=4000-7FFF(hex)-bank I 
Set to I for map 3 
Set to I for map 3 
Set to zero for map 3 
Not read 

The bit significance of map 4 is shown below. Bank 3 of the first memory set overlays 
bank 4. 

I D7 D61 D5 D41 D31 D21 01 1 DO I 
L 

-
.. 
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07 = MSB; DO = LSB 

1 = Bank ON; 0 = Bank OFF 
Memory bank 4=COOO-FFFF(hex)-bank 3 
Memory bank 5 = 4000 - 7FFF (hex) 
Memory bank 6 = 8000 - BFFF (hex) 
Memory bank 7 = COOO - FFFF (hex) 
Set to zero for map 4 
Set to zero for map 4 
Set to 1 for map 4 
Not read 



EXAMPLES OF BANKING: 

64K - Bank 0 64K - Bank 1 

3 7 

2 6 

1 5 

o 4 

Bank a - Controlled by Port 16 
There are five maps possible in Bank 1. 
Bank a always overrides. Once a bit in Bank 0 
is set, you will alwa~s get the corresponding 
memory ~n that Bank only. 

Bank 1 - Port 17. 
Depending on the map used. 

M~p a - You will get the corresponding memory in Map 0, 
Bank 1 if you don't have the Bank a bit set. 

Map 1 - If you set bit a , then you will get a-16K, 
if you set just bit 3 , then you get a-16K 
which corresponds with 48-64K in Map a. 



MAP 0 

3/7 

2/6 

1/5 

0/4 

MAP ~ 

3 

2 
~ 

1/5/7 

0/4/6 

cooo 

·8000 

4000 

o 

MAP 1 

3 

2/6 

1/5 

0/4/7 

MAP 4 

3/4/7 

2/6 

1/5 

o 

MAP 2 

3/7 

2 

1/5/6 

0/4 



EXAMPLES OF BANKING: 

64K - Bank 0 64K - Bank 1 

3 7 

2 6 

1 5 

o 4 

Bank 0 - Controlled by Port 16 
There are five maps possible in Bank 1. 
Bank 0 always overrides. Once a bit in Bank 0 
is set, you will always get the corresponding 
memory in that Bank only. 

Bank 1 - Port 17. 
Depending on the map used. 

M~p 0 - You will get the corresponding memory in Map 0, 
Bank 1 if you don't have the Bank 0 bit set. 

Map 1 - If you set bit 0 , then you will get 0-16K, 
if you set just bit 3 , then you get 0-16K 
which corresponds with 48-64K in Map O. 



MAP 0 

3/7 

2/6 

1/5 

0/4 

MAP ~ 

3 

2 

1/5/7 

0/4/6 

cooo 

8000 

4000 

o 

MAP 1 

3 

2/6 

1/5 

0/4/7 

MAP 4 

3/4/7 

2/6 

1/5 

o 

MAP 2 

3/7 

2 

1/5/6 

0/4 



EXAMPLES OF BANKING: 

64K - Bank 0 64K - Bank 1 

3 7 

2 6 

i 5 

o 4 

Bank 0 - Controlled by Port 16 
There are five maps possible in Bank 1. 
Bank 0 always overrides. Once a bit in Bank 0 
is set, you will always get the corresponding 
memory in that Bank only. 

Bank 1 - Port 17. 
Depending on the map used. 

M~p 0 - You will get the corresponding memory in Map 0, 
Bank 1 if you don't have the Bank 0 bit set. 

Map 1 - If you set bit 0 , then you will get 0-16K, 
if you set just bit 3 , then you get 0-16K 
which corresponds with 48-64K in Map O. 



MAP 0 

3/7 

2/6 

1/5 

0/4 

MAP ~ 

3 

2 
.....-

1/5/7 

0/4/6 

cooo 

8000 

4000 

o 

MAP 1 

3 

2/6 

1/5 

0/4/7 

MAP 4 

3/4/7 

2/6 

1/5 

o 

MAP 2 

3/7 

2 

1/5/6 

0/4 



3.2.21 Port 18 

This write-only port acts as the set-baud-rate port and allows the user to perform a 
software reset of the baud rate for SIO channels A and B. The bit significance of this port 
is show.n be low. 

07 = MSB; DO = LSB 

SIO channel A baud bit A 
..... ----I~ SIO channel A baud bit B 

"-------. SIO channel A baud bit C 
'--------~ SIO channel A baud bit D 

'----------..... SIO channel B baud bit A 
------------~~SIO channel B baud bit B 

~-------------.. SIO channel B baud bit C 
"----------------~SIO channel B baud bit D 

The baud rates equated with bit settings A, B, C, and D are shown in Table 3-2. These are 
identical for both channel A and channel B. 

BIT BIT BIT BIT BAUD 
D C B A RATE 

a 0 0 a 50 
a 0 0 1 75 
a 0 I a 110 
a 0 1 1 134.5 
a I 0 a 150 
a 1 0 1 300 
a 1 1 a 600 
a I 1 1 1200 
I 0 a a 1800 
I 0 a 1 2000 
1 0 1 a 2400 
1 a 1 I 3600 
1 1 a a 4800 
1 1 a 1 7200 
I 1 1 a 9600 
1 I 1 I 19,200 

Table 3-2. SUPER SIX Port 18 Baud Rate Settings 
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4.1 

SECTION IV 
JUMPER CON N ECTIONS 

JUMPER DEFINITIONS 

Table 4-1 presents the avaiJable jumpers and abbreviates their assigned functions. 
Detailed descriptions of individual jumper functions are presented following this table. To 
facilitate jumper insertion, each three (or more) pin jumper is depicted in an illustration 
contained within the narrative for that jumper. 

JUMPER FUNCTION 

A Generates Wait States 

8 Selects between on-board Tri-state and S-IOO bus buffering 
(MWRITE) 

c 

D 

E 

F 

G 

H&T 

J 

J6 

J7 

K 

M 

Selects 6MHz or 4MHz operation 

Selects 6MHz or 4MHz operation For DMA ONLY {2-3} 

Selects between the S-lOO bus interrupt (IN T) and the vectored 
interrupt zero (VIO) 

Used in conjunction with jumpers P, N, M, K, R, S, and J, this 
jumper area selects between vectored interrupts and the paraUel I/O 
second port 

Used in adjusting the floppy disk controller phase line level (PLL) 

This jumper area selects synchronous or asynchronous serial I/O 

Used in conjunction with jumpers P, N, M, K, R, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/0 
second port 

Used for interrupts of the eTC to 1.5 MHz, DMA or parity error, 
NMI or INTRQ 

Used to set the hardware baud rate 

Used in conjunction with jumpers P, N, M, J, R, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/0 
second port 

Used in conjunction with jumpers P, N, J, K, R, S, and F, this 
jumper area selects between vectored interrupts and the parallel I/O 
second port 

Table 4-1. SUPER SIX Jumpers and Abbreviated Functions 
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4.2 

4.2.1 

JUMPER rU~Cl I()~ 

N Used in conjunctior, with jUfrlper~ £1, :'vi, J, K, k, ~, and F, this 
jumper Cired. ~€:lect~ b(::twe€:fl vectored interrupts d.nd the parallel 1/0 
second port 

P Used in conjunction with jumpers i\, M, J, K, R, 5, and F, this 
jumper area selects between vectored interrupts and the parallel I/0 
second port 

R Used in conjunction with jumpers P, N, M, J, K, S, and F, this 
jumper area selects between vectored interrupts and the parallel 1/0 
second port 

R25 Used to select the 2716 or the 2732 EPROM 

S Used ,in conjunction with jumpers P, N, M, J, K, R, and F, this 
jumper area selects between vectored interrupts and the parallel I/0 
second port 

Table 4-1. SUPER SIX Jumpers and Abbreviated Functions (Continued) 

JUMPER DESCRIPTIONS 

Jumper A 

This two-pin jumper must be installed when running DMA. 

4.2.2. Jumper B 

0~ 
When installed this two-pin jumper causes buffering of the M W RITE signal to be 
performed through the on-board tri-state buffer. When not installed, buffering is 
performed through the 5-100 bus. In most cases this jumper is installed. 

4.2.3 Jumper C 

1 2 3 

When installed between 1 and 2, this jumper sets the board for 6MHz operation. When 
installed between 2 and 3, 4MHz operation is specified. Also see jumper D, below. 
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4.2.4 Jumper D 

1 

·2 

3 

When installed between 1 and 2, this jumper sets the board for 6MHz operation. When 
installed between 2 and 3, 4MHz operation is specified. Also see jumper C, above. For DMA 
Operation plug between 2-3 always. 
4.2.5 Jumper E 

1 

2 

3 

This jumper determines whether the 5-100 bus interrupt (IN T) or the vectored interrupt 
zero (VIa) is to be used. When installed between pins 1 and 2, the VIa is tied to priority 

interrupt DAIS Y CHAIN. W hen installed between pins 2 and 3, the priority interrupt 
(5-100 pin 73) is tied to the interrupt DAISY CHAIN. 

4.2.6 Jumper G 

This jumper adjusts the floppy disk controller phase-locked loop (PLL) and is not installed 
unless adjusting the PLL. 

4.2.7 Jumpers Hand T 

This jumper area specifies that serial I/O is to be performed synchronously or 
asynchronously. When installed between pins 1 and 2 of jumpers Hand T, synchronous 
operation is selected; when installed between pins 2 and 3, asynchronous operation is 
selected. Pins 1 and 11 of the 14 pin J4 and J5 connectors are not factory connected. 
These may be used in synchronous operations to bring the external clock or ring indicator 
into the 510. 

4.2.8 Jumper J6 

This jumper is for CTC external interrupts. Pin 14 is the 1.5MHz clock; Pin 12 is 
IN TDMA; pin lOis PERR (parity error); pin 9.is N MI; pin 8 is IN TRQ. Jumper J6 internal 
interrupts are 7-6, 5-4, and 3-2. 
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· 4.2.9 

This! jumper allo\\·s selection b~t\\"('('n th(, 271 band 2732 EPRL)Ms. When installed 
between pins I and 2, the 2716 tPR~"'~' is ~H1dresst~d; when installed b~tween pins 2. and 3, 
the 2732 EPROM is addressed. 

4.2.10 

GND 

GND 

GND 

GND 

GND 

GND 

GND 

Jumper J7 

8 7 

9 6 

10 5 
.-

11 4 

12 "3 

13 2 

14 ·1 

BOo 

BOS 

BD4 

BD3 

BD2 

BDl 

BOO 

This jumper sets the hardware baud rate. When the jumper is inserted an inverted ground 
condition exists (l); when not inserted a zero (0) value is assumed. This setting must agree 
with the Set Baud Rate Port (port 18 - refer to subsection 3.2.20 e.g., when 7, 6, 5, and 4 
are installed, 19.2K baud is read. 

4.2.11 Jumpers P, N, M, K, J, R, 5, and F 

p 

N 

M 

K 

J 

R 

5 
1---+----+----1 

F 

These jumpers select between vectored interrupts or the Parallel 1/0 second port. When 
installed between pins 1 and 2, the vectored int~rrupts zero (0) to 7, as selected, are 
enabled and connected to Parallel I/O port B. When jumpers are installed between pins 2 
and 3, Parallel I/O port B is connected to the 32 connector. 
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4.3 FACTORY AND OEM INSTALLED JUMPERS 

4.3.1 8-Inch Floppy Disk Drive 

Install jumpers as indicated below. 

4.3.2 

JUMPER BETWEEN PINS FUNCTION 

B 
C 
D 
E 
H 
T 
J6 

J7 
P 
N 
M 
K 
J 
R 
S 
F 

1 - 2 
2-3 
1 - 2 
2 - 3 
2 - 3 

]·~·J4' 7"'"8 
3 - 2 

5, 6, 7, 8 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 

Enables the S-IOO bus memory write signal 
Set for 6MHz operation 
Set for 4MHZ DM1\. 
Vectored Interrupt zero 
Specifies asynchronous SIO 
Specifies asynchronous SIO 
Between 1-14 Clock/TRG3 to 102 of the CTC 
Between 7"78 Clock/TRG2 to 101 of the CTC 
Between 2 - 3: Clock TRGI to TOO of the eTC 
19.2K baud rate 
Selects paralJel port B, Bit DO on J2-25 
Selects paraHel port B, Bit Dl on J2-27 
Selects paralJel port B, Bit 02 on J2-29 
Selects paraJJel port B, Bit D3 on J2-31 
Selects paraJJel port B, Bit D4 on J2-33 
Selects paraJJel port B, Bit 05 on J2-35 
Selects parallel port B, Bit 06 on J2-37 
Selects parallel port B, Bit 07 on J2-39 

Shugart SA 800/801 Oisk Drive 

Remove all factory installed jumpers and install as follows: 

Jumper C 
Jumper T2 
Jumper DSI (Drive Select 1) 
Jumper DS 
Jumper RR 
Jumper 800 
Jumper A 
Jumper B 
Jumper Tl 
Jumper T3, T4, T5, T6, for end of cable 
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4.3.3 Shugart 850 Disk Drive 

InstaU the terminator at the cabJe end. kemove aU factory ir,stisJJed Jumpers dno instaH 
as foHows: 

4.3.4 

Jumper 2~ 
Jumper C 
Jumper A 
Jumper b 
Jumper R 
Jumper I 
Jumper Y 
Jumper 850 
Jumper 52 
Jumper JT 
Jumper FS 
Jumper RM 
Jumper OS 
Jumper S 
Jumper M 
Jumper FM, MFM 
Jumper DS J (for drive 1) 
Jumper DS2 (for drive 2) 

MFE Model 700 Disk Drive 

InstaU jumpers as indicated below: 

4.3.5 

Jumper J3 
Jumper RHL 
Jumper J4 
Jumper L-J 
Jumper J3 
Jumper WPI 
Jumper J 1-4, J 1-8 
Jumper JIO 
Jumper J7 
Jumper 551 
Jumper SE2 
Jumper J J 1, HSI 

Tandon Slim Line Disk Drive 

Install the terminator at the cabJe end. InstaJJ jumpers as indicated below: 

Jumper OSl (for drive 1) 
Jumper DS2 (for drive 2) 
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4.3.6 NEC Model FDl160 Disk Drive 

Install jumpers as indicated below: 

4.3.7 

Jumper C . 
Jumper N 
Jumper HL~ 
Jumper M 
Jumper PRI 
Jumper DLD 
Jumper FU 

QUME Data Track 8 Disk Drive 

Install and cut jumpers as indicated below: 

4.3.8 

25, 52 
Jumper DSI (for drive 1) 
Jumper DS2 (for drive 2) 
Jumper Y 
Jumper C 
Cut X 
Cut Z. 
Cut L 

Tandon 5.25-inch Disk Drive (48TPI) 

!nstaU jumpers on the DIP shunt as indicated below: 

4.3.9 

Jumper pin 7 
Jumper pin 8 
Jumper pin 2 (for drive 1) 
Jumper pin 3 (for drive 2) 

Mitsubishi Model 2894 Disk Drive 

Install and cut jumpers as indicated below: 

Jumper Y 
Jumper E 
Jumper off 
Jumper R 
Jumper DS (drive select) 
Jumper 52 
Jumper D 
Jumper H 
Jumper I 
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4.3.10 Mitsubishi Model 2896 Disk Drive 

Install jumpers as indicated below: 

Jumper JFG 
Jumper PS 
Jumper Sl 
Jumper S2 
Jumper M1 
Jumper C 
Jumper I 
Jumper R 
Jumper It 
Jumper DS 
Jumper RFa 
Jumper A 

4.3.1 1 Shugart SA 860 Disk Drive 

InstaH jumpers as indicated below: 

Jumper DS 
Jumper S2 
Jumper SR 
Jumper TR 

4.3.12 Siemens FDD-IOO-8 Disk Drive 

InstaJJ jumpers as indicated below: 

Jumper RR 
Jumper U 

Jumper ss 
Jumper GND 
Jumper SE 

Jumper B 
Jumper RS 

next to SE Jumper HUD 
Jumper Z 
Jumper WP 
Jumper HY 

(drive select) 

Jumper 
Jumper 
Jumper 

H 
D 
L 

Jumper Cut jumper 32 and connect jumper 0 
Jumper E 

4.3.13 

Jumper 2 for radial step 
Jumper Cut.i umper G & connect H 
Jumper Rl 

Note: Jumper H is normaHy shipped as G. Jumper 0 is 
set for 8 or 16 sectors. 

Qume Trak 592 5.25-inch Disk Drive 

InstaH jumpers as indicated below: 

4.3.14 AU Other Disk Drives 

Jumper HS 
Jumper DSO 

Refer to manufacturer-supplied technical manual for specific drive. 

Note: The last drive at the end. of the cable must be 
terminated. 
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5.1 

SECTION V 
EXTERNAL CONf\lECTOR PINS 

CONNECTOR S-100 

This connector interfaces SUPER SIX to the S-100 bus. Pin numbers and names are shown 
in Table 5-1. 

PIN NAME PIN NAME PIN NAME 

1 +8V 25 PSTVAL* 58 SXTRQ* 
2 +16V 26 PHLDA 59 A19 
3 XRDY 27-28 RFU 60 SIXTN* 
4 VIO* 29-34 A5,4,3, 61-64 A20-A23 
5 VIl* 15,12,9 65-66 NDEF 
6 VI2* 35 DOl/DATAl 67 PHANTOM* 
7 VI3* 36 DOOjDATAO 68 MRWT 
8 V14* 37 AI0 69 RFU 
9 VI5* 38 D04 70 GND 
10 VI6* 39 D05 71 RFU 
11 VI7* 40-43 D06,12 72 RDY 
12 NMI* 13,17 73 INT* 
13 PWRFAIL* 44- SMI 74 HOLD* 
14 DMA3* 45 SOUT 75 RESET* 
15 A18 46 SINP 76 PSYNCH 
16 A17 47 SMEMR 77 PWR* 
17 A16 48 SHLTA 78 PDBIN 
18 SDSB* 49 CLOCK 79-87 AO-All 
19 CDSB* 50 GND 88-95 D02-DIO 
20 GND 51 +8V 96 SINTA 
21 NDEF 52 -16V 97 SWO* 
22 ADSB* 53 GND 98 ERROR*· 
23 DODSB* 54- SLAVE CLR* 99 POC* 
24 0 55-57 DMAO*-DMA2* 100 GND 

Table 5-1. S-lOO Connector Pins and Pin Functions 
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5.2 CONNECTOR J2 

This connector interfaces the SlJPER SIX to the parallel port. Pin numbers, names, and 
functions are shown in Table 5-2. 

PIN NAME FUNCTION 

1 ARDY PIO Channel A Ready Signal 
2 ARDY RET Ground 
3 ASTRB* PIO Channel A Strobe 
4 ASTRB RET Ground 
5 PAD PIO Channel A Data Bit 0 
6 PAD RET Ground 
7 PAl PIO Channel A Data Bit 1 
8 PAl RET Ground 
9 PA2 PIO Channel A Data Bit 2 
10 PA2 RET Ground 
11 PA3 PIO Channel A Data Bit 3 
12 PA3 RET Ground 
13 PA4 PIO Channel A Data Bit 4 
14 PA4 RET Ground 
15 PA5 PIO Channel A Data Bi t 5 
16 PA5 RET Ground 
17 PA6 PIO Channel A Data Bit 6 
18 PA6 RET Ground 
19 PA7 PIO Channel A Data Bit 7 
20 PA7 RET Ground 
21 BRDY PIO Channel B Ready Signal 
22 BRDY RET Ground 
23 BSTRB* PIO Channel B Strobe 
24 BSTRB RET Ground 
25* PBO PIO Channel B Data Bit 0 
26 PBO RET Ground 
27* PBl PIO Channel B Data Bit 1 
28 PBl RET Ground 
29* PB2 PIO Channel B Data Bit 2 
30 PB2 RET Ground 
31* PB3 PIO Channel B Data Bit 3 
32 PB3 RET' Ground 
33* PB4 PIO Channel B Data Bit 4 
34 PB4 RET Ground 
35* PB5 PIO Channel B Data Bit 5 
36 PB5 RET Ground 
37* PB6 PIO Channel B Data Bit 6 
38 PB6 RET Ground 
39* PB7 PIO Channel B Data Bit 7 
40 +5 Volts 

* - Can be jumpered to the S-lOO Bus. 

Table 5-2. SUPER SIX J2 Connector Pin Functions 
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5.3 CONNECTOR J3 

This connector interfaces the SUPER SIX to the floppy disk controller. Pin numbers and 
functions are shown in TabJe 5-3. 

8 INCH DISK 5.25 INCH DISK FUNCTION 
PIN 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 " 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

PIN 
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 

1 Ground 
Head Load* 

3 Ground 
8 lndex* 
5 Ground 

Ready* 
7 Ground 
8 Above Track 43* 
9 ground 

10 Drive Select 0* 
11 Ground 
12 Drive Select 1 * 
13 Ground 
14 Drive Select 2* 
15 Ground 

6 Drive Select 3* 
"17 Ground 
18 Direction 
19 Ground 
20 Step* 
21 Ground 
22 Write Data* 
23 Ground 
24 Write Gate* 
25 Ground 
26 Track 0* 
27 Ground 
28 W ri te Protect* 
29 Ground 
30 Read Data* 
31 Ground, 
16 Motor ON* 
33 Ground 
34 N/C 

-Table 5-3. SUPER SIX J3 Connector PIn FunctIons 
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5.4 CONNECTOR)4 

This connector interfaces the SUPER SIX to the s~rialport, channel A. Pin numbers, 
names, and functi()ns are shown in Table 5-4. 

PIN NAME FUNCTION 

1 N/C 
2 DCDA* Data Carrier Detect, Channel A* 
3 SYNCA* Sync Detect 
4 RxDA Receive data 
5 CTSA* Clear To Send 
6 TxDA Transmit Data 
7 RTSA* Request To Send 
8 DTRA* Data Terminal Ready 
9 Tx/RxCA* Transmi t/receive Clock 
10 GND Ground 
11 N/C 
12 +16 Volts 
13 -16 Volts 
14 +5 Volts 

Table 5-4. SUPER SIX J4 Connector Pin Functions 

5.5 CONNECTOR J5 

This connector interfaces the SUPER SIX with serial port channel B. Pin numbers, names, 
and functions are shown in Table 5-5. 

PIN NAME FUNCTION 

1 N/C 
2 DCDA* Data Carrier Detect, Channel A* 
3 SYNCA* Sync Detect 
4 RxDA Receive data 
5 CTSA* Clear To Send 
6 TxDA Transmit Data 
7 RTSA* Request To Send 
8 DTRA* Data Terminal Ready 
9 Tx/RxCA* Transmit/receive Clock 
10 GND Ground 
11 N/C 
12 +16 Volts 
13 -16 Volts 
14 +5 Volts 

Table 5-5. SUPER SIX J5 Connector Pin Functions 
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APPENDIX A 

Z80A/Z80B SERIAL IN PUT /OUTPUT (510) AN 0 
DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DART) 



Featur .. 

DucrlptloD 
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• Two independent full-duplex channels with 
separate modem controls. Modem status can 
be monitored. 

• Receiver data registers are quadruply buf
fered; the transmitter is doubly buffered. 

• Interrupt features include a programmable 
interrupt vector, a "status affects vector" 
mode for fast interrupt processing, and the 
standard Z-80 peripheral daisy-chain inter
rupt structure that provides automatic inter
rupt vectoring with no external logic. 

The Z-80 DART (Dual-Channel Asynchro
nous Receiver/Transmitter) is a dual-channel 
multi-function peripheral component that 
satisfies a wide variety of asynchronous serial 
data communications requirements in micro
computer systems. The Z-80 DART is used as a 
serial-to-parallel, parallel-to-serial converter/ 
controller in asynchronous applications. In 
addition, the device also provides modem con
trols for both channels. In applications where 
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• In xl clock mode, data rates are 0 to SOOK 
bits/second with a 2.5 MHz clock, or 0 to 
800K bits/second with a 4.0 MHz clock. 

• Programmable options include I, I V1 or 2 
stop bits; even, odd or no parity; and xl, 
x16, x32 and x64 clock modes. 

• Break generation and detection as well as 
parity-, overrun- and framing-error detec
tion are available. 

modem controls are not needed, these lines 
can be used for general-purpose va. 

Zilog also offers the Z-80 510, a more ver
satile device that provides synchronous 
(Bisync, HDLC and SDLC) as well as asyn
chronous operation. 

The Z-80 DART is fabricated with n-channel 
silicon-gate depletion-load technology, and is 
packaged in a 40-pin plastic or ceramic DIP. 
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B/A. Channel A Or B Select (input, High 
selects Channel B). This input defines which 
channe" is accessed during a data transfer be
tween the CPU and the Z-BO DART. 

C/O. Control Or Data Select (input, High 
selects Contro}). This input specifies the type 
of information (control or data) transferred on 
the data bus betw~en the CPU and the Z-BO 
DART. 

CE. Chip Enable (input, activ~ 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. 

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

eTSA. eTSB. Clear To Send (inputs, active 
Low). When progr(lmmed 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. 

Do-D7' System Data Bus (bidirectional, 
3-state) transfers data and commands between 
the CPU and the 2-80 DART. 

DCDA. DCDB. Data Carrier Detect (inputs, 
active Low). These pins function as receiver 
enables if the 2-80 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. 

lEI. Interrupt Enable In (input, active High) is 
used with lEO 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. 

lEO. Interrupt Enable Out (output, active 
High). lEO is High only if lEI 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 
~igher priority device is being serviced by its 
CPU interrupt service routine. 

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

MI. Machine Cycle One {!!put from Z-80 
CPU, active Low). When MI and RD are both 
active, the 2-80 CPU is fetching an instruction 
from memory; when MI is active while IORQ is 
active, the 2-80 DART accepts MI and IORQ 

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

IORQ. InputIOut.?ut Request (input from CPU, 
active Low). IORQis used in conjunction with 
B/A, ciB, CE and RD to transfer commands 
and data between th~ 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. Reset (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 2-80 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 
2-80 CTC Counter Time Circuit for program
mable baud rate generation. 

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

W/RDYA, W/RDYB. Waif/Ready (outputs, 
open drain when programmed for Wait func
tion, driven High and Low when programmed 
for Ready function). These dual-purpose out
puts may be programmed as Ready lines for a 
DMA controller or as Wait lines that syn
chronize the CPU to the Z-80 DART data rate. 
The reset state is open drain. 
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The functional C4~bilit1es 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·BO 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-

Communications Capabilities. The 2-80 
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 sed ion of the Z-80 SIO Technical 
Manual. l'he 2-80 DART offers tr~n8mi"~ion 
and reception of five to eight bits per 
characte!, plus optional even or ndd PMity. 
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. 

1/0 Interface CapablliUes. The 2-80 DART 
offers the choice of Polling, Interrupt (vectored 
or non-vectored) and Block Transfer modes to 
transfer data, status and control information to 

CPU 
BUS UO 

CONTROL ~~o/L __ .J 

t t t 
tSYGND CLK 

INTERNAL 
CONTROL 

LOGIC 

shake C4pability. 
The first part of the following functional 

description introduces Z·BO DART data com
mUnlC4tions ca~bilities; the second part 
describes the interaction between the CPU and 
the Z-BO DART. 

A more detailed explanation of 2-80 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. 

Framing errors and overrun errors are 
detected and buffered together wi th 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
pretil (. ,framing error as a new start bit: a 
fram ':>r 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 2-80 DART does not require symmetric 
Transmit and Receive Clock signals-a feature 
that allows it to be used with a 2-80 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 toqether (RxTxCB). 

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

CHANNEL A 
READIWRITE 
REGISTERS 

CHANNEL II 
READIWRITE 
r.EGISTERS 

SERIAL DATA 

CHANNU CLOCKS 

WAiTiJimiY 

MODEM OR 
OTHER CONTROLS 

MODEM OR 
OTHER CONTROLS 

SERIAL DATA 

CHANNEL CLOCK 
WAITtREADY 

Figure 3. Block Diagram 
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POLLING. There are no interrupts in the 
Polled mode. Status registers RRO and RRl 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 

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 (WRI, D2) 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 

CPUIDMA 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 

status bits Do and D2 indicate that a data 
transfer is needed. The status also indicates 
Error or other special status conditions (s~e 
"Z-80 DART Programming"). The Special 
Receive Condition status contained in RRl 
does not have to be read in a Polling sequence 
because the status bits in RRI are accom
panied by a Receive Character Available 
status in RRO. 

empty.) When enabled, the receiver can inter
rupt the CPU in one of three ways: 

• Interrupt on the first received character 

• 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. 

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

To a DMA controller, the Z-80 DART Ready 
output indicates that the Z-80 DART is ready to 
transfer data to or from memory. To the CPU, 
the Wait output indicates that the Z-80 DART is 
not ready to transfer data, thereby requesting 
the CPU to extend the I/O cycle. 
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. Arch1tec:ture 

The device internal structure includes a 2-80 
CPU interface, internol 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 B-bit control registers and two status 
registers. The interrupt vector is written into 
an additional B-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: 

WRO-WR5 - Write Registers 0 through 5 
RRO-RR2 - Read Registers 0 through 2 

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

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 
B-bit buffer registers in a FIFO arrangement in 
addition to the 8-bit receive shift register. This 
scheme creates additional time for the CPU to 

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. 

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

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

Figure 4. Data Path 
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Read Cycle. The timing signals generated by 
a 2-80 CPU input instruction to read a Data or 

Write Cycle. Figure 5b illustrates the timing 
and data signals generated by a 2-80 CPU out-

Interrupt Acknowledge Cycle. After receiv
ing an Interrupt Request signal (INT pulled 
Low), the 2-80 CPU sends an Interrupt 
Acknowledge signal (Ml and IORQ both Low). 
The daisy-chained interru'pt circuits determine 
the highest priority interrupt requestor. The lEI 
of the highest priority peripheral is terminated 
High. For any peripheral that has no interrupt 
pending or under service, lEO = lEI. Any 
peripheral that does have an interrupt pending 
or under service forces its lEO Low. 

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

T2 Tw 

. CLOCK 

Ci' __ ...J 

'----------If. 
iiii-------------------------

DATA ----------------<~ .. ------
Figure Sa. Read Cycle 

CLOCK 

iiii ~"_ _______ I 

'-----I 
AD--------------------------------------.,.-------..... r------IEI_~ _______ / \ ____ _ 

DATA -----------------(~ .. '-----

Figure Sc. Interrupt Acknowledge Cycle 

Status byte from the 2-80 DART are illustrated 
in Figure Sa. 

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

To insure stable conditions in the daisy 
chain, all interrupt status signals are prevented 
from changing while Ml is Low. When IORQ is 
Low, the highest priority interrupt requestor 
(the one with lEI 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 MalIUaJ-f6r 
additional details on the interrupt daisy chain 
and interrupt nesting. 

When used with other CPUs, the 2-80 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 2-80 
DART in exactly the same way it would inter
pret an RET! command on the data bus. 

T2 Tw 

CLOCK 

AD --------------------------------
~--------------------------------

DATA ______ X"' _____ 'N _____ x::= 
Figure Sb. Write Cycle 

IEI------ I ______ .1 

lEO r----------------------, 
Figure Sd. 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. 

Write Registers. The Z-80 DART contains six 
registers (WRO-WR5) 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 
(00-02) 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 (CMDo-CMD2) can be accessed 
with a single byte. Reset (internal or external) 
initializes the pointer bits DO-D2 to point to 
WRO. This means that a register cannot be 

Read Registers. The Z-80 DART contains 
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 
communicati~ns-interface signals. 

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

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/O) 
are the command structure addressing con
trols, and are normally controlled by the CPU 
address bus. 

pOinted to in the same operation as a channel 
reset. 

Write Register Functions 

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

WRI TransmiVReceive interrupt and data transfer 
mode definition. 

WR2 Interrupt vector (Channel B only) 
WR3 Receive parameters and control 
WR4 TransmiVReceive miscellaneous parameters 

and modes 
WR5 Transmit parameters and controls 

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 (RRl). 

Read Register Functions 

RRO TransmiVReceive buffer status, interrupt 
status and external status 

RRl Special Receive Condition status 
RR2 Modified interrup~ vector (Channel B only) 

s: 
0 
a 

= .. 



Z-80 DART 
Read and. Write 
Registers 

READ REGISTER 0 

READ REGISTER I' 

I~I~!~I~I~I~I~I~I 

I ~~:~:I~;~~ROR l.:=== Rx OVERRUN ERROR 

FRAMING F.RROR 

NOT USED 

• Used With Special Receive Condition MOde 

WRITE REGISTER 0 

I~I~I~I~I~I~I~I~I 

TL::! 
o 0 NULL CODE 
o 0 NOT USED 

REGISTER 0 
REGISTER I 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 

o I RESET EXT/STATUS INTERRUPTS 
o I CHANNEL RESET 
I 0 ENABLE INT ON NEXT R. CHARACTER 
I 0 RESET TxlNT PENDING 
I I ERROR RESET 
I I RETURN FROM INT (CH·A ONLY) 

'--------NOT USED 

WRITE REGISTER 2 (CHANNEL B ONL YI 

I~I~I~I~I~I~I~I~I 

~I ~~ j'INTERRUPT ~V4 VECTOR 

V5 

VB 

'--------- V7 

WRITE REGISTER 4 

1~1~!~!~i~I~I~I~1 

ITT I L PARITY ENABLE 

L PARITY EVEN/0ID5 

o 0 NOT USED 
o I , STOP BIT/CHARACTER 
, 0 "10 STOP BITS/CHARACTER 
I I 2 STOP BITS/CHARACTER 

NOT USED 

o 0 XI CLOCK MODE 
o I XIS CLOCK MODE. 
, 0 X32 CLOCK MODE 
I I X64 CLOCK MODE 

READ REGISTER 2 

~~~:::j L..= V3" INTERRUPT 
V4 VECTOR 

VS 

V6 . 

'--------- V7 
"Vatlab:e II "Status Affects 

Vector Is Programmed 

WRITE REGISTER 1 

10, : D. i 0.1 D.I 0, I 0, I D, I Do I 

T ~L EXT INT ENABLE 

L T. INT ENABLE 
STATUS AFFECTS VECTOR 
(CH. B ONLY) 

o I Rx INT ON FIRST CHARACTER OR ON 
o 0 Rx INT DISABLE } 

I OINT ON ALL R. CHARACTERS (PARITY SPECIAL 
AFFECTS VECTOR) RECEIVE 

INT ON ALL R. CHARACTERS (PARITY CONDITION 
DOES NOT AFFECT VECTOR) 

'----- WAIT/READY ON R/T 

'------ WAIT/READY FUNCTION 

'------- WAIT/READY ENABLE 

WRITE REGISTER 3 

I~!~I~I~!~!~I~I~I 

T I ~ L R,ENABLE 

L-- NOT USED 

'------- AUTO ENABLES 

'--------- 0 R. 5 BITS/CHARACTER 
o R, 7 BITS/CHARACTER 
I Rx 8 BITS/CHARACTER 
, R. a BITS/CHARACTER 

WRITE REGISTER 5 

1~!~I~I~i~:~:~:~1 

T ~.I ~ :~:USED ~ NOT USED 

Tx ENABLE 

SEND BREAK 

o 0 Tx 5 BITS lOR LESS)lCHARACTER 
o , Tx 7 BITS/CHARACTER 
I 0 Tx 6 BITS/CHARACTER 
, , Tx a BITS/CHARACTER 

'-----DTR 
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APPENDIX B 

Z80A/Z80B PARALLEL IN PUT/OUTPUT (PIO) 



Features 

General 
Description' 

2006·0297. 0298 

• Provides a direct interface between Z-80 
microcomputer syst!3ms~and peripheral 
devices. 

• Both ports have intEm.'ijpI-driven hBndshclt.e 
for fast response. ' . 

II Four programmable operating modes: byte 
input, byte output, byte 4bput/output (PortA 
only), and bit input/output. 

The Z-80 PIO ParallellJQ..Qrcuit is a' pro: 
'grammable, dual-port deDce--tha1 pO'llrles a 
TTL-compatible interface.hetween pertpheml
devices and the Z·:80 CPU~ The CPU ~; 
ures the Z-80 PIO ·to interface-wtth-a ~ _ 
range of peripheral devices "W'.ith mdbm. 
external logic. Typical peripheraldeviceBthat 

,are compatible with the Z,80 PIO mclude:.mos1 -
keyboards, paper tape readers 6llil:d~. 
printers, PROM programinei:s, etc. 

One characteristic of the z.eo penpbeml . 
controllers that separates. them from ether --. 
interface controllers is that aU data tl'ansfe~. 
between the peripheral delUce.and the CPU is 

DATAl. BU. 

_f 
-1 

·11I'nRAUPT { 
CONTROL 

lEO 

Figure 1. PlD rUDCtloDS 

18420 
Z804D PIO Pu.uel 
"paIiGaIpa' Coat roller 

Prodact 
SpecUlcadoD 

March 1981 

• Programmable interrupts on peripheral 
status conditions. 

• Standard Z-80 Family bus-request and 
prioritized interrupt-request daisy chains 
imr" "!ented without external logic. 

': II The eight Port B 'outputs can drive Dar
lington transistors 0.5 rnA at 1.5 V). 

accomplished under interrupt control. Thus, 
the interrupt logic of the PIO permits full use 
of the efficient interrupt capabilities of the 

. ..iZ·80 CPU during I/O transfers. All logic 
necessary to implement a fully nested interrupt 

$tructure is included in the PIO. 
Another feature of the PIO is the ability to 

interrupt the CPU upon occurrence of speci
:lied status conditions in the peripheral device. 
.!For example, the PIO can be programmed to 
interrupt if any:specified peripheral alarm con~ 
xhtions should occur. This·interrupt capability 
'!J'educes the time the processor must spend in 

.1polling peripheral status. 
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General 
Description 
(Continued) 

The Z-80 PIO interfaces 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, 
Reddy 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 Mod ... 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 lor 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. Output operation 
is similar to Mode 0 except that datd 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. dr. mt~rrl.Jp~ If. g~nf.:rated If 
the condition or rJT,'; Ir'fJ, .. t chdn'J":S, or if all 
mputs change. The r~-1 JIf':ments for gener
ating an interrupt ar~ ·jehr,ed dUfing the pro
gramming operation; ~hf.: active level is 
speCified as either High or Low. and the logiC 
condition is speCified as either one input active 
(OR) or all inputs achve (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. 

• The handshake sig!1als are not used in 
Mode 3; Ready IS held Low. and Strobe is 
disabled. 

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

+5V 

T 
lEI 

ICITO, 

CTC 
ICIlO, INT 

lEO 

.r.o 

W,RDY8 

'510 

IYITUI 
BUIES 

:.,. 

!~.;; -
.. ~ 
~,,~ 

,It" 
}. -
, 

1'10 

iNt 

lEI 

lEO ."' 
lEI 

ROY 

DM. 

Figure 3. PIO ID a Typical ZIG Famlly EnwODIDeDl 
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Internal 
Structure 

2006-0316 

The internal structure of the 2-80 PIO con
sists of a 2-80 CPU bus interface, internal con
trol logic, Port A 1/0 logic, Port B 1/0 logic, 
and interrupt control logic (Figure 4). The 
CPU bus interface logic allows the 2-80 PIO to 
interface directly to the 2-80 CPU with no 
other external logic. The intel"lfCH control logic 
synchronizes the CPU data bus to the per
ipheral device interfaces (Port A and Port B). 
The two 110 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 i~ Figure 5. 
All data transfers between the peripheral unit 
and the CPU use the data input and output 
registe-rs. The handshake logic associated with 
each port controls the data transfers through· 
the inp1Jt 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 registe-rs_ The input/output control register 
speCifies which of the eight data bits in the 
port are to be outputs and enables these bits; 
-the T~rild.ining bits are inputs. The mask reg
ister and the mask control register control 
MeXle.3. interrupt conditions. The mask register 
specifies which of the bits in the port are 
actlve -and which are masked or inactive. 

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) . 

Intermpt 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 
(lEI and lEO) are prOVided in each PIa to 
form this daisy chain. The device closest to the_ 
CPU has the highest priority. Within a PIa,. 
Port A interrupts have higher priority than 
those of Port B. In the byte input, byte output, 
or bidirectional modes, an interrupt can be -1:1 
generated whenever the peripheral requests a 0 
new byte transfer. In the bit control mode, an • 
interrupt can be generated when the peri ph- 0 
era I status matches a programmed value. The 
PIO provides for complete con'trol of nested 

"interrupts. That is, lower priority devices may 
riot interrupt higher priority devices that have 
not had their interrupt service routines com
pli3ted by the CPU. Higher priority devices 
may interrupt the servicing of lower priority 
devices. 

DATA 
OR CONTROL 

DATA 
OR CONTROL 

}HANDSHAKE 

Figure 4. Block Diagram 



Internal 
Structure 
(Continued) 

11 the CPU (in mterrupt Mode 2) dCCE'pts on 
interrupt. the interruphng devicE' must provide 
an 8-blt interrupt vector for the CPU. This vec· 
tor forms a pointer to a locohon In memory 
where the address of the interrupt service 
routine is located. The 8·blt vector frC'm the 
interrupting device forms the least significant 
eight bits of the indirect pointer while the 
I Register in the CPU provides the most signifi
cant eight bils 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 Ml goes Low (e.g .• 
during an opcode fetch). This condition is 
unimportant In the Z-80 environment but might 
not be if another type of CPU is used. 

The PIO decodes the RET! (Return From 

MODE 
CONTROL 
REGISTER 

(2 BITS) 

·u .... In .ho II,. "'_ on" 10. __ •• Ion of.n 
'n'Ot'up. II.ho perl ........ uo p .... go '0 lho _" ......... . 

Interrupt) instruction directly from th~ CPU 
dat" 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/O Logic. The CPU bus interface 
logic interfaces the Z-80 PIO directly to the 
Z-80 CPU. so no external logic is necessary. 
For large systems, however, address decoders 
andlor 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, ciB and IORQ signals 
generate the write input internally. 

'·BIT UO BUS 

RFADY l HANDSHAKa 
l~~~ f CONTROL 

Figure 5. Typical Port 110 Block Diagram 
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Intemal 
Structure 

2006-0316 

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 110 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 interrml 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 contror 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 inp~t 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 registeors. 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 
M6rleo3. interrupt- conditions. The mask register 
specifies which of the bits in the port are 
active -and which are masked or inactive. 

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 conttoi
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 
(lEI and lEO) 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 con"trol of nested 

"interrupts. That is, lower priority devices may 
riot interrupt higher priority devices that have 
not had their interrupt service routines com
pl~ted by the CPU. Higher priority devices 
may interrupt the servicing of lower priority 
deVices. 

DATA 
OR CONTROL 

} HANDSHAKE 

DATA 
OR CONTROL 

} HANDSHAKE 

NIUPHaUL 
IIITa"PAca 

Figure 4. Block Diagram 



Internal 
Structure 
(Continued) 

II the CPU (in mterrupt Mode 2) dCCE'pts ~n 
interrupt. the interruphng devicE' must provide 
an 8-blt interrupt vector for the CPU_ This vec· 
tor forms a pointer to d locahon m memory 
where the address of the mterrupt service 
routine is located. The 8-blt vector frC'm the 
interrupting device forms the least significant 
eight bits of the indirect pointer while the 
I Register in the CPU provides the most signifi
cant eight bits of the pointer. Each port (A and 
B) has an independent interrupt vector. The 
least significant bit of the vector is automati
cally set to 0 within the PIO because the 
pointer must point to two adjacent memory 
locations for a complete l6-bit address. 

Unlike the other Z-80 peripherals. the PIO 
does not fmable interrupts immediately after 
programming. It waits until MI goes Low (e.g .. 
during an opcode fetch). This condition is 
unimportant in the 2-80 environment but might 
not be if another type of CPU is used. 

The PIO decodes the RETI (Return From 

MOD£ 
CONTROL 
R£GIST£R 
(21ITS) 

·U.ed In '110 bi' .. _ on" 10. __ .'Ion oI.n 
'""""p' " .... por'''''''.' UO pin. go '0 '110 .pec" ..... ,., •. 

Interrupt) instruction directly from the CPU 
datlll bus so that each PIa 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 110 Logic. The CPU bus interface 
logic interfaces the Z·80 PIa directly to the 
Z·80 CPU. so no external logic is necessary. 
For large systems. however. address decoders 
and/or buffers may be necessary. 

Internal Control Logic. This logic receives the 
control words for each port duting program· 
ming and. in turn. controls the operating func· 
tions of the Z·80 PIa. 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. CEo cin and IORQ signals 
generate the write input internally. 

'·IIT UO BUS 

RUDY 

} 
HANDSHAK. 

l~~~ CONTROL 

Figure 5. Typical Port 1/0 Block Diagram 
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ProgrClDlJDlDg Mod. O. I. 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 Node Control Word. Select. the port operatinQ mode 
(FiQure 6). This word may be written any lime. 

An Interrupt Vector. The z·ao 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: 

1/0 Reoister Control. When Mode 3 Is selected. the mode 
control word must be followed by another control word that 
sets the VO control reqister. which in turn defines which 
port lines are inputs and which are outputs (Figure 8). 

ID7IDeID,ID.ll 11 11 11 I 11 C,_.m,", CONTROL WORD 

DON'T CARE 

MODE SELECT 

MODEO 
MODEl 
MODE 2 
MODE 3 

Figure 6. Mode Control Word 

1~IDeIDeIDeI~I~I~lol 

L IDENTIFIES INTERRUPT 
VECTOR 

'--____ ~~~~~~PPLIED INTERRUPT 

Figure 7. Interrupt Vector Word 

1~IDeIDeIDeI~I~I~IDeI 

I ... ____ ~ ~~~~ ::~ ~~ ~Up'u"TUT 

Figure 8. lIO Register Control Word 

2006·0318.0319. 0320. 0321. 0322. 0323 

Interrupt Control Word. In Mode 3. handshake is not 
used. Interrupts are generated as a lO9ic function of the 
input signal levels. The interrupt control word sets the 
logic conditions and the lO9ic levels required for gener· 
atinQ an interrupt. Two lO9ic conditions or functions are 
available: ANO (if all input bits change to the active level. 
an interrupt is triggered). and OR (if anyone of the input 
bits changes to the active level. an Interrupt is triggered). 
Bit 06 sets the 109lc function. as shown in Figure 9. The 
active level of the input bits can be set either High or Low. 
The a.:tive level is controlled by Bit 05. 

Malk 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 04 must be set. When 04 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). 

III C ~~::~:::::.,,,ow. 
, D •• 1 MASK WORD FOLLOWS 

De . 0 ACTIVE LEVEL IS LOW 
D5 • 1 ACTIVE LEVEL IS HIGH 

O •• 0 INTERRUPT ON OR FUNCTION 
De . , INTERRUPT ON AND FUNCTION 

L-_______ ~: : ~ ::~:::~:~ ~~::t:g. 

'NOTE: THE PORT IS NOT ENAIILED UNTIL 
THE INTERRUPT ENAIILE IS FOLLOWED 
IIY AN ACTIVE iii. 

Figure 9. Interrupt Control Word 

101110-101117 MASK BIT5. A 
BIT IS MONITORED FOR AN 

'----- INTERRUPT IF IT IS 
DEFINED AS AN INPUT AND 
THE MASK BIT IS SET TO O. 

Figure 10. Mask Control Word 

1~IDeID510.1 0 I 01 1 11 I 1 T C=, IDENTIFIES INTERRUPT DISAIILE WORD 

DON'T CARE 

~ - 0 INTERRUPT OISAB~E 
~ - 1 INTERRUPT ENAIILE 

Figure 11. Interrupt Disable Word 
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Pin 
Description 

Ao-A7' 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. Ao is the least significant 
bit of the Port A data bus. 

AHDY. 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 signol is octive when the Port A input 
register is empty and ready to accept data from the 
peripheral device. 

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

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

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

Output Mode. The positive edge of this strobe is issued by 
the peripheral to acknowledge the receipt of data made 
available by the PIO. 

Input Mode. The strobe is issued by the peripheral to load 
data from the peripheral into the Port A input register. 
Data is loaded into the PIO when this signal is active. 

Bidirectiona~ 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-B,. Port B Bus (bidirectional, 3-state). This 
8-bit bus transfers data, status, or control 
information between Port B and a peripheral 
device. The Port B data bus can supply 
1.5 mA at 1.5 V to drive Darlington transistors. 
Eo 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 ~ from the 
CPU is used for this selection function. 

BHDY. 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 Peripherol 
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. 

elD. Control Or Dota 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/1\ 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 Al from the CPU is used for 
this function. 
CEo Chip Enable (input, active Low). A Low 
on this pin enables the PIO to accept com-

. mand or data inputs from the CPU during a 
write cycle or to transmit data to the CPU dur
ing a read cycle. This signai is generally 
decoded from four 110 port numbers for Ports 
A and B, data, and control. 
eLK. System Clock (input). The Z-80 PIO uses 
the standard single-phase Z-80 system clock. 

Do-D'. Z-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. Do is the least Significant bit. . 

lEI. 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. 

lEO. Interrupt Enable Out (output, active 
High). The lEO signal is the other signal 

. required to form a daisy chain priority scheme. 
It is High only if lEI 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. 

IOHQ. Input/Output Request (input 'from Z-80 
CPU, active Low). IORO is used in conjunc
tion with B/A, c/o, CE, and RD to transfer 
commands and data between the Z-80 CPU and 
the Z-80 PIO. When CE, RD, and ~ are 
active, the port addressed by BlK transfers 
data to the CPU (a read operation). Con
versely, when IT and IORO are active but RD 
is not, the port addressed by BiA"is written 
into from the CPU with either data or control 
information, as specified by CiD. Also, if 
IORO and Ml 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. 



Pin 
Dflcriptlon 
(Continued) 
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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 MI and RD signals are active, the 
Z-80 CPU is fetching an instruction from 
memory. Conversely, when both Ml and 
IORO are active, the CPU is acknowledging 
an interrupt. In addition, Ml has two other 
functions within the Z-80 PIO: it synchronizes 

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. 

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 Mod. (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 WdS taken by the peri ph-
eral. The positive edge of the strobe pulse 
generates an INT if the interrupt enable flip-
flop has been set arid if this device has the 
highest priority. 

CLK 

PORT 

the PIO interrupt 129ic; when MI occurs 
without an active RD or IORO signal. the PIO 
is reset. 

RD. Read Cycle Status (input from Z-80 CPU, 
active Low). If RD is active, or an 110 opera
tion is in progress, RD is used with BiA. cro, 
CEo and IORO to transfer data from the Z-80 
PIO to the Z-80 CPU. 

Tt Ta TWA Ta Tt 

eLK 

CIIi,." ::::x x::::: 
a 

RiD \ r-
DATA X IN x= 
n' \ r-

'WR • ftD. CE. Cii5 • lORQ 

Figure 12. Write Cycle Timing 

Tt Ta TWA Ta Tt 

CLK 

C/Ii,.,1 ::::x C 
9\ I 

iOiiQ \ I 
iiD \ I 

DATA ( OUT >-
RD' \ I 

·RO. Ro. CE. an. i5iiQ 

Figure 13. Read Cycle Timing 

OUTPUT ____ -' '\. __ ~ ___ -+-__ --I-__ 

READY ____________ J 

'WR = ftD. CE. Cii5 • iOfiQ 

Figure 14. MQde 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 

• RO = RO. CE • c/o. IORQ 

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. 

Figure 15. Mode ,I 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 1/0 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. 

eLK 

AADY ________________ -J 

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

POAT A ------:--~-------1~~~J-----~ DATA lUI 

lADY 

Figure 16. Mode 2 Bidirectional Timing 

2006-0327. 0328 



TlmlDg 
(Continued) 

2006-0329, 0330, 0331 

Bit MOd. (Mod. 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 3S outputs 
and input register data from those port data 

eLK 

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

OATAPO':: X OUA wo~o , 
-------It 

X DATA wo~o 2 X 

~-OT ----------------------~~r-;.OA~TA~'N~~----------------------
·Timing Diagram Refers to Bit Mode Read LOA'" wo~o, PLACED ON IUS 

Figure 17. Mode 3 Bit Mode Timing 

Interrupt Acknowledge Timing. During Ml 
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 
lEI High and. lEO Low during INTACK places 
a preprogrammed 8-bit interrupt vector on the 
data bus at this time (Figure 18). lEO is held 
Low until a Return From Interrupt (RET!) 
instruction is executed by the CPU while lEI is 
High. The 2-byte RETI instruction is decoded 
internally by the PIO for this purpose. 

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

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

eLK 

.-. 

LAST TIT 
STATE ' 

Figure 18. Interrupt Acknowledge Timing 

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

'_0 __________________________ --Jr--
Figwe 19. Retwn From Interrupt 
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Z-IO pro 7~"&O z.tOIPIOI9) 
MiD Max Hl.D Max lIlA Max 

Number Symbol Parameter (DII) (DII) (DII) (IMI) (IMI) (IMI) CommeDl 

1 TcC Clock Cycle Time 400 (1) 250 (1 ) 165 (1 ) 

2 TwCh Clock Width (High) 170 2000 lOS 2000 65 2000 

3 TwCl Clock Width (Low) 170 2000 105 2000 65 2000 

4 TfC Clock Fall Time 30 30 20 

5-TrC Clock Rise Time 30 30 20 

6 TsCS(RI) CE, BiA, cm to RD, 
IORQ 1 Setup Time 50 50 50 (6) 

7 Th Any Hold Times for Specified 
Setup Time 0 0 0 0 

8 TsRI(C) lID, IORQ to Clock t Setup 
Time 115 115 70 

9- TdRI(OO)-- RD, IORQ Ito Data Out Delay 430 380 300 (2)--

10 TdRI(DOs) RD, IORQ I to Data Out Float 
Delay 160 110 70 

II 11 TsDI(C) Data In to Clock I Setup Time 50 50 40 CL = 50 pF 
0 

12 TdIO(OOI) IORQ 1 to Data Out Delay • (INTACK Cycle) 340 160 120 (3) ... 
13-TsMl(Cr)-- M1 1 to Clock I Setup Time-- 210 90 70 0 

14 TsMl(Cf) Ml...l..to Clock I Setup Time 
(M1 Cycle) u 0 0 (8) 

15 TdMl(IEO) Mil to lEO I Delay (lnt~upt 
Immediately Preceding Ml I) 300 190 100 (5,7) 

16 TsIEI(lO) lEI to IORQ I Setup Time 
(lNTACK Cycle) 140 140 100 (7] 

17 - TdIEI(IEOf)- lEI I to lEO I Delay 190 130 120 (5)--
CL = 50 pF 

18 TdIEI(lEOr) lEI I to lEO I Delay (after ED 
Decode) 210 160 160 (5] 

19 TcIO(C) IORQ t to Clock I Setup Time 
(To Activate READY on Next 
Clock Cycle) 220 200 170 

20 - TdC(RDYr)- Clock I to READY I Delay--- 200 190 170 (5)---
CL = 50 pF 

21 TdC(RDYf) Clock 1 to READY I Delay 150 140 120 (5] 

22 TwSTB ""'S'rROIffi Pulse Width 150 150 120 (4) 

23 TsSTB(C) """STRL5B'E I to Clock I Setup 
Time (To Activate READY on 
Next Clock Cycle) 220 220 150 (5] 

24 -TdIO(PD)-- IORQ I to PORT DATA Stable 
Delay (Mode 0) 200 180 160 (5] 

25 TsPD(STB) PORT DATA to"STR013E I 
Setup Time (Mode 1) 260 230 190 

26 TdSTB(PD) S'i'ROBE I to PORT DATA 
Stable (Mode 2) 230 210 180 (5] 

27 --TdSTB(PDr)- STROBE I to PORT DATA Float 
Delay (Mode 2) 200 180 160 CL = 50 pF 

28 TdPD(INT) PORT DATA Match to INT I 
Delay (Mode 3) 540 490 430 

29 TdSTB(lNT) m'RCJBE I to INT 1 Delay 490 440 350 

~OTES: [6) TsCS(RI) may be reduced. However, the time subtracted 
[1) TcC = TwCh + TwCl + TrC + TIC. from TsCS(RI) will be added to TdRI(DO). 
[2) Increase TdRI(DO) by 10 ns for each 50 pF IOcrease 10 load [7) 2.5 TcC > (N-2)TdIEl(IEOI) + TdMl(IEO) + TsIEI(lO) 

up to 200 pF max. + TTL Buller Delay. if any. 
[3) Increase TdIO(DOI) by 10 ns lor each 50 pF. increase in (8) Mi must be active for a minimum of two clock cycles to 

loading up to 200 pF max. reset the PIO. 
[4) For Mode 2: TwSTB > TsPD(STB). [9) ZSOB PIO numbers are preliminary and subject to change. 
(5) Increase these values by 2 ns for each 10 pF increase in 

loading up to 100 pF max. 



Absolute 
Maximum 
Ratings 

Test 
Conditions 

DC 
Charac-
teristics 

Capacitance 

Voltages on all inputs and outputs 
with respect to GND .......... -0.3 V to + 7.0 V 
Operating Ambient 
Temperature ................. As Specified in 

Ordering Information 
Storage Temperature ......... -65°C to + 150 °C 

The characteristics below apply for the 
follOWing standard test conditions, unless 
otherwise noted. All voltages are referenced to 
GND (0 V). Positive current flows into the 
referenced pin. Available operating 
temperature ranges are: 

• 0° to + 70°C, 
+4.75 V :S Vee:S +5.25 V 

• -40°C to +85°C, 
+4.75 V :S Vee:s +5.25 V 

• -55° to + 125°C, 
+4.75 V :S Vee:s +5.5V 

The product number for each operating 
temperature range may be found in the 

Symbol Parameter 

VILe Clock Input Low Voltage 

VIHC Clock Input High Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 
VOH Output HighVoltage 

III Input Leakage Current 

Stresses greater than those listed under Absolute Maxi
mum Ratings may cause permanent damage to the device. 
ThiS is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

Ordering Information section. 
All ac parameters assume a load capacitance 

of 100 pF max. Timing references between two 
output signals assume a load difference of 
50 pF max. 

2.'K 

Min Max Unit Test Condition 

-0.3 +0.45 V 

Vec-0.6 +5.5 V 

-0.3 +0.8 V 

+2.0 +5.5 V 

+0.4 V 

+2.4 V 

-10.0 + 10.0 p.A 

Iz 3-State Output/Data Bus Input Leakage Current -10.0 + 10.0 p.A 

IOL = 2.0 rnA 
IoH = -250 p.A 

O<VIN<VCC 

O<VIN<VCC 

VOH = 1.5V 

REXT = 390 n 
Icc Power Supply Current 100.0 rnA 

IoHD Darlington Drive Current -1.5 3.8 rnA 

Over specified temperature dnd voltage range. 

Symbol Parameter Min Max Unit Test Condition 

C Clock Capacitance 10 pF Unmeasured 

CIN Input Capacitance 5 pF pins returned 
to ground 

COUT Output Capacitance 10 pF 

Over specliaed temperature range; I = IMHz 

C8085·')OO6 



APPENDIX C 

Z80A/Z80B COUNTER/TIMER CIRCUIT (CTC) 



Feature. 

General 
Description 

2041·0154, 0155 

• Four independently programmable 
counter/timer channels, each with a 
readable downcounter and a selectable 
16 or 256 prescaler. Downcounters are 
reloaded automatically at zero count. 

• Three channels have Zero Count/Timeout 
outputs capable of driving Darlington 
transistors. 

The Z-80 CTC four-channel counter/timer 
can be programmed by system software for a 
broad range of counting and timing applica
tions. The four independently programmable 
channels of the Z-80 CTC satisfy common 
microcomputer :;ystem requirements for event 
counting, interrupt and interval timing, and 
general clock rate generation. 

System design is Simplified because the CTC 
connects directly to both the Z-80 CPU and the 
Z-80 SIO with no additional logic. In larger 
systems, address decoders and buffers may be 
required. 

Programming the CTC is straightforward:' 

C:~U ! DATA 
BUI 

lEO 

iNi 

t t t 
ClK +5V OND 

Figure 1. Pin Functions 

CHANNIlL 
IIGNALS 

18430 
zaer CTC CoIIDlerl 
Timer Clreall 

Prodael 
SpedOealloD 

March 1981 

• Selectable positive or negative trigger 
initiates timer operation. 

• Standard Z-80 Family daisy-chain interrupt 
structure provides fully vectored, prioritized 
interrupts without external logic. The CTC 
may also be used as an interrupt controller . 

• Interfaces directly to the Z-80 CPU or-for 
baud rate generation-to the Z-80 SIO. 

each channel is programmed with two bytes; a 
third is necessary when interrupts are enabled. 
Once started, the CTC counts down, reloads 
its time constant automatically, and resumes 
counting. Software timing loops are completely 
eliminated. Interrupt processing is Simplified 
because only one vector need be specified; the 
CTC internally generates a unique vector for 
each channel. 

The Z-80 CTC requires a single + 5 V power 
supply and the standard Z-80 single-phase 
system clock. It is fabricated with n-channel 
silicon-gate depletion-load technology, and 
packaged in a 28-pin plastic or ceramic DIP. 

D. 2. 0, 

D5 27 D. 

D, 21 D, 

D7 25 Do 

OND 24 +5V 

liD ClKITIlGo 

ZCITOo ClKITIIO, 

ZClTO, ClKITIIO. 

ZCITO. ClKITII03 

10110 CS, 

lEO CSo 

iNi IIESET 

lEI CE 
iii 14 ClK 

Figure 2. Pin Assignments 



functional 
Description 

Archlt~ctUTE\ 

The Z-80 CTC has four indepe~,dent c:;unterl 
timer channels. Each channel !,s individ'Jally 
programmed with two words: a con~rol word 
and a time-constant word. The control worci 
selects the operating mode (counter or timer), 
enables or disables the channel Interrupt, and 
selects certain other operating parameters. If 
the timing mode is selec~ed, t!1e control wor.d 
also sets a prescaler, which civides the system 
clock by either 16 or 256. The time-constant 
word is a value from 1 to 256. 

During operation, the~ndividual counter 
channel counts down from the preset time con
stant value. In counter mode operation the 
counter decrements on each of the CLKlTRG 
input pulses until zero count is reac:1ed. 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 autor.la~i.llly reset with 
the time constant value. 

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

The CTC has four major elerr.ents, as shown 
in figure 3. 

D CPU bus I/O 
.. Channel control logic 
• Interrupt logic 
'Z ::ounter/timer circuits 

CPU Bus 1/0. The CPU bus 1/0 circuit 
decodes the address inputs, and interfaces the 
CPU data and control sigr.als to the CTC for 
distribution on the internal bus. 

!'ROM 
zeD CPU 

{

DATA 

CONTROL 

a p:eset 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 CLKlTRG input. 

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

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

The four channels of the 2-80 CTC are fully 
prioritized and fit into four contiguous slots in 
a standard Z-80 daisy-chain int<=!rrllpt 'ltrllr
ture. Channel 0 is ~he highest priority and 
Channel 3 the lowest. Interrupts can be 
individually enabled (or disabled) for each of 

.the four channels. 

Internal Control Logic. ::-he CTC internal 
control logic controls ove:-all chip operating 
functions such as the ChlP enabJe, reset, anc.: 
readlV'lrite logic . 

Interrupt Logic. The interrupt control logic 
ensures that the CTC into:-rupts interface prop
erly with the Z-80 CPU ir.terrupt system. The 
logic controls the interrupt priority of the CTC 
as a function of the lEI signal. If IEI is High, 
the CTC has priority. Dt,;:-i .. g i.'.i..:. •• upt 

Figure 3. Functional Block Dlagram 

2041,0157 
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pr0c:eaain9, the interrupt 1oc;pc holds lEO Low, 
which inhibits the interrupt operation on loww 
priority devices. If the lEI input goes Low, 
priority is relinquished and the interrupt loqic 
drives lEO Low. 

If a channel is programmed to request an 
interrupt, the interrupt logic drives lEO Low at 
the zero count, and generates an INT signal to 
the Z-BO CPU. When the 2-80 CPU r~ds 
with interrupt acknowledge (Ml and IORO), 
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 lEO Low. When the Z-80 CPU issues a 
Return From Interrupt (RET!) instruction, each 
peripheral device decodes the first byte 
(EDI6). If the device has a pending interrupt, 
it raises lEO (High) for one Ml cycle. This 
ensures that all lower priority devices can 
decode the entire RET! instruction and reset 
properly. 

zeno 

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 cootrol word and sets the IollowiIlQ 
operating cODditions: 

• Interrupt enable (or disable) 
• Operating mode (timer or counter) 
• Timer mode prescaler factor (16 or 256) 
• Active slope for CLlClfRG input 
• Timer mode trigger (automatic or CLKlTRG 

input) 
• Time constant data word to follow 
• Software reset 
Time Constant Register. When the counterl 
timer channel is programmed, the time con
stant register receives and stores an B-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 effec(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: 

• By the prescaler output (timer mode) 
• By the trigger pulses into the CLKI'l'RG 

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 dddress assigned to the CTC channel. 
When the down-counter reaches the zero 
count, the ZC/IO outp1;~ generates a positive
going pulse. When the; :3rrupt is enabled, 
zero count also triggers ~_; interrupt request 
signal (INT) from the int":_ rupt logic. 

I a 



Programming Each Z-BO eTC channel must be pro-
grammed prior to operation. Programming 
consists of writing two words to the 1/0 port 
that cqrresponds 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 cqunt operation, the count con
tinues to zero before the new time constant is 
loaded into the counter. 

If the interrupt on any Z-80 eTC channel is 
enabled, the programming procedure should 
also include an interrupt vedor. 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 O. 
A 0 in bit 2 indicates a time constant word is to 
follow. Interrupt vedors are always addressed 
to Channel 0, and identified by a 0 in bit O. 

Addressing_ During programming, channels 
are addrened with the channel seled pins CSI 
and C~. A 2-bit binary code selects the 
appropriate channel as shown in the following 
table. 

Channel CSI CSo 

0 0 0 
I 0 1 
2 I 0 
3 1 1 

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

INTI!RRU~T Jj 1 ENABLES INTERRUPT 
o DISABlf.:: INTERRUPT 

MOD. 
o SElECTS TIMER MODE 

1 SELECTS COUNTER MODE 

~RI!SCAlI!R VALUI!-
1 • VAlliE OF 258 
o • VALUE OF 16 

CLK/TRO lOCI .!LI!CTION 
o SELECTS FAlllN3 EDGE 

1 SELECTS RISING EDGE 

Do-D7 go to the high-impedance state. AU 
channels must be completely reprogramp1ed 
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 central 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 Dl 
and D2 set to 1, the addressed channel stops 
operating. pending a new time constant word. 
The channel is ready to resume after the new 
constant is programmed. In timer mode, if 
D3 = 0, operation is triggered automatically 
when the time constant word is loaded. 

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

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

Operating Mode. D6 selects either timer or 
counter mode. 

Prescaler Factor. (Timer Mode Only). D5 
seleds fador-either 16 or 256. 

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

~
L CONTROL OR VICTOR 

o ~ VECTOR 
1 • CONTROL WORD 

RlalT 
o • CONTINUED OPERATION 
1 • SOFTWARE RESET 

TIM. CONSTANT 
o • NO TIME CONSTANT FOllOWS 
1 • TIME CONSTANT FOllOWS 

L...-__ TIMIR TRIDDIR-
O. AUTOMATIC IRIGGER WHEN 

TIME CONSTANT IS lOADED 
1 • ClKlTRG PULSE STARTS TIMER 

'TIMER MODE ONLY 

Figure 5. Channel Control Word 
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Trigger Mode (Timer Mode Only). D3 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 110 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 (T2) 
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 03 is set to I, the timer is triggered 
externally through the CLKlTRG input. The 
time constant word is programmed during an 
110 write operation, which takes one machine 
cycle. The timer is ready for operation on the 
rising edge of the second clock pulse (T 2) of 
the follOWing machine cycle. Note that the first 
timer decrement follows the active edge of the 
CLKlTRG 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 T2 by 
one clock cycle plus its minimum setup time. If 
the minimum time is not met, the timer will 
start on the third clock cycle (T3)' 

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

Time Constant to Follow. A 1 in D2 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 02 indicates no tirr.e 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 D2 set. 

I~I~I~I~I~I~I~!~I 

:~: ~~ I ~~ :~~ TC5~ Lrc2 
TC. rc, 

Figure 6. Time Constant Word 

Softwar9 Reset. Setting 01 to 1 causes a soft
ware reset, which is described in the Reset 
section. 

Control Word. Setting Do 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 0016 is interpreted as 256. 

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

• The system clock period (c/» 

• 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 c/> x P x T. The minimum timer resolu
tion is 16 x cI> (4 p.s with a 4 MHz clock). The 
maximum timer interval is 256 x cI> 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 110 port cor
responding to the Z-80 CTC Channel·O. Note 
that Do of the vector word is always zero, to 
distingUish the vector from a channel control 
word. Dl and D2 are not used in programming 
the vector word. These bits are supplied by 
the interrupt logic to identify the channel 
requesting interrupt service with a unique 
interrupt vector (Figure 7). Channel 0 has the 
highest priority. 

v,-v, ==oJ 
SUPPLIED 

BY USER L 0 • INTERRUPT VECTOR WORD 
1 • CONTROL WORD 

CHANNEL IDENTIFIER 
IAUTOMA TlCALL 1 iNSERTED 
BY CTC) 
o 0 s CHANNEL 0 
o 1. CHANNEL 1 
1 O. CHANNEL 2 
1 1. CHANNEL 3 

Figure 7. Interrupt Vector Word 



Pin 
Description 

CEo 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 va write cycle; or 
transmits the contents of the down-counter to 
the CPU during an va read cycle. In most 
applications this signal is decoded from the 
eight least significant bits of the address bus 
lor 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-CSI. Channel Select (inputs active High). 
Two-bit binary address code selects one of the 
four CTC channels for an 1/0 write or read 
(usually connected to fl.() and At). 

Do-I>,. System Data Bus (bidirectional, 
3-state). Transfers all data and commands 
between the Z-80 CPU and the Z-80 CTC. 

SYSTEM 
IUSES 

lEI 

lEO 

Figure 8. A Typical Z-BO EDYlronmeDl 

lEI. Interrupt Enable In 'input, active High). 
A High indicates tnat no .other mterrupting 
devices of higher priority in the daisy chain 
are being serviced by the Z-80 CPU. 

lEO. Interrupt Enable Out (output, active 
High). High only if lEI is High and the Z-60 
CPU is not servicing an interrupt from an i 
Z-80 CTC channel. lEO 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 ResJ!:l...est (i~t 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 mverse oj an actlve 
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 10RQ 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. 

MI. Machine Cycle One (input from CPU, 
active Low). When Ml and 10RQ are active, 
the Z-80 CPU is acknowledging an interrupt. 
The Z-80 CTC then places an mterrupt vector 
on the data bus if it has hIghest priority, and if 
a channel has requested an interrupt (INT). 

RD. Read Cycle Status (input. active Low). 
Used in conjunction with IORQ and CE to 
transfer data and channel control words 
between the Z-80 CPU and the Z-80 CTC. 

RESET. Reset (input active Low). Terminates 
all down-counts and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the ZC/TO and the Interrup.t outputs 
go mactive; lEO reflects lEI; Do-D7 go to the 
high-impedance state. 

ZC/TOo-ZC/T02. 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 pm). In both counter and timer 
modes the output is an active High pulse when 
the down-counter decrements to zero. 
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Timing Read Cyel,. Timing. Figure 9 shows rec3d 
:::ycle timing. This cycle reads the contents of c3 
down-counter without disturbing the count. 
During clock cycle T2, the Z-BO CPU initiates c3 
read ~le ~riving the following inputs 
Low: RD, IORQ, and CEo A 2-bit binary code 
at inputs CSj and CSo selects the channel to 
be read. Ml must be High to distinguish this 
cycle from an interrupt acknowledge. No addi
tional wait states are allowed. 

r, T2 TWA T, 

CLK 

Clo. Cit. Ci =:::::x CItANNELADDRESS c:: 

- --.,.-------------Ut , 
_J 

DATA ---------------~-----
Figure 9. Read Cycllt riming 

Write Cyclo Timing. Figure 1 C> shows write 
cycle timing for loading control, time consta:1i 
or vector words. 

The eTe does not have a write signal input, 
so it generates one interna[y when the read 
~RD) hput is High during TI. During T2 
lORQ and CE inputs are Low. MI must be 
nigh to distinguish a write cycle from an inter
rupt acknowledge. A 2-bit binary code at 
ir.puts CSI and eso seleds the channel to be 
addressed, and the word being written is 
p:aced on the Z-80 data bus. The data word is 

cs". cnt. Ci ~ CHANNEL "'DRESS c:: 

--T-------------------------iffi I 
.J 

_ . -.,.-------
Mt •• ,' 

DATA _____ --'X~ ____ I~_JX~ _______ ___ 
Figure 10. Write Cycle Timing 
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latched mto the appropriate reqlster with the 
rising edge of clock cycle TWA. No edciition~l 
wait states c3re allowed. 

IIITDUIAL 
TIIIIIII 

Figure 11. Tlmer Mode TImID; 

Timer Oporatlon. In the timer mode, a 
CLKlTRG pulse input starts the timer (Figure 
11) or. n-e second ',ucceeding rising edge of 
CLK. Tl:.~ trigger pUlse is asynchronous. and it 
must ha\'e 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 t.:> enable the pres caler on the follow
ing clock edge. If the CLK/TRG edqe 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/TRQ 

INTERNAL 
COUtlTIR ___ .-'j 

ZCITO ____ _ 

Figure 12. Counter Mode Tlmlng 

Counter OpeL'ation. In the counter mode, the 
CLK/THG pulse input decrements the down
counter. The trigger is asynchronous, but the 
count iE synchronized with CLK. For the 
decrement to occur on the next rising edge of 
CLK, the trigger edge ;"":'1ust precede eLK by c: 
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 
tngger period must be at least twice the clock 
period. 

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



Interrupt 
Operation 

The 2~80 CTC fellews the 2-80 system inter
rupt pretecel fer nested prierity interrupts and 
return frem interrupt, wherein the interrupt 
prierity .of a peripheral is determined by its 
lecatien in a daisy chain. Twe lines-lEI and 
lEO-in the eTC cennect it te the system daisy 
chain. The device clesest te the + 5 V supply 
has the highest prierity (Figure 13)., Fer addi
tienal infermatien en the 2-80 interrupt struc
ture, refer te the Z-80 CPU Product Specifica
tien and the Z-80 CPU Technical Manual. 

HIOHaaT P'UO'UTY 
DaVlca 

LOWIST PRIORITY 
DaYICa 

Figure 13. DaIsy-ChaID IDterrupt Prlorltl .. 

Within the 2-80 CTC, interrupt prierity is 
predetermined by channel number: Channel 0 
has the highest prierity, and ehannel 3 the 
lewest. If a device .or channel is being serviced 
with an interrupt reutine, it cannet be inter
rupted by a device .or channel with lewer 
prierity until service is cemplete. Higher 
prierity devices .or channels may interrupt the 
servicing .of lewer prierity devices .or channels. 

A 2-80 CTe channel may be pregrammed te 
request an interrupt every time its dewn
ceunter reaches zere. Nete that the CPU must 
be pregrammed fer interrupt mede 2. Seme 
time after the interrupt request, the CPU sends 
an interrupt acknewledge. The CTC interrupt 
centrel legic determines the highest prierity 
channel that is requesting an interrupt. Then, 
if the CTC lEI input is High (indicating that it 
has priority within the system daisy chain) it 
places an 8-bit interrupt vecter en the system 
data bus. The high-erder five bits .of this vecter 

CLK 

,------_/ 
' __ ---II 

1111::: ::::.1 '\.:::: 
DATA---------------------(~~------

Figure 14. IDterrupt Acknowledge TlmlDg 

were written te the CTC during the pregram
ming precess; the next twe bits are previded 
by the eTe interrupt centrel legic as a binary 
code that identifies the highest prierity chan
nel requesting an interrupt; the lew-erder bit 
is always zere. 

Interrupt Acknowledge Timing. Figure 14 
shews interrupt acknewledge timing. After an 
interrupt request, the 2-80 CPU sends an inter
rupt acknewledge (Ml and IORQ). All chan
nels are inhibited frem changing their inter
rupt request status when Ml is active-abeut 
twe cleck cycles earlier than IORQ. RO is 
High te distinguish this cycle frem an instruc
tien fetch. 

The CTe interrupt legic determines the 
highest prierity channel requesting an inter
rupt. If the eTC interrupt enable input (lEI) 1S 

High, the highest prierity interrupting channel 
within the eTC places its interrupt vecter en 
the data bus when IORQ gees Lew. Twe wait 
states (TWA) are autematically inserted at this 
time te allew the daisy chain te stabilize. Addi-. 
tienal wait states may be added. 

Return from Interrupt Timing. At the end .of 
an interrupt service reutine the RET! (Return 
Frem Interrupt) instructien initializes the daisy 
chain enable lines fer preper centrel .of nested 
prierity interrupt handling. The CTC decedes 
the 2-byte RET! cede internally and determines 
whether it is intended fer a channel being ser
Viced. Figure 15 shews RETI timing. 

If several 2-80 peripherals are in the daisy 
chain, lEI settles active (High) en the chip 
currently being serviced when the epcede 
E016 is deceded. If the fellewing epcede is 
4016, the peripheral being serviced is released 
and its lEO becemes active. Additienal wait 
states are allewed. 

00-07 ------{ ED 

lEI - - - - - - -, ______ J 

lao ______________________________ .J~ 

Figure 15. ReturD From IDterrupt Timing 
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Featur .. 

2001-0210. 0211 

• The instruction set contains 158 instructions. 
The 78 instructions of the 8080A are 
included as a subset; 8Q80A software com
patibility is maintained. 

• Six MHz, 4 MHz and 2.5 MHz C\, 8!~~ for the 
Z80B, zaOA, and zao 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 zao microprocessors and associated 
family of peripheral controllers are linked 
by a vectored interrupt system. This system 

iill Ao 
At 

102 

.VOT •• j 103 

CONTROL ,.. 
As ,.. 
A, ADDRESS 

At BUS 

cJ 
At 

Z80 CPU 

COOTOO' 1 

CPU { 
BUS 

CONTROL 

Figure 1. Pin Functions 

18400 
Z80~CPU CaDlral 
Processing Unit 

Product 
Speclflc:atloD 

March 1981 

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

• Duplicate sets of both general-purpose 
and flag registers dre 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 l6-bit index registers facilitate 
program processing of tables and arrays. 

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

• On-chip dynamic memory refresh counter. 

An Iota 

Au "-
An At 

A,. A, 

At:; At 
elK As 

o. 34 ,.. 
03 33 103 

O. l2 A. 

o. 3' A, 

+5V 
Z80 CPU 

30 Ao 
02 n G~O 

c, 2. i\FSii 
Do 27 Ml 
Dt 1~ 2F HEsEf 
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M~Ea WA 
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General 
Description 

The zao, zaOA, and zaOB 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 
I6-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 

+5V _ 

GND_ 

CLOCK __ 

be reserved for very fast interrupt response. 
The zao also contains a Stack POinter, Pro

gram Counter, two index registers, a Refresh 
register (counter), and an Interrupt register. 
The CPU is e.asy to incorporate into a system 
since it requires only a single + 5 V power 
source, all output signals are fully decoded 
and timed to c(;mtrol 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 zao processors. 
Subsequent text provides more detail on the 
280 110 controller family, registers, instruction 
set, interrupts and daisy chaining, and CPU 
timing. 

Figure 3. zao CPU Block Diagram 
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zaOMlcro
proceuor 
Family 

zao CPU 
Registers 

2001·0213 

The Zilog 280 microprocessor is the central 
element of a comprehensive microprocessor 
product family. This family works together in 
most applications with minimum requirements 
for additional logic, facilitating the design of 
efficient and cost-effective microcomputer
based systems. 

Zilog has designed five components to pro
vide extensive support for the 280 micro
processor. These are: 

• The PIO (Parallel Input/Output) operates in 
both data-byte I/O transfer mode (with 
handshaking) and in bit mode (without 
handshaking). The PIO may be config
ured to interface with standard pa.rallel 
peripheral deVices such as printers, 
tape punches, and keyboards. 

• The CTC (Counter/Timer Circuit) features 
four programmable 8-bit counter/timers, 

Figure 4 shows three groups of registers 
within the 280 CPU. The first group consists of 
duplicate sets of 8-bit registers: a prinCipal set 
and an alternate set (designated by . [prime], 
e.g., A'). Both sets consist of the Accumula
tor Register, the Flag Register, and six 
general-purpose registers. Transfer of data' 
between these duplicate sets of registers is 
accomplished by use of "Exchange" instruc
tions. The result is faster response to interrupts 
and easy, efficient implementation of such ver
satile programming techniques as background-

.... llIlIaOllTall UT 

.. ...CCUMUL ... TOR F FL ... G REGISTER 

8 GENER4L PURPOSE C GENER ... L PURPOSE 

o GENER ... L PURPOSE E GENER ... L PURPOSE 

H GENER4L PURPOSE L GENER ... L PURPOSE 

_-18ITS--_ 

_ -------16 lilTS 

IX INDEX REGI~rER 

IV INDEX REGISTER 

SP STACK POINTER 

PC PRCG""'M COUNTER -
I IN rERRUPT VECTOR I R MEMORY REFRESH 

" 

---- 1 BITS--

each of which has an 8·bit prescaler. Each 
of the four channels may 00 configured to 
operate In either counter or timer mode. 

II The DMA (Direct Memory Access) con
troller provides dual port data transfer 
operations and the ability to terminate data 
transfer as a result of a pattern match. 

• The SIO (Serial Input/Output) controller 
offers two channels. It is capable of 
operating in a variety of programmable 
modes for both synchronous and asyn
chronous communication, including 
Bi-Synch and SDLC. 

• The DART (Dual Asynchronous Receiver/ 
Transmitter) device provides low cost 
asynchronous serial communication. It has 
two channels and a full modem control 
interface. 

foreground data processing. The second set of 
registers consists of six registers with assigned 
functions. These are the I (Interrupt Register), 
the R (Refresh Register), the IX and IY (Index 
Registers), the SP (Stack POinter), and the PC 
(Program Counter). The third group consists of 
two interrupt status flip-flops, plus an addi
tional pair of flip-flops which assists in identi
fying the interrupt mode at any particular 
time. Table 1 provides.further information on 
these registers. 

.... ...CCUMUL ... TOR F' n"'G REGISTER 

I' GENER"'L PURPOSE c' GENER ... i PURPOSE 

D' GENER ... L PURPOSE E' GENER ... L PURPOSE 

H' GENER"'L PURPOSE L' GENER ... L PURPOSE 

INTERRUPT FLlp·FlOPS STATUS 

G G 
~ INTERRUPTS DIS"'BLED STORES '~ 4 ~ : INTERRUPTS EN"'BLED DURING Nioll 

SERVICE 

INTERRUPT MODE FlIP,FlOPS 

IMF. IMF. 

INTERRUPT MODE 0 
NOT USED 
INTERRUPT MODE 1 
INTERRUPT MODE 2 

Figure 4. CPU Register. 
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Z80 CPU 
Reglsten 
(Continued) 

Interrupts: 
General 
Operation 

R-sriater 81&. (Bib) Remarb 

A, A' Accumulator 8 Stores an operand or the result. of an operation. 

F, F" Flag_ 8 See Inatruct10n Set. 

B, S' General Purpoee 8 Can be ul8d l8pal'ately or 48 a 16-bit r8Q1&ter with C. 
C,C General Purpose 8 See B. above. 

D. D' General Purpole 8 Can be uMd separately or a. a 16-blt r8Qilter with E. 

E. E' General Purpoae 8 ' See D. above. 

H. H' General Purpose 8 Can be uaed leparately or 48 a 16-bit r8Qiater with L. 

L. L' General Purpose 8 See H. above. 

Note: The (B.C). (D.E). and (H.L) eet. are combined a. follow.: 
B - High byte C - Low byte 
0- High byte E - Low byte 
H - High byte L - Low byte 

Interrupt R9Qlater 8 Stores upper eight bit. of memory addresa for vectored interrupt 
proceaaing. 

R Refresh R9Qiater 8 ProVides user-transparent dynamic memory refresh. Automatically 
Incremented and placed on the addreaa bua during each 
instruction fetch cycle. 

IX Index R9Qiater 16 Ueed for Indexed addreaalng. 

IY Index R9Qiater 16 Same aa IX. above. 

SP Stack Pointer 16 Storea addre81e8 or data temporarily. See Puah or Pop In lnatruc-
tion set. 

PC Program Counter 16 Holda addreaa of next instruction. 

IFFJ-IFF2 Interrupt Enable Flip-Flops Set or reset to indicate Interrupt statua (see Figure 4). 

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

Tabl. 1. Z80 CPU. R-sriaten 

The CPU accepts two interrupt input signals: • Mode 1 - Peripheral Interrupt service, for 
use with non-8080/280 systems. NMI and INT. The NMI is a non-maskable 

interrupt and has the highest priority. INT is a 
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 280 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. 

• Mode 2 - a vectored interrupt scheme, 
usually daisy-chained, for use with 280 
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: 
GeD..al 
Operation 
(Continued) 

Hon-NaakGhl. Interrupt (NMI). The non· 
maskable intE'rrupt ~·.mnot be disabled by pro
gram control and tht'rt'!ore will be accepted at 
at all timE's by the CPU. Ntn is usually 
reserved lor servIcing only the highest priority 
type interrupts. such as that lor orderly shut
down after power i<1ilure 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. 

Maskabl. Interrupt (lNT). Regardless of the 
interrupt mode set by the user. the 280 
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 (Ml) cycle in 
which IORQ becomes active rather than 
MREQ, as in a normal MI cycle. In addition, 
this special MI 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. Mod~oper
ation is very similar to that for the NMI. The 
prinCipal difference is that the Mode I 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 (Ao) must be a zero .. ' 

Interrupt Priority (Dalay Chaining and 
H .. ted Int.rrupts). 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 (lEI) atld an. interrupt 
enable output line (lEO), which is fed to the 
next lower priority device. The first deVice in 
the daisy chain has its lEI 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 lEO line 
to the next lower priority peripheral until it has 
been serviced. After servicing, its lEO line is 
raised, allOWing lower priority peripherals to 
demand interrupt servicing. 

The 280 CPU will nest (queue) any pending 
interrupts or interrupts received while a 
selected peripheral is being serviced. 

Interrupt Enable/Disable Operation. 'Two 
flip-flops, IFFI and IFF2, 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 IFFI lFFZ Comments 

CPU Reset () 0 Maskable interrupt 
INT disabled 

Dl instruction 0 0 Maskable interrupt 
execution INT disabled 

EI instruction Maskable interrupt 
execution INT enabled 

LD A.I instruction !FF2 - Parity flag 
execution 

LD A.R instruction IFF2 - Parity flag 
execution 

Accept NMI 0 IFFj IFFj - IFF2 
(Maskable inter-
rupt Im' disabled) 

RETN instruction IFF2 IFF2 - IFFj at 
execution completion of an 

NMI service 
routine. 

Table 2. State of FlIp-Flop8 



Instruction 
Set 

a-Bit 
Load 
Group 

The 280 microprocessor has one of the most 
powerful and versatile instruction sets 
available in any S-bit microprocessor. It 
includes such unique operations as a block 
move for fast, efficient data transfers within 
memory or between memory and 110. It also 
allows operations on any bit in any location in 
memory. 

The following is a summary of the Z80 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc
tion. The Z80 CPU Technical Manual 
(03-0029-01) and Assembly Language 
Programming Manual (03-0002-01) contain 
significantly more details for programming 
use. 

The instructions are divided into the 
following categories: 

OS-bit loads 

o 16-bit loads 

o Exchanges, block transfers, and searches 

OS-bit arithmetic and logic operations 

o General-purpose arithmetic and CPU 
control. 

Iymbollc nag!! 
Ibemoalc 0perat10ll I H PlV " 

LOr. r' r _ r' · 0 X 0 X 0 

LOr, n · 0 X 0 X 

LO r, (HL) r - (HL) 0 0 Y- o X 
LO r, (lX+d) r - (lX+d) X 0 X · 
LD r, (lY +d) r - (lY+d) 0 0 X 0 X 0 

LO(HL), r (HL) - r 0 0 X 0 X 0 

LO (lX+d), r (IX+d) - r · 0 X 0 X 0 

lO (IY+d), r (IY+d) - r · 0 X · X 0 

lO (HL), n (HL) - n 0 0 X 0 X · 
lO (lX+d), n (IX+d) - n 0 0 X 0 X 0 

LD (lY+d), n (lY+d) - n 0 0 X · X · . 
LOA, (BC) A - (BC) 0 0 X 0 X 0 

LOA, (DE) A - (DE) 0 0 X · X 0 

LO A, (nn) A - (nn) 0 . X · X 0 

lO (BC), A (BC) - A 0 0 X 0 X · LO(DE), A (DE) - A 0 0 X 0 X · LO (nn), A (nn) - A 0 0 X 0 X 0 

LOA, I A -I I X 0 X IFF 0 

lOA, R A-R I X 0 IFF 0 

LOI.A 1- A 0 0 X 0 X 0 

LD R, A R-A 0 0 X 0 X 0 

NOTES: r. r' means any of the reQuters A. B. C. D. E. H. L. 
IFF the contont o! the Inte"upt .""ble lI:p·llop. UFFI .. 
copied 1010 the P,'V lIaq. 

For an explanahon 01 lIaQ nolatlon and limbols lor 
mnemoniC tables. see Symbohc Notation s~ctlon 
(oliowlr.Q tables. 

C 

0 

0 

0 

o I6-bit arithmetic operations 

o Rotates and shifts 

o Bit set, reset, and test operations 

o Jumps 

o Calls, returns, and restarts 

o Input and output operations 

A variety of addressing modes are 
implemented to permit efficient and fast data 
transfer between various registers, memory 
locations, and inpuVoutput devices. These 
addressing modes include: 

o Immediate 

o Immediate extended 

o Modified page zero 

o Relative 

o Extended 

o Indexed 

o Register 

o Register indirect 

o Implied 

o Bit 

Opcode "o.of "o.of • "o.of T 
"U3 210 Hex 17* CycMe Ilat. c--.. 

01 r r' ~ 00 r 110 
-n- 001 C 

01 r 110 7 010 0 
11 011 101 DO 19 011 E 
01 r 101 100 H 
-d- 101 L 

11 111 101 FO 19 111 A 
01 r 110 
-d-

01 110 r 7 
11 011 101 DO 19 
01 110 r 
-d-

11 111 101 FO 19 
01 110 r 
-d-

00 110 110 36 10 
-n-

11 011 101 DO 19 
00 110 110 36 
-d-

11 III 101 FO 19 
00 110 110 36 
-d-
-n-

00 001 010 OA I 7 
00 Oil 010 IA I 7 
00 III 010 3A 3. 13 

-n-
00 000 010 02 7 
00 010 010 12 7 
00 110010 32 13 
-n-
-n-

11 101 101 ED 
01 010 III 57 
11 101 101 ED 
01011 III SF 
11 101.101 ED 
01 000 III 47 
11 101 101 ED 
01 001 III 4F 
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16-BIt Load Ip.boUc no. Opcode 110." ........... T 

Group ~ 0penaUa. I Z • "" . C 7I1a :110 Be. Iy-. 0rc:J- ...... c.-.... 
LD dd. nn dd-nn · X · X · 00 ddO 001 HJ del Pair oc;---ac 

-n- 01 DE 
LD lX. nn lX-nn · X · X · II 011 101 DO 14 10 Hl 

00 100 001 21 11 SP 
-n-
-n-

lO IY. nn IY - nn · X · X · II III lor FD 14 
00 100 001 21 

-n-
lD Hl. (nn) H - (nn+1) · X · X · 00 101 010 2A 16 

l - (nn) 
-n-

LO dd. (nn) delH - (nn+ I) · X · X · II 101 101 EO 20 
ddl - (nn) 01 ddl 011 

-n-
lO IX. (nn) lXH - (nn+ I) · X · X · 11 011 101 DO 20 

IXl - (nn) 00 101 010 2A 
-n-
-n-

lO IY. (nn) IYH - (nn+ I) · X · X · II III 101 FD 20 
IYl - (nn) 00 101 010 2A 

-n-
-n-

Il lO (nn). Hl (nn+ I) - H. · X · X · 00 100 010 22 16 
(nn) - l 

-n- O 
lO (nn). del (nn+ I) - ddH · X · X · II 101 101 EO 20 " (nn) - ddl 01 ddO 011 • 

-n- d 
LO(nn).lX (nn+ I) - IXH · X · X · II 011 101 DO 20 

(nn) - IXl 00 100 010 22 

-n-
LO(nn).IY (nn+ I) - IYH · X · X · 11 III 101 FO 20 

(nn) - IYl 00 100 010 22 

-n-
lO SP. Hl SP - Hl · X · X · II III 001 F9 6 
lD SP. IX SP - IX · X · X · II 011 101 DO 10 

II III 001 F9 
lD SP. IY SP -IY · X · X · . II III 101 FD 10 

II III 001 F9 ~ 
PUSH qq (SP-2) - qql · X · X · II qqO 101 II 00 BC 

(SP-I) - qqH 01 DE 
SP-SP-2 10 Hl 

PUSH IX (SP-2) - IXl · X · X · II Oil 101 DO 15 II AF 
(SP-I) - IXH II 100 101 ES 
SP-SP-2 

PUSH IY (SP-2) - IYl · X · X · 11 III 101 FD 15 
(SP-I) - IYH II 100 101 E5 
SP - SP -2 

POPqq qqH - (SP+ I) · X · X · II qqO 001 10 
qql - (SP) 
SP-SP+2 

POP IX IXH - (SP+ I) · X · X · II 011 101 DO 14 
IXl - (SP') II 100 001 EI 
SP - SP +2 

POP IY IVH - (SP+ I) · X · X · II III 101 FD 14 
IYl - (SP) II 100 001 EI 
SP-SP+2 

NOTES' dd "any 01 the r~l.tt'r paIrs BC. DE. HL. SP. 
qq .1 any 01 the reQlster pain AF. SC. DE. HL. 
(PAIR)H. (PAjR)L reler to hlQh order and low order eUilJht bill ollh. req,ater pa.r respectively . 

•. <;1 .• BCL • C. AFH • A. 

Exchange. EX DE. Hl DE - Hl · X · X · II 101011 EB I 

Block EX AF. AF' AF - AF' · X · X · 00 001 000 00 I 
EXX BC-BC' · X · X · II 011 001 D9 I Reqialer bank and 

Transfer. DE - DE' auxIliary rllqlaler 

Block Search Hl - Hl' bank exchanq" 
EX (SP). Hl H - (SP+I) · X · X II 100 Oil E3 19 

Group. l - (SP) 
EX (SP). IX IXH - (SP+ I) · X · X · II 011 101 DO 23 

IXl - (SP) II 100 011 E3 
EX (SP).IY IYH - (SP+ I) · X · X · II III 101 FD 23 

IYl - (SP) 
<D 

II 100 011 £3 

lDi (DE) - (Hl) · X 0 X 0 . II 101 101 ED 16 Load (Hl) Into 
DE - DE+ I 10 100 000 AO (DE). increment 
Hl - Hl+1 th. polntera and 
BC - BC-I decrement the byte 

counter (BC) 
IDiR (DE) - (Hl) X 0 X 0 0 . II 101 101 ED 21 If BC __ 0 

DE - DE+ I 10110000 BO 16 If BC =0 
Hl - Hl+ I 
BC - BC-I 
Repeat unhl 
BC = 0 

NOTE: CDptV liaq 110 Illh4! resuh c! Be - l .: 0, OlrerwlM P/V ;0. 1. 
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Exchange. SpabolIc Flap Ope- ............ lfo.oIT 

Block II-ac o,..tloa S Z • PlY If C ""3210 .... 1ft- CycJ. , ..... c--.. 

Transfer. CD 
Block Search LDD (DE) - (HL) . . x X I 0 · 11 10) )01 ED 16 

Group. 
DE - DE-I 10 101 000 A8 
HL - HL-I 

(Continued) BC-BC-I 

LDDR (OE) - (HL) . X 0 X 0 0 · II 101 101 ED 21 IIBC _ 0 
DE - DE-I 10 III 000 B8 16 IIBC .. 0 
HL - HL-I 
BC - BC-I 
Repeat until 
BC - 0 

~ <D 
CPI A - (HL) X X I II 101 101 ED 16 

HL - HL+I 1010000) AI 
BC-BC-I 

~ <D 
CPIR A - (HL) I X X II 101 101 ED 21 IIBC.Oand 

A. (HL) 
HL - HL+ I 10 ilO 001 BI 16 IIBC-Oor 
BC-BC-I A .. (HL) 
Repeat until 
A - (HL) or 
BC = 0 

~ <D 
CPO A - (HL) X X II 101 101 ED 16 

HL - HL-I 10 101 001 A9 
BC-BC-I 

~ <D 
CPDR A - (HL) X X 11 101 101 ED 21 IIBC.Oand 

A • (HL) 
HL - HL-I 10 111 001 B9 16 IIBC .. Oor 
BC-BC-I A = (HL) 
Repeat until 
A .. (HL) or 
Be - 0 

NOTES: <D PlY naQ il 0 II tho r.lult 01 BC -) • O. otherwl .. PlY • ). 
~ z naQ il ) II A • (HLl. othorwi .. Z • o. 

a·BIt ADDA. r A - A + r X X V 10m'! r ~ 
Arithmetic ADDA. n A-A+n X X V 1I~1I0 000 B 

and Logical 001 C 
010 0 

Group ADDA. (HL) A - A + (HL) X X v 10~110 all E 
ADD A. (lX+d) A - A + (lX+d) X X V 11 011 101 DO 19 100 H 

10 mil 110 101 L 

- d - III A 
ADD A. (lY + d) A - A + (lY + d) X X V 0 11 111 101 FD 19 

10~1I0 

- d -
ADCA •• A - A+a+CY X X V !mIl • i.any of r. n. 

SUB. A - A-. X X v ImJ (HL). (IX + d). 
(lY + d) a. ahown 

SBCA •• A - A-.-CY X X V rnm for ADD Inltruction. 

AND. A-A". X X p lIm The indicated bit. 

OR. A - Av. X X 0 [@) replace the Em in 
the ADD set above. 

XOR. A - A •• X X P nmJ 
CPa A-a X X V [!] 
INCr r - r + I X X V 0 · 00 r n:m 4 

INC (HL) (HL) -(HL) + I X X V 0 · 00 1I0um 11 
INC (lX+d) (lX+d) - X X V 0 · 11 011 101 DO 23 

(lX+d)+1 00 1I0nm - d -
INC (lY +d) (IY+d) - X I X V 0 0 II 111 101 FD 23 

(IY+d)+1 00 1I0~ 

- d 
DECm m - m-I X X V I [[ml m i. any of r. (HL). 

(IX+d). (lY+d) 
aa ahown for INC. 
DEC I4me format 
and atates a. INC. 
Replace lIm with 
Ililllin opcode. 
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Geural- ....... n..- o.-- ,..... ........... , 
P1upoM -.... o,-IIIa • I • PlY • C " WIll ... .,. c,.-.. ..... c:---
ArIthmetic OM Con .... 8CIC. CXIIIMaI 1 I 1 P · 00 100 III 71 o.a-J ectJu-I 

INo s-:bd BCD aCCWIIUIMcw. 
cmd IoIbrIn9 add or 

CPUCoDtrol ~ad With s-:bd 
BCD~ 

GroUJM CPL A-X · · X X · 00 101 IJJ 21 Camp--
ac:o:::umWator (one'. 
CQIIIPIeawntI. 

NEG A-O-A X I X V 11 101 101 ED NeQu. 8CIC. (two'. 
01 000 100 .... coaap*-nl). 

CCF cy-a · · X X X · 0 00 III 111 3F Complement '*'Y 
11119. 

SCF CY -I · · 1 1 · 0 00 110 III 31 4 Set '*'Y flao· 
HOP No operation · · 1 · 1 · 00 000 000 00 4 
HALT CPU halted · · X · X · 01 110 110 7e 4 
01. IFF - 0 · · X · X · · 11 110 011 F3 4 
EI. IFF - I · X · X · II III 011 FB 4 
INO Set Interrupl X · X · · . II 101 101 ED 8 

mOdotO 01 000 110 46 
IMI Set In\emJpI · · X · X II 101 101 ED 

mode I 01 010 110 56 
INl Set Interrupt · · 1 · X II 101 101 ED 

model 01 011 110 !IE 

NOTIS: m IftdocaIoe ,he.-.up ___ lbp-llcp. 
CY I'*- 'he"rrt 11Jp-11cp . I • ,"*'-1-....-. ... nd .....,a.d .. the ....t aI EI or DI. 

18-llt ADDHL,. HL - HL+. · X 1 1 · 0 I 00.1001 II ~ Q 
ArIthmetic OOBC 

ADCHL,. HL - HL+.+CY t X X X V II 101 101 ED IS 01 DE a 
Group 01 ul 010 10 HL 

II SP 
SBC HL,. HL - HL-.-CY I 1 X X V II 101 101 ED IS 

01 uO 010 
ADDIl, pp Il-Il+pp · X 1 X · II 011 101 DO IS ~: 01 ppl 001 

01 DE 
'10 IX 
II SP 

ADD IY, rr IY -IY + rr · X X X · 0 II III 101 FO IS 00 ~. 00 rrl 001 
01 [,Z 
10 IY 
II SP 

INC .. u - .. + I · X · X · 00 uO 011 6 
INC IX IX - IX + I · X · X · II 011 101 DO 10 

00 100 011 23 
INCIY IY - ,IY + I · X · X · II III 101 FO 10 

00 100 011 23 
DEC .. u - u-I . · X · X 00 ul 011 6 
DEC Il IX - IX-I X · X · II 011 101 DO 10 

00 101 Oil 28 
DECIY IY - IY-I · X · X · II 111 101 FO 10 

00 101 011 28 

NOTES: • II on, ollhw req,.I.r po". BC. [lE. HI.. SP. 
PP If on, 01 ,he reqlll.r poln Be. DE. IX. SP. 
" II on, oIlhe _".I~r po". BC. DE. IY. SP. 

Rotate cmd 
@)~ ShUt Group RLCA X X · 00000111 (11 Rolale lett Circular 

aCCUr.lu,4tor. 

RLA l@j~ . · X X · 0 00 010 III 17 Rolale left 
accumu,.tor. 

RRCA LI , 0 f-l-[£!] · X X · 0 00 001 III OF Rola'e flQht circular 
accumulalor. 

RRA LEtF.§J · X X · 00 011 III IF Rolale rlQhl 
A accumulalor. 

RLCr X 0 X P 0 11 001 011 CB Rolale left circular 
00 000 r .ret)"ler r. 

RLC (HLI X X P 0 II 001 011 C8 IS ~. 
000 B 

00 000 110 001 C 

@)~ 0 II 011 101 DO 23 
010 0 

RLC (lX+d) I X 0 X· P 01; E 
r.(HL)(IX + d).(IY + d) II 001 011 CB 100 H - d - 101 L 

00 000 110 III A 

RLC IIY +d) X 0 X P 0 II III 101 FD 23 
II 001 Oil CB - d - Inslruction format 

l@=tEiP 00 000 110 and alalea are aa 
RLm X X 010 shown for RLe'a. 

m_r.(HL).(IX+ d).(lY +d) To focm new 

~@!] 
'.)pcode replace 

RRem X p 001 000 or RLC's 
m _ r .(HL).IIX + d).IIY + d) WIth ahown code. 
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Rotate and IfIDbolIc FIoga Opcode ..... ........... , 
ShUt Group .ae_oale 0peratI0a I B P/V " C " $&3 210 ... .,... eyes. ..... c-

(Continued) 
RR m ~@J X P a (ill] 

m.r.(HL).(IX+d).(IY +d) 

SLAm @]~o X P a fiJ9 
m.r.(HL).(lX +d).(IY+d) 

SRAm dJ=B-[ill P a (IQj] 
m.r.(HL).(IX +d).(IY +d) 

SRLm o~@!] X a P a IITil 
m.r.(HL).(IX +d).(IY +d) , 

RLD P-413~~ I X 0 X P a · II 101 101 ED 18 Rotate dlQlt Ielt and 
A (Hll 01 101 III 6F rlQht between 

the accumulator 

P-413:0 1 p'-28 ° I and locahon (HLI 
RRO X 0 X P a · 11 101 101 ED 18 The conlenl 01 Ihe 

A IHll 01 100 III 67 upper hall 01 
Ihe accumulalor .. 
unaUec1ed 

Bit Set. Reset BITb. r Z - rb x x x 0 · 11 001 all CB ~ and Test 01 b r 
BIT b. (HL) Z - (HL)b X X X X a · 11 001 all CB 12 001 C 

Group 01 b 110 010 0 
BIT b. (llI+dlb Z - (lX+d)b X I X X a · 11 all 101 DO 20 all E 

11 001 all CB 100 H - d - 101 L 
01 b 110 III A 

b BitTMled 
BIT b. (lY + d)b Z - (lY + d)b X I X 1 X X a · 11 III 101 FO 20 000 a 

11 001 all CB 001 1 - d - 010 2 
01 b 110 all 3 

100 4 
101' 5 
110 6 

SETb:r 
III 7 

rb - 1 · X · X · 11 001 all CB 
[j) b 

SET b. (HL) (HL)b - 1 · X · X · 11 001 all CB 15 
[Db 110 

S~T b. (lX+d) (lX'+d)b - 1 · X · X · 11 all 101 DO 23 
11 001 all CB - d -
[D b 110 

SET b. (IY + d) (lY+dlb - 1 · X · X · 11 111 101 FO 23 
11 001 all CB - d -
[j] b 110 

RES b. m mb - 0 · x · X · [ill To lorm new 
m. r. (HLI. opcode replace 

(lX+dl. [j] 01 SET b. I 
(lY +dl Wllh I@). FlaQI 

and hme Iiaies lor 
SET Inllruchon. 

NOTES: The nolation mb and,cales bit b (0 10 7) or location m 

Jump IP nn PC - nn · X · X . II 000 Oll C3 10 

Group - n - cc Condlhon 
IP cc. nn II condlhon cc IS · X · X . 11 cc 010 10 1XiQ"'NZn;;;;:mo 

true PC - nn. 001' Z zero 
otherwise 010 NC non· carry 
conhnue all C carry 

100 PO parity odd 
101 PE parity.ovon 
llO P IIQn POlltlVO 

IR 0 PC - PC+e · X · 00 all 000 18 12 III M .iQn neqahvo 
- .. -2 -

IR C. 0 II C = O. · X · OO'lllooo 38 '2 II cond,hon nol met. 
conhnue ;.. e-2 -
IIC = 1. 12 II cond.hon .. mel. 
PC - PC+e 

IRNC.o IIC = 1. · X · 00 110000 30 II condlhon nol met. 
continue - e-2 -
II C = O. 12 II condlhon il met. 
PC - PC+o 

IP Z. e II Z = 0 · X · X 00 101 000 28 II (.ond,hon not met. 
continue - e-2 -
II Z = 1. 12 II condlhon I. mel. 
PC - PC+o 

IR NZ. 0 II Z = 1. · X · X 00 100 000 20 II condihon nol met. 
continue - e-2 -
II Z = O. 12 II condihon is met. 
PC - PC+e 

IP(HL) PC - HL · X · 11 101 001 E9 

IP(lX) PC -IX · X · II Oll 101 DO 
11 101 001 E9 
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Jump Group .,... ,. o,.M ..... .......... r 
(Continued) II--" o,....a- • I • '" . C ,. .. 111 .. .,.. c,cs. .... c---

JPUY) PC -IY I · I II III 101 FD 8 
II 101001 D 

000, • B - B-1 • . I · I · 00 010 000 10 8 U B • O. 
UB·O, - .-2,. 
oonUDue 
UB.O, 13 U B. O. 
PC - PC+. 

NOTES: • --'" the'-III the .. !All .. ~ ... , 
• Ie. eIQDed _'I ~ n ...... ' In the ,_ < -Ill, 1:111 > . 
• -:llll the CII)COde _ ...... ellec1l •• ..tdr.- ... pc .... PC .. 1---.1 

br :l pIoI' ... the addIt_ ..... 

ean cmd CALLM (SP-I) - PCH · I · X · II 001 101 CO 17 

R.~Group (SP-2) - PCL 
PC-M 

CALLcc, M U condition · · I · X · . . II ccloo 10 Uccllla .... 
cc .. /aIM 
oonUnue, 17 U cc lalrue. 
otherwlae _ u 

CALLM 

RET PCL - (SP) · X · X · II 001 001 C9 10 
PCH - (SP+1l 

'1 RETcc II condIuon X · X IIccOOO IIcc .. Ia .... 
cc .. fw. 
conllnue. II U cc .. true. g 
otherwlee cc Condillon 
_u 600 NZ non·zero CI 
RET 001 Z zero 

REn Return from · .. X · X · II 101 101 ED 14 
010 NC non·c:erry 

tnlemlpl 01 001 101 40 
011 C carry 

RETNI R.turn from · X · X · II 101 101 ED 14 
100 PO parity odd 

non·muUble 01 000 101 4S 
101 PE parity.ven 
110 P IIQII poelli •• 

Inlemlpl 
III '" IIQnMQalive 

RSTp (SP-I) - PCH · · X · X · II I III II 
~ (SP-2) - PCL 

PCH-O 001 OOH 
PCL-P 010 10H 

011 18H 
100 20H 
101 28H 
110 30H 
III J8H 

NOTE: I RETN Ioedo IFF:l - IFF I 

Input and IN A. (n) A - (n) X · X II 011 011 DB II n to Ao - A7 

Output Group - n - Ace. 10 As - AIS 
IN r. (C) r-(C) X X 0 . II 101 101 ED 12 C 10 Ao - A7 

il , 2 110 only the 01 r 000 BtoAs - AI5 
Ilaql will be allec:ted 

CD 
INI (HL) - (C) X X X X X II 101 101 ED 16 e to Ao - A7 

B - B-1 10 100 010 A2 BloAs - AIS 
HL-HL.I 

INIR (HL) - (C) X X X X X II 101 101 ED S 21 C 10Ao - A7 
B - B-1 10110010 B2 (IIB.O) BtoAs - AIS 
HL - HL + I 4 16 
R~tunlll (11 B.O) 
B s 0 

CD 
INO (HL) - (C) I X X X X II 101 101 ED 16 C 10Ao - A7 

B - B-1 10 10i 010 AA BloAs - AIS 
HL - HL-I 

INOR (HL) - (C) X X X X II 101 101 ED S 21 C to Ao - A7 
B - B-1 10 III 010 BA (11 B .. O) B 10 As - AIS 
HL - HL-I 4 16 
Repeal until (11 B·O) 
B = 0 

OUT (n). A (n) - A . X · X . 11 010011 03 11 n 10 AO - A7 - n - Ace. 10 As - AIS 
OUT (C). r (e) - r . X · X . II 101 101 ED 12 CloAo - A7 

CD 
01 r 001 BloAs - AIS, 

OUT! (e) - (HL) X I X X X II 101 101 ED 16 Cto Ao - A7 
B - B-1 10 100 Oil A3 B to As - AIS 
HL - HL • I 

OTIR (C) - (HL) X X X X X I II 101 101 ED 5 21 C to Ao - A7 
B - B-1 10 110 Oil B3 (11 B .. O) B to As - AIS 
HL - HL • I 4 16 
Repeal unlll (II B=O) 
B.O 

CD 
OUTD (e) - (HL) X X X X 11 101 101 ED 16 C 10 Ao - A7 

B - B-1 10101011 AB B to As - AIS 
HL - HL-I 

NOTE: CD II the , •• ult 01 B-1" ""0 the Z 114'1 I. OIl. olherwoao II I. , ... 1. 
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IDput aDd IfIIIIIoIIc na.. 0pc0cIe 110.01 "0.01 II "0.01 T 

Output Group ~c Openrdoa S Z H PlY If C ,. sa 110 .... Jyt. Cyc- Slat .. c--.. 

(Continued) OTDR (C) -(HL) X X X X II 101 101 ED 5 21 CtoAo - A7 
B - 8-1 10 111 Oil (If B .. O) BloAs - AI5 
HL - HL-I 4 16 
Repeet :.nhl (1/ B-O) 
B.O 

Summary '01 Dr Da 
Flag IMInaclloa z H PlY If C eo.-. .. 
OperatlOD ADD A. I; AOC A. I X X V 0 I 8-bil .dd or addwilh c.ury. 

SUB I; SBC A. I; CP I: NEG X X V I I 8-l1lt lubtract. subtract with carry. compare and neqate accumulator. 
AND. X X P 0 g} OR I. XOR. X X P 0 Loqlcal operahonl, 

INC. X X V 0 8-bit increment. 
DEC., X I X V I 8-blt decrement. 
ADDDD. II X X X 0 16-bit add. 
AOC HL. II X X X V 0 16-blt add with carry. 
SBCHL. II X X X V I 16-bit lubtract wIth carry. 
RLA. RLCA. RRA; RReA X 0 X 0 Rotate accumulator. 
RL m; RLC m: RR m: X 0 X 0 Rotate and .hift locations. 

RRC m; SLA m: 
SRA m: SRLm 

RLD; RRD X 0 X P Rotale diQit left and riQht. 
D'AA X I X P Decimal adjust accumulator. 
CPL X I X I . Complement accumulator. 
SCF X 0 X 0 Set carry. 
CCF X X X 0 Complement carry. 
INr(C) I I X 0 X P 0 Input reQister indirect. 
INI. IND. OUT!; OUTD X I X X X X I :} Block input and output. Z = 0 if B .. 0 otherwise Z = O. 
INIR; INDR: OTIR: OTDR X I X X X X I 
LDI: LDD X X X 0 X 0 : } Block trdnsler instructions, P/V = I il BC .. O. otherwise PIV ,. O. 
LDIR: LDDR X X X 0 X 0 
CPI: CPIR; CPO; CPDR X X X X I Block search instructions. Z = I if A = (HLI. otherWise Z .. O. PIV ,. I 

il BC __ O. otherwise PlY ,. O. 
LD A. I. LD A. R I X X IFF 0 The content of the interrupt enable flip-flop (IFF) is copied Into Ihe PIV flaQ. 
BIT b .• X X X X 0 The siate 01 bit b of location s is copied into the Z f1aQ. 

Symbollc Symbol Op.ratioD Symbol Op.ratioD 

NotatioD S Sign fldg. S = 1 if the MSB of the result is 1. I The fldg is df/ected according to the result of the 
Z Zero fldg. Z = 1 if the result of the operdtion is O. operdtion. 
PIV Pdrity or overflow flag. Pdrity (P) dnd overflow The flag is unchdnged by the operdtion. 

(V) share the Sdme fldg. Logical operdtions af/ect 0 The fldg is reset by the operation_ 
this fldg with the parity of the result while 1 The flag is set by the operdtion. 
drithmetic operdtions dffect this flag with the X The flag is a "don't care." 
overflow of the result. If P/V holds parity, P/V V P/V H:1g affected according to the overflow result 
1 if the rc~~ult of the operation is even, PIV = 0 if of the operation. 
result is ,dd. If P/V holds overflow, PiV = 1 if P P/V flag affected according to the parity result of 
the res\.l' .,' the operation produced an overflow. the operation. 

H Hdlf-cdl r' 'iag. H = 1 if the add or subtract Anyone of the CPU registers A. B, C, D, E, H, L. 
operdtir, ·:·.-oduced a carry into or borrow from Any B-bit location for dll the addressing modes 
bit 4 of ~ '" accumulator. allowed for the particular instruction. 

N Add/Su' , 'let fldg. N = 1 if the previous opera- ss Any 16-bit location for all the addressing modes 
tion WdS :l.1btract. allowed for that instruction. 

H&N H dnd~: ' ·.:Js are used in conjunction with the Ii Anyone of the two index registers IX or IY. 
decimal :"ISt instruction (DAA) to properly cor- R Refresh counter. 
rect th .... ,It into packed BCD format following n B-bit value in range < O. 255 >. 
additior' ;ubtraction using operands with nn 16-bit value in range < 0, 65535 >. 
packed : ,) format. 

C Cdrry/Li : fldg. C = 1 if the operation produced 
d carry L :n the MSB of the operand or result. 

2001·001 



Pln 
Descrlptlons 

Ao-A15. Address Bus (output, active High, 
3-state). Ao-AlS form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
1/0 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, 10RQ, 
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, 10RQ, 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-D,. Data Bus (input/output, active High, 
3-state). Do-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and 1/0. 

HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
irtstruction 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 flip-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). 10RQ indicates that the lower 
half of the address bus holds a valid 1/0 
address for an I/O read or write operation. 
10RQ is also generated concurrently with MI 
during an interrupt acknowledge cycle to indi
cate that an interrupt response vector can be 

placed on the data bus. 

MI. Machine Cycle One (output, active Low). 
MI, together with MREQ, indicates that the 
current machine cycle is the opcode fetch 
cycle of an instruction execution. MI, together 
with 10RQ, indicate~ an interrupt acknowledge 
cycle. 

MBEQ. Memo.!I.!J!!9uest (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 I/O device or memory should use 
this signal !o 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 O. 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. Waif (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 I/O location. 



CPU Timing The Z80 CPU executes instructions by pro· 
ceeding through a specific sequence of open~· 
tions: 

• Memory read or write 

• 110 device read or write 

• Interrupt acknowledge 

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 ChiEJ:nable to dyna
mic memories. When active, RD indicates that 
the memory data can be enabled onto the CPU 

T, 

CLOCK 

Ao-Au 

iiiiiQ 

AD 

WAlT 

iii 

( « ( ~ 

The wSic clock period is referred to as a 
T time or cycle, and three or more T cycles 
malce up a machine cycle (MI, 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. 

data bus. 
The CPU samples the WAIT input with the 

rising edge of clock state T3. During clock 
states T3 and T4 of an MI 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. 

-----FI"..r-~l-r~ ~Z2 
Ami r---------' 

NOTE: Tw·Wait cycle added when necessary lor slow ancilliary devices, 

Figure 5. Instruction Opcode Fetch 
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CPU 
Timing 
(Continued) 

2005-883 

Memory Read or Write Cyc~. Figure 6 
shows the timing of memory read or write 
cycles other than an opcode fetc;h (Ml) cycle. 
The MREQ and RD signals function exactly as 
in the fetch cycle. In a memory write cycle, 
MREQ also becomes active when the address 

bus is stable, so that it can be used directly as 
a Chip Enable for dynamic memories. The WR 
line is active when the data bus is stable, so 
that it can be used directly as an RJW pulse to 
most semiconductor memories. 

Figure 6. Memory Read or Write Cycle. 



CPU 
Timing 
(Continued) 

Input or Output Cycles. Figure 7 shows the 
timing for an I/O read or I/O write operation. 
During I/O operations, the CPU automatically 

Tw' 

CLOCK 

AO-A 

Wiii 

inserts a single Wait state (Tw)' This extra Wait 
state allows sufficient time for an I/O port to 
decode the address and the port address lines. 

Tw 

--~~---r--------~~~~' 

{

Viii 

WRI~~ 

OPERATION -----~========:::==~~~==:::1 00-07 

NOTE: Tw' = One Walt 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 Ml cycle is generated. 

During this Ml cycle, IORQ 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. 

AO-AlIl ______ +-.J'~------p...;.C-+---++_";.--*-*--',,..--

Wiii 
-------~-------------~--~~-

-'MD 
00-07::======j1---~-----------188E(=~~=)(~~~)C: 

NOTE: 1) TL = ldst state 01 previous instruction. 2) Two Wait cycles automatically inserted by CPU('). 

Figure 8. Interrupt Request! Acknowledge Cyc:l. 
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CPU 
Timing 
(Continued) 
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Non-Maskable Interrupt Request Cycle. 
NMI is sampled at the same time as the 
maskable interrupt input INT but has higher 
priority and cannot be disabled under software 
control. The subsequent timing is similar to 

CLOCK 

""-.... 

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). 

--------------------------------------~1~~------------------_+J 

111 

• Although NMI is an asynchronous input, to ~antee its being 
recognized on the folloWing machine cycle, NMI's falling edge 

must occur no later ~: the rising edge of the clock cycle 
preceding TLAST. 

Figure 9. Non·Maskable Interrupt Request 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, 10RQ, RD, and WR 

CLOCK 

lines to a higr ';)edance state with the rising 
edge of the nE .. lock pulse. At that time, any 
external devic,' .dn take control of these lines, 
usually to transier data between memory and 
I/O devices. 

T, T, T, 

.u."Eii 
--------------~~~--------~~--~,r------------' 

""-.... ----------------------------------------I-J,---I';-------------------11 

Do-D, ==========t:~~,~-----~~!.--------H 

111 

H .. LT UNCHANGED 

--------------------------------~------------------------------------------
NOTE: TL = Last state of any M cycle. TX'" An arbitrary clock cycle used by requesting device. 

Figure 10. Bus Reque.tl Acknowledge Cycle 



CPU 
Timing 
(Continued) 

Halt AcJmowledge Cycle. When the CPU 
receives a HALT instruction, it executes NOP 
states until either an INT or NQf input is 

received. When in the Halt state, the I1XLT 
output t. actlve.and remains 10 until an inter
rupt is proceaed (Figure 11). 

111 .1- 111 .,. Itt 

C-. J\fLJ\PJ\f'J\ 
~ .... ;;:: ,H€J' 

.... ~ 

NOTE: IN! will also force a Halt exit. OSee note, Figure 9. 

Figure II. Hall 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 

CLOCK 

Do-DJ 

------------------------
111 ____________ 1 : 

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

!4---1111---. - - -

~----------------~~~~~-------()--------------------------~-------------BUm !IlIll/ II \~ ____ _ 

HALT 

Figure 12. R ... t Cycle 
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AC ZSO CPU ZSOACPU ZSOB CPU 
Charac- Min Max Min Max Min Max 
terlstlCII Number Symbol Parameter (as) (as) (as) (lIS) (nil) (nil) 

1 TcC Clock Cycle Time 400- 250- 165-

2 TwCh Clock Pulse Width (High) ISO- 110- 65-

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

4 TfC Clock Fall Time 30 30 20 

5-TrC Clock Rise Time 30 30 20 

6 TdCr(A) Clock , to Address Valid Delay 145 110 90 

7 TdA(MREQf) Address Valid to MREQ 125- 65- 35-
I Delay 

8 TdCf(MREQf) Clock I to MREQ I Delay 100 85 70 

9 TdCr(MREQr) Clock , to MREQ , Delay 100 85 70 

10 - TwMREQh -- MREQ Pulse Width (High) --- 170- 110- 65---

11 TwMREQl MREQ Pulse Width (Low) 360- 220- 135-
II 12 TdCf(MREQr) Clock I to MREQ , Delay 100 85 70 0 

13 TdCf(RDf) Clock I to RD I Delay 130 95 80 ft 

14 TdCr(RDr) Clock , to RD , Delay 100 85 70 ... 
CS 

15-TsD(Cr)--- Data Setup Time to Clock' --- 50 35 30---

16 ThD(RDr) Data Hold Time to RD , 0 0 0 

17 TsWAlT(Cf) WAIT Setup Time to Clock I 70 70 60 

18 ThWAIT(Cf) WAIT Hold Time after Clock I 0 0 0 

19 TdCr(Mlf) Clock' to Ml I Delay 130 100 80 

20-TdCr(Mlr)-- Clock' to Ml , Delay 130 100 80 

21 T dCr(RFSHf) Clock , to RFSH I Delay 180 130 110 

22 TdCr(RFSHr) Clock , to RFSH , Delay 150 120 100 

23 TdCf(RDr) Clock I to RD , Delay 110 85 70 

24 TdCr(RDf) Clock , to RD I Delay 100 85 70 

25-TsD(Cf)--- Data Setup to Clock I during -- 60 50 40---
M2, M3, M4 or Ms Cycles 

26 TdA(lORQf) Address Stable prior to IORQ I 320- 180* 110* . 

27 TdCr(lORQf) Clock , to IORQ I Delay 90 75 65 

28 TdCf(IORQr) Clock I to IORQ , Delay 110 85 70 

29 TdD(WRf) Data Stable prior to WR I 190- 80- 25* 

30 - T dCf(WRf) -- Clock I to WR I Delay 90 80 70 

31 TwWR WR Pulse Width 360- 220* 135* 

32 TdCf(WRr) Clock I to WR , Delay 100 80 70 

33 TdD(WRf), Data Stable prior to WR I 20* -10· -55* 

34 TdCr(WRf) Clock , to WR I Delay 80 65 60 

35 -TdWRr(D)-- Data Stable from WR , 120- 60* 30*--

36 TdCf(HALT) Clock I to HALT' or I 300 300 260 

37 TwNMl NMl Pulse Width 80 80 70 

38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock , 80 50 50 

·For clock periods other than the minimums shown In the table. 
calculate perameters using the expressions In :he table on the 
following pege, 



AC 
Charac-
terlstlcs 
(Continued) 

zao CPU Z80ACPU zaoB CPU 
Min Max Min Max MID Max 

N~ Symbol Parameter (I.) (us) (us) (us) (us) (us) 

39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock I 0 0 0 

40 -TdCr(BUSACKf)-Clock I to BUSACK I Delay 120 100 90 
41 TdCf(BUSACKr) Clock I to BUSACK I Delay 110 100 90 
42 TdCr(Dz) Clock I to Data Float Delay 90 90 80 
43 TdCr(CTz) Clock I to Control Ou!puts Float 110 80 70 

Dela~REQ, IORQ, RD, 
and WR) 

44 TdCr(Az) Clock I to Address Float Delay 110 90 80 
45-TdCTr(A)---Address Stable after MREQ 1,--160* 80* 35*--

IORQ I, RD I, and WR I 

46 TsRESET(Cr) RESET to Clock t Setup Time 90 60 60 

47 ThRESET(Cr) RESET to Clock t Hold Time 0 0 0 

48 TsINTf(Cr) INT to Clock t Setup Time 80 80 70 

49 ThINTr(Cr) INT to Clock t Hold Time 0 0 0 

50 - TdMlf(IORQf) - M1 I to IORQ I Delay 920* 565* 365*--

51 TdCf(lORQf) Clock I to IORQ I Delay 

52 TdCf(IORQr) Clock t to IORQ t Delay 

53 TdCf(D) Clock I to Data Valid Delay 

'For clocle 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 

110· 85 

100 85 

230 150 

Number Symbol zao zaOA zaOB 

70 

70 

130 

TcC TwCh + TwCl + TrC + TIC TwCh + TwCl + TrC + TIC TwCh + TwCl, + T~C + TIC 

2 TwCh Although static by design, Although static by design, Although static by design, 
TwCh 01 greater than 200 I'S TwCh 01 greater than 200 I'S TwCh 01 greater than 200 I'S 
is not guaranteed is not guaranteed is not guaranteed 

7 - TdA(MREQf) - TwCh + TIC - 75 ---- TwCh + TIC - 65 ---- TwCh + TIC - 50 ----

10 TwMREQh TwCh + TIC - 30 TwCh + TIC - 20 TwCh + TIC - 20 

11 TwMREQl TcC - 40 TcC - 30 TcC - 30 

26 TdA(IORQf) TcC - 80 TcC - 70 TcC'- 55 

29 TdD(WRf) TcC - 210 TcC - 170 TcC - 140 

31- TwWR ---TcC - 40 ------- TcC - ;30 TcC - 30 -------

33 TdD(WRf) TwCl + TrC - 180 TwCl + TrC - 140 TwCl + TrC - 140 

TdWRr(D) TwCl + TrC - 80 35 

45 

.50 

TdCTr(A) TwCl + TrC - 40 

TdMlf(lORQf) 2TcC + TwCh + TIC - 80 

AC Test Conditions: 
VIH = 2.0 V 
VIL = O.B V 
VIHC = VCC·-0.6 V 
VILC = 0.45 V 

VOH = 2.0 V 
VOL = O.B V 
FLOAT = :to.5V 

TwCl + TrC - 70 TwCl + TrC - 55 

TwCl + TrC - 50 TwCl + TrC - 50 

2TcC + TwCh + TIC - 65 2TcC + TwCh + TIC - 50 
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Zilog 

Features 

General 
Description 

2032-0125, 0126 

• Transfers, searches and search/transfers in 
Byte-at-a-Time, Burst or Continuous modes. 
Cycle length and edge timing can be pro
grammed to match the speed of any port. 

• Dual port addresses (source and destination) 
generated for memory-to-I/O, memory
to-memory, or I/O-to-I/O operations. 
Addresses may be fixed or automatically 
incremented! decremented. 

• Next-operation loading without disturbing 
current operations 'via buffered starting-

The 2-80 DMA (Direct Memory Access) is a 
powerful and versatile device for controlling 
and processing transfers of data. Its basic 
function of managing CPU-independent 
transfers between two ports is augmented by 
an array of features that optimize transfer 
speed and control with little or no external 
logic in systems using an 8- or 16-bit data bus 
and a 16-bit address bus. 

Do Ao 
D, A, 

D, ... ',-1 D, ... 
DATA 

D. "-BU. 
D, Ai 

Do Ao 

117 A, .YST.II 
ADDR ••• 

Ao BU. 
IUSREQ Ao 

BU. { iiAi A,. CONTROL 
iiAO 

ZIODIIA A" 
Au 

Au 

1014 

iii A" ... -{ 10RQ 

CONTROL MREQ RDY } DIIA 
BU. AD CElWAIT CONTROL 

Wii OO/PUlSE 

lEI } INTERRUPT 
CONTROL 

+5V GND elK 

Figure 1. Pin Functions 

Z8410 
Z80~ DMA Direct 
Memory Access Controller 
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address registers. An entire previous 
sequence can be repeated automatically. 

• Extensive programmability of functions. 
CPU can read complete channel status. 

• Standard 2-80 Family bus-request and 
prioritized interrupt-request daisy chains 
implemented without external logic. 
Sophisticated, internally modifiable inter
rupt vectoring. 

• Direct interfacing to system buses without 
external logic. 

Transfers can be done between any two ports 
(source and destination), including memory-to
I/O, memory-to-memory, and I/O-to-I/O. Dual 
port addresses are automatically generated for 
each transaction and may be either fixed or 
incrementing/decrementing. In addition, bit
maskable byte searches can be performed 
either concurrently with transfers or as an 
operation in itself. 

AI 00 Ao 

Ai 31 A, 

Ai 31 lEI 

... 31 OO/PUlSE 

A, 31 lEO 

Ao 35 Do 
elK 34 D, 

WII 33 0. 
lUI 32 0. 

fljJill 10 ZIODIIA 31 D. 

+5V 11 30 GND 

IiIfEll 12 21 D, 

m 13 21 Do 
m 21 117 

IUSREQ iii 
CElWAlT 25 RDY 

1015 24 Ao 
A,. ,. 23 Ao 
Au 22pA10 

Au 21P A1t 

Figure 2. Pin Aallgnmentl 
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General 
Description 
(ConUnped) 

Functional 
Description 

The Z-80 DMA contains direct interfacing to 
and independent control of system buses, as 
well as sophisticated bus and interrupt con
trols. Many programmable features, including 
variable cycle timing and auto-restart, 
minimize CPU software overhead. They are 
especially useful in adapting this special-

Classes of Operation. The Z-80 DMA has 
three basic classes of operation: 

• Transfers of data between two ports (memory 
or I/O peripheral) 

• Searches for a particular 8-bit maskable 
byte at a single port in memory or an I/O 
peripheral 

• Combined transfers with simultaneous 
search between two ports 

Figure 4 illustrates the basic functions 
served by these classes of operation. 

During a transfer, the DMA assumes control 
of the system address and data buses. Data is 
read from one addressable port and written to 
the other addressable port, byte by byte. The 
ports may be programmed to be either system 
main memory or peripheral I/O devices. Thus, 
a block of data may be written from one 
peripheral to another, from one area of main 
memory to another, or from a peripheral to 
main memory and vice versa. 

CPU 

+5V 

T 
lEI 

ZClTO, 

CTC 
ZClT02 iNT 

lEO 

SIO 

SYSTEM 
BUSES 

A J... 

'i r 

r--+ 

-

-!.-

J -
A lI. 

~ -y 

DMA 

iNr 

ROY 

lEI 

lEO 
iNr 
lEI 

ROY 

DMA 

Figure 3. Typical Z-80 Environment 

purpose transfer processor to a broad variety 
of memory, I/O and CPU environments. 

The Z-80 DMA is an n-channel silicon-gate 
depletion-load device packaged in a 40-pin 
plastic or ceramic DIP. It uses a single + 5 V 
power supply and the standard Z-80 Family 
single-phase clock. 

During a search-only operation, data is read 
from the source port and compared byte by 
byte with a DMA-internal register containing a 
programmable match byte. This match byte 
may optionally be masked so that only certair. 
bits within the match byte are compared. 
Search rates up to I.25M bytes per second cc n 
be obtained with the 2.5 MHz Z-80 DMA or 2 M 
bytes per second with the 4 MHz Z-80A DMA. 

In combined searches and transfers, data 
is transferred between two ports while 
simultaneously searching for a bit-maskable 
byte match. 

Data transfers or searches can be pro
grammed to stop or interrupt under various 
conditions. In addition, CPU-readable status 
bits can be programmed to reflect the 
condition. 

Modes of Operation. The Z-80 DMA can be 
programmed to operate in one of three transfer 
and! or search modes: 

• Byte-at-a- Time: data operations are per
formed one byte at a time. Between each 
byte operation the system buses are releas·!d 
to the CPU. The buses are requested agair~ 
for each succeeding byte operation. 

• Burst: data operations continue until a 
port's Ready line to the DMA goes inactive. 
The DMA then stops and releases the system 
buses after completing its current byte 
operation. 

• Continuous: data operations continue until 
the end of the programmed block of data is 
reached before the system buses are 
released. If a port's Ready line goes inacthe 
before this occurs, the DMA simply pauses 
until the Ready line comes active again. 

Z·80 DMA 

1. Sllrch mlmory 
2. Trln,'" mlmory·to-mlmory (optional ,.arch) 
3. Trln,'" memory·to-I/O (optional ... rch) 
4. Search I/O 
5. Trln,'" 1I0·to-1I0 (optional .... ch) 

figure 4. Basic FunctioD8 of the Z-BO DMA 
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In all modes, once a byte of data ie r":r)rj mtf"" 
the DMA, the operation on the byte will ~h 
completed in an orderly fashion, regardless of 
the state of other signals (including a port's 
Ready line). 

Due to the DMA's high-speed buffered 
method of reading data, operations on one 
byte are not completed until the next byte is 
read in. This means that total transfer or 
search block lengths must be two or more 
bytes, and that block lengths programmed into 
the DMA must be one byte less than the 
desired block length (count is N-I where N is 
the block length). 

Commands and Status. The Z-80 DMA has 
several writable control registers and readable 
status registers available to the CPU. Control 
bytes can be written to the DMA whenever the 
DMA is not controlling the system buses, but 
the act of writing a control byte to the DMA 
disables the DMA until it is again enabled by a 
specific command. Status bytes can also be 
read at any such time, but writing the Read 
Status Byte command or the Initiate Read 
Sequence command disables the DMA. 

Control bytes to the DMA include those 
which effect immediate command actions such 
as enable, disable, reset, load starting-address 
buffers, continue, clear counters, clear status 
bits and the like. In addition, many mode
setting control bytes can be written, including 
mode and class of operation, port configura
tion, starting addresses, block length, address 
counting rule, match and match-mask byte, 
interrupt conditions, interrupt vector, status
affects-vector condition, pulse counting, auto 
restart, Ready-line and Wait-line rules, and 
read mask. 

Readable status registers include a general 
status byte reflecting Ready-line, end-of-block, 
byte-match and interrupt conditions, as well as 
2-byte registers for the current byte count, 
Port A address and Port B address. 

Variable Cycle. The Z-80 DMA has the 
unique feature of programmable operation
cycle length. This is valuable in tailoring the 
DMA to the particular requirements of other 
system components (fast or slow) and max
imizes the data-transfer rate. It also eliminates 
external logic for signal conditioning. 

There are two aspects to the variable cycle 
feature. First, the entire read and write cycles 
(periods) associated with the source and 
destination ports can be independently pro
grammed as 2, 3 or 4 T-cycles long (more if 
Wait cycles are used), thereby increasing or 

'~/;';r':();ur.q the ~~d witr. which all DMA 
f:vJrj,)I~ (;rlange (Figure 5). 

S~:-:;"Jnd, the four signals in each port 
Sr.hClfically associated with transfers of data 
(I/O Request, Memory Request, Read, and 
Write) can each have its active trailing edge 
terminated one-half T-cycle early. This adds a 
further dimenSion of flexibility and speed, 
allowing such things as shorter-than-normal 
Read or Write signals that go inactive before 
data starts to change. 

Address Generation. Two 16-bit addresses are 
generated by the Z-80 DMA for every transfer 
operation, one address for the source port and 
another for the destination port. Each address 
can be either variable or fixed. Variable 
addresses can increment or decrement from 
the programmed starting address. The fixed
address capability eliminates the need for 
separate enabling wires to I/O ports. 

Port addresses are multiplexed onto the 
system address bus, depending on whether the 
DMA is reading the source port or writing to 
the destination port. Two readable address 
counters (2 bytes each) keep the current 
address of each port. 

Auto Restart. The starting addresses of either 
port can be reloaded automatically at the end 
of a block. This option is selected by the Auto 
Restart control bit. The byte counter is cleared 
when the addresses are reloaded. 

The Auto Restart feature relieves the CPU of 
software overhead for repetitive operations 
such as CRT refresh and many others. More
over, when the CPU has access to the buses 
during byte-at-a-time or burst transfers, dif
ferent starting addresses can be written into 
buffer registers during transfers, causing the 
Auto Restart to begin at a new location. 

Interrupts. The Z-80 DMA can be programmed 
to interrupt the CPU on three conditions: 

• Interrupt on Ready (before requesting bus) 

• Interrupt on Match 

• Interrupt on End of Block 

eLK 

E
u,~.~~,,, ... 
3-CYCLE~ FOR CONTROL SIGNALS 

4·CYCLE ! _, 

Figure 5. Variable Cycle Length 
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Description 

Any of these interrupts cause an interrupt
pending status bit to be set, and each of them 
can optionally alter the DMA's interruJM vec
tor. Due to the buffered constraint mentioned 
under "Modes of Operation," interrupts on 
Match at End of Block are caused by matches 
to the byte just prior to the last byte in the 
block. 

The DMA shares the Z-80 Family's elaborate 
interrupt scheme, which provides fast inter
rupt service in real-time applications. In a 
Z-80 CPU environment, the DMA passes its 
internally modifiable 8-bit interrupt vector to 
the CPU, which adds an additional eight bits 
to form the memory address of the interrupt
routine table. This table contains the address 
of the beginning of the interrupt routine itself. 

Ao-AlS. System Address Bus (output, 3-state). 
Addresses generated by the DMA are sent to 
both source and destination ports (main 
memory or I/O peripherals) on these lines. 

BAI. Bus Acknowledge In (input, active Low). 
Signals that the system buses have been 
released for DMA control. In multiple-DMA 
configurations, the BAI pin of the highest 
priority DMA is normally connected to the Bus 
Acknowledge pin of the CPU. Lower-priority 
DMAs have their BAI connected to the BAO of 
a higher-priority DMA. 

BAO. Bus Acknowledge Out (output, active 
Low). In a multiple-DMA configuration, this 
pin signals that no other higher-priority DMA 
has requested the system buses. BAI and BAO 
form a daisy chain for multiple-DMA priority 
resolution over bus control. 

BUSREQ. Bus Request (bidirectional, active 
Low, open drain). As an output, it sends 
requests for control of the' system address bus, 
data bus and control bus to the CPU. As an 
input, when multiple DMAs are strun~ 
together in a priority daisy chain via BAI and 
BAO, it senses when another DMA has 
requested the buses and causes this DMA to 
refrain from bus requesting until the other 
DMA is finished. Because it is a bidirectional 
pin, there cannot be any buffers between this 
DMA and any other DMA. It can, however, 
have a buffer between it and the CPU because 
it is unidirectional into the CPU. A pull-up 
resistor is connected to this pin. 

CElWAIT. Chip Enable and Wait (input, 
active Low). Normally this functions only as a 
CE line, but it can also be programmed to 
serve a WAIT function. As a CE line from the 
CPU, it becomes active when WR and IORQ 
are active and the VO port address on the 

In this process, CPU control is transferred 
directly to the interrupt routine, so that the 
next instruction executed after an interrupt 
acknowledge is the first instruction of the inter
rupt routine itself. 

Pulse Generation. External devices can keep 
track of how many bytes have been transferred 
by using the DMA's pulse output, which pro
vides a signal at 256-byte intervals. The inter
val sequence may be offset at the beginning by 
1 to 255 bytes. 

The Interrupt line outputs the pulse signal in 
a manner that prevents misinterpretation by 
the CPU as an interrupt request, since it only 
appears when the Bus Request and Bus 
Acknowledge lines are both active. 

system address bus is the DMA's address, 
thereby allOWing a transfer of control or com
mand bytes from the CPU to the DMA. As a 
WAIT line from memory or VO deVices, after 
the DMA has received a bus-request ack
nowledge from the CPU, it causes wait states 
to be inserted in the DMA's operation cycles 
thereby slOWing the DMA to a speed that 
matches the memory or I/O device. 

ClK. System Clock (input). Standard Z-80 
single-phase clock at 2.5 MHz (Z-80 DMA) or 
4.0 MHz (Z-80A DMA). For slower system 
clocks, a TTL gate with a pullup resistor may 
be adequate to meet the timing,and voltage 
level speCification. For higher-speed systems, 
use a clock driver with an active pullup to 
meet the VIH specification and risetime 
requirements. In all cases there should be a 
resistive pullup to the power supply of 10K 
ohms (max) to ensure proper power when the 
DMA is reset. 

00-1>7. System Data Bus (bidirectional, 
3-state). Commands from the CPU, DMA 
status, and data from memory or 110 
peripherals are transferred on these lines. 

lEi. Interrupt Enable In' (input, active High). 
This is used with lEO to form a priority daisy 
chain wnen there is more than one interrupt
driven device. A High on this line indicates 
that no other device of higher priority is being 
serviced by a CPU interrupt service routine. 

lEO. Interrupt Enable Out (output, active 
High). lEO is High only if lEI is High and the 
CPU is not servicing an interrupt from this 
DMA. Thus, this signal blocks lower-priority 
devices from interrupting while a higher
priority device is being serviced by its CPU 
interrupt service routin~. 
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INT/PULSE. Interrupt Reque.'>t (0ulp'JI, ~';~i '/~ 

Low, open drain). This requests a CPU inter· 
rupt. The CPU acknowledges the inlerr~ bi' 
pulling its IORQ output Low during an MI 
cycle. It is typically connected to the INT pin 
of the CPU with a pullup resistor and tied to 
all other INT pins in the system. This pin can 
also be used to generate periodic pulses to an 
external device. It can be used this way only 
when the DMA is bus master (Le., the CPU's 
BUSREQ and BUSACK lines are both Low 
and th~ CPU cannot see interrupts). 

IORQ. Input/Output Request (bidirectional, 
active Low, 3-state). As an input, this indicates 
that the lower half of the address bus holds a 
valid 110 port address for transfer of control or 
status bytes from or to the CPU, respectively; 
this DMA is the addressed port if its CE pin 
and its WR or RD pins are simultaneously 
active. As an output, after the DMA has taken 
control of the system buses, it indicates that 
the 8-bit or 16-bit address bus holds a valid 
port address for another 110 device involved in 
a DMA transfer of data. When 10RQ and Ml 
are both active simultaneously, an interrupt 
acknowledge is indicated. 

MI. Machine Cycle One (input, active Low). 
Indicates that the current CPU machine cycle 
is an instruction fetch. It is used by the DMA 
to decode the return-from-interrupt instruction 
(RETI) (ED-4D) sent by the CPU. During two
byte instruction fetches, MI is active as each 

The internal structure of the Z-80 DMA 
includes driver and receiver circuitry for inter
facing with an 8-bit system data bus, a 16-bit 
system address bus, and system control lines 
(Figure 6). In a Z-80 CPU environment, the 
DMA can be tied directly to the analogous pins 
on the CPU (Figure 7) with no additional buf
fering, except for the CElWAIT line. 

The DMA's internal data bus interfaces with 
the system data bus and services all internal 
logic and registers. Addresses generated from 
this logic for Ports A and B (spurce and des
tination) of the DMA's single transfer channel 
are multiplexed onto the system address bus. 

SYSTEM 
DATA ~-'-"'--"" 

(8 :~T~ \r-""T"'-r--v :\r-.., 

CONTROL \.----.11 

')pcude byte iB ietched. An Interrupt ack
nowledge is mdicated when both m and 
fORO are active. 

MREQ. Memory Request (output, active Low, 
3-state). This indicates that the address bus 
holds a valid address for a memory read or 
write operation. After the DMA has taken con
trol of the system buses, it indicates a DMA 
transfer request from or to memory. 

RD. Read (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to read status bytes from the DMA's read 
registers. As an output, after the DMA has 
taken control of the system buses, it indicates a 
DMA-controlled read from a memory or I/O 
port address. 
ROY. Ready (input, programmable active Low 
or High). This is monitored by the DMA to 
determine when a peripheral device associated 
with a DMA port is ready for a read or write 
operation. Depending on the mode of DMA 
operation (Byte, Burst or Continuous), the RDY 
line indirectly controls DMA activity by caus
ing the BUSREQ line to go Low or High. 

WH. Write (bidirectional, active Low, 3-state). 
As an input, this indicates that the CPU wants 
to write control or command bytes to the DMA 
write registers. As an output, after the DMA 
has taken control of the system buses, it 
indicates a DMA-controlled write to a memory 
or 110 port address. 

SpeCialized logic circuits in the DMA are 
dedicated to the various functions of external 
bus interfaCing, internal bus control, byte 
matching, byte counting, periodic pulse 
generation, CPU interrupts, bus requests and 
address generation. A set of twenty-one 
writable control registers and seven r(~adable 
status registers provides the means by which 
the CPU governs and monitors the activities of 
these logic circuits. All registers are eight bits 
wjde, with double-byte information stored in 
adjacent registers. The two address· counters 
(two bytes each) for Ports A and B are buffered 
by the two starting addresses. 

SYSTEM 
ADDRESS 
BU. 
(18 BIT) 

Figure 6. Block Dlagram 
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The 21 writable control registers are 
organized into seven base-register groups, 
most of which have multiple registers. The 
base registers in each writable group contain 
both control/command bits and pointer bits 
that can be set to address other registers within 
the group. The seven readable status registers 
have no analogous second-level registers. 

The registers are designated as follows, 
according to their base-register groups: 

WRO-WR6 - Write Register groups 0 
through 6 (7 base registers plus 14 associ
ated registers) 
RRO-RR6 - Read Registers 0 through 6 

Writing to a register within a write-register 
group involves first writing to the base 
register, with the appropriate pOinter bits set, 
then writing to one or more of the other 
registers within the group. All seven of the 
readable status registers are accessed sequen
tially according to a programmable mask con
tained in one of the writable registers. The sec
tion entitled "Programming" explains this in 
more detail. 

A pipe lining scheme is used for reading data 
in. The programmed block length is the 
number of bytes compared to the byte counter, 
which increments at the end of each cycle. In 
searches, data byte comparisons with the 
match byte are made during the read cycle of 
the next byte. Matches are, therefore, dis
covered only after the next byte is read in. 

In multiple-DMA configurations, interrupt
request daisy chains are prioritized by the 
order in which their lEI and lEO lines are con
nected (Zilog Application Note 03-0041-01, The 
Z-80 Family Program Interrupt Structure). The 

.....-------1BUSACR CPU 

FROM 
UO 

DEVICE 

system bus, however, may not be pre-empted. 
Any DMA that gains access to the system bus 
keeps the bus until it is finished. 

Write Registers 

WRO Base register byte 
Port A starting address (low byte) 
Port A starting address (high byte) 
Block length (low byte) 
Block length (high byte) 

WR I Base register byte 
Port A variable-timing byte 

WR2 Base register byte 
Port B variable-timing byte 

WR3 Base register byte 
Mask byte 
Match byte 

WR4 Base register byte 
Port B starting address (low byte) 
Port B starting address (high byte) 
Interrupt control byte 
Pulse control byte 
Interrupt vector 

WR5 Base register byte 

WR6 Base register byte 
Read mask 

Read Registers 

RRO Status byte 

RRI Byte counter (low byte) 

RR2 Byte counter (high byte) 

RR3 Port A address counter (low byte) 

RR4 Port A address counter (high byte) 

RR5 Port B address counter (low byte) 

RR6 PorfB address counter (high byte) 

FROM 
UO 

DEVICE 

COMMON: iNi 
BUSREQ 
iii 
iOiiQ 
iiiiEQ 
Jilj 

WII 
ClK 
Ao-AI5 
Do-7 

Figure 7. Multlple·DMA Interconnection to the Z·80 CPU 
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Programming The Z-80 DMA has two programmable fun-
damental states: (l) an enabled state, in which 
it can gain control of the system buses and 
direct the transfer of data between ports, and 
(2) a disabled state, in which it can initiate 
neither bus requests nor data transfers. When 
the DMA is powered up or reset by any means, 
it is automatically placed into the disabled 
state. Program commands can be written to it 
by the CPU in either state, but this auto
matically puts the DMA in the disabled state, 
which is maintained until an enable command 
is issued by the CPU. The CPU must program 
the DMA in advance of any data search or 
transfer by addressing it as an I/O port and 
sending a sequence of control bytes using an 
Output instruction (such as OTm for the 
Z-80 CPU). 

Writing. Control or command bytes are writ
ten into one or more of the Write Register 
groups (WRO-WR6) by first writing to the base 
register byte in that group. All groups have 
base registers and most groups have additional 
assoCiated registers. The associated registers 
in a group are sequentially accessed by first 
writing a byte to the base register containing 
register-group identification and pointer bits 
(1's) to one or more of that base register's 
associated registers. 

This is illustrated in Figure 8b. In this 
figure, the sequence in which associated 
registers within a group can be written to is 
shown by the vertical pOSition of the associated 
registers. For example, if a byte written to the 
DMA contains the bits that identify WRO (bits 
DO, D1 and D7), and also contains l's in the 
bit positions that point to the associated "Port 
A Starting Address (low byte)" and "Port A 
Starting Address (high byte)," then the next 
two bytes written to the DMA will be stored in 
these two registers, in that order. 

Reading. The Read Registers (RRO-RR6) are 
read by the CPU by addreSSing the DMA as an 
I/O port using an Input instruction (such as 
INm for the Z-80 CPU). The readable bytes 
contain DMA status, byte-counter values, and 
port addresses si.nce the last DMA reset. The 

Read Register 0 

0 7 0, Os D. OJ D2 0 1 Do 

1 x , x, , , 'x, , I STATUS BYTE 

III I L-,. O~ ""'"'' "~,~""O o = READY ACTIVE 

o = INTERRUPT PENDING 
o z MATCH FOUND 
o = END OF BLOCK 

Read Register 1 

... 1 ..... '--1..'-'-, ...... '--'-, ......L.......I...-II BYTE COUNTER (LOW BYTEJ 

registers are always read in a fixed sequence 
beginning with RRO and ending with RR6. 
However, the register read in this sequence is 
determined by programming the Read Mask in 
WR6. The sequence of reading is initialized by 
writing an Initiate Read Sequence or Set Read 
Status command to WR6. After a Reset DMA, 
the sequence must be initialized with the 
Initiate Read Sequence command or a Read 
Status command. The sequence of reading all 
registers that are not excluded by the Read 
Mask register must be completed before a new 
Initiate Read Sequence or Read Status 
command. 

Fixed-Address Programming. A special cir
cumstance arises when programming a desti
nation port to have a fixed address. The load 
command in WR6 only loads a fixed address to 
a port selected as the source, not to a port 
selected as the destination. Therefore, a fixed 
destination address must be loaded by tem
porarily declaring it a fixed-source address 
and subsequently declaring the true source as 
such, thereby impliCitly making the other a 
destination. . 

The follOWing example illustrates the steps in 
this procedure, assuming that transfers are to 
occur from a variable-address source (Port A) 
to a fixed-address destination (Port B): 

1. Temporarily declare Port B as source in 
WRO. 

2. Load Port B address in WR6. 

3. Declare Port A as source in WRO. 

4. Load Port A address in WR6. 

5. Enable DMA in WR6. 

Figure 9 illustrates a program to transfer 
data from memory (Port A) to a peripheral 
device (Port B). In this example, the Port A 
memory starting address is 1050H and the Port 
B peripheral fixed address is 05H. Note that 
the data flow is 1001H bytes-one more than 
specified by the block length. The table of 
DMA commands may be stored in consecutive 
memory locations and transferred to the DMA 
with an output instruction such as the Z-80 
CPU's OTm instruction. 

Read Register 2 

LI ..J1l.....J.1-L.1 ~I ....11-1.......1..-11 BYTE COUNTER (HIGH BYTEJ 

Read Register 3 

I L ....I1l.....J.1-L.1 ~I ....11-1.......1..-11 PORT A ADDRESS COUNTER (LOW BYTE) 

Read Register 4 

LI ..J1l.....J.1-L.1 ~I ....11-1.......1..-11 PORT A ADDRESS COUNTER (HIGH BYTE) 

Read Register 5 

1 L-..J.1......I..1 _1L.....L1......I..1 -I......J....J1 PORT B ADDRESS COUNTER (LOW BYTE) 

Read Register 6 

LI ..J1l.....J.1-L.1 ~I ....I1-I.......I....J1 PORT B ADDRESS COUNTER (HIGH BYTE) 

Figure Sa. Read Registers 
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Programming 
(Continued) 

WrllelleglaterOGtoup 
0, 0, D. D. D. 0, O. D. 

I 0 I I I I I I I IIUIIIIOISTIUYTI 

1

1 ! DONOTUH 
Of. TIlAHSfIIl 
f O. IlAllCH 
f f. IUIICHITIIANIFIII 

o .I'OIITI_I'OIITA 
f .I'OIITA_I'OIITI 

..-,,....1.,..1.,...J..,...L,-...,.......,...-. PORT A ITAIITINO ADDIIUI 
L-J...,..J...,..J...,..~~~--I (LOW IYTE) 

...-~~,....L~,......,,......,--. PORT A STARTINO ADDIIESS 
L-J....,J~--J.-l..-J... ........ ...J (HIOH IYTE) 

...-~,....Lr-,......,......,......,-. ILOCK LENOTH 
L-J....,J~--J.-l..-J... ........ ...J~OWIYTE) 

....-,....L.,......,.......,,.......,--.--.--. ILOCK LENOTH 
L-J~--L....J.-L.....J.......L.....J (HIOH IYTE) 

Write Reglater 1 Group 
0, 0, Os 0, 0, DOl 0, Do 

I 0 I I I I 11 I 0 I 0 I lASE REOISTER BYTE 

I I !. PORT A IS MEMORY , 
1 • PORT A IS 110 

o 0 • PORT A ADDRESS DECREMENTS 
o 1 • PORT A ADDRESS INCREMENTS 

: ~ I. PORT A ADDRESS FIXED 

L.....J~....:..J...:..J.-L.....J.......L.....J PORT A VARIABLE TIMINO BYTE 

WlI ENDS V. CYCLE EARLY.! .1 II ! !. CYCLE LENOTH • 4 
I\1i ENDS 'I. CYCLE EARLY. 0 0 1. CYCLE LENOTH • 3 

Mm ENDS 'I. CYCLE EARLY. 1 O. CYCLE LENOTH • 2 
1 1. DO NOT USE 

o _ ~ ENDS 'I. CYCLE EARLY 

Write Regtater 2 Group 
0, D. 0, 0, 0, 0:1 Dt Do 

I 0 I I I I I 0 I 0 I 0 I lASE REOISTER BYTE 

II I ' 
o • I'ORT I IS MEMORY 
1.I'ORTlIIIIO 

o 0 • PORT I ADDRESS OECREMENTS 
o 1 • PORT I ADDRESS INCREMENTS 

: ~ I. PORT B ADDRESS FIXED 

L-l...-L-L-.L-II-J--I--I PORT B VARIAILE TIMINO IYTE 

W1I ENDS Yo CYCLE EARLY.! I I I ! !. CYCLE LENOTH • 4 
III! ENDS Yo CYCLE EARLY • 0 0 1. CYCLE LENOTH • I 

IIl!m ENDS V. CYCLE EARLY - 0 1 O. CYCLE LENOTH • 2 
1 1 DO NOT USE 

O. ~ ENDS V. CYCLE EARLY 

Write Reglater 3 Group 
0, D. 0, D. D. 0, 0, Do 

11 I I I I I I 0 I 0 IIIASEREOISTERlYTE 

DMA ENAILE • J I I. STOP ON MATCH 

INTERRUPT ENAILE • 1 

L-.l.-.l.-J...,..l-:L-II..-II-J MASK IYTE (0 • COMPARE) 

L-L-.'--~~--I--I--' MATCH IIYTE 

Writ. Regt.e. 4 Gtoap 

D, Do Do D. D, D, 0, D, 

11 I I I I I I 0 11J IASf' EIII1T BYTE 

BYTE .11 
CONTINUOUS. 0 1 

IUIIIT.l 0 
DO NOT PIlOOIIAM • 1 1 

___ .,...L..,...L.,...L. __ ........ I'ORT I STARTINO ADDRESS 

L-l...-L-L..,...L...,..JL-I.....JI-J (LOW BYTE) 

....---.,...L.,...L.----........ I'OIIT IITARTINO ADDRESS 
L-'--'--L,-~~--I""'" (HIOH IYTE) 

L:..1.....1.....L...,..JL...,..JL-IL-II........IINTEIIRUPT CONTIIOL BYTE 

L-'--'--I-,-'--~--I~ PULSE CONTIlOL IYTE 

L-'--'--'--'--~--I""'" INURRUPT VECTOR 

I I 
VECTOR II AUTOMATICALLY {O 0 • INTERRUPT ON ROY 

MODIFIED AS SHOWN 0 1 • INTEIIRUPT ON MATCH 
ONLY IF ·STATUS 1 0 • INTERRUPT ON END OF BLOCK 

AFFECTS VECTOR" liT II SET 1 1 • INTERRUPT ON MATCH 
AND END OF ILOCK 

Wrlte Reglater5 Group 
D, D. D, D. D. D, D. Do 

11 I 0 I I I I 0 11 I 0 IIAIEREOISTER' 1m 

II !. RUDY ACTIVE LOW 
1. REA:Y ACTIVE HIOH 

O. eIONLY 
1 • flIWAIT MULTIPLEXED 

o • STOP ON END OF ILOCK 
1 - AUTO IIESTART ON ENJ OF IILOCK 

Write Regllter 8 Group 
0, D. Os 0, 0, 0:1 0, Do 

11 I I I I I I 1 11 I lASE REOISTER om 

I I I I I "IX COMMAIID IIAMI 
1 0 0 0 O. C3 • RESET 
1 0 0 0 1. C7 • RESET PORT A TIMINO 
1 0 0 1 O. CB • RESET PORT II TIMINO 

1 • CF • LOAD 
o • 03 • CONTINUE 

1 • AF • DISAIILE INTERRUPTS 
o - All • ENAIILE INTERRUPTS 
o • A3 • RESET AND DISAIILE INTERRUPTS 
1 • 87 • ENAlLE A"EII RETI 

1 • IF • READ STATUS IYTE 
o • 811 • REINITIALIZE STATUS IYTE 

o 1 0 0 1. A7 • INITIATE READ SEQUENCE 

o 1 1 0 O. 83 • FORCE READY 

1 • 17 • ENAILE DMA 
o • n • DISAILE DMA 

.-0 1 1 1 o. 1111 • READ MASK FOLLOWS 

LI'O"j' I I I I I I IIIEAD MASK (1 • ENAILEI 

IIIII ~STATUSIYTE l...:==== :~: gg~=m l~~:' Wi~ • PORT A ADDRESS (LOW IYTE) 

L~~===== PORT A ADDRESS (HIOH IIYTE) , PORT I ADDRESS (LOW IYTE) 
PORT I ADDRESS (HIOH IYTE) 

FlyUl'8 ab. Write Regllters 

2032·0132 



Comments Dr O. 05 04 

WRO sets OMA to receive 0 1 1 1 
block length. Port A start· Block length Block length PortA 
ing address and temporarily Upper lower Upper 
sets Port B as source. Follows Follows Address 

Follows 

Port A address (lower) 0 1 0 1 

Port A address (upper) 0 0 0 1 

Block length (lower) 0 0 0 0 

Block length (upper) 0 0 0 1 

WRI defines Port A as 0 0 0 1 
memory with fixed No Timing Address Address 
incrementing address. Follows Changes Increments 

WR2 defines Port B as 0 0 1 0 
peripheral with fixed No Timing Fixed 
address. Follows Address 

WR4 sets mode to Burst. 1 1 0 0 
sets OMA to expect Port B No Interrupt 
address. Burst Mode Control Byte 

Follows 

Port B address (lower) 0 0 0 0 

WRS sets Ready active High. 1 0 0 0 
No Auto No Wait 
Restart States 

WR6 loads Port B address 1 1 0 0 
and resets block counter.· 

WRO sets Port A as source.· 0 0 0 0 
No Address or Block 

length Bytes 

WR6 loads Port A address 1 1 0 0 
and resets block counter. 

WR6 enables OMA to start 1 0 0 0 
operation. 

NOTE: The actual number of bytes transferred is one more than specified by the block length. 
·These entries are necessary only in the case of a fixed destination address. 

03 

1 
PortA 
lower 

Address 
Follows 

0 

0 

0 

0 

0 
Port is 

Memory 

1 
Port is 

I/O 

0 
No Upper 
Address 

0 

1 
ROY 

Active High 

1 

0 

1 

0 

Figure 9. Sampl. DNA Program 

D2 0, Do HEX 
0 0 I 1 79 

B--.A 
Temporary 

Transfer. No Search for 
loading B 
Address· 

0 0 0 50 

0 0 0 10 

0 0 0 00 

0 0 0 10 

1 0 0 14 

0 1 0 28 

1 0 1 CS 
Port Blower 

Address 
Follows 

1 0 1 05 

0 1 0 SA 

1 1 1 CF 

1 0 1 05 
A--.B Transfer, No Search 

1 1 1 CF 

1 1 1 87 

Raoa. 



Inactive 
State Timing 
(DMA as CPU 
Peripheral) 

Active State 
Timing 
(DMA as Bus 
Controller) 

In its disabled or inactive state, the DMA is 
addressed by the CPU as an 1/0 peripheral for 
write and read (control and status) operations. 
Write timing is illustrated in Figure 10. 

Reading of the DMA's status byte, byte 
counter or port address counters is illustrated 

,:; JLJLJLIL~~ ____ _ 
ViR -----

Do-D7 -~-+---I--- . 

Figure 10. CPU-lo-DMA Write Cycle 

Default Read and Write Cycles. By default, 
and after reset, the DMA's timing of read and 
write operations is exactly the same as the Z-80 
CPU's timing of read and write cycles for 
memory and 1/0 peripherals, with one excep
tion: during a read cycle, data is latched on 
the falling edge of T3 and held on the data bus 
across the boundary between read and write 
cycles, through the end of the following write 
-cycle. 

Figure 12 illustrates the timing for memory
to-I/O port transfers and Figure 13 illustrates 
I/O-to-memory transfers. Memory-to-memory 
and I/O-to-I/O transfer timings are simply per
mutations of these diagrams. 

The default timing uses three T-cycles for 
memory transactions and four T-cycles for 1/0 
transactions, which include one automatically 

in Figure 11. These operations reguire less 
than three T-cycles. The CE, 10RQ and 
RD lines are made active over two rising edges 
of eLK, and dpta appears on the bus approx
imately one T-cycle after they become active. 

CLK JLJLJLIL 

'o;~1 I~----RD ":)---

Do-D7 ( F---

Figure 11. CPU-lo-DMA Read Cycle 

inserted wait cycle between T2 and T3. If the 
CE/WAIT line is programmed to act as a 
WAIT line during the DMA's active state, it is 
sampled on the falling edge of T2 for memory 
transactions and the falling edge of T w for 110 
transactions. If CElWAIT is Low during this 
time another T -cycle is added, during which 
the CE/WAIT line will again be sampled. The 
duration of transactions can thus be indef
initelyextended. 

Variable Cycle and Edge Timing. The Z-80 
DMA's default operation-cycle length for the 
source (read) port and destination (write) port 
can be independently programmed. This 
variable-cycle feature allows read or write 
cycles consisting of two, three or four T-cycles 
(more if Wait cycles are inserted), thereby 
increasing or decreasing the speed of all 
signals generated by the DMA. In addition, 

I_MEMORY READ _11 .... ----1/0 WRITE ---"".~I 
~ I ~ I ~ ~ ~ ~ ~ 

CLK 

Ao-AlI -tn--....j.-+--+---~----l---+-I-+--+"--

{ 

MREQ 

READ 

AD 

WRITE { IORQ _+-_---1~_+_-+---_+_--+_ 
WR '----1_+--+_-' 

MEMORY 
DATA BUS DRIVEN B DMA 

\ O~l:: 

Figure 12. Memory-lo-I/O Transfer 
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Actlft Stat. 
Tlmbag' 
(DMAGS Bus 
Controller) 
(Continued) 

eLK 

~A" __ ~ __ -+ ____ +-~~ ____ ~ __ -+~~+-__ -+A--

--{ 
Figure 13. I!().to-Memory Trcmafer 

the trailing edges of the l'ORO, 1ffiro, RD and 
Wii: signals can be independently terminated 
one-half cycle early. Figure 14 illustrates this. 

In the variable-cycle mode, unlike default 
timing, iORO comes active one-half cycle 
before MREQ, RD and WR. CElWAIT can be 
used to extend only the 3 or 4 T-cycle variable 

. memory cycles and only the 4-cycle variable 
110 cycle. The CElWAIT line is sampled at the 
falling edge of T2 for 3- or 4-cycle memory 
cycles, and at the falling edge of T3 for 4-cycle 
110 cycles. 

During transfers, data is latched on the 
clock edge causing the rising edge of RD and 
held through the end of the write' cycle. 

I T, I T. I T. I T. I 

CUl~ ~-r:-....... L_ • _ ..... _ 

iOiii , r I I --
_~ ----"\ r -r -r --
lID. WI! \.-...L -'- -'-

t 't t 
.ctCLI .ctCLI 4-CYCLI 

IAIILY IND UJlLY IND lAIILY DID 

Figure 14. Variable-Cycle and Edge TIming 

Bus Requ ..... Figure 15 illustrates the bus 
request and acceptance timing. The RDY line, 
which may be programmed active High or 
Low, is sampled on every rising edge of CLK. 
If· it is found to be active, and if the bus is not 
in use by any other device, the following rising 
edge of CLK drives BUSREQ low. After receiv
.!!!9.. BUSREQ the CPU acknowledges on the 
BAI input either directly or through a 
multiple-DMA daisy chain. When a Low is 
detected on BAI for two consecutive rising 
edges of CLK, the DMA will begin transferring 
data on the next rising edge of CLK. 

Figure 15. Bus Request and Acceptance 

2032·0137, 0138, 0139 
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Active State 
Timing 
(DMA as Bus 
Controller) 
(Continued) 

Bus Release Byte-at-a-Tlme. In Byte-at-a
Time mode, BUSREQ is brought High on the 
rising edge of eLK prior to the end of each 
read cycle (search-only) or write cycle 
(transfer and transfer/search) as illustrated in 
Figure 16. This is done regardless of the state 
of ROY. There is no possibility of confusion 
when a 2-80 CPU is used since the CPU 
cannot begin an operation until the following 
T-cycle. Most other CPUs are not bothered by 
this either, although note should be taken of it. 
The next bus request for the next byte will 
come after both BUSREQ and BAI have 
returned High. 

Bus Release at End of Block. In Burst and 
Continuous modes, an end of block causes 
BUSREQ to go High usually on the same rising 
edge of CLK in which the OMA completes the 
transfer of the data block (Figure 17). The last 
byte in the block is transferred even if ROY 
goes inactive before completion of the last byte 
transfer. 

Bus Release on Not Ready. In Burst mode, 
when ROY goes inactive it causes BUSREQ to 
go High on the next rising edge of CLK after 
the completion of its current byte operation 
(Figure 18). The action on BUSREQ is thus 
somewhat delayed from action on the ROY 
line. The OMA always completes its current 
byte operation in an orderly fashion before 
releaSing the b;,;;u;,;s,;... ____ = 

By contrast, BUSREQ is not released in 
Continuous mode when ROY goes inactive. 

eLK Jl..1)Lf1....JL.ILrls1. 
.U'R'.~~--------------------

I 
Hi I ,..-----------------
----~I.,J 

I 

MY 

.U' •• 

DMA ACTIVE ~ DM" INACTIVE 

Figure 16. Bus Release (Byte-at-a-Tlme Model 

INACTIVE ~~-----~-------------------
.... ____________ ~r~------~ 

~cu .. mn 1Tr2-+- DIIIIII r--- "PEA.TION ,NaCTIVE 

Figure 18. BUI Release When Not Ready 
(Burst Mode' 

Instead, the OMA idles after completing the 
current byte operation, awaiting an active RDY 
again. 

Bus Release on Match. If the OMA is pro
grammed to stop on match in Burst or Con
tinuous modes, a match causes BUSREQ to go 
inactive on the next OMA operation, i.e., at 
the end of the next read in a search or at the 
end of the follOWing write in a transfer (Figure 
19). Oue to the pipelining scheme, matches 
are determined while the next OMA read or 
write is being performed. 

The ROY line can go inactive after the 
matching operation begins without affecting 
this bus-release timing. 

Interrupts. Timings for interrupt acknowledge 
and return from interrupt are the same as tim
ings for these in other 2-80 peripherals. Refer 
to 2ilog Application Note 03-0041-01 (The Z-80 
Family Program Interrupt Structure). 

Interrupt on ROY (interrupt before request
ing bus) does not directly affect the BUSREQ 
line. Instead, the interrupt service routine 
must handle this by issuing the following 
commands to WR6: 

1. Enable after Return From Interrupt (RETI) 
Command - Hex B7 

2. Enable OMA - Hex 87 

3. An RETI instruction that resets the 
Interrupt Under Service latch in the 
2-80 DMA. 

RDY 

IIDY 

Figure 17. Bus Relecue at End of Block 
(Burst and Continuous Modell 

INACTIYI 

.U.RI· .... _______ ~r~r-------------~)f~---~ 
r-- Int. I Inl".1 ~lA8IN'---·~-· - ~lAD IN 

AND 
IIATCH 'OUND 

ON ITTI" 

Figure 19. BUI Releale on Match 
(Burlt and Continuoul Modell 
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APPENDIX F 

FLOPPY DISK CONTROLLER (FDC) 



WESTERN DIGITAL 
c o R p o R A T / o N 

WD279X·02 Floppy Disk Formatter/Controller Family 

FEATURES 

• ON-CHIP PLL OAT A SEPARATOR 

• ON-CHIP WRITE PRECOMPENSATION LOGIC 

• SINGLE +5V SUPPLY 

• ACCOMMODATES SINGLE AND DOUBLE DENSITY 
FORMATS 

IBM 3740 (FM) 
IBM 34 (MFM) 

• AUTOMATIC SEEK WITH VERIFY 

• MULTIPLE SECTOR READ/WRITE 

• TTL COMPATIBLE 

• PROGRAMMABLE CONTROL 
SELECTABLE TRACK-TO-TRACK ACCESS 
HEAD LOAD TIMING 

• SOFTWARE COMPATIBLE WITH THE FD179X SERIES 

• SOFT SECTOR FORMAT COMPATIBILITY 

APPLICATIONS 

8" FLOPPY AND 51/4" MINI FLOPPY CONTROLLER 
SINGLE OR DOUBLE DENSITY 

CONTROLLER/FORMATTER 

-

The WD279X Family are MOS/LSI devices which perform 
the functions of a Floppy Disk Controller/Formatter. Soft
ware compatible with its predecessor, the FD179X, the 
device also contains a high performance Phase-lock-Loop 
Data Separator as well as Write Precompensation Logic. 

When operating in Double Density mode, Write Precom
pensation is automatically engaged to a value programmed 
via an external potentiometer. An on-Chip VCO and phase 
comparator allows adjustable frequency range for 5114" or 
8" Floppy Disk interfacing. 

The WD279X is fabricated in NMOS silicon gate technology 
and available in a 40 pin dual-in-line ceramic or plastiC 
package. 

FEATURES 2791 2793 2795 2797 

Single Density (FM) X X X X 
Double Density (MFM) X X X X 
True Data Bus X X 
Inverted Data Bus X X 
Side Select Out X X 
Internal CLK Divide X X 

~ 14----------i 

ENP HLT 

I--------.j Ci 
I--------.j jij r 

WG I 
We INTRa 

Cs ORO 

RE DDEN 

AO WPRT 

Al iP 
DAlO TROO 

DALl WPW 

DAl2 READY 

DAl3 WD 

DAl4 WG 

DAl5 TG43 

DAL6 HLD 

DAL7 FiAWRi5 
STEP VCO 

DIRC SSO/ENMF 

5"/S ClK 

RPW PUMP 

MR TEST 

GND VCC 

~-----~w. 
'N' -.-.J 

HOST ~~~~~D"O PROCESSOR DOl' 

ml w.M ..----------i 
iNMF r-

/--.----..j ... PU •• f---!~ 
~ C(NTEAFAE~~-4--
vco~ 

~~--------~ 

-
:t 1 

.SIt_ycc 

r OND 

Figure 1. 
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PIN OUTS 

:e PIN 

C 
NUMBER PIN NAME 

I\) 1 ENABLE PRECOMP ....., 
CO 
~ 19 MASTER RESET 
0 
I\) 

20 POWER SUPPLIES 

21 

COMPUTER INTERFACE: 

2 WRITE ENABLE 

3 CHIP SELECT 

4 READ ENABLE 

5,6 REGISTER SELECT LINES 

7-14 DATA ACCESS LINES 

24 CLOCK 

38 DATA REQUEST 

39 INTERRUPT REQUEST 

FLOPPY DISK INTERFACE: 

15 STEP 

16 DIRECTION 

17 5114," 8" SELECT 

18 READ PULSE WIDTH 

SYMBOL 

ENP 

MR 

VSS 

VCC 

WE 

CS 

RE 

AO,A1 

DALO-DAL7 

CLK 

DRQ 

INTRQ 

STEP 

DIRC 

Si8 

RPW 

FUNCTION 

A Logic high on this input enables write precompen
sation to be performed on the Write Data output. 

A logic low (50 microseconds min.) on this input 
resets the device and loads HEX 03 into the com
mand register. The Not Ready (Status Bit 7) is reset 
during MR ACTIVE. When MR is brought to a logic 
high a RESTORE Command is executed, regardless 
of the state of the Ready signal from the drive. Also, 
HEX 01 is loaded into sector register. 

Ground 

+5V ±5% 

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

A logic low on this input selects the chip and enables 
computer communication with the device. 

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

These inputs select the register to receive/transfer 
data on the DAL lines under RE and WE control: 

CS A1 AO RE WE 

0 0 0 Status Reg Command Reg 
0 0 1 Track Reg Track Reg 
0 1 0 Sector Reg Sector Reg 
0 1 1 Data Reg Data Reg 

Eight bit bi·directional bus used for transfer of com
mands, status, and data These lines are inverted 
(active low) on WD2791 and WD2795. 

This input requires a free-running 50% duty cycle 
square wave clock for internal timing reference, 2 
MHz ± 1% for 8" drives, 1 MHz ± 1% for mini
floppies. 

This output indicates that the Data Register contains 
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. 

This output is set at the completion of any command 
and is reset when the Status register is read or the 
Command register is written to. 

The step output contains a pulse for each step. 

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

This input selects the internal VCO frequency for use 
with 51/4" drives or8" drives. 

An external potentiometer tied to this input controls 
the phase comparator within the data separator. 



PIN 
NUMBER PIN NAME SYMBOL FUNCTION 

22 TEST TEST A logic low on this input allows adjustment of exter· 
nal resistors by enabling internal signals to appear on 
selected pins. 

23 PUMP PUMP High·lmpedance output signal which is forced high 
or low to increase/decrease the VCO frequency. 

25 ENABLE MINI·FLOPPY ENMF A logic low on this input enables an internal + 2 of 
(2791, 2793) the Master Clock when Si8 is also at a logic O. This 

" allows both 51/4" and 8" drive operation with a single 
2 MHz clock. For a 1 MHz clock on Pin 24, this line 
must be left open ortied to a Logic 1. 

25 SIDE SELECT OUTPUT SSO The logic level of the Side Select Output is directly 
(2795, 2797) controlled by the'S' flag in Type II or III commands. 

When U = 1, SSO is set to a logic 1. When U = 0, 
SSO is set to a logic O. The SSO is compared with the 
side information in the Sector 1.0. Field. If they do not 
compare Status Bit 4 (RNF) is set. The Side Select 
Output is only updated at the beginning of a Type II or 
III command. It is forced to a logic 0 upon a MASTER 
RESET condition. 

26 VOLTAGE·CONTROLLED VCO An external capacitor tied to this pin adjusts the VCO 
OSCILLATOR center frequency. 

27 RAW READ RAW READ The data input signal directly from the drive. This 
input shall be 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 ReadlWrite 
THAN 43 head is positioned between tracks 44-76. This output 

is valid only during Read and Write Commands. 

30 WRITE GATE WG This output is made valid before writing is to be 
performed on the diskette. 

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

32 READY READY 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 I operations are performed regard· 
less of the sta~e of Ready. The Ready input appears in 
inverted format as Status Register bit 7. 

33 WRITE PRECOMP WPW . An external potentiometer tied to this input controls 
WIDTH the amount of delay in Write precompensation mode. 

34 TRACK 00 TROO This input informs thf;> WD279X that the ReadlWrite 
head is positioned over Track 00. 

35 INDEX PULSE iP This input informs the WD279X when the index hole 
is encountered on the diskette. 



PIN NUMBER PIN NAME SYMBOL 

36 WRITE PROTECT WPRT 

37 DOUBLE DENSITY DDEN 

40 HEAD LOAD TIMING HLT 

GENERAL DESCRIPTION 

The WD279X are N-Channel Silicon Gate MOS LSI devices 
which perform the functions of a Floppy Disk For
matter/Controller in a single chip implementation. The 
WD279X, which can be considered the end result of both 
the FD1771 and FD179X designs, is IBM 3740 compatible in 
single density mode (FM) and System 34 compatible in 
Double Density Mode (MFM). The WD279X contains all the 
features of its predecessor the FD179X plus a high per
formance Phase-Lock-Loop Data Separator as well as Write 
Precompensation Logic. In Double Density mode, Write 
Precompensation is automatically engaged to a value 
programmed via an external potentiometer. In order to 
maintain compatibility, the FD1771, FD179X and WD279X 
designs were made as close as possible with the computer 
interface, instruction set, and 110 registers being identical. 
Also, head load control is identical. In each case, the actual 
pin assignments vary by only a few pins from anyone to 
another. 

The processor interface consists of an 8-bit bi-directlonal 
bus for data, status, and control word transfers. The 
WD279X is set up to operate on a multiplexed bus with 
other bus-oriented devices. 

The WD279X is TTL compatible on all inputs and outputs. 
The outputs will drive one TIL load or three LS loads. The 
2793 is Identical to the 2791 except the DAL lines are TRUE' 
for systems that utilize true data busses. 

The 279517 has a side select output for contrOlling double 
sided drives. 

ORGANIZATION 

The Floppy Disk Formatter block diagram is illustrated on 
page 5. The primary sections include the parallel processor 
interface and the Floppy Disk interface. 

Data Shift Register - This 8-bit register assembles 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 holding 
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 information is transferred in parallel 
from the Data Register to the Data Shift Register. 

When executing the Seek command the Data Register 
holds the address of the desired Track position. This 

FUNCTION 

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

This input pin selects either single or double density 
operation. When DDEN = 0, double density is 
selected. When DO EN = 1, single density is 
selected. 

When a logic high is found on the HLT input the head 
is assumed to be engaged. It is typically derived from 
a 1 shot triggered by HLD. 

register is loaded from the DAL and gated onto the DAL 
under processor control. 
Track Register - This 8-blt register holds the track number 
of the current ReacllWrite 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 com
pared with the recorded track number in the 10 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. 
Sector Register (SR) - This 8-bit register holds the address 
of the desired sector position. The contents of the register 
are compared with the recorded sector number in the 10 
field during disk Read or Write" operations. 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 
riot be loaded when the device Is busy unless 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 device 
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 generate the 
16-bit Cyclic Redundancy Check (CRC). The polynomial is: 
G(x) = x16 + x12 + x5 + 1. . 

The CRC includes all information starting with the address 
mark and up to the CRC characters. The CRC register is 
preset to ones priqr to data being shifted through the 
circuit. 
Arithmetic/Logic Unit (ALU) - The ALU is a serial compara
tor, incrementer, and decrementer and is used for register 
modification and comparisons with the disk recorded 10 
field. 
Timing and Control - All computer and Floppy Disk in
terface controls are generated throu,gh this logiC. The in
ternal device timing is generated from an external crystal 
clock. 
AM Detector - The address mark detector detects 10, data 
and index address marks during read and write operations. 
Write Precompensation - enables write precompensation 
to be performed on the Write Data output. 

'. 
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Data Separator - a high performance Phase-Lock-Loop 
Data Separator with on-chip VCO and phase comparator 
allows adjustable frequency range for 51/4" or 8" Floppy 
Disk interfacing. 

PROCESSOR INTERFACE 

The interface to the processor is accomplished through the 
eight Data Access Lines (DAL) and associated control 
signals. The DAL are used to transfer Data, Status, and 
Control words out of, or into the WD279X. The DAL are 
three state buffers that are enabled as output drivers when 
Chip Select (CS) and Read Enable (RE) are active (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 A 1 and AO, 
combined with the signals RE during a Read operation or 
WE during a Write operation are interpreted as selecting 
the following registers: 

A1 • AO READ(RE) WRITE (WE) 

0 0 Status Register Comm?nd Register 
0 1 Track Register Track Register 
1 0 Sector Register Sector Register 
1 1 Data Register Data Register 

During Direct Memory Access (DMA) types of data trans
fers between the Data Register of the WD279X and the 
processor, the Data Request (ORa) output is used in Data 
Transfer control. This signal also appears as status bit 1 
during Read and Write operations. 

On Disk Read operations the Data Request is activated (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 processor. 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 
operation continues until the end of sector is reached. 

On Disk Write operations the data Request is activated 
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 
Register. 

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



The 279X has two modes of operation according to the 
state of DDEN (Pin 37). When DDEN = 1, Single Density 
(FM) is selected. When DDEN = 0, Double Density (MFM) 
is selected. In either case, the ClK input (Pin 24) is set at 2 
MHzfor8" drivesor1 MHzfor5114" drives. 

On the 2791/2793, the ENMF input (Pin 25) can be used for 
contrOlling both 5114" and 8" drives with a single 2 MHz 
clock. When ENMF = 0, an internal + 2 of the ClK is 
performed. When ENMF = 1, no divide takes place. This 
allows the use of a 2 MHz clock for both 5114" and 8" 
configurations. 

The internal VCO frequency must also be set to the proper 
value. The Si8 input (Pin 17) is used to select data separator 
operation by internally dividing the Read Clock. When &'8 
= 0,5114" data separation is selected; when 5/8 = 1,8" 
drive data separation is selected. 

CLOCK (24) ENMF(25) 5/8(17) DRIVE 

2MHz 1 1 8" 
2MHz 0 0 5114 " 
1 MHz 1 0 5114 " 

Note: All other conditions invalid. 

FUNCTIONAL DESCRIPTION 
The WD279X-02 is software compatible with the FD179X-02 
series of Floppy Disk Controllers. Commands, status, and 
data transfers are performed in the same way. Software 
generated for the 179X can be transferred to a 279X system 
without modification. 

In addition to the 179X, the 279X contains an internal Data 
Separator and Write precompensation circuit. The TEST 
(Pin 22) line is used to adjust both data separator and pre
compensation. When TEST = 0, the WD (Pin 31) line is 
internally connected to the output of the write precomp 
one-shot. Adjustment of the WPW (Pin 33) line can then be 
accomplished. A second one-shot tracks the precomp set· 
ting at approximately 3:1 to insure adequate Write Data 
pulse widths to meet drive specifications. . 

Similarly, Data separation is also adjusted with TEST = O. 
The TG43 (Pin 29) line is internally connected to the output 
of the read data one-shot, which is adjusted via the RPW 
(Pin 18) line. The DIRC (Pin 16) line contains the Read Clock 
output (.5 MHz for 8" drives). The VCO Trimming capacitor 
(Pin 26) is adjusted for center frequency. 

Internal timing signals are used to generate pulses during 
the adjustment mode so that these adjustments can be 
made while the device is in-circuit. The TEST line also 
contains a pull-up resistor, so adjustments can be per
formed simply by grounding the TEST pin, overriding the 
pull-up. The TEST pin cannot be used to disable stepping 
rates during operation as its function is quite different from 
the 179X. . 

Other pins on the device also include pull-up resistors and 
may be left open to satisfy a logic 1 condition. These are: 
ENP, 518, ENMF, WPRT, and DDEN. 

GENERAL DISK READ OPERATIONS 

Sector lengths of 128, 256, 512 or 1024 are obtainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to logical "1!' For MFM formats, DDEN should be 

Sector length Table· 

Sector length Numberof Bytes 
Field (hex) in Sector (decimal) 

00 128 
01 256 
02 512 
03 1024 

• 2795197 may vary - see command summary. 

placed to a logical "0." Sector lengths are determined at 
format time by the fourth byte in the "10" field. 

The number of sectors per track as far as the 279X is con
cerned can be from 1 to 255 sectors. The number of tracks 
as far as the 279X 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 compatibility (MFM), 
sector lengths are 256 bytes/sector with 26 sectors/track; or 
lengths of 1024 bytes/sector with 8 sectors/track. 

GENERAL DISK WRITE OPERATION 

When writing is to take place on the diskette the Write 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 279X before the Write 
Gate signal can be activated. 

Writing is inhibited when the :":W""'r'"'"ite--;:;P:-"ro-:"t-ec-:t input is a logic 
low, in which case any Write command is immediately 
terminated, an interrupt is generated and the Write Protect 
status bit is set. 

For write operations, the 279X provides Write Gate (Pin 30) 
and Write Data (Pin 31) outputs. Write data consists of a 
series of pulses set to a width approximately three times 
greater than the precomp adjustment. Write Data provides 
the unique address marks in both formats. 

READY 

Whenever a Read or Write command (Type II or III) is 
received the 297X samples the Ready input. If this input is 
logic low the command is not executed and an interrupt is 
generated. All Type I commands are performed regardless 
of the state of the Ready Input. Also, whenever a Type II or 
III command is received, the TG43 signal output is updated. 
TG43 may be tied to ENP to enable write precompensation 
on tracks 44-76. 

COMMAND DESCRIPTION 

The WD279X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one ex
ception is the Force interrupt 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 reset. The Status Register in
dicates whether the completed command encountered an 
error or was fault free. For ease of discussion, commands 
are divided into four types. Commands and types are 
summarized in Table 1. 



TABLE 1. COMMAND SUMMARY 
A. Commands for Models: 2791,2793 B. Commands for Models: 2795, 2797 

Bits Bits 
Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

I Restore 0 0 0 0 h V r1 rO 0 0 0 0 h V r1 rO 
I Seek 0 0 0 1 h V r1 ro 0 0 0 1 h V r1 ro 
I Step 0 0 1 T h V r1 ro 0 0 1 T h V r1 ro 
I Step-in 0 1 0 T h V r1 rO 0 1 0 T h V r1 rO 
I Step-out 0 1 1 T h V r1 rO 0 1 1 T h V r1 rO 
1/ Read Sector 1 0 0 m S E C 0 1 0 0 m L E U 0 
1/ Write Sector 1 0 1 m S E C ao 1 0 1 m L E U ao 

1/1 Read Address 1 1 0 0 0 E 0 0 1 1 0 0 0 E U 0 
11/ Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E U 0 
II/ Write Track 1 1 1 1 0 E 0 0 1 1 1 1 0 E U 0 
IV Force Interrupt 1 1 0 1 13 12 11 10 1 1 0 1 13 12 11 10 

FLAG SUMMARY 
TABLE 2. FLAG SUMMARY 

Command Bit 
Type No(s) Description 

I 0,1 r1 ro = Stepping Motor Rate 
.See Table 3 for Rate Summary 

I 2 V = Track NumberVerify Flag V = 0, No verify 
V = 1, Verify on destination track 

I 3 h = Head Load Flag h = 0, Unload head at beginning 
h = 1, Load head at beginning 

I 4 T = Track Update Flag T = 0, No update 
T = 1, Update track register 

1/&111 0 aO = Data Address Mark aO = 0, FB (DAM) 
aO= 1,·F8(deleted DAM) 

/I 1 C = Side Compare Flag C = 0, Disable side compare 
C = 1, Enable side compare 

11&111 1 U = Update SSO U = 0, Update SSO to 0 
U = 1, Update SSO to 1 

11&111 2 E = 15 MS Delay E = 0, No. 15 MS delay 
E = 1, 15 MSdelay(30 MSfor1 MHz) 

II 3 S = Side Compare Flag S = 0, Compare for side 0 
S = 1, Compare for side 1 

II 3 L = Sector Length Flag LSB's Sector Length in 10 Field 
00 01 10 11 

L = 0 256 512 1024 128 

L = 1 128 256 512 1024 

II 4 m = Multiple Record Flag m = 0, Single record 
m = 1, Multiple records 

IV 0-3 Ix = Interrupt Condition Flags 
10 = 1 Not Ready To Ready Transition 
11 = 1 Ready To Not Ready Transition 
12 = 1 Index Pulse 
13 = 1 Immediate Interrupt, Requires A Reset· 
13-10 = 0 Terminate With No Interrupt (INTRQ) 

• NOTE: See Type IV Command Description for further information. 



Write Precompensation 

When operating in Double Density mode (DDEN = 0), the 
279X has the capability of providing a user-defined 
precompensation value for Write Data An external 
potentiometer (10K) tied to the WPW signal (Pin 33) allows a 
setting of 100 to 300 ns from nominal. 

Setting the Write precomp value is accomplished by for· 
cing the TEST line (Pin 22) to a Logic O. A stream of pulses 
can then be seen on the Write Data (Pin 31) line. Adjust the 
WPW Potentiometer for the desired pulse width. This 
adjustment may be performed in·circuit since Write Gate 
(Pin 30) is inactive while TEST = o. 

Data Separation 

The 279X can operate with either an external data separator 
or its own internal recovery circuits. The condition of the 
TEST line (Pin 22) in conjunction with MR (Pin 19) will select 
internal or external mode. 

To program the 279X for external VCO, a MR pulse must be 
applied while TEST = O. A clock equivalent to eight times 
the data rate (e.g., 4.0 MHz for 8" Double Density) is applied 
to the VCO input (Pin 26). The feedback reference voltage is 
available on the Pump output (Pin 23) for external in· 
tegration to control the VCO. TEST is returned to a logic 1 
for normal operation. Note: To maintain this mode, TEST 
must be held low whenever MR is applied. 

For internal VCO operation, the TEST line must be high 
during the MR pulse, then set to a logic 0 for the ad· 
justment procedure. 

A 50K Potentiometer tied to the RPW input (Pin 18) is used 
to set the internal Read Data pulse for proper phaSing. With 
a scope on Pin 29 (TG43), adjust the RPW pulse for 1/8 of 
the data rate (250 ns for 8" Double Density). An external 
variable capacitor of &60 pf is tied to the VCO input (Pin 26) 
for adjusting center frequency. With a frequency counter 
on Pin 16 (DIRC) adjust the trimmer cap to yield the ap
propriate Data Rate (500 KHz for 8" Double Density). The 
DDEN line must be low while the 5/8 line is held high or the 
adjustment times above will be doubled. 

After adjustments have been made, the TEST pin is 
returned to a logic 1 and the device is ready for operation. 
Adjustments may be made in·circuit since the DIRC and 
TG43lines may toggle without affecting the drive. 

The PUMP output (Pin 23) consists of positive and negative 
pulses, which their duration is equivalent to the phase 
difference of incoming Data vs. VCO frequency. This Signal 
is internally connected to the VCO input, but a Filter is 
needed to connect these pulses to a slow moving DC 
voltage. 

The internal phase-detector is unsymmetrical for a random 
distribution of data pulses by a factor of two, in favor of a 
PUMP UP condition. Therefore, it is desirable to have a 
PUMP DOWN twice as responsive to prevent run·away 
during a lock attempt. 

A first order lag·lead filter can be used at the PUMP output 
(Pin 23). This filter controls the instantaneous response of 
the VCO to bit·shifted data (jitter) as well as the response to 
normal frequency shift, i.e., the lock·up time. A balance 
must be accomplished between the two conditions to 

inhibit over·responsiveness to jitter and to prevent an 
extremely wide lock·up response, leading to PUMP run· 
away. The filter affects these two reactions in mutually 
OPPOSite directions. 

The Source Impedance for a PUMP UP/DOWN condition is 
600/120 ohms, respectively, therefore the change in bias 
voltage for each pump can be approximated: 

dt t::. V dt = 250 ns. (set by Rpw) 
dV = ~ C = 0.1~f 

R = RS + R 
t::. V = 2.6 V for PUMP UP 

0.9V for PUMP DOWN 

look up response (TU is the transient time for the loop to 
lock from center frequency (Fa) to maximum lock range: 

Tl = 10% FLXKOXt::.P 
Where: 

KO = VCO Conversion Gain = 3.7KHz/mV 
Fl = lock Range = 4.00 MHz 

t::. P = Change in Bias for each Pump = 4 mV/PUMP 

400 KHz x 3.7 KHz x 4 mV = 27 pumps 
27 pumps = 54 ~sec = 3.4 Byte times (8" Double Density) 

The following Filter Circuit is recommended for 8" 
FM/MFM: 

PUMP ~ 
(PIN 23) '.1/1f...L 

'''''P'N9'' 
Since 51/4" Drives operate at exactly one-half the data rate 
(250 Kblsec) the above capacitor should be doubled to .2 or 
.2qlf. 

TYPE I COMMANDS 
The Type I Commands include the Restore, Seek, Step, 
Step·in, and Step-Out commands. Each of the Type I 
Commands contains a rate field (rO r1), which determines 
the stepping motor rate as defined in Table 3. 

A ~s (MFM) or 4 ~s (FM) pulse is provided as an output to 
the drive. For every step pulse issued, the drive moves one 
track location in a direction determined by the direction 
output. The chip will step the drive in the same direction it 
last stepped unless the command changes t~e direction. 

The Direction Signal is active high when stepping in and 
low when stepping out. The Direction signal is valid 12 ~s 
before the first stepping pulse is generated. 

The rates (shown in Table 3) can be applied to a Step'
Direction Motor through the device interface. 

TABLE 3. STEPPING RATES 

ClK 2MHz 1 MHz 
R1 RO TEST = 1 TEST = 1 

0 0 3ms 6ms 
0 1 6ms 12ms 
1 0 10ms 20ms 
1 1 15ms 30ms 

After the last directional step an additional 15 milliseconds 
of head settling time takes place if the Verify flag is set in 
Type I commands. Note that this time doubles to 30 ms for 



a 1 MHz clock. There is also a 15 ms head settling time if 
the E flag is set in any Type II or III command. 

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 10 
Field is compared against the contents of the Track 
Register. If the track numbers compare and the 10 Field 
Cyclic Redundancy Check (CRG) is correct, the verify 
operation is complete and an INTRQ is generated with no 
errors. If there is a match but not a valid CRC, the CRC error 
status bit is set (Status bit 3), and the next encountered 10 
field is read from the disk for the verification operation. 

The WD279X must find an 10 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. 
If V = 0, no verification is performed. 

The Head Load (HLD) output controls the movement of the 
read/write head against the media. HLD is activated at the 
beginning of a Type I command if the h flag is set (h = 1), at 
the end of the Type I command if the verify flag (V = 1), or 
upon receipt of any Type II or III command. Once HLD is 
active it remains active until either a Type I command is 
received with (h = 0 and V = 0); or if the 279X is in an idle 
state (non-busy) and 15 index pulses have occurred. 

Head Load timing (HLT) is an input to the 279X which is 
used for the head engage time. When HLT = 1, the 279X 
assumes the head is completely 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 279X. 

HLD~ 
\---50 TO 'ooms---!i--___ _ 

\1----; I 
HL T (FROM ONE SHOT) 

HEAD LOAD TIMING 

When both HLD and HLT are true, the 279X will' then read 
from or write to the media. The "and" of HLD and HLT ap
pears as status Bit 5 in Type I status. 

In summary for the Type I commands: if h = 0 and V = 0, 
HLD is reset. If h = 1 and V = 0, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an internal 15 ms delay. If h = 0 and V = 1, HLD is set 
near the end of the command, an internal 15 ms occurs, 
and the 279X waits for HLT to be true. If h = 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 279X then waits for HLT 
to occur. 

For Type II and III 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. 

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 0, 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 r1 rO field are issued until the TROO input is activated. 
At this time the Track Register is loaded with zeroes and an 
interrupt is generated. If the TROO input does not go active 
low after 255 stepping pulses, the 279X terminates 
operation, 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 to an inactive state. 
SEEK 
This command assumes that the Track Register contains 
the track number of the current position of the Read-Write 
head and the Data Register contains the desired track 
number. The WD279X will update the Track register and 
issue stepping pulses in the appropriate direction until the 

TYPE I COMMAND FLOW 



TYPE I COMMAND FLOW 

contents of the Track register are equal to the contents of 
the Data ReQister (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 command. Note: 
When using multiple drives, the track register must be 
updated for the drive selected before seeks are issued. 

STEP 
Upon. receipt of this command, the 279X 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 the r1 rO field, a verification 
takes place if the V flag is on. If the T flag is on, the Track 
Register is updated. The h bit allows 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 279X issues one 
stepping pulse in the direction towards track 76. If the T 
flag is on, the Track Register is incremented by one. After a 

VERIFY 
SEQUENCE 

NOTE I MHl THEF4E Ie; '" 10M'" m lAY 

TYPE I COMMAND FLOW 

delay determined by the r1 rO 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 
completion of the command. 

STEP·OUT 
Upon receipt of this command, the 279X issues one 
stepping pulse in the direction towards track O. If the T flag 
is on, the Track Register is decremented by one. After a 
delay determined by the r1 rO 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 
completion of the command. 
EXCEPTIONS 
On the 2795/7 devices, the SSO output is not affected 
during Type I commands, and an internal side compare 
does not take place when the (V) Verify Flag Is on. 

TYPE II COMMANDS 
The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the computer must load the 



Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is set. If 
the E flag = 1 (this is the normal case) HLO is made active 
and HLT is sampled after a 15 msec delay. If the E flag is 0, 
the head is loaded and HLT sampled with no 15 msec delay. 

When an 10 field is located on the disk, the 279X compares 
the Track Number on the 10 field with the Track Register. If 
there is not a match, the next encountered 10 field is read 
and a comparison is again made. If there was a match, the 
Sector Number of the 10 field is compared with the Sector 
Register. If there is not a Sector match, the next en
countered 10 field is read off the disk and comparisons 
again made. If the 10 field CRC is correct, the data field is 
then located and will be either written into, or read from. 

TYPE II COMMAND 

TYPE II COMMAND 

depending upon the command. The 279X must find an 10 
field with a Track number, Sector number, side number, and 
CRC within 5 revolutions of the disk; otherwise, the Record 
not found status bit is set (Status bit 4) and the command is 
terminated with an interrupt. 

Each of the Type II Commands contains an (m) flag which 
determines if multiple records (sectors) are to be read or 
written, depending upon the command. If m = 0, a single 
sector is read or written and an interrupt is generated at the 
completion of the command. If m = 1, multiple records are 
read or written with the sector register internally updated 
so that an address verification can occur on the next 
record. The 279X will continue to read or write multiple 
records and update the sector register in numerical 
ascending sequence until the sector register 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. 

For example: If the 279X is instructed to read sector 27 and 
there are only 26 on the track, the sector register exceeds 
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SET CRe ERROR 

READ SECTOR 
SEQUENCE 

TYPE II COMMAND 
the number available. The 279X will search for 5 disk 
revolutions, interrupt out, reset busy, and set the record not 
found status bit. 

The Type II commands for 2791-93 also contain side select 
compare flags. When C = 0 (Bit 1) no side comparison is 
made. When C = 1, the LSB of the side number is read off 
the 10 Field of the disk and compared with the contents of 
the (S) flag (Bit 3). If the S flag compares with the side 
number recorded in the 10 field, the 279X continues with 
the 10 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 Type II and III commands for the 2795-97 contain a side 
select flag (Bit 1). When U = 0, SSO is updated to O. 
Similarly, U = 1 updates SSO to 1. The chip compares the 
SSO to the 10 field. If they do not compare within 5 
revolutions the interrupt line is made active and the RNF 
status bit is set. 

The 2795/7 REAO SECTOR and WRITE SECTOR com· 

NO 

WRITE SECTOR 
SEQUENCE 

TYPE II COMMAND 

mands include a 'L' flag. The 'L' flag, in conjunction with 
the sector length byte of the 10 Field, allows different byte 
lengths to be implemented in each sector.· For IBM com· 
patibility, the 'L' flag should be setto a one. 

READ SECTOR 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an 10 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 Oata Address 
Mark of the data field must be found within 30 bytes in 
single density and 43 bytes in double density of the last 10 
field CRC byte; if not, the 10 field search is repeated. 

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



that character is lost and the Lost Data Status bit is set. 
This sequence continues 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 sector 
command). 

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

STATUS 
BIT5 

Deleted Data Mark 
o Data Mark 

WRITE SECTOR 

Upon receipt of the Write Sector command, the head is 
loaded (HLO active) and the Busy status bit is set. When an 
10 field is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a ORO is generated. The 279X counts off 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 
ORO is serviced (Le., the DR has been loaded by the 
compute~. If ORO has not been serviced, the command is 
terminated and the Lost Data status bit is set. If the ORO 
has been serviced, the WG is made active and six bytes of 
zeroes in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Address 
Mark is then written on the disk as determined by the ao 
field of the command as shown below: 

ao Data Address Mark (Bit 0) 

1 Deleted Data Mark 
o Data Mark 

The 279X then writes the data field and generates ORa's to 
the computer. If the ORO is not serviced in time for con· 
tinuous writing the Lost Data Status Bit is set and a byte of 
zeroes is written on the disk. The command is not ter· 
minated. 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 bye of FE in FM or in MFM. The 
WG output is then deactivated. For a 2 MHz clock the 
INTRa will set 8 to 12 /Asec after the last CRC byte is 
written. For partial sector writing, the proper method is to 
write th"e data and fill the balance with zeroes: By letting the 
chip fill the zeroes, errors may be masked by the lost data 
status and improper CRC Bytes. 

TYPES III COMMANDS 
READ ADDRESS 
Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en· 
countered 10 field is then read iri from the diSk, and the six 
data bytes of the 10 field are assembled and transferred to 
the DR, and a ORO is generated for each byte. The six bytes 
of the 10 field are shown below: 

TRACK SIDE SECTOR SECTOR CRC CRC 
AD DR NUMBER ADDRESS LENGTH 1 2 

1 2 3 4 5 6 

Although the CRC characters are transferred to the 

TYPE III COMMAND WRITE TRACK 
computer, the 279X checks for validity and the CRC error 
status bit is set if there is a CRC error. The Track Address of 
the 10 field is written into the sector register so that a 
comparison can be made by the host. At the end of the 
operation an interrupt 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. All Gap, Header, and 
data bytes are assembled and transferred to the data 
register and ORa's are generated for each byte. The ac· 
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TYPE III COMMAND WRITE TRACK 

cumulation of bytes is synchronized to each address mark 
encountered. An interrupt is generated at the completion of 
the command. 

This command has several characteristics which make it 
suitable for diagnostic purposes. They are: no CRC 
checking is performed; gap information is included in the 
data stream; the internal side compare is not performed; 
and the address mark detector is on for the duration of the 
command. Because the A.M. detector is always on, write 
splices or noise may cause the chip to look for an A.M. If an 
address mark does not appear on schedule with the lost 
Data status flag being set. 

The 10 A.M., 10 field, 10 CRC bytes, DAM, Data and Data 
CRC Bytes for each sector will be correct. The Gap Bytes 
may be read incorrectly during write-splice time because of 
synchronization. 

WRITE TRACK FORMATIING THE DISK 

(Refer to section on Type III commands for flow diagrams.) 

Formatting the disk is a relatively simple task when operat· 
ing programmed I/O or when operating under DMA with a 
large amount of memory. Data and gap information must be 
provided at the computer interface. Formatting the disk is 
accomplished by positioning the R/W head over the de
sired track number and issuing the Write Track command. 

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 pulse and 
continues until the next index pulse, at which time the 
interrupt is activated. The Data Request is activated im
mediately 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 zeroes is substituted. 

This sequence 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 normal clock 
pattern. However, if the 279X detects a data pattern of F5 
thru FE in the data register, this is interpreted as data ad
dress marks with missing clocks orCRC generation. 

The CRC generator is initialized when any data byte from 
Fa to FE is about to be transferred from the DR to the DSR 

CONTROL BYTES FOR INITIALIZATION 

, DATA PATIERN WD279X INTERPRETATION W0279X 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 A 1* in MFM, Preset CRC 
F6 Not Allowed Write C2** in MFM 
F7 Generate 2 CRC bytes Generate 2 CRC bytes 
Fa thru FB Write Fa thru FB, Clk = C7, Preset CRC Write Fa thru FB, in MFM 
FC Write FC with Clk = 07 Write FC in MFM 
FD Write FD with Clk = FF Write FD in MFM 
FE Write FE, Clk = 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 * * Missing clock transition between bits 3 and 4 



or by receipt of F5 in MFM. 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 10 fields. Also, CRC's must be generated by an F7 
pattern. 

Disks may be formatted in IBM 3740 or System 34 formats 
with sector lengths of 128, 256,512, or 1024 bytes. 

TYPE IV COMMANDS 

The Forced Interrupt command is generally used to ter
minate a multiple sector read or write command or to in· 
sure Type I status in the status register. This command can 
be loaded into the command register at any time. If there is 
a current command under execution (busy status bit set) 
the command will be terminated and the busy status bit 

NO 

READ 
ADDRESS 

reset. 

The lower four bits of the command determine the condi
tional interrupt as follows: 

10 = Not·Ready to Ready Transition 
11 = Ready to Not·Ready Transition 
12 = Every Index Pulse 
13 = Immediate Interrupt 

The conditional interrupt is enabled when the correspond
ing bit positions of the command (13 - 10) are set to a 1. 
Then, when the condition for interrupt is met, the INTRQ 
line will go high signifying that the condition specified has 
occurred. If 13 - 10 are all set to zero (HEX DO), no interrupt 
will occur but any command presently under execution will 
be immediately terminated. When using the immediate 

TYPE III COMMAND 
Read Track/Address 



interrupt condition 13 = 1), an interrupt will be immediately 
generated and the current command terminated. Reading 
the status or writing to the command register will not auto
matically clear the interrupt. The HEX DO is the only com
mand that will enable the immediate interrupt (HEX 08) to 
clear on a subsequent load command register or read sta
tus register operation. Follow a HEX 08 with DO command. 

Wait 8 micro sec (double density) or 16 micro sec (single 
density) before issuing a new command after issuing a 
forced interrupt (times double when clock = 1 MHz). 
Loading a new command sooner than this will nullify the 
forced interrupt. 

Forced interrupt stops any command at the end of an in· 
ternal micro-instruction and generates INTRa when the 
specified condition is met. Forced interrupt will wait until 
ALU operations in progress are complete (CRC 
calculations, compares, etc.) 

More than one condition may be set at a time. If for 
example, the READY TO NOT·READY condition (11 = 1) 
and the Every Index Pulse (12 = 1) are both set, the 
resultant command would be HEX "DA." The "OR" func· 
tion is performed so that either a READY TO NOT·READY 
or the next I ndex Pulse will cause an interrupt condition. 

READ ADDRESS 
SEQUENCE 

TYPE III COMMAND 
Read Track/Address 

STATUS REGISTER 

Upon receipt of any command, except the Force Interrupt 
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 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 I commands. 

The user has the option of reading the status register 
through program control or using the DRa line with DMA or 
interrupt methods. When the Data register is read the DRa 
bit in the status register and the DRa line are automatically 
reset. A write to the Data register also causes both DRa's 
to reset. 

The busy bit in the status may be monitored with a user 
program to determine when a command is complete, in lieu 
of using the INTRa line. When using the INTRa, a busy 
status check is not recommended because a read of the 
status register to determine the condition of busy will reset 
the INTRa line. 

The format of the Status Register is shown below: 

7 o 
S7 So 

Status varies according to the type of command executed 
as shown in Table 4. 

Because of internal sync cycles, certain time delays must 
be observed when operating under programmed 1/0. They 
are: (times double when clock = 1 MHz) 

Delay Req'd. 
Operation Next Operation FM 

I 
MFM I 

Write to Read Busy Bit 1~s I 6,.is I 
Command Reg. (Status Bit 0) I 

Write to Read Status 2&,ts I 14j.ls I 
Command Reg. Bits 1·7 I 

Write Any Read From Ditt. 0 I 0 I 
Register Register : 

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 load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 



NUMBER 
OF BYTES 

40 
6 
1 

126 
'"6 

1 
1 
1 
1 
1 
1 

11 
6 
1 

128 
1 

....JJ... 
2472 

FF(orOO)3 
00 

HEX VALUE OF 
BYTE WRITTEN 

FC (Index Mark) 
FF(orOO) 
00 
FE (ID Address Mark) 
Track Number 
Side Number (00 or01) 
Sector Number(1 thru 1A) 
00 (Sector Length) 
F7 (2 CRC's written) 
FF(orOO) 
00 
FB (Dat~ Address Mark) 
Data (IBM uses E5) 
F7 (2 CRC's written) 
FF (or 00) 
FF (or 00) 

1. Write bracketed field 26 times 
2. Continue writing until 279X interrupts out. 

Approx. 247 bytes. 
3. A '00' option is allowed on 279517 only. 

IBM SYSTEM 34 FORMAT· 
256 BYTES/SECTOR 

Shown below is the IBM dual-density format with 256 
bytes/sector. In order for format a diskette the user must 

INM'MONlY IO.MANOO ... U ...... 
AAE""ECEOlo.,rHAUIYTESO' 
AI W1THCLOCIITIilANSlTtONIETWUN 
IITS .. "NO,M'SSINQ 

•• .. I55INGClOC .. TA ...... $ITlON 
IETWIEENBITSlANO" 

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 
3 F6 (Writes C2) 
1 FC (Index Mark) 

*50 4E 
f2 00 

3 F5 (Writes A1) 
1 FE (ID Address Mark) 
1 Track Number (0 thru 4G) 
1 Side Number (0 or 1) 
1 Sector Number (1 thru 1A) 
1 01 (Sector Length) 
1 F7 (2 CRCs written) 

22 4E 
12 00 
3 F5 (Writes A 1) 
1 FB (Data Address Mark) 

256 DATA 
1 F7 (2 GRGs written) 

-M 4E 
598*· 4E 

* Write bracketed field 26 times 
* * Continue writing until 279X interrupts out. 

Approx. 598 bytes. 

IBM TRACK FORMAT 



1. NON·IBM FORMATS 

Variations in the IBM formats are possible to a limited ex
tent if the following requirements are met: 

1) Sector size must be 128, 256, 5120f 1024 bytes. 

2) Gap 2 cannot be varied from the IBM format. 

3) 3 bytes of A1 must be used in MFM. 

In addition, the Index Address Mark is not required for 
operation by the 279X. Gap 1, 3, and 4 lengths can be as 
short as 2 bytes for 279X operation, however PLL lock up 
time, motor speed variation, write splice area, etc. will add 
more bytes to each gap to achieve proper operation. It is 
recommended that the IBM format be used for highest 
system reliability. 

ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Voltage to any input with 
respect to VSS = + 15 to - 0.3V 

CIN & COUT = 15 pF max with all pins grounded except 
one under test. 
Operating temperature = O°C to 70°C 
Storage temperature = - 55°C to + 125°C 

OPERATING CHARACTERISTICS (DC) 

TA = 0°Ct070°C, VSS = OV, VCC = +5M ± .25V 

SYMBOL CHARACTERISTIC 

IlL Input Leakage 

10L Output Leakage 
VIH' Input High Voltage 
VIL Input low Voltage 
VOH Output High Voltage 
VOL Output low Voltage 
VOHP Output High PUMP 
VOlP Output Low PUMP 
Po Power Dissipation 
RpU Internal Pull·up· 
ICC Supply Current 

MIN. 

2.0 

2.4 

2.2 

100 

• Internal Pull-up resistors on PINS 1,17,22,25,37, and 40. 

FM MFM 

Gap I 16 bytes FF 32 bytes 4E 

Gap II 11 bytes FF 22 bytes4E 

* 6 bytes 00 12 bytes 00 
* 3 bytes A1 

Gap 111** 10 bytes FF 24 bytes4E 
4 bytes 00 8 bytes 00 

3 bytesA1 

Gap IV 16 bytes FF 16 bytes4E 

* Byte counts must be exact. 
* * Byte counts are minimum, except exactly 3 bytes of A 1 

must be written. 

NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions 
specified in the DC Electrical characteristics. 

TYP. MAX. UNITS CONDITIONS 

10 p.A VIN = VCC 
10 p.A VOUT = VCC 

V 
0.8 V 

V 10 = -1oop.A 
0.45 V 10 = 1.6mA 

V lOp = -1.0mA 
0.2 V lOp = +1.0mA 
.75 W All Outputs Open 

1700 p.A VIN = OV 
70 150 mA All Outputs Open 



TIMING CHARACTERISTICS 

TA = 0·Ct070·C, VSS = OV, VCC = +5V ± .25V 

READ ENABLE TIMING 

SYMBOL CHARACTERISTIC 

TSET Setup AOOR & CS to RE 
THLO Hold AOOR & CS from RE 
TRE RE Pulse Width 
TORR ORa Reset from RE 
TIRR INTRa Reset from RE 
TOACC Data Valid from RE 
TOOH Data Hold From RE 

WRITE ENABLE TIMING 

SYMBOL CHARACTERISTIC 

TSET Setup AOOR & CS to WE 
THLO Hold AOOR & CS from WE 
TWE WE Pulse Width 
TORR ORa Reset from WE 
TIRR INTRa Reset from WE 
TOS Data Setup to WE 
TOH Data Hold from WE 

RE __ -+_.., 

10AT"i -----+---i 

NOTE I ES ..,.AY BE PERMANENTLY TIED lOW IF DESIRED 

'TI"'[ DOUBLES wHEN CLOCK 

t SERVICE IINORST CASEI 
'FM 27 ~ uS 
'MFM 135uS 

VOL 

ORO RI5lNG EDGE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED 
DATA. 
ORO H.LLlNG EDGE INDICATES THAT THE DATA REGISTER WAS REAO 

INTRa RISING EDGE. OCCURS AT END OF COMMAND 
INTRO FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS READ 

READ ENABLE TIMING 

MIN. 

50 
10 

200 

20 

MIN. 

50 
10 

200 

150 
50 

TYP. 

100 
500 
100 

TYP. 

100 
500 

MAX. UNITS CONDITIONS 

nsec 
nsec 
nsec CL = 50 pf 

200 nsec 
3000 nsec See Note 

200 nsec CL = 50 pf 
150 nsec CL = 50pf 

MAX. UNITS CONDITIONS 

nsec 
nsec 
nsec 

200 nsec 
3000 nsec See Note 

nsec 
nsec 

16' OR 32' uS--------t 

_ TIRR"--~ 

NOTE' CS MAY BE PERMANENTLY TIED lOW IF DESIRED 
2 WHEN WRITING DATA INTO SECTOR TRACK OR DATA 
REGISTER USER CANNOT READ THIS REGISTER UNTIL 

t SERVICE (WORST CASEI 
'FM 235u$ 

AT lEAST. "SEC IN MFM AFTER THE RISING EDGE OF W' 
WHEN WRITING INTO THE COMMAND REGISTER STATUS 
IS NOT VALID UNTil SOME 28 ~SEC IN FU. 14 ",SEC IN MFM 
LATER THESE TIMES ARE DOUBLED WHEN ClK • 1 MHz 

'MFM 11 !IuS ·TlME DOUBLES WHEN CLOCK • 1 MHz 

ORO RISING EDGE: INDle,AlES THAT THE DATA REGISTER IS EMPTY 
ORO FALLING EDGE: INDICATES THAT THE DATA REGISTER IS LOADED 
INTRa RISING EDGE: INDICATE THE END OF A COMMAND 
INTRa FALLING EDGE: INDICATES THAT THE COMMAND REGISTER 
IS WRlnEN TO 

WRITE ENABLE TIMING 



INPUT DATA TIMING 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

Tpw Raw Read Pulse Width 100 200 nsec 

TBC ~aw Read Cycle Time 1500 2000 nsec 

WRITE DATA TIMING: (All TIMES DOUBLE WHEN ClK = 1 MHz) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TWp Write Data Pulse Width 400 500 600 nsec FM 
240 1000 nsec MFM 

TWG Write Gate to Write Data 2 ~sec FM 
1 ~sec MFM 

TWF Write Gate off from WD 2 ~sec FM 
1 ~sec MFM 

MISCELLANEOUS TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TCD1 Clock Duty (low) 230 250 20000 nsec 

TCD2 Clock Duty (high) 230 250 20000 nsec 
TSTP Step Pulse Output 20r4 ~sec See Note 

TDIR Dir Setup to Step 12 ~sec ± CLKERROR 
TMR Master Reset Pulse Width 50 ~sec 

TIP Index Pulse Width 10 ~sec See Note 
RPW Read Window Pulse Width Input 0-5V 

120 700 nsec MFM 
240 1400 nsec FM ± 15% 

WPW Write Data Pulse Width Input 0-5V 
300 1000 nsec MFM 

500 nsec FM 
Precomp Adjust. 100 250 nsec MFM 

RPW Read Window Pulse Width Input0-5V 
120 700 nsec MFM 
240 1400 nsec FM ± 15% 

WPW Write Data Pulse Width Input 0-5V 
300 1000 nsec MFM 

500 nsec FM 
Precomp Adjust. 100 250 nsec MFM 

VCO Free Run Voltage Controlled 6.0 MHz Ext.C = 0 
Oscillator. Adjustable by ext. 4.0 MHz Ext.C = 35pf 
capacitor on Pin 26 
Pump Up + 25% 5.0 MHz PU = 2.2V Cext 

VCO 
= 35pf 

Pump Down - 25% 3.0 MHz PO :;: 0.2V Cext 
= 35pf 

VCO 
5% Change VCC 3.8 4.2 MHz Cext = 35 pf 
TA = 75°C 3.5 MHz Cext = 35 pf 

Cext Necessary external capacitor 10 35 80 pf VCO = 4.0MHz 
nom 

RCLK Derived read clock VCO = 4.0MHz 
= VCO + 8,16,32 

500 KHz DDEN = 0 
&8 = 1 

250 KHz DDEN = 0 
&8 = 0 

250 KHz DDEN = 1 
5'8 = 1 

125 KHz DO EN = 1 
518 = 0 

PU/DON PU/PD time on 250 ns MFM 
(pulse width) 500 ns FM 



APPENDIX G 

FLOPPY DISK ERROR CODES 



Table 4. STATUS REGISTER SUMMARY 

ALL TYPE I 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 
56 WRITE 0 0 0 WRITE WRITE 

PROTECT PROTECT PROTECT 
55 HEAD LOADED 0 RECORD TYPE 0 0 0 
54 SEEK ERROR RNF RNF 0 RNF 0 
53 CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0 
52 TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 
S1 INDEX PULSE ORO ORO ORO ORO ORO 
SO BUSY BUSY BUSY BUSY BUSY BUSY 

STATUS FOR TYPE I 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. 

X40J This bit is an inverted copy of the Ready input and logically 'ored' with MR. 

56 PROTECTED (3C 1 When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 

55 HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD and HLT 
(20) signals. 

54 SEEK ERROR ( 1 J ) When set, the desired track was not verified. This bit is reset to 0 when updated. 

53 CRC ERROR ( 4 ) CRC encountered in 10 field. 

S2TRACKOO (3) When set, indicates ReadlWrite head is positioned to Track O. This bit is an inverted copy of the 
TROOinput. 

S11NOEX tL) When set, indicateS'index mark detected from drive. This bit is an inverted copy of the IP input. 

SO BUSY (1) When set command is in progress. When reset no command is in progres~: 



APPENDIX H 

APPLICATION NOTES 



1. In certain cases the SUPER SIX must be run at 4MHz. This is 
because timing on the 5-100 bus is critical when interfacing with 
select other 5-100 bus boards. 



For the users of Super Six computer board the following 
changes apply to any Super Six up to Rev. "M": 

1. Add a I K Resistor (pull up) to the 
BRQ output of U21 (D.M.A.). 

2. Change the value of RII and Rl6 from 
1. K each to 2 K, for more V.C.O. range. 

3. Connect Ph~ntom to U33 pin 1, for all memory 
to be turned OFF when active. 

And for Super Six users running at 6 MHZ with up to 
Rev. "M" board, using any other non Advanced Digital 
boards that has one or the two next characteristics. 

1. An I/O board latches the incoming data on 
the falling edge of (pWR*) during an I/O 
transfer of data. 

2. A memory transfer where the signal (pSTVAL*) 
is expected to fall inside of (PSYNC) active. 

Modify your Super Six, through all the rework instructions, 
else do only first three steps. 



Rework Instructions: 

1. Locate U15 on the solder side, connect a 1 K 
resistor across from U15 pin 14 to U15 pin 9. 

2. Remove Rl1 and R16 next to (L.E.D.1) both a 
1 K and replace with a 2 K resistor for R1l 
and R16. 

3. Locate U33 on the solder side cut trace between 
U33 pin 1 and 2 and jumper from U33 pin 1 to U33 
pin 10. 

4. Locate U71 on the solder side and between pin 1 
and 20 cut trace to the feed through. Now install 
a 14 pin socket at U1 (spare ic) with pin 1 on 1 
jumper pin 7 of the socket to hole number 8, for 
ground into the IC. Jumper U7l pin 8 to Ul pin 
9. Locate U68 on solder side, jumper U68 pin 2 
to Ul pins 12 and 13. Locate U6 and jumper pin 11 
to Ul pin 11. Locate U6A and jumper pin.3 to Ul 
pin 10. Remove I.C. U6A (74lS32) and lift pin 1, 
bend it so won't sort out. Jumper pin 1· to pin 4 
on component side over I.C., install back I.C. 
on solder side jumper U6A pin 2 to U25 Pin 4. 

5. Locate U28 component side, lift I.C. and pullout 
pin 9 install back I.C. Locate U4 and US solder side. 
Jumper U4 pin 12 to U5 pin 13. Jumper US pin 12 to 
U1 pin 2 and 1. Jumper U4 pin 19 to U1 pin 5. Jumper 
U1 pin 3 to U2 pin 1. Locate U21 (D.M.A.) jumper U21 
pin 12 to Ul pin 4. 

6. Install.a 74S74 in Ul socket. 



APPENDIX I 

WARRANTY LETTER 



cGb 
DIGITAL 

CORPORATION 

rorICE 

Advanced Digital Corporation nOll requires a Return Authorization 
Number for the return of any equipnent for repair or credit. This 
number will be issued by the CUstaner Support Departrrent. Any 
equipnent 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 equipnent specified in the Return Authorization is 
not received by Advanced Digital wi thin this 30 day period signi
ficant delays in handling the repair may be incurred. 

If the equipnent 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 nonwarranty 
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 equipnent, or procedures for returning equipnent, please contact 
the Advanced Digital Corporation. 

The warranty on the super StX is one year fran the date of purchase. 
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SUPER SIX SINGLE BOA~O COMPl..jTER PAkTS LIST 

ITEM PART NO. LOCATl()~ Q1Y. 

1 745 10 . U2 1 
2 74LSOO U3, UIl, U44 3 
3 74LS132 U4 1 
4 74LS04 - U5, U68 2 
5 74 S74 U6, U28 2 
6 74LS32 U6-A, U40 2 
7 Z80B PIO U7 
8 CD4098 U8 1 
9 74LS138 U9, U34 2 

10 7438 UIO 1 
11 74LS13 U12, U33 2 
12 74LS123 U13 1 
13 74LS14 U14 1 
14 7407 UI5, U22 2 
15 16L8 U16, U36 2 
16 74LS174 UI7 1 
17 74LSll U18 1 
18 74S04 U19 1 
19 Z80B CTC U20 1 
20 Z80 DMA U21 1 
21 74LS92 U23 1 
22 74LS393 U24 1 
23 8T97 U25 1 
24 7406 U26 1 
25 WD2793 U27 1 
26 2726 EPROM U29 1 
27 Z80B U30 1 
28 BR1945 U31 1 
29 74LSI09 U32 1 
30 74LS27 U35 1 
31 74S287 U37 1 
32 Z80B DART U38 1 
33 74LS280 U39 1 
35 8T98 U43, U66 2 
36 TTLDMI00 U41 1 
37 74LS02 U42 ,1 
38 4164-15 U46-U54 18 
39 74LS244 U65 1 
40 74LS374 U67 1 
41 74LS240 U70, U71, U77 3 
42 74LS373 U73 1 
43 74LS245 U74, U76 2 
44 74LS273 U78 1 
45 74S240 U80, U79 2 



ITEM 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

ITEM 

57 
58 
59 
60 
61 
62 
63 

LIST OF DISCRETE COMPONENTS 

PART NO. LOCATION 

40 PIN SOCKET U7, U21, U27, U30, U38 
28 PIN SOCKET U20 
24 PIN SOCKET U29 
20 PIN SOCKET 
18 PIN SOCKET U31 
16 PIN SOCKET 
14 PIN SOCKET 
220/330 SIP RM2 
10K SIP RM 1, RM4, RM5, RM3 
4.7K SIP RM6, RM7 
33 OHM SIP RM8, RM9, RM 10 
(8 PIN) 

CAPACITOR LIST FOR SUPER SIX 

PART NO. LOCATION 

.1 MF CAP 
10 MR CAP C 14, C6 
4.7 MF CAP(25Y) C9, C 10 
6.8 MF (lOY) C7,C8 
33 PF C23 
47 PF C35, C32, C31, C33 
5-50 PF CAP C26 

QTY. 

5 
1 
1 

15 
1 

28 
27 
1 
4 
2 
3 

QTY. 

30 
2 
2 
2 
1 
4 
1 

RESISTOR LIST FOR SUPER SIX (ALL RESISTORS ARE 1/4 WATT) 

ITEM PAR T NO. 

64 lK RESISTOR 
65 220 OHM 

66 4.7K 
67 10K 
68 27K 
69 470K 
70 5.1 MEGA OHM 
71 10 OHM 
72 1.5K 
73 .560 OHM' 
74 33 OHM 
75 10K TRIM POT 

(82PR 10K) 
76 50K TRIM POT 

(82PR50K) 

LOCATION 

R7,8, 11, 15, 16 
R12, 18,22,23,24,29,21,20 
26, 27, 28 
Rl 
R6, RIO 
R3 
R2 
R5 
R 17 
R13 
l{ 14 
R30, R31 

QTY. 

8 
8 

1 
2 
1 
1 
1 
1 
1 
1 
2 
1 



ACCESSORIES 

ITEM PART NO. LOCATION QTY. 

77 220MH CHOCK Ll, L2 2 
78 6104 TERMALOY VRI 1 
79 78H05 1 
81 40 PIN CONN J2 1 
82 50 PIN CONN J3 1 
83 34 PIN CONNEC Jl 1 
84 14 PIN CONNEC J4, J5, J6 3 
85 16 PIN CONNEC RS (8 PIN DOUBLE) 1 
86 8 PIN SINGLE RS 1 
87 3 PIN SINGLE E,C,D,R 4 
88 2 PIN SINGLE B,G 2 
89 DIALIGHT 5552222 1 

LED 
90 2N3906 TRANS Q2 1 
91 2N2222 TRANS Ql 1 
92 24 MHZ XTAL Yl 1 
93 5.068 MHZ XTA Y2 1 
94 1 N914 DIODE CR1, CR@ 2 



APPENDIX K 

PLL REALIGNMENT 



Following is the procedure tor realigning the PLL on the SUPER SIX single board 
computer. 

1. Turn POWER switch to ON (insure test jumper is removed). 

2. Install Jumper G. 

3. Adjust trimmer Cap for 250K Hz on pin 16 of the FDe. 

4. Adjust 50KHz trimmer pot for a posit.i-ve going pulse of 250ns on pin 
29 of the FDe •. 

5. Adjust 10KHz trimmer pot for a positive 'going pulse of ab~ut 125ns 
(lOOns - 300ns, depending on disk drive manufact':lrer) on pin 31 of 
the FDe. 

6. Remove jumper G. 

-50-
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APPENDIX N 

SUPER SIX SCHEMA TICS 
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