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COMPUTER SYSTEMS DIVISION LIMITED WARRANTY 

TeleVideo Systems, Inc. ("TeleVideo") warrants to its 
distributors, systems houses, OEMs, and national accounts 
("Buyer") that products, except software, manufactured by 
TeleVideo are free from defects in material and workmanship. 
TeleVideo's obligations under this warranty are limited to 
repairing or replacing, at TeleVideo's option, the part or parts 
of the products which prove defective in material or workmanship 
within IBO days after shipment by TeleVideo, except that Buyer 
may pass along to its initial customer ("Customer") a maximum of 
90 days coverage within this lBO-day warranty period, provided 
that Buyer gives TeleVideo prompt notice of any defect and 
satisfactory proof thereof. Products may be returned by Buyer 
only after a Return Material Authorization number ("RMA") has 
been obtained from TeleVideo by telephone or in writing. Buyer 
must prepay all freight charges to return any products to the 
repair facility designated by TeleVideo and include the RMA 
number on the shipping container. TeleVideo will del i ver 
replacements for defective products or parts on an exchange basis 
to Buyer, freight prepaid to the Buyer or the Customer. Products 
returned to TeleVideo under this warranty become the property of 
TeleVideo. With respect to any product or part thereof not 
manufactured by TeleVideo, only the warranty, if any, given by 
the manufacturer thereof, applies. 

EXCLUSIONS: 

This limited warranty does not cover losses or damage which 
occurs in shipment to or from Buyer or Customer, or is due to, 
(1) improper installation or maintenance, misuse, neglect or any 
cause other than ordinary commercial or industrial application, 
or (2)adjustment, repair or modification by other than TeleVideo
authorized personnel, or (3)improper environment, excessive or 
inadequate heating or air conditioning and electrical power 
failures, surges, or other irregularities, or (4)any statement 
made about TeleVideo's products by salesmen, dealers, 
distributors or agents, unless confirmed in writing by a 
TeleVideo officer. 

THE FOREGOING TELEVIDEO LIMITED WARRANTY IS IN LIEU OF ALL OTHER 
WARRANTIES, WHETHER ORAL, WRITTEN, EXPRESS, IMPLIED OR STATUTORY. 
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A 
PARTICULAR PURPOSE DO NOT APPLY. TELEVIDEO'S WARRANTY 
OBLIGATIONS AND DISTRIBUTOR'S REMEDIES HEREUNDER ARE SOLELY AND 
EXCLUSIVELY AS STATED HEREIN. TELEVIDEO MAKES NO WARRANTY 
WHATSOEVER CONCERNING ANY SOFTWARE PRODUCTS, WHICH ARE SOLD "AS 
IS" AND "WITH ALL FAULTS". TELEVIDEO'S LIABILITY, WHETHER BASED 
ON CONTRACT, TORT, WARRANTY, STRICT LIABILITY OR ANY OTHER 
THEORY, SHALL NOT EXCEED THE PRICE OF THE INDIVIDUAL UNIT WHOSE 
DEFECT OR DAMAGE IS THE BASIS OF THE CLAIM. IN NO EVENT SHALL 
TELEVIDEO BE LIABLE FOR ANY LOSS OF PROFITS, LOSS OF USE OF 
FACILITIES OR EQUIPMENT, OR OTHER INDIRECT, INCIDENTAL, OR 
CONSEQUENTIAL DAMAGES. 



TS-806 THEORY OF OPERATION 

This theory of operation describes the hardware layout, functions 
and operations. 
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1. INTRODUCTION 

The TS-806 is a multi-user system that supports up to 6 user 
stations. The user stations may be configured from TS-800, TS-
801, or TS802-series systems. 

The TS-806 is a single board microcomputer based on the Z80A 
family of microprocessor components. The system functions a 
central resource manager in a multi-user environment through RS-
422 SDLC control. The terminal used with the TS-806 is a 
standard TeleVideo terminal used as a service terminal. 

The TS806 contains a 10-megabyte Winchester technology hard disk 
drive. The TS806/20 uses a 20-megabyte Winchester drive in the 
same style cabinet as the TS806. Both systems use the WD-lOOO 
disk interface board. The TS806 can be expanded with the TS-
806H, and the TS806/20 is expanded with the TS806H/20. 

The TS806C is a magnetic cartridge option to the TS806-series 
systems. The TS806C is interfaced to the TS806-series system 
through one of the RS-422 high speed ser ial data links used for 
a user station. A user station can be connected to the TS806C as 
shown in the block diagram to allow the full compliment of 6 
stations. 

RS232 
TERMINAL I FLOPPY II WINCHESTER I 

DISK DISK 

OTHER RS232 SERIAL 
DEVIn: 

USER -------l rr=a 
I I SYSTEM t-- TS806C RS422 I 

(6) 

L OP'l'IONAL I 
------~ 

TS806 

I 
PRINTER 
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USER RS422 
SYSTEM 

1-5 

RS422 USER 
SYSTEM 6 
W/OTS806C) 

TS806H OR 
TS806H/20 



2. GENERAL DESCRIPTION 

a. ZSOA-CPU 

The main processing unit in the system (4.0 MHz operation). 

b. ZSOA-CTC 

Counter/timer chip, generating the baud rate for RS232C 
serial channel. 

c. ZSOA-PIO 

Parallel I/O chip, provides centronics-type printer inter
face. 

d. ZSOA-SIO 

Serial I/O chips, providing RS232C interface (data rate 
to 19.2 KB) and/or RS422 high-speed serial interface with 
data rate of SOOK bit/sec. 

e. ZSOA-DMA 

Direct memory access controller chip is used for direct 
transfer of data between memory and peripheral I/O like 
floppy disk, Winchester hard disk, etc. 

f. Memory 

Main memory available to user is 64K bytes, using 64K X 
1 DRAM 4K bytes of ROM and lK byte of SRAM are used for 
system firmware (used on power up or reset only). 

g. Floppy disk controller 

Western Digital's FD 1793 chip along with its support chips 
WD 2143-01 and WD169l provides control and interface to the 
5 ~" floppy drive. 

h. Winchester hard disk interface 

Interface is provided to the disk controller board for the 
5 ~" hard disk. 
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3. FUNCTION 

The facilities available to the users are 64K bytes of main 
memory, floppy disk controller which can drive potentially 
up to 4 drives (0.5M byte each), interface to communicate 
with the hard disk. controller which can also drive poten
tially up to 4 hard disk drives 5 ~" Winchester, and parallel 
port for high-speed centronics-type printer interface. 

2 channels of RS232C type interface (from 1 SIO), and 6 
channels of RS422 interface (from the other 3 SIO's) to 
communicate with the user systems (TS-800, TS-80l) are 
provided. 

4Kbytes of ROM and lK bytes of SRAM are used for system 
initialization, diagnostics, boot, and floppy/hard disk 
control during the power-up or reset, and are not acces
sible by the users. After the initial program in the 
ROM is run upon power-up or reset, the dynamic memory 
area (address 00-16 K hex.) is switched on so that the 
whole 64K byte of main memory can be used by the user. 

TS-806 uses a DMA controller to transfer data between 
memory and I/O devices, memory to memory, and also I/O 
device to I/O device. 

A CTC chip (A40) is reserved to provide vectored interrupt 
capability. Another CTC chip (A39) generates (switch
selectable) baud rates for RS232C interface. 2 Channels 
of this CTC are reserved for time-of-day generation as a 
user implemented option. 

4 LED indicators are used for diagnostic purposes to in
dicate faults in the hardware. 

The system block diagram is shown in Figure 2, I/O port 
assignment is shown in Table 1 and the baud rate switch 
configuration is shown in Table 2. 
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DIAGRAM 2 - BLOCK DESIGN OF TS-806 
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ABUS BIT # I/O PORT 

7 6 5 4 3 2 1 0 HEX. 

0 0 0 0 0 X X X 00 Indicator Load (LED Ref.) 

0 0 0 1 0 X 0 0 lQ 510 1, Ch A Data Reg. 

1 0 12 Com/Stat Reg 

0 1 11 Ch B Data Reg. 

1 1 13 Com/Stat Reg 

0 0 1 0 0 X 0 0 20 510 2, Ch A Data Reg. 

1 0 22 Com/Stat Reg 

0 1 21 Ch B Data Reg. 

1 1 23 Com/Stat Reg 

0 0 1 1 0 X 0 0 30 510 3, Ch A Data Reg. 

1 0 32 Com/Stat Reg 

0 1 31 Ch B Data Reg. 

1 1 33 Com/Stat Reg 

0 1 0 0 0 X X X 40 WDC Reset (Winchester Disk Soft Reset) 
0 1 0 1 0 X 0 0 50 510 0, ChA Data Reg. 

1 0 52 Com/Stat Reg 

0 1 51 Ch B Data Reg. 

1 1 53 Com/Stat Reg 

0 1 1 0 0 X X X 60 Baud Rate Load 

0 1 1 1 0 X X X 70 FDD Select 

1 0 0 0 0 X 0 0 80 CTC Ch 0 

0 1 81 Ch 1 

1 0 82 Ch 2 

1 1 83 Ch 3 

1 0 0 1 0 X X X 90 DMA 

1 0 1 0 0 0 0 0 AO WDC Reg. 0 Data Reg. 

0 0 1 Al Reg. 1 Error /liri te Precompensation Reg. 

0 1 0 A2 Reg. 2 Sector Count Reg. 

0 1 1 A3 Reg. 3 Sector Number Reg. 

1 0 0 A4 Reg. 4 Cylinder Low Reg. 

1 0 1 AS Reg. 5 Cylinder High Reg. 

1 1 0 A6 Reg. 6 Size/Drive/Head Reg. 

1 1 1 A7 Reg. 7 Status/Command Reg. 
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ABUS BIT # I/O PORT 

7 6 5 4 3 2 1 HEX. 

1 0 1 1 0 X 0 0 BO FDC Corn/stat Reg. 

0 1 B1 Track Reg. 

1 0 B2 Sector Reg. 

1 1 B3 Data Reg. 

1 1 0 0 0 X 0 0 CO PIC Ch 0 (CTC) User Option 

0 1 C1 Ch 1 

1 0 C2 Ch 2 

1 1 C3 Ch 3 

1 1 0 1 0 X 0 0 DO PIO Ch A Data Reg. 

1 0 D2 Corn/Stat Reg 

0 1 D1 Ch B Data Reg. 

1 1 D3 Corn/Stat Reg 

1 1 1 0 0 X X X EO Enable Dram 

1 1 1 1 0 X X X FO Disable Dram 

Table 1. I/O Port Assignment 
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Baud Rate Generation for SIO: 

Switches for baud rates are upper 4 dip switches which can be 
set up as following table. 

Switch POSe 

Baud Rate 4 3 2 1 

19.2 KBaud 0 0 0 0 

9.6 KBaud 0 0 0 1 

4.8 KBaud 0 0 1 0 

2.4 KBaud 0 0 1 1 

1.2 KBaud 0 1 0 0 

600 Baud 0 1 0 1 

300 Baud 0 1 1 0 

150 Baud 0 1 1 1 

75 Baud 1 0 0 0 

Table 2. Baud Rate Switch 

Dip Switch Description: 

0 (Close) / 1 (Open) 

Sw 1: Baud Rate 

2: " 

3: " 

4: " 
5: Unused 

6: Unused 

7: Unused 

8: Reserved for Diagnostic 
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4. Circuit Description 

Generally TS-806 circuitry can be divided into 8 sections 
as shown in Figure 3. 

~ 
1. Reset 

5 
2. Clock 

8[] 3. Memory 

--- 4. CPU & DMA 

8 5. Serial I/O 

6. Floppy Disk Control 

3 I I 2. 0 7. Hard Disk Control Ie] 

8. Printer Interface 

Figure 3 System Board Description 

4.1 Reset 

The chip associated with the reset circuit is a 74LSOO 
(A2), which debounces the reset signal when the reset 
switch is pressed. 

A2-l3 is normally low and Pin 1 is normally high. -Reset 
must be active for at least three clock cycles to properly 
reset the CPU. As long as -Reset remains active, the address 
and data bus float, and the control signal outputs are in
active. 

The CPU returns to normal operation after two internal 
"T" cycles. '-Reset clears the PC register so the register 
now contain"s a value of 0000. 

4.2 Clock Generation 

16 MHz signal from the oscillator (OSC) is divided down to 
a 4 MHz signal using a 93Sl6 (A7) and TR 2N2907 is used to 
drive the proper system clock level and again buffered 
for enough driving current. 

The 1 MHz clock from the 93Sl6 is supplied to the floppy 
disk controller chip (FD 1793). To generate the baud rate, 
the 8 MHz signal from the 93Sl6 is fed into a 74LS163 (A8), 
to generate the frequency of 1/6.5 times the system clock 
for the CTC. Transmit clock for the SIO (RS422) is generated 
through another 74LS163 (A38) and 74S04 (A23) using system 
clock. 
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4.3 Memory 

ROM and Static RAM: 

A single 4K X 8 ROM and two lK X 4 SRAM are used. 
ROM and SRAM are enabled upon power-up or reset. The 
enabling circuitry is composed of two 74LSl38 (A2l, A22) 
and other necessary chips of flip-flop and gates. By 
issuing an I/O instruction, we can either enable or 
disable the ROM and SRAM. When the ROM and SRAM are 
enabled, -CAS signal for dynamic RAM column address 
goes inactive disabling dynamic RAM (OOH-l6KH), so only 
ROM and SRAM are active. During read/write operations 
involving ROM and SRAM the 74LS74 (A36) generates one 
wait state to allow sufficient time for the read/write 
operation. 

o 

4k 

5k 

16k 

64k 

ROM 

SRAM 

NOT 
ACCESSIBLE 

DYNAMIC 
RAM 

WHEN USlNG ROM 
AND SRAM 

o ~--------------__ 

DYNAMIC 

RAM 

64k~ ________________ ~ 
AFTER DYNAMIC RAM 
ENABLEO 

Figure 4 Memory Space Description 
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4.3 Eight DRAM chips (64Kb each) are used for main memory. 
Two 74S74 (A35,A37) and other related chips (AI8, A19) 
are used to generate -CAS and -RAS signals using -MI 
and -MREQ signals. Select column signal chooses either 
AO-A7 or A8-A15 as row and column address. As explained 
previously, when dynamic RAM is enabled it activiates 
-CAS signal so that all DRAM locations can be accessed 
by the user. During refresh, only -RAS signal is acti
vated and one whole row is refreshed at one time. 

The following diagrams show the timing of those signals. 
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~1'\S 'YI'lOV< --
, I 
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)( 

n 
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I 
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~ ,01'1$ '11'\?\X 

r , , r 

Figure 5 Instruction Fetch from ROM/SRAM 
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elK 
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I I 
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1\ 
I-- 23071S 1'l1"'X 

DATA , 
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Figure 6 Read/Write on ROM and SRAM 
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Ao-AI5 
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DATA 
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Figure 7 Instruction Fetch from DRAM 

-MREQ ----10.. 

-RD 

-WR 

DATA 

Figure 8 Read/Write from DRAM without Wait States 
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4.4 DMA Operation 

CLK 

The ~DY line is monitored by the DMA to determine when 
a peripheral device is ready for read or write operation. 
When the DMA is enabled the ROY line indirectly controls 
DMA activity. -BUSREQ is used as output from the DMA 
chip to request for control of the address, data and 
control bus from the CPU. If CPU receives active -BUSREQ, 
the CPU will set these buses to high impedance state as 
soon as the current CPU machine cycle is terminated, and 
then sends out -BUSAK signal to indicate that DMA can 
control these signals. 

Figure 9 illustrates the -BUSREQ and -BUSAK (BAI) timing. 
The RDY line is sampled on every rising edge of CLK as a 
level, not an edge. When the DMA detects a low on -BAI 
line for two consecutive rising edges of CLK, the DMA 
begins transferring data on the next rising edge of CLK. 

Figure 10 and Figure 11 explain the timing diagram of RDY 
line in burst mode and in continuous mode of the DMA. 

RDY 

-SUSREQ ~-----~----+------4--------~------~-----

-SAl -------------------------~ 

D.MA DMA 
INACTIVE ACTIVE 

Figure 9 Bus Request and Acceptance Timing 
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RDY -- rv -------------------.\~ __ _ 

-BUSREQ\.... rv ______________ --'( 

-BAI -rv\ I 

Ao-AI5 -- I"'J ("-__ --'X"-__ ~X"_ __ --'X'__ __ __'>-
-MREQ -- rv 

-RD --rv 

DATA -- rv ----< 

Figure 10 RDY Line in Burst Mode 

(Refer to I/O Operation for precise timing.) 

RDY - "-J ------------,. 

'--- 'V --.-I 
-6USR~N __________ _ 

"J 
r 

-BAY - ""' \"'-________ _ 
"J r 

X Ao-Als - ""' --{ X'--_--' >c: x: r 
rv -rv 

-MREQ 

-RI> - ~ 

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

Figure 11 RDY Line in Continuous Mode 

(Refer to I/O Operation for precise timing) 
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4.5 I/O Operation 

The Z80A CPU can address up to 256 I/O ports. The CPU 
uses only the lower 8 address lines for I/O addressing. 
The address lines A3 to A7 are decoded through two 74LS138 
(A58,59). For I/O read/write, the -IORQ signal "NANDED" 
with RD/WR is used to provide -IORD/-IOWR signal. During 
the I/O operation, the CPU automatically inserts a single 
wait state (TW). This extra wait state allows sufficient 
time for an I/O port to complete a read/write operation. 

One SIO (A82) is for RS232 interfaces and its related chips 
are 75188 (for output) and 75189 (for input). The other 
3 SIO's (A61, A83, A84) are for RS422 interfaces with the 
user system; the related chips are 26LS31 (for output) and 
26LS32 (for input). The timing of the signals generated 
by the CPU input instruction (to read data or the status 
byte) and output instruction (to write data or control 
bytes) are illustrated in Figure 12. 

elK 

-Sloes 

-fORQ ---+---,. 

-RD 100 71S 1'II~X 

-Hl 
HIGH 

MTA------------~c=)~----~<~ ______ ~r_ 

Figure 12 Timing Diagram for Read/Write Through SIO 
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4.5 I/O Operation 

FD i793, WD169l, WD2l43-0l and other related chips are 
used for floppy disk control. FD 1793 has two modes of 
operation according to the state of -DDEN (Pin 37). When 
-DDEN=l, single density is selected. The CLK input (Pin 24) 
is set at 1 MHz for mini floppy. DRQ line indicates that 
the data register contains assembled data in the read oper
ation, or the data register is empty in the write operation. 
This signal is reset when serviced by the system through 
reading or loading the data register. 

Figure 13 and 14 show timing diagram of those related 
signals. 

elK 
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-IOWR 

DATA 

- FPC es 

fiDe DRQ 

DAl 

-WE ofF pc 

-IOWR 
MODl 
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/ 

- 18611s ~ ... x 

f\ 
1)00 'l'IS -m"x , 

1\ 
, 

" 
I 

SO lIS 17Iin (140 ns mOl.x) 

1\ 

" 

Figure 13 Timing Diagram of Memory to FDC Transfer 
(DMA write Operation) 
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eLK 
-MREQ 

-lORD 
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-FOC CS 

FDC PRG 

VAL 

1__ READ FDe .1_ WRITE MEM. ./ 

\-T, -+--Toz.+-TW+T3+T, +T2 +T~-1 

I 

i---- 120'110$ 'YTIN( 

1/ 

/ 

f--- 180lls rr " "'"X 
1\ , 

500 ns f'n<>.) , 
350"1)5 m" 

f-.o. 50 l\S 'l7l1 11 
/ "' " ~ 

Figure 14 Timing Diagram of FDe to Memory Transfer 
(DMA read operation) 

WD 1000 controller board is used for 5~" Winchester disk 
interface. As with the floppy disk controller, -WDe 
DRQ signal is used to control the RDY line of DMA by 
being "NANDED" with other I/O RDY signals through 748133 
(A71). -lORD signal decides the direction of data on 
74LS245 (A91) between the system and controller. Figure 
15 and 16 shows the timing diagram in WDe read/write 
operation using DMA. 
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Figure 16 Memory to woe Transfer 
(OMA write Operation) 
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5. Connector Description 

All the connector position is shown in Figure 17 and Table 3. 

c:::J I I D P7 P2 P3 P4 
Pil PJO 

DPII 

DpJO 
P5 

Dp9 PI3 

OP8 

Figure 17 Connectors on the board 

Connector # 

P1 
P2 
P3 
p4 
P5 
P6 
P7 
P8 
P9 
P10 
P11 
Pl2 
P13 

Description 

Power 
RS232C Service Terminal Interface 
RS232C Serial Interface 
Centronics-type Printer Interface 
Winchester Disk Controller Interface 
Reset, Power On Light 
RS422 User Channel 1 
RS422 User Channel 2 
RS422 User Channel 3 
RS422 User Channel 4 
RS422 User Channel 5 
RS422 User Channel 6 
Floppy Disk Drive Interface 
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Table 3. Connector Assignment 

5.1 Power Connector (PI: 5 pin) 

Pin No. 

1 
2 
3 
4 
5 

Description 

-12 V 
Unused 
GND 
+5 V 
+12 V 

Table 4 Power Connector Configuration 

5.2 RS232C Connector (P2,3: 25 Pin) 

Pin No. 

1 
2 
3' 
4 
5 
7 
8 
20 

Description (DCE P3) 

Frame Ground 
Transmit Data (Receive Data P3) 
Receive Data (Transmit Data P3) 
Request to Send 
Clear to Send 
Signal Ground 
Data Carrier Detect 
Data Terminal Ready (Printer Busy P3) 

Polarity of Data Signals: - True 
Polarity of Control Signals: + True 

Table 5 RS232C Connector Configuration 
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5.3 Floppy Disk Controller Connector 

Pin No. 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

Descril2tion 

-Drive Select 3 

-Index/Sector 

-Drive Select 0 

-Drive Select 1 

-Drive Select 2 

-Motor On 

-Direction Select: - Toward Center 
+ Off Center 

-Step 

-Composite write Data 

-write Enable 

-Track 00 

-write Protected 

-Composite Read Data 

-Side 1 Select (Ignored by one side 
floppy disk drive) 

Pin 1, 2, 3, 4, and 34 are not used. 
All other odd number pins are grounded. 

Table 6. FDC Connector Configuration 
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5.4 Winchester Hard Disk Contro1ler Interface Connector (P5: 40 Pin) 

Pin No. Description 

1 WDAL 0 

3 WDAL 1 

5 WDAL 2 

7 WDAL 3 

9 WDAL 4 

11 WDAL 5 

13 WDAL 6 

15 WDAL 7 

17 WA 0 

19 WA 1 

21 WA 2 

23 .;;.wcs (Winchester Chip Select) 

25 -WWE (Winchester Read Enable) 

27 -WWAIT 

29 WINTRQ (Interrupt Request) 

35 WDRQ (Data Request) 

37 -WMR (Master Reset) 

39 

Pin 31, 33 are not used. 
All even number pins are grounded. 

Table 7. WDC Connector Configuration 
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5.5 Centronics-type Printer Interface Connector (P4: 40 Pin) 

40 pin right angle header is used on the board, so the pin 
configuration on the board is different from the 36 pin 
connector on the rear panel but it will be matched when 
they are connected together. 

Refer to Figure 18 for comparison of two connector pin 
assignment between 40 pin connector on the board and 36 
pin connector on the rear panel which will be hooked up to 
the printer. 

Table 8 describes the pin configuration of the connector 
on the board. 

CONNECTOR ON THE BOARD CONNECTOR ON THE REAR PANNEL 

39 37 5 3 18 17 3 2 

40 38 6 '4 2. 36 35 21 20 19 

Figure 18. Comparison of Two Connectors for Printer 
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Pin No. 

Rear Panel Board Port/Data Bit 
Connector 

1 , 19* 1, 2* D{iJ/{iJ 
2, 20 3, 4* D1/{iJ 
3, 21* 5, 6* D1/1 
4, 22* 7,8* D1/2 
5, 23* 9, 10* D113 
6, 24* 11, 12* Dl/4 
7, 25* 13, 14* D1/5 
8, 26* 15, 16* D1/6 
9, 27* 17, 18* D1/7 
10, 28* 19, 20* BSTB/P10 
11 , 29* 21, 22* D{iJ/5 
12 23 D{iJ/4 (W5) 
13 25 D{iJ/6 (W4) 
31 , 30* 26, 24* (W6) D{iJ/l ~W8) 
14 27 W7) 
32 28 D{iJ/3 (W3) 
15 29 

. 33 30 D{(J/2 (W2) 
16 31 
34 32 D{iJ/7 (W9) 
17 33 
35 34 
18 35 
36 36 

* Second pin number indicates return ground. 

Pin 37, 38, 39, and 40 are not connected. 

**Ground if no connection 
***Tie high if no connection 

Description 

-Data strobe Output 
Data 0 Output 
Data 1 Output 
Data 2 Output 
Data 3 Output 
Data 4 Output 
Data 5 Output 
Data 6 Output 
Data 7 Output 
-Ackn1g Input 
Busy Input 

** PE (paper empty) Input 
*** Select Input 

-Input Prime Output 
Gnd 

*** -Fault Input 
Unused 

** Light Detect Input 
GND 
LC Pulse Output 
Gnd 
Unused 
Unused 
Unused 

Table 8: Configuration of parallel Printer Interface 
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5.6 User system connector: RS422 (P7: 15 pin, P8-PI2: 16 pin) 

There are two types of connectors for RS422 on the system 
board. User 1 connector is D type 15 pin (P7) but from user 
2 to user 6 (P8 to P12) connectors are 16 pin 
header type but these are connected to the D type on the rear 
panel eventually. The difference is only due to the different 
numbering order between those two types. Refer to Figure 19 
for comparison. 

D Type 

876 5 4 3 2 1 
15 14 13 12 11 10 9 

15 13 
16 14 

Header Type 

11 9 7 5 3 
12 10 8 6 4 

1 
2 

Figure 19 Two Different Type Connector Pin Order for RS422 
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a. P7 (D type: 15 Pin) 

Pin No. Description Pin No. Description 

1 Shield 9 -TXD 

2 TXD 10 -RXD 

3 RXD 11 -RTS 

4 RTS 12 -CTS 

5 CTS 13 TXC 

6 -TXC 14 RXC 

7 -RXC 15 Reserved for 
Manufacturer 

a Signal GND 

Table 9. D Type Configuration for RS422 

b. pa to P12 (header type: 16 pin) 

Pin No. Description Description 

"D" Board "D" Board 
Conn. Conn. 

1 1 Shield 9 2 -TXD 

2 3 TXD 10 4 -RXD 

3 5 RXD 11 6 -RTS 

4 7 RTS 12 a -CTS 

5 9 CTS 13 10 TXC 

6 11 -TXC 14 12 RXC 

7 13 -RXC 15 14 Unused 

a 15 Signal GND N/C 16 Unused 

Table 10. Header Type Configuration for RS422 
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5.7 Reset Power On Light Connector (P6 : 3 pin) 

Pin No. DescriEtion 

1 GND 

2 Reset SW (normally high) 

3 Reset SW (normally low) 

Table 11. Reset, Power On Light Connector Configuration 

5.8 LED Description 

4 LED's are used for diagnostic purposes. They are lit 
when the data line goes low. The corresponding port 
address is 00 the data byte assigned to each LED is as 
follows. 

LED No. 

1 

2 

3 

4 

Data Byte 

FO 

Fl 

F2 

F3 

The LED sequence for each test is as follows: 

Lit LED 

0 0 '''' o • 1 

0 "'" o • 0 2 
,"''; o • 0 0 3 

"a, 
• 0 0 0 4 

0 
,\t, ,\ " 1 o •• , 

"~'''.' 0 0 3 , 

,", '~' .. \1, .. '" 1 . .. , 

2 

4 

2 , 3 , 4 

Test In Process 

MEM Tes"t 

DMA 

WDC 

SIO 

PIO 

FDC 

After finishing all tests 
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6.0 Description for Jumpers 

7.0 

WI: 1) 
2) 

W2-W9: 

Jumper 

W2 

W3 

W4 

W5 

W6 

W7 

WS 

W9 

Connect Band C when used with service terminal. 
Connect A and B when used without service terminal. 

Use as follows depending on the type of printer. 

Related Signal and Pin No. 
(Centronics-type) on rear 
panel 

Light detect (pin 33) 

-Fault (pin 32) 

Select (pin 13) 

Paper empty (pin 12) 

-Input prime return (pin 30) 

GND (pin 14) 

-Input prime (pin 31) 

LC pulse (pin 34) 

Description 

Connect when the printer 
interface does not need 
this signal. 

Connect when the printer 
interface does not need 
this signal. 

Connect when the printer 
interface does not need 
this signal. 

Connect when the printer 
interface does not need 
this signal. 

Connect if GND is needed. 

Connect if GND is needed. 

Connect when the printer 
interface needs this signal. 

Connect when the printer 
interface needs this signal. 

POWER REQUIREMENTS 

Sys. Bel WDC Hard Disk Floppy Disk 

+5V 5.5 A Max. 2.5 A Max. 1.0 A Max 0.5 A Max. 

2.5 A Typ. 2.1 A Typ. .75 A Typ. 0.45A Typ. 

+12V SO rnA Max. 5.0 A Max. 2.2 A Max. 

50 rnA Typ. 1.5 A Typ. O.S A Typ. 

-12V 50 rnA Max. 50 rnA Max. 

30 rnA Typ. 25 rnA Typ. 
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B.O WINCHESTER DISK CONTROLLER 

B.l Overview 

The WDIOOO hard disk controller is a discrete implementation of 
all the functions required to control SAlOOO/STS06-compatible 
Winchester (hard) disk drives via a standard data and control BUS. 
The controller is fabricated using a mix of high-speed bipolar 
and NMOS devices contained on a single, two-sided PC board. 

The design of the circuitry makes use of a high-speed 
Microcontroller called the BX300, newly developed NMOS support 
devices, Schottky devices, and low power Schottky devices. 
Together they work to achieve low component count and cost while 
maintaining high performance and reliability. 

All I/O connections are made using standard ribbon cable 
connectors. Standard pin-out configurations for disk interface 
connectors are provided to permit direct pin-for-pin connection 
to STS06 compatible SR drives. 

All power for the board can be supplied from a single S-volt 
power supply on a separate connector. 

All host-to-disk data transfers are buffered by onboard RAM to 
achieve totally asynchronous transfers to and from the disk by 
the host. 

The disk controller is built around five basic sections: 

1. Processor functions 

2. Serial data separation 

3. Data conversion and checking 

4. Serial data generation 

S. Host interface functions 

B.2 Processor Functions 

All functions of the WDIOOO controller are ultimately controlled 
by the onboard processor. Due to the high data rates associated 
with hard disk drives, processing of data and control of machine 
functions within the circuitry requires a processor capable of 
extremely fast execution speed. The processor used is the 8X300, 
a bipolar microcontroller particularily well suited for handling 
data efficiently at high rates. 

The 8X300 operates at a basic clock rate of 8 MHz and performs 
all operations within 2 clock cycles giving it a speed of 4 MIPS 
(Million Instructions Per Second) or one instruction executed 
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every 250 nS. The architecture of the processor is different 
from most other microprocessors in that no common data or . 
address BUS is provided to be shared by RAM, ROM or peripheral 
devices. 

Instructions are fetched from ROM via a dedicated insttuction 
address and data BUS. The instruction address BUS .(IAO-IA13) is 
capable of directly accessing ·8K words of program storage. 
However, the WOlOOO uses only the first 10 address -lines, 
limiting onboard program. storage to lK words. 

Program data is input to the 8X300 (U50) on the Instruction Data 
Operation. All BUS designations utIlized by the 8X300 are 
reversed from the traditional LSB to MSB weighting. These bus 
lines have all been renamed on the schematic of the WOlOOO to 
provide a more conventional designation system for the board. 

8.2.1 Fast I/O Select 

An extension byte has been added onto the instruction data memory 
to provide port access decoding on an instruction-by-instruction 
basis. This "Fast I/O Select" byte is not processed by the 
8X300. It is decoded by auxiliary hardware to provide eightr~ad 
strobes and eight write strobes which route data to the various 
devices distributed along the interface vector BUS. 

The Fast I/O byte is latched into a 6-bit latch (U27) on the 
trailing edge of MCLK to ensure the data remains stable during 
the entire instruction. This data selects a read strobe and 
write strobe through two 1-of-8 decoders (U20 and 026) which are 
alternately enabled by the -WC control strobe produced by the 
8X300. To provide edges on read strobes during sequential read 
operations from various ports, the red strobe decoder (U20) is 
always disqualified at the end of instruction by +MCLK' which is 
a delayed copy of +MCLK. This delay compensates for timing races 
through the Fast I/O latch (U27) and the control signals. 

Because each decoder has a unique input, it is possible t'o select 
any read port with any write port during each instruction. Data 
is transferred between the processor and its ports ona s~parate 
8-bit BUS called the "I/O" BUS. This BUS is active low. It must 
be noted that this BUS is in no way related to the instruction 
data BUS and can be thought of as simply an 8-bitbidirectiona~ 
I/O BUS of the 8X300. In fact it has been renamed as 1/00-1/07 to 
reflect this distinction. 

8.2.2 Internal BUS Control 

Several BUS control signals are produced by the 8X300 tb identify 
and strobe the data in the I/O BUS •. WC (write control) is a 
signal which determines the direction of the data to and from 
peripherals. When WC is false (during the first half cycle), data 
is being input to the 8X300 from the I/O BUS. When WC is true 
(during the second half cycle), data is being output f~omthe 
8X300 onto the I/O BUS. SC (select control) 1,5 a signal which 
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becomes active during the second half cycle instead of WC if the 
I/O BUS contains an 8-bit I/O address. In the WDlOOO, both WC and 
SC are combined by a NOR gate (U24) to indicate all accesses to 
any port. This arrangement allows 8-bit immediate-data moves 
from the 8X300 to any output port within one instruction, instead 
of the normal 5-bit immediate moves provided for by the 
instructions set. 

All instruction fetches occur late in the second cycle of the 
preceding insttuction. This time is marked by the generation of 
a 65 nS (nominal) active high pulse called MCLK which occurs 
every instruction. MCLK is used to latch data prior to being 
input on the I/O BUS to insure stability during reads. It is also 
used to disqualify any read strobes that would otherwise remain 
true during the second clock cycle of any instruction which does 
not write to a port. 

Two additional BUS control signals are produced by the 8X300. 
They are RIGHT BANK SELECT (-RB) and LEFT BANK SELECT (-LB). 
These are not used, however, in the WDlOOO due to the 
implementation of the Fast I/O Select logic. 

8.2.3 Reset Circuit 

The 8X300 is held in reset for approximately 40 mS after initial 
power on. This is accomplished by an RC network (R42, C68 and 
CR3) whi~h drives a Schmitt trigger (U3l) to provide a proper 
rise/fall time on the -RESET line of the 8X300. Alternate reset 
of the processor can be accomplished by dropping -MR (J5 pin 39) 
whenever the host wishes to reset the controller. A Schmitt 
trigger (U31) is provided with a 4.7K pull-up (R43) to buffer the 
-MR input from the host. -RESET also propagates to the drive 
control latches (U52 and U48) and their associated line drivers 
(U54-56) and host interface WAIT (U320, DRO and INTRO latches 
(U30), ensuring proper initialization of these functions during 
power-up and subsequent resets from the host. 

8.2.4 Processor Power Supply 

Power is supplied to the 8X300 from the +5 Volt (Vcc) power BUS. 
Due to the internal operation of the 8X300, an on-chip voltage 
reference is provided to produce bias to an external pass 
transistor (04). This drops Vcc to the 8X300 to approximately 
+3.0 Volts. All signals into and out of the 8X300 are internally 
level shifted to be TTL compatible. 

8.2.5 Read and Write Ports 

Throughout the circuit, output ports are formed by D type latches 
using write strobes (WRO-7) to latch data into the ports. 
Reading of ports is universally accomplished by using read 
strobes (RDO, RD2, RD4-6) that enable selected tri-state output 
devices on the I/O BUS. Additionally, two read strobes are used to 
clock the host DRO and INTRO latches (U30) and one read strobe is 
left unused as a "dummy" port for instructions not requiring data 
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from a port. This insures troublefree operation of the Fast I/O 
port decoders. 

8.2.6 Read/Write Memory 

Since the 8X300 does not permit data to be saved or retrieved 
from dedicated program storage, RAM must be installed on the I/O 
BOS. RAM must, therefore, be accessed via the I/O BUS by I/O 
instructions like all other port accesses. To provide for 
addressing the RAM, three latch counters (U40, 45 and 46) are 
connected to the I/O BUS to receive and store addresses required 
to access the RAM (U33 and U39) • 

8.2.6.1 RAM Addressing 

The RAM address BUS (RAO-RA9) uniquely addresses 1 of 1024 memory 
locations. As each counter chip reaches a count of 0, it sets a 
borrow condition to the next higher counter which is decremented 
at the end of the next access to RAM. When all bits of the 
address have been reset, the -ROVF bit on the last counter (U40) 
is reset providing an overflow status which can be read by 
the processor on U43. By setting various beginning address 
values, -ROVF can be used to mark the end of any RAM access loop 
from 1 to 1024 bytes in length. In the WDlOOO, this function is 
used for setting sector buffer lengths of 128, 256, or 512 bytes. 

8.2.6.2 Sector Buffering 

All data read from the disk or written to the disk is passed 
through the RAM to provide buffering required for asynchronous 
data transfer between the host and disk. The counters are post
decremented which means that effective addresses are stable to 
the RAM by at least the instruction prior to the actual access. 
This preselection feature effectively reduces RAM access time to· 
the output enable and propagation time of the RAM for read 
operations and the width of the minimum -WR strobe pulse for 
write operations. 

8.2.6.3 RAM Accessing 

RAM access is initiated by -Res which is the logical OR (by U25) 
of -ROO and -WRO generated by the Fast I/O decoders (U20 and U26) • 
Data to be read from RAN will be placed on the I/O BUS whenever 
-Res is low and -we is high. Data is written into a selected RAM 
cellon the trailing edge of -we if -Res is low. During writes, 
both -we and -ReS will be low for at least 120 nS so that data 
setup time requirements are met. 

8.2.6.4 Scratchpad Operations 

Because the RAM address counters can be preset, direct reads 
and writes to a specific address are possible. This function is 
used for scratchpad storage during program execution. This mode 
of RAM access requires 2 or 3 instruction cycles for each random 
access to the RAIvl as opposed to 1 for sequential access using the 
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post-decrement feature. 

8.2.7 MAC Control Port 

Basic control of the various functional sections of the WDIOOO is 
accomplished by a dedicated 6-bit control port called MAC CNTRL 
(U34). MAC CNTRL enables the functions of the WAIT control 
circuitry (-WAEN), CRC generation (-CRCIZ), gating of read data 
into data separation circuitry (RGATE), selection of read or 
write functions (-WRITE), control of CRC check word output 
(-lBLA) and AM detection (SRCH). MAC CNTRL output states are 
latched into the port by a write strobe (WR7). Additionally, any 
time MAC CNTRL is loaded with a new byte, the lower two data bits 
(1/00-1) are strobed into the upper two address counter/latch bits 
(RA8, 9) • 

All remaining ports are distributed among the basic functional 
sections of the WDIOOO and are described in detail within the 
discussion of those functions. 

8.3 Serial Data Separation 

The WDIOOO controller contains on-board circuitry to process 
incoming MFM data from the drive by a process called data 
separation. Here, some background information may be helpful: 

In order to provide maximum data-recording density for maximum 
storage efficiency, data is recorded on the disk using a Modified 
Frequency Modulation (MFM) technique. This technique requires 
clock bits to be recorded only when two successive data bits are 
missing in the serial data stream. This reduces the total number 
of bits required to record a given amount of information on the 
disk. This results in an effective doubling of the amount of 
data capacity, hence the term "double density". 

The fact that clock bits are not recorded with every data bit 
cell requires circuitry that can remain in sync with data during 
the absence of clock bits. Synchronous decoding of MFM data 
streams requires the decoder circuitry to synthesize clock bit 
timing when clocks are missing and synchronize to clock bits when 
they are present. This is accomplished by using a phase-locked 
oscillator employing an error amplifier/filter to sync onto and 
hold a specific phase relationship to the data and clock bits in 
the data stream. The synthesized clock called RCLK can then be 
used to separate data bits from clock bits and to shift the 
resultant serial data into registers for parallelization into 
bytes. 

8.3.1 Incoming Data Selection 

In the WDlOOO, serial data is input from up to four radially
connected drives via a quad RS 422 differential receiver (U15). 
The receiver converts differential input data to TTL levels for 
use by the controller. The data from the selected drive is then 
routed to the data separation circuitry by a four-section 
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AND/OR/INVERT gate (U23). At this point data and clocks are 
'still combined and appear as 50 nS (nominal) active high pulses 
spaced at intervals of 1, 1.5, or 2 times the RCLK period. This 
data is presented to the input of another AND/OR/INVERT gate 
(UI8) which will gate either MFM data or a reference clock into 
the first stage of the VCO error amplifier circuitry. 

8.3.2 Reference Clock 

The reference clock is derived from the write clock crystal 
oscillator (Q3, Ul7 and associated circuitry). This oscillator 
uses a fundamental crystal cut to oscillate at 4 times the RCLK 
frequency. The 4X output is then divided by Ul7 to produce both 
a 2X clock (2XDR) which is used as a reference and a IX clock 
(WCLK) which is used to produce MFM write data for the disk. The 
crystal (YI) frequency is 20.000 MHz for ST506 compatible drives 
or 17.360 MHz for SAIOOO compatible drives. 

8.3.3 Clock Gating 

The gating of the reference and MFM data into the data separator 
is dependent on the condition of the read gate (RGATE) signal and 
the spacing of the data on the serial stream after RGATE is 
brought true. The techniques used to separate data from 
clocks make It necessary to run the VCO at a rate twice the data 
clock (RCLK)- \rate. The VCO is therefore set to an open loop 
frequency of 2X RCLK. Any variations in this rate due to 
variations in disk rotational speed must be compensated for by 
the VCO. Instantaneous shifts in data due to the effects of 
adjacent bit cells on the disk and minor noise must be ignored. 
Also, the response of the VCO must be adjusted to effectively 
override missing clock bits which occur as a -result of the MFM 
recording technique. 

The resultant compromise between response and reject requirements 
of the VCO causes the VCO to have a tendency to become locked onto 
harmonics of the data rate rather easily. This is likely to 
occur if the VCO is connected to a data stream over a field of 
data which has data bits spaced at 1.5 or 2 times the actual RCLK 
time intervals. 

To prevent this from occurring, the VCO is always held locked 
onto a stable clock running at 2 X RCLK frequency whenever the 
controller is not actually reading data. Read data is switched 
to the VCO error detector only when it is known that the data 
stream frequency is equal to the RCLK frequency. This can occur 
only when the da~a is a solid stream of all ones or all zeros. 

8.3.4 High Frequency Detector 

The switching function is initiated immediately after the RGATE 
goes true. It will only swi t~h read data into the VCO aft.er 16 
consecutive ones or zeros. (high frequency) are detected by a one
shot (UIO) and counter (UI2) connected directly to the raw MFM 
data. 
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The one-shot is adjusted for a pulse width of 1.25 times the RCLK 
period. This is a 250 +/-10 nS for ST506 compatible drives and 
287 +/-10 nS for SAlOOO compatible drives. These adjustments of 
the DRUN one-shot (UlO) provide 'tolerance of up to 1/4 RCLK 
period in jitter on the MFM data bits while still being able to 
distinguish MFM zeros or ones from other data patterns. 

Each clock or data bit on the serial stream triggers the one
shot. If the time between successive triggers is less than the 
one-shot time constant, the one-shot remains retriggered. 

As the one-shot is triggered by data stream bits, so is the 
up/down counter (U12), whose count mode is controlled by the 
state of the one-shot outputs. While the one-shot is being 
retriggered, the counter counts up. 

When any data bit fails to reach the one-shot before its time 
constant is over, the one-shot resets and in turn clears the 
counter. Only when 16 successive retriggers occur can the 
counter reach its terminal count. At this time, the counter 
overflow goes true and sets up the -DRUN latch output (U13 pin 8) 
low which switches read data in and reference clock out. An 
AND/OR/INVERT gate (U18) performs the switching. -DRUN is read 
through U42 by the 8X300 to determine the condition of the MFM 
data stream. 

The data and clocks are now connected to the first stage of the 
data separator. The heart of the data separator is the VCO (U2 
and associated circuitry) and the error amplifier and filter 
(Ul). As previously stated, the VCO runs at a frequency twice 
that of the RCLK rate. 

8.3.5 VCO 

RCLK is produced by the VCO through a divide-by-two counter (U8). 
The VCO is a discrete LCoscillator with a shunt capacitor formed 
by a hyper-abrupt tuning diode (CRl). The diode varies its 
capacitance in accordance with the amount of reverse DC bias 
applied to its PN junction. As the bias decreases, the capacitance 
increases, pUlling the oscillator down in frequency. Conversely, 
as the bias increases, the oscillator frequency rises. 

The VCO performs conventionally with one exception. To help the 
VCO lock onto the incoming signals more quickly, an external 
timing signal freezes the output of the VCO in the high state. 
This is done by disqualifying U2 in the veo feedback circuit and 
by removing bias from the transistor (02) which provides loop 
gain in the oscillator. -PHASEUP performs this function and is 
present just after the switch over from reference clock to MFM 
data is made. 

The width of -PHASEUP is directly related to the difference in 
timing between the positive going transition of the VCO output 
and the positive transition of the second data/clock bit of the 
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MFM data stream. -PHASEUP causes the output of the VCO to rise 
in phase with the MFM data from the drive. This allows the VCO 
to adjust its phase slightly to center data/clocks within the 
RCLK rather than performing a frequency acquisition to lock onto 
the data stream. The phase acquisition is much faster and easier 
to achieve and results in vastly improved performance. 

8.3.6 Error Amplifier 

The error amplifier and filter control the VCO. The error 
amplifier is a balanced differential amplifier whose output 
either sources or sinks current to the filter stage. The error 

, amplifier output is pulse-width modulated by the phase detector 
(U6, 7). 

Whenever the VCO is running too slow, the error amplifier 
receives pulses from data bits before pulses from the VCO clock. 
This causes the error amplifier to produce pump-up pulses to the 
filter. The filter integrates these pulses producing an average 
increase in the voltage to the cathode of the hyper-abrupt tuning 
diode (CRI). This effectively increases the reverse bias on the 
diode which reduces its capacitance and therefore increases the 
VCO frequency slightly to match the phase of the incoming data. 

Whenever the VCO is running too fast, the 
produces pump-down pulses to the filter. 
decreased reverse bias, more capacitance, 
frequency. 

error amplifier 
The diode then receives 
and lower VCO 

The operating point of the tuning diode (CRI) is initially set 
for an open loop VCO frequency of two times RCLK by setting -OSC 
ADJUST and monitoring the VCO output. This adjustment places the 
initial bias through the bias divider (RI8-20, R22 and C8-9) at 
approximately -2.8 V to -3.2 V. At this setting the most 
responsive region of the diode is being used giving higher gain 
in the VCO. To keep the initial bias voltage close to three 
volts with varying disk data rates, the VCO inductor (LI) is 3.3 
UH for 5 MHz drives and 3.9UH for 4.34 MHz drives. 

The VCO is forced to match the phase of the incoming data. Once 
the VCO is close to the phase of the incoming data, the pump 
pulses become very small or are missing completely. It must be 
noted, however, that a slight error is always be present 
because, without pumps, the filter floats and the VCO drifts. 
The overall gain of the error amplifier and the VCO maintains 
this very small error, resulting in very close tracking between 
the vco ouput phase and the incoming data phase. 

As previously stated, great care is taken to insure that the VCO 
starts on the same phase as the incoming data. If this were not 
the case, the error amplifier would produce very large pumps in 
an attempt to pull the VCO onto frequency and phase. Due to the 
gain of the error amplifier and the required characteristics of 
the filter, the integrated pump pulses would over-compensate, 
causing the vco to overshoot in its attempt to lock-on. This 
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action would continue in a diminishing fashion until lock-on 
occurred. Unfortunately, the data sync fields it was trying to 
acquire would be over by the time the VCO finally acquired lock
on. -PHASEUP is, therefore, extremely important to the overall 
ability of the data separator to function reliably. 

8.3.7 Sample on Phase Detector 

The circuitry which feeds the error amplifier is called the 
Sample on Phase Detector. This circuit consists of several D 
latches (U7) and a delay line (DLl). The function of the circuit 
is to provide time windows during which the leading edges of the 
incoming MFM data can be compared to the leading edges of the VCO 
clock. These windows are approximately 50 nS in length. The 
windows are initiated by a leading edge of any data bit as it 
enters the detector. They are terminated by that same data bit, 
edge-delayed by a net 50 nS (60 nS in the delay line minus 
approximately 10 nS in propagation delays). 

When both the delayed data bit and the nearest VCO edge arrive at 
the detector, the detector is reset until the next data bit 
arrives on the MFM data stream. The delayed data bit sets its 
half of the detector latches to produce a pump-up condition at 
the error amplifier. The VCO clock edge sets its half of the 
detector to produce a pump-down condition. When the circuit is 
balanced, either both pumps are on or both pumps are off, 
producing no net pump-up or down. 

8.3.8 Window Extension 

Once the VCO has been locked onto the phase of the incoming data, 
the actual separation of data and clocks can occur. This is 
done by using a technique called window extention. This 
technique causes data bits to first have their leading edges 
shifted into the center of the RCLK half cycles and then to be 
latched or extended until the next rising edge of the RCLK. The 
shift is accomplished by tapping the data off the sample on-phase 
detector delay line at the 60 nS tap and inverting the VCO clock 
to the RCLK divider (U8). The delayed data clocks a pair of 
latches (U9). The 'data' latch has its D input and CLEAR 
connected to +RCLK and the 'clock' latch has its D input and 
CLEAR connected to -RCLK. 

If an MFM data bit enters the latches while -RCLK is high, it will 
be ektended as a data bit. If -RCLK is high, it will be extended 
as a clock bit. Due to this extension technique, bits can jitter 
approximately 1/4 the RCLK period without being lost. The output 
of each latch is then further extended by feeding directly into 
another stage of latches (U3) and clocked on alternate edges of 
RCLK. The final outputs of the data extension/separation stage 
are two separate signals, one consisting solely of NRZ data, and 
the other NRZ clocks. NRZ data and clocks are finally in a form 
suitable for processing by subsequent circuitry within the 
WDIOOO. 
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8.3.9 Clock Detection 

Due to the nature of MFM data encoding, it is impossible to know 
exactly if MFM bits are data or clocks. This ambiguity results 
in having to create circuitry to assume that bits on -RCLK are 
actually data bits until the vco is locked on and a unique 
data/clock pattern is detected. This is accomplished by holding 
the VCO to RCLK divider (US) reset until it is fairly certain 
that bits on the data stream are actually clocks belonging to a 
field of zero data. 

Once this assessment has been made, the processor releases the AM 
detector (U14) by raising the SEARCH signal. This signal 
releases a latch (U13) which removes -DHOLD from the RCLK divider 
-(US) on the next rising edge of a MFM data bit so that CLOCKS 
will be on the -RCLK phase and DATA will be on the +RCLK phase. 
The processor makes its assessment of the state of the data 
stream solely on the occurrence of a significant run of zeros 
which are detected by the one-shot (UIO) in the DRUN circuit. 
Once released, the phase of RCLK vs data and clocks remains 
stable throughout the read of an ID field or data field. 
Whenever SEARCH is dropped, the VCO to RCLK divider is once again 
reset and no RCLKS are produced. 

8.4 Data Conversion and Checking 

MFM data which has been separated to form NRZ data and clocks is 
processed through specialized circuitry to prepare it for 
parallel processing by the SX300. This processing consists of 3 
functional circuits. 

1) AM detection (U14) 

2) Serial to parallel conversion (U29) 

3) CRC checking circuit (U19) 

Each function is discussed separately but many interdependencies 
exist. 

8.4.1 AM Detection 

As previously stated, it is impossible to know whether serial 
data bits are actually data or clock bits by just looking at the 
data stream. It is also impossible to determine byte boundaries. 
This problem is solved by a uniquely recorded data/clock pattern 
called an Address Mark (AM). The AM consists of a data pattern 
of HEX 'AI' with a missing clock pattern of HEX lOA'. Normally, 
a data byte of HEX 'AI' requires a clocking pattern of HEX wOE'. 
In fact, due to the rules of MFM data encoding, an alternating 
clock pattern such as HEX 'A' or HEX '5'cannot exist legally. 

The AM is used to uniquely identify the start of a field of 
information (Data or ID field) within each sector. Preceding 
each AM on the disk there is always a long run of "zero" data. 
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Zeros have a clock bit for every RCLK. When attempting to read 
information from the disk, the WDIOOO first acquires phase lock 
over a field of zeros. After this acquisition is achieved, the 
processor releases the AM detector (U14) by raising the SEARCH 
control line (SRCH) on the MAC CNTRL port (U34). Because of the 
circuitry associated with the VCO to RCLK divider, the -RDAT 
output of the data separator (U3 pin 8) will be high and the 
-CLKS output (U3 pin 6) will be low. -RCLK will be the shifting 
clock for -ROAT and +RCLK will be the shifting clock for -CLKS. 
These 4 signals are routed into the AM detector. 

Inside the AM detector, the -RDAT is shifted into an 8-bit 
synchronous serial shift register and clocked on the falling edge 
of -RCLK. -CLKS are shifted into a similar shift register on the 
falling edge of +RCLK. The output stage of the -ROAT register is 
dumped into an 'AI' comparator and the output stage of the -CLKS 
register is dumped into an 'OA' comparator. AM detection occurs 
when both detectors are true, thereby making the relationship 
between data and clocks known. It is also known that data is 
being clocked by -RCLK so -CLKS can actually be discarded; their 
only purpose was in detecting AM. The -AMOET signal is used as a 
synchronization signal to start subsequent conversion circuitry. 
The -AMOET signal remains true until the processor again de
asserts the SEARCH control line. 

8.4.2 Serial to Parallel Conversion 

After an AM has been detected, the Serial to Parallel converter 
(U29) takes over. NRZ data and -RCLK are used to shift data bits 
into an 8-bit serial to parallel shift register. As each bit is 
shifted, a divide-by-8 counter circuit is incremented. After 
every eight bit of data is shifted, the counter produces an 
overflow pulse, marking byte boundaries in the serial data 
stream. The overflow bit from the counter resets the counter, 
clocks the data from the shift register into an 8-bit parallel 
latch, and sets a tri-state flag register called BOONE. The flas 
can be read by the processor to see if any converted data is 
ready to be read from the latches. 

When the processor sees BOONE in the true state, it services the 
device by gating data onto the I/O BUS using read strobe 4 (R04') 
in conjunction with a tri-state buffer (U36). The act of reading 
the latches also clears off the pending BOONE flag. As 
successive bytes are processed, the BOONE is serviced by the 
processor as data becomes available. 

Outputs from the serial to parallel device also include -SHFTCLK 
and -OOUT. -SHFTCLK is actually -RCLK propagated through the 
device. -DOUT and -SHFTCLK are tri-stated along with BOONE, and 
are active only when -WRITE is high, indicating a read mode of 
operation. -OOUT and -SHFTCLK are routed to the CRC generator 
checker device. 

8.4.3 CRC Checking Circuit 

40 



Data recorded on magnetic media is prone to several types of 
errors which could render data unusable if some form of error 
detection were·not employed. On the WDIOOO, a Cyclic Redundancy 
Check (CRC) is performed on all data transfers from the disk. 
The CRC is an error detection code consisting of 16 additional 
bits which are appended to every ID field and data field on the 
disk. These bits are produced by dividing the data stream 
serially with a large polynomial. This division produces a 
unique 16-bit value for any information passed through the CRC 
generator. 

As data is being read from the disk, the CRC generator re
computes the original CRC bits. After the last two bytes 
(containing the original recorded CRC) are read, the value in the 
CRC generator must always be zero. When this happens, the data 
was correctly read and the controller will not flag an error. 
If, however, the CRC generator is not zeroed after it has checked 
all bytes of the recorded data, then the controller will flag the 
data as erroneous and enter into a retry condition. If after 
attempting to correctly read the data 16 times, the controller 
still cannot get correct data, the read is aborted and the host 
is informed that the data in the buffer is questionable~ 

The WSIOOO uses the same device to generate and ch~ck CRCs for 
data being written and read on the disk. The polynomial used is: 

X16+X12+X5+1 (commonly/called the CRC-CCITT polynomial) 

During read operations, the processor polls the condition of the 
DRUN circuitry. When DRUN is true, it begins to search for an 
address mark. Once the AM is located, the processor starts to 
read parallel data which has been converted from NRZ data by the 
serial-to-parallel device. The processor terminates this . 
activity when it has received the information it is looking for 
or if an error is detected. 

While the processor is reading the parallel data, the CRC 
generator is reconstructing the CRC check value. The CRC 
generator is initialized by the processor setting -CRCIZ low for 
at least 250 nS during the search for the AM. -CRCIZ is 
originated on the MAC CNTRL port (U34). Upon receiving the -CRCIZ 
signal, theCRC generator/checker presets all 16 of its internal 
polynomial division shift registers to logic ones. It also arms 
an internal latch which enables the checking function on the 
leading edge of the first non-zero data to enter the device. 

Prior to an AM there is a field of zeros (all data bits low), so 
the first non-zero data bit into the device will always be the 
most significant bit of the AM (HEX AI) • 

Once enabled by the first non-zero dafa bit, the CRC device 
shifts succeeding data bits into a feedback shift register string 
with exclusive OR gates tied to the feedback nodes on the first, 
fifth, twelvth and sixteenth registers. As each RCLK occurs, the 
registers divide the incoming data and a unique pattern of ones 

41 



and zeros appear across the registers. 

When the last bit of an ID or DATA field is processed, the 
pattern in the registers should be equivalent to the 16 bits 
appended to the fields during original recording. The appended 
bits are also entered into the CRC device. If all of the bits in 
the appended field are identical to the bits in the registers, 
then the exclusive OR gates in the register string will have 
flipped all of the ones to zeros and the CRC will have been 
satisfied. 

The output of each register stage is tied to a l6-bit wide 
comparator which goes true when all of its inputs are zeros. The 
output of the comparator is retimed to remove any decoding 
slivers and is output as CRCOK. The processor can read CRCOK 
through U43 to see if a CRC error occurred. 

After the CRC bits are processed, the data stream contains at 
least one more byte of zeros. It is the nature of the CRC 
polynomial that if no bits are set to ones in the registers, then 
none are flipped if a constant input of zeros is shifted into the 
registers. This provides a convenient latching function for the 
CRCOK flag which ~~mains true for at least 1 byte after the last 
CRC check byte, gi~ing the processor time to read the flag. 

The data, clock and BDONE are supplied to the CRC device on a 3-
bit minibus. During read operations, the Serial-to-Parallel 
device (U29) sources these lines because the WRITE control line 
from MAC CNTRL (U34) is low. This enables the tri-state drivers 
on these lines. The Parallel-to-Serial device (U37) has its tri
state drivers disabled. 

8.5 Serial Data Generation 

The WDlOOO records data on the disk in MFM format. To produce 
the proper data format, the WDlOOO uses several specialized 
devices. These devices process the parallel data supplied by the 
host into a serial MFM data stream. The data supplied by the 
host is temporarily stored in the buffer RAM until the correct 
sector is located for the data to be written. 

The process of writing is the opposite of reading except that the 
data separator circuitry is not required and the generation of 
the MFM data stream is produced by synchronous clocking 
techniques. 

The functional sections of the serial data generation section are 
listed below: 

1) Parallel to Serial conversion (U37) 

2) CRC generation (U19) 

3) MFM and precompensation (U30) 
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8.5.1 Parallel to Serial Conversion 

Parallel data is converted into a serial NRZ data stream by the 
Parallel-to-Serial device (U37). The processor enables this 
conversion by lowering the -WRITE signal on MAC CNTRL (U34). 
-WRITE causes the tri-state buffers present on the parallel-to
serial device to become active, supplying the CRC device with 
data, clocks, and BOONE strobes. 

The processor presents parallel data on the I/O bus along with the 
-WR4 write strobe which latches the data into the parallel port 
on the trailing edge of the strobe. The write strobe also resets 
any pending BOONE. Inside the parallel-to-serial device, the 
parallel latches are loaded into a serial shift register on every 
eighth WCLK transistion. As the data is transferred to the shift 
registers, the BOONE status flag is set. The processor reads 
this flag through U43 to determine when to write the next 
parallel byte to the device. The timing of the parallel accesses 
is at a rate 1/8 that of the bit rate of the NRZ data stream. 
For ST506 compatible drives the byte timing is 1.6 us and for 
SAIOOO drives it is 1.84 us. 

The output of the last register in the shift string is brought 
out of the device as an NRZ serial data stream. The shifting 
clock is also brought out as SHFCLK to be used as the clock for 
the CRC device. 

Whenever it is desired to write a repetitive string of identical 
data bytes, the processor can simply ignore the BOONE flag and 
permit the device to reload the data from its latches over and 
over again for as long as required to generate the field. This 
feature of the device is used in writing certain fields used in 
formatting. 

8.5.2 CRC Generation 

The CRC generator/checker (U19) is used to generate the CRC bits 
and to append them to the end of the data being written to the 
disk. This is the complementary function to that performed 
during reads~ The operation of the polynomial generator is 
identical to read operations except that at the end of the data 
field, the processor sets a signal which causes the device to 
output the computed CRC after the data instead of reading the CRC 
and checking it. 

The initial state of the shift registers within the device is 
forced to all ones by the processor pulsing -CRCIZ for 
approximately 250 nS while the parallel-to-serial device is 
outputting all 'zeros on the NRZ data line. At that time, a latch 
is set which holds ~~e registers at ones until the first non-zero 
data bit enters the device. The first non-zero bit is the MSB of 
the AM (HEX AI) of the data field to be written. When the 
processor decides that enough zeros have been written to satisfy 
the sync field requirements, it stores a HEX Al in the parallel
to-serial device. At the proper time (in sync with BDONE) the 

43 



parallel-to-serial device begins to send the MSB of the AM to 
the CRC device. This starts the CRC polynomial generator and 
the CRC will be computed. 

As the processor writes the last byte of data to the parallel-to
serial device, it drops the -IBLA (1 Byte Look-ahead) signal 
on MAC CNTRL port (U34). This signal causes the CRC generator to 
begin dumping the computed CRC onto the NRZ data stream at the 
conclusion of the last date (synchronized with the BDONE signal) • 
In this fashion, the device is able to append the proper CRC 
information to the end of a field of data. -IBLA is maintained 
at a low state for the duration of the unloading process which 
lasts for 16 bit times. 

During the unloading process, the CRC registers back-fill with 
zeros. This feature is handy because by leaving -IBLA low for 
additional time, zeros will always be written after the CRC which 
is a requirement for the proper operation of the CRC device 
during read operations. The NRZ data with CRC appended is then 
sent to the MFM generator device. 

8.5.3 MFM Generation 

The conversion from NRZ write data to MFM write data takes place 
in the MFM/precomp device. This device accepts NRZ data and a 
complimentary WCLK. It also produces MFM data and clocks by 
sending the data through circuitry which decides when and where 
to write clocks on the data stream under the MFM encoding rules. 
The proper encoding of the data into MFM requires the device to 
apply three rules to the data. 

1) If the current data cell contains a data bit, then no 
clock bit is generated. 

2) If the previous data cell contained a data bit, then no 
clock bit is generated. 

3) If the previous data cell and the present data cell are 
vacant, then a clock bit in the current clock 
cell is produced. 

The terms "data cell" and "clock cell" are defined by'the state 
of the WCLK. While WCLK is low, it is a data cell. While WCLK 
is high, it is a clock cell. Therefore, both clock and the data 
cells are 1/2 the period of WCLK or 100 nS for ST506 compatible 
drives and 115 nS for SAlOOO drives. Also, a clock and data bit 
can never occur within the same WCLK period and legal spacings 
for bits can be 1, 1.5, or 2 times the WCLK period only. 

These rules are implemented within the device by shift registers 
that hold the next two last and present data bits and 
combinatorial logic. The state of WCLK is considered and the 
appropriate bit cells are filled and combined on the MFMW output 
line of the device. This line is subject to decoding slivers, so 
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it is run through a re-timing latch (U21) to clean it up. 

8.5.3.1 write precompensation 

The MFM data stream is now totally compatible with the recording 
rules and may be sent to suitable line drivers for transmission 
to the drive except for one modification. Due to the decreasing 
radius on the physical surface of the disk, the inside tracks 
have less circumference and therefore exhibit an increase in 
recording flux density over the outside tracks. This increase in 
flux density aggravates a problem in magnetic recording known as 
'dynamic bit shift'. 

Dynamic bit shift comes about as the result of one bit on the 
disk (a flux reversal) influencing an adjacent bit. The effect 
is to shift the leading edge of both bits closer together or 
further apart than recorded. The net result is that enough 
jitter is added to the data recorded on the inside tracks to make 
them harder to recover without error. "Write precompensation" 
is a method which can be applied to reduce the effect of this 
shift on the data. 

precompensation is a way of predicting which direction a 
particular bit will be shifted and then intentionally writing 
that bit out of position in the opposite direction to the 
expected shift. This is done by examining the next two data 
bits, the last and the present bits to be written, and producing 
three signals depending on what these bits are. The three 
signals are EARLY, LATE and NOMINAL. They are used in 
conjunction with a delay line to cause the leading edge of a 
data/clock bit to be written early, late, or on time. As with 
MFMW, these signals are subject to decoding slivers and must be 
retimed by U21. 

The processor can enable or disable the generation of these 
signals by controlling the RWC (Reduce Write Current) line from 
the MAC CNTRL port (U34). When RWC is high, precomp is in 
effect. When RWC is low, no precomp is generated and the NOM 
output of the device is held true. 

The delay line actually performs the precomp with the help of an 
AND/OR/INVERT gate (U22). MFMW pulses are applied to the input 
of the delay line and, depending on which of the three precomp 
signals is present, the AND/OR/INVERT gate selects a different tap 
on the delay line. Nominal data is tapped from the second tap, 
early data from the first tap, and late data from the third tap. 
From the AND/OR/INVERT gate, the MFMW data is sent to the input of 
an RS 422 driver (U16) where it is converted to a differential 
form and then is sent to the drive. 

The AND/OR/INVERT gate has one other function. If the controller 
is not writing, the WGI (Write Gate Internal) signal is low. 
This is inverted by U38 and applied to the AND/OR/INVERT gate's 
fourth section. This resulting high input effectively inhibits 
the gate from accepting MFMW data. 
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8.6 Host Interface 

All data transfers between the host and the WDIOOO take place 
over an eight-bit bi-directional bus (J5) consisting of eight 
Data Access Lines (DALO-7). The source or destination register 
inside the WDIOOO is selected by the three address lines (AO-2). 
All accesses to the WDIOOO are controlled by Card Select (CS-) , 
Read enable (RE-) , or write Enable (WE-). Since the access time 
for any particular read or write operation varies, the WDIOOO 
provides a not-ready signal (WAIT-). For systems using 
interrupts and/or DMA, the WDIOOO provides INTerrupt reQuest 
(INTRQ) and Data ReQuest (DRQ). 

Accessing the WDIOOO is like accessing variable speed RAM. The 
host must provide a valid address in AO-2 along with a CS-. 
Immediately or after a short set-up time, the host may assert RE
or WE-. If access time on the WDlOOO is over 100 nS, then WAIT
is asserted. The host ~ keep all address lines and strobes 
stable while WAIT- is true. When the WDIOOO de-asserts WAIT-, 
the data has been accepted on a write or the data is on the DAL 
bus on a read. 

8.6.1 wait Enable 

Since most of the registers in the WDIOOO are not implemented in 
hardware, it takes the 8X300 a finite amount of time to fetch the 
requested data on a read or to store data on a write. This time 
varies depending on the amount of processing the 8X300 must do to 
access the desired register. After the data has been written or 
read, the WDlOOO de-asserts the WAIT- line, allowing the host to 
terminate the current bus cycle. 

The generation of the WAIT- signal is controlled by a bit in the.· 
MAC latch (U34) called WAit ENable (WAEN- will be asserted). On 
each bus access, the host mY£t drop the Card Select (CS-) line on 
J5. The leading edge of CS- clocks the wait control latch (U32), 
transferring the WAEN- state through the latch, qualifying the 
wait drivers (U44, 54). This clocking action is required to 
ensure that WAIT- will not be asserted in the middle of any bus 
access already in progress. After the wait latch has been 
clocked, CS- (BIC or BOC in some installations) causes WAIT- to 
be asserted to the host. 

The WAIT- line is released on the trailing edge of any read or 
write strobe to the communications latch (U49). This release is 
caused by the logical OR of RD6- and WR6- on U25 which presets 
the wait latch (U32) to a non-wait request condition. The WAIT
signal is stretched to the trailing edge of the RD6- or WR6- by 
U2. 

If WAEN- is de-asserted, the WDIOOO generates no waits at all. 
In this case, the host reads the dummy status written to the 
communications latch by the 8X300. This feature is used by the 
microcode to simulate a busy condition when the host reads the 
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status register in non-interrupt driven systems. When the WDlOOO 
becomes un-busy, the WAEN- line is asserted and operations on the 
host interface bus are monitored once again. 

8.6.2 Bus Gating 

During all accesses by the host, one of two signals are produced 
to gate the bus. During read operations, CS- and RE- are ANDed, 
producing Bus Output Control (BOC-). This signal gates the 
contents of the communication latch (U49) onto the DAL bus. 
During write operations, CS- and WE- produce Bus Input Control 
(BIC). This signal latches the state of the DAL lines into an 
internal RIS latch. 

8.6.3 Register Selection 

The combination of a host read or write operation along with the 
WREQ- signal being asserted, generates a signal called the Card 
Select ACcess (CSAC). The 8X300 samples this signal at U43 every 
250 nS, and, if asserted, reads the status of AO-2 and WE- (U43). 
The state of AO-2 and WE- determines which register is to be 
accessed (AO-2) and in what direction that access will take 
place. 

8.6.4 Interrupts and DRQs 

The WDlOOO produces INTerrupt ReQuests (INTRQ) to signal the end 
of all disk operations and Data ReQuests (DRQ) to signal data 
ready to DMA controllers. INTRQ and DRQ originate on the MFM 
generator (U30) as an auxilIary function of the chip. The WDlOOO 
sets INTRQ using INTCLK- and sets DRQ using DRQCLK-, both of 
which are produced by U20. 

Interrupts are cleared by HSAC- (Host Select ACcess) and AO, when 
the host reads the Status register, issues a command, or accesses 
the Sector Number register. DRQs are cleared when the host 
accesses the Data or cylinder Low registers. DRQs are re-issued 
for each byte to be transferred. HSAC- is a 200 nS version of 
the CSAC- signal. During Power-On Reset of Master Reset (MR-), 
INTRQ is set and DRQ is reset. 

8.7 Maintenance and Adjustments 

The WDlOOO requires no scheduled preventive maintenance. There 
are a few adjustments associated with the data separation 
circuitry that may need to be adjusted if a drive with a 
different data rate is installed. Remember, the inductor Ll must 
be the proper value for the data rate being used and Yl must be 
selected for a fundamental frequency of four times the data rate. 

8.7.1 VCO Adjustments 

Data separation circuitry on the WDlOOO uses a voltage-controlled 
oscillator (VCO) which phaselocks onto incoming data and provides 
a clock suitable for separating data and clock bits on an MFM 
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encoded data stream. The VCO must be adjusted using the 
following procedures. 

1.· Ground the cathode of the tuning diode (CRl) to the closest 
accessible ground using a low inductance-shorting cable. 
This cable should consist of the shortest piece of wire 
possible to make the connection. 

2. Connect a frequency counter to the vco buffered output on 
TP9. 

3. Apply power to the board. Ensure a logic "1" exists at 
TP17. A logic "0" on TP17 inhibits the VCO and makes 
adjustments impossible. If a logic "1" is not present, 
verify that the DRUN circuitry (UIO-U13) is functioning and 
adjusted properly. Refer to Section 8.7.4 for adjustments 
to DRUN. 

4. Vary the OSC ADJ pot (R22) to verify that the range of 
adjustment values listed in the following table are 
obtainable. After the range has been verified, adjust R22 
to the final setting listed in the table. 

Yl Frequency Identity Range Final Setting 

20.000 MHz Ll = 3.3 uh 9.0-11.0 MHz 10.0 MHz +/-1 KHz 

17.360 MHz Ll = 3.9 uh 7.5-9.5 MHz 8.68 MHz +/-1 KHz 

5. Turn off power to the board. Disconnect all test jumpers 
and test equipment. 

8.7.2 Error Amplifier Adjustments (Static) 

The phase detection technique used to correct the frequency and 
phase of the VCO employs a balanced sample and hold error 
amplifier. To ensure reliable operation of the data separator, 
the error amplifier must be properly balanced. The balance 
adjustment must be made using the following procedures. 

1. Apply power to the board. Ground TP20 or U7 pin 4 to turn 
off the right half of the error amplifier (Ul). In this 
state current only flows in the left half of the amplifier. 

2. Connect a 100-ohm resistor between Ul pin 8 and ground. 

3. Adjust the SAL pot (Rl) until a reading of 0 V +/- 20 mV is 
observed on TP5. 
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4. Remove the ground from TP20. Install a ground to the PUPI 
signal line accessible on U7 pin 1. Connect Vcc to U7, pin 
4 to turn off the left half of the error amplifier (the 
right half of the error amplifier will be on) • 

5. Verify a reading of 0 V +/- 50 mV on TP6. This indicates 
that the side-to-side balance of the error amplifier is 
within tolerance. 

6. Re-adjust Rl until the reading at TP5 is 0 V +/- 20 mV. 

7. Turn off the power to the board. Disconnect all jumpers 
test equipment. 

8.7.3 Error Amplifier Adjustments (Dynamic) 

After the static balance adjustments are performed, the error 
amplifier should be adjusted for balanced dynamic operation. 

This adjustment requires that the controller be constantly 
reading data on the innermost cylinder of a formatted drive. 

1. While reading data, monitor TP9 (-OSC) with a frequency 
counter. 

and 

2. Adjust the error amplifier balance pot (Rl) until the most 
stable display reading is obtained. This indicates that the 
VCO is being locked on every attempt to read data. 

3. Turn off power to the board. 

4. Disconnect all test equipment. 

8.7.4 DRUN Adjustments 

To facilitate the process of acquiring phase-lock on data being 
read from a disk, a hardware detector is utilized to indicate 
when the read/write head of the drive is over a recorded field of 
all ones or all zeros. The detector depends on the timing of a 
one-shot (UlO) which is adjustable by the DRUN pot (R26). R26 
must be adjusted according to the following procedures: 

The DRUN adjustment is made with the WDlOOO in an operating test 
configuration with a host, drive and power source. 

1. Once the proper setup is made, apply power to the WDlOOO and 
all test equipment. 

2. Monitor TP14 (-DRUN) with a lOX oscilloscope probe while 
attempting to read a sector of data from the drive. The 
scope should be set to trigger on a high to low transition. 

3. While observing TP14, adjust R26. The period of the DRUN 
single shot should be adjusted to 1.25 times the period of 
RCLK. 
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4. Turn off power to the WDIOOO. 

5. Disconnect all test equipment. 
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Ao-AIS. Address Bus (output, active High, 
3-state). Ac-AJS form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
110 device exchanges. 

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

BUSREQ. Bus Reguest (input, active Low). 
Bus Request has a higher priority than NMI 
dnd 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 pul~p for 
these applIcations. Extended BUSR Q 
periods due to extensive DMA operations can 
prevent the CPU from properly refreshing 
dynamic RAMs. 

Do-o,. Data Bus (input/output, active High, 
3-state). DO-D7 constitute an 8-bit bidirectional 
data bus, used for data exchanges with 
memory and 110. 

HALT. Halt State (output, active Low). HALT 
indicates that the CPU has executed a Halt 
instruction and is awaiting either a non
maskable or a maskable interrupt (with the 

"Z80 is a trademark of Zilog, Inc. 

18400 
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mask enabled) before operation can resume. 
While halted, the CPU executes NOPs to 
maintain memory refresh. 

INT. Interrupt Reguest (input, active Low). 
Interrupt Request is generated by 110 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 Reguest (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. 

M!. 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. MJ, together 
with 10RQ, indicates an interrupt acknowledge 
cycle, 

MREQ. Mem0!X..!!!!9uesl (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-Moskable 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 oo66H. 

RD. Memory Read (output, active Low, 
3-state). RD indicates that the CPU wants to 
read data from memory or an 1/0 device, The 
addressed I/O device or memory should use . 
this Signal to gate data onto the CPU data bus. 

RESET. Reset (input, active Low). RESET 
initializes the CPU as follows: it resets the 
interrupt enable flip-flop, clears the PC and 
Registers I and R, and sets the interrupt status 
to Mode 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 

with whom the publisher is not associated." 

m.tructIOD 
Set 

8·Blt 
Load 
GroUp 

. used as a refresh address jo the system's 
dynamic memories. 

WAIT. Wait (input, active Low). WAIT 
indicates to the CPU that the addressed mem
ory or 1/0 devices are not ready lor a data 
transfer. The CPU continues to enter a Wait 
state as long as this signal is active. Extended 

The Z80 microprocessor has one of ihe most 
powerful and versatile instruction sets 
available in any a-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 lollowing 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.ooo2-01) contain 
significantly more details for programming 
use, 

The instructions are divided into the 
follOWing categories: 

o 8,bit loads 

o 16-bit loads 

o Exchanges, block transfers, and searches 

WAIT periods can prevent the CPU from 
refreshing dynamic memory properly. 

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

o 8-bit arithmetic and logiC operations 

o General-purpose arithmetic and CPU 
control 

o 16-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 input/output devices. These 
addressing IIl<Xif!s include: 

o Immediate 0 Indexed 

o Immediate extended 0 Register 

o Modified page zero 

o Relative 

o Extended 

o Register indirect 

o Implied 

oBit 

....... ..... o,..M IIo.of ............ , - -- I I • PlY. C "1U110 ... .,... c,.. .... --LOr, r' r - r' 
LOr, n 

01 , " 00 f 110 ~ 
001 C 

LOr, (HL) r - (HL) 01 r 110 7 010 D 
LOr, (lX+d) r - (IX+d) 11 011 101 DO Ii 011 E 

01 , 101 100 H 
-d- 101 L 

LOr, (lY+d) r - UY+d) x • x • II III 101 FD Ii III A 
01 , 110 

_d_ 
LD(HL), , (HL) - f Ol 110 r 7 
LO (lX+d), f UX+d) - r II 011 101 DO " 01 110 r 

-d-
LD(lY+d), r UY+d) - r x • x 11 III 101 FD Ii 

01 110 r 
-d-

LO(HL), n (HL)- n x • x • 00 110 110 36 I. -.-
LD (lX+d), n (lX+d) - n x • x II 011 101 DO I' 

00 110 110 36 
-d-

to (IY+dJ. n (IY+d)-n • • x x • • • 11 III 101 FD Ii 
00 110 110 36 

_d_ -.-
LO A, (Be) A - (Be) 00 001 010 OA 7 
LO A, (Di) A - (Di) 00 011 010 IA 7 
LOA,lnn) A-(nn) 00 III 010 3A. 13 

-.-to (Be), A (8C) _ A 00 000 010 OJ 7 
LO(DI), A (0£)- A 00 010 010 12 7 
LO(nn), A (nn) - A 00 110010 32 13 

LOA, I A-I XOXIFFO 11 101 101 ED 
01 010 111 51 

LOA, R A-R XOXIFFO II 101 101 ED 
01011 III SF 

LOI, A 1- A x • x II 101 101 ED 
01 000 111 47 

LO R. A R-A x • x • 11 101 101 ED 
01 001 III .., 

NOrIS; " '·_ .... ...,01 tbereqiale,.A. 8. C. D. E. H. L for.n .. ~t""'oI.lAqnoceticn.ftd..,.mb3k-1oI" 
Iff the _left! 01 the illWmlpt ~ Uip-llop. tlFfl.. ....-aM: Mbift. _ SpIboI..: NcMehQrl.-cllon 
<lOpied.nlothePIVIIAq. ioIIowInQM~. 



l&-BII Load 
Group 

ExchaDp. 
Block 
TIGD8Ier. 
Block Search 
Group. 

- ....... - •• ;-v- PlY. C 
Opcode • .01 ....... lilT 

" 141 110.... .,... CJd- ....... 

Wdd. nn 

LDIX, nn 

LO IT, nn 

WilL. (nnJ 

LDdd, (nn) 

LDIX,(nn) 

LDIY. (nn) 

LD(nn), HL 

LD(nn).dd 

LO(nn), IX 

LDtnnl, IY 

dd- ... 

IX- ... 

IT-no 

H-(nn+1) 
l.-(nn) 

ddH-{nn+i) 
ddL - (nn) 

IXH - (nn+1) 
IXL - (nn) 

IYH - (nn+!) 
IYL- (nn) 

Inn + 1) - H 
Inn) - L 

(nn+lI- ddH 
(nn) - ddL 

(nn+ I) - IXH 
(nn) -IXL 

(nn+!) - IYH 
(nn)-IYL 

LDSP, HL SP - HL 
LDSP.IX' SP-IX 

LDSP,IY SP-IV 

PUSH qq (SP-2) - Qql, 
ISP-ll- qq}{ 
SP-SP-2 

PUSH IX (SP-2) - tXL 
(SP-i)-lIH 
SP - SP-2 

PUSH IV (SP-21 - IYL 
(SP-U-IYH 
SP- SF-2 

POPqq qq}{-ISP+i) 
qqL - (SP) 
SP _ SP +2 

POPlX IXH-ISP+l) 
lXL-(SP} 
SP - SP +:2 

POPIY IYH - (SP+II 
IYL - (BP) 
SP - SP +2 

x • X 

x • X 

x • X 

• X • X • 

I • X 

x • X • • • 

x • X ••• 

• X • X • 

x • X • 

• • X • X • • • 

• • X • X 

• J!: • X • 

x • X 

• X • X 

I • X 

• X • X • 

x • X 

x .' X 

00 ddO 001 . 

II all 101 DD 
00 100 001 21 -.--.-
11 III 101 PO 
00 100 001 21 

-n-
00 101 OlD 2A -.-
II 101 101 ED 
01 dell 011 

U 011101 DO 
00 101 010 2A -.-
II 111 101 PO 
OD 101 010 2A 

OD 100 010 22 

-.-
Il 101 101 ED 
01 ddO all 

-n-
11 OIl 101 DO 
00 100 010 22 

11 111 101 FD 
00 100 010 22 

11 III 001 19 
II 011"101 DO 
II III 001 F9 
11 111 101 FD 
11111 001 n 
11 qqO 101 

II Oli 101 OJ) 
11 100 101 IS 

11 111 101 Fe 
H 100 101 is 

11 qqO 001 

11 all 101 DD 
11 IIXJ 001 II 

II III 101 FD 
II 100 001 II 

NOTES: di:l .. ~ofthereoilmpalnBC.DE,HL,SP. 
qq 1111111 of the reqIMer petri AF, Be, DE, HL. 
(P!!:~~~,,!,~ ~ ~ ':t order.nd low mder eiqht biR of ..... -.qitlw pillJ' NBpeCIively, 

EX DB. HL 
IXAF,Ar 
EXX 

U(sp),HL 

U(sp),JX 

D(SP),I!' 

WI 

LDIR 

DE - HL 
AF-AF' 
BC-BC' 
DE-DE" 
HI. - HL' 
H - (SP+lI 
L- (SP) 
lXH - (SP+!) 
IXL-(SP) 
IYH - (SP+l) 
IYL-(SP) 

(01) - (HI.) 
01- DE+I 

_HL-HL+I 
Ie - BC-I 

(DI) -Ull.) 
DE - DE+l 
HI. _ HL+I 
Be - Be-I _ .... 
BC·O 

x 
x 

• x 

• x • x 
• x • x • 
• x • I • 

a> 
x 0 X I 0 

11 101011 EB 
00 001 OOD os 
11 all 001 D9 

II 100 ell 13 

11 all 101 DO 
11 IOD 011 i3 
II 111 101 PO 
II 100 011 B3 

11 101 101 II> 
10 100 000 AO 

• • x 0 x 0 o. llWl~ m 
W~~~ 

NO'I'I: CDPIV...,"o II the_hoi BC-l • O. ottoenrilePIV. 1. 

I 
~ 

,. 
2 

10 

14 

14 

IS 

'" 

~ 

'" 
16 

'" 
'" 
,. 

6 
10 

10 

II 

15 

15 

10 

14 

.. 

19 

23 

23 

18 

21 
16 

--.!!!L....h!<. 
00 BC 
01 DE 
10 HL 
II SP 

""---.!!!!. 
00 BC· 
01 DE 
10 HL 
II IJ 

-"""" .... --...... -
Load(lfL) Imo 
(01)._ ... _ ... 
dacrwmM:d tbiI brte 
_(1lCl 

UBC .. 0 
UBC .. 0 
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Exchange. 
Block 
Transfer. 
Block Search 
Groupa 
(Continued) 

8-BlI 
ArIthmetic 
cmdLogIcal 
GrOUp 

-
LDO 

LDDR 

CPI 

CPl' 

CPO 

CPO. 

....... _lao 
(DE) _ (HL) 
DE - DE-I 
HL-HL-I 
BC-BC-I 

(DE) - (Hl) 
DE - DE-I 
HL - HL-I 
BC-BC-I 
Repe4tl,lntll 
Be", 0 

A - (Hl) 
Hl - HL+ I 
BC - BC- I 

A - (HL) 

HL - HL+I 
BC-BC-I 
Repe.alunlll 
A = (HL) or 
BC = 0 

A - (HL) 
Hl-HL-i 
:sc - Be-I 

A - (HLJ 

HL -:HL-I 
BC- Be-I 
Repeal until 
A = {HUar 
Be '" 0 

..... 
IZ • P"ftC 

CD 
x 0 X I 0 

• • x 0 x 0 0 • 

Q) (j) 
I I X I X I 1 • 

Q) (j) 
I I X I X I I • 

Q) (j) 
X I X I I • 

Q) (l) 
I I X I X I I • 

NOTES,(!)P/Vlt.q .. O,lthere.ullolBC-I., O,OIhotrw1MPIY" l. 

G>Zfl'''~'_ J of A _ (HL). <>Iioerw1MZ.: ° 

ADDA.r 

ADDA. n 

A_A+r 

A_A+n 

ADD A. (HL) A - A + (HL) 
ADDA.{IX+d) A - A + (IX+d) 

ADDA.IIY+d} A - A + (IY+d) 

ADC A.. A - A+Ii+CY 

SUB_ A-A-J 

SBC A.. A - A-,-CY 

AND, A-A" .. 

OR_ A_AV, 

XOR, A-A., 

cp, A-. 

INCr r_r + I 

INC {HU (HL) -(NL) + I 
INC (lX+d) (lX+d)-

{1X+d)+1 

INC (IY +dl UY+dJ -
UY+d)+1 

Diem m-m-I 

I , X I X V 0 I 

I I X I X V 0 I 

I I X I X V 0 I 
I I X , X V 0 I 

I I X , X V 0 I 

I I X I X V 0 I 

, I X I X Y I I 

I I X I X V I I 

I I X I X P 0 0 

X 0 X p 0 

X 0 X P 0 

I I X I X V I I 

I I X I X V Q 

l X I X V Q 

I X I X Y 0 

I I X I X V 0 

I I X I X V I 

0p!:I0de 1I0.oI ........... , 
,. MI 11G 8ft .,... CycJ. Stat.. 

)1 101 101 ED 
10 101 r.oo AS 

II 101 IOJ ED 
10 III em B8 

II jOI 101 ED 
10 100 001 Al 

IJ 101 101 ED 

10 110001 81 

11 101 101 ED 
10 101 001 A9 

11101 101 ED 

10 III 001 59 

Ipm ' 
II gllo 

10imil0 
II 011 101 DO 
IOmlllO 

- d -
II III 101 rn 
101m 110 

- d -
l!mI 
Il1!I 
I!l!D 
!mil 
1m! 
lmlI 
[!lJ 

00, I!!!III 
00 1I0mll 
II 011 101 DO 

00 1I0m!!l 
- d -

11 III 101 FD 
00 110mB 

- d -
ImlI 

16 

21 
i6 

16 

21 

16 

16 

21 

16 

19 

19 

II 

'" 
'" 

""--

IIBC ~ 0 
!l8C = 0 

IIBC ~ Oe.nd, 
A ~ IHLI 

IIBC = 001 
A" (HL) 

IIBC~Oe.od 
A., (HL) 

IIBC = 00l 
A • (HL) 

~ 
0008 
001 C 
010 0 
011 , 

100 H 
101 L 
III A 

I II flny 01 r. n. 
(HL). (IX+d). 
{IY+d)a_llhown 
lor ADO IIUtrut1lOn. 
The LncbCllted btll 

repl/lce the Ell In 

lhe ADO "" e.bove. 

m"anyofr. (HU. 
{lX+d), UY+d) 
.Ihown lor INC. 
DEC.meIOtl'l\ll.t 
and ltet.alNC. 
hple.al.fmI With 

ImlI m """",. 



General
Purpose 
Arllhmetlc 
GIld 
CPU Control 
Groups 

16·BII 
Arithmetic 
Group 

Rotate GIld 
Shift Group 

-- := •• 
Flap 
H '19. C 

DAA Ccmven. OCC. content I I X I X P • I 
Into p!lcked BCD 
IoliowlnQ 4ddor 
IlUbtractwlth PKked 
BCD operendI. 

CPt. A-X •• XlX_I_ 

NEG 

CCF 

SCF 
NOP 
HALT 
01. 
EI. 
IMO 

IMI 

1M2 

A-O-A 

CY-CY 
CY -I 
No operation 
CPU halted 
IFF - 0 
IFF - I 
Setmlen'upt 

m .... O 
Setinterrupl 

modo I 
Satlnlerrupl 

modo' 

I I X I X V I I 

X X X • a I 

OX. 0 I 

• x x • 

• x x • 

NOTES, iFF ",dlClllM the HlIerNJllenabie ihp·llop. 
CY mdtealelthecar'1' IhpUop. 
* mdlc,te. ,nl.rl'\.lpll &re no! sampled III the end of EI or OJ. 

ADD HL... HL - HL+u x x x • a I 

ADC HL. II HL - HL+ .. +CV x x x v 0 I 

sac Hl.,.. HL - HL-u-CY x x x V I I 

ADD IX. pp IX - IX + pp X X X • 0 I 

ADOIY. rr IY -IV + rt • • X. x x • 0 I 

INC.. 1& - III + i 
INC IX IX-IX+1 

INC IV IY - IV + 1 x • x • 

DEC. "-11-1 
DEC IX lX-lX-I 

DECIY IY - IY-I x • x 

NOTES: lI .. any ollhe re<)'11er pa,r. Be, DE. HL. SF 
pp'l .. nyollhereqlSlerpa,"BC. DE. IX.SP. 
rr " .. nyollhe:....,lItarpa' .. Be. DE. JY. ~p 

RLeA @J~ . 
RLA C@~ . 

'AACA ~[ill . 
RRA ~§J . 
RLC, 

RLCIHL) 

RLC(lX+dl}@]~ 
r.(HL),{IX+d)'(1Y +d) 

RLC(lY+d) 

RLm I:@j~ 
m.r,(HLUlX+d).(JY +dJ 

x 0 x • o· I 

x 0 x • 0 I 

• x 0 x a I 

x 0 x • 0 I 

I I X 0 X POI 

x 0 x POI 

x 0 x POI 

I I X 0 X POI 

x 0 x POI 

RRem ~[£!] I,XOXPOI 
m.r,(HLUIX ... dUIY+d) -

Opcode 1I0.oI .... Ifo.ofr 
"sa HO ........ c,.a. ..... 
00 100 111 71 

00 101 III 2F 

II 101 101 ED 2 
01 000 100 44 . 
00 III III 3F 

00 110 111 'S1 
OOOCX}OOOOO 
01110110 76 
II 110 all P3 
II 111011 FB 
II 101 101 ED 
OJ 000 110 46 
II 101 101 ED 
Oi 010 110 56 
II 101 IOJ ED 
OJ all 110 S! 

00.1001 

II 101 101 ED 
01 .. 1010 

II 101 101 ED 
01 s.o 010 
II all 101 DO 

OJ ppl 001 

il 111 101 FD 
00 rr1 001 

00 110 011 
11 011 101 DO 
00 100 011 :l3 
11 111 101 FD 
(Xl 100 011 23 
00 .. 1 011 
II 011 101 DO 
00 101 011 2B 
II III 101 PD 
00 101 011 2B 

00 000 III en 

00 010 III 11 

00001111 OF 

00 Oil ill IF 

II 001 011 C8 
00 000 , 

II 001 Oil CB 
00000110 

II 011 101 DD 
11 001 011 CB 
- d -

00 000 110 

II III JOJ PO 
II 001 011 CB 

- d -
OOOOOIlO 

010 

001 

II 

" 
15 

" 

15 

, 
10 

10 

• 10 

10 

15 

23 

23 

-o.ctmr.ladJud 
ac:e\IIINlator. 

~t 
accumulator-(OM" -. Neqat. ace. (two', 
complement). 

Complement carry .... 
Set carry llaq. 

!!....l!!i: 
OOBC 
01 DE 
10 HL 
II SP 

~ 
01 01 
10 IX 
II SP 

~ 
01 DE" 
10 IY 
II SP 

Rot..Ie)efIctrcu.lor 
accumuililor . 

Rotate left 
accumulotor . 

Rototertqhtcireul4r 
occumulolor . 

Rotateriqht 
ao:umuililor . 

RoI4leleilclfcul.sr 

~reql~: 
001 C 
010 D 
011 I 
100 H 
101 L 
III A 

lnatruclloniorme.t 
ondllGIesOf8U 
5hown for RLe' •. 
To lorm new 
'3pcode rep1e.ce 
000 or RLe's 

with thown code. 
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Rotate GIld 
Shift Group 
(Continued) 

BII Set. ReMt 
GIldTut 
Group 

Jump 
Group 

- Flap -- --- • • B PlYWC 

RR m ~[ffiJIIXOXPOI 
m.r,(HL).(IX+d).{IY +01 

SLAm @,!]~DIIXOX.POI 
m.r,(HLI,IIX+d).()Y +d) 

SRAt!l ~@!] IIXOXPOI 
ftI.r,tHL),(1X+d),(IY +d) 

SHLm D~@!] I I X 0 X POI 
m.r,(HLI,UX +dl.tlY +d1 

RLD ~IIXOXPO 
• 1M" 

RRD ~IIXOXPO 
• 1M" 

8lTb,r Z-ib 

BIT b, IH1) Z - (HLlb 

BIT b. UJ.+d)b Z - (tx.+dlb 

BIT.b. IIY+dlb Z - (IY+dlb 

SETb" fb-I 

SET b, IHLI IHL)b - I 

SHT b, UX+dl (IX + cilb - I 

SETb,(lY+d) UY+d)b-1 

RES b, m mb-O 
m _ t, (HL), 

(lX+dl. 
(lY+d) 

1: I X I X X 0 

X I X I X X 0 

:I: I X I X X 0 • 

XIIIXXO-· 

• X • X 

• X • X 

• X • X • 

• .' X • X ••• 

• • X • X • • • 

The notation mb ,ndocatftbol blOlo7)or Ioc.Ihonm 

IPM 

IPcc, nn 

IR. 

IRC,. 

IR NC. e 

IPZ, e 

IRNZ,. 

IP{HL) 

IPUXI 

PC-M 

II condltioncc " 
true PC - nn, 
otherwiM 

PC-PCu 

IIC = 0, 
contmue 
IIC. I, 
PC - PC+. 
IIC • I, 
continue 
DC.O, 
PC - PC+II 
UZ", 0 
conbnlJll 
liZ. I. 
PC - PC+. 
liZ = I. 
continue 
liZ ~ 0, 
pe - PC+. 
PC - HL 

PC-IX 

• X • X 

• X • X 

x • X 

x • X 

• • X • X • • • 

• • X • X 

• • X • X 

X • X 

• X • X 

,,~o ... :;:. ~ ~ 

I2iiI 

(iig 

IlmI 

IiIiI 

11 101 lOi 10 
01 101 III 6F 

II 101 101 ED 
01 100 III fjJ 

II 001 011 CB 
01 b r 
11 001 011 CB 
01 b 110 
11 Oil 101 DD 
11 001 011 CB 
- d -

01 b 110 

II III 101 FO 
II 001 011 CB 
- d -

01 b 110 

II 001 011 CB 
lID b , 
II 001 011 CB 

lID b 110 
II Oil 101 DO 
11 001 011 CB 
- d -

IDI b 110 
11 111 101 ro 
11 001 011 CB 

- d -
[II b 110 

Ill! 

11 000 all C3 

II cc 010 - . -- . -
00 Oil 000 18 
- e-2 -
00 III 000 38 
- 11-2-

00 110000 30 
- e-2-

00 101 000 28 
- .-2 -

00 100 000 20 
- 11-2-

II 101 001 E9 

11 011 101 DO 
II 101 001 £9 

18 

18 

12 

'" 

20 

IS 

23 

23 

to 

10 

12 

12 

12 

12 

12 

-
Rotatedlqll\efle.nd 

I19ht betw.an 
I .... oc=mu .. tor 
..nd Ioc4tionlHl). 

T .... contenl 01 t .... 
upper hoU 01 
t .... accumulalor II 
unalladed. 

~ 
001 C 
010 0 
011. E 
100 H 
101 L 
III A 

~ :"T8Ited 
001 I 
010 2 
011 3 
100 • 
101 5 
110 6 
111 7 

Tofonn_ 
--.."..,. 
lUI ofSETb .• 
wlthm·FlqI 
andlimeNlelior 
SET Irwlruchon. 

ce Condition 
000 Nt ncm-ZIBI'O 
001 Z zero 
010 He non-carry 
011 C ceny 
100 PO pIIInly odd 
101 PIpillrity_ 
110 p "9" poIill". 
III N .&QnnIIQIIU'" 

U concbbon not mel. 

Uconditionilmel. 

Ucondltlon not mel. 

D condltlOJl "mel. 
IIt.OnditlOllnotmet. 

II condition u met. 

II condition not mel. 

U condition il met. 



, ... Group ..- "- - ................ , 
(ConUnued) - - • I • PI •• C ........... ---lP,m PC-It I • X • II III 101 FD 

II 101 001 19 
D!NZ.. • - 8-1 I •• . 00 010 0CXt 10 

H8. O. - .-2 -
_ .. 
DB .... O. 13 
PC - PC •• 

MOTIS: • ..-. II-. UIenIIan 1ft 1M ,,"1Iq eddNIIIat ... 
.iI ....... _'.~ftlllllbvlftlbe,..,.,.< ~Ia.la> . 
• -21ntt.~JII'O¥"'IJI .. t.cno.""'oIpc+ ... PCI.~ted 

by 2 prklr Iot".sd01on CIf •• 

CaUGad CALL_ (SP-1) - PCH X • I • · 11 001 101 CD 17 

RetumGroup 'SP-2l -I'CJ. 
PC- .. 

CALLCC,IU1 11- • X • I • . · 11 oclOO 10 

= .. ---. 17 
ott-t ........ 
CALL .. 

an I'CJ.-'sp) X • X • 11 001 001 C9 10 
PC}I- (SP+1) 

RET = II- I • I • llccOOO 
= ...... -. 11 -_ .. 
an 

RET! ..... ,- . . X • II 101 101 ED , . - 01 001 101 4D 
RETN' ..... " ... . . . . 11 101 101 ED , . 

non'IDIIMabJe 01 000 101 4S '"_ RST. eSP-I) - PCH X • X • II t III ... 
(SP-2) - PCL 
PCH - 0 
PCL - P 

NOD: 'linN 1OIdI11':z - IFF) 

IaputGad INA,In) A -(nl I •• II all all DB 11 

Oatput Group IN '. 'C) 
- n -

r - Ie) , , I I • P 0 11 101 101 ED 12 
I! r" IIGonl, the 01 r (XXJ 

fJ.Q. WiD be afIeded 
CD 

IN, (HL}-(el x I x X X X , 11 101 101 ED '6 
8 - I-I 10 100 010 A2 
HL-HL+ I 

INfR (HU-(C) I 1 X X X X , II 101 101 ED S 21 
8 - 8-1 10110010 B2 (118 .. 0) 
HL-HL.I • .6 
Repeel until (11"-0) 
a.o 

CD 
fND (HU-(C) X I X X X X • 11 101 101 ED 16 

B - B-1 IO 10i 010 AA 
HL-HL-I 

fNDR eHU - (e) x , x x x X 1 11 101 101 ED 5 2. 
B - B-1 10 III 010 SA (8S .. 0) 
HL-HL-I • '6 
Rtlplllltuntil (UB=O) 
a.o 

OUTen). A (n}-A X • I • II 010 all 03 fl 

OUT(CI,r (C)-l X • X 11101 101 ED 12 

Q) 
01 r 001 

oun (C) -(HJ,.) X I X X X X , 11 101 101 ED 16 
B - B-1 10 100 all A3 
HL-HL+l 

OTIB (Cl-(HL) X 1 X X X X 1 11 101 101 ED 5 21 
8 - 8-1 10 110011 83 (I1S.O) 
HL-HL+I • .6 
RepNtunitl (!IS_OJ 
a·o 

CD 
CUTO (Cl- (HL) X I x X X X 1 · 11 101 101 ED 16 

B - 8-1 10 101 011 A8 
HL-HL-I 

NOTE: Q)lIu..lWUllaI B-IIa_It.Zf1IqIllMII.OIhel"wl .. lllal'8lM. 

-
IfB. O . 

01. O. 

.~ cc II faIM . 

bcc II tr\&II. 

DoclI ...... 

IfcciltnMi. 

= Condit'"" 
000 HZ non'zero 
001 Z zero 
010 He non·carrr 
all C OIUTJ' 
100 PO paritJodd 
IOIPE perttyeven 
110 P IiQn poaHlY4I: 
III M -'onnlqllilve 

~ 
001 alH 
010 10H 
011 ISH 
100 20H 
101 28M 
110 30H 
111 38H 

ntoAo- A7 
Acc·IoAa - AIS 
CIoAo - A7 
BIoAa- A15 

etoAo - A7 
BtoAs - AIS 

CtoAo- A7 
BtaAs" AI5 

CIoAo - A7 
BIoAs-AI5 

CIoAo - A7 
BIoAs - AlS 

nIoAo-A7 
Ace. 10 As - AlS 
CtoAQ-A7 
BIoAu" AIS 

CIoAo- A7 
BIoAs - A15 

CIoAo-A, 
BtoAs" AIS 

CtoAo- A7 
BtoJ.a - AI5 
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SW111DC117 of 
Flag 
Operatloa 

Symbolic 
NotatloD 

orDR (C)- (HL) X • X X X X • II 101 101 ED S 21 CtoA(J - A7 
B - B-1 10 III all (UB.O) BIOAa" AIS 
HL-HL-i • 16 
Repealunlil UI 8.0) 
8·0 

c:o.-
_ ...... .. 

I I ,IV • rz B 

ADD A.I; ADC A •• x 
X 

I X I a·b,t add or IIIdd with OIIrry. 
SUB I; sse A. s: CP I: NEG 
ANDI I X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

I a·blt Iubtrad. IUDtract w,lh OIIrry. comPilire and naqate III.ccumuletw. 

~} LoglOilloperlll.llOlII. 
ORI. XOR. 
INCI 
DEC. 
ADD DO. H 

ADCHL ... 
sse HL ... 

, X 
, X 
, X 

X 
I X 
I X 

(!·blllnCTemeni. 
a bat decrement. 
16·blladd 

RLA. RLCA, RRA: RRCA 
RL m; RLC m; RR m: 

X 
I X X P 

16·b,ladd wilhcarry 
I&-bllsublract wllhcarry. 
RotateaCCllmuletor 
Rotate and shih locaiLonl. 

RRC m: SLA m; 
SRA m; SIlL m 

Rl.O; RRO I X o X P ° Rotate d,ql! lell and IIqhl. 
Decimal IIdluIIIICf:um",!aror. 
Complel"l'lOlnt accumulelor. 
SetcaITY· 

DAA 
CPL 
50F 
CCF 
INr(C) 

I X 
X 
X 
X 

I , X 

X P • I 
X 
X 
X 
X 

• o 1 
o , 
o 

Cc.mplement carry. 
Inp'JI reglllermdlreC!. 

INI. IND. OUTI: OUTO 
INIR: INOR; OTIR. OTOR 
LOI; LOD 

X X 
X X 
X X 

X 
X 
X 

• 1 
o 
o 
1 

:} Blockmpulandoutput.Z .. O,IB-.Oolherw ... Z=O. 

:1 Block traMier ,n.lructlOn.. PfV .. I Ii DC __ O. otherw'le PlY .. O. 
LOIR; LOOR X X X 
CPl; CPIR: CPO: CPDR X I X X I Block search InttruclLonl. Z '" 1 d A '" (HLI. otherwlll8 Z II" 0. P/V = I 

If Be ". 0. otherWIM PIV • O . 
LOA, I. LOA, R 
81Tb.1 

I I X 
X I X 

IFF 
X 

The content of the interrupt enable fbp·f1op OFF) is cop.ed Into the P/V!i~ 
ihe Itole 01 b,t b oIlocallon I .. c:opied into the Z lIaq. 

Symbol 
5 
Z 
PiV 

H 

N 

H&N 

c 

0perat1OD 
Sign flag. S =: 1 if the MSB of the result is 1. 
Zero flag. Z ,;.. 1 if the result of the operation is O. 
Parity or overflow flag. Parity (P) and overflow 
(V) share the same lIag. Logical operations affect 
this flog with the parity of the result while 
orithmetic operations affect this flag with the 
overflow of the result. II PN holas parity, PlY =: 

I if the result of the operation is even, PlY := 0 iI 
result is odd. If PfV holds overllow, 'PIV = 1 if 
ihe reluit of the operation produced an overflow. 
Half-carry flag. H "" I if the add or subtract 
operation produced a carry into or borrow from 
bit 4 of the accumulator. 
Add/Subtract flag. N = 1 if the previous opera
tion was a subtract. 
Hand N flags are used. in conjunction with the 
decimal adjust instruction (DAA) to properly cor
rect the result into pack.ed BCD format following 
addition or subtraction using operands with 
pack.ed BCD format. 
Carry/Link flag. C =: 1 if the operation produced 
a carry from the MSB of the operand or result. 

Sy>Dbol 
I 

o 
1 
X 
V 

11 ~ 

R 

OperaJlDD 
The flag is affected according to the result of the 
operation. 
The flag is unchanged by the operalion. 
The flag is reset by the operation. 
The flag is set by the operation 
The flo; is 0 "don't care." 
P/V fbg a.ffected according to the overflow result 
of the operation. 
PlY flog affected according to the panty result of 
the operation. 
Anyone of the CPU reQ'isters A, B, C, D, E, H. 1. 
Any g-bit location lor all the addressing modes 
allowed. for the particular instruction. 
Any i6-bit location for all the addressIng modes 
allowed Jar that instruction. 
Anyone of the two mdex registers IX or IY. 
Refrem counter. 
a-bit value in range < 0, 255 >. 
I6-bit value in range < 0, 65535 >. 
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Ao-Als, System Address Bus (output, 3-state)_ 
Addresses generated by the DMA are sent to 
both source and destination ports (main 
memory or liD peripherals) on these lines. 

BAl. 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 tl ., system buses. BAI and BAO 
form a daisy cl:din for multiple-DMA priority 
resolution over bus control. 

BUSREQ. Bu. 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'L
~ther in a priority daisy chain via BAI and 
BAO, 11 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 unidirecttonal into the CPU. A pull-up 
resistor is connected. to this pin. 
CEIWiIT. Chip Enable and Wail (input, 
active Low). Normally this functions only as a 
Gil 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 

18410 
zaer DO DIrect 
Me ... .., Ace .. CoatroU8l' 

are active and the 110 port address on the 
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 
W1ITf line from memory or 110 deVices, after 
the DMA has recei.ved 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 110 device. 

CLK. System Clock (input). Standard Z-BO 
single-phase clock at 2.5 MHz (Z-BO DMA) or 
4_0 MHz (Z-BOA 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 V IH 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. 
0..-0,'- System Dolo Bu. (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 when there i~ 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 ils CPU 
interrupt service routine. 
INT/PULSE. Interrupt Reguest (output, active 
Low, open drain). This requests a CPU inter
rupt. The CPU acknowledges the interr~ by 
pulling ils 10RQ 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 IN! 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 (i.e., the CPU'. 
BUSREQ and BUSACK lines are both Low 
and the CPU cannot see interrupts). 

IORQ. Input/Output Request (bidirectional, 
active Low, 3-state)_ As an input, this indicates 
that the lower hall 01 the address bus holds a 
valid 110 port address for transfer of control or 
status bytes Irom or to the CPU, respectively; 

5 

this DMA 18 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, II indicates that 
the a-bit or IS-bit address bus holds a valid 
port address lor another 110 device involved in 
a DMA transfer of data_ When 10RQ and MI 
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 
(RET!) (ED-4D) sent by the CPU. During two
byte instruction fetches, III is active as each 
opcode byte is fetched. An jnterrupt ack
nowledge is indicated when both III and 
!ORO are active_ 

MIIEQ. Memory Request (output, active Low, 
3-state). This indicates that the address bus 
holds a valid address lor a memory read or 
write operation_ After the DMA has taken con
trol of the system bu~, it indicates a DMA 

Programming The Z-BO DMA has two programmable fun-
damental states: (I) an enabled siate, in which 
it can gain control of the system buses and 
direct the transfer of dala between porls, and 
(2) a disabled state, in which it can initiale 
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 01 any data search or 
tronsfer by addressing it as an 110 port dnd 
sending a sequence of control bytes using an 
Output instruction (such as OTIR for the 
Z-BO CPU). 

Wrllbog. 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 8 byte to the base register containing 
register-group identification and pointer bits 
(I's) to one or more of that base register's 
associated registers. 

This is illustrated in Figure ab. 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 (bils 
DO, DI and D7), and also contains I'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 wrilten to the DMA will be stored in 
these two reqisters, in that order. 

transfer request from or to memory_ 

1m. Read (bidirectional. active Low, 3-state)_ 
As an input, this indicates that the CPU wants 
to read status· bytes from the DMA'. read 
registers_ As an output, after the DMA has 
taken control of the system buses, II indicates a 
DMA-controlled read ·from a memory or 110 
port address_ 
RDY. Ready (input, programmable active Low 
or High)_ This is monitored by the DMA to 
determine when a peripheral device associated 
wllh a DMA port is ready for a read or wrtlll 
operation_ Depending on the mode of DMA 
operation (Byte, Burst or Continuous), the ROY 
line indirectly controls DMA activity by caus
ing the BUSREQ line to go Low or Hlgh_ 

WI. 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 taten control of the system buses. it 
indicates a DMA-conlrolled write to a memory 
or 1/0 port address_ 

Readillg. The Read Registers (RRO-RR6) are 
read by the CPU by addreSSing the DMA as an 
110 port using an Input instruction (such as 
INIR for the Z-BO CPU). The readable bytes 
contain DMA status, byte-counter values, and 
port addresses since the last DMA reset: The 
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 
Staius command_ The sequence of reading all 
registers that are not excluded by the Read 
Mask regisier must be completed before a new 
Initiate Read Sequence or Read Status 
command. 

Flxed-AdcIr_ ProgrCIIDJDing. A special cir
cumstance arises when programming a desti
nation port io have a lixed address. The load 
command in WR6 only loads a lixed address to 
a port selected as the source, not to a port 
selected as the destination. Therefore, a lixed 
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 ihe steps in 
this procedure, assuming that transfers are to 
occur from a variable-address source (Port A) 
to a lixed-address destination (Port B): 

I. Temporarily declare Port B as source in 
WRO. 

2_ Load Port B address in WR6_ 

3. Declare Port A as source in WRO. 
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4. Load Port A address in WR6. 

5. Enable DMA in WR6. .... _. 
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JIo-Ar. Port A Bus (bidirectional, 3-.tate). 
This 8-bit bus translers data, status, or control 
information between Port A of the PIO and a 
peripheral device. Ao"is the least significant 
bit 01 the Port A data bus. 

ARDY. Register A Ready (output, active 
Hjgh). The meaning 01 this signal dependo on 
the mode 01 operation selected lor Port A as 
lollows: 

Output Mode. This signal goes active to inciicete that the 
Port A output reqiater has been loaded and the peripheral 
data bus i' stable and reedy lor transfer to the peripheral 
device. 

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

BicliracUoul Mode. This liqnal is active when data is 
available in the Port A output re;l8tei' tor transfer to the 
peripheral device. In this mode, dota is not placed on the 
Port A data bu.. unless X§T! is active. 

Control Mode. Th .. oIQnol .. di""!ed .nd !orcad to • Law 
slate. \ 
Dft. Port A Strobe Pulse From Peripheral 
Device (input, active Low). The meaning 01 
this signal dependo on the ~ 01 operation 
selected lor Port A as lollows: 
Oulpu' Modo. The """iUve edge 01 this strobe .. _ by 
the per1pherol to acknowledoe the receipt of data made 
available by the PIO. 

lapu.t Mode. The strobe is issued by the' peripheral to load 
data from the per'ipheral into the Port A input regimu". 
Data is looc:led into the PIO when this slgnal is active. 

BiclIzectioD.al Node. When this signal is active, data from 
the Port A output register is gated onto the Port A bidirec· 
tional data bus. The positive edqe of the strobe acknowl· 
edQee thtt receipt of the date. 

Collhol Modo. The _be .. 'Inhibited internally. 

Z8420 
zaer PIO ParaDel 
Iapal/Oalpa1 eoalroDer 
1Io-B,. Porl B Bus (bidirectional. 3-state). This 
8-bit bus transfers data, status, or control 
inlormation between Port B and a peripheral 
device. The Port B data bus can supply 
1.5 mA at 1.5 V to drive Darlington tran,siiltors. 
So is the least significant bit 01 the b~s, 

Bill:. Porl B Or A Select (input, High = B). 
This pin defines which port is accessed during 
a data transler between the CPU and the PIO . 
A Low on this pin selects Port A; a High 
selects Port B. Often address bit Ao from the 
CPU is used lor this selection lunction. 

BROY. Register B Reedy (output, active High). 
This signal is Similar to ARDY, except that In 
the Port A bidirectional mode "his signal is 
High when the Port A input register is empty 
and ready to accept data from the peripheral 
device. 

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

elD. Control Or Dato Select (input, 
High = C). This pin defines the type 01 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 lor the port selected 
by the Bi1\: Select line. A Low on this pin 
means that the Z-80 data bus is being used to 
transler data between the CPU and the PIO. 
Often address bit Al lrom the CPU is used for 
this lunction. 
CE. Chip Enable (input, aclive Low). A Low 

, on this pin enables the PIO to accept com-
, mand or data inputs Irom the CPU during a 
write cycle or to transmit data to the CPU dur
mg a read cycle. This signal is generally 
decoded lrom four 110 port numbers lor Ports 
A and B, data, and control. 
CLL 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-iltate). This bus is used to transler aU 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 lorm a priority-interrupt 
daisy chain when more than one intertupt
driven device is being used. A High level on 
this pin indicates that no other devices 01 
higher priority <Ire being serviced by a CPU 
inter.rupt service routine. 
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lEO. Interrupt Enable Out (output, active 
High). The lEO signal is the other signal 
required to form a daisy chain priority scheme. 
I! 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-BO PIO 
is requesting an interrupt from the Z-80 CPU. 

10RQ. Input/Outpu~uest (input from Z-BO 
CPU, active Low). 10RQ is used in conjunc
tion with BIA, CiD, CE, and RD to transfer 
commands and data between the Z·80 CPU and 
the Z-BO PIO. When CE, RD, and ~ are 
active, the port addressed by BIA transfers 
data to the CPU (a read operation). Con
versely, whencr and ~ are active but RD 
is not, the port addressed by BIA is written 
into from the CPU with either data or control 

Moele O. 1. en 2. (Byte Input, Output, or 
Bidirectional). Programming a port for Mode 
0, I, or 2 requires two words per port. These 
words are: 

A Nod. Control Word. Selects the port operating mode 
(Figure 6). This word may be written any ti~e. 

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

Moel. 3. (Bi/lnp'ut/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: 

[/0 Reoister Control. When Mode 3 is selected. the mode 
control word must be followed by another control word that 
sets the lIO control register. which in turn defines which 
port lines are Inputs and which are outputs (Figure 8). 

Interrupt Control Word.. In Mode 3, handshake is not 
used. Interrupts are generated 4S a logiC function of the 
input signal levels. The interrupt control word sets the 
logiC conditions and the logic levels required for gener
abng an interrupt. Two iOQic conditions or functions are 
available: ANO (if all input bits chanQe to the active level. 
an mterrupt IS triggered), and qR (if anyone of the input 
bits chang8$ to the active level. an interrupt is triggered). 
Bit 06 sets the IOQiC function, as shown in FiQure 9. The 
active level 01 the mput bits can be set either High or Low. 
The active level is controlled: by Bit 05. 

Mask Control Word. This word sets the mask control 
register, allowmg any unused. bits to be masked off. If any 
bits are to be mdisked, then 04 must be set. When D4 is set, 
the next word written to the port must be a mask control 
word (Figure 10). • 

Interrupt Dloable. 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 II). 

information, as specified by C/l). Also, if 
lORQ and Mi 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. 

MI. Machine Cycle (input from CPU, active 
Low). This signal is used as a sync pulse to 
control several internal PIa operations. When 
both the MI and RD signals are active, the 
Z-BO CPU is fetching an instruction from 
memory. Converseiy, when both MI and 
10RQ are active, the CPU is acknowledging 
an interrupt. In addition, MI has two other 
functions within the Z-BO PIO: it synchronizes 
the PIO interrupt logic; when Ml occurs 
without an active RD or 10RQ signal, the PIO 
is reset. 

RD. Read Cycle Status (input from 2-BO CPU, 
active Low). II RD is active, or an 1/0 opera
tion is in progress, RD is used with BIA, CiD, 
CE, and 10RQ to transfer data from the 2-BO 
PIO to the 2-BO CPU. 
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CE. Chip Enoble (input, active Low). When 
enabled the erc accepts control words, Inter
rupt vectors, or time constant data words from 
the data bus during an 110 write cycle; or 
transmits the contenls of the down-counter to 
the CPU during an 110 read cycle. In most 
appllcallons this signal Is decoded from the 
eight least Significant bits of the .. ddreao bus 
for any of the four 110 port addresses that are 
mapped to the four counter-limer channels. 

CLI:. System ClocJc (input). Standard single
phase 2-80 system clock. 

CUlTRGu-CUlTRGw. External CloclcITimer 
Trigger (Input, user-selectable active High or 
Low). Four pins corresponding to the four Z-BO 
CTC channels. In counter mode. every active 
edge on this pin decrements the down-counter. 
In IImer mode, an active edge starts the timer. 

CIIo-ClI. Channel Select (inputs active High). 
Two-bit binary address code selects one of the 
four erc channels for an 110 write or read 
(usually connected to Ao and AI)' 

Do-D,. System Dota Bus (bidirectional, 
3-state). Transfers all data and commands 
between the Z-BO CPU and the Z-BO erc. 
lEI. Interrupt Enoble In (Input, active Hlgh)_ 
A High Indicates that no other interrupting 
devices of higher priority In the daisy chain 
are being serviced by the Z-BO CPU. 
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lEO. Interrupt Enable Out (output, active 
High). High only If lEi Is High and the Z-80 
CPU is not servicing an interrupt from any 
Z-BO CTC channel. lEO blocks lower priority 
devices from Interrupting while a higher 
priority !nterrupting device Is being serviced. 

lIlT. 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_ 

10RQ. Input/Output R'!!lE..est (i!!E!'t from CPU, 
active Low). Used with CE and RD to transfer 
data and channel control words belween the 
Z-80 CPU and the Z-80 erc. During a write 
cycle, IORQ and cr are active and RD 
Inactive. The Z-80 CTC dces not receive a 
speCifiC write signal; rather. it internally 
~erates lis own from the Inverse of an .active 
RD signal. In a read cycle, IORQ, C! and RD 
are active; the contenls 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
ruptinq channel places its interrupt vector on 
the 2-BO d4ta bus. 

ML Machine Cycle One (input from CPU, 
active Low). When MI and 10RQ are active, 
the Z-BO CPU is acknOwledging an interrupt. 
The 2-BO CTC then places an interrupt vector 
on the data bus if it has highest prlorl~nd If 
a channel has requested an interrupt (INT). 

RD. Read Cycle Status (i~active Low). 
Used In conjunction with 10RQ and CE to 
transfer data and channel control words 
between the Z-BO CPU and the 2-80 CTC. 

RESET. Reset (input active Low). Terminaies 
all down-counls and disables all interrupts by 
resetting the interrupt bits in all control 
registers; the 2C1TO and the Interrupt outputs 
go inactive; lEO reflects lEI; Do-I>] go to the 
high-impedance state. 

1.CITOo-1.CITOs. Zero Count/Timeout (output, 
active High). Three ZCITO pins corresponding 
to Z-BO CTC channels 2 through 0 (Channel 3 
has no ZClTO pin). In both counter and timer 
modes the output is an active High pulse when 
the down-counter decremenls to zero. 



I'rogrcmuIIlIIg Each' Z-SO CTC channel must be pro
grammed prior to operation. Programming 
consists 0/ writing two words to the 110 port 
that corresponds \0 the desired channel. The 
first word is a control word that selects the 
operating mode and other para~eters; the 
second word is a time constant. which is a 
binary data word with a value from 1 to 256. A 
time constant word must be preceded by a 
channel control word. 

After Initialization, channels may be 
reprogrammed at any time. If updated control 
and time constant words are written to a chan
nel during the count operation, the count con
tinues 10 zero before the new time constant is 
loaded into the counter. 

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

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

A~g. During programming, channels 
are addressed with the channel select pins CSI 
and CS:!. A 2-bil binary code selects the 
appropriate channel as shown in the following 
table. 

a.-l CS. CSo 
o 0 0 
I 0 I 
2 I 0 
3 1 I 

a-. The CTC has both hardware and soft
ware resets. The hardware reset terminates all 
down-counts and disables all CTC interrupts 
by resetting the interrupt bits in the control 
regist.ers. In addition, the ZClTO and Interrupt 
outputs go inactive, lEO reflects lEI, and 

Do-D] go to the high-impedance state. All 
channels must be completely reprograml"ed 
after a hardware reset. 

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

If the channel control word has both bits Dl 
and ~ set to I, the addressed channel stops 
operating, pending a new time constant word. 
The channel is ready to resume after the new 
const,mt Is programmed. In timer mode, if 
D3 = '0, operation is triggered automatically 
when the time constant word is loaded. 

Cba ..... 1 CoDtroI Word Programmlag. The 
channel control word is shown in Figure 5. It 
sets the modes and parameters described 
below. 
Interrupt Enable. Dz enables the interrupt, so 
that an interrupt output (INT) is generated at 
zero count. Interrupts may be programmed in 
either mode and may be enabled or disabled 
at any time. 
OperaliD", Mode. D6 selects either timer or 
counter mode. 
Prescal.r Factor. (Timer Mode Only). Ds 
selects. factor-either 16 or 256. 

Tri",,,,.r Slop •. D4 selects the active edge or 
slope of the CLKlTRG input pulses. Note that 
reprogramming the CLKlTRG 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. 
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I'rogrcmuIIlIIg Trig",.r Mode (Tim.r Mod. Only). D3 selects 
(Continued) the trigger mode for timer operation. When OJ 

is reset to 0, the timer is triggered automatic
ally. The time constant word is programmed 
during an I/O write operation, which takes one 
machine cycle. At the end of the write opera
tion there is a setup delay of one clock period. 
The timer starts automatically (decrements) on 
the rising edge of the second clock pulse (T2) 
of the machine cycle follOWing the write opera
tion. Once started, the timer runs contin
uously. At zero count the timer reloads 
automatically \!lnd continues counting without 
interruption or delay, until stopped by a reset. 

When D3 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 0/ the second clock pulse (T2) 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 CLKlTRG 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 I in ~ 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 D2 indicates no time constant word is 
to follow. This is ordinarily used when the 
channel is already in operation and the new 
channel control word is an update. A channel 
will not operate without a time constant value. 
The only way to write a time constant value is 
to write a control word with D2 set. 

, .. , .. , .. , .. !o,[o;J!.To!) 
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Softwar. R ... t. Setting Dj to I. 'lses a soIt-· 
ware reset, which is described in .he Reset 
section. 

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

TIme CoDstGDt Programmlag. 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 frbm 1 to 256 (Figure 
6). Note that 0016 is interpreted as 256. 

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

• The system clock period (</» 

• 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 </>xPxT. The minimUm timer resolu
tion is 16 x</> (4 "" with a 4 ~Hz clock). The 
maximum timer interval is 256 x </> x 256 (16.4 ms 
with a 4 MHz clock) . For longer intervals 
timers may be cascaded. 

Interrupt Vector Programmlng. If the Z-SO 
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 2-80 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 pri~rity. 
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FiQUres I through 6 illustrate the three pin 
configurations (bonding options) available in 
the 510. The constraints of II 4O-pln package 
make itJ!!!EOlslble to bring out the Receive 
Clock (RXC). Transmit Clock (rxe). Data Ter
minal Ready (DTR) and Sync (SYNC) signals 
for both channel •. Therefore. either Channel B 
lacks a signal or two signals are bonded 
together in the three bonding options offered: 

• Z-80 510/2 lacks ~ 
• loBO SIOII lacks 15m 
• Z·90 SIOIO has all four signals. but TxCB 

and RxCB are bonded together 

The first bonding option above (SI0/2) is the 
preferred version for most applications. The 
pin descriptions are as follows: 

B/i. Channel A Or B Select (input. High 
selects Channel B). This input defines which 
channel is accessed. during a data transfer 
between the CPU and the SIO. Address bit Ac 
from the CPU is often used for the selection 
function. 

C/O_ Control Or Dolo Select (input. High 
selects Control). This input defines the type of 
information transfer performed between the 
CPU and the SIO. A High at this input during 
a CPU write to the 510 causes the information 
on the data bus to be interpreted as a com
mand for the channel selected by B/A. A Low 
at C/O means that the information on the data 
bus is data. Address bit AI is often used for 
this function. 

CE. Chip Enoble (input. active Low). A Low 
level at this input enable. the 510 to accept 
command or data input from the CPU during a 
write cycle or to transmit data to the CPU 
during a reed cycle. 

11440 
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CLIt_ System Clock (Input) .. The 510 uses the 
standard Z-BO System Clock to synchronize 
Internal signals. This is a single-phase clock. 

CTSA. CTSB. Clear To Send (Inputs. active 
Low). When programmed as Auto Enables. a 
Low on these inputs enables the respective 
transmitter. If not programmed as Auto 
Enables. these inputs may be programmed as 
general-purpose Inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow
rlsetime signals. The SIO detects pulses on 
these inputs and interrupts the CPU on both 
logic level transitions. The Schmitt-trigger buf
fering does not QUarantee a specified noise
level margin. 

Du-o,- System Dota Bus (bidirectional. 
3-state). The system data bus transfers data 
and commands between the CPU and the Z-BO 
SIO. Do is the least Significant bit. 

DCDA. DCDB_ Dota Carrier Detect (inputs. 
active Low). These pins function as receiver 
enables if the SIO is programmed for Auto 
Enables; otherwise they may be used as 
general-purpose input pins. Both pins are 
Schmitt-trigger buffered to accommodate slow
risetime signals. The SIO detects pulses on 
these pins and interrupts the CPU on both 
logic level transitions. Schmitt-trigger buffer
ing does not guarantee a specifiC noise-level 
margin. 

DTRA. DTRB_ Doto Terminal Ready (outputs. 
active Low). These outputs follow the state pro
grammed into Z·80 SID. They can also be pro
grammed as general··purpose outputs. 

In the Z-80 SIO/l bonding option. DTRB is 
omitted. 

IEI_ Interrupt Enoble In (input. active High). 
This signal 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 pri
ority is being serviced by a CPU interrupt ser
vice routine. 

IEO_ Interrupt Enoble Out (output. active 
High). lEO is High only if lEI is High and the 
CPU is not servicing an interrupt from this 
SIO. Thus. thiS Signal blocks lower priority 
devices from mtemJphng while a higher 
priority device is being serviced by its CPU 
interrupt serVIce routine. 

INT_ Interrupt Request (output. open drain. 
active Low). When the SIO is requesting an 
interrupt. it pulls ill! Low. 

IORQ_ Inpuf/QE!put Request (input from CPU. 
active Low). 10RO is used in conjunction with 

9 

PIa 
o-tpIIoa 
(Continued) 

BI)t, C!I5. CE and RD to transfer commands 
and data between the CPU and the 510. When 
CEo RD and 10RO are all active. the channel 
selected by BI A transfers data to the CPU (a 
read operation). When CE and iORO are 
active but iID il inactive. the channel selected 
by BlAis written to by the CPU with either 
data or control Information as speCified by 
cm. If 10RO and MI are active simultane
oiisly. the CPU is acknowledging an interrupt 
and the 510 automatically places itl Interrupt 
vector on the CPU data bul If it II the hrghest 
priority device requesting an interrupt. 

MI_ Machine Cycle (input from Z-BO CPU. 
active Low). When Mils active and RD Is also 
active. the loBO CPU is fetching an Instruction 
from memory; when MI is active while 10RO· is 
active. the SIO accepts MI and 10RO as an 
interrupt acknowledge if the 510 Is the highest 
priority device that has interrupted the Z-80 
CPU. 

RxCA. RxCB. Receiver ClocIcs (inputl). 
Receive data is sampled on the riling edge of 
RxC. The Receive Clocks may be 1. 16. 32 or 
64 times the data rate in asynchronous modes. 
These clocks may be driven by the lo80 erc 
Counter Timer Circuit for programmable baud 
rate generallon. Both inputs are Schmitt
trigger buffered (no noise level margin is 
specified). 

In the Z-80 SIOIO bonding option. RxCB is 
bonded together with TxCB. 

RD_ Read Cycle Status (input from CPU. 
active Low). If RD is active. a memory or 110 
re~d ~ration is in progress. RD is used with 
BI A. CE and 10RO to transfer data from the 
SIO to the CPU. 

RxDA. RxDB_ Receive Dota (inputs. active 
High). Serial data at TTL levels. 

RESET. Reset (input. active Low). A Low 
RESET disables both receivers and transmit
ters. forces TxDA and TxDB marking. forces 
the modem controls High and disables all 
interrupts. The control registers must be 
rewritten alter the SIO is reset and belore data 
is transmitted or received. 

1ff!IX • Rftj_ Request To Send (outputs. 
active Low). When the RTS bit in Write 
Register 5 (Figure 14) is set. the RTS output 
goes Low. When the RTS bit is reset in the 
Asynchronous mode. the output goes High 
after the transmitter is empty. In Synchronous 
modes. the RTS pin strictly follows the state of 
the RTS bit. Both pins can be used as general· 
purpose outputs. 

SYNCA. SYNCB_ Synchronization (inputs/out· 
puts. active Low). These pins can act either as 
inputs or outputs. In the asynchronous receive 
mode. they are inputs Similar to CTS and 
DCD. In this mode. the transllions on these 
lines affect the state of the Sync/Hunt status 

blls in Read Register a (FIQUre 13). but have 
no other function. In the External Sync mode. 
these lines also act a. input •. When external 
synchronization is achieved. ~ must be 
driven L!>w on the .... cQnd-f!llQQ edge of RxC 
after that rising edge of ~ on which the last 
bit of the sync character was received. In 
other words. after the sync pattern is detected. 
the eXternal logic must wait for two full 
Receive Cloc!..EI£les to activate the SYNC 
Input. Once SYNC is forced Low. it should be 
kept Low until the CPU informs the external 
synchronization detect logic that synchronlza'
lion has been lost or a new message is about to 
start. Character assembly begins on the rising 
edge of RxC that immediately precedes the 
falling edge of SYNC In the External Sync 
mode. 

In the internal synchronization mode 
(Monosync and Bisync). these pins act as out
puts that are active during the part of the 
receive clock (RiC) cycle in which sync 
characters are recognized. The sync condition 
is not latched. so these outputs are active each 
time a sync pattern Is recognized. regardless 
of charaoteJ" boundaries_ 

I" the Z-80 51012 bondtno optton. SYNCB 
is omitted. 
~. Ta. Tronsmiftm ClocIcs (inputs). In 
asynchronous modes. the Transmitter Clocks 
may be I. 16.32 or 64timel the data rate; 
however. the clock multiplier for the transmit
ter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buf
fered for relaxed rise- and fall-time require
ments (no noise level margin Is specified). 
Transmitter Clocks may be driven by the Z-BO 
erc Counter Timer Circuit for programmable 
baud rate generation. 

hi the lo80 SIOm bonding option. TiCS Is 
bonded ~W1th~. 
TltDA. 1'IID1. Transmit Dolo (outputs. active 
High). Serial data at TTL levels. TxD changes 
from the falling edge of TxC. 

WIlIDYA. W/RDYB_ Wait/Ready A. Wait/ 
Ready B (outputs. open drain when pro· 
grammed for Wait function. driven High and 
Low when programmed for Ready function). 
These dual-purpose outputs may be pro
grammed as Ready lines for a DMA controller 
or as Wait lines that synchronize the CPU to 
the SIO data rate. The reset state is open 
drain. 



Programmill!J Th e system program ii'rst issues a series of 
commands thai initialize the basic mode of 
operation and then other commands that 
qualify conditions within the selected mode. 
For example, the asynchronous mode. 
character length, clock rate, number of stop 
bits, even or odd parity might be set hrst; then 
the interrupt mode; and hnally, receiver or 
transmitter enable. 

Both channels contain registers that must be 
programmed via the system program prior to 
operation. The channel· select tnput (BfA) and 
the control/data input (CiD) are the command
structure addressing controls, anc:! are normal
ly controlled by the CPU address bus. Figures 
15 and 16 iIIustr'lte the timing relationships for 
programming the write registers and t"ransfer
ring data and stalus. 

Read Regllll .... The SIO contains three read 
registers for Channel B and two read registers 
for Cbannel A (RRO-RR2 in Figure 13) that can 
be read to obtain the status information; RR2 
contains the internally-modihable interrupt 
vector and is only in the Channel B. register 
set. The status information includes error con
ditions. interrupt vector ~nd standard 
communications-interface sign.lls. 

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

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

Write Regtst .... The SIO contains eight write 
registers for Channel B and seven write 
registers for Channel A (WRO-WR1 in Figure 
14) that are programmed separately to con
hgure the functional personality of the chan
nels; WR2 contains the interrupt vector for 
both channels and is only in the Channel B 
register set. With the exception of WRO, pro
gramming the write registers requires two 
bytes. Tile first byte is to WRO and contains 
three. bits (Do-D:!) that point 10 the selected 
regiSter; the second byte Is the actual control 
word that Is written Into the register to cor 
figure the SIO. 

WRO is a special case in that all of the basic 
commands can be written to it with a single 
byte. Reset (internal or external) initializes the 
pointer bils Oo-D2 to point to WRO. This 
implies that a channel reset must not be com· 
bined with the pointing to any register. 

READ REGISTER 0 
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1.0 INTRODUCTION 

The TS 806C is an intelligent tape-cartridge unit with its own 
controller designed to be used with the TS 806 service processor. 
The TS 806C has three ports: one of the ports (50 pin internal 
connector) is used to interface to the tape drive; one RS 422 
port is used to communicate with the service processor; one RS 
422 is used to pass the normal communications through to the work 
station. The service processor controls the communication links 
between the tape controller and the work station. The TS 806e 
receives commands from the TS 806 to perform tape read, write or 
erase functions; all other data is passed through to the work 
station. 

The system block diagram is shown in Figure 1. 

'1 '1 
'1 '1 
'1 11 '1 ,r 
'1 '1 TAPE 11 '1 
11 '1 DRIVE '1 11 
'1 '1 '1 '1 
11 TS 806C '1 11 
,r ,r ,r 
,r '1 50 PIN 11 
'1 ~[ ~QNNE~1.'QB , 
'1 ,r '1 '1 
,r '1 TS 806C '1 '1 
11 11 TAPE CONTROLLER '1 '1 
,r '1 . . . . . . . . . . . . . . . . . . . . . '1 ,r 
1r 1r ,r '1 
11 ,rRS-422 11RS-422 11 
11 11 11 '1 

________ '1 ____ _ __11 __ _ 
11 11 11 11 
11 TS 806 11 '1 WORK '1 
,r SERVI CE PROCESSOR ,r 11 STATION 11 ,r ___________ '1 '1 _______ '1 

Figure 1 System Block Diagram 

2~0 TS 806C TAPE CONTROLLER BOARD DESCRIPTION 

The TS 806C controller board contains 

Three Z80A family ICs 

CPU, CTC and SIO 

64 Kbytes of dynamic RAM 
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4 Kbytes of EPROM 

Two 8-bit output latches 

Associated control logic 

See Figure 2. 

Z80A 
CPU 

r-- l- i- ---r-
I I 
I I 

I I 

I 
I 

TAPE W TAPE LJ INFO STATUS 

, 

I 
I- _.......J' 
I-

_ ---l 

TAPE CONT. 
OUTPUT 

60K AK 
DRA~I EPROtvl 

MEMORY -, 
CONTROL LOGIC 

I 

I 
DECODER I 

I I L __ - - ..J 
II L __ 
I I --, 
I I I 
I 

I I 
I I I I 

I I I 
.J L_ DRIVE & L 

TRACK SEL 

Figure 2 Block Diagram of TS 806C Controller Board 

CTC 

S10/2 

The Z80A ICs are driven by a 4 MHz system or tape clock. This 
clock is also used to generate the necessary timing for the 
memory control logic. 

The Z80A CPU has a 16-bit address bus which can address up to 64 
Kbytes for memory. The lower eight address lines are also used 
to address up 256 Input/Output devices. During instruction fetch 
cycles, the CPU sends out refresh addresses. The refresh enable 
address signals to the memory control which then refreshes 64 
Kbytes of dynamic RAM. 

A second bus is an eight-bit bidirectional data bus. The third 
bus is the control bus which includes the following signals: 
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-MI, -MREQ, -IORQ, -RD, -WR, -RFSH, -WAIT, -INT and -RESET. The 
rs 806C has eight I/O devices: the SID, CTC, LEDs, a four-bit 
3ipswitch, two tri-state input latches, and two 8-bit output 
latches. 

rhe Z80A CTC is a four-channel programmable clocking device which 
:an be programmed as a timer or as a counter. The main function 
)f this CTC is to provide transmit clocks for the RS 422 
:ommunication interface. The CTC is programmed to reset the Z80 
SID which effects both channels of the SID. 

rhe Z80A SID is a dual-channel serial I/O controller. It is 
programmed in the SDLC mode and clocked at a data rate of 800 
Kbits/sec. 

rhe main memory in the TS 806C controller contains eight 64K x I 
jynamic memory devices (only 60 Kbytes are accessible). There 
are four kilobytes of EPROM. 

3.0 FUNCTION OF THE SYSTEM 

rhe TS 806C generates an 8-MHz clock and a 4-MHz clock. These 
are supplied to the CPU, SID, CTC, DMA and memory control logic. 
~fter power is first turned on, the system is reset to the idle 
state and all devices are then programmed for operation. 

rhere are two different types of memory devices in the TS 806C, 
dynamic RAM and EPROM. See Figure 3. 

64K 
'1 
'1 
11 
11 
11 
11 
'1 
1r 
'1 

DYNAMIC RAM 

11 
1r 
'1 
'1 
'1 
11 
11 
'1 
11 

1r __ ___________ '1 
4K 11 

'1 EPROM 
11 o '1 ____ _ 

Figure 3 Memory Devices 

,r 
'1 ,r 
'1 

The EPROM contains software for initialization of the controller, 
power-on diagnostics, and the download program. 

The memory control logic supplies the necessary read/write 
signals, address latching signals, and refresh signal to the 
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dynamic RAM. Because of the speed difference between the access 
of the two types of memory, a one cycle "wait state" is inserted 
during read/write operations to the EPROM. 

The daisy-chain style of communication makes it possible to reset 
the controller without effecting the link from the service 
processor to the work station. 

4.0 OPERATION OF THE SYSTEM 

The 16 MHz clock from the oscillator is counted down to 4 MHz by 
counter Al4 (74LS l6lA) and becomes the system clock frequency. 
This 4 MHz signal is sent to all the Z80A family devices and the 
memory control logic. The level of the clock signal is critical 
to the Z80A devices. The high level of the clock must be between 
4.4 V and 5.3 V and the low level must be between -0.3 V and 0.45 
V (see Figure 4). A transistor {2N2907} is used to pull the 
clock's output high level to about five volts. 

5.3V '-----250 ns------, , , , , , , ~ , 
4.4V , , ~ , ~ , , , ~ , , , 

~ , , ~ , , , , , , , , , , , ~ , , , , , , ~ , 
~ ~ ~ ~ , , 

0.45V , , , , , , , , ~ , , , , , 
-0.3V 

Figure 4 System Clock 

Each dynamic RAM used in the TS 806C is organized as 65536 x I 
bits; eight dynamic RAMs are used on the controller board. 
Multiplexed addressing and periodic refreshing are required in 
the operation of this type of memory. The memory and refresh 
cycle diagram is shown in Figure 5. 

The -MREQ and -RFSH signals from the CPU are sent to the memory 
control logic. The memory control logic is comprised of the 
following devices: 

Three "0" flip-flops 74S74 (A4l, A46) 

Two nand gates 74S00 (A37) 

Three nor gates 74LS02 {A38} 

Two inverter gates 74LS04 
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Two three-input nor gates 74LS27 (A31) 

Two multiplexers, All and A12 (74S157), are used to multiplex the 
16-bit address lines from the CPU into the a-bit address lines of 
the dynamic memory. The row address and column address are 
latched internally by the falling edge of the -RAS and -CAS 
signals. Each memory cell in the memory device must be refreshed 
at least every two milliseconds. A serial resistor (33 ohm) is 
connected to the address line signal, the write signal, the -RAS 
signal, and the -CAS signal on the input to the dynamic memory. 
The purpose of these resistors is to reduce the signal under
shoot caused from the capacitance of the devices. 

,---- Tl ---,---- T2 ---,---- T3 ---,---- T4 ---, 

CLK 1 '> / \ ' __ -J1 \1---11 \,-___ 1 

AO-A15 =><=== _______ x ________ _ 
-MREQ \ '--__ - __ ---11 

\ __________ 1 

-Ml ~ ~--------------------~I 
-RFSH J \~----__ --_--~I 

-RD \ 

SEL CLM 1 

-CAS \ 
-RAS \ 
DATA ---------------------~ 

Figure 5 Memory and Refresh Cycle 

The other type of memory used in this system is the EPROM. Since 
the EPROM has a slower access time compared to the ZaOA memory 
access cycle, one nwait staten is automatically inserted by the 
nwait control circuit n when the EPROM is accessed. The memory 
latch timing diagram is shown in Figure 7. The nwait control 
circuit" is implemented with two nO" flip-flops (74LS74 A34), one 
three-input nor gate (74LS27 A31), and one inverter gate (74LS04 
A30) • 
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CLOCK __ ~ Tl ~--~ T2 ~ __ 'r Tw ~ __ ~ T3 ~--~ ~-
0 
0 

0 ° : 
AO-A15 

X_o_ o. X 

~85'-1I 
85M 

-MREQ " ~-I' 

45M 
-WAIT "45'\ 11-1' 

Figure 6 Wait Cycle Inserted Timing 

The TS 806C controller board has eight logical I/O devices. They 
are the LED, CTC, SIO, four-bit dipswitch, two tri-state input 
buffers, and two output latches. During CPU I/O operations, the 
address bus is decoded by A26 (74LS138 IC) to select one of the 
I/O devices. The LED and tape select have the same port address 
but different times of use. 

4.1 TAPE OPERATION 

The data latches (A23 and A28) are used to latch the data word 
that controls the tape drive operation. 

4.1.1 Output Latches (from the computer) 

The control signals to the tape drive are programmed by two data 
latches. These latches are write-only ports. 

4.1.1.1 Tape Output Latch 2 

Tape Output Latch 2 controls the track select and, if in a 
multiple drive system, the drive select. 

Data word for "Tape output latch 2" 

, -TR2 ~ ~TRl ~ -SL4 ~ -SL2 ~ -SLI, X ~ X ~ X " 
---D07----D06----D05----D04----D03---D02---D01---DOO--

Track select is controlled via D07 and D06 according to the 
following chart with low being true. All heads for a given track 
(read, write, and erase) are selected simultaneously through the 
use of these control bitso The last track selection is stored in 
the tape drive even after deselect ion by the controller. 

Track No. 

1 

Track Select Signals 

TR2 
H 

7 

TRl 
L 



2 
3 
4 

H 
L 
H 

Tape drive select is controlled via 005, 004, ANO 003. Together these bits 
determine the tape drive address (low true). The address 
function processes and remains active during any other drive 
I/O. The following chart shows the address selection. 

Orive No. Orive Select Signals 

SL4 SL2 SLl 
1 H ·H L 
2 H L H 
3 H L L 
4 L H H 
5 L H L 
6 L L H 
7 L L L 
8 H H H 

Oata bits 002, 001, and 000 are not used and do not effect the 
system. 

4.1.1.2 Tape Output Latch 1 

The Tape Output latch 1 is called the Tape Command/Control Output 
Latch (14H). 

Oata Word for 'Output Latch 1 

'1 SLG'I X '1 -RWD'I FB '1 -WEN 11 -HSP '1 -FWD ~ -REV ~ 
---07----06-----05-----04-----03-----02-----01-----00---

Reverse direction (-REV) is 000. Active low causes the tape 
move in the reverse direction. 

Forward direction (-FWD) is 001. Active low causes the tape 
move in the forward direction. 

to 

to 

High speed ( -HSP) causes the tape to( move at high speed in the 
direction selected. 

Tape motion continues until command signals go false. This can 
be triggered by the end of the tape (when going forward) or the 
beginning of the tape (when in reverse). The tape will also stop 
if both directions are given at the same time, if the ready 
signal goes inactive, and if a higher priority rewind command is 
given. 

When in high speed motion, the speed will drop to low speed if the 
upper loading point hole is sensed in the reverse direction or if 
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the upper early warning hole is sensed in the forward direction. 

write enable (-WEN) enables writing and erasing functions for the 
selected track. The writing or erasing operations is only 
allowed if the tape cartridge is in the unprotected state. Write 
eriable should b~ set priot to the tape going in motion and should 
not be reset until the drive 'has stopped. At least two 
milliseconds are needed between the reset of write enable and· the 
selection of ariew track. The write~nable signal is reset by 
either reverse or high speed commands. 

Feedback (FB) is for general use and can also be read through 
port OCH at D04. 

Rewind (-RWD) causes the tape to be positioned at the beginning 
at high speed. The drive must be selected to start a rewind but 
may be deselected after the sequence has started. 

Data bit D06 is not used. 

Select gate (SLG) allows selection per the select and address 
codes. It is used to prevent unwanted selection during the 
change of a select operation. 

4.1.2 Input Latches (to the controller) 

The status of the tape controller is read through two input 
ports. These ports are read-only status line which are latched 
by the tape drive. 

4.1.2.1 Tape Status Input Latch 1 

Input Latch 1 is called the Tape Status Input Latch (08H). 

Data word for the Tape Status Input Latch 

11 ROY 11 LPS 11 EWS 11 FLG '1 FUP 11 WEN 11 BSY 11 SLD 11 
--D07---D06--~D05---D04~~-D03---D02---DOl---DOO--

Ready (ROY) is'true when the'tape cartridge is installed, the 
sensor lamp is drawing current and five volts is applied to the 
tape drive. 

Load point sensed (LPS) is set and latched when the upper load 
point hole (the warning for the start of the tape) is passed in 
the reverse direction. The'sign:al is reset when the load point 
is passed with the tape going in the forward direction. When 
this signal is true~ the high speed signal is disabled in the 
reverse direction. At this time, reverse tape motion is allowed 
to proceed until' the beginning of tape hole is encountered. When 
this happens, the drive stops and only accepts forward commands. 

Early warning sensed (EWS) is set 'and latched when the upper 
earlywa;rning hole (warning for end'of the tape) is passed in the 
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forward direction. This signal is reset when the hole is passed 
in the reverse direction. When this signal is true, the high 
speed signal is disabled and forward motion is allowed to proceed 
until the end of tape hole. When this happens, the tape stops 
and only accepts reverse direction commands. 

Flag (FLG) is set when the automatic sequence to position the 
tape at the beginning has been executed or a rewind command has 
been completed. This signal is reset by a subsequent receipt of 
a forward command. 

File unprotected (FUP) is true when a tape cartridge is installed 
and it is in the unprotected state (meaning the tape can be 
written on). 

write enable (WEN) is true when a write enable is latched within 
the tape drive. 

Busy (BSY) is true when the drive is performing an automatic 
rewind sequence (a cartridge is initially installed), normal 
rewind, forward or reverse command. This signal goes true 
when the command is received and remain true until tape motion 
has stopped. The time for slow speed commands is 30 milliseconds 
and for high speed commands is 80 milliseconds. 

Selected (SLD) is true when the tape drive has received its 
proper address. 

4.1.2.2 Tape Information Latch 2 

Input latch 2 is called the Tape Information Input Latch (OCB). 

Data word for Tape Information Input Latch 2 

11 SIO-A 11 DIAG 11 DAD 11 FB 11 X 11 X 11 X 11 X 11 
---D07-----D06-----DOS----D04----D03-----D02-----D01-----000---

The SIO ready signal for channel A is represented here. 

Diagnostic (DIAG) is reserved for starting the diagnostic 
routines. These routines can be initiated by power-up or reset. 

Data Detected (DAD) is true when the data has been detected 
during a read from the tape cartridge at either low or high 
speed. 

Feedback (FB) is the same as bit four in "Tape output status 2". 

4.2 DATA COMMUNICATION WITH THE TAPE DRIVE 

The preamble for tape data is 39 zeros (0) followed by a one (1) 
at the beginning of each data block. The postamble is the 
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reverse of this with a one (1) followed by 39 zeros (0) at the 
end of each data block. The preamble is stripped from the read 
data when data is being read in the forward direction. The 
postamble is stripped from the read data when the data is read in 
the reverse direction. 

Example of a data block on the tape cartridge: 

39 'ZEROS I l' 1 lONE' 11 ADDRESS l' DATA l' 1 lONE'" 3 9 'ZEROS' 11 

To create preambles and postambles, -DTR must be low on the SIO 
for the equivalent of a five-byte transmission time before and 
after the data is transmitted. During data transfer, -DTR is at 
a high level. 

5.0 Input/Output Port Assignments and Timing 

5.1 Input/Output Port Addresses 

Switch 
I 

• General Purpose ------------"-- OOH --> 03H 

• CTC Channel 0 ----------------------- 04H 

• CTC Channel 1 ----------------------- OsH 

• CTC Channel 2 ----------------------- 06H 

CTC Channel 3 ----------------------- 07H 

· Tape Input-Status ------------------- 08H --> OBH 

• Tape Input-Info. -------------------- OCH --> OFH 

• LED --------------------------------- 10H --> l3H 

• Tape Select (Drive and Track) ------- 10H --> l3H 

Tape Command/Control· ---------------- l4H --> l7H 

SIO Channel A (Data) ---------------- l8H 

· SIO Channel A (Command/Status) ------ 19H 

• SIO Channel B (Data) ---------------- lAH 

SIO Channel B (Command/Status) ------ lBH 

Party Line Priority Controller ------ lCH --> lFH 
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5.2 Memory Latch Timing 

,--~ Tl --,--- T2 --,--- TW --,--- T3 --,--- T4 --, 

CLK J~.--I-'\ 1-\ /--\ 1--\ I 

';"IORQ 

-WR 

-MEMORY 
LATCH 

\~------------------------~I 
\ I 

____ ---I� 

Figure 7 Memory Latch Timing 

5.3 SIlO Read/Write Cycle 

,- Tl-'- T2-'- TW-'[- T3-'- Tl-'- T2-'- TW-'[- T3-, 

CLK J-"-!\.J-\-I-\-I-\-I-\-I-\.J-\-I-

-SID CS \,----------------~/---\~--------------~/ 
-IORQ \,--____ ~I \,------~/ 

-RD \ / 

-Ml HIGH 

DATA -----------<, ________ ~>------------< ____________ )_--
Figure 8 SIlO Read/Write Cycle 
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6.0 Connector Description 

, '_P2_, , 
, '~5_' 

-, 
'PI' ,-,----------, , , , ,- , , , , 

,P4, , ,-, , , , , , , , , , , , 
' __ '_P3_' __________ , 

Figure 9 Connector Positions 

Connector No. 
-------~----

PI 
P2 
P5 
P3 
P4 

Legend 
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Description 
-----------

POWER CONNECTOR 
RS422 CONNECTOR (TS806) 
RS422 CONNECTOR (TS800) 
TAPE INTERFACE CONNECTOR 
RESETSWITCB CONNECTOR (OPTION) 



6.1 PI Power Connector (5-pin Wafer) 

Pin No. Description 
------ -----------

1 - 12 V 
2 UNUSED 
3 GROUND 
4 + 5 V 
5 + 12 V 

6.2 P2, P5 Communication Ports RS 422 

(16 pin header on the PCB) , (Rear panel 15 pin D-type conn. ) 

D-conn. • Header • Description • . 
1 1 GND 

9 2 -TxD 
2 3 +TxD 

10 4 -RxD 
3 5 +RxD 

11 6 +RTS 
4 7 -RTS 

12 8 +CTS 
5 9 -CTS 

13 10 -TxC 
6 11 +TxC 

14 12 -RxC 
7 13 +RxC 

15 14 Test 
8 15 GND 

16 NC 

6.3 P3 Tape Connector (50 Pin St. Header) 

Pin No. Signal I/O 

2 -SLD I 
4 -RDY I 
6 -WND I 
8 -FLG I 

10 -LPS I 
12 . -FUP I 
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14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 

-BSY 
-EWS 
-RWD 
-REV 
-FWD 
-HSP 
-WEN 
-SLI 
-SL2 
-SL4 
-SLG 
-RNZ 
-RDS 
-DAD 
-WOE 
-WNZ 
-TR2 
-WDS 
-TRI 

NOTE 

I 
I 
o 
o 
o 
o 
o 
o 
o 
o 
o 
I 
I 
I 
o 
o 
o 
I 
o 

All odd numbered pins are ground. 

6.4 P4 Reset Connector (5-Pin Wafer) (Option) 

PIN 

1 
2 
3 
4 
5 

7.0 SPECIFICATIONS 

• Power Requirement 

• Power Consumption 

DESCRIPTION 

~C (Opt{~n for lighted switch) 
Void (No pin) 
Reset Signal 
Ground 
NC (Not used) 

1.08 Amp @ +5 V 

TYPICAL 5.4 watts 

• System Clock -----~-------- 4 MHZ 

• Memory 
• 60 Kbytes of dynamic RAM 
• 4 Kbytes of EPROM 

• Tape Communication 
• SDLC Mode 
• 192 Kbits/sec (supplied by tape drive) 

• TS 806 Communication (RS 422) 
• SDLC / Asynchronous mode 
• Fix Rate of 800 Kbits/&ec 

15 



• Interrupt Priority 
• 1st Priority ------ SIO 
• 2nd priority ------ CTC 
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SYSTEM REPAIR PRICE AND SPARE PARTS PRICE LISTS 

This section contains the Repair Price List for Computers and the 
Systems Spare Parts Price List in effect at the printing date of 
this manual. Use these lists for estimating repairs: prices are 
subject to change without prior notice. 





DESCRIPTION 

Repairs Price List 
for Computers 

March 1, 1983 

Logic Board TS 800 (Obsolete) . ........................................................ $ 

Logic Board TS 800A, 802, 802H . ..................................................... . 
Logic Board TS 801 (Obsolete) . ....................................................... . 
Logic Board TS 806, 806120 . .......................................................... . 
Logic Board TS 816,816/40 ..... ........................... , .......................... . 
Logic Board TS 1602G, 1602GH . ...................................................... . 
Graphics Board TS 1602G, 1602GH . ................................................... . 
Floppy Control/er (Daughter Board) TS 802, 802H . ........................................ . 
Winchester Disk Control/er(5" Drive & 40MB 8" Drive) . ..................................•.. 
Tape Control/er TS 806C . ............................................................ . 
Interface Board TS 816U . ............................................................ . 
Keyboard TS 800, 800A, 802, 802H . ................................................... . 
Keyboard TS 1602G, 1602GH . ........................................................ . 
Power Supply Module TS 800, 800A . ................................................... . 
Power Supply TS 802, 802H, 806, 806H, 816, 1602G . ...................................... . 
Video Module TS 800, 800A, 802, 802H, 1602G, 1602GH . .................................. . 
Floppy Disk Drive 5" ............ '.' ...................... ' ............................. . 
Winchester Disk Drive 5" ....................................................... ' ...... . 
Winchester Disk Drive 8" ...................... _ ...................................... . 
Tape Drive . ........................................................................ . 
Picture Tube Broken P31 ............................................................. . 
Picture Tube Broken P39 . ............................................................ . 
Top Case Broken TS 802, 800A, 1602G . ................................................. . 
Bottom Case Broken TS 802, 800A, 1602G . ............................................. . 
Top or Bottom Case Broken Computer Boxes TS 806, 816 .................•................. 
Front or Rear Panel Broken . ........................................................... . 
Basic Repair charge (This additional amount charged when an entire system is returned for repair) .. 

Te/eVideo will bill per above price schedule when no trouble is found in the module returned for repair. 

Out of Warranty 

PRICE 

135.00 
150.00 
175.00 
250.00 
350.00 
400.00 
175.00 
50.00 

175.00 
95.00 
50.00 
50.00 
50.00 
50.00 

110.00 
50.00 

160.00 
160.00 
450.00 
300.00 
214.00 
230~00 

80.00 
100.00 
80.00 
60.00 
70.00 

Customer to return defective replaceable module freight prepaid to the facto~ 1170 Morse Avenue, 
Sunnyvale, CA 94086. Te/eVideo will send replacement repaired module, billing per above price schedule 
plus return freight. 
Prices subject to change without notice. 

_TeleVideo Systems, Inc. 
1170 Morse Avenue. Sunnyvale, CA 94086 

Eastern Region -(212) 308-0705 • Northeast Region -(617) 369-9370. Midwest Region-(312) 969-0112 
South Central Region-(214) 258-6776· Southwest Region-(714) 752-9488· Northwest Region-(408) 745-7760 

Southeast Region-(404) 447-1231 • European Sales-(31) 075-28-7461 TLX:844-19122 
U.K./Scandinavian Sa/es-(44) 0908-668778 TLX:851-825151 

46-002 C> Te/eVideo 3163. Printed in U.S.A. 





Systems Spare Parts 
Price List 

o® TeleVideo Systems, Inc. 





05-10-83 

TELEVIDEO COMPUTER SYSTEMS 
SPARE PARTS PRICE LIST 

*********************************************************************** 
PART PRICE DESCRIPTION 

NUMBER 
*********************************************************************** 

MANUALS [class Al 

2004200 
2003700 
2003900 
2248100 
2133700 
2133800 
2248600 
2003000 
2226500 
2004700 
2002300 
2232000 
2004100 
2226400 
2150300 
2200200 
2219700 
2003200 
2003400 
2162400 
2150400 
2133900 
2230700 
2131400 
2259000 
2291000 

2000700 
2252100 
2202900 
2203000 
2252000 
2280700 
2202800 
2228400 
2270800 

20.00 Guide, 
20.00 Guide, 
20.00 Guide, 
20.00 Guide, 
20.00 Guide, 
20.00 Guide, 
20.00 Guide, 
10.00 Guide, 
20.00 Guide, 
10.00 Guide, 
10.00 Guide, 
20.00 Guide, 
10.00 Guide, 
20.00 Guide, 
50.00 Guide, 
20.00 Manual, 
40.00 Manual, 
25.00 Manual, 
50.00 Manual, 
50.00 Manual, 
40.00 Manual, 
50.00 Manual, 
50.00 Manual, 
50.00 Manual, 
50.00 Manual, 
50.00 Manual, 

Installation & User's TS 800A 
Installation & User's TS 802 
Installation & User's TS 802H 
Installation & User's TS 803 
Installation & User's TS l602G 
Installation & User's TS l602GH 
Installation & User's TS 1603 
Installation & User's TS 806 
Installation & User's TS 806/20 
Installation & User's TS 806C 
Installation & User's TS 806H 
Installation & User's TS 806H/20 
Installation & User's TS 816 
Installation & User's TS 816140 
User's TELEPLAN 
Operator's Tele3780 
TeleDBMS 
Mmmost 
CPIM 
CPM/86 
TeleVideo - COBOL 
Maintenance TS 800A, 802, 802H 
Maintenance TS 806/20, 806, 806C & H 
Maintenance TS 816 
Maintenance TS l602G/GH 
Maintenance TS 803 

KITS 
300.12 Kit, Spare 
703.50 Kit, Spare 
244.80 Kit, Spare 
199.59 Kit, Spare 
401.40 Kit, Spare 
153.28 Kit, Spare 

[class B) 
Parts, Logic Board 8 Bit Systems * 
Parts, Logic Board l~Bit Systems * 
Parts, Logic Board WOC * 
Parts, Logic Board FDC * 
Parts, Graphics Board TS l602G * 
Parts, Video Mod ts 800A * 

90.88 Kit, Spare 
235.72 Kit, Spare 
223.08 Kit, Spare 

Parts, Mechanical TS 802/800A* 
Parts, Data Cables TS 8l6's* 
Parts, Data Cbls TS 806 & User Stat * 

* Contents of Kits at end of List 

1 



05-10-83 
************************************************************************* 

PART 
NUMBER 

PRICE DESCRIPTION 

************************************************************************* 

2198900 
2018000 
2018001 
2226000 
2020400 
2022000 
2012000 
2017501 
2012500 
2012501 
2013000 
2195800 
2226900 
2013500 
2013501 
2017000 
2019000 
2109200 
2109201 
2129202 
2191500 
2227500 
2227400 
2304000 
2304800 
2294000 
2299100 

2099200 
2221300 
2252300 
2198800 
2099400 
2220300 
2220100 
2099500 

MAJOR ASSEMBLIES/PRINTED CIRCUIT BOARDS [class B] 

1,474.14 PCB Asy Mod 8 n F1py TS 801 
1,199.67 PCB Asy Logic Board TS 800A,802 
1,199.67 PCB Asy Logic Board TS 802H 
1,047.78 PCB Asy Logic Board TS 803,800 
2,157.93 PCB Asy Logic Board TS 1602G 
1,529.10 PCB Asy Logic Board TS 1603 
1,251.12 PCB Asy Logic Board TS 806 TS 806/20 

658.32 PCB Asy Logic Board TS 806C 
1,765.83 PCB Asy Logic Board TS 816 
1,403.05 PCB Asy Logic Board TS 816/40 

360.00 PCB Asy Logic Board TS 816U 
93.00 Video Module TS 800A,802 
72.00 Video Module TS 803,1603 

866.19 PCB Asy 5 n Winchester Disk Controller (806, 806/20) 
866.19 PCB Asy 8 n Winchester Disk Controller (816/40) 
210.75 PCB Asy Floppy Disk Cont TS 802 (Daughter Bd) 
656.87 PCB Asy Graphics TS 1602G 
654.00 Power Supply Switching 100W TS 806,806/20 
827.34 Power Supply Switching 150W TS 802,802H,1602G 
954.00 Power Suppy Switching 200W TS 816,806C 
103.00 Power Supply 3A/5V TS 800A (TS 800 OBS) 
275.04 Power Supply 120W TS 803,1603 
63.84 Power Supply Transformer TS 1603,803 

288.00 Power Supply (OPC) TS 1602/SGH,802S 
288.00 Power Supply (OPC) TS 803H,1603H 
288.00 Power Supply (OPC) TS 806S/20 
324.84 Power Supply (OPC) TS 816/40 

591.00 
399.00 
489.00 

1,800.00 
4,140.00 
4,575.00 
4,575.00 
2,100.00 

STORAGE DEVICES [class C] 

Floppy Drive 48 TPI DIS 5 
Floppy Drive 48 TPI DIS 5 
Floppy Drive 96 TPI DIS 5 
Disk Drive Winchester 5 
Disk Drive Winchester 
Disk Drive Winchester 115V 
Disk Drive Winchester 230V 
Tape Drive WICodec Bd 

2 

1/4 n 

1/4 n 

1/4 n 

1/4 n 

8 n 

8 n 

8 n 

.5 

.5 
1.0 

20 
23 
40 
40 
14 

MB 
MB 
MB 
MB 
MB 
MB 
MB 
MB 

Full Height 
Half Height 
Half Height 



05-10-83 
************************************************************************* 

PART 
NUMBER 

PRICE DESCRIPTION 

************************************************************************* 
MISC. MAJOR PARTS [class D] 

2049300 179.00 Picture Tube Black/Green 12" P31 
2173800 192.00 Picture Tube Black/Green 12" P39 Graphics (1602G) 
2218700 192.00 Picture Tube Black/Green 14" P31P 
2090200 175.00 Detachable Keyboard TS 800A/802 * 
2183701 210.00 Detachable Keyboard TS 1602G * 2183700 210.00 Detachable Keyboard TS 803/1603 * 
2099800 70.20 Case Bottom TS 806/S06-20/RWP 
2099900 70.20 Case Top TS 806/S06-20/RWP 
2100600 110.00 Case Top TS 802/1602G 
2100700 85.00 Case Bottom TS 802/1602G 
2100800 40.00 Bezel TS 802/1602G 
2141700 70.20 Case Bottom TS 800A 
2141800 97.80 Case Top TS 800A 
2141900 20.00 Bezel TS 800A 
2103100 70.00 Case Top TS 816/816~40 
2103200 180.00 Case Bottom TS 816/816-40 
2188300 16.32 Case Back Cover Crt TS 803/1603 
2188500 71.16 Case Main Elect. TS 803/1603 
2188600 66.00 Case CRT TS 803/1603 
2188800 15.48 Bezel TS 803/1603 
2189100 10.68 Case Arm Top TS 803/1603 
2189200 .12 Case Arm Bottom TS 803/1603 
2218800 1.44 Thumb Wheel Adj TS 803/1603 
2291100 26.10 Power Cord TS 803/1603 

* ORDER APPROPRIATE LABELS FROM LABELS/LOGO'S (PAGE 7) 

3 
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************************************************************************~ 

PART PRICE DESCRIPTION 
NUr-lBER 
************************************************************************* 

8000002 
8000003 
8000009 
8000016 
8000018 
8000045 
8000046 
8000047 
8000050 
8000024 
8000053 
8000106 
8000054 
8000093 
8000080 
8000079 
8000027 
8000052 
8000096 
8000107 
8000035 
8000036 
8000037 
8100024 
8100045 
8100046 
8100050 
8100053 
8100054 
8100093 
* Require 

2005700 
2006800 
2006900 
2007001 
2007300 
2006100 
2006901 
2007000 
2006801 
2006501 
2006600 
2006400 

FIRMWARE 

16.92 IC 2332 Char Gen Upper Character Cell 
16.92 IC 2332 Char Gen Lower Character Cell 
23.28 Ie 8048 with Program ROM for Keyboard TS 800A/802 
15.0 IC charicter Gen. for Graphics Systems 
34.50 IC 2716 System Program EPROM Kybd TS 800A/a02 
37.50 IC System Program EPROM zao Portion TS aOOA/802 
37.50 IC System Program EPROM Lower Terminal Firmware 
37.50 IC System Program EPROM Higher Terminal Firmware 
37.50 IC System Program EPROM Z80 Portion TS 802H 
55.aO IC System Program EPROM 450ns TS 806 
30.90 IC System Program EPROM 450ns TS 816 
30.90 IC System Program EPROM 450ns TS 816/40 
30.90 IC System Program EPROM 450ns TS 806C 
24.00 IC System Program EPROM 450ns TS 1602G/GH 

5.40 IC Memory Decode TS 1602G 
5.40 IC I/O Decode TS.1602G 

55.80 IC Diagnostic EPROM TS a06 
55.aO IC Diagnostic EPROM TS a06C 
55.80 IC Diagnostic EPROM TS a16 
55.80 IC Diagnostic EPROM TS 816/40 
23.70 IC L2-7 System Program ROM WDC (74S472 512 X 8) 
23.70 IC MX-7 System Program ROM WDC (74S472 512 X 8) 
23.70 IC FX-7 System Program ROM WDC (74S472 512 X 8) 

100.00 Listing System Program TS 806 * 
100.00 Listing 800A, 802, [zaO Portion] * 
500.00 Listing 800A, 802, 802H [6502 Portion] * 
100.00 Listing TS 802H [Z80 Portion] * 
100.00 Listing System Program EPROM TS 816 W/Code * 
100.00 Listing System Program EPROM TS 806C * 
100.00 Listing System Program EPROM TS 1602G/GH * 
non-disclosure agreements and letter of intended use. 

CABLES/CONNECTORS/WIRE ASSEMBLIES 

25.44 Cbl Asy, Keyboard TS 800A/802 
14.22 Cbl Asy, 20 Pin 12" TS 802H WDC To Winchester 
1a.60 Cb1 Asy, 34 Pin 15" TS 802H Daughter Bd/Floppy WDC/Winch 
32.28 Cbl Asy, 40 Pin 16" TS 802H Daughter Bd To WDC 
29.16 Cbl Asy, 34 Pin 14" TS 802 Daughter Bd To Floppy 
11.88 Cbl Asy, 40 Pin 2" TS 802/H Logic to Daughter Bd 
18.96 Cbl Asy, 34 Pin TS 806 Logic To Floppy/WDC To Winch 
20.2a Cbl Asy, 40 Pin 13" TS a06 Logic To WDC 
14.52 Cbl Asy, 20 Pin 15" TS 806-816/40 WDC To Winchester 
11.34 Cb1 Asy, 16 Pin a" TS a06 RS 422 To Logic 
36.00 Cbl Asy, 34 Pin 7" TS 806 Parallel Printer 
24.12 Cbl Asy, 50 Pin 16" TS 816 WDC To Winchester 

4 
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************************************************************************* 

PART PRICE DESCRIPTION 
NUMBER 
************************************************************************* 
2006201 20.10 Cb1 Asy, 14ft TS 816U To Logic, Logic To Tape 
2006601 30.54 Cb1 Asy, 34 Pin 8 ft TS 816 Parallel Printer 
2006500 32.70 Cb1 Asy, 16 Pin 3" TS 806C RS 422 Internal 
2007100 51.00 Cb1 Asy, 50 Pin 3" TS 806C Logic Board To Tape Drive 
2007101 42.00 Cb1 Asy, 20 Pin 12" TS 806 Internal For TS 806H 
2007800 73.08 Cb1 Asy, 34 Pin 16" TS 806 Internal For TS 806H 
2128500 19.32 Cb1 Asy, 20 Pin 10" TS 806H External to TS 806 
2006300 23.40 Cb1 Asy, 34 Pin 10" TS 806H External to TS 806 
2007600 42.60 Cb1 Asy, 20 Pin 12" TS 806H Internal for Winchester 
2007700 54.00 Cb1 Asy, 34 Pin 10" TS 806H Internal for Winchester 
2135700 15.84 Cb1 Asy, 50 Pin TS 1602G Logic to Graphics 
2007002 38.22 Cb1 Asy, 40 Pin 21 n TS 816/40 Logic to WOC 
2006204 27.42 Cb1 Asy, 50 Pin 10" TS 816/40 Logic to Tape/Logic to 816U 
2006200 21.30 Cb1 Asy, 50 Pin 8 n TS 816/40 Logic to WOC 
2006404 31.50 Cbl Asy, 50 Pin 22" TS 816/40 WOC to Winchester 
2224300 28.00 Cbl Asy, 34 Pin 4" TS 816/40 Parallel ~rinter 
2235400 81.60 Cbl Asy, 25 Pin TS 816/40H External to TS 816/40 
2160700 158.46 Cbl Asy, 50 Pin TS 816/40H External to TS 816/40 
2235500 39.72 Cbl Asy, 25/20 Pin TS 816/40 Internal for TS 816/40H 
2160800 150.06 Cbl Asy, 50/57 Pin TS 816/40 Internal for TS 816/40H 
2161000 57.66 Cbl Asy, 50/57 Pin TS 816/40H Internal for Winchester 
2235600 42.36 Cbl Asy, 25/20 Pin TS 816/40H Internal for Winchester 
2008600 28.00 Harness Asy, Power TS 802H 
2007900 28.00 Harness Asy, Power Cable 16 ft TS 806 
2136500 28.00 Harness Asy, Power Cable 12" TS 806 
2008000 12.84 Harness Asy, Power Cable 24" TS 816 
2008101 69.60 Harness Asy, Tape Cassette Power-1 
2008201 28.08 Harness Asy, Tape Cassette Power-2 
2176200 50.00 Harness Asy, Power TS 816 
2008800 28.00 Harness Asy, Winchester Serve Board TS 816 
2008900 28.00 Harness Asy, Tape Cassette Power 1 & 2 
2136702 41.88 Harness Asy, TS 816/40 
2192901 40.44 Harness Asy, TS 816/40 
2008400 10.20 Harness Asy, 1.00 Reset Switch 3 Pin 14" 
2008401 20.40 Harness Asy, 1.00 Reset Switch 3 Pin l5 n 

2008700 30.36 Harness Asy, Power Floppy General 14" 
2097900 2.22 RJ11 Connector Female PCB Mount (AMP) 
2141200 3.89 RJ12 Connector Female PCB Mount 6 Pin 
2208400 2.82 RJ12 Modular Jack 
2098000 9.60 Connector 15 Pin D-Sub Female PCB Mount RS422 
2163100 24.24 Connector 15 Pin S-Sub Metal Female PCB Mount RS422 
2097800 10.62 Connector 25 Pin D-Sub Female PCB Mount RS232 
2165300 29.04 Connector 25 Pin D-Sub Metal Female PCB Mount RS232 
2098100 .72 Connector 3 Pin Header - Straight 
2216400 1.92 Connector 10 Pin Header - Straight 
2098103 3.06 Connector 16 Pin Header - Straight 
2098104 2.76 Connector 20 Pin Header - Straight 
2098106 4.56 Connector 34 Pin Header - Straight 
2098107 4.68 Connector 40 Pin Header - Straight 
2098108 7.56 Connector 50 Pin Header - Straight 

5 
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~*********************************************************************** 

PART 
NUMBER 

PRICE DESCRIPTION 

*************~*********~************************************************** 
2174401 8.10 Connector 50 Pin Header - Angle 
2098300 1.80 Connector 2 Position Jumper 
2098703 1.74 Connector 2 Pin Right Angle Molex 
2098800 .72 Connector 2 Pin Straight Wafer 
20988013.72 Connector 3 Pin Straight Wafer 
2098802 .72 Connector 5 Pin Straight Wafer 
2098700 1.02 Plug 5 Pin Mo1ex Right Angle Wafer 
2001200 11.34 Jack Socket Connector Kit 
2109000 19.87 Power Cord 3 Conductor 3 Prong 6 FT 

CRYSTALS 

2098602 6.60 Crystal 1.8432 MHz 
2216500 18.00 Crystal 4 MHz 
2098603 4.80 Crystal 8.0000 MHz 
2098605 3.54 Crystal 13.6080 MHz 
2048800 18.00 Crystal 15 MHz 
2042800 27.00 Crystal 16 MHz (MOT, CTS, HYT) 
2098604 4.50 Crystal 20.000 MHz 
2035200 37.08 Crystal 23.814 MHz Kll14A (MOT, CTS) 
2099700 1.02 Insulator Mounting Pad For Crystal 

FANS 

2099000 35.28 Fan 115V/230V AC 36-47 CFM (AIR OVER) 
2141500 52.50 Fan Box 230V AC TS 802/802H 
2245800 56.28 Fan Box 115V AC TS 1602G/GH 
2245700 67.20 Fan Box 230V AC TS 1602G/GH 

BEZEL'S/CASE ASSEMBLIES 

2142000 40.00 Panel Front TS 806 
2142100 40.00 Panel Front TS 806C 
2142200 40.00 Panel Front TS 806H 
2105401 40.00 Panel Back TS 806 
2105500 40.00 Panel Back TS 816 
2105600 40.00 Panel Front TS 816 
2100102 10.00 Shroud Connector TS 800A 
2100500 10.00 Shroud Connector TS 802/1602G' 
2219800 5.00 Card Guide TS 802 
2100300 15.00 Cover Fan TS' 816 
2105700 28.80 Panel Floppy Cover TS 802H (Plastic) 

6 
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************************************************************************ 

PART PRICE DESCRIPTION 
NUMBER 
************************************************************************ 

2101600 
2101900 
2103500 
2152800 
2150100 
2001300 
2101900 
2204900 
2225200 

2105000 
2191300 
2105104 
2105105 
2105106 
2208500 
2208600 
2105300 
2105301 
2154402 
2142900 
2142901 

2208800 
2143600 
2143700 
2208900 
2143800 
2209000 
2185700 
2208200 
2214401 
2237300 

MISCELLANEOUS SPARES 

64.80 Chassis Mounting TS 806/806H 
5.88 Panel Cover Hard Disk TS 806 

19.98 Cover Top Power Supply TS 802 
6.72 Speaker (8 ohm) With Connector 

41.70 Filter A.C. Line SAE HP2-2 
2.88 Bail Mount Enclosure 
5.88 Panel Shield Winchester Disk TS 806 
2.89 Shield Board TS 816 

31.80 Bracket TS 816/40 WOC 

LABELS/LOGO'S 

1.50 Label Logo Plastic "TeleVideo" Systems 
2.40 Label Logo Plastic "TeleVideo" Printer 

.72 Label Keyboard TS 800A 

.72 Label Keyboard TS 802 

.72 Label Keyboard TS 802H 

.72 Label Keyboard TS l602G 

.72 Label Keyboard TS l602GH 

.96 Label Back Panel "RS 232" TS 806-806/20 

.96 Label Back Panel "Terminal" TS 806-806/20 
1.50 Label Back of Unit TS 800A 

.90 Label Sl TS 800A 

.90 Label S2 TS 800A 

BOXES/PACKING MATERIAL 

25.00 Carton Inner 
16&86 Carton Outer 
20.52 Carton Inner 
31.98 Carton Outer 
26.22 Carton Inner 
31.98 Carton Outer 
3.18 Corner Blocks 

16.00 Carton 
12.00 Formed Foam 
10.00 Formed Foam 

Shipping TS 802/TS 1602G 
Shipping TS 802/TS l602G 
Shipping TS 806 
Shipping TS 806 
Shipping TS 816 
Shipping TS 816 
Shipping Carton 
Shipping Hard Disk 
TS 806 
TS 800A 

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

MINIMUM ORDER $500.00 

7 
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***************~**********************~*****~************************ 

SPARE PARTS KITS PRICE 
*************************************************~**.**************** 

2280700 Kit, 
2042200 
2046500 
2200000 
2047100 
2046700 
2201400 
2047500 
2200800 
2201200 
2200900 
2201300 
2201000 
2126900 
2186200 
2201600 
2199300 
2197300 
2047300 
2280800 
2126600 

2000700 Kit, 
2042600 
2042400 
2050600 
2050800 
2051000 
2051200 
2051600 
2029200 
2029400 

2228400 Kit 
2006201 
2006400 
2006801 
2006601 
2007002 
2006204 
2006200 
2006404 
2224300 

2203000 Kit, 
2040200 
2040400 
2040600 

Spare Parts, Power- Video Module TS 800A 
2N3906 Vertical Amplifier 
2N3904 Vertical Drive 
2N4401 Horizontal Drive 
2N5551 Reference Amplifier 
KTC1627A 75Volt Regulator 
DS135D/IN391 
IN914 
Yoke Deflection With Connector 
Transformer Horizontal Drive 
Linearity Coil S.40uh 
Transformer Flyback (High Voltage) 
Inductor 27uh 
Voltage Regulator LAS 16CB 2A/13.8Volts 
Resistor CF 390 Ohms 1/2Watt 5% 
IN759A Zener Diode 
Capacitor 220uf 16Volt Electrolytic 
Capacitor .luf 600Volt Mylar 
2SC2233 MJE13006 
Diode 30S2 I.R. 3 Amp 
Voltage Regulator LAS L1405 3 AmpS Volt 

Spare Parts, Logic Bd 8 Bit Systems 
26LS32 RS422 interface 
26LS31 RS422 interface 
SIO/2 serial communications chip 
CTC counter timer chip 
CPU Z80A central processor unit 
DMA direct memory accesS chip 
64K dynamic RAM (4 each) 
75188N 
75189N 

Data Cables TS 816's 
Logic to Tape/Logic to 816U 
Logic to Winchester 816 
816/40 WOC To Winchester 
816 Parallel Printer to Logic 
816/40 logic to WOC 
816/40 Logic to Tape/Logic to 816U 
816/40 Logic to WOC 
816/40 WOC to Winchester 
816/40 Parallel Printer 

$ 153.28 

$ 300.12 

$ 235.72 

Spare Parts Logic bd FDC $ 199.59 
W02143-01 four phase clock logic 
W01691 floppy support logic 
FD1793-02 (93816 fair amd) floppy controller 

8 



05-10-83 
*************************************************************************** 

SPARE PARTS KITS PRICE 
*************************************************************************** 

2270800 Kit 
2006800 
2007001 
2007300 
2006100 
2135700 
2006900 
2006501 
2006901 
2007000 
2006801 
2006600 

2202800 Kit, 
2005700 
2223700 
2199400 
2096800 
2223300 
2182100 
2097900 
2098000 
2100500 

2202900 Kit, 
2056200 
2056400 
2056600 
2056800 
2057000 
2057200 

2252000 Kit, 
2057400 
2139800 
2139200 

2252100 Kit, 
2051600 
2029200 
2029400 
2042600 
2042400 
2054000 
2054200 
2054400 
2054600 
2054800 
2055000 
2055200 

Data Cables User Stations and TS 806's $ 223.08 
802H WDC To Winchester 
802H Daughter Board To WDC 
802 Daughter Board To Floppy 
802 Logic to Daughter Board 
1602G Logic to Graphics Board 
802H Daughter Board To Floppy/ WDC To Winchester 
806 RS422 to Logic 
806.Logic To Floppy/ WDC To Winchester 
806 Logic To WOC 
806 WOC To Winchester 
806 Parallel Printer 

Spare Parts, Mechanical TS802/800A 
cord for keyboard 
3 amp 125V fuse (25 each) 
keyswitch 
10 position side dip switch 
1 amp 250V fuse (25 each) 
RS232 connector 
RJ-ll connector 
RS422 connector 
connector shroud 

Spare Parts Logic bd WDC 
parallel converter 
MFM converter 
AM detector 
CRC generator/checker 
parallel to serial converter 
delay line 

Graphics Board 
IC Gate Array Graphics/1603 

$ 90.88 

$ 244.80 

$ 401.40 

IC 7220 Graphic Display Controller 
IC Dynamic RAM 4116 16K x 1 (120ns) [4 each] 

Spare Parts, Logic Board 16 Bit Systems 
64K dynamic RAM <.4 each) 
75188N 
75189N 
26LS32 RS422 interface 
26LS31 RS422 interface 
IC 8284A Clock Generator 
IC 8288 Bus Controller 
IC P8088 CPU IAPX 88/10 
Ie 8274 USART 
Ie 8254 Program Interval Timer 
Ie 8259A Priorty Interrupt Controller 
IC 8089 lOP 

9 

$ 703.50 





DRAWINGS 

This section contains the latest board assembly drawings and 
logic diagrams. When ordering parts, use the component type or 
value shown in the diagrams to refer to the TeleVideo part number 
listed in the Spare Parts Price List. These prices are for 
estimating only. 
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