
-

The NABU 1100 System: 
A Technical Guide 

-

-



• 

-

• 

NOTICE 

Copyright @ 1981, Nabu Manufacturing Corporation, Ottawa, Canada. 

Sections of this manual have been reproduced with the permission of the 
manufacturers involved; Intel Corporation, NEC Information Systems Inc., NEC 
Microcomputers, Volker-Craig Ltd., Western Digital, and Zilog Inc. 

Because of our policy of constantly searching for ways to improve our products, all 
specifications are subject to change without notice . 
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INTRODUCTION 

The following technical manual for the Nabu 1100 System is designed to familiarize 
you with the components, internal hardware, and capabilities of your new system. 

Basically, the manual contains documentation from the manufacturers of the 
system's components; such as Nabu, Volker-Craig, NEC, etc. It has been written for 
the knowledgeable user, with additional information included for those at an 
engineering level. 

The computer itself, the keyboard/terminal, and the optional printer are the 
components of your system. The computer is manufactured by Nabu, and comes 
housed in a specially designed moveable cabinet, with two drawers. The lower 
drawer can be used for storage of diskettes etc., while the upper drawer contains 
the hardware associated with the computer. The system features 64K user memory 
capacity, and uses the Z-B0A microprocessing unit developed by Zilog. Total storage 
capacity of the system is 2 Megabytes, with the use of floppy diskettes. As well, the 
system provides interfaces for printer and controls. 

The keyboard/terminal is manufactured by Volker-Craig, and is microprocessor 
based; providing a full set of standard functions as well as a variety of options. The 
non-glare screen can display up to 24 lines x 80 characters (a total of 1920 character 
positions). The keyboard is detachable and features a full set of punctuation and 
special symbols, a variety of control keys, and a numeric keypad. 

Printer options for the Nabu 1100 System include a NEC Spinwriter 5510/20, a NEC 
3510/20, or a Centronics printer. Although these three options are available, the 
most common option is the NEC Spinwriter 5510/20, which is a letter-quality printer 
with a printing speed of up to 660 words a minute. The Spinwriter features an 
interchangeable, rotating thimble which contains up to 128 fully formatted 
characters, and has a color printing option. 

Now that the system has been introduced and briefly described; the manufacturer's 
documentation on the system components will follow. This information should help 
you to understand, operate and maintain your system, in order to obtain the best 
possible performance from it! 
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SYSTEM MAINTENANCE 

Maintenance of your new computer system should be one of your most important 
consideration, since proper maintenance can help avoid computer downtime and 
costly repairs. 

General maintenance of the system involves periodic checks of the hardware. This 
preventive maintenance inspection should be done every six months by a qualified 
service Technician. 

Regular cleaning should be done by the operator at least once a month as follows: 

- vacuum under the system cabinet 
- vacuum paper dust out of printer 
- clean cabinet, printer, and screen with any spray cleaner and a soft cloth. "' 

"' NOTE: Spray the cleaner only on the cloth, NOT ON THE EQUIPMENT. 

The system cabinet has been installed with rollers, for maneuverability when 
cleaning etc. However, if the system is to be moved a long distance (to another 
office building for example), we recommend you repack it in its original cartons, to 
avoid damage. 
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INTRODUCTION 

Congratulations on the purchase of your new Nabu 1100 Computer; you have 
invested in a sophisticated and reliable microprocessing unit. This system uses the 
powerful Zilog Z-80A microprocessor chip, and is equipped with 2 double-sided, 
double-density floppy Disk Drives. It features 64K user memory capacity; 62K of 
which is designated as R/W memory, and 2K as R/0 memory. Total storage capacity 
for the system, using floppy diskettes, is 2 Megabytes (1 Megabyte per Drive). 

The system is equipped with two RS-232C Serial 1/0 ports with programmable Baud 
Rate. These 1/0 ports facilitate the use of both a console and a printer; or any two 
peripherals you may require. As well, a parallel output port is provided for the use 
of the optional Centronics dot matrix printer. Another feature of the system is the 
programmable timer, which can be used to implement a real time clock for the 
system. 

The computer hardware is located in the upper drawer of the specially designed 
cabinet. Directly against the right side of the drawer as you open it are the Disk 
Drives, manufactured by Shugart. They feature low heat dissipation, improved access 
time, capacity for single or double density recording on standard diskettes, and write 
protection and programmable door lock for improved data security. The Shugart 
Disk Drive manual has been included for further information. 

To the left of the Disk Drives is the card cage containing the printed circuit boards, 
which plug into a standard S-100 Bus. There have been some modifications to certain 
pin functions, and these are indicated in the S-100 Bus table included in the manual. 
Attached to the boards are the interconnecting cables used to interface between the 
various components of the system. The four printed circuit boards (CPU, Memory, 
Input/Output, and Floppy Controller) are described in detail in the manual, and 
complete circuit diagrams for each board have been included. 
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TABLE l.:.. llll S-100 ImS. UTILIZATION 

PIN t SIGNAL NAME IMPLEMENTATION 
----~-------~----------------------------------------------------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

tt~~ 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

+8 Volts 
+16 Volts 
XRDY (S) 
VIO*(S) 
VIl*(S) 
VI2*(S) 
VI3*(S) 
VI4* (S) 
VIS*(S) 
VI6*(S} 
VI7* (S) 
NMI*(S) 
PWRFAIL* (B) 
DMA3* (M) 
Al8 (M) 
Al6 (M) 
Al 7 (M) 
SDSB* (M) 
CDSB* (M) 
GDN (B) 
NDEF 
ADSB* (M) 
DODSB* (M) 
f, (B) 
pSTVAL* (M) 
pHLDA (M) 
PWAIT 
RFU 
AS (M) 
A4 (M) 
A3 (M) 
Al5 (M) 
Al2 (M) 
A9 (M} 
DO1 (M} 
DO0 (M) 
AlO (M} 
004 (M) 
D05 (M) 
DO6 (M) 
DI2 (S) 
D13 (S) 
D17 (S) 
sMl (M) 
sOUT (M) 
sINP (M) 
sMEMR (M) 
sHLTA (M) 
CLOCK (B) 
GND (B) 

Power supply 
Power supply 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Implemented but not used 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Disables the 8 status signals 
Disables the 5 control output signals 
Ground (not implemented) 
Not to be defined 
Disables the 16 address signals 
Disables the 8 data output signals 
Master timing signal 
Status valid strobe 
Hold control signal 
Indicates processor is in wait state 
Reserved for future use 
Address bit 5 
Address bit 4 
Address bit 3 
Address bit 15 
Address bit 12 
Address bit 9 
Data out bit l 
Data out bit 0 
Address bit 10 
Data out bit 4 
Data out bit 5 
Data out bit 6 
Data in bit 2 
Data in bit 3 
Data in bit 7 
Op-code fetch status signai 
Transfer status signal 
Transfer status signal 
Memory read status signal 
HLT acknowledge 
2 MHz {0.5%} 40-60% duty cycle 
Ground 
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51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

t 64 
65 

+66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 

tt97 
98 
99 

100 

+8 Volts (B) 
-16 Volts (B} 
GND (B) 
SLAVE CLR*(B) 
DMA0* (M) 
DMAl*(M) 
DMA2* (M) 
sXTRQ* (M) 
Al9 (M) 
SIXTN*(S} 
A20 (M) 
A21 (M) 
A22 (M) 
A23 (M) 
MREO 
MRFSH 
PHANTOM*(M/S) 
MWRT (B) 
RFU 
GND (B) 
RFU 
ROY (S) 
INT*(S} 
HOLD*(M) 
RESET*(B) 
pSYNC (M) 
pWR* (M) 
pDBIN (M) 
AO (M} 
Al (M) 
A2 (M) 
A6 (M) 
A7 (M) 
AB (M) 
A13 (M) 
Al4 (M) 
All (M) 
D02 (M) 
D03 (M) 
D07 (M) 
DI4 (S) 
DIS (S) 
D16 (S} 
D11 (S) 
DI0 (S) 
sINTA (M) 
sWO*(M) 
FREQ 
POC*(B) 
GND (B} 

Power supply 
Power supply 
Ground (not implemented) 
Reset bus slaves 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Not implemented 
Memory request 
Memory refresh 
Enables phantom slaves 
Memory write 
Reserved for future use 
Ground (not implemented) 
Reserved for future use 
Ready input 
Primary interrupt request 
HOLD control signal 
Resets bus master devices 
Control signal identitying BSl 
Data bus control signal 
Data in control signal 
Address bit O 
Address bit 1 
Address bit 2 
Address bit 6 
Address bit 7 
Address bit 8 
Address bit 13 
Address bit 14 
Address bit 11 
Data out bit 2 
Data out bit 3 
Data out bit 7 
Data in bit 4 
Data in bit 5 
Data in bit 6 
Data in bit 1 
Data in bit 0 
Interrupt status signal 
Data out status signal 
Status signal for 4 MHz clock 
Power-on clear signal 
Ground 

tThese signals are not defined in the standard but are used in 
the system for the z-B0A microprocessor memory control signal. 

ttThese signals are non-standard 
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NOTE: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 

TABLE h BQARP POSITIONS DI ,CARD~ 

Empty 
FLOPPY DISK CONTROLLER BOARD 
INPUT/OUTPUT BOARD 
Empty 
CPU BOARD 
Empty 
MEMORY BOARD 
Empty 

Positions indicated are numbered from left to right as 
viewed from the front of the cabinet. 
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POWER SUPPLY 

The S3 power supply (from Sunny International) is an open­
frame module located behind the two drives in the top drawer of 
the Nabu system. It provides unregulated +8, +16, and -16 volts 
for the S-100 bus and regulated +5, -5 and +24 volts for the disk 
drives. It consists of four major components: transformer, 
rectifiers, filter capacitors, and regulators. 

The transformer primary has two llOV windings. They are 
connected in parallel for use with a llOV supply, and in series 
for use with a 220V supply. 

SPECIFICATIONS; 

INPUT: 

OUTPUT: 

110 Volts AC, 60 Hz, single phase 

unregulated: +8 Volts@ 14A, +16 Volts@ 3A, -16 Volts@ 3A 

Regulated: +5 Volts@ 4A, -5 Volts@ lA, +24 Volts@ 4A 
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cpu--BOARD 

GENERAL INFORMATION 

The Nabu ACP-1101 CPU Board is designed to bring the full 
power of the Zilog Z-80A microprocessor to the S-100 bus. The 
CPU board has provision for up to three 2716 type EPROM's (for a 
total of 6K bytes), and two 2114 type static RAM 1 s (for a total 
of lK bytes). The base address of this memory block can be set 
using on-board jumpers. The board also performs an automatic 
jump to a user selected memory address on system start-up or 
reset. The clock frequency of the main processor is also 
selectable between 2 and 4 MHz. When the 4 MHz clock frequency 
is used, the board automatically inserts one wait state when the 
on-board EPROM or RAM is accessed. 

When used in the Nabu 1100 computer system, the board 
operates at a 4 MHz clock rate, with one 2716 EPROM and two 2114 
RAM'S addressed from FBOOH to FFFFH. 
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SPECIFIC FEATURES 

Clock Freguency selection 

The Nabu ACP-1101 may be clocked either at 4 MHz or 2 MHz. 
The operating frequency is selectable with Jumper 8 (JP-8). 
(Please refer to the board layout for the location of all 
jumpers). Connecting this jumper sets the operating clock 
frequency to 2 MHz. The standard CPU card is shipped with the 
jumper disconnected and runs reliably at 4 MHz. 

Pin 98, labelled as FREQ, on the S-100 bus, is used by the 
Nabu system as an indicator line for the operating frequency. 
For 4 MHz operation the line will be high; for 2 MHz it is low. 

Automatic Power-on ..IWiw 

When system power is turned on, or a reset signal is 
received, the CPU jumps to one of two hundred and fifty-six 
possible memory locations. The jump address is selected by the 
eight address jumpers JP-9 to JP-16. Only the eight most 
significant address bits (AlS - A8) are used to decode the jump 
address. The eight least significant address bits (A7 - AO) are 
taken as logic Oas shown on the next page. 

Power-On Jump Address: t LA7 -AO, always at logic 0 

-----Al5 - A8, selected by user 

The standard Nabu CPU board has the power-on jump address 
set at FC00H (jumpers JP-15 and JP-16 installed). 

on-Board Memory Selection 

- The Nabu CPU board offers a maximum of six kilo-bytes of on-
board memory, which consists of three 2K x 8 (2716 type) EPROM's 
and two lK x 4 (2114 type} static RAM's. IC sockets are provided 
on the board for the memory chips. 
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The memory address for the on-board EPROM's and RAM's are 
grouped as a block. Within the block, the individual memory 
chips are allocated as follows: 

Base+ 2000H - ----------------

Base+ lC00H 

Base+ 1800H 

Base+ 1000H 

Base+ B00H 

Base of Block 

ROM 1 * 

RAM 1 / RAM 2 

ROM 3 

ROM 2 

NOT ASSIGNED 

*Only the upper lK of ROM l is used. 

The RAM is configured as 1024 x 4 bits (2114 type). RAM 1 
stores data bits DO, D7, D6, and D51 and RAM 2 stores data bits 
D4, D3, D2, and Dl. 

The base address of the block is set by jumpers JP-1 through 
JP-3. The three most-significant address bits are used to set 
the address of the block. Table 1 (on the following page), lists 
the possible base addressses of the block corresponding to each 
jumper connection. 

.. ~· , .. ,_ •o,r -·- -·· ·--, ~-···- -· 

JUMPERS {JP) STARTING ADDRESS {IN HEX) OF: 

1 2 3 ROM 2 ROM 3 RAM 1/RAM 2 ROM l 
-------------- ------------------------------------------------

0 0 0 0800 1000 1800 lC00 

0 0 1 2800 3000 3800 3C00 

0 1 0 4800 5000 5800 scoo 
0 l l 6800 7000 7800 7C00 

1 0 0 8800 9000 9800 9C00 

1 0 1 ABOO B000 B800 BCOO 

1 1 0 l 1 l 1 

-------------

C800 D000 D800 DC00 

E800 F000 F800 FC00 

------------------------------------------------J 
'l' represents 'Jumper is connected' 
1 0 1 represents 'Jumper is disconnected' 

TABLE J...;.. Jumper connection Arui starting Address .Q.f Memory 
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The enabling of these memory chips is done by connecting 
jumpers JP-5, JP-6, and JP-7 in the selection area S-1. JP-5 
enables ROM 2, JP-6 enables ROM 3, and JP-7 enables ROM land 
RAM 1/ RAM 2, as seen in the figure below. (Note that ROM 1 ana 
RAM 1/ RAM 2 are enabled together, and so both must be used 
together). 

Selection 0 0 0 0 0 0 0 0 
Area S-1 

0 0 0 0 0 0 0 0 
Jumpers (JP) 5 6 7 

I I 
L connected to enable ROM 1/ RAM'S 

connected to enable ROM 3 
-connected to enable ROM 2 

In addition, enabling on-board RAM's and EPROM's renders any 
external devices or memory at the selected address-block 
inaccessible to a read instruction. However, a write operation 
will write into all devices located there. 

The standard Nabu ACP-1101 is shipped with the following 
memory setting: 

be: 

Selection 
Area S-1 

Jumpers (JP) 1 2 3 

0 

0 

5 
: r 
6 7 

0 

0 

The memory map corresponding to the standard setting would 

FFFF 

FCOO 

F800 

FOOO 

E800 

-----------------------i ROM l . 
- --------------------
- ___ RAM_l_/_RAM_2 ____ j 

NOT SELECTED 
- --------------------

NOT SELECTED 
-- --------------------
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When both the 4 MHz operating frequency, and the on-board 
EPROM's and RAM's are chosen, (as in the standard Nabu ACP-1101 
setting), one wait-cycle is automatically inserted by the CPU 
logic circuitry. 

Refresh Enable 

Dynamic RAM's periodically require a refresh to maintain the 
data stored within the memory cell. The Nabu CPU board brings 
the memory-refresh signal from the Zilog z-80A microprocessor to 
the S-100 bus. Pin 66 on the S-100 bus is designated by Nabu as 
the memory-refresh signal, RFSH. The memory request signal from 
the Z-80A processor is also brought out to the S-100 bus. Pin 65 
{named as MREQ), is used to indicate a valid memory address on 
the address bus. 
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.liAfil! ACP-1101 .cfll BOARD 
FARTS Lll.T 

Integrated circuits 

Ul-U4 
us 

06 
U7 
08, U9, 028, 
U30-U34 

010 
Ull 

U12, 017, U20, 
023, 024 

U13 

U14, 021 
U15 
016 
UlB 
019 
022, 025, 035 
026 
U27 

029, 036 
037, 038 
ROM1-ROM3 

Transistors; 
Ql 
Q2 

Diodes; 

D1, D2 

capacitors; 

2114 
74LS136 

74LS42 
74LS20 

74LS241 

74LS175 
74LS123 

74LS74 

74LS132 

74LS04 
74LS08 
74LS32 
Z-B0A-CPU 
74LS157 
74LS02 
74LS367 
74LS14 

74LS368 
7805 
2716 

2N4124 
2N4126 

1N914A 

Cl-ClO, Cl3-C15, 
C19-C24, C25, 
C26, C30, C31 
Cll, ClB 
C12 
Cl6, C27-C29 
C17 

1024 x 4-bit NMOS static RAM 
Quadruple 2-input NOR with open­
collector outputs 
4-line-to-10-line decoder 
Dual 4-input NAND 

Octal buffer/line-driver witn 3-state 
outputs 
Quadruple D-type flip-flop 
Dual retriggerable monostable 
multivibrator with clear 

Dual D-type rising-edge-triggered flip­
flop with preset and clear 
Quadruple 2-input NAND with Schmitt­
triggered inputs 
Hex inverter 
Quadruple 2-input AND 
Quadruple 2-input OR 
Central processing unit (4 MHz) 
Quadruple 2-line-to-1-line multiplexer 
Quadruple 2-input NOR 
Hex non-inverting bus-driver 
Hex inverter with Schmitt-triggered 
inputs 
Hex inverting bus-driver 
5 V positive voltage regulator 
2716 EPROM with bootstrap program 

NPN silicon transistor 
PNP silicon transistor 

Silicon switching diode 

0.1 pF 
33 pF disc 
22 µF, 16 V tantalum electrolytic 
10 µF, 16 V tantalum electrolytic 
10 nF 
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Re·sistors: 

Rl, R2 
R3, R5-R7, Rll 
R4 
R8 
R9 
RlO 
RN1-RN3 

crystal; 

XTAL 

Qllanttty 

16 
7 
4 
8 
3 
1 
l 
6 
6 
l 

10 k ./\. 
l k Jt 
1001'-
220 f\. 

22 A 
100 k J\.. 
9-resistor pack of 1 k.t\.resistors with 
common pin #1 

8.000 MHz parallel-resonant 

Description 

14 pin socket 
16 pin socket 
18 pin socket 
20 pin socket 
24 pin socket 
40 pin socket 
Delta 680-0.5-220 Heatsink 
#6-32 x 3/8" machine screw 
#6-32 nuts 
p.c. board 
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fillll: The following 11 pages have been reproduced by permission 

of Zilog, Inc. © 1979, 80, 81. This material shall not 
be reproduced without the written consent of Zilog, Inc. 

z-BOA is a trademark of Zilog, Inc., with whom the 
publisher is not associated. 
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• The instruction set contains 158 instructions. 
The 78 instructions of the 8080A are 
included as a subset; 8080A software com­
patibility is maintained. 

• Six MHz, 4 MHz and 2.5 MHz clocks for the 
280B, Z80A, and ZBO CPU result in rapid 
instruction execution with consequent high 
data throughput. 

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

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

Ml ,.,, 
A, .. "-I A, 

CONTIIOL .. . , .. 
AFSH ., ADDIIDS .. au, .. 
w .. ft .... 

ON! ZI0CPU 
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D, 

0. 

"' Dt 
0, 

Figure l. Pin Function& 

18400 
180®CPU Central 
Procesdng Unit 

Prodael 
lpedfleatlon 

March 1981 

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

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

• There are three modes of high speed inter­
rupt processing: 8080 compatible, non-280 
peripheral device, and ZBO Family 
peripheral with or without daisy chain. 

• On-chip dynamic memory refresh counter. 
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De$Cl'iption 
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The ZBO Z80A, and ZBOB CPUs are tJ-urd­
generation single-chip microprocessors w1lh 
exceptional computational power. They offer 
higher system throughput and more efficient 
memory utdizahon than comparable second-· 
and third generation m1eroprocessars The 
internal registers contain 208 bits of read1write 
memory that are accessible to the programmer 
These registers include two sets of six general­
purpo'.>e registers wluch may be used 
mdiv,dually as either 8-bit registers or as 
16-bit register pairs. In add;tmn, there are two 
se1s of accumulator and flag registers qroup 
of "Exchange' instructions makes eil' ,er set of 
main or alternate reg,sters accessible to the 
programmer. The dternate set a.ilows opP.ration 
in foreground-background mode or it may 

+!JV --+ 

GND __,. 

(;lOCll ..... 

be reserved for very fast interrupt response. 
The Z80 also contains a Stack Pointer, Pro­

gram Couffer, two index registers, a Refresh 
register (counter). and an Interrupt register. 
The CPU is easy to incorporate into a system 
since it requires only fl single +5 V power 
source, all output signals are fully decoded 
and t,med to control standard memory or 
peripheral circuits, and is supported by an 
extensive family of peripheral controllers. The 
internal block diagram (Figure 3) shows the 
primary !unctions of the Z80 processors. 
Subsequent text provides more detail on the 
280 1/0 controller family, registers, instruction 
set, interrupts and daisy chaining, and CPU 
hminq. 

Figure 3. Z80 CPU Block Diagram 
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Z80 Mlc:ro­
proceuar 
Family 

Z80 CPU 
lleglllten 
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The Zilog ZBO microprocessor is the central 
element of a comprehensive microprocessor 
product family. This family works together in 
most applications with minimum requirements 
for additional logic, facilitating the design of 
efficient and cost-effective microcomputer­
baaed systems. 

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

• The PIO (Parallel Input/Output) operates in 
both data-byte 1/0 transfer mode (with 
handshaking) and in bit mode (without 
handshaking). The PIO may be config­
ured to interface with standard parallel 
peripheral devices such as printers, 
tape punches, and keyboards. 

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

Figure 4 shows three groups of registers 
within the Z80 CPU. The first group consists of 
duplicate sets of 8-bit registers: a principal set 
and an alternate set (designated by ' [prime], 
e.g., A'). Both sets consist of the Accumula­
tor Register, the Flag Register, and six 
general-purpose registers. Transfer of data 
between these duplicate sets of registers is 
accomplished by use of "Exchange" instruc­
tions. The result is faster response to interrupts 
and easy, efficient implementation of such ver­
BO.tile programming techniques as background-

A ACctlMULATOR F FLAG RE:GISTEM 

• GENERAL PUPIPOSE C G'ENli-llAL PIJflPOSE 

D GENERAL PURPOSE e GENERAL fl'URPOSE 

H GENl!AAl PURPOSE L GE:NER.AL PURPOSE 

..,..__ B BIT& ---

--------11 BITS--------

II( INOE)II REGISTER 

IY ttcDEX RECISTEA 

SP ST ACK POINTER 

PC p,-oGRAM COUNTER 

I INTERIIIIPT VECTOR I R Mf.MOln' Alf .. !$t4 

---,sits---

A' 

I' 

D' 

H' 

each of which has an 8-bit prescaler. Each 
of the four channels may be configured to 
operate in either counter or timer mode. 

• The OMA (Direct Memory Access) con­
troller provides du,il port data transfer 
operations and the ability to terminate data 
transfer as a result of a pattern match. 

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

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

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

ALH•NAT11HCIHTHalT 

ACCUMULATOR F' FLAG MOISTER 

OEMERAL PURPOSE C' G£NPIAI. PURPOSE 

GENERAL PUAPOSE E' GINER.IL PURPOSE 

GEN!RAL PllftPOSE L' C!NEII.IL PURPOH 

INTERRUPT FLIP-FLOPS STATUS 

B r INTERRUPTS DISABLED 4 ~ : tNTEMRUPTS ENA8LEO 

STOREI IFF1 

DURINQ lilii 
HAVICE 

INTERRUPT r,tODE JUP,FLOPS 

IMFa IIIIF11, 

0 INTEIIRUl'T MOl>l O 
1 NOTU'SBJ 
a INTEllRUt'l MOD£ 1 
1 INTIEAAUPT MOD£ 2 

Figure 4. CPU Reei•ten 
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ZBOCPU 
Reglst8r• 
(Continued) 

Interrupts: 
General 
Operation 

R•s;rl1IH 

A,A' Accumulator 

F, F' Fl,,gs 

B, B' General Purpose 

C,C' General Purpoi,,, 

DD' General Purpose 

E, E' General Purpose 

H, H' General Purpose 

L, L' Geaeral Purpose 

Interrupt Rp,g;ster 

R Refresh Register 

IX Index Register 

IY Index Register 

SP Staci< Pointer 

PC Proqram Counter 

IFF1-IFF2 Interrupt Enable 

!Mf.,.JMFb Interrupt Mode 

Size (BIia) 

8 

8 

8 

8 

B 

8 

8 

8 

8 

B 

16 

16 

16 

16 

Flip Flops 

Flip-Fiops 

R.marll• 

Stores an oper<>nd or the results of an operation. 

See Instruction Set. 

Can be u&ed separately or as a 16-bit register with C. 

See B, above. 

Can be used separately or 1'Ul a 16-hit reg:i•ter with E. 

See D. <>bove. 

C<>n be used separately or""" 16-bit register with L. 

See H above. 

Note: The (B,C), (D,E), <>nd (H,L) sets are combined aa follow•; 
B - High byte C - Low byte 
D -- High by1e E - Low byte 
H -- High byte L -· Low byte 

Stores upper eight bits of memory addrea for vectored interrupt 
processing. 

Provides user-transparent dynamic memory relresh. Automatically 
incremented and placed on the address bus during ea,ch 
instruction fetch cycle. 

Used !or indexed addressing. 

Same as IX, above. 

Stores addresses or data temporarily. See Push or Pop in instruc-
tion set. 

Holds llddreas of ne1<! instruction. 

Set or reset to indicate interrupt status (see Figure 4). 

Reflect Interrupt mod,. (see Figure 4). 
-----------~·-···------ --------

Table 1. Z80 CPU Reglaten 

The CPU accepts two interrupt input signals: 
NMI and INT. The NMI is a non maskable 
interrupt and has the hiqhnst priority. INT is a 
lower priority interrupt since it requires that 
interrupts be enabled in software in order to 
operate. Either NMi or INT can be connected 
to multiple peripheral devices in a wired-OR 
configuration. 

The ZBO hae a single response mod1;; for 
interrupt service for the non-maskable inter­
rupt. The maskable interrupt, INT, has three 
programmable response mod.es availab)H. 
These are: 

• Mode 0 - compatible with the 8080 micro­
processor. 

• Mode I -- Peripheral Interrupt service, for 
use with non-8080/280 systems. 

• Mode 2 - a vectored interrupt scheme, 
usually daisy-chained, for use with Z80 
Family and compatible peripheral devices. 

The CPU services interrupts by sampling the 
NMI and INT signals at the rising edge of the 
last clock of an instruction. Further interrupt 
service processing depends upon the type of 
interrupt that was detected. Details on inter• 
rupt responses are shown in the CPU Timing 
Section. 

-

-
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lnterrupt9: 
Geural 
Operation 
(Continued) 

NOD•Mouable J11tenupt (NMI). The non­
maskable Interrupt cannot be disabled by pro.­
gram control and therefore will be accepted at 
at ~JI times by the CPU. Nm is usually 
reserved for servicing only the highest priority 
type Interrupts, such as that for orderly shut­
down after power failure has been detected. 
After recognltlon of the NMI signal (providing 
BUSREQ is not active), the CPU jumps lo 
restart location 0066H. Normally, software 
starting at this address contains the interrupt 
service routine. 

Mauable IDterrupt (INT). Regardless of the 
interrupt mode set by the user, the 280 
response to a maskable interrupt input follows 
a common timing cycle. After the interrupt has 
been detected by the CPU (provided that 
interrupts are enabled and BUSREQ is not 
active) a special interrupt processing cycle 
begins. This is a special fetch (Ml) cycle in 
which IORQ becomes active rather than 
MREQ, ae in a normal Ml cycle. In addition, 
this special Ml cycle is automatically extended 
by two WAIT states, to allow for the time 
required to acknowledge the interrupt request 
and to place the interrupt vector on the bus. 

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

Mode I Interrupt Operation. Mod~oper­
dtion is very similar to that for the NMI. The 
principal difference is that the Mode l inter­
rupt has a vector address of 0038H only. 

Mode 2 IDterrupt Operation. This interrupt 
mode has been designed to utilize most effec­
tively the capabilities of the 280 microproc­
essor and its associated peripheral family. The 
Interrupting peripheral device selects the 
starting address of the interrupt service 
routine. It does this by placing an 8-bit 
address vector on the data bus during the 
interrupt acknowledge cycle. The high-order 
byte of the interrupt service routine address is 
supplied by the I (Interrupt) register. This flex­
ibility in selecting the interrupt service routine 
address allows the peripheral device to use 
several different types of service routines. 
These routines may be located at any available 

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

IDterrupt Priority (Da:l•y Chaining and 
NNted l11terrupb). The interrupt priority of 
each peripheral device is determined by its 
physical location within a daisy-chain confiQ­
uration. Each device in the chain has an inter­
rupt enable input line (IEI) and an_ interrupt 
enable output line (IEO), which is fed to the 
next lower priority device. The first device in 
the daisy chain has its IEI input hardwared to 
a High level. The first device has highest 
priority, while each succeeding device has a 
corresponding lower priority. This arrange­
ment permits the CPU lo select the highest 
priority interrupt from several simultaneously 
interrupting peripherals. 

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

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

Interrupt Enable/Dl11able Operation. Two 
flip-flops, IFF1 and IFF2, referred to in the 
register description are used to signal the CPU 
interrupt status. Operation of the two flip-flops 
is described in Table 2. For more details, refer 
to the ZBO CPU Technical Manual and ZBO 
Assembly Language Manual. 

Actloa IFF1 IFF1 c---
CPU Reset 0 0 M.ssk.sble interrupt 

INT dis.sbled 

DI inetruclion 0 0 Maskable interrupt 
execution INT disabled 

El lnstruction Maakable interrupt 
execution mf enabled 

LO A,I Instruction • . IFF 2 - Parity fl4g 
execution 

LD A,R instruction • IFF2 - Parity flag 
execution 

Acceptffi;fi 0 IFF1 IFF1 - IFF2 
(Ma.1k.sble inter-
rupt Im' diaabled) 

RETN instruction IFF.2 • IFF2 - IFF1 at 
execution completion ol an 

NM!' service 
routine. 

TaJ,le I, Slelte ot FIIP-Flo,-

9 
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luatructlon 
Set 

8-Bit 
Load 
Group 

10 

The Z80 microprocessor has one of the most 
powerful and versatile instruction sets 
available in any 8-bit microprocessor. It 
includes such unique operations as a block 
move for fast, efficient data transfers within 
memory or betw-n mf!mory and l/O. It 11l sn 
allows operations on any bit in any location in 
memory. 

The following is a summary of the 280 
instruction set and shows the assembly 
language mnemonic, the operation, the flag 
status, and gives comments on each instruc-­
tion. The ZBO CPU Technical Manual 
(03-0029-01) and Assembly Language 
Programminq lvfanual (03-0002-01 i contain 
significantly more details !or programming 
use. 

The instructions are divided into thA 
followinq categories: 

8-bit loads 

u 16-bit loads 

o Exchanges, block transfers, and searches 

CJ 8-bit arithmetic and logic operations 

C"! General-purpose arithmetic and CPU 
control 

Symbolic "-,. .. _ ... ., Opo,..,.loa s 1 H PIV I( 

LD r, r' r- r' . . X . X . 
LD r. n r - n . . X . X . . 
LD r, (HL) ,- (HLi X . X . 
LP,, (!X+d) r - (IX+dJ X . X . 
LD r. (IY +d) r - (!Y+dl X . X . 
LD(HL), r (HI,) - r . . X . )'. . 
L!} OX +d), r (IX«:!) - , . . X . X . 
LD (IY+d), r (!Y-,d) - r . . X . X . 
LD (Hl.L n (Hll •· n X . X . . 
!.D (IX+ d). n ([X+di - n . . X . X . 
LDOY+dJ. n (IY +d, - ,, . . X . X . 
LDA, [BCJ A -- IBCi X . K 
LDA. (PEI A- (DE) . . X . X . 
LP A, (nnl A - \nn) . X . X . 
LD IBCJ A (BC)·· A . . X . X . . 
LDiDEi,A iDEI -- A . . X . X . 
LD (onL A (nnl - A X . X . 
LOA, I A-1 I X 0 X IFF Q 

LDA. R A-· R I X 0 X ffF 0 

LPL A I- A . X . X . 
LD R. A R - A . . X . X . 
NOTES· r, r' mNn~ 111r,y oi thi· r1tg1slt1n A H. t;. :..1. C:. ~i. L 

IH' tht' conw-nt ,it •:'!It• ,n!L"!-tt11p: !-Mhit• ihJ'..• ::or;. dff; :s: 
c;•;;p;ed mlo thf! P·'.' ll-19. 

F'or Ori ,i,,xp,11:r1t1.l1<.1r.. !'.1111.,.Q nc.1talJCII and gymb,Jh: Im 
rnntf!'mom,: loh:P.s., i.ee Symi:ioi1.r No:<'I; :i.ln s"'cho;.•i: 

fr,lk-wmq ra!-":c'.F:!i. 

C 

. 

. 

. 

CJ 16-bit arithmetic operations 

• Rotates and shifts 

[, Bit set, reset, and test operations 

n Jumps 

fl Calls, returns, and restarts 

fJ Input and output operations 

A variety of addressing modes are 
implemented to permit efficient and fast data 
transfer bl'l!ween various registers, memory 
locations, and input/output devices. These 
addressing modes include: 

1·:: Immediate 

i:.:: Immediate extended 

L; Modified page zero 

,.! Rela:tive 

U Extended 

[] Indexed 

• Register 

[J Register indirect 

lJ Implied 

U Bil 

Opoode No.of No.ol N No.ol T 
7B H3 210 •• ly,N CyclN St-

01 ' r I 
00 ' 110 2 

-n.H 

01 r 110 2 7 
IJ 011 IOI DD 5 19 
01 r IOI 
-d-

ll lH IOI FD 19 
OJ r I !O 

•. d --
OJ I JO r l 2 7 
II 011 IJI DD 3 5 19 
Ql 110 r 
-d-

II lll 101 FD 3 19 
01 i IO r 

•• d -
00 JIO ilO 36 2 3 10 
-n-

II Oil IOI DD 4 5 19 
00 ! lO I Ill 36 

·- d ·• 
~~ r:i ~-

II Ill 101 FD 4 5 19 
00 l lO 110 Jo 
-d-
-n-

Oil OOJ OlG OA I 7 
00 CJ I 010 IA ) 7 
00 )!l 010 3A 3 4 !3 

- Tl -
-n-

00 000 OIO 02 I 2 7 
00 010 010 )2 l 2 7 
00 110 01[) 32 3 4 13 
-n-
- n -· 

II 10! 101 w 2 2 9 
01 OIO Ill 57 
II IOJ IOI F.D 2 2 9 

OJ Oll ill SF 
II JOI 101 ED 9 

OJ 000 Ill 47 
JI lOl IOI ED 'l 2 9 
OJ Olli Ill 4F 

C-meat1 

~ 
000 B 
001 C 
010 D 
011 E 
100 H 
101 L 
Ill A 

2001-001 

-

-
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- 16-Blt Load .,...,UC "- 0 ....... !lo.al M._al M No.al T 

Group -- Opo,natlon • I H P/V B C ft 143 211111a. ·- CFC!- ....... c--
LDdd, nn dd- nn . X . X . 00 ddO 001 3 10 ~ 

-n- 00 BC 
-n- 01 DE 

LD IX. nn IX - nn X . X . II 011 101 DD 4 14 JO HL 
00 100 001 21 IJ SP 
-n-
-n-

LD IY, nn IY - nn . . X . X . 11 Ill 101 FD 4 14 
00 100 001 21 
-n-
-n-

LD HL, (nn) H - (nn .. l) . . X . X . 00 101 OIO 2A 5 16 
L - (nn) -·--- n...., 

LO dd, (nnJ ddH - (nn+I) . X . X . ll 101 IOI ED 4 6 20 
ddL - (nnJ OI ddl Oil 

-n-
-n-

LO IX, (nn) IXH - (nn+ I) . X . X II Oil IOI DD 6 20 
IXL - (nn) 00 101 010 2A 

-n-
-n-

LOIY. (M) IYH - (nn• 11 . X . X . ll 111 JOI FD 4 6 20 
IYL - Inn) 00 101 010 2A 

-n-
•- r:J ..... 

I LO (nn). HL (nn+I) - H . . X . X . 00 l00 010 22 s 16 
Inn) - L -n-

-•-
LO (nn). dc:i (on+ I) - ddH . . X . X . . ll 101 101 ED 4 6 20 ti 

(nn) - ddL 01 ddO Oil • -n- 1:11 -•-
LO (M). IX (nn+ ll - IXH . X . X . ll 011 IOI DD 4 20 

(nnl - IXL 00 100 010 22 
-•-
-n-

LD(M), IY (nn+ l) - IYH . . X . X . 11 lll 101 FD 4 6 20 
(nn) - lYL 00 JOO OIO 22 

-n-
-•-

LD SP, HL SP - HL . . X . X . IJ 111 001 FQ I I 6 
LO SP, IX SP - IX . X . X . ll 011 101 DD 2 2 10 - ll 111 001 F9 
LDSP, IY SP - !Y . X . X . ll Ill IOI FD 2 2 10 

11 Ill 00! F9 ~ PUSH qq (SP-2) - qqL . X . X . 11 qqO JOI 3 II B 
(SP-ll - qqH 01 DE 
SP-SP-2 IQ HL 

PUSH IX (SP-2) - IXL . X . X . II Oil IOI DD 2 4 15 11 AF 
(SP-I) - IXH 11 !00 !01 ES 
SP - SP -2 

PUSH IY (SP-21 - IYL . X . X . II Ill IOI FD 2 4 15 
(SP-ll - IYH II 100 IOI ES 
SP-SP-2 

POP qq, "'1H - (SP+ l) . X . X . ll qqO 001 3 10 
qqL - (SP) 
SP - SP +2 

POPIX llH - [SP+ 11 . X . X . 11 Oil IOI DD • 4 14 
IXL - (SP) 11 100 001 El 
SP - SP +2 

POPIY IYH - ISP+!) . X . X . . II 111 101 FD 2 • I• 
lYL - (SPI II 100 001 El 
SP - SP +2 

NOTES, dd. ~ any ol the !'e91S'-er- pa.,1111 BC. DE. HL, SP. 
qq 1a any ci the N?9i1:1lr.r p11in AF, BC, DE, HL. 
(P!.!~tJ~A!R2'. ~~ t~ h~~ orllilr and low order e1qht .biti ot ;he reg:slflr p..\1r reape'l.':tLV*IY, 

Exchang•. EXD!, HL DE - HL . X . X . II 101 Oil EB 4 

Block EX AF, AF" AF - AF' . X . X . 00 001 000 06 4 
EXX BC- BC' . X . X . II OIi 001 D9 4 lleg111e, benk and 

Traufer, DE - DE' auaili.ery re,:ilatw 

Block Search HL - HL' bank 111zch,1mQN9 

EXlSP), HL H-(SP+l) . X . X II 100 Oil E3 5 19 
Groups L - (SP) 

!X(SP!, IX IXH - (SP+I) . X • X • . . II Oil IOI DD 2 6 23 
IXL - [SP) ll 100 Oil E3 

EX CSP!, IY IYH - (SP+ I) . . X . X . . . II Ill 101 FD 2 6 23 
IYL - (SP) <D 

11 100 Oil E3 

LOI (DE) - (HL) . . X 0 X 0 . 11 IOI 101 ED 2 4 16 Loed (HL) lnlD 
DE - DE+l 10 100 000 AO (DE), i..-nt 
HL-HL+I lh• palnlen and 
BC-BC-I damemtmllhebyte 

counter (BC) 
LDIR (DE) - (HL) . X 0 X 0 0 . 11 101 101 ED 2 5 21 IIBC • 0 

DE - DE+l 10 110 000 BO 2 4 16 If BC =0 
HL - HL+l - BC - BC-I 
Repeat untll 
BC= 0 

NOTE.: (DPIV Us,g ts O 11 IMI tflu lt ol 'BC: l ... 0, nt!,en-.·~,, P/V ... l. 

2001-001 11 



Exchange, • .,....,11. Fl- Opood• lfo,ol lla,o!N lfo.olT -Block --Ill• O]MrDtl ... s i H PIY N C 71 H3 210 Ho,r By ... c,.i.. Staloo eomm .. 1o 

Tran•fer, 0 
Block Search LDD IDEl •- IHll . X 0 X Ii IQ! w: ED 16 

Group• 
DE--DE-1 IO ::)I ('OJ 1\8 
HL - HL- I 

(Continued) BC--BC--1 

LDDR (DEi - (HLJ . X 0 X (J (; IOI :01 ED 2 21 II BC ,o 0 
DE-DE--l i;; :11 800 B8 2 :6 If BC 0 , O 
HL-HL-1 
BC-BC-I 
Repe<it 1,;.ntd 

BC= 0 
@ (i) 

CPI A--'HL;, X X 1 II :01 ID! El) )fi 

HI. - H~ •. 10 lOO 0()1 Al 
BC - BC·· 

@ (1) 
Cf'!~ A - {HL) X X !] .o: 101 Fr.- 2 21 HBC-,; •and 

A,. rH!.: 
Hla-HL+; I I~; OOI ~I !fi TlllC = Oor 
BC - BC I A-• iHLi 
~ep~o!!lt :m1ii 
A -., IHI .. ; OT 

BC= 0 
@ CD 

CPD A -- !Hi.> X X li ic,: lCl f.D 16 
HI. - Hi.; It' :.-i: 001 A::1 
BC··· llC 

@ 0 
CP!lR A -- CHLJ X X ,, !(il 101 ED 21 [f BC""- 0dnd 

A_. ;Hl.J 
HI .. - riL- i Jc) 111 :JOJ B9 . 16 lfllC=O,,r 
BC-BC--1 A • (HL) 
Rt!-ri1~dl u.nt,l 
A - 1HLl er 
JlC ·-• D 

>!OTES, {D fl', .. , lllllQ 1F. 0 ,I ihe rFJsul1 al BC • l = ,) ,;)!hPtwise P1'J -. L 

Q)7.ii41J'L.E. i .r A " (HL. L"lfr,erw;§.f.' Z .:.. :'.i 

I-Bit ADD A. r A-A+r X X V (j :1:!lQg r ~ 
Arithmetic ADD A, n A ... A+ n X X V ll~llC 2 2 000 B -and Logical " --- 001 C 

010 [) 

Group ADD A. tHL) A-A • (HI.) X X V lO[Q!EII 110 7 m1 E 
ADD A. (IK+d) A - A ,t. (fX-Hil X X V G l l Cl I l(Jl nn i9 lOO H 

iO 11@!11 HJ J(l) L 

- d - Ill A 
ADDA, OY+dl A-A+ UY+dl X X V :l 111 lOJ f'D ;g 

:0~110 

- d 
ADCA. s A - A+ .. CY X X V G @II s LS an)' ol r, n, 

SUB, A - A--, X X V l!ffi\J 
(HLJ, (IX+dl. 
{IY.,. d) 1u, shown 

SBC A. s A-A-,-·CY X X V !2j] for ADP 1netruchon, 

AND, A-Al\s X I X p 0 llml The tnd1c:aled bit, 

DR s A-Av, X t) X p 0 [iQI replace the l§m m 

the ADD se! above. 
XOR, A - A•, X 0 X p G 0 (l]]] 
CPi:. A-, X X V [ill) 
INC, r--: . I X X V a . (JC) r [1&!I 
!NC(HL) {HL:- -(HLJ + I X X V C 00 iiOl!liii) 3 It 
!NC(IX+d) (IX+dl - X X V 0 . it OJ I JOI DD 6 23 

(IX+ d) + i Oil lllll.1]1lJ - d -
!NC (lY +di HY +d) - X X V 0 . :1 lll 101 FD 6 23 

UY+d}~-l 00 I iO l!m 
d 

DECm m --m- l I, X X V l!IDl m ii any of r. (HL), 

(JX+d), (IY +d) 
as shown for INC. 
DEC same k1r.rnal 
and atatea u INC. 
Raplaoo IIm! with 

£mil mopcode. 

-
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General-
PurpON 
Arithmetic 
and 
CPU Control 
Groups 

16-BU 
Arithmetic 
Group 

Rotate and 
Shilt Gtoup 

200l-OOI 

-Die 
DAA 

CP!. 

NEG 

CCF 

SCF 
NOP 
HALT 
m. 
E!• 
lMO 

IM I 

1M 2 

ADD HL,,. 

ADC HL, Slil 

SBC HL" 

ADD IX. pp 

ADD IY. rr 

:NC :SS 

INC TX 

l!'JC:TY 

;)EC ss 
DEC JX 

DEC lY 

Spbc,llc 
Operatioa. 

Cmiverts 11cc. content 
mt.n J)l'ldced BCD 
fol lowmg "dd or 
st:btrdc1 w1U: p,iid:ed 
BCD oper:1.r:ds. 

A-A 

A - 0 - A 

CY - ~'y 

CY - i 
No oper~Ut"lt".I 
CPU halted 
lff - 0 
IFF •- I 
Set 1t1ter:-·.1p: 

mon~c 
Set intf"rTUpt 

made: 
Sl!"t 1nterriJp: 

m"r~c- 2 

HI.-· HL--llis 

HL ·· ti;~+ ss • CY 

HL • Hl. ·· os · CY 

IX - IX • P!' 

IY ~- lY +· rf 

S::; ,. !l~; + ; 
!X - lX ,. 

IY -· [Y -,. l 

iS -- ss - l 
IX~ IX·· I 

IY -- :Y - I 

a 

N"()";"J,:!-, :t.3 ,1l .itry <!I •.•:1· ii"•;"),~l+>r p;i:n: FU :ii-". Hi. 

,._ 
z R P/Y N 

X X p . 

. X X . 
X X V 

X X X . 
X 0 X C . X . l( . X . X . 
X . X . . X . X . . X . X . 

. X . X . 
X X 

X X X • 

X X X V 

X X X V 

X X X • 

• :X. X X • O 

X X 
X • X 

X X • 

• X X 
X • X 

• X • X • 

;.ip 1:e .'lr:y ;;~ n.~- :·nq1~i.,, ;!,.i:.-c BC. !~E iX :;i'. 
::( ;:< C!1.·r ;·! lh-• :•·:,r;-..11-r ,")oil(!,. f.~. '. :~. ;.,.- :,:, 

HLCA 

RLA 
A 

RRCA Lb:.:-:- .-]--L[c!J 
A 

RRA L-f.T~·o··l-···-L!" ~-: 
• 

RLC, 

RLC: IHLl 

IILC r1x + d) ::c,7 . .:....ri·:.-,-_,,J_'. 
l_(]{l.,_(!X+ .:l}.llY ,-d} 

RJ.C (iY + d) 

RL m l-{tv7~ i '_'.::~~:'.}J 
m•r.\H[.).(!X+d).OY -td) 

RAC m LEb-l;cv1 
m•r,{HU.:IX+d'., ([Y1-dJ 

•XOX•O 

X • 

0 X 

X O X P 0 

X c X 

X O X I' u 

X O X P 

X P C 

X ,, X F 0 

C 
Opcada 

71 H3 ZI0 Rex 

00 100 lll Z1 

00 :01 11: 2F 

ii 10; lGl ED 
o: 000 100 44 
00 lll :11 :w 
QQ i JC tll 37 
00 OOG 000 00 
01 l lO : :o 76 
:1 l lO :J:l f3 
II 111 Od FE 
ii IOI :01 ED 
01 000 ::0 46 
ll 101 :::1 ED 
Cl OIO ::o 56 
L '.Ol lO'. ED 
Cl :1:: llC SE 

OC ssl ~KH 

I; IC! '.'."JI ED 
Ol i,;.-<;.; ;::o 

:,:,: IOi W 
:): ss:: vw 

-:;:l JO: DD 
~JI ppl ~:,c: 

, ; • l I IC: FD 
0(; r::-: m:·: 

o,:; ~"c Oi 1 
1; a:: tl~l nD 
OC l~lO Ol: ;,i:~ 
I; :_1 JO: FD 
oc10on1: 23 

;! 3i J !Oi D'""' 
00 lOJ 8'.I l:B 

I J J :Ol Fti 
00 lOl {); I 2B 

00 000 Ill 07 

QC 010 lll ' 7 

O'.: 001 J l: tU· 

00 Oil :.1 IF 

lJ OOi 011 CB 

0C ~JOO r 

lJ oc; Oll C8 

cm oo,:__, i Iii 

L OlJ JO: DD 
ii OOJ Oil CB 
- d -

OG 000 i'.O 

\ I l L IOI f[) 
L DGl CJ; CB 
- d 

ooooc;w 
OIC 

OCH 

Na.ol 
lytu 

2 

No.ol M No.of T 
ey.i.,, 

2 

2 

6 

6 

111~ ... 

4 

8 

4 

4 
4 
4 
4 
4 
8 

8 

8 

11 

15 

15 

IS 

15 

6 
lG 

IO 

6 
10 

I• 

4 

0 

:s 

23 

21 

eo.a-.... 
Decimal adjui.t 

.eer.-umulatr)r. 

Compl~ni.ent 
~ccurnu!ailor (one's 
oomplement). 

Negate acc. (two's 
complemenl l. 

Complement carry 
ilag. 

Se, cci;rry flaic.i, 

!!.-~ 
00 BC 
01 DE 
iC- HL 

SP 

!liT-lfci 
OJ DE 
lO IX 
11 SP 
rr Reg. 
oo·ilc 
Ol D£ 
iC 1Y 
Ii SP 

RO!ate left -circular 
accumulator. 

Rot.ate left 
accumulator. 

RolatP. nqht C'lTCLl k,r 
aceumu lalor. 

Rotate r:ght 
l!lccumu lat or . 

Jk111te lefl t:trc~Jld.r 
tegtste.t r. 

!:.__~-
00t) B 
001 C 
GIi) D 
CJ I E 
mo H 
J(~j L 

A 

[r)St!"UC!IOfl kirmat 
a.nd .sl41t@1 d.r~ di$ 

&hown tor RLC-.s. 
i:"o form new 
•,pc:-ode: :r~plcc:4': 

000 ()rRLC's 

with .~hown r.ode, 
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Rotate and 
ShUt Group 
(Continued) 

Blt Set, Reset 
and T .. t 
Group 

Jump 
Group 

14 

lplialic 
• ne:moalc: 0.,.,mlaa 9 

RR m ~--.~-~~ 

m • r.1HLJ dX + d;., 1Y + d) 

SLA m Lf~J----L!.:.:::~J-- D 

m•r.tHLi ;IY. +,i:_::;y ~-rJ; 

SRA m ,~J+~i-i;;;, d:/;~d: 
SRL m 0 {J~::::0::1 ---[~'.] 

m• t (Ht; il:X + d} ,:lY -t cf: 

RLD '1 r·: ·.~··1,_·--~--•-:.,_·.-l - . r·· ... :::·J ··- -• .';,~E,-_0_] , 

A tl-lll..1 

HRO ,-, --4~~--!:i--~-•r:?:r·~-~ 0.1 

BIT o. r l- 'b 

RIT b (HL) Z • 1n1.lb 

SIT b, t.X + dlb Z - ciX+dlb 

BIT b (IY +d}b z •. (J'f ~---d)b 

::iET h. r 'b - ; 

SET b. CHLl {HLJb -

Slff b, (IX+ dl HX • d)b -

SET b. UY+ di (IY +dlb -

RES b. m 

;f) t.n 

fflb - 0 
m • r. [HI.), 

(IX+dl. 
OY +d} 

PC - rm 

01LJ 

!P r:c:, n.r".i ll cortd111on ;,.-x- is 
lr-ue PC - nn. 
othe-rw1s,~ 
contmul:'! 

Hie PC--PC+e 

me .• UC =· 0, 
contmuP. 
II C = l. 
PC---PC+e 

JH NC,• l!C = i. 
contmut:-
I! C • 0, 
PC - PC...-e 

IP Z, e Ii Z = 0 
oonnnue 
It 2 a 1, 
PC - PC+e 

IR NZ. e If z " i, 
eonhr.itAe-
JI Z a 0, 
PC - PC+e 

JP (HL) PC - HI. 

IP(IX) PC - IX 

X 

X 

JC 

X 

Flqi• 
I H PIV II C 

X X ~ r, 

X p n 

X X p 

X " X f• L: 

X i! X p 

X X X (l 

X Jl X n 

X X X 0 

X X X 

X X 

X • X • 

X • X • 

• X X • 

• X X • 

• X • X • 

• X • X • 

X • X • 

• X X • 

• X • X • 

.. X • X • 

X • X • 

• X X • 

• X X 

0~• llo,ol Na.ol M llo.ol T 
7$ ~ta 210 Hu By1a1 C~le• S1a,-

:r:: J)i F'.() 

:l: :r); fiF 

!J'. :-:)1 EJ 
J: ;()(: I:{! 

ll or: 011 CB 
o: b r 
1: OOi (!! l CB 
01 b ! iO 
1i Oil ;ell l>O 
1: DOI oi: CB 
•·- d -

01 i, ilO 

\] lll 1c: fD 
II OOl Oll •'::B 

d -
CL b l JC 

IL 001 [jjl CB 
Ii] b .. CX'I ()JJ Cll 
[Dl h I Hl 

l. Gil lUl D;:) 
11 DOI Ol: Cf! 

d -
[j] b lW 

JI ;:, iOl FD 
11 (}[;'. Ol I ca 

J 
(j] b 110 

[ill 

II {)CO OJJ 
n --
n -,: r:c C~G 

-· n -
-· n -

00 011 r.c;J 
- e-2 -· 
(I} ll l 000 
- e-2 -

()0 1 HJ 000 
e--2 -

I)() l01 :)QO 

- e-2 -

00 mo -:IOO 
t:l -2 -

11 IOI 001 

11 OI! IOI 
II •OJ 001 

C3 

18 

.lB 

JO 

28 

20 

E9 

DD 
E'9 

iB 

2 8 

12 

. ,o 

5 20 

8 

15 

6 2:i 

6 23 

3 10 

IO 

2 :J 12 

2 2 

2 3 12 

2 2 

J !2 

3 12 

2 12 

B 

fit...-atf'!" dLqlt let, ,md 
r:gh, hetwPEIO 
1h•,1rc,.1m1...1lati:.ir 
.,r.'.~ lor.,~1•')n ! HL: 

Tt:t- ,.-c:ntm;J 1Ji tJ;~ 

sJ.f-pi'r h<1ll ot 
1ri,~ <1rc"\,lmul,1tl:r .s 
1;r;,\lkdPj 

~ -
()()! C 
010 D 
Oli E 
100 H 
101 L 
111 A 
b Bit Te•ted 
000 0 
001 I 
010 2 
Oil '.l 
lOO 4 

lCI 
J;{) 6 
Ill 7 

To torm new 
o:pc.f}d~ r~f.,,ce 

fill of SET b,, 
wi,h l@J. Fl<Oqt 
a:nd 11 me a tale& tor 
SET 1n.structa~m, 

cc Condihon 
~r'l~ 

(ii)] z zero 
QlC NC nc,n-c!!lrry 
ou C carry 
:oo PO p~rt!y odd 
tm PE parily even 
j !Cl p s1g.n p081hVB 

!!I M sign neqatt•J,e 

It cond1HOI"! ll01 IMt. 

If oondi1lon l9 rrJst. 

H oondthOT'l nol me1. 

If oor.idi hon :s m@-1.. 

1f t;unditmn not met. 

lj .rondihcn LI me~. 

II coridihon nol met. 

I I condUion 1;1 me,t, 

-

-

-
2001,001 



- Jump Group .,... .,_ 0,-- ..... ••-olll No.alt 

(Continued) ---- a,.,.,tl.- I I H P/V N C 71148110- .,._ CyclN ...... c.... ... 
IPUY) PC - IY . X . X . . . ll Ill 101 FD 2 2 8 

II 101 001 E9 
OJIIZ. • B- 8-1 . X . X . 00 010 000 10 2 2 a II B • O. 

118 • o. - ·-· -oontln• 
118" o. 2 13 118" 0. 
PC- PC+e 

NOTIS, • repr ... 1nt tM ,,.,,itn•ion tn th• r•lllbv. i1dcln,Ninq mod.. •!a• Qrwd two·, CC1tt.1pl11JMnt nvmbtr u, ,~ r1nq• < - 1.26, 129 >, 
•-l 111 Iha~ pto"1dlt ,ri .t~wt addre1t ol pc+•..., PC 11 tru:rt1m8tl.tad 

'tw 3 ptli:,,r tc IM &ddit~ of • 

Call cmd CALLM (SP-I) - PCH . X . X . 11 001 101 CD 3 5 17 

RetumGroup (SP-2) - PCL n -
PC - rm n -

CALL cc, M U cm,dilion . X . X . ll cc 100 3 3 10 lf cc i• laloo. 
cclalalle - n 
eonUnue,. n - 3 5 17 lf cc it true. 
-otharwi• •me as 
CALL nn 

BIT PCJ. - (SP) . X . X . II 001 001 L'9 3 10 
PCff - (SP+ 11 

I IIIToc H condmon . X . X ll cc 000 s ti cc i.11 falae. 
cc ii !alN 
continue. 3 II U cc i1 ttue, 9 otherwlH oc Condit.on Mm••· 00) NZ non• zero 
RET 001 Z """ 

RETI lletum !rom . . X . X . II IOI l• l ED 2 14 
OIO NC O(lft-C.,.,,, 

interrupt 01 001 IOI 4D 
011 C cony 
100 PO parity odd !IETNI Roturnfrom . X . X . ll IOI 10i ED 2 4 14 101 PE parity even 

non-mawble OJ 000 IOI 45 110 P ai,gnp,111ibve 
Interrupt Ill M liQn negalive 

11ST p (SP-ll - PCH . X . X . 11 t Ill 3 II 
~ aoR {SP-2) - PCL 

PCH -0 001 08H - PCL - P 010 IOH 
011 18H 
100 20H 
IOI 28H 
110 JOH 
Ill 36H 

NOTE, •RETN laodo IFF2 - IFF 1 

hlputaDd IN A,(n) A - (n) • . X . X . II Oil Oil DB 2 3 II n to Ao~ A7 

Output Croup - n - Ar:e. tol\a- A15 
IN,. (C) r-(Cl X X p 0 • II 101 IOI ED 2 3 12 Clo Ao~ A7 

ii r • 110 only th• 01 r 000 810 As~ A15 
llaqa wlll bo allacted 

CD 
!NI (Hll-lCJ X X X X X ll IOI IOJ ED 2 4 16 Clo Ao~ A7 

B - B-1 10 100 OIO A2 8 to A9 ~ A1s 
HL-HL+I 

INlR !HLl -(Cl X X X X X II 101 JOI ED 2 5 2l C la Ao - A7 
B - B-1 IQ l 10 010 B2 (If B,oO) B 10 As - A1s 
HL-HL+I 2 4 16 
f1epaat until (If B=Ol 
B • 0 

CD 
IND (HI.)-· IC) X X X X X II IOI IOI ED 2 4 16 C to Ao~ A7 

B - B -I 10 IOi 010 AA Btol\a-A15 
HJ,-Hl-1 

INDR (HLl -(CJ X X X X X lJ IOI IOI ED 2 5 21 Clo Ao~ A7 
B- B-J 10 lll 010 BA ilf8,o0) B 10 Ae - A1s 
HL ~ HL~I 2 4 16 
Repeat unul (If B•OJ 
B = 0 

OUT{ni, A (nJ - A . X . X . II 010 Oil D3 2 3 II ntoAo - A7 - n - Acc. 1a As - AJs 
OUT(C). r (Cl - r . X . X . I! IOI IOI ED 2 3 12 Cto Ao - A7 

CD 
Ol r 001 B lo Ae - Ats 

OUTI (Cl - !HLJ X X X X X II IOI JOI ED 2 16 C la Ao~ A7 
8 - B-J lO 100 011 AJ B to As~ A15 
HL - HL + 

OTIR (C) - (HL) X X X X X : I IOI IOI ED 2 5 21 CtoAo - A7 
B - S-1 10 110 011 BJ w a .. ol BtoAs ~ A15 
HL-HL.;.1 2 4 16 
n-,,1until (11 BuO) 
B • o 

CD - OUTD ICt-(HLl X X X X X II IOI 101 ED 4 16 C to Ao~ A7 
8 - 8-1 10 IOI 011 AB B to AS~ AtS 
HL - HL-1 

NOTE: (j) lf the rnult o1 B- I 1s ze.ra. the Z fl119 1e set. oeher111iM it 11 retel 

2001.001 15 



Input and. 
Output Group 
(Continued) 

Summary of 
Flag 
Optratlon 

Symbolic 
Nototlon 

16 

1,-1,ollc tlogo 0pc..i. llo.ol llo.afMIID.D!T ---· Opa,atloa 8 z H P/V II C 7l H3 210 a.. . .,... c, .... - c-.. .... 
OTDR (C) - (HL) )( X X X X !: !Oi 10, F.D 2 5 21 C to Ao - A7 

B - ll-1 ID Ill Gl 1 111 a .. 01 B to Aa - A15 
HL - HL-: 4 lfi 
Repeat until t:i 8-.• Q) 

B ·= 0 

Dy Do -...., ... z H PIV H C c--
ADD A. ,; AOC A,• X X V 0 A.•blt ,1sdd or add wilh ca.rry, 
SIJB s: SBC A, ,; CP a; Nf.G X X V l I 8-61! s·.1b1tact, subtrac! wilh ca:rry, rxiimpar~ -".n.d neg.,;1~ "ccum1..=la1or. 
AND• X X p 0 01 OR,.XOR, X X p 0 l) l..1 MJlt:ai ~)p(~rdhnru;.. 

!NC 5 X I X V 0 Abil i1?cremtmi 

DEC• X I X V j 8· b:1 d~1;n-:,merit 
ADD DD, ,o X X X 0 lb h:~ at!dd. 
ADC HL, •• X X X V 0 l fi. b:: a.dd with ,.~ritr'i · 
SBC HL." X X X V 1 lf:i-b;i £ubtr.,c:t wtth carry. 
RLA, RLCA,RRA, RRCA X 0 X Rotaic acc:amu]at-or. 
RL rn; RLC m; RR m; X !J X p :) Aot,t'l,!f' ,-,1•:u:i shih '.m'\'lt.ons. 

HRC m: SLA m; 
SRA m; SRL m 

Rl.D, RRD X n X p n Rott1ite=:- dtqit lel~ .and ~1,;_:iht. 
DAA X X p l)(.~t.· 1 rr:,;J I <:1.diu&.t ,,~·~·i)JT! alt1tf.,;r 
CPl. X X Cnrnpll•mN!! <:11--,:--;:m11ldtr-r 
SCF X X n SP.I cdrry 
CCF X X X r, ( :,,:npl1'!me11! •·arry. 
lN ,:Ci I X l· X f' Ir1rui 11~q1.&:wr 1;·;d1r~ct. 

!NI, IND, OtJTI, OUTD X I X X X X :} Jh,f:k ,:Lput d:'.d r:,1..1tpu1. z ~- 0 it B ¢ 0 o:ht'!tWJse t: ,_ o. 
!NIA: INDR; OTIR. OTDR X I X X X ll 
LDL LDD ll X X X 0 :} Rkck :i:-ane.ter rnstriJCC1vr.~ p,v" l 1l BC ~ 0. ,l,ht:ra•:se PIV = 0. 
LOIA: LDDR X X X <) X '.) 

CPI: CPIR: CPD: CPDR X X X X I Hbc-k sen.rch :?1$!1u.c.1;i:ms. Z "' I J A :a CHU. n1herWJ$f! 2 "" o. p;v = 
J RC -:;. D, olh~rWJSe PtV ,. o. 

LDA.1.LDA. R X 0 X lff ,; The -::Mi~,~nl c! the m!o1:1r:-ur,i, enable fhp-11.op (lFf) is copied m10 Iha P!V H~g. 
BIT b, • 

Symbol 
s 
z 
P/V 

H 

N 

H&N 

C 

X X I X X 0 The! t;f.tlf!' d b1I b o! k-c~t;on ~ is C"op1ed into the- Z tl~q. 

Operation 
Sign 11.a:g, S "' I ii th" MSB al the resu It is l . 
Zero fla:g. Z = l If the result of :he operation i,; 0. 
Parity or overflow !lag. Parity (Pl ond overflow 
(V) share the same !Jag. Logical operations affect 
this ting with the parity ol the rnsult while 
anthmetic operations affect this !lag with the 
overflow of the result. II P/V hoids p,mty, P/V 
l ii the result of the operation is evAn, PiV = 0 ii 
result is odd. If P/V holds overflow, P/V = I ii 
the result of the operation produced an o,;erflow. 
Hall-carry flag. H ~ I ii the add or subtrad 
operation produced a carry into or borrow from 
bit 4 of the accumulator. 
Add/Subtract flag. N = I ii the previous operil .. 
lion wa:s a subtract. 
H a:nd N flags are used in conjunction with the 
decimal a:d;ust instruction (DAA) to properly cor­
rect the result into packed BCD lormat following 
addition or "ubtrnclion using cperonds with 
p<1aked BCD formal. 
Carry/Link flag. C " l ii the operation produced 
a: carry from the MSB of the operand or rewlt. 

Symbol 
I 

0 
I 
X 
V 

p 

"" 
H 

R 
n 
nn 

Operation 
The flag is affected accordinq to the re•ull of the 
operation. 
The flag ,s undi,mged by the operation. 
The !lag is reset by the operation. 
The flag is set by the operation. 
The !lag is a "don't care." 
P,'V llJg affected according to the overflow result 
of the operation. 
P/V !lag affected according lo the parity result of 
lhe operation. 
Any one at the CPU registers A, B. C, D, E, H. L. 
Any 8-bit location for a:11 the addreasina modes 
allowed !or the particular instruction. 
Any 16-bil location for all the addressing modes 
allowed !or that instruction. 
Any one of the two index registers IX or IY. 
Refresh counter, 
8-bit value in range < 0, 255 >. 
16-bil value ,n range < 0, 65535 >. 

2001-001 
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Pin 
Description• 

Ao-A15, Address Bus (output, active High, 
3-state). Ao-A15 form a 16-bit address bus. The 
Address Bus provides the address for memory 
data bus exchanges (up to 64K bytes) and for 
1/0 device exchanges. 

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

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

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

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

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

IORQ. Input/Output Request (output, active 
Low, 3-state). IORQ indicates that the lower 
half of the address bus holds a valid I/O 
address for an !/0 read or write operation:.._ 
IORQ is also generated concurrently with Ml 
during an interrupt acknowledge cycle to indi­
cate that an interrupt response vector can be 

placed on the data bus. 

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

MREQ, Memo~uest (output, active 
Low, 3-state). MREQ indicates that the address 
bus holds a valid address for a memory read or 
memory write operation. 

NMI. Non-Maskable Interrupt (input, active 
Low). NMI has a higher priority than INT. NMI 
is always recognized at the end of the current 
instruction, independent of the 
status of the interrupt enable flip-flop, and 
automatically forces the CPU to restart at 
location 0066H. 

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

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

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

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

WR. MeJEE!y Write (output, active Low, 
3-state). WR indicates that the CPU data bus 
holds valid data lo be stored at the addressed 
memory or VO location. 

17 
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CPU Timing 

18 

ThP. 280 CPU execu1eR instruct.1nns i,y pro­
ceeding through a specific sequence of opera· 
lions: 

• Memory read or write 

• I/O device read or writ,> 

• Interrupt acknowledge 

Instruction Opcode Fetch. The CPU places 
the contents of the Pmqrarn Cc,unter (PC) ,m 
the address bus at the s•or! ol tb,,· cyck· :F:qurP. 
~L Approximately onr.-half dock cyck _l'._~!:~r,_ 
MREQ goes active. The foiling Pdqn oi MRFQ 
can be used directly as a Ch11'__j::r·;dbl,, !o dyr•d· 
mic memories. When achv•?, HD 111d1cd'PS 1l1dl 
the memory data can be enabled on',) tlw CFU 

,, T. 

~---t--(ii) _______ , 

( (({ ~ 

l he b,1slc clock period is referred to <',:, a 
T time or cyde. and three or more T cycli:,s 
m<1k.e up a m<1chine cycle (Ml, M2 or M3 fO!' 
inst,,nce). Machine cycles can bf' extended 
t•1ther by the CPU automatically inserting one 
or rn.::>rf' Wait s•ntes nr hy thR msertinn nf om-' 
or more Wail stdles by the user. 

daia bus. 
Trw CPU samples tb, WAIT input with the 

nsmq edge ot dock sldte 1'3. During dork 
statm, T3 and T4 of an Ml cycle dynamic HAM 
refresh can occur while the CPU starts 
de,,;(,ding and executing the ins•ruction. \Vhen 
the keiresn Cc,nirol signal be.:omP, ddJVP, 

rdreshmq c,{ cync1mic" mPmorv can ta.k.P place. 

RE ,:,RESH A.DOR 

···{_~·- .. I , l/}---1-
(,() 

I ___ ,, ___ l•-•i<") ~"-· 
lll'Sit ,----________ _, 

Figure 5. Instruction Opcode Felch 

2005-A!'.!2 
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Memory Read or Write Cycles. Figure 6 
shows the timing of memory read or write 
cycles other than an opcode fetqh (Ml) cycle. 
The MREQ and RD signals function exactly as 
in the fetch cycle. In a memory write cycle, 
MREQ also becomes active when the address 

iiiHi 
(,)- I,..--

WAIT 

-- H~; 

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

@-

@-

Figure 6. Memory Read or Write Cyclea 
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Input or Output Cycle• , Figure 7 shows the 
timing for an I/0 redd or l/0 write oper<'l.tion. 
During 1/0 operations, the CPU automatically 

Ao-A 

inserts a single Wait state (Twl- This extra Waif 
state allows sufficient time for an 1/0 port to 
decode the address and the port address lines. 

l iii) , ·1J l 
~': ___ ..::;-.;:;---~-L("'I* Ol'EAAl'ION 

Do~07 

l wii -----··~-•!<i•: --1. .lc,,1=.,_~-1-,(!:...,.i)•-
, ______ __,o;r"---------~= ~~ I ~ Ol'EAATION ' ... I ",i'. • 

Do-D7 ------tL _______ •,,,• ____ o_AT_A_o_u1 ___ _ 

NOTE: Tw• ~ On" Wait cyc:e aulo1""!lc·d!i? inserted vy CPU. 

Figure 7. Input or Output Cycles 

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

,, 
CLOCK 

iHit 

; 

' ,..,. _________ , 

T; ,,., 

During this Ml cycle, I0RQ becomes active 
(instedd of MR-EQ) to indicate that the inter­
rupting device can plac.-e an 8-bit vector on the 
data bus. The CPU automatically adds two 
Wait states to this c:ycle. 

-------------------------
.... (4i) 

Do-D1 _______ J,c ._, E((( 
NOTE: I) TL= Las! sta!e ol previous instruclior .. 2) Two Woit cycies •ulol!l<lticaHy inserted by CPU('), 

Figure 8. lnt•rrupt Request/ Ac:knowl•dge Cycle 

-

-
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Non-Maakable Intenupt Request Cycle. 
NMI is sampled at the same time as the 
maskable interrupt input INT but has higher 
priority and cannot be disabled under software 
control. The subsequent timing is similar to 

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

-~------ lA!i'r 1111 CYCLE --·--·---··~-.. --1u---·· ~------------· 

c~:-------(j ,. ~- --~--~ -- --- ---1- ----- --+-- ~ --- --- -• 
--------H----- . -+---------+. -------t--1--------.. :,; .. : .. '.,;- - ' -----------+-,. 

-
.. Although NM'I 1s a:n t.1synctirs"lnc:..is inpw, tn ~dntfiC!' n!': b~~mq 
recognl:i:ed on the ?ollowinq tri.'ichme i.::yc;~ .. NMJ'.i:. ln:Jir,q ndqe 

i 
-•! ~li,---+i-----t--

must (.;vcui rn:, i~1er th,m the ni.:::ir;q edqe oi the clo:;k cycle. 
pt·en.J,m, Tr.AST· 

figure 9. Non-Ma&kcrble Interrupt Request Opercrlion 

B1111 Request/ Acknowledge Cycle. The CPU 
samples BUSREQ with the rising edge of the 
last clock period of any machine cycle (Figure 
10). If BUSREQ is active, the CPU sets its 
address, data, and MREO, IORQ, RD, and WR 

lines to a high-impedance state with the rising 
edge of the next clock pulse. At that time, any 
external device can take control of these lines, 
usually to transfer data between memory and 
1/0 devices. 

CLOCM. i 
.... 1 , .. ii}; 

:'ii>-! i .. *, . i 

•"""" ___ \l...._i _p ____ ,_,_ _ __,) \ I 
I , 

: .... ~,.1 ---;r,,; ,...I 
IIUUC,K __________ ....._, __ \~~ )'". -+I __ _ 

)..-..,_ ________ _, I 

. I I-!~'; 

Ao._._,,-----------1-~>-l----" .... o•_• _____ -_,1,.-,t= 
1PD~D1 ------------1-i -,~• FLOAT 7 e: 
::--------... -,1 _,~.t.,, r "o"' -it:_ 
iii&~-----------+~~ ~ 

I ~@'L 
-1 'l 

MALT ----------1----------------
NOTE: TL~ Last slate of any M cycle. Tx; An arbitrary clack cycle used by requesting device. 

Figut• 10. Bus Request/Acknowledge Cycle 
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Halt Acknowledge Cycle. When the CPU 
receives a HALT instruction, it executes NOP 
states until either an INT or NMI input is 

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

.,, ---------- -··· ·-M1-------o-t•,___ ____ Ml 

NOTE: INT will also lore,.; a Halt ox1!. ·see note. figure 9. 

Figure ll. Halt Acknowledge Cy.:le 

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

CLOCK 

Ao-Au 

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

1----,.1--- -· 

r, 

-©--
FLOAf 

FLOAT 

--- @ --

n iU,----:-z-71-z-z,..,.u---,,r------------

2005-887, 888 

-

-
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- AC Z80CPU Z80ACPU ZIOBCPU 
Cbarac- Min Max Min Max Mln Max 
tert.tlca Humi,.r Symbol Parameter (DII) (Ml (ns) (1111) (ml (DI) 

TcC Clock Cycle Time 400' 250* 165* 

2 TwCh Clock Pulse Width (High) rno· 110· 65* 

3 TwCI Clock Pulse Width (Low) 180 2000 110 2000 65 2000 
4 TIC Clock Fall Time 30 30 20 

s-TrC Clock Rise Time 30 30 20 

6 TdCr(A) Clock f to Address Valid Deley 145 llO 90 

7 TdA(MREQf) Address Valid to MREO 125• 65* 35• 
l Delay 

8 TdCf(MREQf) Clock I ta -mm-o I Delay 100 85 70 

9 TdCr(MREQr) Clock I ta MfffiO I Delay 100 85 70 

10-TwMREQh-- MREQ Pulse Width (High) ---170• 110· 55•--

11 TwMREQl MREQ Pulse Width (Low) 360* 220· 135* 

I 12 TdCf(MREOrl Clock l to MREQ I Delay 100 85 . 70 

13 TdCf(RDf) Clock I to RD I Delay 130 95 80 ft 
14 TdCr(RDr) Clock I to RD I Delay 100 85 70 ~ 
15 -TsD(Cr) --- Data Setup Time to Clock I --- 50 35 30--
16 ThD(RDr) Data Hold Time to RD I 0 0 0 

17 TsWA!T(CI) WAIT Setup Time to Clock I 70 70 60 

18 ThWAJT(Cf) WAIT Hold Time after Clock l 0 0 0 

19 TdCr(Mlf) Clock I to Ml I Del11y 130 100 80 

- 20-TdCr(Mlr)-- Clock I to Ml I Delay 130 100 80 

21 TdCr(RFSHf) Clock I to RFSH I Delay 180 130 110 

22 TdCr(RFSHr) Clock I to RfSH I Delay 150 120 100 

23 TdCf(RDr) Clock l to RD I Delay 110 85 70 

24 TdCr(RDf) Clock t to RD 1 Delay 100 85 70 

25-TsD(Cf) --- Data Setup to Clock I during -- 60 50 40--
M2, M3, M. or Ms Cycles 

26 TdA(IORQf) Address Stable prior to IORQ I 320• 180* 110· 

27 TdCr(IORQf) Clock t to IORQ I Delay 90 75 65 

28 TdCf(IORQr) · Clock l to IORQ I Delay 1 IO 85 70 

29 TdD(WRI) Data Stable prior to WR I 190• so· 25• 

30 -TdCf(WRf) -- Clock I to WR I Delay 90 80 70 

31 TwWR WR Pulse Width 360" 220· 135" 

32 TdCf(WRr) Clock I to WR I Delay 100 80 70 

33 TdD(WRf} Data Stable prior to WR I 20· -10* -55* 

34 TdCr(WRI) Clock I to WR l Delay 80 65 60 

35-TdWRr(D)-- Data Stable from WR t 120· 50• 30•--

36 TdCf(HALT) Clock I to IDIT'I' ! or I 300 300 260 

37 TwNMI NM! Pulse Width BO 80 70 

38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock I 80 50 50 

•For clock periods other than the minimums shown in the table, 
calculate parameters uoing the expressions in the table on the 
following Jl<lge. 

-
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ZBO CPU ZBOA CPU Z80B CPU 
Min Max Min Max 

Number Symbol Parameter Ins) (.ns) (ml (m) 
--------------· ··--···-···-··-·-··· ----------------

39 ThBUSREQ(Cr) BlJSRE(j Hold Time alter Clnck t 0 

40-TdCr(RUSACKl)-Clock 1 tn J3USACK I [)elay -----

41 TdCf(BUSACKr'.1 Ckx;k I to BUSA(":°i( t Del<1y 

42 TdCr(Dz) Clock 1 to Data Floa1 Delay 

43 TdCr(CTz) Clock I io C:mtrnl Outputs Float 
Delay <lviirno, !<'.SRO. RD, 
and WR) 

0 

]2[) 100 

I JO 100 

90 90 

110 80 

Min Max 
(ns) (na} 

0 

90 

90 

80 

70 

44 TdCr(Az) Clock I t,) Address Float Delay 110 90 80 

45-TdCTr(A) --- AJdrnss Stiible aitAr MREQ 1,-- 160' ----- 80 • ----- 35* -­
IORO 1, RD r. and WR r 

90 60 60 

0 0 0 

80 80 70 

46 
4? 

48 
49 

TsRESET(Cr) 

ThRESET(Cr) 

TA!NT!(Cr) 

Th!NTr(Crl 

fiESEt to Cloc-k I Setup Time 

RESEt tn Clock I Hnld Time 

iN'f lo Cic,ck I Setup Tim" 

iNT to Cock I Hold TimA 0 

50-TdMli(IORQl)-lv-!i I toiC/fK) I Delay-----920·----555•----365•--
0 0 

:il TdCf(lORUfl C,o,k i to IORQ I Del,1y 110 85 70 

52 TdCf(IORQr) Clock 1 to ii)RQ 1 !),slay l00 85 

53 TdCt(D) (::iock i tc, Daia Vaid Delay 230 150 

"F·.·1r cL·,cf. per;ods :~th~:r ~b"i.n t~,~-:- m:~;:rnt:.~::s :.t~c,wn .r. :h,=· :.1bi~'·. 
::dLCl,iate p<H:lmc~!e:-s ·..is:nq ·l:r: h1li• ,-,,.;i::q ,-r.;:: 1 ·};;;;:::-::-. f._:,.._;:~.11.~,!P.c: 
vaiues abc,vP ds~-..1med T rt. T!C ·: i.O n~; 

Footnotes to AC Characteristics 

70 

130 

-------- -~-. -· ······-··-------··· ........... ··--··--·-·-·----- .. ----··--•····-·· ······- ·-·-----··--·····---------
Nuuiber Symbol 

I 

2 

TcC 

TwCh 

zeo 

TwCh + TwC! + TrC t T!C 

Althoi...;.qh st:'ltll' by d~SH.Jn, 

TwCh nl qn·,dler ,iian :mu µ.s 

is not quaru.ntef!td 

ZSOA Z80B 
········--···---·-----

TwCh + TwC I + TrC + TIC 

Althouqh stahc hy d"sign, 
TwCh oi <Jreater lhd<\ 200 1-'S 
it> nu~ guaranteed 

TwCh + TwCl, + TrC + TIC 

Although stc1llc by design, 
TwCh cl greater than 200 i,s 
is no1 quararnced 

7 - TdA(MREO!J-TwCh + TIC 75 ---- TwCh + TIC - 6ti ---- TwCh + TIC ·· 50 ----

lO TwMREQh TwCr. + TtC -· 30 TwCh + TIC - 2U TwCh + TfC - 20 

l I TwMREQl TcC - 40 Tc:C - 30 TGC ·- 30 

26 
29 

TdA(lORQ/) 

TdD(WRi) 

TcC ·- BG 

'fr:C -· 21U 

Tee - 10 rec - 55 

Tc:C -· 170 TcC - 140 

31-TwWH---TcC -- 4U-------T,cC -· 30 foC - 3!J-------

33 TdD(WRI) TwCi. + TrC -· i81.i 

35 TdWRr(D) TwC1 + T,C ... 80 

45 TdCTr(A! TwCI + T,C - 4G 
50 TdMll(!OHQI) 2TcC + TwCh ·t TiC 

---~----·-
________ ., _______ 

AC ;.'es1 Coridilicr.s: 
VlJ-1 = 2.0 V 
Vn. = 0.8 V 
VJHC = Vee .. (J.h V 
vu.c = D.45 v 

VoH '"" 2.C V 
Vol ,_ 0.8 V 
FLC•J&. T ::.: 1:,;; .:. V 

TwCJ + TrC - 140 TwCi + TrC - 140 

TwCI + TrC ·· 70 TwCJ + TrC - 55 

TwCI + TrC - 50 TwC! + TrC -· 50 

- 80 2'I'cC + TwCh + TIC - 65 2TcC + TwCb + TJC - 50 

-

-
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Abaolut• 
Maximwn 
Ratinsr-

Standard 
THt 
Condltlona 

DC 
Character­
latlcs 

Storage Temperature . . . --65°C to+ 150°C 
Temperature 
under Bias ........ Specified operating range 

Voltages on all inputs and 
outputs with respect to ground . --0.3 V to + 7 V 

Power Dissipation . . . . . . . . . . . . . . . . . 1.5 W 

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

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

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

• -55°C to + 125°C, 
+4.5 V :S Vee :S +5.5 V 

Symbol 

Yu.c 
v!Hc 
VJL 

VIH 

Vm 
VoH 

Parameter 

Clock Input Low Voltage 

Clock Input High Voltag£, 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Output High Voltage 

lee Power Supply Current 
280 
280A 

.ZBOB 
ILi Input Leakage Current 

!LEAK 3-State Output Leakage Current in Float 

l" For md1ta:ry grdde p:uts, lee ]!:: 200 r!~~A.. 
2. Typ1i.:"i;I] rt1ts for 280A JS 90 OJA. 

Capacitance Symbol Parameter 

8085-0221 

-------
CcL,.JCK 

CIN 

Cour 

Clock Cc1pacilance 

Input C,~pacitance 

Output Capacitance 

TA = 25°C. I ~ I MHz. 

Stresses greater rhan those listed under Absolute Maxi­
mum Ratings may cause permanent damage to the device. 
Thi$ 1s a stress rating only; operation of the device at ,my 
condihon above those indicated in the operational sections 
of these spec:11ical!ons is not implied. Exposure to absolute 
ma<1mum rating conditions for extended periods may affect 
device reliability. 

All ac parameters assume a load capacitance 
of 50 pF. Add 10 ns delay for each 50 pF 
increase in load up lo a maximum of 200 pF 
for the data bus and 100 pF for address and 
control lines. 

Ull 

Min Max Unit Test Condition 

-0.3 0.45 V 

Vcc-.6 Vce+.3 V 

·-0.3 0.8 V 

2.0 Vee V 

0.4 V IoL= l.8mA 
2.4 V loH = -250 µA 

150' mA 
200~ mA 
200 mA 

10 µA VIN = 0 to Vee 

-10 103 µA Vour = 0.4 to Vee 

3 A15-Ao, D7-DQ. MRF.Q. IORQ, RD, and WR. 

Min Max Unit Note 

35 pF 

5 pF Unmeasured pins 

10 pf 
returned to ground 

25 



Ordering Product Package/ Product Package/ -Information Number Temp Speed Description Number Temp Speed Deacriptlou 
- . - --· -·---·-··-·-··· ------

7.8400 CE 2.5 MHz 280 CPU (40-pin) ?.8400A DE 4.0 MHz 280A CPU (40-pin} 

28400 CM 2.5 MHz Same as above Z8400A DS 4.0 MHz Same as above 

28400 CMB 2_5 MHz Some d.s af"·,0vr .. Z840Ci/\ PE 4.0 MHz Same as above 

7.8400 cs 2.5 MHz Sctme as above 28400A PS 4.0 MHz. Same as above 

28400 DE 2.5 MHz Same as above Z8400B CE 6.0 MHz ZB0B CPU (40-pin) 

28400 DS 2.5 MHz Sarni? ,1s above 28400B CM 6.0 MHz Same as above 

28400 PE 2.5 MHz Sam,, as ,1bove 28400B CMB 6.0 MHz Same as above 

28400 PS 2.5 MHz Sanlt~ as i'..:jlx)v~~ 284008 cs 6.0 MHz Same as above 

28400A CE 4.0 MHz Z80A CPU ( 40- pin) 7.8400B DE 6.0 MHz Same as above 

Z8400A CM 4.0 MHz San1e as above Z.84D0B DS 6.0 MHz Same as above 

Z8400A CMB 4.0 MHz Same as above 28400B PE 6.0 MHz SamE• as above 

Z8400A cs 4.0 MHz S,.1rne as above> 7.8400B PS 6_Q MHz Same 11s above 
-----·· ----· - ..... _.,_ --···· --·-· .. 

NOTES: C ·c: C6natr,H D == Cerdtp, P Pl,'H!t1-.·: ~: -;· 4t;··c :,:- ·t-B~i·\' M l,o"C ,o ·• IJ.5'C MB,., ~?j"'C ~(':-,. i:2~;·-c w11r. 
MIL-STD-88] Class B pron~ssi(ln. '.·~ l:<~ tc, i .. ·t.··c 

-

-
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LQ 64K DYNAMIC MEMORY BOARD 

gENERAL INFORMATION 

The Nabu Memory Board ADM-1000, uses industry standard 4116 
dynamic random-access memories (RAM' s): which provide low cost 
and low power consumption. Reliability of the board is enhanced 
by the low support-IC count, and the use of a precision delay 
line for critical timing. 

Address lines and data lines are fully buftered by line 
drivers/receivers with hysteresis at the inputs to improve noise 
immunity. The memory board afters a full 64K bytes of read/write 
memory: however only 62K bytes are available to the user in the 
Nabu 1100 System, since 2K bytes are allocated to the disk 
bootstrap program in ROM. A signal called PHANTOM from the S-100 
bus, can be utilized to allow user ROM to overlay the RAM. 

In the Nabu 1100 System, the access time of the memory chips 
is 150 nanoseconds (ns), permitting operation at 4 MHz, witn no 
wait states added. The use of slower memory chips is not 
recommended. Memory refresh is done automatically by the Z-80A 
CPU after each instruction fetch. This mode of refresh is 
totally transparent to the programmer and does not slow down the 
CPU operation. 
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SPECIFIC EEATURES 

Memor~ 0rganizs;l.ti.911 

The 4116 RAM chip has a 16K x 1 organization, with eight 
chips connected in parallel to form a 16K byte memory bank. Four 
memory banks are implemented on the memory board. 

The jumper options on the left side of the board are used 
for selecting memory banks. Each bank can be enabled or disabled, 
by installing or removing each corresponding jumper. In this way, 
up to 64K bytes of memory space can be obtained. 

The jumpers are numbered as follows: 

Jumper Ilan.k .i MM ~ Needed Address Space 

JP-1: 1 RAM 1 - RAM 8, OOOOH - 3FFFH 

JP-2: 2 RAM 9 - RAM 16, 4UUOH - 7FFFH 

JP-3: 3 RAM 17 - RAM 24, 8000H - BFFFH 

JP-4: 4 RAM 25 - RAM 32, COOOH - FFFFH 

Each bank is enabled by installing the appropriate jumper. 

Memory Refresh 

As mentioned, the memory refresh is done automatically by 
the Z-BOA CPU through the S-100 bus. The CPU contains a 7-bit 
memory refresh counter, which is incremented automatically after 
each instruction fetch. The data in the counter is sent out on 
th& lower portion of the address bus along with two refresh 
control signals, RPSH (pin 66) and MREQ (pin 65): while the CPU 
is d~coding and executing the fetched instruction. This refresh 
oper'a!ion must be performed at least every two milliseconds in 
order to retain data. 

An interrupt request/acknowledge cycle in the system does 
not ffec ~he memory refresh operation, since only two wait 
state re added to this cycle for identitying the interrupting 



- I/O device. However, a bus request/acknowledge cycle used in 
Direct Memory Access (DMA), for instance, can cause a memory 
refresh problem if very long OMA cycles are used. Therefore, the 
OMA controller must perform the necessary refresh function. 

A user supplied S-100 bus compatible board which uses wait 
states can also be used in the Nabu 1100 System, providing the 
wait states added do not exceed the 2 ms limit. However, caution 
should be used in adding boards with wait states, unless the 
number and frequency of wait states is strictly controlled • 

.Im.t.a Buffers .fill.Q ~HANT.QM 

All data-in and data-out lines of the memory chips are 
buffered by U9 and Ul4. The data-in lines are always enabled and 
the data-out lines are controlled by US, whose four inputs are 
conditioned by PDBIN, SMEMR, MREQ, PHANTOM, and by two high 
address bits {Al5 and Al4). Reading of the RAM contents is not 
allowed when US is disabled; however writing into the RAM is 
still permissible. 

- PHANTOM is normally pulled high through a resistor. This 

-

line is primarily used for system bootstrapping by overlaying the 
RAM with ROM (not used in the Nabu 1100 System). This is done by 
pulling PHANTOM low at system start-up, copying the ROM contents 
into the RAM which occupies the same address, and executing the 
bootstrap program from the RAM after pulling PHANTOM high. In 
this way, a full 64K bytes of read/write memory is obtained. 
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liAlllI ADM-1000 MK DYNAMIC MEMQRY BOARD 
PARTS L.l.S:I 

Integrated Circuits; 

Ul 
U2 
U3, U4 
us 
U6 

07, ua 

09, 014 

Ul0-013 

015 
016 
017 
RAM1-RAM32 

Diodes: 

Dl 

Capacitors: 

Cl-C4, Cl3 
cs-c12, c14-C59 

Resistors: 

Rl 
RN1,RN2 
RN3 

ouantity 

36 
9 
2 
2 
2 
2 
1 

74LS75 
74LS42 
74LS00 
74LS20 
74LS132 

74S157 

74LS24l 

74LS14 

STTLDM-355 
7805 
7812 
4116 

1N4733A 

Description 

Quadruple latch 
4-line-to-10-line decoder 
Quadruple 2-input NAND 
Dual 4-input NAND 
Quadruple 2-input NAND witn Schmitt­
triggered inputs 
Quadruple 2-line-to-l-line Schottky 
multiplexer 
Octal buffer/line-driver witn 3-state 
outputs 
Hex inverter with Schmitt-triggered 
inputs 
TTL-compatible logic-delay module 
5 V positive voltage regulator 
12 V positive voltage regulator 
16384-bit dynamic RAM (150 ns) 

5.1 v, 1.0 w, 5 % zener diode 

10 JlF, 25 V tantalum electrolytic 
0 .1 JlF 

6801\., 0.5 w, 10% 
5-resistor pack of 33~ resistors 
5-resistor pack of 3.3 kJ\.resistors 
with common pin il 

16 pin IC socket 
14 pin IC socket 
20 pin IC socket 
6-32 x 3/8" machine screw 
:f6-32 nuts 
Delta 291-0.36-AB-H 
p.c. board 



:::~::~ 
l)tu6 

J 5 
RF SH 6 6 1---t----i 

t Ulfl ,,._ 

- -
/ ._l Dl QI ~ Al l 1:>"4-----'--+-"-l-'-~+<0 
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001 
14 
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D01 
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n 

6 7 f5HAll'ioM 

95 Dlo 

6 I 2U 14 14 
94 0 i I 
4 I Di 2 

gl-4' U6 '-pc-'8...----+-+--t--.' 
MREQ 65 t---+--'-1 

DOJ 
DI¢ 

14 

2 , 

, , ~, Ellli:= 
8 I -c;,- 12 4 1 Di 3 
9-11 

7f1U14 ~ 
36 00¢ 
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ANDICOM conronATION 
·2 All CAPAC I TOR VALUES ARE 

iN µf. 

·4 t; Vee' 5.v 
A VBB' -5., 

RN 1 , RN2 JJ 1 I T L E : 641{ D Y N A M i C 

·J EACH 1c's SUPPLY 
CONNECTIONS ARE NOT SHOWN, 

·5 JP IS A JUMPER WIRE. 

·6 SEE TABLE FOR RESISTORS 
AND CAPAC I TORS VALUES. 
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FIGURE 4: SCHEMA TIC DIAGRAM OF DYNAMIC MEMORY BOARD 

DRAWi NG N~ AC05¢ ¢ 

DRAWN BY: l(,TAM 
CHECKED BY: W.LEUNG 
JULY 1981 



c2oGI) c2sG:D c3cc:D c3s(D c4oG:l) c4s(D cso(D cssG:!) 
Cl9(D C24G:l) C2'@ C34G:l) C39(D C44G:!) C49<Z!) C5.4(D 

Cl6CI) C21G]) C26GI} C31G]) C36(D C41GJ} C46@ CSl(D 

~ ~ ~ ~ ~ ~ ~ ~§-
Cl4G:D ClSQ 

RN2 33 

! RNl 33 
i:.. 
::, 

MO ~O 

(J tJ 
r- N 
.-<.-< u a, 
H r-

"'"' .-<O 
Ua> 

0 
0 

.., Ul 
UH 
H.., 

r-

cs(D 

0 
0 

M Ul 
UH ,_,.., 

r-

N ... 
N Ul 
UH ,_,.,. 

r-

U"l 
r-

.-< Ul 
UH ,_,.,. 

r-

.-< ... 
N 

"' Ul UH ,_,..,. 
r-

cs(D 

r­
U"l 

a, .-< 
UUl ,_,.., 

r-

c1(D 

r­
U"l 

r- .... 
UUl ,_,.,. 

r-

0 
0 

"' Ul UH ,_,.,. 
r-

.-< .. 
..,N 
.-< Ul 
UH ,_,.,. 

r-

cnCD 

... ,,,.., 
.-< Ul 
UH ,_,.,. 

r-

... 
N.-< 
.-< Ul 
UH ,_,.., 

r-

ClOG:!) 

... 
.-<.-< 
.-<Ill 
UM ,_,.,. 

r- '"'*'"'~ 
Q II:"' 

U"l 

.-< 

Hr-

CS9 CD C6GJ) c12(D q;;: C9G]) 
fRN3 3,3ij 

0 
N 

G]· u, Ul 
UM 

~ ,_,.,. 
IQ 

r-

U"l ,,, .. ,. 
o.-< U"l :s: 
.-<Ill '"'i::i UM UM ,_,.,. 

H E-r- e-
Ill 

~~ 

z ,e. 
,e. 

0 ,e. 
1-1 -
I- u L 
< 1-1 0 
c::: L < 
0 < 
c.. z 0 
c::: >- c::: 
0 0 < 
u 0 
~ CI) 

~ 

L I.D >-
0 .. c::: 
u w 0 , ..... __J L 
0 I- w 
z 1-1 :::E 
< I-

... 
:i 
0 
> 
< ... 
0 
c,: 
< 
0 = 
> c,: 
0 
1 ... 
1 
I.I 

~ 
< z 
> 
0 
.;; ... 
c,: 
:i 
I,;) 
ti: 



NEC Microcomputers, Inc. 
NEC 

µ.PD416 
µPD416-1 
µ. PD416-2 
µ. PD416-3 
µ. PD416-5 

16384 x 1 BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 

D ESC RI PT 10 N The NEC µPD416 is a 16384 words by 1 bit Dynamic MOS RAM. It is designed for 
memory applications where very low cost and large bit storage are important design 

objectives. 

The µPD416 is fabricated using a double-poly-layer N channel silicon gate process 

which affords high storage cell density and high performance. The use of dynamic 

circuitry throughout, including the sense amplifiers, assures minimal power dissipation. 

Multiplexed address input, permit the µPD416 to be packaged in the standard 16 pin 

dual-in-line package. The 16 pin package provides the highest system bit densities and 

is available in either ceramic or plastic. Noncritical clock timing requirements allow 

use of the multiplexing techniaue while maintaining high performance. 

FEATURES • 16384Wordsx 1 Bit Organization 

• High Memory Density - 16 Pin Ceramic and Plastic Packages 
• Multiplexed Address Inputs 

• Standard Power Supplies +12V, -5V, +5V 

• Low Power Dissipation; 462 mW Active (MAX), 40 mW Standby (MAX) 

• Output Data Controlled by CA's and Unlatched at End of Cycle 

• Read-Modify Write, RAS-only Refresh, and Page Mode Capability 

• Ail Inputs TTL Compatible, and Low Capacitance 

• 128 Refresh Cycles 

• 5 Performance Ranges: 

ACCESS TIME R!W CYCLE RMW CYCLE 

µPO416 300 ns i 510m 575 ns 
I 

µPO416-1 250 ns i 410 ns 465 ns - - ; 
µPD416-2 200 ns i 375 ns 375 ns 

µPD416-3 150 ns 375 ns 375 ns 

µPD416-5 120 ns 320 ns 320 ns 

PIN CONF IG URATIOf~ 
Vgg Vss 

~ 

D1N CAS 
AQA6 Address Inputs 

CAS Column Address Strobe 

WFl!T E 0 ouT 

RAS t\fi 

~-~_IN 
Data In 

~_Do_u:r_ oat:i-o-;:;i---- -----
-- --- -----

RAS Row Address Strobe 

Ao A3 WRITE Read/Write 
~- -•-L•-•L 

A? A4 ~BB ___ Powe, (-SV) 
-----~---

Vee Power l+SVJ 

A1 A5 voo Power 1+12VI 
~ 

voo Vee vss Ground 
-

Rev/2 



JLPD416 

CIELL MA.'T'R11( 

BLOCK 
DIAGRAM 

--r~,·~~~-;;;:;;~,:C~•;:;--H 31-----~~---r---,......,. t· r- SfNSE""'"' 
1,.0 sw,rcH 

CtLLMA1Au: ,~.g.,i, 

:CJ'JMMl'CELL 

,,. 
COi UMhl • ECOOEfl 

., 

Operating Temperature ................................ 0°C to +70°C 
Storage Temperature ............................... -55°C to +150°C 
All Output Voltages G) . ............................. -0.5 to +20 Volts 
All Input Voltages CD ............................... -0.5 to +20 Volts 
Supply Voltages Voo, Vee, Vss G). . . . . . . . . . . . . . . . . . . . . -0.5 to +20 Volts 
Supply Voltages Voo, Vee (2) ........................ -1.0 to +15 Volts 
Short Circuit Output Current ................................. 50 mA 
Power Dissipation ......................................... 1 Watt 

Notes: (D Relative to VBB 
<%> Relative to Vss 

COMMENT: Stress above those listed under "Absolute Maximum A.itings" may caus11 permanent 
damage to the deVica. This ts a nress rating orily and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied Exposure to absolute maximum rating conditions for extended periods may affect device 
n,liability. 

•Ta= 2s0 c 

Ta= 0°c to 10°c, Voo = +12v ± 10%, Vas= -sv ± 10%, Vee= +sv ± 10%, 
Vss,,, OV 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

MIN TYP MAX CONDITIONS 

Input Capacitance 
C11 4 5 pF 

(Ao-As). DIN 
Input Capacitance 

CJ2 8 10 pF 
RAS, CAS, WRITE 

Output Capacitance Co 5 7 pF 
IDouT) 

·•• 
l--0 

ABSOLUTE MAXIMUM 
RATINGS* 

CAPACITANCE 



µ.PD416 

• .. n.a11 -41., 
'AIIAMETEII l~L MIN MAX MIN MAX 

Random rNd or wri1• 
•11c 610 410 

cycl•OfM 

RMd .. wrU:1 cycle ,:tma •11wc 575 465 
,__.., ... ,;.,. 1PC 330 275 

AcceNt;,rwtrom 
IRAC 30II 250 

iiAS 
Ac:cns tifflll from 

ICAC 200 155 ra 
Outpu1 buff1i1 

IOFF 0 80 0 80 
turn-off dtl•y 

Tr•n1~1i-on tiffll 
IT 3 50 3 50 

iriM •nd t• IU 

lr.i;I ptec:harga tiffll IRP 200 150 

Wpu1w .. id1h lRAS 300 10,000 250 10,000 

,irn.holdl;me 1RSH 200 HIS 

CAl'ou1•wid1h ICAS 200 10.000 165 10.000 

nT1c, ?JJ:'d•iay 
liffll 

1RCO 40 100 35 85 

m,oJIA! 
'CRP -20 -20 

,prtchara• time 

Row •ddrnl 
1ASR 0 0 

N'l:·IUP'hirnt 

Rowadd•tu 
IRAH 40 JS 

ho~d t~mti 

Column- addr"" 
'ASC -10 -10 

11'1-up ti..,._ 

Cal-1.11mn add,111 
1CAH 90 75 

tto•dttml 

Column lddr•a hotd 

ttm1 r•terencerd 10 1AR 190 180 
RAS 

Fl•d cornmaind 
1RCS 0 0 

Sll·'lil:lttl'PNI 

RNdc:omtnai~ 
hold liAM 

1RCH 0 0 

Wfi1eeomrnan,e1 

hold btTN •wcH 90 75 

Writ• c:ommat1d 
ho~d tillMI twcR 190 180 
r•f•ranced tc:i 'itil 
Writ• ,;omrnand 

IWP 90 1& .put• width 

Wri1:• command ta 
'FIWL 120 BS Rii••d1:tme 

Writ• comm1n1:1 to 
m1-,i ... 1CWL 120 85 

Dl'l:e•ifl Mll:•IIIIIP Uffll •os 0 0 

0.1a-in hold mne IOH 90 75 

Dlt1--in hold 11:fmt 
IDHR 190 160 ,.,..-.nwd 10W 

CA.S pr,achafge tirna 
lfo, p0gomodo ICP 120 100 
CYCie 01\IYI 

Refresh oe.-ioc:I 'REF 2 2 

WR~T.E command 
•t-up time •wcs -20 -20 

CAStoWRITE 
140 125 

dl-l•w •cwo 
RAS 10WFIITE 
d•l,v •11wo 240 200 

NotN.; (D AC -l'l'IIR1ur9m111"111 a1wm• 11:y ... 5 ns. 

LIMITI 
--~1•2 .... YIN 

MIN MAX MIN MAX 

375 320 

375 375 

225 110 

200 l!iO 

135 100 

0 50 0 40 

3 50 3 35 

120 100 

200 32,000 t!iO 32.000 

135 100 

135 10,000 100 1D.000 

25 55 20 !iO 

-20 -20 

0 0 

2& 20 

-10 -10 

55 45 

120 95 

0 0 

0 0 

55 45 

120 95 

55 45 

10 50 

70 50 

0 0 

ss 45 

120 9S 

80 60 

2 2 

. 20 -20 

95 10 

160 120 

.. ,o ....... 

•N MAX 

320 

320 

,so 

120 

80 

0 35 

3 35 

100 

120 10.000 

80 

80 10.000 

15 40 

0 

0 

I& 

-10 

40 

80 

0 

D 

40 

80 

40 

50 

50 

0 

40 

80 

60 

2 

0 

80 

120 

AC 
CHARACTERISTICS 

TUT 
UNIT CCINDITIONI 

... (I) 

"' @ 

•• 
... © @ 

•• @ (i) 

.. Q) 

"' @ 

•• 
•• 
"' 
"' 
•• @ 

•• 
•• 

•• .. 
•• 

•• 

•• 

•• 
•• 

•• 

... 
•• .. .. ® 
•• ® 

•• 

•• 
ms 

M @ 

.. @) 

•• @ 

® V1HC rminl or V1H fminJ and VIL tl'All:id are refe,ence leYl!ls fo( mea-su,tng urning ot ,nput signal!,. Also. tfant:itiion iimes •r• trNSwed blttween V1HC o, V1H and V1L 

® n,., spec::ific:ationt. lor tRc ~mtnl and :Awe fmin) are used orrlw 1:0 indicate eve.le time, at wtJiich pn)per opet.n:iorio O\ller the fuH 1empe,et1,1rl!' range CO"C "- T 1 ..: 70"C) 
isanurld, 

@ A:l.su~s rhat tACO < IRCO [mJi.111). U IRCO ·11 ,gtNtu than 1he, n'la;ii;imum ,ec::ommended 111alue shown i11 u,:ts tabl•. •RAC w.H ,nc,-Nte l:Jy the amoun1 1hat IRCD 
Hceeds th,e v,111,1" shown. 

@ Assumes Thal IRCD ~ tRCO 4rne:d. 
@ Measu,,trd wi.1t,, a load eQui111i~ent 10 2 iTL loaol and H)O pF. 

G) tQFF fma111J de-linet 1he hme at M'licti 1he ou1p1,1t ac:-hieYn the open t"frc-1.1h coPldilion and ts 1'01 refare"r,c~ to OUIP\ft vol~ ~1,. 

@ Oparetion 11111i1titn 1h1 •Rco ~m11.11:) ltm·•• ensor-es tha, 'tf:IAC fma.x.J can be mtt. 'RCD fm,111) is 11149eilied n a reference-point only. if •Aco is grHHr than the 11,pKif1ed 
tACD hruncJ limit, then 1«e11 'Eimt ii contr0Uedex,i::lurni1e•v bv "'CAC 

(!) Thete P1rarn11ers .,. rtlerenced to CAS IHding •die ,., Hfly wr,1e <:",c:les. and to wiifii' ,eldi~ ntge in delayed ~rite or read•modtfy-writ• cvclR. 

@ •WCS, •cwo ei,,,d tRWO are not rn.tric![iW opa,rating parerne1-1rs. Th1y art ir'lcluded in the dat• 1hH1 ,n eJecitricat eharec:,:eri'llic!i only~ jf twCS;:. IWCS lminl, the cycle 
11 an e• r•v wri,:e cyd111 and eh• data o-u-t pin w~PI tematn open drcuit Chigh tmP9d,llnce• ;:a, 'l:ffWD rmin). the cych: io1 • read•wr•te icyc:le end the da1• out w1U contain da11 
,ead from 1M altcttd call; if ,,eim.- of 1h11 abo11111 SHII of condilions 11 satisfied the conOition of the data out fa1 accill rtrn,~ tS indeterminate. 



DC CHARACTERISTICS 

µPD416 
Ta= o"c to +10°c(D, v 00 = +12v 1 10%, Vee= +sv • 10%, Vee: -sv , 10%, Vss = ov 

LIMITS TEST 

PARAMETER SYMBOL MIN TVP MAX UNIT CONDITIONS 

Supply Voltage voo 10.8 12.0 13.2 V @ 
Supply Vo It age Vee 4.5 5.0 5.5 V @@ 
Supply Voltage Vss 0 0 0 V @ 
Supply Voltage Vee - 4.5 -5.0 -5.5 V @ 
Input High (Logic 1) 
Voltage, AAS, CAS, VIHC 2.7 7.0 V (?) 
WAITE 

Input High I Logic 1) 
Voltage, all inputs 

V1H 2.4 7.0 V (?) 
except RAS, CAS 
WRITE 

Input Low I Logic O) 
Vil - 1.0 0.8 V @ 

Voltage, all inpua 

Operating Vo• Current iDOl 35 mA 
i"fAs, ~ cvcl, ng ; 

IRC = tRC Min.@ 

Standby Voo Current 1002 1.5 mA RAS" "IHC, DouT 
= H,gh Impedance 

Refre•h All Speeds 
25 mA RAS cychng,CAS = 

Voo except µP0416-5 IDDJ 
VJHC: IRC = 375 m@ 

Current µP0416-5 1003 27 mA 

Page Mode Voo 
RAS= VIL, CAS 

1D04 27 mA cycling. tpc = Cu(ren, 
225 ns © 

Operating Vee 
lcc1 µA 

RAS, CAS cycling. 
Current tRC = 375 ns@ 

RAS= V1HC, 
Standby V CC Current lcc2 -10 10 ,,_A Dour= H,gh 

lmptdance ~, ____ ..,__,-·--~ 
RAS cycling, 

RefrHh Vee Current 1ec3 -10 10 µA CAS - V1HC-

tRe • 375 ns 

Page Mode v cc 
RAS VIL, eAS 

icc4 ,,_A cvcl,ng. 'PC Cutrent 
225 ns@ 

Operating Vee 
IBB1 200 µA 

RAS,CAS cycling. 
Current 1RC 375 ns 

RAS - VIHC, Standby Vee 
1ee2 100 ,,_A Dour H,gh 

Current 
lmpeoance 

Refresh Vss 
RAS cycling, 

1eB3 200 ,,_A CAS • V1w: Current 
IRC = 375 r,s 

Page Mode v8 e RAS= VIL• CAS 
les4 200 ,,_A cycl,ng; 

Current 
tpc = 225 ns 

Vea= -5V, ov.; 
Input leai<age 

1tlll -10 10 µA VtN<.+7V, 
lanv input] all other pins not 

under IHI • ov 

Output Leakage IO(L) -10 10 µA DouT is disabled, 

ov '- VouT ,;; +5,5V 

Output High Voltage 
VoH 2.4 V iouT:-5mA@ (Logic 1) 

Output Low Voltage 
Vol 0.4 V IQUT: 4.2mA I l.ogic 0) 

NotH:(D Ta is specified here for operation at frequenCles to tRc ;ii tRC {min), Operation al hi.ghtr cvc:•e 111111 w•m flduc&'d 
ambient temp,eratufes and hi':I' PD'll\ler dissipation ts permissible. however. prov,ded AC DPlf'ating pa,,mec•n are met. 
See Figure 1 for derating curve. 

@ AH voh,aiges ,afetene:ed to Vss-
@ Output voltage THIii ,wing from. V55 to Vee whtn act,vamd with no currtn1 loading. For purpiosn of matntatning 

data in staf'ldbv mode, Vc;c mav be reduced to Vss without affectfng refresh opwadorn. or data retent•on. Ho!Nft"er, 
the VoH fmin) sPecHicauon is nor guarantei!d in thi, mode. 

© IDD1, IOOJ, and 1004 depend on cycle••••· See Figures 2, 3 and 4 fr, IDD limiu at other cycle ,ates. 
@ lcc1 and ICC4 depend upcr, output loading. During readout of high ltvel da1a Vee is connoctad through a low 

1mPedanee r135U typ) 1.0 data out. At all otfter Hmes •cc can1ists of leakaga currann on•v. 
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0 

CYCLE RATE (MHz)= 103 /tAC Ins) 

FIGURE 1 

Maximum ambient temperature versus cycle 
rate for extended frequency operation. Ta 
(max) for operation at cycling rates greater 
than 2.66 MHz hcvc < 375 nsl is deter• 
mini,d by Ta (maxi [°CJ = 70 - 9.0 x 
lcyc!e rate [MHz] -2.66). For µPO416-5, 
it is T 11 (max I I° Cl = 70 - 9.0 (cycle rate 
[MHz] -3.125). 

CYCLE TIME tRc (ns) 

320 
1000 500 400 300 250 

I I I I I 375 I ' 
11 

µPD416-

SPEC LIMIT 
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CYCLE RATE 1MHz) = 103/tRc {nsl 

FIGURE 3 

Maximum 1003 versus cycle rate for device 
Of)llration at extended frequencies. 
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µ-PD416' 
CYCLE TIME tRC (ns) 
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µPD416-
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FIGURE 2 

Maximum 1001 versus cycle rate for device 
operation at extended frequencies. 
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µ. PD416 
READ CYCLE TIMING WAVEFORMS 

i....------------ 1AC------------

ADDRESSES 

WAITE 

-------1RAC lOFF 

-------------OPEN--------1.1 

WRITE CYCLE 

>-----------lRC--------------, 
VIH-C 

RAS 

V~HC-

CAS 

ADDR-IESSES 

----------------OPEr\1------------------

READ-WRITE/READ-MODI FY-WRITE CYCLE 

.--------------- R~\IC ---------------< 

\jlHC 

RAS 
v,L 

ADORESSES 



TIMING WAVEFORMS 
(CONT.) 

µ. PD416 

.. RAS-ONL V-- REFRESH CYCLE 

AOORESSES 

--------------OPEN----------------

Note CAS VIHC WRITE - Don·, C.,e 

FiAS v,Hc 
v,. 

VIHC 
CAS v,. 

v,, 
ADDRESSES VIL 

0ouT 
vo, 
vo, 

WRITE 
VIHC 

v,. 

SAS 
VIHC 

v,. 

CAS 
VIHC 

v,. 

v,, 
ADDRESSES v,. 

WRITE 
VIHC-

v,. 

,,, 
o,_ v,. 

PAGE MOOE READ CYCLE 

PAGE MODE WRITE CYCLE 



µPD416 

The 14 addreis bits required to decode 1 of 16,384 bit locations are multiplexed onto 
the 7 address pins and then latched on the chip with the use of the Row Address 
Strobe (RAS), and the Column Address Strobe (CASI. The 7 bit row address is first 
applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit 
column address is applied and CAS is brought low. Since the column address is not 
needed internally until a time of tcRD MAX after the row address, this multiplexing 
operation imposes no penalty on access time as long as CAS is applied no later than 
tcRD MAX. If this time is exceeded, access time will be defined from CAS instead of 

RAS. 

For a write operation, the input data is latched on the chip by the negative going 
edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS, this 
is an "early WRITE" cycle and data out will remain in the high impedance state 

throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the 
data output will contain the data in the selected cell after the access time. Data out 
will assume the high impedance state anytime that CAS goes high. 

ADDRESSING 

DATA 1/0 

The page mode feature allows the µPD416 to be read or written at multiple column PAGE MODE 
addresses for the same row address. This is accomplished by maintaining a low on RAS 
and strobing the new column addresses with CAS. This eliminates the setup and hold 
times for the row address resulting in faster operation. 

Refresh of the memory matrix is accomplished by performing a memory cycle at each REFRESH 
of the 128 row addresses every 2 milliseconds or less. Because data out is not latched, 
"RAS only" cycles can be used for simple refreshing operation. 

Either RAS and/or CAS can be decoded for chip select function. Unselected chip CH IP SELECTION 
outputs will remain in the high impedance state. 

In order to assure longlerm reliability, v88 should be applied first during power 
up and removed last during power down. 

POWER SEQUENCING 



PACKAGE OUTLINE 
µPD416C 

µPD416D 

J-LPD416 

i_ 

"j~f,4----, --e~~ 

(Plastic) 

ITEM MILLIMETERS INCHES 

A 19.4 MAX. 0.75 MAX. 

B 0.81 0.03 

C 2.54 o.1it 
-

D 0.5 0.02 

E 17.78 0.70 

F 1.3 0.051 

G 2.54 MIN. 0.lOMIN. 

H 0.5MIN. 0.02 MIN. 
t-------I----------

E 4.05 MAX. 0.16MAX. 

J 4.55 MAX. 0.18MAX. 

K 7.62 0.30 

L 6.4 0.25 

+O. 10 
M 0.25 0.01 

-0.05 

(Ceramic) 

ITEM MILLIMETERS INCHES 
A 20.5MAX. 0.81 MAX. 

B 1.36 0.05 

C 2.54 O.lO 

D 0.5 0.02 

E 17,78 0.70 
F 1,3 0.051 

G :UMIN. 0.14MIN. 
H 0.liMIN. 0.02 MIN. 
I 4.IIMAX. 0.18MA)(. 

J li.1 MAX. 0.20MAX. 

K 7.11 0.30 

L 7.3 0.211 

M 0.27 0.01 

416OS-12-80-CAT 



1....0. INPUT-OUTPUT-BOARD 

GENERAL INFORMATION 

The Nabu input/output board AIO-1100 provides two serial 
input/output ports, one parallel output port, and six programm­
able 16 bit timers. The board is S-100 bus compatible and all 
data lines are buffered with line drivers to increase current 
drive capability. 

The serial ports are implemented by two 8251 programmable 
communication interfaces (PCI's), and each has separate software 
programmable baud rate selection. Line drivers and receivers are 
provided for EIA RS-232C standard signals. The parallel output 
port is a simple 8-bit, D-type latch1 which can be easily 
programmed to interface with any parallel printer. 

The six programmable counters are implemented by two 8253 
programmable interval timers (PIT's). Two of the six counters 
are configured as baud rate generators for the two serial ports, 
while the remaining four counters may be used as desired by the 
user (eg. rate generators, real time clocks, etc.). 

In the Nabu 1100 System, input and output functions are done 
by polling through software interrogation loops. However, the 
I/O board is also capable of operating in an interrupt driven 
system. The board provides a selectable interrupt vector which 
allows the programmer to locate the interrupt service routine 
anywhere in memory. 



SPECIFIC FEATURES 

serial Ports 

Full duplex RS-232C serial data communication with two 
external devices is permitted via the two programmable 
communication interfaces. The PCI features parity, overrun ana 
framing error detection. As well, there is a choice of 1, 1 1/2, 
or 2 sto~its__!!.__ith false start bit detection, and modem cont~ol 
signals DSR, DTR, CTS, and RTS. The baud rates of the serial 
ports are software selectable and are available in a range from 
110 to 9600. 

In the Nabu 1100 system, connector J2 is assigned as the 
main console device. The associated PCI (U6) is programmed for 
the asynchronous transmit/receive mode, with one stop-bit, no 
parity, eight data bits, a 16x transmitter clock, and a baud rate 
of 9600. 

Connector Jl is assigned as the list device in the system, 
which is normally a NEC Spinwriter. The associated PCI (U3) is 
programmed the same way as U6; the only exception being the baud 
rate is 1200. By connecting the reverse channel signal from the 
NEC printer to CTS of U3, no communication protocol is needed. 
However, if an 8251A is usecl in U3, a problem of repeating 
characters will occur whenev~r the reverse channel becomes 
active. This problem can be overcome by making use of DSR on U3 
and performing a slight modification in the operating system 
(which will not be discussed here). 

The port addresses are assigned as follows: 

Device Connector Port Mdress 
---------------------------------------- -------------------------
Console J2 U6 status register 82H 

--------------------------
Data register 83H 

------------------·--------------------- -------------------------
List Jl U3 Status register 80H 

----------~--------------
Data register 811-1 

-----------------------------------------~-------------------------

The two 26-pin header strips (Jl and J2) are connected 
through two ribboP cahleR t0 the RS-2~JC connectors Jocatea on 
the back of the system. The connPctor asRnciated with Jl is 
located above that associated with J2. 



The pins are assigned as follows: 

Jl or J2 Pin Number Pin Name Data Direction 
-------------------------- ----------------- -----------------

2 
3 
4 
5 
6 
7 

20 

RXD 
TXD 
ffi 
RT"§ 

DTR 
GND 
DSR 

Input 
Output 
Input 
Output 
Output 

Input 

The pin numbers of the rear panel DB connector are the same 
as those for Jl or J2. 

Jumpers JP-1 through JP-4 (on pins 6, 5, 4, and 20 
respectively on connector J2) are normally not installed, since 
none of these modem control signals are used by the main console. 
However, in order for data transmission, the resistor Rl must be 
present to make ffi active. 

Jumpers JP-5 through JP-8 (on pins 6, 5, 4 and 20 
respectively on connector Jl) are factory installed for 
interfacing to the NEC Spinwriter. 

Parallel Ports 

One parallel output port is available from J3 to the user, 
and is normally used to interface to a parallel printer, if 
needed. It is assigned the address 8DH in the Nabu 1100 System. 
The interface cable to a Centronics parallel printer would be 
wired as follows: 

signals 

DO 
Dl 
D2 
D3 
D4 
05 
06 
DATA STROBE 
BUSY 
GND 

JJ·•-pin · Number centronics--Printer~Ptn-- t 

1 ----------------------> 2 
2 ----------------------> 3 
3 ----------------------> 4 
4 ----------------------> 5 
5 ----------------------> 6 
6 ----------------------> 7 
7 ----------------------> 8 
8 ----------------------> 1 
9 <--------------------- 11 

22 <---------------------)16 



A parallel input port is available as an option. It uses 
connector J4 and is assigned the same address as the parallel 
output port. 

Programmable Timers 

Six programmable 16-bit counters are available from the two 
PIT's (Ul8 and U20). Two 16-bit counters from Ul8 are used as 
baud rate generators for the two serial ports. They are software 
programmable, and the baud rate can be selected to suit each 
user's requirements. 

The four remaining counters are not used in the Nabu 1100 
System. They are available to the user (through wirewrapping) for 
implementing a real time clock, which will be discussed in the 
next section. 

The address assignments for the timer are as follows: 

counter Address Function 
-----------------------------------------------------------------

U20 

0 
1 
2 
Control register 

84H ] 85H 
86H 
87H 

Available to 
the user 

-----------------------------------------------------------------

Ul8 

0 
1 
2 
Control register 

88H 
89H 
BAH 
8BH 

Clock for List PCI 
Clock for console PCI 

-----------------------------------------------------------------

For the timers used as baud rate generators, the following 
table relates the programmed count to the generated baud rate: 

Programmed count -----------------------------------------------
110 
300 
600 

1200 
2400 
4800 
9600 

1136H 
0417H 
0208H 
0104H 
0052H 
0026H 
0013H 

-----------------------------------------------
NOTE: The PIT must be programmed for mode 3 operation witn 

binary coded decimal (BCD) counter format for these values. 



Jumper connections 

Four jumpers located near the middle of the board are used 
for setting the board address. They are set to 80H for the 
Nabu 1100 System, by installing a jumper at A7. 

o o A4 
o o AS 
o o A6 
0--------------0 A7 

NOTE: With jumper means logic one. 

The eight jumpers located in the lower right hand corner of 
the board are used to establish an interrupt capability on the 
I/O board. The top seven jumper spaces are used to set the 
interrupt vector, while the bottom space enables the interrupt. 
Interrupts are not used in the input/output scheme for the 
Nabu 1100 system. However, the board is preset to enable 
interrupts with the interrupt vector set to l0H for future 
expansion to a multi-user system. Thus, the standard board is 
shipped with interrupt jumpers installed, as shown: 

0--------------0 A7 0--------------0 A6 0--------------0 AS 
o o A4 
0--------------0 A3 0--------------0 A2 0--------------0 Al 0--------------0 EI 

NOTES: 1) Interrupt vector setting: without jumper means logic 
one. 

2) AO is always logic zero. 
3) EI setting: with jumper means enable. 

The 24-pin wirewrap pad (located above the board base 
address setting jumpers), is used for interconnection of the 
timers. A connection for a real time clock implementation is 
shown below: 

GATES vcc GND 2 MHz OUTS CKS 

3 0 0 0 0 

1/. 2 0 0 0 0 

:: 1 0 0 0 0 

0 0 0 0 

~ 



The equivalent block diagram is: 

Counter Counter Counter Counter 

2 MHz ------{--~--J-----{--;_---,J _____ _r- -~-----J, ____ ;--;--] 
----- ------ L ----- L ____ _ 

Counters #0 and 1 can be programmed to be a frequency 
divider so that the output of Counter #1 is a 1 Hz clock (1 
second period). Counters #2 and 3 are used to accumulate the 
count. The counter contents can then be read by the CPU to 
determine the time. 

By connecting the timer's output to the Interrupt Request 
pin of the CPU, the timer can be programmed to interrupt the CPU 
at a preset time. Detailed instructions on the configuration of 
the 8253 PIT are provided in the manufacturer's data sheets. 



~ AI0-1100 INPUT/OUTPUT BOARD 
PARTS I.1fil'. 

Integrated circuits: 

Ul, U4 
U2, us 
U3 

U6 

U7, Ul2 

us, U9 

Ul0, Ull 
Ul3-Ul6, U29 
Ul7, U26 
Ul8, U20 
Ul9, U27-U28, 
U31-U33 
U21, U25 
U22 

U23 

U24 
U30 

U34 
U35 
U36, U37 

capacitors; 

Cl, C5-Cl0 
C2-C4, Cll-Cl4 

Resistors; 

Rl-R5 
R6, R7 
RNl, RN2 
RN3 

Quantity 

14 
7 
4 
4 

1488 
1489 
8251 

8251A 

74LS244 

74LS38 

7 4LS273 
74LS00 
74LS04 
8253 

74LS367 
74LS32 
74LS136 

74LS139 

74LS10 
74LS74 

7812 
7912 
7805 

RS232 hex driver 
RS232 hex receiver 
Intel programmable communication 
interface 
Intel programmable communication 
interface (improved version) 
Octal buffer/line-driver with 
3-state outputs 
Quadruple 2-input positive-NANO 
buffer with open-collector outputs 
Octal D-type flip-flop 
Quadruple 2-input NAND 
Hex inverter 
Intel programmable interval timer 

Hex bus driver 
Quadruple 2-input OR 
Quad exclusive-OR with open-collector 
outputs 
Dual 2-to-4-line decoder/demulti­
plexer 
Triple 3-input NAND 
Dual D-type positive-edge-triggered 
flip-flop with preset and clear 
12 V positive voltage regulator 
12 V negative voltage regulator 
5 V positive voltage regulator 

10 ~F 35 v tantalum electrolytic 
0 .1 ,uF 

3.3 kl\. 
1 k.J\. 
3.3 kJ\. 
1 k A 

Description 

14 pin IC socket 
16 pin IC socket 
20 pin IC socket 
28 pin IC socket 



ouantity 

1 
1 
3 
4 
6 
6 
1 

Description 

delta 1-630-0.50 dual TO-220 heatsink 
4 position dip switch 
26 pin right angle pin connector 
2 pin straight pin connector 
#6-32 x 3/8" machine screw 
#6-32 nuts 
p.c. board 
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8251A/S2657 
PROGRAMMABLE COMMUNICATION INTERFACE 

• Synchronous and Asynchronous 
Operation 

• Synchronous 5-8 Bit Characters; 
Internal or External Character Synchro­
nization; Automatic Sync Insertion 

• Asynchronous 5-8 Bit Characters; 
Clock Rate-1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
1 ½, or 2 Stop Bits; False Start BU 
Detection; Automatic Break Detect 
and Handling 

• Synchronous Baud Rate - DC to 64K 
Baud 

• Asynchronous Baud Rate - DC to 
19.2K Baud 

• Full Duplex, Double Buffered, Trans­
mitter and Receiver 

• Error Detection - Parity, Overrun and 
Framing 

• Fully Compatible with 8080/8085 CPU 

• 28-Pin DIP Package 

• All Inputs and Outputs are TTL 
Compatible 

• Single + 5V Supply 

• Single TTL Clock 
The mtel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
ReceiverfTransmitter (USART), designed for data communications with Intel's new high performance family of 
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM "bi·sync"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character tor the CPU. The CPU can read the complete status of the USART at any time. These Include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 

cs 

~R 

ITTA 

m 
ATS 

DATA 
eus 

8UFfER 

AEAOIWRITE 
CONTROL 

LOGIC 

MODEM 
CO~TROL 

v--v 

/ 
INTERSAL 
DAtA BUS 

TRANSMIT 
BUFFER 

IP ·SI 

TRANSMIT 
CONTROL 

RECEIVE 
BUF=FER 

IS ,Pl 

RECEIVE 
CONTROL 

Figure 1. Block Diagram 

hD 

l:icRDY 

T,E 
D,, OTa 

___ T•C o, ATS 

o,, DSR 

'Fl:f~E. f 

T.C CL+.:: 

h.EM-PTY 

A,D ffi 

.RJ1ROV r-imv 

RxAOV 

RKC 

--svNO-f::f 

Figure 2. Pin Configuration 

8-43 



intef 8251AIS2657 

FEATURES AND ENHANCEMENTS 
8251A is an advanced design of the industry stan­
dard USART, the Intel'' 8251 The 8251A oper 
ates with an extended range of Intel micropro­
cessors that includes the new 8085 CPU and main­
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci­
fications of the 8251A. 

The 8251A incorporates all the key features of 
the 8251 and has the following additional features 
and enhancements: 

• 8251A has double-buffered data paths with 
separate 1/0 registers for control. status, 
Data In, and Data Out, which considerably 
simplifies control programming and mini­
mizes CPU overhead. 

• In asynchronous operations, the Receiver 
detects and handles "break" automatically, 
relieving the CPU of this task. 

• A refined Rx initialization prevents the 
Receiver from starting when in "break" 
state, preventing unwanted interrupts from 
a disconnected USART. 

• At the conclusion of a transmission. TxD 
line will always return to the marking state 
uhless SBR K is programmed. 

11-44 

• Tx Enable logic enhancement prevents a 
Tx Disable command from halting trans­
mission until all data previously written has 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 

• When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex­
ternal Sync Detect status is provided via a 
flip-flop which clears it1elf upon a status read. 

• Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed. the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 

• As long as the 8251A is not selected, the 
RD and WR do not affect the internal opera­
tion of the device. 

• The 8251 A Status can be read at any time 
but the status update will be inhibited during 
status read. 

• The 8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 

• Synchronous Baud rate from DC to 64K. 

• Fully compatible with Intel's new industry 
standard, the MCS-85. 

,t,F~1573B 
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FUNCTIONAL DESCRIPTION 

General 

The 8251A is a Universal Synchronous/Asynchronous Re­
ceiver/Transmitter designed specifically for the 80/85 Micro­
computer Systems. Like other 1/0 devices in a Microcom­
puter System, its functional configuration is programmed 
by the system's software for maximum flexibility. The 
8251A can support virtually any serial data technique cur­
rently in use (including IBM "bi-sync"). 

In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence. the 
interface should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 

Data Bus Buffer 
This 3--state, bidirectional, 8-bit buffer is used to interface 
the 8251A to the system Data Bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
instructions of the CPU. Control words, Command words 
and Status information are also transferred through the 
Data Bus Buffer. The command status and data in, and 
data out are separate 8-bit registers to provide double 
buffering. 

This functional block accepts inputs from the system Con­
trol bus and generates control signals for overall device 
operation. It contains the Control Word Register and Com­
mand Word Register that store the various control formats 
for the device functional definition. 

RESET (Reset) 
A "high" on this input forces the 8251A into an "Idle" 
mode. The device will remain at "Idle'' until a new set of 
control words is written into the 8251A to program its 
functional definition. Minimum RESET pulse width is 
6 tcv (clock must be runningl. 

CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTLI output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter data 
bit rates. 

WR (Write) 
A "low" on this input informs the 8251A that the CPU is 
writing data or control words to the 8251A. 

RD (Read) 

A "low" on this input informs the 8251 A that the CPU is 
reading data or status information from the 8251A. 
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C/0 (Control/Data) 
This input, in conjunction with the WR and RD inputs, 
informs the 8251 A that the word on the Data Bus is either 
a data character, control word or status information. 
1 = CONTROL/STATUS O = DATA 

CS (Chip Select) 

A ''low" on this input selects the 8251A. No reading or 
writing will occur unless the device is selected. When CS is 
high, the Data Bus in the float state and Fft5 and WR will 
have no effect on the chip. 

t,s ___ ...., 

MODEM 
CONTROL 

/ 
INTERNAL 
DATA BUS 

TRANSMH 
BUFFER 

IP -Sl 

TRANSMIT 
CONTAOl 

RECl!:IVE 
BUFFER 

!S ·Pl 

RECEIVE 
CONTROL 

r.o 

T:iaROY 

Td,..PTV 

ra 

R•O 

R•:RDV 

R,C 

SVNDET/ 
BRIIOET 

Figure 3. 8251A Block Diagram Showing Data 
Bus Buffer and Read/Write Logic 
Functions 

C/D RD WR cs 
0 0 1 0 8251A DATA - DATA BUS 
0 1 0 0 DATA BUS -8251A DATA 

0 I 0 STATUS~ DATA BUS 
0 0 DATA BUS- CONTROL 

X 0 DATA BUS- 3•STATE 
X X X DATA eus- 3-STATE 

Modem Control 
The 8251 A has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. The 
Modem control signals are general purpose in nature and 
can be used for functions other than Modem control, if 
necessary. 

AFN~15138 
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DSR (Data Set Ready) 
The DSR input signal is a general purpose, 1-bit inverting 
input port. Its condition can be tested by the CPU using a 
Status Read operation. The ~ input is normally used to 
test Modem conditions such as Data Set Ready. 

DTR (Data Terminal Ready) 
The l5TA output signal is a general purpose, 1-bit inverting 
output port. It can be set "low" by programming the ap­
propriate bit in the Command Instruction word. The DTR 
output signal is normally used for Modem control such as 
Data Terminal Ready or Rate Select. 

RTS (Request to Send) 
The ITT output signal is a general purpose, 1-bit inverting 
output port. It can be set "low" by programming the ap­
propriate bit in the Command Instruction word. The Rn 
output signal is normally used for Modem control such as 
Request to Send. 

CTS (Clear to Send) 
A "low" on this input enables the 8251 A to transmit 
serial data if the Tx Enable bit in the Command byte is 
set to a "one." If either a Tx Enable off or CTS off condi­
tion occurs while the Tx is in operation, the Tx will 
transmit all the data in the USART, written prior to Tx 
Disable command before shutting down. On the 8251A/ 
52657 if CTS off or Tx Enable off condition occurs before 
the last character written appears in the serial bit stream, 
that character will be transmitted again upon CTS on or Tx 
Enable on condition. 

Transmitter Buffer 
The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, con1111rts it to a serial bit stream, inserts the 
appropriate characters or bits lbased on the communica­
tion technique) and outputs a composite serial stream of 
data on the TxD output pin on the falling edge of i'xc: 
The transmitter will begin transmission upon being enabled 
if CR' • o; The TxD line will be held in the marking 
state immediately upon a master Reset or when Tx Enable/ 
CTS off or TxEMPTY. 

Transmitter Control 
The transmitter Control manages all activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally al1G internally to accomplish this 
function. 

TxRDY (Transmitter Ready) 
This output signals the CPU that the transmitter is ready to 
accept a data character. The TxRDY output pin can be 
used as an interrupt to the system, since it is masked by 
Tx Disabled, or, for Polled operation, the CPU can check 
TxRDY using a Status Read operation. TxRDY is auto­
matically reset by the leading edge of WR when a data 
character is loaded from the CPU. · 

Note that when using the Polled operation, the TxROY 
status bit is not masked by Tx Enabled, but will only 
indicate the Empty/Full Status of the Tx Data Input 
Register. 
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TxE (Transmitter Empty) 
When the 8251A has no characters to transmit, the TxEMP­
TY output will go "high". It resets automatically upon re­
ceiving a character from the CPU if the transmitter is 
enabled. T>cEMPTY can be used to indicate the end of a 
transmission mode, so that the CPU "knows" when to "turn 
the line around" in the half-duple>ced operational mode. 

In SYNChronous mode, a "high" on this output indicates 
that a character has not been loaded and the SYNC charac­
ter or characters are about to be or are being transmitted 
automatically as "fillers". TxEMPTY does not go low 
when the SYNC characters are being shifted out. 

DAT11 
BUS 

BUFFER 

/ 
I .. TERNAL 
DATA BUS 

RECE~VE 
CO,_TAOL 

r.o 

A• :FIDY 

liic 

SVNOET/ 
BAKDET 

Figure 4. 8251A Block Diagram Showing Modem 
and Tran•mltter Buffer and Control 
Functions 

TxC (Transmitter Clock) 
Tha Transmitter Clock controls the rate at which the char­
acter is to be transmitted. In the Synchronous transmission 
mode, the Baud Rate l1xl is equal to the TxC frequency. 
In Asynchronous transmission mode the baud rate is e 
fraction of the actual Tice frequency. A portion of the 
mode instruction selects this factor; it can be 1, 1/16 or 
1/64 the TxC. 

For Example: 

If Baud Rate equals 110 Baud, 
Tic equals 110 Hz (1x} 
TxC equals 1.76 kHz (16xl 
Tic equals 7.04 kHz (64xl. 

The falling edge of T,cC shifts the serial data out of the 
8251A. 
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Receiver Buffer 

The Receiver accepts serial data, converts this serial input 
to parallel format. checks for bits or characters that are 
unique to the communication technique and sends an 
"assembled" character to the CPU. Serial dc1ta is input to 
RxD pin, and is clocked in on the rising edge of RxC. 

Receiver Control 
This functional block manages all receiver-related activities 
which consist of the following features: 

The RxD initialization circuit prevents the 8251 A from 
mistaking an unused input line tor an active low data 
line in the "break condition". Before starting to receive 
serial characters on the RxD line, a valid "1" must first 
be detected after a chip master Reset. Once this has been 
determined, a search for a valid low (Start bitl is en­
abled. This feature is only active in the asynchronous 
mode, and is only done once for each master Reset. 

The False Start bit detection circuit prevents false starts 
due to a transient noise spike by first detecting the fall­
ing edge and then strobing the riominal center of the 
Start bit (RxD = low). 

The Parity Toggle F/F and Parity Error F/F circuits are 
used for parity error detection and set the corresponding 
status bit. 

The Framing Error Flag F/F is set if the Stop bit is 
absent at the end of the data byte (asynchronous model. 
and also sets the corresponding status bit. 

RxRDY (Receiver Ready) 
This output indicates that the B251A contains a character 
that is ready to be input to the CPU. Rx ROY can be con­
nected to the interrupt structure of the CPU or, for Polled 
operation, the CPU can check the condition of RxRDY 
using a Status Read operation. 

Rx Enable off both masks and holds RxROY in the Reset 
Condition. For Asynchronous mode, to set RxRDY, the 
Receiver must be Enabled to sense a Start Bit and a com­
plete character must be assembled and transferred to the 
Data Output Register. For Synchronous mode, to set 
RxRDY, the Receiver must be enabled and a character 
must finish assembly and be transferred to the Data Output 
Register. 

Failure to read the received character from the Rx Data 
Output Register prior to the assembly of the next Rx Data 
character will set overrun condition error and the previous 
character will be written over and lost. If the Rx Data is 
being read by the CPU when the internal transfer is occur­
ring, overrun error will be set and the old character will be 
lost. 

RxC (Receiver Clock) 
The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the Baud Rate (1xf 
is equal to the actual frequency of Fixe. In Asynchronous 
Mode, the Baud Rate is a fraction of the actual R xC fre-
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quency, A portion of the mode instruction selects this 
factor; 1, 1 /16 or 1 /64 the Ric. 
For Example: 

Baud Rate equals 300 Baud, if 
RxC equals 300 Hi (lx) 
RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz {64x). 

Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz {lxf 
RxC equals 38.4 kHz (16x} 
RxC equals 153.6 kHz (64xl. 

Data is sampled into the 8251A on the rising edge of RxC. 

NOTE: In most communications systems, the B251A will 
be handling both the transmission and reception operations 
of a single link. Consequently, the Receive and Transmit 
Baud Rates will be the same. Both hl and ffxC' will rP.• 

quire identical frequencies for this operation and can be 
tied together and connected to a single frequency source 
(Baud Rate Generator} to simplify the interface. 

SYNDET (SYNC Delecl)IBRKDET (Break Detect) 
This pin is used in SYNChronous Mode for SYNDET and 
may be used as either input or output, programmable 
through the Control Word. It is reset to output mode low 
upon RESET. When used as an output (internal Sync mode), 
the SYNOET pin will go "high" to indicate that the 8251A 
has located the SYNC character in the Receive mode. If the 
B251A is programmed to use double Sync characters (bi• 
sync}, then SYNDET will go "high" in the middle of the 
iast bit of the second Sync character. SYNDET is auto· 
matically reset upon a Status Read operation. 
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Figure 5. 8251A Block Diagram Showing 
Receiver Buffer and Control Function• 
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When used as an input (external SYNC detect mode). a 
positive going signal wi 11 cause the 8251 A to start assem• 
bl i ng data characters on the rising edge of the next Axe 
Once in SYNC, the "high" input signal can be removed. 
When External SYNC Detect is programmed, the Internal 
SYNC Detect is disabled. 

BREAK DETECT (Async Mode Only) 
This output wi!I go high whenever the rece,~.,r rer.,;,ins low 
through two consecutive stop bit sequences (including the 
start bits, data bits, and parity bits). Break Detect may also 
be read as a Status bit. It is reset only upon a master chip 
Reset or Rx Data returning to a "one·• state. 

NOTE: On the 8251A/S2657, if the RxData returns to a 
"one" state during the last bit of the next character after 
the break, break detect will latch-up, and the device must 
be cleared by a Chip Reset. 

I. . ADDRUS BUS 

Ao 

\ CONTROL BUS 

1/0 R iTc5w RESET ,, 
!TTI.I 

' DAfA BUS 

/';,. 

• 
·,.7 

C/15' cf D7-Da liD WR RESET CLK 

B2S1A 

Figure 6. 8251A Interface to 8080 Standard 
Sy•tem Bus 

DETAILED OPERATION DESCRIPTION 

General 

I 

I 

The complete functional definition of the 8251A is pro­
grammed by the system's software. A set of control words 
must be sent out by the CPU to initialize the 8251A to 
support the ·desired communications format. These control 
words will program the: BAUD RATE, CHARACTER 
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or 
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR­
ITY, etc. In the Synchronous Mode, options are also pro• 
vided to select either internal or external character synchro­
nization. 

Once programmed. the 8251A is ready to perform its com­
munication functions. The TxRDY output is raised "high" 
to signal the CPU that the 8251A is ready to receive a data 
character from the CPU. This output (TxRDYI is reset 
automatically when the CPU writes a character into the 
8251A. On the other hand, the 8251A receives serial data 
from the MODEM or 1/0 device. Upon receiving an entire 
character, the Rx ADV output is raised "high" to signal the 
CPU that the 8251A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 
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The 8251A cannot begin transmission until the Tx Enable 
(Transmitter Enable) bit is set in the Command Instruction 
and it has received a Clear To Send (CTSI input. The TxO 
output will bP. held in the marking state upon Reset. 

Programming the 8251A 
Prior to starting data transmission or reception, the 8251 A 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func­
tional definition of the 8251A and must immediately fol· 
low a Reset operation (internal or external). 

The control words are split into two formats: 

1. Mode Instruction 
2. Command Instruction 

Mode Instruction 
This format defines the general operational characteristics 
of the 8251A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into 
the 8251A by the CPU, SYNC characters or Command In· 
structions may be inserted. 

Command Instruction 
Thi~ ,-,rmat defines a status word that is used to control the 
actual operation of the 8251A. 

Both the Mode and Command Instructions must conform 
to a specified sequence for proper device operation. The 
Mode Instruction must be inserted immediately following a 
Reset operation, prior to using the 8251A for data com­
munication. 

All control words written into the 8251A after the Mode In• 
struction will load the Command Instruction. Command 
Instructions can be written into the 8251A at any time in 
the data block during the operation of the 8251A. To re­
turn to the Mode Instruction format, the master Reset bit 
in the Command Instruction word can be set to initiate an 
internal Reset operation which automatically places the 
8251 A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or Sync 
characters. 

CID.,. 1 

CID= 1 

CID•' 

C/D • O 

clti •, 

C/0 • 0 

C/0. 1 

, 

MODE INSTRUCTION 

SYNC CHARACTER l 

SYNC CHARACTER Z 

COMMAND INSTRUCf,ON 

DATA 

COMfrlAND •NSTAUCTION 

DATA 

COMMAND INSTRUCTION 

} 
SVNC MODI 

ONLY• 

• Thli.-d.SVNC111:h.-• iillki,..t if MODE•~ 
Ila --1ho8ZS1Atu1i .... .., ... ,., ,....,..SYNC Iii- Bath SYNC ..... ..-... I .... illlllOOE I-•• 
llap- lllo8ZS1Atu ASYNC """'°• 

Figure 7. Typlcal Data Block 
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Mode lnatructlon Definition 
The 8251A can be used for either Asynchronous or Syn• 
chronous data communication. To understand how the 
Mode Instruction defines the functional operation of the 
8251 A, the designer can best view the device as two sepa• 
rate components sharing the same package, one Asynchro­
nous the other Synchronous. The format definition can be 
changed only after a master chip Reset. For explanation 
purposes the two formats will be isolated. 

NOTE: When parity is enabled it is not considered as one of 
the data bits for the purpose of programming the word 
length. The actual parity bit received on the Rx Data line 
cannot be read on the Data Bus. In the case of a pro­
grammed character length of less than 8 bits, the least 
significant Data Bus bits will hold the data; unused bits are 
"don't care" when writing data to the 8251A, and will be 
"zeros" when reading the data from the B251A. 

Asynchronoua Mode (Transmlaslon) 

Whenever a data character is sent by the CPU the 8251A 
automatically adds a Start bit (fow level) followed by the 
data bits {least significant bit first). and the programmed 
number of Stop bits to each character. Al so, an even or 
odd Parity bit is inserted prior to the Stop bit(s), as de­
fined by the Mode Instruction. The character is then trans­
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 

When no data characters have been loaded into the 8251A 
the TxD output remains "high" (marking) unless a Break 
(continuously low) has been programmed. 

Asynchronous Mode (Receive) 

The RxD line is normally high, A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom· 
inal center (16X or 64X mode only). If a low is detected 
again, it is a valid START bit, and the bit counter will 
start counting. The bit counter thus locates the center of 
the data bits, the parity bit (if it exists} and the stop bits. 
If parity error occurs, the parity error flag is set. Data and 
parity bits are sampled on the RxD pin with the rising edge 
of Riie. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals the end 
of a character. Note that the receiver requires only one stop 
bit, regardless of the number of stop bits programmed. This 
character is then loaded into the parallel 1/0 buffer of the 
8251 A. The RxRDY pin is raised to signal the CPU that a 
character is ready to be fetched. If a previous character has 
not been fetched by the CPU, the present character replaces 
it in the 1/0 buffer, and the OVERRUN Error flag is raised 
(thus the previous character is lost). All of the error flags 
can be reset by an Error Reset Instruction. The occurrence 
of any of these errors will not affect the operation of the 
8251A. 
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Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU sends 
its first character to the 8251A which usually is a SYNC 
character. Wheo the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC. Data is shifted out at the same 
rate 115 the T xC. 

Once transmission has started, the data stream at the T xD 
outpul must continue at the TxC rate. If the CPU does not 
prnv:de the 8251 A with a data character before the 8251 A 
Transmitter Buffers become empty, the SYNC characters 
(or character if in single SYNC character mode) will be 
automatically inserted in the TxD data stream. In this case, 
the TxEMPTY pin is raised high to signal that the 8251A is 
empty and SYNC characters are being sent out. TxEMPTY 
does not go low when the SYNC is being shifted out (see 
figure be>owl. The TxEMPTY pin is internally reset by a 
data character being written into the 8251 A. 

AUTOMATICALl Y lr-lS~RTED BY USART 

I \ 
r.o ! DATA I DATA I SYNC, I SYNC 2 j DATA I -----

I \\\\\\\\ Fl,LLS UPON CPU WAITING A 

l•E"'PTV ----· . __ _ ___ / CHARACTER TO THIE USART ~-·, 
NOMINAL CENTER OF LAST BlT 

Synchronous Mode (Receive) 
In this mode, character synchronization can be internally 
or externally achieved. If the SYNC mode has been pro· 
grammed, ENTER HUNT command should be included in 
the first command instruction word written. Data on the 
RxD pin is then sampled in on the rising edge of Axe. The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until a match occurs. If the 
B251A has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The 
SYNOET pin is then set high, and is reset automatically by 
a STATUS READ. If parity is programmed, SYNDET 
will not be set until the middle of the parity bit instead of 
the middle of the last data bit. 

In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNOET pin, thus forcing the 
8251A out of the HUNT mode. The high level can be 
removed after one RxC cycle. An ENTER HUNT command 
has no effect in the asynchronom mode of operation. 

Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. Parity is checked 
when not in Hunt, regardless of whether the Receiver is 
enabled or not. 

The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. This will also set all the 
used character bits in the buffer to a "one", thus prevent· 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 
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the SYNDET F/F is reset at each Status Read, regardless ot 
whether internal or external SYNC has been programmed. 
This does not cause the 8251A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync Detec­
tion is still functional, but only occurs at the "known" 
word boundaries. Thus, if one Status Read indicates SYN• 
DET and a second Status Read also indicates SYNDET, 
then the programmed SYNDET characters have been re­
ceived since the previous Status Read. (If double character 
sync has been programmed, then both sync characters have 
been contiguously received to gate a SYNOET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 

D7 o. o, o, o, o, o, o. 
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Figure 10. Mode Instruction Format, 
Synchronou1 Mode 
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COMMAND INSTRUCTION DEFINITION 
Once the functional definition of the 8251A has been pro· 
grammed by the Mode Instruction and the Sync Characters 
are loaded {if in Sync Model then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func• 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 

Once the Mode Instruction has been written into the 8251A 
and Sync characters inserted, if necessary, then all further 

"control writes" {C/D = f) will load a Command Instruc­
tion. A A8$et Operatioo (internal or external! wilt return 
the 8251A to the Mode Instruction format. 
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~-----, 1 "- -tn.atd .. 

0 = dfsable 

SEND BREAK 

'---------l Ct-tARACTER 
1 ~ forcM T-o ··1ow·· 

Q :i. normal o r.1110!"1 

ERROR RESET 
~---------- 1 aar11111e:,rorfl~ 

PIE. OE. FE 

REQUEST TO SEND 
"tl•gh" will force ffi 
OlltJJ'll't ii;, l"fO 

lt'li,-EANAL A ESE T 
"'J-,igh,c fl!turi'\ 9251A to 

M-odl! ln~tmctmn form•[ 

ENH A HUNT MODE~ 
1 -= •1'18bh JNrch for Svnc 
Cha,aete-n 

~ (HAS 1\10 fHECT 
iN ASYNC MOOE) 

Note: Error Reset must be performed wnenaver Rx Enable 
and Enter Hunt.,, progremmed. 

Figura 12. Command Instruction Format 

STATUS READ DEFINITION 
tn data commuflication systems it is oftl!ll necessary to 
examine the "status" of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor's attention. The 8251A has facilities that allow 
the programmer to "read" the status of the device at any 
time during the functional operation. {The status JJpdate is 
inhibited during status reed). 

8--51 

A normal "read" command is issued by the CPU with C/0 = 1 
to accomplish this function. 

Some of the bits in the Status Read Format have identical 
meanings to external output pins so that the 8251 A can be 
used in a completely Polled environment or in an interrupt 
driven environment. TxRDY is an exception. 

Note that status update can have a maximum delay of 28 
clock periods from the actual event affecting the status. 

o, o. o, o, o, o, o, o. 

I OSR l SVNDET I FE l OE l PE l ... -1 R,ROY I T,ROY 

l l l ~ 
Notel 

SAME DEFINITIONS AS 110 PINS 

PAAITY EA~OA 
TM PE flag ii i.et when• parity 
lt'fOr II d-,.ec,ed H II ffil,t b.,. 
tM ER bn ot 1h11 Command 
lns1mc11on PE dOM not ,nhitMt 

~tl-UOn DI the 8251A 

OVERRUN ERROR 
TM OE flag i1 m wMt'I tllll CPU 
dQHn.titr..-d1i;:htirtet•rb.-for1 
lhil M•t -Oh* b4t.»m .. ,111-111,libl• 

'---- It 11 flMl by th• EA bit o,t 1tt. 
Comm.an:) :l11Httue'l11)t\_ 0~ dofl. 
not inhibit opua111,on of m.t 8251A 
holl'!MWfl. !he prn1oudy ovnfun 
ch• r-Ktllf ii lot.! 

fAAMING ER ROA (~ym; 011lyl 
TM FE 11.aii 11. let~ a 'l~ld 
Slop bl1 IS 110[ dfl:eelitd ,t the 

and of..,.,., Chetli(Uf h 11- r111Ht 
by tM -ER bit ot th"' Command 
l1111tud1on FE dQfl not 1r1tub11 

rhl Ot»rltmn Qf 1h1 8251 A. 

DATA SET READY !nd.ut,n 
Nt IN OSR 1-1"1 •.1Ho llffltl' 

Note 1, Tx RDY status bit has different meanings from the 
TxRDY output pin·. The former is not conditioned 
by rn and TxEN; !he latter is conditioned by both 
ffland TxEN. 
i.e. TxRDY ,tatus bit~ DB Buffer Empty 

T•RDY pin out • DB Buffer Empty , ICTSaOJ • 
IT•EN~1) 

Figura 13. Status Raad Format 
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APPLICATIONS OF THE 8261A 

8251A 

ADDRESS BUS 

CONTROL 8l.JS 

DATA BUS 

r----, 
r.o 1-----• coNvrnr ~ L 1 

RxD flA TO TTL .... , •--+I -~-ic'/. -.-.. ,':". -r, 
IDPT! J 

ir.c L - - - - J ,il!".}s,, 

fie -~--1 6:~~R~~~~ CRT 
TERMINAl 

Figure 14. Asynchronous Serlal Interface to CRT 
Termlnal, DC-9600 Baud 

A•0-----1 
1.01----... 

8251A 1'iil! 

r.c-----1 

SYNDETt-----t 

SYNCHRONOUS 
rEiAMINAl. 

O'R PERIPHERAL 
DEVICE 

Figure 15. Synchronou• Interface lo Termlnal or 
Peripheral Device 
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ASYNC 
MODEM 

a•uo 
RATE 

GENERATOR 

PtiON£ 
UNE 

INTER 
FACE 

TELEPHONE 
LINE 

Figure 18. Asynchronou• Interface lo Telephone 
Line• 

SYNC 
MODEM 

PHON£ 
LtNE 

INTO 
F ... Cl 

TELEPHONE 
LINE 

Figure 17. Synchronou• Interface to Telephone 
Unes 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias. 

Storage Temperatur2 . 

Voltage On Any Pin 
With Respect to Ground. 

Power D,ssipat1on ...... . 

O"C: lo 70°C 

.. -65°C to +15o"c 

-0.5V to • ·7V 

1 Watt 

•NOTICE: Stresses above those listed under ''Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera­
tion of the de~·ice at these or any other conditions above 
those indicated in the operational sections of this specifi­
cation is not implied Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

0.C. CHARACTERISTICS (T.e. = o·c to 10°c, Vee= s.ov :t5%, GND = 0VJ 

Symbol Parameter Min. Max. Unit Test Condttlona 

V1L Input Low Voltage -0.5 0.8 V 

V1H Input High Voltage 2.2 Vee V 

VoL Output Low Voltage 0.45 V loL = 2.2 mA 

VoH Output High Voltage 2.4 V loH ~ -400µA 

IQFL 0 utput FI oat Leakage :t10 µA V OUT = V cc TO 0.45V 

1IL Input Leakage :t10 µA v,N = Vee TO 0.45V 

Ice Power Supply Current 100 mA All Outputs= High 

CAPACITANCE (TA= 25"C, Vee = GND = 0V) 

Symbol Parameter Min. Max. Unit Test Conditions 

C1N Input Capacitance 10 pF tc"" 1MHz 

c,,o I /0 Capacitance 20 pF Unmeasured pins returned to GND 

A.C. CHARACTERISTICS (TA= o•c to ?0°C, Vee= s.ov :t5%, GND = 0V) 

Bus Parameters lNote l l 

READ CYCLE 

Symbol Parameter 

lAR Address Stable Before READ (CS, C/D) 

tRA Address Hold Time for READ (CS, C/DI 

tRR READ Pulse Width 

IRo Data Delay from READ 

toF READ to Data Floating 

8-53 

Min. Max. Unit Test Conditions 

50 ns Note 2 

50 ns Note 2 

250 ns 

250 ns 3, CL~ 150pF 

10 100 ns 

Aff-1-01573B 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter Min. Max. Unit T .. t Conditions 

tAW Address Stable Before WRITE 50 ns 

twA Address Hold Time for WRITE 50 ns 

tww WRITE Pulse Width 250 ns 

tow Data Set Up Time for WRITE 150 ns 

two Data Hold Time for WRITE 50 ns 

tRv Recovery Time Between WRITES B tcv Note4 

OTHER TIMINGS 

Symbol Parameter Min. Max. Unit Test Conditions 

tcv Clock Period 320 1350 ns Notes 5, B 

t(/l Clock High Pulse Width 140 tcv-90 ns 

ti Clock Low Pulse Width 90 ns 

tR, tF Clock Rise and Fall Time 20 ns 

toTx TxD Delay from Falling Edge of TxC 1 /JS 

fTx Transmitter Input Clock Frequency 

1x Baud Rate DC 64 kHz 
1 Bx Baud ,Rate DC 310 kHz 
64x Baud Rate DC 615 kHz 

tTPW Transmitter Input Clock Pulse Width 

1x Baud Rate 12 tcv 
16x and 64x Baud Rate 1 tcv 

trpo Transmitter Input Clock Pulse Delay 

1x Baud Rate 15 tcv 
16x and 64x Baud Rate 3 tcv 

fR,c Receiver Input Clock Frequency 

1x Baud Rate DC 64 kHz 
16x Baud Rate DC 310 kHz 
64x Baud Rate DC 615 kHz 

tRPW Receiver Input Clock Pulse Width 

lx Baud Rate 12 tcv 
16x and 64x Baud Rate 1 tcv 

tRPD Receiver Input Clock Pulse Delay 

1x Baud Rate 15 tcv 
16x and 64x Baud Rate 3 tcv 

tT,cROY TxROY Pin Delay from Center of last Bit 8 tcv Note 7 

ltxRDY CLEAR TxRDY J. from Leading Edge of wFi 6 tcv Note 7 

tRxRDY RxRDY Pin Delay from Center of last Bit I 24 tcv Note 7 

tR,.RDY CLEAR RxRDY J. from Leading Edge of RD 6 tcv Note 7 

tis Internal SYNOET Delay from Rising 
24 tcv Note 7 

Edge of Axe' 
tes External SYNDET Set-Up Time Before 

16 tcv Note 7 
Falling Edge of FixC 

tTxEMPTV TxEMPTY Delay from Center of Last Bit 20 tcv Note 7 

twc Control Delay from Rising Edge of 8 tcv Note 7 
WRITE (TxEn,OTR, RTSI 

tcR Control to READ Set-Up Time (DSR, CTS) 20 tcv Note 7 

8-54 AFN--015738 
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A.C. CHARACTERISTICS (Continued) 

NOTES: 

8251A/S2657 

AC timings measured VoH = 2.0, Vol = 0.8, and with load circuit of Figure 1 
2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 
3. Assumes that Addre!IS is valid before Ro!-
4. This recove,y time is for Mode Initialization only. Write Date is allowed only when TxADY = 1. Aecove,y Time between Writes for 

Asynchronous Mode Is e tcv and for Synchronous Mode is 16 tcv-
5. The TxC and AxC frequencies have the following limitations with respectto CLK: For 1 x Baud Rate, tn, or fRx.; 1/(30 Icy); For 16x and 

6'1x Baud Rate, frx or fRx "" 1/(4.5 tcvl-
6. Reset Pulse Width = 6 tcv minimum; System Clock must be running during Reset. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 

TYPICAL~ OUTPUT DELAY VS.~ CAPACITANCE (pf) 

•20~--~---------~ 

•10 --- +---J_ · 
i 

--t 
-10 

.20~--''--~~--'----~----' 
-100 •50 +100 

~ CAPACITANCE lpFI 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2.0 2.0 > TEST POINTS< 

o., 0.1 

AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A lOGIC 1 · ANO O 45V FOR 
A LOGIC O TIMING MEASUREMENTS ARE MADE AT 2 av FOR A LOGIC 1 
ANO O 6V FOR A LOGIC 0 · 

8261A 

C1. = 150;i,F 
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WAVEFORMS 

SYSTEM CLOCK INPUT 

CLOCKo 

TRANSMITIER CLOCK AND DATA 
1T,W IT!'D 

TiZ lh-li ~------ ,_ _____ __, _ 

T'Z (\l•MOOI • 

--1 ~•on '•••---j \= 
hOATA =:=]('-___________ __,){,-, ------------x== 

RECEIVER CLOCK AND DATA 
Uh: BAUD COUNT&R ST AR1S H£RE j 

f11111DA.TA 

Rieth MODEi 

R.C t11MODE! 

U'tlTl,IJIIIPl.lNG ~~--------~~------------~L---------

WRITE DATA CYCLE {CPU - USART) 

READ DATA CYCLE (CPU +- USART) 

111:.dllDY ----..J 

8-56 "FN-015739 
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WAVEFORMS (Continued) 

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU_... USART) 
•T~.ffi ---------------,,--------

!NOTE ~1~ --------•-----1---,wc--1' ~-----

t::_j' 
1--',ow--~•wo 

DATA IN ID.8.1 ----------{ ._ _____ _ 

I-· -- •Aw ,___j twA 

CID --------1!',-1 --+-- r,. 
·~-----

' ' ,_____J 
---------,:--, IA~ 1 - -lr'W_A ____ _ 

READ CONTROL OR INPUT PORT (CPU .__ USART) 

DSA,CTS ----~ •----------------

INOTE -"21 ----

_____ 1-_----•C_R_-_-J L ,AR ~Ir----
•• ~~~---____ Y, 

--r 1- <Ro 1- tDF 
DATAOUf 

jD_BJ 

C/0 

-1tAR 1 

_______ ___, 

~1•AR 
cs ---------..~---------

l'.IOTE •1 Twc INCLUDES THE ,-ESl'ONSE TIMLNG OF A CONtRQL !IYTE. 

NOTE ~2- 1cR INCLUDES T+IE E~FECT Of CTS ON THE Tx'ENBL C1RCUITRY. 

TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 

CTS 

T• EMPTY 

l• READY 
iSTATOS BIT; 

hFl~ ... DY 
(PIN. ----e, 

c,D 

DA.1'4.CHAA 1 

EXAM,t.t: FORMAT= 7 BIT CHA.AACTER WITH PA.RITY 6 2 STOP 81TS, 

8-57 
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WAVEFORMS (Continued) 

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 

nu,...,<t<,L"l,O:,it 

SI.I\IUStil, -----------------------

.. 

TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 

rn 

T• llltl.Cl'I'" ---+---• 
151 .. Wi •m 

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 

$Y;t,iOl"J 

1j01N1r.OTE 1 ------------

'•S 
"$1'111{.lfl •5,!111 -----------"""'' 

DVl••UJI 

EltMOIIII tSB• -------------!-------+-+---• 

,. 

L .-im l'ILf'liilT MOD£ 
HT ~.-Neon 

Wfl INUl'IIM•L SlfNC 1S~tii:CH,U:At::tEl'll5.'!il.lTS.11'1111H1-'ili~ITY 
MIU [io:,UIIII .. \. $Ylrt(_ 1$.8,11$, Wll'H l"ARl'fT 
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8253/8253-5 
PROGRAMMABLE INTERVAL TIMER 

• MCS-85™ Compatible 8253-5 • Count Binary or BCD 

• 3 Independent 18-Blt Counters 
• Slngle + 5V Supply 

• DC to 2 MHz 

• Programmable Counter Modes • 24-Pln Dual In-Line Package 

The Intel• 8253 Is a programmable counter/timer chip designed tor use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP. 

It is organized as 3 independent 16-blt counters, each with a count rate of up to 2 MHz. All modes of operation are soft­
ware programmable. 

fl -CL~O 

A____J DATA 

~ COUNTER 
Q70a,~ 8 HUS 

"" 
GATE 0 

BUFFER: 

I 
OUTO 

RD 
CLK l Vee 

WR-- READ/ COUNTER WA WRITE •1 - GATE.l 

Ao-- LOGIC lffi 
-• UTl "'1 ___ 

A1 

o, ~ 
cs - CLK2 

ClK2 
O_.,Tf2 

CONTROL 
COUNTER 

CLK 1 
WORD •2 GATE 2 GAH 1 AEGISTER 

OUT 2 OUT 1 

INTeRNAL BUS / 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
General 
The 8253 Is a programmable interval timer/counter 
speclflcally designed for use wilh the Intel'• Micro­
computer systems. Its function is that of a general 
purpose, multi-timing element that can be treated as an 
array of 1/0 ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, then upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 

Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 

· • Programmable Rate Generator 
• Event Counter 
• Binary Rate Multiplier 
• Real Time Clock 
• Digital One-Shot 
• Complex Motor Controller 

Data Bua Buffer 
This 3--state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. 

1. Programming the MODES of the 8253. 
2. Loading the count registers. 
3. Reading the count values. 

Read/Write Logic 
The Read/Write Log le accepts Inputs from the system bus 
and in turn generates control signals for overall device 
operation. II ia enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been aelected by the system logic. 

AD (Read) 
A "low" on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 
A "low" on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters. 

8-60 

AO, A1 

These inputs are normally connected to the addreaa bua. 
Their function la to select one of the three counters to be 
operated on and to addresa the control word reglater for 
mode aelection. 

es (Chip Select) 
A "low" on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 

11D 
wJi 

.... 
A1 

cs 

CONTROL 
WORO 

REGISTER 

INTERl'lA,L 8US 

COUNTER 
#0 

COUNTER 
#1 

COUNTER 
#Z 

CLK0 

G,l,TED 

OUTD 

CUI 

GATe1 

0UT1 

CLK2 

GA,TEZ 

OUT? 

Figure 3. Block Diagram Showing Data Bu• Buffer and 
Read/Write Logic Functions 

cs RD WR A1 Ao 

0 1 0 0 0 Load Counter No. 0 
0 1 0 0 1 Load Counter No. 1 

0 1 0 1 0 Load Counter No. 2 

0 1 0 1 1 Write Mode Word 
0 0 1 0 0 Read Counter No. 0 
0 0 1 0 1 Read Counter No. 1 

0 0 1 1 0 Read Counter No. 2 

0 0 1 1 1 No-Operation 3-State 
1 X X X X Disable 3-State 
0 1 1 X X No-Operation 3-State 

-~· 
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Control Word Regl•ter 
The Control Word Register is selected when AO, A 1 are 11. 
It then accepts information from the data bus buffer and 
stores ii in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The Control Word Register can only be written into; no 
read operation of its contents is available. 

Counter #0, Counter #1, Counter #2 
These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 

The counters are fully independent and each can have 
separate Mode configuration and counting operation. 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 

The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read "on the fly" without having to inhibit 
the clock input. 

8253 SYSTEM INTERFACE 
The 8253 is a component of the Intel"' Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral 1/0 ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A 1 connect to the AO, A 1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel~ 8205 for larger systems. 
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lffi--~Q 

i'ill----a 

OATA 
BUS 

BUFFER 

READ/ 
WRITE 
LOGIC 

INTERNAl BUS 

CLK 0 

GATEO 

OUTO 

CU( l 

GATE l 

OUT 1 

CLK 2 

GATI: 2 

OUT 'J. 

Figure 4. Block Dl• gr• m Showing Control Word 
Reglater and Counter Function• 

AOORE$S BUS 1181 

C0"1TROLBUS 

WR 

COUI\ITER COVPHER COVIIITER 
-0 1 2 

l OUT G~TE CLK I Olli -GAT~ CLK I OUT G~T-E Cl-K j 

Figure 5. 8253 Sy•tem Interface 
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OPERATIONAL DESCRIPTION 

Qaneral 
The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
Information. Prior to lnltlallzatlon, the MOOE, count, and 
output of all counters Is undefined. These control words 
program the MODE, Loading sequence and selection of 
binary or BCD counting. 

M- MODE: 

M2 M1 MO 

0 0 0 ModaO 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode4 

1 0 t Mode 5 

Once programmed, the 8253 is ready to perform whatever BCD: 
timing tasks it is assigned to accomplish. 

The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 

Programming the 8253 
All of the MODES for each counter are programmed by the 
systems software by simple 1/0 operations. 

Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, Al= 11) 

Control Word Format 

Do 

I SC1 I sco I RL1 I ALO [ M2 I M1 I MO BCD I-

Definition of Control 

SC - Select Counter: 

SC1 SCO 

0 0 Select Counter 0 

0 1 Select Counter 1 

1 0 Select Counter 2 

1 1 Illegal 

AL - ReadlLoad: 

RL1 RLO 

0 0 Counter Latching operation (see 
READ/WRITE Procedure Section I 

1 0 Read/Load most significant byte only. 

0 1 Read/Load least significant byte only. 

1 1 Read/Load least significant byte first, 
then most significant byte. 

0 Binary Counter 16-bits 

Binary Coded Decimal (BCD) Counter 
(4 Decades) 

Counter Loading 

The count register is not loaded until the count value is 
written (one or two bytes, depending on the mode 
selected by the RL bits). followed by a rising edge and a 
falling edge of the clock. Any read of the counter prior to 
that falling clock edge may yield invalid data. 

MODE Definition 

MODE 0: Interrupt on Termlnal Count. The output will 
be initially low after the mode set operation. After the 
count Is loaded into the selected count register, the out• 
put will remain low and the counter will count. When ter• 
mlnal count is reached the output will go high and re­
main high until the selected count register Is reloaded 
with the mode or a new count is loaded. The counter 
continues to decrement after terminal count has been 
reached. 

Rewriting a counter register during counting results in 
the following: 

(1) Write 1st byte stops the current counting. 
(2) Write 2nd byte starts the new count. 

MODE 1: Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate in• 
put. 

The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the suc­
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 

The one-shot is retrlggerable, hence the output will re­
main low for the full count after any rising edge of the 
gate Input. 
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MODE 2: Rate Genel'lltor. Divide by N counter. The out­
put will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of Input counts In the count register. If the 
count register Is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. 

The gate input, when low, will force the output high. 
When the gate Input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 

When this mode is set, the output will remain high until 
after the count register is loaded. The output then can 
also be synchronized by software. 

MODE 3: Square Wave Rate Generator.Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. This is accom­
plished by decrementing the counter by two on the fall• 
ing edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and 
the counter is reloaded with the full count and the whole 
process is repeated. 

If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decrements the count 
by 1. Subsequent clock pulses decrement the clock by 
2. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (following the reload) 
decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way, it the count is odd, the 
output will be high for (N + 1)12 counts and low for 
(N - 1)12 counts. 

MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will 
go high again. 
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If the count register is reloaded between output pulses, 
counting will continue from the new value. The count 
will be inhibited while the gate input is low. Reloading 
the counter register wlll restart counting beginning with 
the new number. 

MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger lnput 
and will go low for one clock period when the terminal 
count is reached. The counter Is retriggerable. The out­
put will not go low un111 the full count after the rising 
edge of any trigger. 

~· Low 

s Or Going 
M Low Rising Hlgh 

0 Disable!!. -- Enab~-es 

counting counting 

1 -- 11 lnItIa1es --
counlmg 

21 Rese1s output 

after next cloc::k 

2 1) o,sables 
1) Reloads 

counting 
counter 

Enables 
21 Sets oulput 

2) lnlllates 
count mg 

immediately 
counting 

h•gh 

3 11 o,sables 
ciJunt1n9 in1t1ales Enables 

2) Sets output counting counting 

immediately 
h,gh 

4 Disables -- Enables 
counl1ng counting 

5 Initiates --
counting 

Figure 6. Gate Pin Operations Summary 

J\FN-00745B 



intef 825318253-5 

MODE O: Interrupt on Terminal Count 

CI.OCK 
I 

'Mf n ~ 
' ' 

OUTl'IJT UNTERRVl'TI 

, 3 2 , o,_ _____ _ 

ln•41 l+---t-n-----l 
I I 

1"1m 
I ' 

0~ :~~·:----
a , 3 

(M• 5) .__, 

A 

MODE 1: Programmable One-Shot 

CLOCK 

Wlln-i__.r­

TAIGOEA ____r---

2 , o.,... __ _ 

4 3 2 1 0 
OUTPUT ;;::-;-,-----' 
TRlllOfR~ 

4324321 OUTPUT -, ________ _. 

MODE 2: Rate Generator 

CU)CK 

•• 
OUTPUT 

OUTPUT In • 31 

RESET 

MODE 3: Square Wave Gen.111tor 

CLOCK 

OUTPUT (n•4) 

OUTPUT (n • 5) 

MODE 4: Software Triggered Strobe 

CLOCK 

~~ 
4 3 2 1 D 

OUTPUT ---,_,-

LOJ\On 

GATE 

Ol/T¥UT 

L...J 
4 4 3 2 1 0 

MODE 5: Hardware Triggered Strobe 

CLOCK 

GATE__i----
4 3 2 1 0 

OUTPUT In• 41 W 

GATE~ 
4 3 4 3 2 1 0 

OUTPUT 1n • 41 

Figure 7. 8253 Timing Diagram, 
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8253 READ/WRITE PROCEDURE 

Write Operation• 
The systems software must program each counter of the 
8253 with the mode and quantity desired. The program­
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (l or 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence ot counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter's MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SC0, SCl) 

The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word {ALO. AL 1). This 
loading of the counter's count register is still sequence 
independent like the MODE control word loading. but 
when a selected count register is to be loaded it m.!:!.§! be 
loaded with the number of bytes programmed in the 
MODE control word (RL0, AL 1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 

All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register wiH result in the 
maximum count (2'e for Binary or 1o•for BCD). In MODE o 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RL0. RL 1) are program­
med. Then proceed with the restart operation. 

8-65 

MODE Control Word 
Counter n 

LSB 
Count Register byte 

Counter n 

MSB 
Count Register byte 

Counter n 

Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No.6 

No. 7 

No.a 

No.9 

Figure 8. Programming Format 

MODE Control Word 
Counter 0 

MODE Control Word 
Counter 1 

MODE Control Word 
Counter 2 

LSB 
Count Register Byte 

Counter 1 

Count Register Byte 
MSB Counter 1 

LSB 
Count Register Byte 

Counter 2 

MSB 
Count Register Byte 

Counter 2 

LSB 
Count Register Byte 

Counter 0 

MSB 
Count Register Byte 

Counter a 

A1 AO 

1 1 

1 1 

1 1 

0 1 

0 1 

1 0 

1 0 

a 0 

a 0 

Note: The exclusive addresses of each counter's count register make 
the task of prog,Mnming the 8253 a very simple matt(lf. a~d 
maximum effective use of the device will result if this feature 
is fully utilized. 

Figure 9. Alternate Programming Formats 

AFN-00745B 
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Reid Operations Read Operation Chart 
tn most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
!he programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 

There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple 1/0 read operations of the selected 
counter. By controlling the AO, A 1 inputs to the 8253 the 
programmer can select the counter to be read [remember 
that no read operation of the mode register is allowed AO. 
A1-11). The only requirement with this method Is that In 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first 1/0 Read contains the least significant byte JLSB}. 

second 1/0 Read contains the most significant byte 
(MSB) 

Due to the internal logic of the 8253 it is absolutely 
necessary lo complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 

3MHz 
CLK >2 

8085 

A1 AO RD 

0 0 0 Read Counter No. 0 

0 1 0 Read Counter No. 1 

1 0 0 Read Counter No. 2 

1 , 0 lllega I 

Reading Whlle Counting 
In order for the programmer to read lhe contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands lo the MODE 
register. Basically. when the programmer wishes to read 
the contents of a selected counter "on the fly" he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate. stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 

MODE Register tor Latching Count 

AO, A1 = 11 

SC1.SCO- specify counter to be latched 

DO 

X 

D5,D4 - 00 designates counter latching operation. 

X - don't care. 

The same !imitation applles to this mode of reading the 
counter as the previous method. That is, it is mandatory 
to complete the entire read operation as programmed. 
This command has no effect on the counter's mode. 

• 1.5MHz 
CLK 

8253·5 

·u an 8085 clock ou1put is to drive an 8253--5 clock Input, it must be reduced to 2 MHz or less. 

Figure 10. MCS-85"' Clock Interface• 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 

With Respect to Ground 
Power Dissipation 

0°Cto 70°C 
-ss•c to +1 so0 c 

-0.5Vto+7V 
1 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera­
tion at the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi­
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS <TA= 0°c to 1o•c. Vee= sv ±10%) 

Symbol Parameter Min. Max. Unit Test Conditions 

V1L Input Low Voltage -0.5 0.8 V 

V1H Input High Voltage 22 Vcc+.5V V 
"--· 

Vol Output Low Voltage 0.45 V Note 1 

VoH Output High Voltage 2.4 V Note 2 

l1L Input Load Current ±10 µA V1N = Vee to ov 
to FL 0 utput F I oat Leakage ±10 µA VouT = Vee to 0V 

1cc Vee Supply Current 140 mA 

CAPACITANCE (TA= 2s·c. Vee= GND = 0V) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

C1N Input Capacitance 10 pF fc = 1 MHz 

C110 1/0 Capacitance 20 pF Unmeasured pins returned to Vss 

A.C. CHARACTERISTICS <TA= o·c to 70°C. Vee= s.ov :!'5%, GND = 0V) 

Bus Parameters (Note 3) 

READ CYCLE 

8253 825:J.5 

Symbol Parameter Min. Max. Min. Max. 

IAR Address Stable Before READ 50 30 
--

tRA Address Hold Time for READ 5 5 

IRA READ Pulse Width 400 300 

tRO Data Delay From READ[•) 300 200 

toF READ to Data Floating 25 125 25 100 

IAv Recovery Ti me Between READ 
1 and Any Other Control Signal 1 

8-67 

Unit 

ns 

ns 

ns 

ns 

ns 

µ.s 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter 

tAw Address Stable Before WFi'ffE 
twA Address Hold Time for WRITE 

tww WRITE Pulse Width 

tow Data Set Up Time for WRITE 

two Data Hold Time for WRITE 

tRv Recovery Time Between WRITE 
and Any Other Control Signal 

CLOCK AND GATE TIMING 

Symbol Parameter 

tcLK Clock Period 

tPWH High Pulse Width 

tMt Low Pulse Width 

tow Gate Width High 

tGL Gate Width Low 

tos Gate Set Up Time to CLKt 

tGH Gate Hold Time After CLKt 

too Output Delay From CLK,l.[4) 

tooG Output Delay From Gate! [4] 

NOTES: 
1. loL = 2.2 mA. 
2. loH = -400 ,,A. 
3. AC timings measured at VoH 2.2, VoL = 0.8. 
4. CL = 150pF. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

u 
2.0 2.0 > TUT POINTS< 

D.45 
o., •.• 

AC TESTING: INPUTS ARE DR1VE1¥AT 24V FORA LOGIC.,. ,um0.45V FOR 
A LOGIC 0 TIMtNG MEASUREMENT$ AAE ,MOE AT 2011 FOR A LOGIC T' 
ANDO 811 FOA A LOGIC o:· 

8-68 
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Min. Mu. Min. Max. 

50 30 

30 30 

400 300 

300 250 

40 30 

1 1 

8253 8263-5 

Min. Mu. Min. Max. 

380 de Jill de 

230 230 

150 150 

150 150 

100 100 

100 100 

50 50 

400 400 

300 300 

A.C. TESTING LOAD CIRCUIT 

DEYICI! 
UND£R ric, TEST 

CL INCWOES JIG CAPACITANCE 

Unit 

ns 

ns 

ns 

ns 

ns 

µ.s 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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WAVEFORMS 

WRITE TIMING READ TIMING 

l_.....,,..___..1"w-

CLOCK AND GATE TIMING 

'oo-J __r---------

~-- 100G 
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.LJ!. FLOPPY-pisK-pRIVE-cONTROLLER-BOARD 

GENERAL INFORMATION 

The Nabu Floppy Disk Drive Controller Board (AFC-1100), can 
operate any combination of up to four full-size (8") or mini 
(5.25") floppy disk drives simultaneously on the s-100 bus. 
This controller is compatible with Shugart, Remex, Memorex, 
Pertee, and most other disk drives. 

The AFC-1100 is interrupt driven and assigned the highest 
interrupt priority. It accommodates both single-density (IBM 
3740) and double-density (IBM System 34) formats, with soft 
sector compatibility. Recording can be done on both sides of a 
diskette, thus allowing up to 1 Megabyte of formatted data to be 
stored on a 2-sided, double-density diskette. 

Western Digital's FD1793, along with two other supporting 
chips, form the heart of the AFC-1100 controller. As well, phase 
lock loop (PLL) techniques are used in the controller to increase 
the reliability of data recovery. 



SPECIFIC FEATURES 

FD1793 Floppy .P:1a.k Formatter/Controller 

The FD1793 floppy disk formatter/controller, (Ull), is a 
powerful LSI chip which provides all required interface signals 
to a floppy disk drive. The eleven instructions which the FD1793 
performs, enhance system throughput and minimize support from the 
processor. 

A few supporting chips are also required by the FD1793 to 
complete the working floppy disk system. One of these is the 
phase lock loop data recovery circuit, which includes part of U5 
(WD1691), a vco, and a low pass filter. As mentioned, the use of 
the PLL technique enhances the reliability of the data recovery 
process. As well, any speed variations or track to track 
variations can also be handled better with a PLL. 

Another supporting chip is the write precompensation 
circuit, which contains the remaining part of U5 and a WD2143 
{U6). The precompensation applies only when the current track 
number on a double-density diskette is greater than 43. 

Detailed information regarding the uses of the FD1793, 
WD1691, and WD2143 can be obtained from the manufacturer's data 
sheets included. 

Device Addressing 

The address decoder is designed such that the board's 
internal registers are located at port addresses F3H to F7H. The 
function of each port is as follows: 

.f.Q.I..t. Address .Data ~ ~ write 
F3H Drive status Drive command 

F4H Status register Command register 

FSH Track register Track register 

F6H Sector register Sector register 

F7B Data register Data register 



/---

Ports F4H to F7H correspond to the internal registers of the 
1793 floppy controller chip. The meaning of the data bits is 
explained in the enclosed data sheet for the 1793 integrated 
circuit. Port F3H relates to disk drive parameters. The 
functions of the data bits are summarized as follows: 

DA.ta lU.t. Designation function 

DO DRSELl Drive 0 (A) selected 
Dl DRSEL2 Drive 1 (B) selected 

Drive D2 DRSEL3 Drive 2 ( C) selected 
Status D3 DRSEL4 Drive 3 (D) selected 

D4 SIDE 1 Side 1 of drive selected 
D5 5.25" drive selected 
D6 ODEN Single density selected 
07 2-SIDED Single sided diskette in 

drive 

DO DRSELl Selects drive 0 (A) 
01 DRSEL2 Selects drive 1 ( B) 

Drive D2 DRSEL3 Selects drive 2 (C) 
Command 03 DRSEL4 Selects drive 3 (D) 

D4 SIDE 1 Selects side 1 of drive 
D5 Selects 5.25" drive 
D6 ODEN Selects single density 
D7 Enables wait states 

Jumper connections 

The interrupt vector jumper area is located in the upper 
right-hand corner of the board. The address is set to 0036H for 
the Nabu 1100 System. (With jumper means logic one). 

AO 

r 0 

0 

0 

0 r 
0 

0 

0 

0 

A7 

r I 
The jumper selection labelled 'A', near the middle of the 

board, enables the user to select disk size (8" or 5.25") either 
by hardwired logic, or by software control. The Nabu 1100 System 
uses software selection. 



Hardwire selection 

8" 

5,25" 

Software selection 

Timing Adjustments 

Jumper 2 and 3 

No jumper 

Jumper 1 and 2 

The data recovery circuit is implemented by phase lock loop 
techniques. Therefore, input DC voltage and output clock 
frequency adjustments must be performed on the VCO (07). Also, 
the four phase clock generator (06) for the precompensation 
circuit, must be adjusted for proper operation. 

The adjustments are performed on RRl, RR2, RR3, and RR4, 
which are located in the bottom left-hand corner of the board. 
Normally, these potentiometers are factory adjusted. Should any 
adjustments be required, they should be performed by qualified 
service personnel. 

connection Sli.. .tml. D..ifilc Drives 

The SO-pin header strip (J2), connects all large (8") drives 
to the board; and the 34-pin header strip (Jl if it exists), 
connects all mini (5,25") drives to the board, 

Only the even numbered pins (bottom row) are used for 
connection to the drives, while the odd numbered pins (top row) 
are grounded, The pins are numbered from right to left. 

The 2-pin header on the right-hand side of J2, is used for 
interrupt priority connection. These pins are left open for the 
Nabu 1100 single user system, For a multi-user system, the input 
pin should be left open (highest interrupt priority) while the 
output pin should be connected to the board with next highest 
priority, 



liAlll1 Arc~1100 FLOPPY rn DRIVE CONTROLLER BOARD 
PARTS~ 

Integrated circuits: 

Ul 
U2 
U3, U29 
U4, U16 

us 
U6 

U7 
us 
U9, Ul0 
Ull 

Ul2 

U13, U20, 
U24, U25 
U14 
U15 
Ul7 
U18, U21 
019 
U22, U23, U26 

U27, U28 

Diodes: 

Dl, D2 

capacitors; 

Cl, Cl6 
C2, C4, CS 
C6, C7 

7805 
7812 
74LS367 
74LS123 

WD1691 
WD2143 

74S124 
74LS20 
7406 
FD1793B 

74LS157 

74LS244 

74LS138 
74LS273 
74LS02 
74LS00 
74LS04 
74LS74 

74LS10 

1N914A 

C3, C8-C9, Cl2, 
Cl4-C15, Cl7-C22 
Cl0 
Cll 
Cl3 

Resistors; 

Rl-R6 
R7 
RB, 
R9 

5 V positive voltage regulator 
12 V positive voltage regulator 
Hex bus driver 
Dual retriggerable monostable multi­
vibrator with clear 
Floppy support logic (Western Digital) 
Four phase clock generator (Western 
Digital} 
Dual voltage-controlled oscillator 
Dual 4-input NAND 
Hex inverter 
Floppy disk controller chip (Western 
Digital) 
Quadruple 2-line-to-1-line multi­
plexer 
Octal buffer/line-driver with 
3-state outputs 
3-to-8-line decoder/demultiplexer 
Octal D-type flip-flop 
Quadruple 2-input NOR 
Quadruple 2-input NAND 
Hex inverter 
Dual D-type positive-edge-triggered 
flip-flop with preset and clear 
Triple 3-input NANO 

Silicon switching diode 

68 pF 

10 ,uF, 35 V tantalum electrolytic 

0 .1 )]F 
.33 pF stacked film capacitor 
82 pF 
47,-#SlpF 

150 ft,. 

12 k J\. 
5.1 kJ\.. 
3.6 k.J\. 



Rl0 
Rll-R13 
Rl4-R16 
R17 
Rl8 
R19 
RRl 
RR2 
RR3, RR4 
RNl 

ouantity 

12 
7 
1 
6 
1 
1 
1 
2 
2 
2 
1 

Description 

4.7kJ\. 
47 k .fl. 
10 k .i'\ 
6.2 k..0. 
4.7 k.!\ 
1 k 1\.. 
10 k ..f\.. 
100 k 11.. 
50 k J\.. 
1 k 1\. 

14 pin IC socket 
16 pin IC socket 
18 pin IC socket 
20 pin IC socket 
40 pin IC socket 
50 pin right angle pin connector 
2 pin right angle pin connector 
TO-220 heat-sink 
#6-32 x 3/8" machine screw 
#6-32 nuts 
p.c. board 



DOo> )ht-------~'-< 

DO 1 Jst----------"-1 
D02881--------=-I 
DOJ 84t--------7 
D04 3-------~~ 
D05391----------"-l 
D06 4<>r--------~~ 
D079G!l-------~Y 

S INTA 9GJ-J--------''--'<.--------;,f,---:-., 
I NT 7 )IH------"{)C 

IN[J 

OUT 
R19 

Ul 
JJ 

• PULL UP RESISTOR TO Vee (!KOHM), 
SEE TABLE FOR RESISTOR VALUES. 
ALL CAPACITORS ARE O,lul EXCEPT 
I OR THE ONES LISTED IN TABLE, 

4 31:.[, i ABLE FOR RR VALUES. 
5 JI 50 PINS CONNECTOR. 
6 J2 J4 PINS CONNECTOR. 
7 Jl / PINS CONNECTOR. 

• 8 EACH !C'S SUPf'l Y 
CONNECi IONS ARC NOT 
SHOWN. 

· 9 TP- 1 G.ST POiN1 
,1<> JP- JUMPER WIRE. 
-11 RRJ AND Cit ARE OPT iONAl ll S -11'0 

BUS 

RR! 1 ¢ KOHM 
RR2 1¢¢1<0HM 
RR] 5<> KOHM 
RR4 5<1 KOHM 

[_£02-}~14_0] 

o.-~7~-~·• 

~~~:~--­
DJ :~ 

12 

<; 1. Cl 6 
C2, C4, C5 
C 6, C7 
C 1¢ 
C 11 

68pf 
1 f~f_ 

1<1.6µ1 
.JlµI 
62pf 

C 13 47-51£1 

11 

Rl -R& 
F17 
RB, R 1 ¢ 
R9 
Rll-R 13 
R 14· R 16 
R 17 
r-ue 
R 19 

J 2 J 1 

..--,--.--+---~171 ~Uto>: ;c,7~,,--+;;,;;..;-..,--1 

p.------;-+-+-+----5Y LSo>6r.6';---~c.,,-,.,,.,-,,--j 
>,=--7-+-+-+-+-----1 Jc-; ---{>- ._12~--~~C--1 

1¢ 
1 ) 
1 4 

32 

15<10Hf.! 
11KOHM 
5.1 KOHM 
3.GKOHM 
47KOHM 
l<IKOHt-,f 
6.2KOHM 
4.7KOHM_ 

1 l{OHM 

h-r-i 
LLL~-I 

~ 
Cl,CB,C9,C!2 ,C14. C5 
C17 ·C22 , 

2-SIDED ~: ~ I ¢ 

4 2 2 

::~~; :_: 

SlTP ~'------",b'-"':~R 3 6 2 0 

HTl5 1 e 

Vcc1POWE[:R SLJ_~~PLY: ]-

Co• ___ 2__ u.· 1 1 :.1---1s1 
1- -- _J)-- C 4 =r:: 

Vuo t ~--~.---1 - . 
.,_t-- U/ r 2 

C7I' .• CG • 
.,- _J .J: 510¢ 

- -

. t-!Ul C.O M..-C QRE'_O R AI l Q_tL 
TITLE: FLOPPY DISI< 

CONfnOLLEfl AFC11r/><t> ___ _ 



.._ ____ 1_1 ____ _.Ii l.._ ______ 1_2 _______ _,I 2 

111 Cl 1s• 

112Cl1St& ~ 
113 • 151& 1 
114 • 1s• 0~8 

RSC] 151& !18 

G9101 ~ 
~ C9 ~ 

116• 1s• 68~:oo~ 

1170 •S.1K~ 

,.::~ ,,::,:f .. ::. I 
• csB o~ 21101111~•K uG 

0 C4 11&.q3.6KTPl • 2143 
11&. .33 ~12 S.1K ll&l&KD 471{Cl l111QC11& 

Cl O 471\Cll112QC11 LS157 
l1lt& Ti5"2 11112 47K Cl 1113 82pl • 

U2 
7812-

++ 

OC6 
11&.6 

oF 
11&.6 

J•Ko c;J7 0 ·~12 

TP3 S124 ~ 11113 • 
O D 47plO Cl) 8 

TP4 ~ Qc14 
11114 I& .1 
Sel< 

NOTE: R9.D1.AND 02 ARE LOCATED ON THE 

REVERSE SIDE OF THE BOARD. 
ALL RESjSTOA VALUES ARE IN OHMS. 
ALL CAPACITOR VALUES ARE IN MICROFARADS 
UNLESS SPECIFIED. 
01.D2 ARE 1N914. 

~ 
U13 

L S244 

~ 
U15 

L S27 3 

S-1111& BUS 

1118 D 4.71{ 

11~~~·------' 

U25 

L S2 4 4 

Qc19 
.1 

C21 0 .1 
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ANDICOM CORPORATION 
TITLE: FLOPPY DISK 
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FD179X Application Notes 

INTRODUCTION 

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

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

To alleviate the burden of Floppy Disk Controller de­
sign, Western Digital has developed a Family of LSI 
Floppy Disk controller devices. Through its own set of 
macro commands, the FD179X CoAtroller Family will 
perform all the functions necessary to read and write 
data to the drive. Both the 8" standard and 5¼" mini­
floppy are supported with single or double density re­
cording techniques. The F0179X is compatible with 
the IBM 3740 (FM) data format, or the System 34 
(MFM) standards. Provisions for non-standard formats 
and variable sector lengths have been included to pro­
vide more storage capability per track. Requiring stan­
dard +5, +12 power supplies the FD179X is available 
in a standard 40 pin dual-in-line package. 

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

0 

I -ti 
w 
m 

SYSTEM DESIGN i 
> 

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

RECORDING FORMATS 

The FD179X accepts data from the disk in a Fre- . 
quency-Modulated (FM) or Modifiecl-Frequency-Mod­
ulated (MFM) Format. Shown in Figures 4A and 4B are 
both these Formats when writing a Hexidecimal byte 
of '02'. In the FM mode, the 8 bits of data are broken 
up into "bit cells." Each bit cell begins with a clock 
pulse and the center of the bit cell defines the data. If 
the data bit = 0, no pulse is written; if the data = 1, 
a pulse is written in the center of the cell. For the 8" 
drive, each clock is ~ritten 4 microseconds apart. 



In the MFM mode, clocks are decoded into the data 
stream. The byte is again broken up into bit ceHs, with 
the data bit written in the center of the bit cell if data 
:a 1. Clocks are only written if both surrounding data 
bits are zero. Figure 4B shows that this occurs only 
once between Bit cell 4 and 5. Using this encoding 
scheme, pulses can occur 2, 3 or 4 microseconds 
apart. The bit cell time is now 2 microseconds; twice 
as much data can be recorded without increasing the 
Frequency rate due to this encoding scheme. 

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

PROCESSOR INTERFACE 

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

Shown below are the registers and their addresses: 

PIN 3 PIN 6 PIN 5 PIN 4 PIN 2 
cs A, Ao RE=d WE=;.ff 

0 0 0 STATUS REG COMMAND 
l REG 

0 0 1 TRACK REG TRACK REG 
0 1 0 SECTOR REG SECTOR REC: 
0 1 1 DATA REG DATA REG 
1 X X H1-Z H1-Z 

Each time a command is issued to the 179X, the Busy 
bit is set and the INTRO (Interrupt Request) Line is 
reset. The user has the option of checking the busy bit 
or use the INTRO Line to denote command comple­
tion. The Busy bit will be reset whenever the 179X is 
idle and awaiting a new command. The INTRO Line, 
once set, can only be reset by a READ of the status 
register or issuing a new command. The MR (Master 
Reset) Line does not affect INTRO. 
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The A.o, A1, Lines used for register selections can be 
configured at the CPU in a variety of ways. These lines 
may actually tie to CPU address lines, in which case 
the 179X will be memory-mapped and addressed like 
RAM. They may also be used under Program Control 
by tying to a port device such as the 8255, 6820, etc. 
As a diagnostic tool when checking out the CPU in­
terface, the Track and Sector registers should rt: .. ;x>nd 
like "RAM" when the 179X is idle (Busy :a INTRO = 
0). 

Because of internal synchronization cycles, certain 
time delays must be introduced when operating under 
Programmed 1/0. The worst case delays are: 

OPERATION NEXT DELAY REO'D 
OPERATION 

WRITE TO READ STATUS MFM :a 14µ.s* 
COMMAND REG REGISTER FM= 28µ.s. 

WRITE TO READ FROM A NO DELAY 
ANY REGISTER DIFFERENT REG 

*NOTE: Times Double when CLK :a 1 MHz (5¼" drive) 

Other CPU interface lines are CLK, MR and DDEN. 
The CLK line should be 2MHz (8" drive) or 1MHz (5¼" 
drive\ with a 50% duty cycle. Accuracy should be ±1% 
(crystal source) since all internal timing, including step­
ping rates, are based upon this clock. 
The MR or Master Reset Line should be strobed a 
minimum of 50 microseconds upon each power-on 
condition. This tine clears and initializes all internal reg­
isters and issues a restore command (Hex '03') on the 
rising edge. A quicker steppin9....@_te can be written to 
the command register after a MR, in which case the 
remaining steps will occur at the faster programmed 
rate The 179X will issue a maximum of 255 stepping 
pulses in an attempt to expect the TROO line to go 
active low. This line should be connected to the drive's 
TROO sensor. 

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



FLOPPY DISK INTERFACE 
The Floppy Disk Interface can be divided into three 
sections: Motor Control, Write Signals and Read Sig­
nals. All of these lines are capable of driving one TTL 
load and not compatible for direct connection to the 
drive. Most drives require an open-collector TTL inter­
face with high current drive capability. This must be 
done on all outputs from the 179X. Inputs to the 179X 
may be buffered or tied to the Drives outputs, providing 
the appropriate resistor termination networks are used. 
Undershoot should not exceed -0.3 volts, while integ­
rity of V1H and V0 H levels should be kept within spec. 

MOTOR CONTROL 
Motor Control is accomplished by the STEP and DIRC 
Lines. The STEP Line issues stepping pulses with a 
period defined by the rate field in all Type I commands. 
The DIRC Line defines the direction of steps (DIRC = 
1 STEP IN/O1RC = 0 STEP OUT). 

Other Control Lines include the iP or Index Pulse. This 
Line is tied to the drives' Index L.E.O. sensor and 
makes an active transition for each revolution of the 
diskette. The TROO Line is another L.E.D. sensor that 
informs the 179X that the stepper motor is at its fur­
thest position, over Track 00. The READY Line can be 
used for a number of functions, such as sensing "door 
open", Drive motor on, etc. Most drives provide a pro­
grammable READY Signal selected by option jumpers 
on the drive. The 179X will look at the ready signal prior 
to executing READ/WRITE commands. READY is not 
inspected during any Type I commands. All Type 1 
commands will execute regardless of the Logic Level 
on this Line. 

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

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

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

For double density use, Write Precompensation is a 
function of the drive. Some manufacturers recommend 
Precompensating the 5¼" drive, while others do not. 
With the 8" drive, Precompensation may be specified 
from TRACK 43 on, or in most cases, all TRACKS. If 
the recommended Precompensation is not specified, 
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check with the manufacturer for the proper configura­
tion required. 
The amount of Precompensation time also vanes. A 
typical value will usually be specified from 100-300ns. 
Regardless of the parameters used, Write Precom­
~ion must be done external to the 179X. When 
C501=Nis tied low, EARLY or LATE will be activated at 
least 125ns. before and after the Write Data pulse. An 
Algorithm internal the 179X decides whether to raise 
EARLY or LATE, depending upon the previous bit pat­
tern sent. As an example, suppose the recommended 
Precomp value has been specified at 150ns. The fol­
lowing action should be taken: 
-~--·---------•----------

EARLY LA TE ACTION TAKEN 

o o delay WO by 1S0ns (nominal) 
0 1 delay WO by 300ns (2X value) 

-----~!__ 0 do not delay WO 

There are two methods of performing Write 
Precompensation: 

1) External Delay elements 
2) Digitally 

Shown in Figure 6 is a Precomp circuit using the West­
ern Digital 2143 clock generator as the delay element. 
The WO pulse from the 179X creates a strobe to the 
2143, causing subsequent output pulses on the.ef1,.ef2 
and .03 signals. The SK Precomp adjust sets the de­
sired Precomp value. Depending upon the condition of 
EARLY and LATE, ,0'1 will be used for EARLY, .0'2 for 
nominal (EARLY = LATE = 0), and ..0'3 for LATE. The 
use of "one-shots" or delay Une in a Write Precom­
pensation scheme offers the user the ability to vary the 
Precomp value. The .0'4 output resets the 74LS175 
Latch in anticipation of the next WO pulse. Figure 7 
shows the WO-EARLY/LATE relationship, while Figure 
8 shows the timing of this write Precomp scheme. 

Another method of Precomp is to perform the function 
digitally. Figure 9 illustrates a relationship between the 
WO pulse and the CLK pin, allowing a digital Precomp 
scheme. Figure 10 shows such a scheme with a pre­
set Write Precompensation value of 2S0ns. The syn­
chronous counter is used to generate 2MHz and 4MHz 
clock signals. The 2MHz clock is sent to the CU< input 
of the 179X and the 4MHz is used by the 4-bit shift 
register. When a WD pulse is not present, the 4MHz 
clock is shifting "ones" through the shift register and 
maintaining 0 0 at a zero level. When a WO pulse is 
present, a zero is loaded at either A, B, or C depending 
upon the states of LATE, EN PRECOMP and EARLY. 
The zero is then shifted by the 4MHz clock until it 
reaches the 0 0 output. The number of shift operations 
determines whether the WRITE DATA pulse is written 
early, nominal or late. If both FM and MFM operations 
is a system requirement, the output of this circuit should 
be disabled and the WO pulse should be sent directly 
to the drive. 



DATA SEPARATION 
The 179X has two inputs (RAW READ & RCLK) and 
one output (VFOE) for use by an external data sepa• 
rator. The RAW READ input must present clock and 
data pulses to the 179X, while the RCLK input provides 
a "window" or strobe slgnal to clock each RAW READ 
pulse into the device. An ideal Data Separator would 
have the leading edge of the RAW READ pulse occur 
in the exact center of the RCLK strobe. 
Motor Speed Variation, Bit shifts and read amplifier 
recovery circuits au cause the RAW READ pulses to 
drift away from their nominal positions. As this occurs, 
the RAW READ pulses will shift left or right with re• 
spect to RCLK, Eventually, a pulse will make its tran­
sition outside of its RCLK window, causing either a 
CRC error or a Record-not-Found error at the 179X. 
A Phase-Lock-Loop circuit is one method of achieving 
synchronization between the RCLK and RAW READ 
signals. As RAW READ pulses are fed to the PLL, 
minor adjustments of the free-running RCLK frequency 
can be made. If pulses are occurring too far apart, the 
RCLK frequency is decreased to keep synchroniza­
tion. If pulses begin to occur closer together, RCLK is 
increased until this new higher frequency is achieved. 
In normal read operations, RCLK will be constantly 
adjusted in an attempt to match the incoming RAW 
READ frequency. 
Another method of Data Separation is the Counter­
Separator technique. The RCLK signal is again free­
running at a nominal rate, until a RAW READ pulse 
occurs. The Separator then denotes the position of the 
pulse with respect to RCLK (by the counter value), and 
counts down to increase or decrease the current RCLK 
window. The next RCLK window will occur at a nominal 
rate and will continue to run at this frequency until an­
other RAW READ pulse adjusts RCLK, but only the 
present window is adjusted. 
Both PPL and Counter/Separator are acceptable 
methods of Data Separation. The PPL has the highest 
reliability because of its "tracking" capability and is rec­
ommended for 8" double density designs. 
As a final note, the term "Data Separator" may be 
misleading, since the physical separation of clock and 
data bits are not actually performed. This term is used 
throughout the industry, and can better be described 
as a "Data Recovery Circuit" rather than a Data 
Separator. 
The VFOE signal is an output from the 179X that sig­
nifies the head has been loaded and valid data pulses 
are appearing on the RAW READ line. It can be used 
to enable the Data Separator and to insure clean RCLK 
transitions to the 179X. Since some drives will output 
random pulses when the head is disengaged, VFOE 
can prevent an erratic RCLK signal during this time. If 
the Data Separator requires synchronization during a 
known pattern of one's or zero's, then AG (READ 
GATE) can be used. The AG signal will go active when 
the 179X is currently over a field of zeros or ones. AG 
is not available on the 1795/1797 devices, since this 
signal was replaced with the SSO (Side Select Output) 
Line. 
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Shown in Figure 11 is a 2½ IC Counter/Separator. The 
74LS193 free runs at a frequency determined by the 
CRYCLK input. When a RAW READ pulse occurs, the 
counter is loaded with a starting count of '5'. When the 1 

RAW READ Line returns to a Logic 1, the counter 
counts down to zero and again free runs. The 74L$74 
insures a 50% duty cycle to the 179X and performs a 
divide-by-two of the 0 0 output. 
Figure 12 illustrates another Counter/Separator utiliz­
ing a PROM as the count generator. Depending upon 
the RAW READ phase relationship to RCLK, the PROM 
is addressed and its data output is used as the counter 
value. A 16MHz clock is required for 8" double density, 
while an 8MHz clock can be used for single density. 

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

Free Running Frequency 2MHz 
Capture Range ± 15% 
Lock Up Time 50 microsec. "1111" or 

"0000" Pattern 
100 Microsec "1010" Pat­
tern 

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

Figure 14 illustrates a PPL data recovery circuit using 
the Western Digital 1691 Floppy Support device. Both 
data recovery and Write Precomp logic is contained 
within the 1691, allowing low chip count and PLL re· 
liability. The 74S124 supplies the free-running VCO 
output. The PUMP UP and PUMP DOWN signals from 
the 1691 are used to control the 74S124's frequency. 



COMMAND USAGE 
Whenever a command is successfully or unsuccess­
fully completed, thl:! busy bit of thA status rF?-qister is 
reset and the INTRO line Is forced high. Command ter­
mination may be detected either w<:J.y. The INTRO can 
be tied to the host processor's interrupt with an appro­
priate service routine to terminate commands. The 
busy bit may be monitored with a user program and 
will achieve the same results through software. Per­
forming both an INTRO and a busy bit check is not 
recommended because a read of the status register to 
determine the condition of the busy bit will reset the 
INTRO line. This can cause an INTRO from not 
occurring. 

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

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

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

r-T~ACK. SIDE 1 ~ECT~R ,- CAS l CRC I CRC l 
LENGTH 1 2 

--·-- -··· 

The READ ADDRESS command as well as all other 
Type II and Type Ill comn1ands will not execute if the 
READY line is inactive (READY --~ 0). Instead. an in­
terrupt will be generated and the NOT READY status 
bit wi II be set to a 1 . 
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FORCED INTERRUPT COMMAND 
The Forced Interrupt command is generally used to 
terminate a multiplA sector command or to insure Type 
I status in the status register. The lower four bits of the 
command determine the conditional interrupt as follows: 

10 NOT-READY TO READY TRANSITION 
11 READY TO NOT-READY TRANSITION 
12 EVERY INDEX PULSE 
13 IMMEDIATE INTERRUPT 

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

Then, when the condition for interrupt is met, the INTRO 
line will go high signifying that the condition specified 
has occurred. 
The conditional interrupt is enabled when the corre­
sponding bit positions of the command (1 3 10 ) are set 
to a 1. If 13 -10 are all set to zero, no interrupt will occur, 
but any command presently under execution will be 
immediately terminated upon receipt of the Force In­
terrupt command (HEX DO). 

As usual. to clear the interrupt a read of the status reg­
ister or a write to the command register is required. 
The exception is when using the immediate interrupt 
condition (13 • .., 1). It this command is loaded into the 
command register, an interrupt will be immediately 
generated and the current command terminated. 
Reading the status or writing to the command register 
will not automatically clear the interrupt; another forced 
interrupt command with 13 -10 = 0 must be loaded into 
the command register in order to reset the INTRO from 
this condition. 

More than one condition may be set at a time If for 
example, the READY TO NOT-READY condition (11 ""' 

1) and the Every Index Pulse (1 2 = 1) are both set, the 
resultant command would be HEX "DA". The "OR" 
function is performed so that either a READY TO NOT­
READY or the next Index Pulse will cause an interrupt 
condition. 

DATA RECOVERY 

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

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

If RNF or CRC errors are still occurring after trying 
these methocls. a "hard error" may exist. This is usu­
ally caused by improper disk handling, exposure to 
high maqnPtir. fiRlds, etc. ::rnd gem~rally results in de· 
stmying portions or tracks of the diskette. 



FIGURE 1. DEVICE CHARACTERISTICS 

DEVICE SNGL DENSITY DBLE DENSITY INVERTED BUS TRUE BUS OOUBLE~SIDED 

1791 X X X 
1792 X X 
1793 X X 
1794 X 
1795 X X X 
1797 X X 

FIGURE 2. STORAGE CAPACITIES 

UNFORMATTED 
CAPACITY (NOMINAL) 

SIZE DENSITY SIDES PER TRACK PER DISK 

5¼" SINGLE 1 3125 109,375* 
5¼" DOUBLE 1 6250 218,750 
5¼" SINGLE 2 3125 218,750 
5¼" DOUBLE 2 6250 437,500 
8" SINGLE 1 5208 401,016 
8" DOUBLE 1 10,416 802,032 
8" SINGLE 2 5208 802,032 
8" DOUBLE 2 10,416 1,604,064 

*Based on 35 Tracks/Side 
**Based on 18 Sectors/Track (128 byte/sec) 

***Based on 18 Sectors/Track (256 bytes/sec) 
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X 
X 

X 
X X 

BYTE 
FORMATTED 

TRANSFER 
CAPACITY 

TIME PER TRACK PER DISK 

64µ.s 2304** 80,640 
32µ,s 4608*** 161,280 
64µ.s 2304 161,280 
32µ.S 4608 322,560 
32µ.S 3328 256,256 
16µ,S 6656 512,512 
32µ,S 3328 512,512 
16µ.S 6656 1,025,024 



,----

FIGURE 3. NOMINAL VS. WORSE CASE SERVICE TIME 

NOMINAL TRANSFER 
SIZE DENSITY 

5¼" SINGLE 
5¼" DOUBLE 
8" SINGLE 
8" DOUBLE 

FIGURE 4A. FM RECORDING 

BIT 0 BIT 1 

RULE: 
1f WRITE DATA BITS AT CENTER 

OF BIT CELL IF A "1' 

2) WRITE CLOCK BITS AT LEADING 
EDGE OF THE BIT CEll 

FIGURE 4B. MFM RECORDING 

BIT0 BIT 1 

TIME 

64µ.s 
32µ.s 
32µ.s 
16µ.s 

BIT 2 BIT 3 

0 

BIT2 BIT3 

0 

WORST-CASE 179X SERVICE TIME 

READ WRITE 

55.0µ.s 47.0µ.S 
27.5µ.S 23.Sµs 
27.Sµs 23.Sµs 
13.5µ.s 11.Sµs 

BIT 4 BIT 5 BIT 6 BIT 7 

0 0 D 

BIT4 BIT 5 BITS BIT 7 

0 0 0 

HEX 
'02' 

_Fl..._ _ _.fol ... ____ ___,rol..., ______ fctL. ___ .... fol._ ___ _ 
RULE: 

1) WRITE DATA BITS AT CENTER 
OF BIT CELL IF A 'T' 

2) WRITE ClOCK BITS AT LEADING 
EDGE OF BIT CELL IF: 

A) NO DATA BIT HAS BEEN WRITTEN LAST 
-ANO-

B) NO DATA BIT WILL BE WRITTEN NEXT 
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FIGURE 5. WFNFOE DEMULTIPLEXING QRCUITRY 

+$ 

10K 

33--- 179X 

11,x 
74LS04 

PIN 33 USED AS A \/FOE SIGNAL ONLY 

+5 

lOK 74LS01 

179X 

• PIN 33 USED AS A WF SIGNAL ONLY 

+5 

10K 

74LS175 C-EARLY 
12 

WD 9: 
CU< 

7 C-LATE 

C-NOMINAL 

EARLY l---.+-,..:llr---... 

LATE r------, 
74L802 

F017'9X 

WD2143 
11 

IN 

Al'2 
6 

4 
.8(l 

.t/4 
17 //t'W 

+$ 

lOK 74l.S01 

----------:1.- (WG TO DRIVE) 

(WF FROM DfWE) 

30 

741.S02 

• PIN 33 USED AS YF0E ANO WF SIGNALS 

Wf (FROM DRI\IE) 

WG (TO DRIVE) 

7438 

WOTO 
DRIVE 

FIGURE &. 179X WRITE PRE-COMP 
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WO 

EARLY 
OR LATE 

I . 
I I 

____________ ... rhl .. __ _ 
~~t 

DOUBLE TIMES FOR 5• (MINI-FLOPPY) 

125 NS MIN. VALID 
FOR DURATION OF 
WD PULSE 

WRITE PRE-COMP TIMING FOR MFM 

WD 

EARLY 
OR LATE 

I----- 2, 4iis :t CLK TOL 

-...j i'4-- 500NS:t50 

____ ___.r L 
DOUBLE TIMES FOR 5" (MINI-FLOPPY) H 

250 NS MIN. 
450 NS MIN 

VALID BEFORE LEADING EDGE OF WD 

WRITE PRE-COMP TIMING FOR FM 

FIGURE 7. WRITE PRE-COMP TIMING 

BIT CELL O I BIT CELL 1 

! I 
I BIT CELL 2 I BIT CELL 3 ' ' ,, j r"'- 200111S 

BIT CELL 4 BIT CELL 5 I BIT ;ELL 6 I BIT ;ELL 7 [ BIT CELL a I BIT CELL 9 

p ' 
ra wc:.JJ ...... __ _.J;] >,~ ... > ____ _... g .fcl g fcl 

EARLY _________ _.n._ _______ _ n n 
LATE ---------------

n n 
C-EARLY _________ __.rl._ _______ _ r7 r7 

C-lATE _______________ _ r7 ,1 

C-NDMlNAL ~---------------------------___, 

FIGURE 8. PRECOMP TIMING FOR CIRCUIT IN FIGURE 6 
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WO 

(ODEN= 0) 

CU( 
@!MHz 

WO 

iOOEN = 0) 

500ns SOOns 

7 __ 1 
I 

,-100ns a>100ns 

250ns 250ns 

7 ___ 125ns 

FIGURE 9. WD/CLK RELATIONSHIP FOR WRITE PRECOMP USE 

7'4LSJ6l 

1--------------------u -· 

i/111 
(FFIOM17e1) 

LATE 
IFAOM 17911 

TGol3 IEN PAECOMP) 

l!AALY 
(FFIOf,I 17111) 

lKil 

J 1l. " "R' 

wii 9 SHFTl!lf 

rm 4 • 
N0M 5 B 

ffiLY 8 C 

FIGURE 10, DIGITAL WRITE PRECOMP CIRCUIT 
(Pf!OYIIIED COURTESY OF lolPI, Okl.AHOMA CITY, Ok 731 1 l 
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00 

01 

02 

03 

04 

OS 

06 
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1E 
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745288 PROGRAMMING TABLE 
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COMMAND SUMMARY 

BITS 

TYPE COMMAND 7 6 5 4 3 2 1 0 

Restore 0 0 0 0 h V r, r o 

Seek 0 0 0 1 h V r, ro 
Step 0 0 1 u h V r1 r o 
Step In 0 1 0 u h V r1 r o 

Step Out 0 1 1 u h V r1 ro 

ti Read Sector 1 00mSEC0 

II Write Sector 0 1mSECao 

Ill Read Address 1 1 0 0 0 E O 0 
111 Read Track 1 1 1 0 0 E O 0 
Ill Write Track 1 1 1 1 0 E O 0 
IV Force Interrupt 1 1 0 1 13 12 11 lo 

Note: Bits shown in TRUE form. 

STEPPING RATES 

CLK 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz 

OOEN 0 0 X X 

R, R, TEST~1 TEST~1 TEST~t TEST~1 TEST~O TEST~O 

J a 3 ms 3 ms 6 ms 6 ms 164,<s 368,<S 

:i 1 6 ms Sms 12 ms 12 ms 190f'S 380,<S 

1 a 10 ms 10 ms 20 ms 20 ms 1981,s 396µS 

I 1 15 ms 15 ms :ID ms :ID ms 2081's 416µS 

15 

FLAG SUMMARY 

TYPE I COMMANDS 

h = Head Load Flag (Bit 3) 

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

V = Verify flag (Bit 2) 

V = 1. Verify on destination track 
V :c- 0, No verify 

r1 r O = Stepping motor rate (Bits 1-0} 

Refer to Table 1 for rate summary 

u = Update flag (Bit 4) 

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

FLAG SUMMARY 

TYPE II & Ill COMMANDS 

m = Multiple Record flag (Bit 4) 

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

ao = Data Address Mark (Bit 0) 

a0 = 0, FB (Data Mark) 
a0 = 1, FB (Deleted Data Mark) 
E = 15 ms Delay (2MHz) 

E = 1, 15 ms delay 

E = 0, no 15 ms delay 

S = Side Select Flat 

S = 0, Compare for Side 0 
S = 1, Compare for Side 1 
C = Side Compare Flag 

C = 0, disable side select compare 
C = 1, enable side select compare 

FLAG SUMMARY 

TYPE IV COMMAND 

Ii = Interrupt Condition flags (Bits 3-0) 

10 = 1, Not-Ready to Ready Transition 
11 = 1, Ready to Not-Ready Transition 
12 = 1, Index Pulse 
13 = 1, Immediate Interrupt 

13 -lo = 0, Terminate with no Interrupt 



This is a preliminary specification with tentative device parameters and may be subject lo change alter linal product characterization is 
complfttecl. 

Information furnished by Western Digital Corporation is believed to be accurate and reliable However. no responsibility 1s assumed by 
Western D,g,tal Corporation lor its use; nor any infringements of patents or other rights of third parties which may result from its use No 
license is granted by 1mplica11on or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corpora­
tion reserves the right 10 change said circuitry at any time without notice. 
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FD 179X-02 Floppy Disk Formatter/Controller Family 

FEATURES 

• TWO VFO CONTROL SIGNALS 

• SOFT SECTOR FORMAT COMPATIBILITY 
• AUTOMATIC TRACK SEEK WITH 

VERIFICATION 
• ACCOMMODATES SINGLE AND DOUBLE 

DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 

• READ MODE 
Single/Multiple Sector Read with Automatic 

Search or Entire Track Read 
Selectable 128 Byte or Variable length Sector 

• WRITE MODE 
Single/Multiple Sector Write with Automatic 

Sector Search 
Entire Track Write for Diskette Formatting 

• SYSTEM COMPATIBILITY 
Double Buffering ot Data 8 Bit Bi-Directional 

Bus for Data, Control and Status 
OMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-Chip Track and Sector Registers/Comprehensive 

Status Information 

• PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

• WRITE PRECOMPENSATION 
• WINDOW EXTENSION 
• INCORPORATES ENCODING/DECODING 

AND ADDRESS MARK CIRCUITRY 
• FD1792/4 IS SINGLE DENSITY ONLY 
• FD1795/7 HAS A SIDE SELECT OUTPUT 

179X-02 FAMILY CHARACTERISTICS 

FEATURES 1791 1793 1795 

Single Density (FM) X X X 
Double Densitv (MFM) X X X 
True Data Bus X 
Inverted Data Bus X X 
Write Precomp X X X 
Side Selection Output X 

APPLICATIONS 
FLOPPY DISK DRIVE INTERFACE 
SINGLE OR MULTIPLE DRIVE CONTROLLER/ 

FORMATTER 
NEW MINI-FLOPPY CONTROLLER 
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GENERAL DESCRIPTION 
The FD179X are MOS LSI devices which perform the 
functions of a Floppy Disk Formatter/Controller in 
a single chip implementation. The FD179X, which 
can be considered the end result of both the FO1771 
and FD1781 designs, is IBM 3740 compatible in 
single density mode (FM) and System 34 compatible 
in Double Density Mode (MFM). The FD179X con­
tains all the features of its predecessor the FD1771, 
plus the added features necessary to read/write and 
format a double density diskette. These include ad­
dress mark detection, FM and MFM encode and de­
code logic, window extension, and write precompen­
sation. In order to maintain compatibility, the FD1771, 
FD1781, and FD179X designs were made as dose as 
possible with the computer interface, instruction set, 
and 1/0 registers being identical. Also, head load 

PIN OUTS 

PIN 
NUMBER PIN NAME 

1 NO CONNECTION 

19 MASTER RESET 

20 POWER SUPPLIES 

21 

40 
COMPUTER INTERFACE: 

2 

3 

4 

5,6 

7-14 

24 

WRITE ENABLE 

CHIP SELECT 

READ ENABLE 

REGISTER SELECT 
LINES 

DATA ACCESS LINES 

CLOCK 

SYMBOL 

NC 

MR 

Vss 

Vee 

Vrir, 

WE 

-cs 
-
RE 

AO, Al 

CLK 

2 

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

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

The FD179X is fabricated in N-channel Silicon Gate 
MOS technology and is TTL compatible on all inputs 
and outputs. The 1793 is identical to the 1791 except 
the DAL lines are TRUE for systems that utilize true 
data busses 
The 1795/7 has a side select output for controlhng dou­
ble sided drives, and the 1792 and 1794 are ··Single 
Density Only" versions of the 1791 and 1793. On these 
devices. ODEN must be left open. 

FUNCTION 

Pin 1 Is internally connected to a back bias 
generator and must be left open by the user 

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

Ground 

-.-5V :!:5°';, 

+ 12V :!:5% 

A logic low on this input gates data on the DAL 
into the selected register when CS is low 

A logic low on this input selects the chip and ena­
bles computer communication with the device. 

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

These inputs select the register !£.. receive/ 
transfer data on the DAL lines under RE and WE 
control: 

- ~ 

Al AO RE WE 

0 0 Status Reg Command Reg 
0 1 Track Reg Track Reg 
1 0 Sector Reg Sector Reg 
1 1 Data Reg Data Reg 

Eight bit inverted Bidirectional bus used for trans­
fer of data, control, and status. This bus is receiver 
enabled by WE or transmitter enabled by RE. 

This input requires a free-running square wave 
dock for internal timing reference, 2 MHz for 8" 
drives, 1 MHz tor mini-drives. 



PIN 
NUMBER PIN NAME SYMBOL FUNCTION 

38 DATA REQUEST DRQ This open drain output indicates that the DR con-
tains assembled data in Read operations, or the 
DR is empty in Write operations. This signal is 
reset when serviced by the computer through 
reading or loading the DR in Read or Write opera-
tions, respectively. Use 1 OK pull-up resistor to +5. 

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

read or the command register is written to. Use 10K 

FLOPPY DISK INTERFACE: pull-up resistor to + 5. 

15 STEP STEP The step output contains a pulse for each step. 

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

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

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

--
22 TEST TEST This input is used for testing purposes only and 

should be tied to +5V or left open by the user un~ 
less interfacing to voice coil actuated motors. 

23 HEAD LOAD TIMING HLT When a logic high is found on the HL T input the 
head is assumed to be engaged. 

25 READ GATE (1791/3) RG A high level on this output indicates to the data 
separator circuitry that a field of zeros (or ones) 
has been encountered, and is used for synchroni-
zation. 

25 SIDE SELECT OUTPUT sso The logic level of the Side Select Output is directly 
( 1795, 1797) controlled by the 'S' flag in Type II or Ill commands. 

When S = 1, SSO is set to a logic 1. When S = 0, . SSO is set to a logic 0. The Side Select Output is only 
updated at the beginning of a Type II or Ill command. 
It is forced to a logic 0 upon a MASTER RESET 
condition. 

26 READ CLOCK RCLK A nominal square-wave clock signal derived from 
the data stream must be provided to this input. 
Phasing (i.e. RCLK transitions) relative to RAW 
READ is important but polarity (RCLK high or low) 
is not. 

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

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

29 TRACK GREATER TG43 This output informs the drive that the Read/Write 
THAN 43 head is positioned between tracks 44-76. This output 

is valid only during Read and Write Commands. 

30 WRITE GATE WG This output is made valid before writing is to be 
performed on the diskette. 

3 



PIN 
NUMBER PIN NAME SYMBOL 

31 WRITE DATA WO 

32 READY READY 

---
33 WRITE FAULT WF/VFOE 

VFO ENABLE 

--
34 TRACK 00 TROO 

-
35 INDEX PULSE IP 

--
36 WRITE PROTECT WPRT 

37 DOUBLE DENSITY ODEN 

ORGANIZATION 
The Floppy Disk Formatter block diagram is illus­
trated on page 5. The primary sections include the 
parallel processor interface and the Floppy Disk inter­
face. 
Data Shift Register-This 8-bit register assembles 
serial data from the Read Data input (RAW READ) 
during Read operations and transfers serial data to 
the Write Data output during Write operations. 
Data Register-This 8-bit register is used as a hold­
ing register during Disk Read and Write operations. 
In Disk Read operations the assembled data byte is 
transferred in parallel to the Data Register from the 
Data Shift Register. In Disk Write operations informa­
tion is transferred in parallel from the Data Register 
to the Data Shift Register. 

4 

FUNCTION 

A 250 ns (MFM) or 500 ns (FM) pulse per flux 
transition. WO contains the unique Address marks 
as well as data and clock in both FM and MFM 
formats. 
This input indicates disk readiness and is sampled 
for a logic high before Read or Write commands 
are performed. If Ready is low the Read or Write 
operation is not performed and an interrupt is 
generated. Type I operations are performed re-
gardless of the state of Ready. The Ready input 
appears in inverted format as Status Register bit 
7. 

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

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

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

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

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

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

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

Command Register (CR)-This 8-bit register holds 
the command presently being executed. This register 
should not be loaded when the device is busy unless 
the new command is a force interrupt. The command 
register can be loaded from the DAL, but not read 
onto the DAL. 
Status Register (STR)-This 8-bit register holds de­
vice Status information. The meaning of the Status 
bits is a function of the type of command previously 
executed. This register can be read onto the DAL, 
but not loaded from the DAL. 
CRC Logic-This logic is used to check or to gener­
ate the 16-bit Cyclic Redundancy Check (CRC). The 
polynomial is: G(x) = x16 + x12 + x5 + 1. 

5 

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

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

Timing and Control-All computer and Floppy Disk 
Interface controls are generated through this logic. 
The internal device timing is generated from an ex­
ternal crystal clock. 
The FD1791/3 has two different modes of operation 
according to the state of ODEN. When ODEN = o 
double density (MFM) is assumed. When iJt5EN = 1, 
single density (FM) is assumed. 

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



PROCESSOR INTERFACE 
The interface to the processor is accomplished 
through the eight Data Access Lines (DAL) and as­
sociated control signals. The DAL are used to trans­
fer Data, Status, and Control words out of, or into the 
FD179X. The DAL are three state buffers that are en­
abled as output drivers when Chip Select (CS) and 
Read Enable (RE) are active (low logic state) or_J!ft 
as input receivers when CS and Write Enable (WE) 
are active. 
When transfer of data with the Floppy Disk Controller 
is required by th~ost processor, the device address 
is decoded and CS is made low. The address bits A 1 
and AO, combined with the signals RE during a Read 
operation or WE during a Write operation are inter­
preted as selecting the following registers: 

A1-AO READ (RE) WRITE (WE) 

O O Status Register Command Register 

0 1 Track Register Track Register 

1 0 Sector Register Sector Register 
1 1 Data Register Data Register 

During Direct Memory Access (DMA) types of data 
transfers between the Data Register of the FD179X 
and the processor, the Data Request (ORO) output is 
used in Data Transfer control. This signal also ap­
pears as status bit 1 during Read and Write opera­
tions. 
On Disk Read operations the Data Request is acti­
vated (set high) when an assembled serial input byte 
is transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro­
cessor. If the Data Register is read after one or more 
characters are lost, by having new data transferred 
into the register prior to processor readout, the Lost 
Data bit is set in the Status Register. The Read op­
eration continues until the end of sector is reached. 
On Disk Write operations the data Request is acti­
vated when the Data Register transfers its contents 
to the Data Shift Register, and requires a new data 
byte. It is reset when the Data Register is loaded 
with new data by the processor. If new data is not 
loaded at the time the next serial byte is required by 
the Floppy Disk, a byte of zeroes is written on the 
diskette and the Lost Data bit is set in the Status Re­
gister. 

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

FLOPPY DISK INTERFACE 

The 179X has two modes of o&oE~on according to the 
state of ODEN (Pin 37). When = 1, single density 
is selected. In either case, the CLK input (Pin 24) is at 
2 MHz. However, when interfacing with the mini-floppy, 
the CLK input is set at 1 MHz for both single density and 
double density. When the clock is at 2 MHz, the stepping 
rates of 3, 6, 10, and 15 ms are obtainable. When CLK 
equals 1 MHz these times are doubled. 
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HEAD POSITIONING 
Five commands cause positioning of the Read-Write 
head (see Command Section). The period of each 
positioning step is specified by the r field in bits 1 and 
O of the command word. After the last directional 
step an additional 15 milliseconds of head settling 
time takes place if the Verify flag is set in Type I 
commands. Note that this time doubles to 30 ms for 
a 1 MHz clock. If TEST = 0, there is zero settling 
time. There is also a 15 ms head settling time if the E 
flag is set in any Type ll or Ill command. 

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

Ste1>-A 2 µs (MFM) or 4 µs (FM) pulse is provided 
as an output to the drive_ For every step pulse is­
sued, the drive moves one track location in a direc­
tion determined by the direction output. 

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

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

Table 1. STEPPING RATES 

CU\ 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz 

ODEN 0 0 X X 

Al AO TEST=1 TEST 0 1 TEST=1 TEST=1 TEST 7 0 TEST=O 

0 0 3 ms 3 ms 6 ms 6 ms 1841,s 368µs 

0 1 6 ms 6 ms 12 ms 12 ms 190µs 3BOµs 

1 0 10 ms 10 ms 20 ms 20 ms 198µs 396µs 

1 1 15 ms 15 ms 30 ms 30 ms 208µs 416µ5 

The Head Load (HLD) output controls the movement 
of the read/write head against the media. HLD is ac­
tivated at the beginning of a Type I command if the h 
flag is set (h = 1), at the end of the Type I command 
if the verify flag (V = 1), or upon receipt of any Type 
II or Ill command. Once HLD is active it remains ac­
tive until either a Type I command is received with 
(h = O and V = O}; or if the FD179X is in an idle state 
(non-busy) and 15 index pulses have occurred. 



Head Load Timing (HL T) is an input to the FD179X 
which is used for the head engage time. When 
HLT = 1, the FD179X assumes the head is com­
pletely engaged. The head engage time is typically 
30 to 100 ms depending on drive. The low to high 
transition on HLD is typically used to fire a one shot. 
The output of the one shot is then used for HL T and 
supplied as an input to the FD179X. 

HLot------' 

l--50 TD 100mS --1 
r---7 ~,------

HL T (FROM ONE SHOT) 

HEAD LOAD TIMING 

When both HLD and HLT are true, the FD179X will 
then read from or write to the media. The "and" of 
HLD and HL T appears as a status bit in Type I 
status. 
In summary for the Type I commands: if h = 0 and 
V = O, HLD is reset. If h = 1 and V = o, HLD is set at the 
beginning of the command and HL Tis not sampled nor 
is there an internal 15 ms delay. If h = 0 and V = 1, 
HLD is set near the end of the command, an internal 
15 ms occurs, and the FO179X waits for HLT to be 
true. If h = 1 and V = 1, HLD is set at the beginning 
ot the command. Near the end of the command, after 
all the steps have been issued, an internal 15 ms 
delay occurs and the FD179X then waits for HL T to 
occur. 

For Type II and Ill commands with E flag off, HLD is 
made active and HL T is sampled until true. With E 
flag on, HLD is made active, an internal 15 ms delay 
occurs and then HL Tis sampled until true. 

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

For read operations, the FD179X requires RAW 
READ Data (Pin 27) signal which is a 250 ns pulse 
per flux transition and a Read clock (RCLK) signal to 
indicate flux transition spacings. The RCLK (Pin 26) 
signal is provided by some drives but if not it may be 
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derived externally by Phase lock loops, one shots, or 
counter techniques. In addition, a Read Gate Signal 
is provided as an output (Pin 25) which can be used 
to inform phase lock loops when to acquire syn­
chronization. When reading from the media in FM. RG 
is made true when 2 bytes of zeroes are detected. 
The FD179X must find an address mark within the 
next 10 bytes; otherwise AG is reset and the search 
for 2 byte~ of zeroes begins all over again. If an ad­
dress mark is found within 10 bytes, AG remains true 
as long as the FD179X is deriving any useful informa­
tion from the data stream. Similarly for MFM, RG is 
made active when 4 bytes of "00" or "FF" are de­
tected. The FD179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 
During read operations (WG = 0), the VFOE {Pin 33) 
~ovided for phase lock loop synchronization. 
VFOE will go active when: 

a) Both HL T and HLD are True 
b) Settling Time, if programmed, has expired 
c) The 179X is inspecting data off the disk 

If WF/VFOE is not used, leave open or tie to a 1 OK 
resistor to + 5. 

DISK WRITE OPERATION 
When writing is to take place on the diskette the 
Write Gate (WG) output is activated, allowing current 
to flow into the Read/Write head. As a precaution to 
erroneous writing the first data byte must be loaded 
into the Data Register in response to a Data Request 
from the FD 179X before the Write Gate signal can be 
activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is im­
mediately terminated, an interrupt is generated and 
the Write Protect status bit is set. The Write Fault in­
put, when activated, signifies a writing fault condition 
detected in disk drive electronics such as failure to 
detect write current flow when the Write Gate is acti­
vated. On detection of this fault the FD179X termi­
nates the current command, and sets the Write Fault 
bit (bit 5) in the Status Word. The Write Fault input 
should be made inactive when the Write Gate output 
becomes inactive. 
For write operations, the FD179X provides Write 
Gate (Pin 30) and Write Data (Pin 3~) outputs. Write 
data consists of a series of 500 ns pulses in FM 
(ODEN = 1) and 250 ns pulses in MFM (ODEN = 0). 
Write Data provides the unique address marks in 
both formats. 

Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 
17) and LATE (Pin 18). EARLY is active true when 
the WD pulse appearing on (Pin 30) is to be written 
early. LATE is active true when the WD pulse is to be 
written LATE. If both EARLY and LATE are low when 
the WD pulse is present, the WD pulse is to be written at 
nominal. Since write precompensation values vary from 
disk manufacturer to disk manufacturer, the actual 
value is determined by several one shots or delay lines 
which are located external to the FD179X. The write 
precompensation signals EARLY and LA TE are valid 
for the duration of WD in both FM and MFM formats. 



Whenever a Read or Write command (Type II or Ill) 
is received the FD179X samples the Ready input. If 
this input is logic low the command is not executed 
and an interrupt is generated. All Type I commands 
are performed regardless of the state of the Ready 
input. Also, whenever a Type II or Ill command is re­
ceived, the TG43 signal output is updated. 

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

Table 2. COMMAND SUMMARY 

BITS 

TYPE COMMAND 7 6 5 4 3 2 1 0 

I Restore 0 0 0 0 h V r I r .. 

I Seek 0 0 0 1 h V r1 r,, 

I Step 0 0 1 u h V r1 r" 

I Step tn 0 1 0 u h V r1 r,, 

I Step Out 0 1 1 u h V r, r" 

II Read Sector 1 0 0 m F2 E F1 0 

II Write Sector 1 0 1 m F2 E F1 a<, 

111 Read Address 1 1 0 0 0 E 0 0 

111 Read Track 1 1 1 0 0 E 0 0 

111 Write Track 1 1 1 1 0 E 0 0 

IV Force lnterrrupt 1 1 0 1 I, b I, , .. 
Note: Bits shown in TRUE form. 

Table 3. FLAG SUMMARY 

TYPE I COMMANDS 

h = Head Load Flag (Bit 3) 

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

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

r1ro = Stepping motor rate (Bits 1-0) 

Refer to Table 1 for rate summary 

u = Update flag (Bit 4) 

u = 1, Update Track register 
u = 0, No update 
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Table 4. FLAG SUMMARY 

TYPE II & Ill COMMANDS 

rn = Multiple Record flag (Bit 4) 

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

ao = Data Address Mark (Bit 0) 

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

E = 15 ms Delay(2MHz) 

E = 1, 15 ms delay 

E = 0, no 15 ms delay 

(F2 ) S = Side Select Flag (1791/3 only) 

S = 0, Compare for Side 0 
S = 1, Compare for Side 1 

(F1) C = Side Compare Flag (1791/3 only) 

C = 0, disable side select compare 
C = 1. enable side select compare 

(F1) S = Side Select Flag 

( Bit 1, 1795/7 only) 

S = 0 Update SSO to 0 

S ~ 1 Update SSO to 1 

(F2) b = Sector Length Flag 

(Bit 3, 1975/7 only) 

Sector Length Field 

b=O 

b = 1 

00 

256 

128 

01 

512 

256 

10 

1024 

512 

Table 5. FLAG SUMMARY 

TYPE IV COMMAND 

11 

128 

1024 

Ii = Interrupt Condition flags (Bits 3-0) 

10 = 1, Not-Ready to Ready Transition 
11 = 1, Ready to Not-Ready Transition 
12 = 1, Index Pulse 
13 = 1, Immediate Interrupt 

13 -1 0 = 0, Terminate with no Interrupt 

TYPE I COMMANDS 

The Type I Commands include the Restore, Seek, 
Step, Step-In, and Step-Out commands. Each of the 
Type I. Commands contains a rate field (ron ), which 
determines the stepping motor rate as defined in 
Table 1. 



The Type I Commands contain a head load flag (h) 
which determines if the head is to be loaded at the 
beginning of the command. If h = 1, the head is 
loaded at the beginning of the command (HLD output 
is made active). If h = 0, HLD is deactivated. Once 
the head is loaded, the head will remain engaged 
until the FD179X receives a command that specifi· 
cally disengages the head. If the FD179X is idle 
(busy = 0) for 15 revolutions of the disk, the head will 
be automatically disengaged (HLD made inactive). 

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

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

••• 

SET BUSY. RESET CRC. 
SEEK EAAOJ:I. ORO INTFIO 

FF ... TOT~ 

0 TO OFI 

NO 

RESET HL 0 

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

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

On the 1795/7 devices, the 550 output is not affected 
during Type 1 commands, and an internal side com­
pare does not take place when the (V) Verify Flag is 
on. 

NO 

DRTO ~ 

1SSUE 
ONE STEP PULSE 

DUA'I ACCORDING 
TO Al. RO FIELD 

$fT DIRECTION 

... , TO TR 

OTOTFI 

TYPE I COMMAND FLOW 



RESTORE (SEEK TRACK 0) 
Upon receipt of this command the Track 00 (TROO) 
input is sampled. If TROO is active low indicating the 
Read-Write head is positioned over track O, the Track 
Register is loaded with zeroes and an interrupt is 
generated. If TROO is not active low, stepping pulses 
(pins 15 to 16) at a rate specified by the riro field are 
issued until the Tm5o input is activated. At this time the 
Track Register is I~ with ze~oes and an interrupt is 
generated. If the TROO input does not go active low 
after 255 stepping pulses, the FD179X terminates op­
eration, interrupts, and sets the Seek error status bit. 
A verification operation takes place if the V flag is 
set. The h bit allows the head to be loaded at the 
start of command. Note that the Restore command is 
executed when MA goes from an active to an inac­
tive state. 

SET 
cac 

ERROfl 

INTAQ 
FlfSIT BUSY 

NOTl: 1FTE$T O Tl-'IEFI[ IS NO 1WS OE.1.A't' 
c'FfEST ',lNO CUK 1 Ji,tH,1 lH[RF le;,- )(11111', 11-f, IIY 

tNTRQ 11E'i-f.T 8l! ;~ 

INTRO F1£.5,E1 BUSY 
SET SEiE'I< EFlflO~ 

RESE.l 
!'".Flt, 
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10 

SEEK 

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

STEP 

Upon receipt of this command, the FD179X issues 
one stepping pulse to the disk drive. The stepping 
motor direction is the same as in the previous step 
command. After a delay determined by ther1ro field, a 
verification takes place if the V flag is on. If the u flag is 
on, the Track Register is updated. The h bit allows the 
head to be loaded at the start of the command. An 
interrupt is generated at the completion of the command. 

STEP-IN 

Upon receipt of this command, the FD179X issues 
one stepping pulse in the direction towards track 76. 
If the u flag is on, the Track Register is incremented 
by one. After a delay determined by the r1no field, a 
verification takes place if the V flag is on. The h bit 
allows the head to be loaded at the start of the 
command. An interrupt is generated at the comple­
tion of the command. 

STEP-OUT 

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

TYPE II COMMANDS 
The Type II Commands are the Read Sector and 
Write Sector commands. Prior to loading the Type II 
Command into the Command Register, the computer 
must load the Sector Register with the desired sector 
number. Upon receipt of the Type II command, the 
busy status Bit is set. If the E flag = 1 (this is the 
normal case) HLD is made active and HL T is sam­
pled after a 15 msec delay. If the E flag is 0, the 
head is loaded and HL T sampled with no 15 msec 
delay. The ID field and Data Field format are shown 
on page 13. 

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



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

SFT BU'-':':' PF:',fT l'JRO LOST 
OA. TA RH~flr-tli NOT ~O'l/NO &. 

''-1Al11.'i Fl'TS ~ & fi INTRO 

• 
:SET H'LD 

Sector Length Table 

Sector Length Number of Bytes 
Field (hex) in Sector (decimal) 

00 128 
01 256 
02 512 
03 1024 

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

~o 

INTRO RESET BUSY 
SH RECORD~NOT FOUND 

SEl aAING IN SECTOR LENGTH FIELD 
TG.lJ STORE LENGTH IN INTERN._L 

REOISTER 

SET CRC fiES'El 
STATUS ERROR CRC 

:. R£•0 

_______ , ---~----~------ --------- -----' 

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

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

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

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

NO 

Put ASCOAO TYPE IN 
STATUS REG tilt 5 

INTRO RESET AUSY 
SET CRC EFIAOA 

1NTRO RE'3(T BU~,y 
SEl RE.CORD-NOT FOUND 

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

READ SECTOR 

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

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

NO 

DE.LAY 2 BYTES OF GAP 

SET ORO 

OH.A.Y l! BYTES OF GAP 

01:l lli'r I BYTE Of GAP 

TURN ON WCi £ WFll'!'E 
6 BYTES OF ZEROS 

WfltTE DAU, lliM 
ACCORDING TO -'0 flEl • 
OF WRITE f:O~MAND 

(.IA 'fO DSR SET bRO 

wnn [ BYiE H) DISI( 

VES 

ffT D.i.T;._ 
LOST 

WRITE 8YH 
OF lEF:!DS 

WP!T£ 1 B'l"TF OF f"F 

TURN OF"~ WG 
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the Lost Data Status bit is set. This sequence con­
tinues until the complete data field has been inputted 
to the computer. If there is a CAC error at the end of 
the data field, the CAC error status bit is set, and the 
command is terminated (even if it is a multiple record 
command). 

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

STATUS 
BIT 5 

1 
0 

WRITE SECTOR 

Deleted Data Mark 
Data Mark 

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

ao 
1 
0 

Data Address Mark (Bit O) 
Deleted Data Mark 
Data Mark 

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

TYPE III COMMANDS 

READ ADDRESS 

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

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

TRACK SIDE SECTOR SECTOR CRC CRC 
ADDA NUMBER ADDRESS LENGTH 1 2 

1 2 3 4 5 6 

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

READ TRACK 

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

WRITE TRACK 

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

GAP JD TRACK SIDE SECTOR SECTOR CRC CRC GAP DATA CRC CRC 
Ill AM NUMBER NUMBER NUMBER LENGTH 1 2 ll AM DATA FIELD 1 2 

ID FIELD DATA FIELD 

In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 
missing. 
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TYPE 1!1 COMMAND WRITE TRACK 

TYPE HI COMMAND WRITE TRACK 

CONTROL BYTES FOR IN!TIAL!ZATION 

DATA PATTERN FD179X INTERPRETATION FD 1791 /3 INTERPRETATION 
IN DR (HEX) IN FM (ODEN ::: 1) IN MFM (D[)EN = 0l 

00 thru F4 Write 00 thru F4 with CLK ::: FF Write 00 thru F4, in MFM 
FS Not Allowed Write A1 * in MFM. PmsP.t CRC 
F6 Not Allowed Write C2* * in MFM 
F7 Generate 2 CRC bytes Generate 2 CRC bytes 
F8 thru FB Write F8 thru FB. Clk = C7, Preset CRC Write F8 thru FR iri MFM 
FC Write FC with Clk = D7 Write FC in ~Al=M 
FD Write FD with Clk = FF WritP FD in ~IIFM 
FE Write FE, CII<' = C7, Preset CRC Write FE in ~AFM 
FF WritP. FF w,th Clk = FF \1\/rltP- FF j11 ~Al=~~ ' I 

-•---c~-~--• __ I 

* Missing clock transition between bits 4 ,mrl 5 **Missing clock transition bP.tween hits :'.\ & 4 

14 



ENTER 

SET BUSY 
RESET STATUS 

BITS 2, 4, 5 

COPY'S FLAG 
TOSSO LINE 
(1795'7 ONLYI 

SET HLD 

DELAY ISMS• 

TG43 
UPDATE 

•11 TEST- ' NO DELAY 

ltTEST= 1 and CLK= 1 MHZ. 30 MS DELAY 

NO 

NO 

INTRO 
RESET BUSY 

READ 
ADDRESS 

NO 

NO 

TYPE Ill COMMAND 
Read Track/ Address 

15 

SHIFT ONE BIT 
INTODSR 

TRANSFER 
OSR TO DR 

SET 
ORO 

SET INTRO 
RESET BUSY 

SET LOST 
DATA BIT 



NO 

VES 

SHIFl ' BYTE 
INTO DSR 

TRANSFER 
svTF ro nR 

SET ORO 

YES 

TRANSFER TRACK 
NUMBER TO SECTOR 

REGISTO" 

NO 

SE~ INTRQ 
RESET BUS\ 

YES 

RF.SET BUSY 
SET INTRO 
SETRNF 

Sl::T GRC 
ERROR BIT 

TYPE Ill COMMAND 

Read Track/AdrlrP.ss 

16 

TYPE IV COMMAND 

FORCE INTERRUPT 

This command can be loaded into the command re­
gister at any time. If there is a current command 
under execution (Busy Status Bit set), the command 
will be terminated and an interrupt will be 9enerated 
when the condition specified in the lo through h fielrl 
is detected. The interrupt conditions are shown be­
low: 

lo= Not-Ready-To-Ready Transition 
11 = Ready-To-Not-Ready Transition 
b = Every Index Pulse 
'3 = Immediate Interrupt (requires reset. see 

Note) 
NOTE: If lo - b = 0, there 1s no interrupt generated but 

the current command is terminated and busv rs 
reset. This is the only command that will enable 
the immediate interrupt to clear on a subse · 
quent Load Command Register or Read Status 
Register. 

STATUS DESCRIPTION 

Upon receipt of any command, except the Force In­
terrupt command, the Busy Status bit is set and the 
rest of the status bits are updated or cleared for the 
new command. If the Force Interrupt Command is 
received when there is a current command under 
execution, the Busy status bit is reset, and the rest of 
the status bits are unchanged. If the Force Interrupt 
command is received when there is not a current 
command under execution, the Busy Status b1! is 
reset and the rest of the status bits are updated or 
cleared. In this case, Status reflects the Type I com­
mands. 

The format of the Status Register is shown below: 

(BITS) 
7 6 5 4 3 2 1 0 

S7 S6 S5 S4 S3 S2 S1 so 

Status varies according to the type of command exe­
cuted as shown in Table 6. 



FOAMA TTING THE DISK 

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

Formatting the disk is a relatively simple task when 
operating programmed 1/0 or when operating under 
Formatting the disk is accomplished by positioning 
the R/W head over the desired track number and is­
suing the Write Track command. Upon receipt of the 
Write Track command, the FD179X raises the Data 
Request signal. At this point in time, the user loads 
the data register with desired data to be written on 
the disk. For every byte of information to be written 
on the disk, a data request is generated. This sequ­
ence continues from one index mark to the next 
index mark. Normally, whatever data pattern appears 
in the data register is written on the disk with a nor­
mal clock pattern However, if the FD179X detects a 
data pattern of F5 thru FE in the data register, this is 
interpreted as data address marks with missing 
clocks or CRC generation. For instance, in FM an FE 
pattern will be interpreted as an ID address mark 
(DATA-FE, CLK-C7) and the CRC will be initialized 
An F7 pattern will generate two CRC characters in 
FM or MFM. As a consequence, the patterns FS thru 
FE must not appear in the gaps, data fields, or ID 
fields. Also, CRC's must be generated by an F7 pat­
tern. 
Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 1024 
bytes. 
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IBM 3740 FORMAT-128 BYTES/SECTOR 

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

. 

[ 

NUMBER HEX VALUE OF 
OF BYTES BYTE WRITTEN 

40 FF (or 00) 1 

6 00 
1 FC (Index Mark) 

26 FF (or 00) 
6 00 
1 FE (ID Address Mark) 
1 Track Number 
1 Side Number (00 or 01) 
1 Sector Number (1 thru 1A) 
1 00 
1 F7 (2 CRGs written) 

11 FF (or 00) 
6 00 
1 FB (Data Address Mark) 

128 Data (IBM uses ES) 
1 F7 (2 CRC's written) 

27 FF (or 00) 
247*' FF (or 00) 

*Write bracketed field 26 times 

.. .. Continue writing until FD179X interrupts out. 
Approx. 247 bytes. 

1-Optional ·oo· on 1795/7 only. 

[f " • I~ I ,, 

1-t!(f,<ar, ,,,.,., 1111,,R( 1 ,.t,.F Wi ( r1i-1; ,A; • 'H '' 11!' 
.... •;. 

I "· · I ::,, > •~.-
f,lo.' /i 

A'.7(")R'f_' •• 

Mil'"'~ 

"'f( ' ... 

-f 
__ N,:,1•1 1 ,,11r,n>F >1";l,.,<'L,A•1 

')ff•llf."•'1,',r,i''"-''fL(' 

\ 

JBM TRACK FORMAT 
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IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR 
Shown below 1s thA !BM dual-density format with 256 
bytes/sector. In order to format a diskette the user 
must issue the Write Track command and load the 
data register with the following values. For every byte 
to be written, there is one data request. 

NUMBER 
OF BYTES 

80 
12 
3 

1 
1 
1 

22 
12 
3 
1 

256 
1 

~ 
598** 

4E 
00 
F6 

HEX VALUE OF 
BYTE WRITTEN 

FC (Index Mark) 
4E 
00 
FS 
FE (ID Address Mark) 
Track Number /0 thru 4C) 
Side Number (0 or 1) 
Sector Number (1 thru 1A) 
01 
F7 (2 CRCs wntten) 
4E 
00 
FS 
FB (Data Address Mark) 
DATA 
F7 (2 CRCs written) 
4E 
4E ,____._._~-----------------------

• Write bracketed fteld 26 times 
1 **Continue writing until FD179X interrupts out. 
j Approx. 598 bytes 

ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS 

1. NON-IBM FORMATS 

Variations in the IBM format are possible to a limited 
extent if the following requirements are met: sector 
size must be a choice of 128,256,512, or 1024 bytes; 
gap size must be according to the following table. Note 
that the Index Mark is not required bv the 179X. T0e 
minimum qap sizes shown are that whi(:h is mq111rr>rl h11 

the 179X, with PLL lock-up time, motor speed variaticn, 
etc., adding additional bytes. 

FM MFM 

Gap I 16 bytes FF 32 bytes 4E 

Gap II 11 bytes FF 22 bytesM: 

* 6 bytes 00 12 bytes oo 
3 bytes A"1 

Gap Ill 10 bytes FF 24 bytes 4E 
3 bytes f-11 

** 4 bytes 00 8 bytes 00 

Gap IV 16 bytes FF 16 bytes 4E 

*Byte counts must be exact. 
*"Byte counts are minimum, except exactly 3 bytes 

of A1 must be written. 

Vr:r With Respect to Vss (Ground) =15 to -0.3V 

Max Voltage to Any Input With =15 to 0.3V 
Respect to Vss 

Operating Temperature 

Storage Temperature 

o0c to 7o0c 
- ss0c to + 12s0c 

v00 •_, ID ma Nommal Vee = 35 ma Nominal 

OPERATING CHARACTERISTICS (DC) 
TA "- 0'C to 70''C. Von= + 12V ::>: .6V, Vss = OV, Vee = + SV ± .25V 

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS I 
li1 Input Leakage 10 µA V1N = Vnr, I 
l:x Output Leakage 10 µA Vour = Vor:, I 
V,H Input High Voltage 2.6 V 

i V1t. Input Low Voltage 0.8 V 
Vo .... Output High Voltage 2.8 V lo = - 1 00 µ_A 

I V01 Output Low Voltage 0.45 \I lo= l R mA 
' Pn PnwP.r Dissipation 0.5 w I 

18 



TIMING CHARACTERISTICS 

TA= OOC to 70°C, Voo = + 12V ± .6V, Vss = 0V, Vee =+5V ± .25V 

READ ENABLE TIMING 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. 

TSET Setup ADDA & CS to R~ 50 
THLD Hold ADDR & CS from RE 10 
TRE RE Pulse Width 400 
TORR DAO Reset from RE 400 500 
TIRA INTRO Reset from RE 500 3000 
TDACC Data Access from RE 350 
TDOH Data Hold From RE 50 150 

1f--.------f---,-,..-. . 1s· oa Jr "s --~---</""" 
ORO 

I 
I 
I 

' 

VOH 

---- ,, ••. ------! 
INTRO ,----,-'---+---------, 
~ ISEAVtCE: 

VOL 

.._ _____ Vil 

~TRE. 

~------ VIH 

DO+--
NOTE I CS.,_._.., BE Pl:AM/1,NENTl Y TIED LOW If DESIA"ED 

"llME DOUBLES \11/HDI CLOOIC ~t,a-'.r 

t SEAVFGE (WORST CASEl 
'FM . 27 S u.S 
"MfM · 135u:5 

READ ENABLE TIMING 
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UNITS CONDITIONS 

nsec 
nsec 
nsec CL= 50 pf 
nsec 
nsec See Note 5 
nsec CL= 50 pf 
nsec CL=50pf 



WRITE ENABLE TIMING 

SYMBOL CHARACTERISTIC 

TSET Setup ADDA & CS to WE 
THLD Hold ADDA & CS from WE 
TWE WE Pulse Width 
TORR DRQ Reset from WE 
TIRA INTRO Reset from WE 
TDS Data Setup to WE 
TDH Data Hold from WE 

INPUT DATA TIMING: 

SYMBOL CHARACTERISTIC 

Tpw Raw Read Pulse Width 

tbc Raw Read Cycle Time 

Tc RCLK Cycle Time 

Tx1 RCLK hold to Raw Read 

Tx2 Raw Read hold to RCLK 

' f- r::P~ 

Tl~f.l' --1 
t,,,'J " t-----c----+----

'-.rR•!I(: 
H ~ ,:: 

~ 

I 'wE 

J,,1 

"'0TE 1 cs MP. y El[ PEA~MIE NTI V TIEZ: LOW If OrSrRED 
2 WHEN WFi:ll'ING DATti. tl\lTO SFCTOR TRACK OR DA'fA 
r!f!::' 1$T[R USEP CAN~JOT READ THIS Ri:'GISTER UNTIL 

' 

l -,i:;,111r_f •W('l-='l.::,T (A'3E.1 
Ai LEAST 41,:JEC II'~ Ml'"M i,,FifR Tl--iE F~~SING EDGE or WE 
WHEN WFlHlNC 1~1n] THE COMI\/IAND REGIS1 En- -C:,TP.TUS 

~ !,1 _-, j ., 11 -

lll'~M , • • ,-, 

I~ NOT VA\ !(1- •JNl ;L Sr:.'M-f .?8 ;, ;3E(~ •ti r M 1.:1,., Sl:C JN- ~FM 
LATER lHf.''E TIMES AH/: DOU~-LF_~, WHEN CLK I MHz 

'TIME OOUBLE~ W'"'E:ri (l::'J,:::r 1Mt-1z 

WRITE ENABLE TIMING 

MIN. TYP. 

50 
10 

350 
400 
500 

250 
70 

MIN. TYP. 

100 200 

1500 

1500 

40 

40 

AA.W REAO 

ACL:W 

DISKETTE 
8" 

8" 

5" 
5" 

20 

MAX. UNITS CONDITIONS 

,nsec 
nsec 
nsec 

500 nsec 
3000 nsec See Note 5 

nsec 
nsec 

MAX. UNITS CONDITIONS 

nsec See Note 1 

nsec 1800 ns @ 10°c 

nsec 1800 ns @ 70°C 

nsec See Note 1 

nsec 

~·-··· _, I •- -I !-

LJ LS 
-7 "~, - ' --l 

I I I 
,-- ,. -+- 'h -i 
1--- ,, -j 

NOMINAL 

--
MODE DDEN CLK T, T. T. 
MFM 0 2 MHz 1 µS 1 µS 2 µS 

FM 1 2 MHz 2 µS 2µs 4 µS 

MFM 0 1 MHz 2 µS 2µ.S 4 µS 

FM 1 1 MHz 4 µS 4 µS 8 µS 

INPUT DATA TIMING 



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

SYMBOL 

Twp 

Twg 

Tbc 
Ts 
Th 

Twf 

Twdl 

Twd2 

CHARACTERISTICS MIN. TYP. MAX. UNITS 

Write Data Pulse Width 450 500 550 nsec 
150 200 250 nsec 

Write Gate to Write Data 2 µsec 
1 µsec 

Write data cycle Time 2,3, or4 µsec 
Early (Late) to Write Data 125 nsec 
Early (Late) From 125 nsec 
Write Data 
Write Gate off from WD 2 µ.sec 

1 µsec 

WO Valid to Clk 100 nsec 
50 nsec 

WO Valid after CLK 100 nsec 
30 nsec 

r--- 500 NS---~ 

CLK 
{IMHZ! 7 ___ ~f L 

WD ~;,a I W✓:~ 
Twd! -, 1 r- Twd2 

CONDITIONS 

FM 
MFM 
FM 

MFM 
±CLK Error 

MFM 
MFM 

FM 
MFM 

CLK=1 MHZ 
CLK=2 MHZ 
CLK=1 MHZ 
CLK=2 MHZ 

CLK 

(2MHZ) 

r-125--:r=-125---1 
7 ___ ___,J i _t _ 

WD 

Twdl ------1 

WRITE DATA/CLOCK RELATIONSHIP 

1DDEN. 01 

WRITE DATA TIMING 

21 
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MISCELLANEOUS TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TCD1 Clock Duty (low) 230 250 20000 nsec 
TCD2 Clock Duty (high) 200 250 20000 nsec 
TSTP Step Pulse Output 2 or4 11sec See Note 5 
TDIR Dir Setup to Step 12 11sec ± CLK ERROR 
TMR Master Reset Pulse Width 50 µsec 
TIP Index Pulse Width 10 µsec 

See Note 5 
fWF Wnte Fault Pulse Width 10 µsec 

f-- -1 

I- -! 

I- --i 
f- -i 

7SL 
-j 11-

MISCELLANEOUS TIMING 

NOTES: 
1 Pulse width on RAW READ (Pin 27) 1s normally 

100-300 ns However. pulse may be any width if 
pulse 1s entirely witnin window lf pulse occurs in both 
windows. then pulse width must be less than 300 ns 
for MFM at CLK , 2 MHz and 600 ns for FM at 2 
MHz. Times double for 1 MHz. 

2 A PPL Data Separator is recommended for 8" MFM. 

22 

3. tbc should be 2 µs. nominal in MFM and 4 µs nominal 
in FM. Times double when CLK - 1 MHz 

4 RCLK may be high or low during RAW READ /Polanty 
is unimportant). 

5 Times double when clock - 1 MHz 

I 



Table 6. STATUS REGISTER SUMMARY 

ALL TYPE I READ READ READ WRITE WRITE 

BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK 

S7 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY 

S6 WRITE 0 0 0 WRITE WRITE 
PROTECT PROTECT PROTECT 

S5 HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT WRITE FAULT 

S4 SEEK ERROR RNF RNF 0 RNF 0 

S3 CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0 

S2 TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 

S1 INDEX DRQ ORO DRQ DAO ORO 

so BUSY BUSY BUSY BUSY BUSY BUSY 

STATUS FOR TYPE I COMMANDS 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WAPT 
input. 

S5 HEAD LOADED When set, it indicates the head is loaded and engaged. This bit is a logical "and" of 
HLD and HL T signals. 

S4 SEEK ERROR When set, the desired track was not verified. This bit is reset to O when updated. 

S3 CRC ERROR CRC encountered in ID field. 

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track O. This bit is an inverted 
copy of the TROO input. 

S1 INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 

SO BUSY When set command is in progress. When reset no command is in progress. 

STATUS FOR TYPE II AND Ill COMMANDS 

BIT NAME MEANING 

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and Ill Commands will not execute unless the drive is ready. 

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

S5 RECORD TYPE/ On Read Record: It indicates the record-type code from data field address mark. 
WRITE FAULT 1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit 

is reset when updated. 

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is 
FOUND (RNF) reset when updated. 

S3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in 
data field. This bit is reset when updated. 

S2 LOST DATA When set, it indicates the computer did not respond to ORO in one byte time. This bit is 
reset to zero when updated. 

S1 DATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write operation. This bit is reset to zero when up-
dated. 

SO BUSY When set, command is under execution. When reset, no command is under execution. 
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WESTERN DIGITAL 
C 0 R p 0 R ,4 T I O N 

WD1691 FLOPPY SUPPORT LOGIC (F.S.L.) 

FEATURES 
• Direct interface to the FD179X 

• Eliminates external FOC Logic 

• Data Separation/RCLK GENERATION 

• Write Precompensation Signals 

• VFOE/WF Demultiplexing 

• Programmable Density 

• 8" or 5.25" Drive Compatible 

• All inputs and outputs TTL Compatible 

• Single +5V Supply 

vco 

ODEN 

VFOE 
fWF 

WG 

EARLY 

LATE 

-

-
~ 

I 
GENERAL DESCRIPTION 

.,. 
u.i 

The WD1691 F.S.L. has been designed to minimize the Z 
external logic required to interface the 179X Family of Floppy ~ 
Disk Controllers to a drive. Wrth the use of an external VCO, 
the WO 1691 will generate the RCLK signal for the W0179X, 
while providing an adiustment pulse (PUMP) to control the 
VCO frequency. vn:;-E/WF de-multiplexing is also accom­
plished and Write Precompensation signals have been in­
cluded to interface directly with the WD2143 Clock Generator. 

The WD1691 is implemented in N-MOS silicon gate 
technology and is available in a plastic or ceramic 20 pin 
dual-in-line package. 

=~ +N 

-COMP_/ 

--- ,,,,-

--
-

VFOE ----OEMUX PRECOMP 
LOGIC 

E 

rr= L 
N 

- t 
LATCH -
DECOD', 

-

I 

--
----

--,_ 
-

--

--
--

RCU< 

PU 

PD 

ROD 

TG43 

WOIN 

WOOUT 

STB 

BLOCK DIAGRAM 



PIN NAME SYMBOL FUNCTION 

1 WRITE DATA WDIN Ties directly to !he FD179X WO pin. 
INPUT 

2, 3, 4,19 PHASE 02 00 01 
-

4 Phase inputs to generate a desired Write Preccmpensation (j)4 

2. 3 1. 4 delay. These signals tie directly to the W02143 Clock 
Generator. 

I 
i 

Strobe OL"tput from the 1691. Strobe will 'atch At ;,i high level 5 STROBE STB 
I on the leading edge of WDIN and reset t::i a low levei on the i 

leading edge of 04. 

6 WRITE DATA WDOUT Serial, pre-compensated Write data straam to be serit to the 
OUTPUT disk drive·s WO line. 

I 

7 WRITE GATE WG Ties directly to the FD179X WG pin 

----- -
8 VFO ENABLE VFOE/WF Ties directly to the F0179X VFOE/WF pm 

WRITE ·'AULT ' 

! 

9 TRACK 43 TG43 Ties directly lo the FD179X TG43 pin, It Write Precompen-
i 
i 

satIon is required on TRACKS 44-76 

10 v" v., Ground 

--
Composite clock and data stream input from the drive. 

i 
11 READ DATA ROD i 

I 

' 

I 12 READ CLOCK RCLK RCLK signal generated by the WD1691. to be tied to the 
i FD179X RCLK pin 

13 PUMP UP PU Tn-state output that will be forced high when the WD1691 
requires an increase in VCO frequency I 

I 

i 
-

Tri-state output that will be forced low when the WDl691 re-
i 

14 PUMP DOWN PD 
quired a decrease in VCO freauency 

--
15 Double Density ODEN Doubte Density Select input When Inactive (H1qh), the VCO 

Enable frequency is internally divided by two 

' ' 

16 Voltage vco A nominal 4.0MHz (8" drive) or 2.0MHz {5.25" drive) master 
Controlled clock input 
Oscillator ! 

17, 18 EARLY EARLY EARLY and LATE signals from the FD179X, used to deter- I LATE LATE mme Write Precompensation. 
I 
I 

I 
20 V« Ve,, + 5V ='" 10% power supply 

I 

I 

l 

I 
2 



DEVICE DESCRIPTION 

The WD1691 is divided into two sections: 

1) Data Recovery Circuit 
2) Write precompensation Circuit 

__ihe Data Separator or Recovery Circuit has four inputs: 
ODEN, VCO, ADD, and VFOE/WF; and three outputs: PU, 
PD and ACLK. The VFOE/WF input is used in conjunction 
with the Write Gate signal to enable the Data recovery circuit. 
When Write Gate is high, a write operation is taking place, 
and the data recovery circuits are disabled, regardless of the 
state on any other inputs. 

WG VFOE/WF 

1 X 
0 1 
0 0 
0 0 

The Write Precompensation circuit has been designed 
to be used with the WD2143-01 clock generator. When the 
WD1691 is operated in a "single density only" mode, write 
precompensation as~eJ!_as the WD2143-01 is not needed. 
In this case, ()1, ~ (}3, (}4, and STB should be tied together, 
ODEN left open, and TG43 tied to ground. 

In the double-density mode (DDEN=O), the si~ls Early 
and Late are used to select a phase input <fl - 4)4) on the 
leading edge of WDIN. The STB line is latched high when 
this occu_@, causing the WD2143-01 to start its pulse gen­
eration. ~2 is used as the write data £_L!lse on nominal 
(Earty=Late=~). '2 is used for early, and ()3 is used for late. 
The leading edge of 1)4 resets the STB line in 0a0ticipation of 
the next write data pulse. When TG43 = 0 or EN= 1, Pre­
compensation is disabled and any transitions on the WDIN 
line will appear on the WDout line. If write precompensation 
is desired on all tracks, leave TG43 open (an internal pull-up 
will force a Logic I) while DDEN=O. 

The signals, DDEN, TG43, and ADD have internal pull­
up resistors and may be left open if a logic I is desired on 
any of these lines. 
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When VFOE/WF and WRITE GATE are low, the data 
recovery circuit is enabled. When the ADD line goes Active 
Low, the PU or PD signals will become active. If the ADD 
line has made its transition in the beginning of the RCLK 
window, PU will go from a HI-Z state to a Logic I, requesting 
an increase in VCO frequency. If the ADD line has made its 
transition at the end of the ACLK window, PU will remain in 
a HI-Z state white PD will go to a logic zero, requesti!:!9....! 
decrease in VCO frequency. When the leading edge of ADD 
occurs in the center of the RCLK window, both PU and PD 
will remain tri-stated, indicating that no adjustment of the 
VCO frequency is needed. The ACLK signal is a divide-by-
16 (DDEN=1) or a divide-by-8 (DDEN=O) of the VCO 
frequency. 

ROD PU+PD 

X HI-Z 
X HI-Z 
1 Hl-2 
0 Enable 

The minimum Voh level on PU is specified at 2.4V, 
sourcing 200ua. During PUMP UP time, this output will "drift" 
from a tri-state to .4V minimum. By tying PU and PO together, 
a PUMP signal is created that will be forced low for a de· 
crease in VCO frequency and forced high for an increase in 
VCO frequency. To speed up rise times and stabilize the 
output voltage, a resistor divider can be used to set the tri­
state level to approximately 1.4V. This yields a worst case 
swing of ::t: 1V; acceptable for most VCO chips with a linear 
voltage-to.frequency characteristic. 

Both PU and PD signals are affected by the width of the 
RAW READ (ROD) p~. The wider the RAW READ pulse, 
the longer the PU or PD signal (depending upon the phase 
relationship to RCLK) will remain active. If the RAW READ 
pulse exceeds 250ns. (VCO "' 4MHz, ODEN = 0) or 500ns. 
(VCO = 4MHz, ~ = 1), then both a PU and PD will occur 
in the same window. This is undesirable and reduces the 
accuracy of the external integrator or low-pass filter to con­
vert the PUMP signals into a slow moving D.C. correction 
voltage. 

Eventually, the PUMP signals will have corrected the 
VCO input to exactly the same frequency multiple as the 
RAW READ signal. The leading edge of the RAW READ 
pulse will then occur in the exact center of the RCLK window, 
and ideal condition for the FD179X internal recovery circuits. 



----------------SPECIFICATIONS----------------

ABSOLUTE MAXIMUM RAT!fflai 
Ambient Temperature under Bias .......... -25° to 70°C 
Voltaqe on ,my pin with resoect 
to Ground (vss) .......................... _ -0.2 to + 7V 
Power Oi5sipation ........... _ . . . . . . . . . . . . . . . . . . . . . 1 W 

Q{LJ:.J.£__G!BICAL CHARACTERISTICS 

TA,,.. & to 70"C; Vee = 5.0V::!:10%; v •• =OV 
I 

Storage Temp. -Ceramic-65°C to + 150°C 
Plastic-55°C to + 125°C 

NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions specifif!d 
in the DC Electrical characteristics. 

~SYMBOL i PARAMETER MIN TYP MAX UNIT TEST CONDITIONS 

I V,L i Input Low Voltage ~0.2 +0.8 V 

i V,H I Input High Voltage 2.0 V 
I j i V0 L i Output Low Voltage 0.45 V loL =3.2MA I 

I VoH [ Higt, Level Output Voltage 2.4 V loH= -200µ.a 'I 

f Vee ) Suppty Voltage 4.5 5.0 5.5 V ( 

I Ice I Supply Current 40 100 MA All outputs open 
·--------·--L----~-- ··-·-- -- . - --·-- ·--~-----· ~ -----+---__ .,.__ __ __.c__ ___ ....__ ____________ __. 

AC ELECTRICAL CHARACTERISTCS 

TA '"' ff to 70"C; Vee = 5V::': 10%,; Vss '°' ov 

-
OL 
--

SYMB 

Fl N 

., 

w . , 
" 

w Pi 

I 

I 

PARAMETER MIN 
·~------- --

VCO Input Frequency .5 

.5 

ROD Pulse Width 100 

EARLY (LATE) to WOIN 100 

PUMP UP/ON Time 0 

WDIN to WDOUT 

Internal Pull-up Resistor 4.0 
---·--····---

PINS 

i-------1------8, 9, 11, 15 
only 

1NTE9NAL PULL-UP RESISTOR 

TVP 
---

4 

2 

200 

6.5 

4 

MAX 

6 

6 

250 

80 

10 

vco 

UNIT TEST CONDITIONS 

--
MHz DDEN=0 

MHz DDEN=1 

ns . 

ns . 

ns. 

ns. DDEN=1 

Kn 

I I 
i.- FIN ........i 

RDD -----

RCLK __ _.f ... 

I I 
-I 1 -Rpw 

.___ _ _.,. 
Voo + 16-----~ I 



Wei 

WDtN _Jl 
EARLY 

LATE 

~ 

~ 

00 

G4 

STB 

WDOUT 

TG43 = "1" 

ODEN = "0" 

TG43 = "O" 
ODEN = .. 1., 

u 

n 
NOM 

WDIN 

WOOUT 

-1 1- -+ ...,._ Wpw 

n n n 

n 
LJ LJ LJ 

n n 
EARLY LATE NOM 

WRITE DATA TIMING (MFM) 

- +-- Wpw 

n n 
I I 

:n :n 
I I It Wpi 11 -,1-
WRITE DATA TIMING (FM) 
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TYPICAL APPLICATIONS 

Figure 1 illustrates the 1691 to FD1771-01 floppy disk con­
troller. The RCLK signal is used to gate the RAW data pulses 
which are inverted by the 74LS04 inverter. Since RCLK will 
be high dunng data and low during clock a ;4LS08 is used 
to switch the proper clock or data pulse to the FD1771. 

Shown in Figure 2 is a Phase-Lock Loop data separator 
and the support logic for a sin~le and·double-density 8" drive. 
The raw data (Both clock and data bits) ara fed to the 
WD1691 and FD179X. The WD1691 outputs its PU or PD 
signal, which is integrated by the .33uf capacitor and 33ohm 
resistor to form a control voltage for the 74S124 VCO device. 
The 4.0MHZ nominal output of the VCO then feeds back to 
the WD1691 completing the loop. The WD2143-01 is also 
used, providing write precom~nsation when m double-den­
sity, from tracks 44-77. The ODEN line can either be con­
trolled by a toggle switch or a logic level from the host 
system. 

RAW 
DATA 

To adjust write precompensation, issue a command to 
the FD179X so that write data pulses are present. This_can 
be done with a 'WRITE TRACK' command and the IP line 
open, or a continuous 'WRITE SECTOR' operation. With a 
scope on pin 4 of the WD1691, adjust the precomp pot for 
the desired value. This will range from 100 to 300 ns typically. 
The pulse width set on pin 4 ((11) will be the desired precomp 
delay from nominal 

__!.he data separator must be adjusted with the RDD or 
VFOE/WF line at a Logic I. Adjust the bias voltage poten­
tiometer for 1.4V on pin 2 of the 74S 124. Then adjus1 the 
range control to yield 4.0MHZ on pin 7 of the 74S124. 

1771-01 

74LS04 
XTDS 

1691 11 
ROD 

74LS08 
12 RCLK .,_ _____ ___.,.,_~ 

27 
FDDATA 

26 
FDCLOCK 

ODEN 
15 

N.C. 

FIG. 1 

WD1691 to FD1TT1-01 INTERFACE 

SUBSTITUTING VCO's 

There are other VCO circuits available that may be sub­
stituted for the 74S124. The specifications required are: 

1) The VCO must free run at 4.0MHz with a 1.4V control 
signal. The WD1691 will force this voltage 1 Volt in 
either direction (i.e., .4V = decrease frequency, 2.4V 
= increase frequency). If a :t: 15% capture range is 
desired, then a 1 Volt change on the VCO input should 
change the frequency by 15°/o. Capture range should 
be limited to about ± 25%, to prevent the VCO from 
breaking into oscillation and/or losing lock because of 
noise spikes (causing abnormally quick adjustments of 
the VCO frequency). Jitter in the VCO output frequency 
may further be reduced by increasing the integration 
capacitor/resistor, but this will also decrease the finAI 
capture range and lock-up time. 
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2) The sink output current of the WD1691 is 3.2ma mini­
mum. The source output current is -200ua. Therefore, 
source current is the limiting factor. Insure that the input 
circuitry of the VCO does not require source current in 
excess of --200ua. 

Another alternative is to use a voltage follower/level 
shifter circuit to match the input requirements of the VCO 
chosen. A more complex tilter can be used to convert the 
PUMP UP/PUMP DOWN pulses to the varying DC voltage 
signal required by the VCO, achieving an optimum condition 
between lock-up time and high frequency rejection. 
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RAW DATA 7r 27 RAW READ 
FROM DRIVE >-----~~---------------+-5----=-!....1 
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R2 

1 
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ANG 
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6 9 r 33µF 

NOTE 3{ 330 

1) ALL RESISTORS ¼W ± 5% 
2) SPECIFICATIONS= 

CAPTURE RANGE: ±20% 
LOCK-UP TIME: 25µ,sec 

(ALL ONE'S PATTERN, MFM) 
3) FOR 5 1/4" 8 

68µ,f .33µ,f 
680 33fi 

47., 
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47K 
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20 

vcc 6 
WDOUT -- 15 

4.0MHZ 16 ODEN 
vco 12 

11 
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RCLK 
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100K 

EARLY 
17 

BIAS VOLTAGE 13 
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ADJ LATE 
14 
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8 
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10 
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11 
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17 
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WESTERN DIGITAL 
CORPORATION 

WD2143-01 Four Phase Clock Generator 

FEATURES 

• TRUE AND INVERTED OUTPUTS 
• SINGLE 5 VOLT SUPPLY 
• TTL COMPATABLE 
• ON CHIP OSCILLATOR 
• XT AL OR TTL CLOCK INPUTS 
• 3 MHz OPERATION 
• TTL CLOCK OUTPUT 
• PROGRAMMABLE PULSE WIDTHS 
• PROGRAMMABLE PHASE WIDTHS 
• NO EXTERNAL CAPACITOR 
• NON-OVERLAPPING OUTPUTS 

1>4 18 Vee 

q,4 17 </>PW. 

¢3 16 c/!4PW 

(/)3 15 (/)3 PVV 

1>2 14 (/J2PW 

¢2 13 c/)l PW 

¢1 12 OSe OUT 

¢1 11 XTAL 1 

GND 10 XTAL 2 

PIN CONNECTIONS 

GENERAL DESCRIPTION 
0 
co 
0) .... 
er 

The WD2143-01 Four-Phase Clock Generator is a M:l 
MOS/LSI device capable of generating four non- nj 
overlapping clocks. The output pulse widths are Ii: 
controlled by tying an external resistor to the proper w 
control inputs. All pulse widths may be set to the (J) 

same width by tying the !IPW line through an exter-
nal resistor. Each pulse width can also be individu-
ally programmed by tying a resistor through the 
appropriate 01 PW - 04PW control inputs. In addi­
tion. the OSC OUT line provides a TTL square wave 
output at a divide-by-four of the crystal frequency. 

4>1PW 

T a ¢1 

~ osc 1/>1 

a 1/>1 
-H 

T a 1/>2 
(/J2PW 

</>2 

a (/)2 

</>3PW T a ¢3 

¢3 

a (/)3 

¢4 P'W T Q ¢4 

¢4 
</)PW a ¢4 

WD2143-01 BLOCK DIAGRAM 



PIN NUMBER 

1, 3, 5, 7 

2, 4, 6, 8 

9 

10, 11 

12 

13-16 

17 

18 

SYMBOL 

GJ1-GJ4 

GJ1-G4 

GND 

XTAL1 
XTAL2 

OSC OUT 

Q1PW-Q4PW 

QPW 

Vee 

DEVICE OPERATION 

DESCRIPTION 

Four phase, non-overlapping outputs. These outputs are inverted 
(active low). 

Four Phase, non-overlapping outputs. These outputs are true (active 
high) 

Ground 

External XT AL connections An external crystal tied to these pins will 
cause the osc1llator to oscillate at the crystal frequency. 

A TTL compatable output that is a divide-by-four of the 
crystal frequency 

External resistor inputs to control the individual pulse widths of each 
output. These pins can be left open if 0PW is used. 

External resistor input to control all phase outputs to the same pulse 
widths. ' 

" 

+5V ::<:: 5% power supply input 

Each of the phase outputs can be controlled individually 
by typing an external resistor from 01 PW-04PW to a 
+SV supply. When it is desired to have GJ1 through GJ4 
outputs the same width, the 01 PW-04PW inputs 
should be left open and an external resistor tied 
from the 0PW (Pin 17} input to + 12V 

XT AL 1 and XT AL2 can be connected directly to a 
series-resonant crystal, forcing the internal oscillator to 
oscillate to the crystal frequency. XTAL2 {pin 11) 
may also be driven by a TTL square wave with 
XTAL 1 {pin 10) left open. Each of the four phase out­
puts provide both true and inverted signals, capable 
of driving 1 TTL load each. 
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TYPICAL APPLICATIONS 

11 
~----- XTAL2 

WD2143-01 

10 
~---tXTAL1 

EXTERNAL CRYSTAL OPERATION 

5K 
WD2143-01 ¢ 1 
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¢1 
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17 r/>2 ¢2 

+12 (/!PW 
¢3 ¢3 

r/>4 
8 

¢4 

EQUAL PULSE WIDTH OUTPUTS 

179X 

WO t------------t 

EARLY I------------

LATEt---,-......-------; 

FD 
CONTROLLER 

+5 

10K 

3D 

CLK 10 

1D 40 

74l5175 

2D 20 

4D 30 

CLR 

11 

10 

7400 

WD2143-01 

10 
NC ----1 XT All 

TTL SQUARE WAVE OPERATION 

+5 

13 
¢1 

2 
¢,1 

14 4 
¢2 ¢2 

WD2143-01 
15 6 

<fi3 ¢3 

16 8 
</>4 ... </>4 

INDIVIDUAL PULSE WIDTH OUTPUTS 

EARLY 

NOMINAL 

LATE 

+5 

18 

vcc 
XTAL2 

XTALl 

WD2143-01 

¢4 

GND 

9 

-: 

8 
it,1 

6 
it,2 

¢3 
4 

17 
())4 

7438 

7438 

7438 

10K 

PRECOMP 
ADJUST 

wo 
TO 
DRIVE 

WRITE PRECOMP FOR FLOPPY DISK 
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1-~TFR 
XTAL 1 ==-1 Ted r- --------

-----j--JT~ E- ~-------
=:l ~'•• 

----------------X- Tpw -~--------------=:t r-TpR 
\ _y 

TN(/J=i Ir T N¢--J r T pF 
_____________________ y~ Tpw~---------

TpF--L-- =i I;='"• 
_______________ __,JY1--._Tpw--1\__ 

NOTES: 

Ted MEASURED FROM 90% V 0 H POINTS 

Tpw MEASURED FROM 50% VoH POINTS 

WD2143-01 TIMING DIAGRAM 

SPECIFICATIONS 

Absolute Maximum Ratings 

Operating Temperature 

Voltage on any pin with 
respect to Ground 

Power Dissapation 

Storage Temperature 

0° to +70° C 

-0.5 to+ 7V 

1 Watt 

-55° to +125° C 

4 

Note: Maximum ratings indicate limits beyond which 
permanent damage may occur. Continuous operation at 
these limits is not intended and should be limited to the 
DC electrical characteristics specified. 



DC ELECTRICAL CHARACTERISTICS 

Vee = +SV + 5% R(0NPW) or R(0PW) - 5K. GNO ~ OV TA ~ 0° to 70° C 

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS 

Vol TTL low level output 0.4 V 101 1.6 ma 

Voh TTL high level output 2.4 V loh 100 ua 

Vil XTAL in low voltage 0.8 V 

Vih XTAL in high voltage 2.4 V 

Ice Supply Current 80 ma All outputs open 

SWITCHING CHARACTERISTICS 

Vee -' 5V • 5%, GNO •- OV TA= 0° to 70° C 

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS 

Ted XT AL in to OSC out ( t ) 100 NS 

Tpd OSCout to 01 100 NS 

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS 

Tpw Pulse Width (any output) 100 NS CL= 30pf 
0PW = SK 

Tn¢ Non-Overlap Time 20 NS 

Tpr Rise Time (any output) 30 NS CL=30pf 

Tpf Fall Time (any output) 25 NS CL" 30 pf 

TFR OSC in Frequency 3 mHz 
External Resistor 100 k.n. 0PW or r/mPW 

Tpw Pulse Width Differential 5 % f/JPW = 5K 
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1.1 GENERAL 

SECTION 1 

INTRODUCTION 

This high-performance. teletype-compatible display 
terminal 1s an input-output device which transmits and 
receives information from a central processor or 
computer time-share system. This interactive terminal 
is designed to meet requirements in the 
telecommunications, data processing, and computer 
industries. Applications include small systems, time­
sharing, information display systems, credit/banking 
systems, and minicomputer/microcomputer systems. 

Data communication is possible using a modem and 
acoustic coupler or a direct computer-to-terminal 
connection via the EIA, RS232C (CCITT V.24) 
compatible interface connector at data rates up to 
19200 baud. A 20 milliamp current loop cable interface 
is an optional accessory. 

The basic terminal includes an upper/lower case 
typewriter style keyboard with control keys, 
communications electronics, and a 12'' non-glare video 
display screen for a 24 line, 80 character per line 
format. Data entry occurs in either a bottom line mode 
with single line scroll up or a page mode. Options to the 
terminal include serial and parallel peripheral 
interfaces, coloured display screens, numeric pad and 
function keys, APL character set (non-overstrike), and 
many foreign keyboards and character sets. 

1.2 DISPLAY TERMINAL FEATURES AND OPTIONS 

The basic video display terminal is a stand-alone, ASCII, 
serial asynchronous computer peripheral for use on 
any system with an RS232C (CCITT V. 24) interface. 

Standard features on the terminal include: 

Detachable upper/lower case typewriter style 
keyboard. 

Switch selectable upper/lower case. 

Display of 1920 characters in a 24 line, 80 character 
per line format. 

12" anti-glare display screen. 

Normal or reverse video. 

Four-Way cursor flashing or steady-block or underline 
selectable. 

Front panel controls: Power Off/On, Local/Remote, 
Half/Full Duplex, Roll/Page, ASCII/APL switches. 

TransparentfTape Mode switch allows display of 95 or 
128 characters. All control codes displayed when mode 
is On. 

Bottom line entry in Roll Mode. 

Page overwrite in Page Mode. 

Automatic word wrap around on video display after the 
80th character position. 

Automatic alarm (Control G, BEL code). 

Rev. 3 

Auto-Repeat, characters repeat at 15 char/sec. 

Absolute x-y cursor addressing. 

Clear to 'End of Line' and 'End o!Screen' functons. 

8-position baud rate select switch on rear panel. Select 
from 110, 300, 600, 1200, 2400, 4800, 9600, 19200 
baud. 

Parity select switch on rear panel. 

EIA RS232C (CCITT V.24) communications interface. 
(20mA. current loop accessory available.) 

Serial or parallel peripheral interfaces (optional). 

Optional numeric pad and function keys. 

APL and many foreign keyboards and displays 
available. 

EXPORT version (230V/50Hz) easily user-configurable. 

1.3 TERMINAL OPTIONS 

OPTION APL Provides front panel switch selectable 
ASCII and APL character set (no 
overstrikes). APL is typewriter paired. 

OPTION SPI Serial Peripheral Interface. This 
switched EIA interface is bidirectional 
tor use with a printer, cassette, floppy 
disc, or other serial peripheral devices. 
This port is enabled locally by 
depressing the PRINT key on the 
keyboard or remotely by the Control Q 
(Turn On) and Control S (Turn Off) ASCII 
codes. This option is implemented using 
a 25 pin DB Type connector located on 
the rear of the terminal. 

OPTION PIP Auxiliary Parallel Input. ASCII input port 
used with accessory items such as the 
Bar Code Reader Interface (BRI). There 
are 7 input bit lines plus a strobe bit line, 
power and control lines. This 25-Pin 
connector is located on the rear panel. 

OPTION CDS Coloured anti-glare display screen 
(specify Amber, Green). 

OPTION KB1 Adds a numeric pad and function keys 
to the keyboard. 



SECTION 2 

OPERATION 

2.1 OPERATING CONTROLS 

2 

The main controls for establishing the terminal's mode 
of operation, LOCAL, FULL, PAGE, and APL are located 
on the keyboard. These and other controls are as 
follows: 

CONTROL 

POWER 

LOCAL 

FULL 

PAGE 

APL 

LOCATION FUNCTION 

Front Controls power to 
terminal (Part of 
Brightness control), 

Keyboard When depressed, the 
terminal is in a LOCAL 
(Off-Line) mode. When 
up, the terminal is in 
REMOTE (On-Line) 
mode. 

Keyboard Switch selects HALF 
(Up) or FULL 
(Depressed) DUPLEX 
mode. 

Keyboard Switch selects screen 
presentation mode, 
Page overwrite 
(depressed) or bottom 
line (Up) entry with 
scroll-up. 

Keyboard When depressed, 
selects screen display. 

, It is used with the APL 
character set. 

BAUD RATE Rear Thumbwheel switch 
selects one baud rate 
from 110, 300, 600, 
1200,2400,4800,9600, 
19200 baud. 

BRIGHTNESS Front 

CAPS ONLY Keyboard 

Switch 
Pos. 

0 
1 
2 
3 
4 
5 
6 
7 

Baud 
Rate 

110 
300 
600 

1200 
2400 
4800 
9600 

19200 

Control knob adjusts 
brightness of screen 
display and POWER 
on/off. 

When depressed, the 
terminal is in CAPS 
LOCK mode. Shifts 
lower-case alphabetic 
characters to upper­
case. 

PARITY Rear 

TRANSPARENT Rear 

2.2 KEYBOARD FUNCTIONS 

Toggle switch selects 
odd, even or no parity 
(normally mark; may be 
internally changed to 
space parity). 
Switch selects 95 or 
128 character set 
display. All control 
codes displayed when 
switch is ON. 

All keyboard keys generate ASCII codes with the 
exception of the BREAK Key. APPENDIX H identifies 
which codes are used for the individual characters and 
control functions. For example, Control M executes a 
carriage return. Characters repeat automatically if the 
key held depressed for more than . 75 seconds. 
APPENDIX F shows keyboard layouts. 

BREAK 
The data output lines are put into a space condition for 
as long as the key is depressed. 

CONTROL CHARACTERS 
Control characters are transmitted by depressing the 
CTRL key and the character key simultaneously or by 
depressing the control key first and holding it down 
while depressing the character key. These codes are 
transmitted by the terminal. 

CURSOR LEFT (Control H) 
Moves the non-destructive cursor one character 
position to the left If the cursor is positioned at the 
beginning of a line, issuing this command will have no 
effect 

CURSOR RIGHT (Control U) 
Moves the non-destructive cursor one position to the 
right. When the cursor reaches the last character 
position in a line, it wraps around to the beginning of the 
next line. In PAGE mode the cursor moves from the last 
position of the last line to the first position of the first 
line when a cursor right command is issued. 

CURSOR DOWN or LINE FEED, LF (Control J) 

This command moves the non-destructive cursor down 
one line. If the cursor is on the bottom line the text 
scrolls up. In Page Mode the cursor moves to the top 
line. 

CURSOR UP (Control Z) 

Moves the non-destructive cursor up one position. If the 
cursor is on the top line, cursor remains fixed. 

CURSOR HOME (Control Y) 

Moves the non-destructive cursor to the upper left hand 
corner, without clearing screen. 

CLEAR (Control X) 

When this key is depressed, the entire screen is cleared 
of all information and the cursor moves td the upper left 
hand corner (allow 40 ms.). 
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CLEAR TO END OF LINE (Control V) 

When this key is depressed the line upon which the 
cursor is currently positioned is cleared from the cursor 
to the end of that line. the cursor position remains 
unchanged. 

CLEAR TO END OF SCREEN (Control W) 

When this key is depressed, all information is cleared 
from the cursor position to the end of the screen. The 
cursor position remains unchanged (allow 40 ms.). 

RETURN (Control M) 

When depressed, the cursor is moved to the beginning 
of the line on which it is positioned. 

CONTROL P (X-Y Cursor Addressing) 

Direct cursor positioning is provided following the 
receipt of the appropriate control code (Control P). The 
next character received will cause the cursor to move 
to a line position (Y direction) as defined in the table in 
APPENDIX A. In a similar manner, the next character 
will cause the cursor to move to a character position (X 
direction) as defined in the table. Note that motion can 
be inhibited In one direction or the other. 

ESC (Escape) 

When depressed, the ASCII code for the ESCAPE 
function is transmitted, but not displayed. When 
received, the code has no effect on terminal operation. 

2.3 TURN-ON PROCEDURE 

Become familiar with all controls, switches, and 
indicators on the terminal before attempting to sign on 
to any computer system. The following procedure 
should be followed when signing on: 

1. Turn the BRIGHTNESS control knob clockwise to 
turn the power ON. 

2. Place LOCAL switch on keyboard to LOCAL. 
3. Depress a few character keys to fill the screen with 

a few lines of characters. 
4. Adjust BRIGHTNESS control knob to display bright, 

crisp characters. 
5. Execute a CONTROL X (or depress CLEAR key) to 

clear screen and home the cursor. 
6. Set the PARITY ODD/EVEN/NO toggle switch on rear 

panel to required position. 
7. Select the BAUD RATE to be used with the rear 

panel thumbwheel switch. 
8. Set the LOCAL keyswitch to the Up position and the 

FULL Duplex (Up for HALF, down for FULL) 
keyswitch to the required position and begin sign-on 
procedure. 

2.4 MODES OF OPERATION 

LOCAL 

In the LOCAL MODE, no signal transmission is made to 
the computer through the input/output connectors on 
the rear panel. LOCAL MODE may be used for testing 
keyboard functions or working in an off-line mode. 
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HALF DUPLEX, REMOTE 

In this mode data is simultaneously displayed on the 
screen and transmitted to the computer each time a 
key is depressed. 

FULL DUPLEX, REMOTE 

In this mode, two way communications exists between 
terminal and computer. When a key is depressed, the 
data is transmitted to the computer and then displayed 
on the terminal screen only after the computer has 
echoed back the character for display verification. The 
terminal's operator is assured character-by-character 
verification of the transmitted data. 

TRANSPARENT/TAPE 

When the TRANSPARENT MODE switch located on the 
rear chasis is in the ON position all control codes 
received by the terminal from the computer or keyboard 
are displayed on the screen. No cursor control codes 
are active and all data is continuously displayed as one 
string, wrapping around at the 80th character position. 
Control characters are displayed preceded by a small c 
to identify them as such (i.e. Control G is CG, Control X is 
Cx, etc.). This mode is extremely useful for debugging 
computer programs or monitoring completely the 
communications line data. 

2.5 COMMUNICATIONS INTERFACE 

This consists of a 25-PIN, rear panel input/output 
connector marked "SERIAL DATA (RS232-C DTE)" and 
conforms to the EIA RS232C (CCITT V.24) standards. 
The pin connections are described in APPENDIX B. A 
20 mA current loop can beimplemented using a special 
cable assembly, Part Number CI04-2M. 

RECOMMENDED EIA CABLING LENGTHS 

BAUD MAXIMUM CABLE 
RATE LENGTH (M) 

110 2400 
300 1200 
600 600 

1200 300 
2400 150 
4800 75 
9600 40 

For speeds greater than 2400 Baud and lengths greater 
than 15 meters, all data and control signals should be 
carried as twisted pairs using pins 1 to 7 as returns. 

2.6 MODEMS AND ACOUSTICAL COUPLERS 

If external modems and couplers are used, connection 
to the terminal is made through the 25 PIN RS232C 
(CCITT V.24) connector. When the computer operates 
in HALF DUPLEX mode the modem and the terminal 
must be operating in different modes, otherwise, 
characters will be repeated on the terminal display 
screen due to the signal echo back from the modem 
and the locally generated character. 
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SECTION 3 
INSTALLATION 

3.1 INITIAL INSPECTION 
Inspect the terminal for physical damage. Check the 
switches, connectors, and video screen. The original 
shipping carton should be kept for possible future 
shipping of the terminal. 

3.2 CLAIMS FOR TRANSIT DAMAGE 
If physical damage is evident or instrument does not 
perform correctly when received, notify the nearest 
Volker-Craig Ltd. Sales/Service office. Arrangements 
will be made for repair or replacement of the terminal. 

VISIBLE DAMAGE 
1. Accept the merchandise and sign the receipt as 

damaged. 
2. Keep all packing materials. 
3. Notify Volker-Craig Ltd. shipping department of the 

damage, waybill number, and all other pertinent 
information. 

4. Call the earner and request an immediate 
inspection. 

5. Return the merchandise via the same carrier to 
Volker-Craig Ltd. INCLUDE A COPY OF THE 
CARRIER'S INSPECTION REPORT WITH THE 
SHIPMENT. 

HIDDEN DAMAGE 
1. CALL THE CARRIER AND REQUEST AN IMMEDIATE 

INSPECTION. 
2. Notify Volker-Craig Ltd. shipping department. 
3. Keep all packing materials. 
4. Return the merchandise via the same carrier to VCL. 

INCLUDE A COPY OF THE CARRIER'S INSPECTION 
REPORT WITH THE SHIPMENT. 

3.3 INSTALLATION 
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The Volker-Craig Terminal can be installed in a number 
of configurations and locations. Its portability lends 
itself to being moved easily from one location to another 
as user requirements change. For use with a telephone, 
an acoustic coupler can be plugged in directly. 

All cable connections are made at the rear panel of the 
terminal. The following cable connections are 
necessary: 
1. Power cable from terminal to AC outlet 

115V+/-10VAC, 50/60 Hz. With the export model 
these units require the power cable to be connected 
to an AC outlet 230V + /-20VAC 50/60 Hz. The 
internal refresh rate switch must agree with the line 
frequency. 

2. Video cable from terminal rear panel connector 
marked VIDEO to monitor (If remote slave monitor is 
required, impedance = 75 ohms). 

3. One of the following interfaces is required: 
A. An RS232C (CCITT V.24) 25-pin connector and 

cable from central computer, multiplexer, or 
external modem, to the rear panel connector 
marked SERIAL DATA. 

B. If a 20 mA. current loop interface is required, 
connection is made to the same connector using 
a special interface cable (P/N CI04-2M). 

SECTION 4 

SALES-SERVICE SUPPORT 

4.1 WARRANTY 

Volker-Craig Ltd. warrants all products against defects 
in materials and workmanship for a period of ninety (90) 
days from the date of shipment. The warranty is limited 
to the servicing and adjustment of any product returned 
to Volker-Craig Ltd. for that purpose. Included is the 
replacement or repair of any product or any part 
thereof. Transportation charges must be prepaid by the 
purchaser. 

This warranty shall not apply to any product or part 
thereof that is defective or unworkable due to abuse, 
mishandling, accident, alteration, negligence, or 
improper installation. Volker-Craig Ltd. reserves the 
right to service equipment at the customer's site. No 
other warranty is expressed or implied and Volker-Craig 
Ltd. is not liable for consequential damages. 

4.2 SERVICE REQUESTS 

Volker-Craig Ltd. is concerned with "after sales" 
service support. To ensure fast and efficient service we 
suggest the following procedure when calling VCL main 
plant or any sales/service office. 

1. Give the Volker-Craig model number and serial 
number of the defective instrument (an Instrument 
History file and Unit Control Record is kept on each 
instrument). 

2. Supply the exact physical location of the equipment, 
i.e., building, department, room number, and/or 
person to contact for further information. 

3. Describe to the best of your ability the nature of the 
trouble so that we may form a "mental picture" of 
the problem. (Many service problems are solved 
over the telephone). 

4. The necessary action to solve the outstanding 
problem will be taken by VCL personnel as quickly as 
possible. 



APPENDIX A 

DIRECT X-Y CURSOR ADDRESS COMMAND (CTRL P.Y.X) 

The cursor address command allows the cursor to move to the screen position specified by the next two characters. The 7 bit 
ASCII code for the first character entered gives the Y-Position and the 7-bit ASCII code for the second character entered gives 
the X-Position. The character co-ordinates are in binary format (offset by 20 Hex). 

X-POSITION CHARACTER X·POSITION CHARACTER Y-POSITION CHARACTER 

0 (Space) 41 I 0 (Space) 
1 ! 42 J 1 ! 
2 " 43 K 2 

., 

3 # 44 L 3 # 
4 $ 45 M 4 $ 
5 % 46 N 5 % 
6 & 47 0 6 & 
7 48 p 7 ' 

8 ( 49 Q 8 ( 
9 ) 50 A 9 ) 

10 * 51 s 10 * 
11 + 52 T 11 + 
12 53 u 12 
13 - 54 V 13 
14 55 w 14 
15 I 56 X 15 I 
16 0 57 y 16 0 
17 1 58 z 17 1 
18 2 59 I 18 2 
19 3 60 \ 19 3 
20 4 61 I 20 4 
21 5 62 - (circumflex) 21 5 
22 6 63 (underscore) 22 6 

~ 

23 7 64 (grave accent) 23 7 
24 8 65 a No motion 8 
25 9 66 b 
26 67 C 

27 ' 
68 d 

28 < 69 e 
29 ::: 70 f 
30 > 71 g 
31 ? 72 h 
32 @ 73 i 
33 A 74 j 
34 B 75 k 
35 C 76 I 
36 D 77 m 
37 E 78 n 
38 F 79 0 

39 G No motion p 
40 H 
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APPENDIX B 
SERIAL DATA CONNECTOR SIGNALS 

Asynchronous Serial Data EIA RS232C (CCtTT V.24) 
Connector Signals (25·PIN Female D-Connector) 

Pin Number Signal Description 
1 Chassis Ground 
2 Output (Transmit Data) 
3 Input (Receive Data) 
4 Request to send (Note 1) 
5 Clear to send (Note 2) 
7 Signal Ground 

11 Supervisory Transmit (Note 3) 
18 -12V DC 
20 Data Terminal Ready (Note 4) 

Note 1 In LOCAL mode RTS is OFF. In REMOTE mode ATS 
turns ON when a character is to be transmitted. 
ATS turns OFF after a control code has been 
transmitted. 

Note 2 CTS must be ON or open circuited to enable data to 
be sent. In LOCAL mode this signal is ignored. 

Note 3 In LOCAL mode SA is OFF. In REMOTE mode SA is 
OFF except when the BREAK key is depressed or 
when the PRINTER BUSY signal is ON at the Serial 
Peripheral Interface (see APPENDIX C). 

Note 4 In LOCAL mode DTR is OFF. In REMOTE mode 
DTR is ON except when the PRINTER READY 
signal is OFF at the Serial Peripheral Interface (see 
APPENDIX C)_ 

Note 5 All other pins have no internal connections. 

RS232 SIGNAL DEFINITION 

Marking condition is indicated by a negative voltage from 3 
to 25. A Spacing condition is indicated by a positive voltage 
lrom 3 to 25. 

DAT A idle (MARK) 

The lease significant btt (LSB) is received first during serial 
transmission. 

Space 
+3 to+ 25V 

Mark 
-3 lo -25 V -

s 
I 
a 
r 
t 

B B B 
i i I 
I 1 1 
1 2 3 

p 
B B B B a 1 or 2 
i i i i r Slop 
I 1 t t ! Bits 
4 5 6 7 I 

y 

There are 2 stop bits at 110 baud and 1 stop bit at all other 
speeds 

APPENDIX C 
OPTIONS 

1. APL/ASCII 

This option allows the APL (no overstrikes) or ASCII 
character sets to be selected by the front panel APL/ASCII 
switch. The APL character set is typewriter paired and the 
keyboard is defined by clear decals with white legends 
located on the front of the ASCII keycaps. 

? SERIAL PERIPHERAL INTERFACE (OPTION SPI) 
(AUDILIARY 25 PIN RS232C PORT) 

This bidirectional EIA interface is switched on/off from the 
keyboard by depressing the illuminating "PRINT" key. With 
the key depressed, it can also be controlled by means of 
control codes. Control Q (DC1) will turn on the port and 
Control S (DC3) will turn off the port (the light will extinguish). 

The 25 pin female D-connector signal descriptions and 
assignments follow RS232C (CCITT V.24) pin conventions 
{viewed as a modem port). The connector is located on the 
rear panel. 

DESCRIPTION 
GROUND 
INPUT (Transmit) DATA 
OUTPUT (Receive) DATA 
ON level (Clear to Send•Note 1) 
ON level (Data Set Ready-Note 1) 
GROUND 
ON level (Carrier Detect-Note 1) 

PIN NUMBER 
PIN 1 
PIN 2 
PIN 3 
PIN 5 
PIN 6 
PIN 7 
PIN 8 
PIN 11 
PIN 20 

Printer Busy (Supervisory TX-Note 2) 
Printer Ready (Data Terminal Ready-Note 
3) 

NOTES: 
Note 1 Pins 5, 6 and 8 are tied to a positive voltage 
Note 2 Control signal trom printer on pin 11 is propagated 

to pin 11 on the main 1/0 connector ii SPI is ON. 
Note 3 Data Terminal Ready signal from printer is 

propagated to pin 20 on main 1/0 connector if SPI is 
ON. If not used, signal will default to ON. 

3. AUXILIARY PARALLEL INPUT (OPTION PIP) 

This option provides an auxiliary TTL compatible parallel 
input to allow connecting parallel devices such as Bar Code 
Reader Interface or detached numeric key cluster to the 
auxiliary input of the terminal's control (CON) card. When 
the auxiliary input is activated by the external device, the 
terminal's keyboard is disconnected. Once the data from 
the auxiliary device has been presented to the terminal, it is 
handled the same as keyboard data. The Input Acknowledge 
signal goes high when data can be accepted. 

The option is terminated on a 25 pin connector mounted on 
the rear panel of the terminal. 

PIN NUMBER SIGNAL DESCRIPTION 
PIN 1 SIGNAL GROUND 
PIN 2 INPUT BIT 0 
PIN 3 INPUT BIT 1 
PIN 4 INPUT BIT 2 
PIN 5 INPUT BIT 3 
PIN 6 INPUT BIT 4 
PIN 7 INPUT BIT 5 
PIN 8 INPUT BIT 6 
PIN 9 INPUT BIT 7 (not used) 
PIN 10 INPUT STROBE' 
PIN 11 INPUT ACKNOWLEDGE 
PIN 12 INPUT SELECT' 
PIN 13 + 5VDC 

4. COLOURED DISPLAY SCREEN (OPTION CDS) 

This option allows the selection of a coloured anti-glare 
display screen instead of the standard grey/white display. 
Specify amber or green. 
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5. NUMERIC AND FUNCTION KEYS (OPTION KB1) 

A numeric pad and function keys are added to the keyboard 
layout. This op1ion is most useful for data entry applications 
and terminal requirements where user definable key 
commands are necessary. Twelve function keys appear as 
the top row of keys on the keyboard. These 12 keys issue the 
following ASCII Control Codes: 

PF1 CTRL A (SOH) 
PF2 CTRL B (STX) 
PF3 .CTRL C (ETX) 
PF4 CTRL D (EQT) 
PF5 CTRL E (ENO) 
PF6 CTRL F (ACK) 

ACCESSORIES 

PF? CTRL R (DC2) 
PF8 CTRL T (DC4) 
PF9 CTRL \ (FS) 
PF10 CTRL I (GS) 
PF11 CTRL A (RS) 
PF12 CTRL · (US) 

APPENDIX D 

CURRENT LOOP ADAPTOR CABLE (CI04·2M) 

To operate the terminal in a current loop, a current loop 
cable (PIN CI04·2M) must be ordered with the terminal. This 
cable contains an interface which connects the EIA levels to 
current loops. The cable is plugged into the 25-PIN SERIAL 
DATA connector. Current loop terminations do not appear 
directly on a rear panel connector. The Voltage-Current 
conversion circuitry is located within the cable. 

CURRENT LOOP SIGNAL DEFINITION 

A marking condition is indicated by a current flow of 20mA. 
A spacing condition is indicated by a lack of current flow. 
The least significant bit is the first data bit during 
communication. 

RS232C DATA COMMUNICATIONS CABLE (CE01·2M) 

Terminal to data set cable, 2 metres in length. This cable 
carries the signals between pins 1, 2, 3, 4, 7, and 20. 

MAC 

Modem and coupler. Designed for data communications 
over standard phone lines at rates to 300 baud. Modem 
circuitry is located in the external acoustic phone coupler. 
Plugs into SERIAL DATA connector using an RS232C 
Terminal to Data Set cable (Part No. CE01-2M) 

MTI 

Multiple Terminal Interface. Small compact switching box 
connects up to five terminals to one serial printer. Any one 
of five terminals is selected by a front panel rotary switch. 

BAI 

Bar Code Reader Interface. Connects Monarch Marking 
System 2243 parallel scanner to the terminal via the 
auxiliary parallel input option, OPTION PIP. 
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APPENDIX E 

INTERNAL SETTINGS 

BACKPLANE BOARD (BAC· 1 ): 

It is possible to operate the terminal on a line voltage of 
230VAC ( + or • 20V) or 115VAC ( + or • 10V). At either 
voltage the frequency may be 50 or 60 Hertz. The video 
refresh is not affected and this is separately adjustable. 

At the rear left corner of the main printed circuit board 
(when viewed from the front), two pairs of terminal posts can 
be seen. For 230V operation the black/yellow and the 
black/white wires should be connected to the posts marked 
"230". For 115V operations, these wires should be 
connected to the posts marked "115". 

CONTROL BOARD (CON-1 ): 

At IC (Integrated Circuit) location G6, six jumper pairs 
provide for the following features: 

LABEL FEATURE 
TSP When installed, this jumper permits normal 

operation in the transparent (or tape) mode. When 
not installed, the terminal will not display the 
control codes. 

FDX When installed, ATS is held high (ON) in FULL 
Duplex, but operates normally in HALF Duplex. 
Both FDX and ATS jumpers should not be installed 
at the same time. 

ATS When installed, this jumper ties the ATS signal high 
(ON state). Without it, ATS is controlled by the 
terminal. Do not install both RTS and FDX jumper 
straps. 

SPC When installed, the NO PARITY position of the 
PARITY switch produces a SPACING condition. 
Otherwise, NO PARITY produces a MARKING 
condition. 

FILL Jumpering this pair causes a fast screen fill of the 
last character typed on the keyboard. 

APT Jumpering this pair causes the last character typed 
to repeat at the maximum rate allowed by the 
BAUD RATE setting. 

DISPLAY BOARD (DIS-2) 

On the Display board, in IC location G4, there are four 
jumper pairs. These can control the following features: 

LABEL FEATURE 

FLASH/STOY When installed, the cursor will flash. Without 
the jumper, the cursor will remain stationary. 

LINE/BLK When installed, the cursor is an underscore. 
Otherwise it is a solid block. 

50/60 When installed, the refresh rate of the video 
is 50HZ. When not installed, the refresh rate 
is 60HZ. This rate should correspond to the 
power line frequency. 

REV/NORM When this jumper is installed, the screen 
display consists of black characters on a 
white background. When not installed, 
normal video, i.e. white characters on a 
black background, is effected. 



APPENDIX F 

PAGE 

FULL 

LOC"L 

APL 

PAGE 

FULL 

LOCAL 

PF 1 

ESC 

PAGE TAB 

FULL 

LOCAL CTRL 

*WITH OPTION SPI 

VCL KEYBOARD LAYOUTS 

@ # $ % " & ( ) + BACK 
ESC BREAK 

2 3 4 5 6 7 8 9 0 = ' SPACE 

TAB RETURN 
RUB 

a w E A T y u 0 p \ OUT 

II LINE t I FEED 
HOl,IE 

A s D F G H J K L 

< > ? 
CTRL SHIFT SHIFT - - CLEAR 

X N z C V B M I 

TYPEWRITER LAYOUT (STANDARD) 

< ,:: ,.,, > 
,., 

V f\ + $ BACK 
ESC 

" + X • SPACE BREAK 
2 3 4 5 6 7 8 9 

? lu e: F • • '- 0 -I 
RETURN 

RUB 
TAB 

a w E R T y u 0 p I- OUT 

r L 'v C, 0 [i UNE t HOME 
A s D F G H J K L FEED 

c:: :::, n l T ' CTRL SHIFT 
u I SHIFT .... - CLEAR 

PF 2 

SHIFT 

2 X C V B N M / 

TYPEWRITER-PAI RED APL (OPTION APL) 

PF 3 PF 4 PF 5 PF 6 PF 7 PF 8 PF 9 PF 10 PF 11 PF 12 

,., + ~ @ # $ % & ( ) BACK 

2 3 5 7 8 9 0 \ SPACE 
BREAK 

4 6 = 

Q w E R T y u 0 p 

' 
RETURN 

LINE t A s D F G H K L FEED 

< > ? 
SHIFT - -z X C V B N M I 

TYPEWRITER LAYOUT WITH NUMERIC PAD 
AND 

FUNCTION KEYS (OPTION KB1) 

RUB 

OUT 

HOME 

CLEAR 

7 

4 

1 

8 

5 

2 

g 

9 

6 

3 
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APPENDIX G 

VCL CHARACTER FONTS 
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~~ 

..... n .... 
•••• :-

• •• 

?-1 C • . ., 1:1 
••••• 

•• 0 ·=·=· .. • - ••••• - -
UPPER/LOWER CASE ASCII 

(STANDARD) 

0 - *- • •• p ..... 
•• 1 •j A Q 0: • • 
.) 
• 

-~ -.:.. 1 t-:J B R 
... 

•• •• -.: ·- n r C r-• ·=-
•• 4 L II T ... . ... -- 5 E: ·-I, E IJ -

•• h 1_1 F 1\,1 • • •• • - -
J -, 

'ii' , •• J I~ ~J ,· • 

• ..•. 8 A :a H •.) ,··, 
• •••• 9 • •. -t· I 'r' 
~ 

• • a C ._I z '· • 
• t I ..;. ~-· .r - • .. • • • • 

• • I- L -I 
) .• 
+ .. .,. ., ... I • t·1 -. -

• T .) ~~ $ • • • -
, 

·" '· 0 - (I 

TYPEWRITER PAIRED APL 
(OPTION APL) 



APPENDIX H VC404 ASCII ENCODING CHART 
(Including Hex-code Equivalents) 

- CONTROL CHARACTERS•-,- DISPLAYED CHARACTERS 

~ 87 0 0 0 0 1 1 

~ 86 0 0 0 0 

~ 85 0 0 1 0 1 0 

~ CO-L 0 2 3 4 5 6 

i 
84 83 B2 B1 ROW 

0 0 0 0 0 
=::/'::::::=::=•:=,_ - . '::: .. DLE .......... . ;:::::-:=:=:?-:'•'· -:-: ·.·._._._-;-; ::: ... • ........... . 
,: @ _ 5E(CUASOA Pi 
_\::C> < oo ::f!RRtW.~til:10 20 

0 
30 

@ p 
40 50 60 

0 0 0 1 A a a 
21 31 41 51 61 

0 0 0 2 +J+x · -- B DC2 R 2 B R b 

0 

02 _- ·-:·-:o: 12 
l-----+------1---+----+-----• ...,,.: ........ ,:~- .................. ::: .... -. ~----

"< JTx -·•:: C :PC3 mm:=§== # 

/ .... ·. :•::.-: -.-=.itSP~ OFF)!:--= 23 1----+----t---+---+---t+<-':'~.,,...,.,.,,..,,""'.'O'· .. 03 \~-.!.~~.,. .......... 13 ,-I ---+--

0 1 3 

22 32 

3 
33 

42 52 62 

C s C 

43 53 63 

0 0 0 4 EOT b ••• DC4 T $ 4 D T d 

0 0 5 

1-----+-----+---+---+---i;-;-;-;.;~=+-··:•_::.·;,;.,•·•:· 04 ·_•.-:>>:<=---•- .: 14 
-------:-:.:.::: ·:: :\=:::.:: _:r - :iNAK-::::::::::: 
!!k~a -- E =~CURSOR u= 

05 ::A1GHTi:UU1s• 

24 

% 
25 

34 

5 
35 

44 54 64 

E u e 
45 55 &5 

0 0 
: :·: ::SYN ::::::::::: 

6 (ACK : F j:(CLEAR .. .V= & 
=.=:=: :_· .-. 06 ::T.Q.~.Qlr.l.:::,s , 26 
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28 3B 4B 58 68 
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.., """"'"··· ......... • \: ·_i/ -· 
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G] 
CJ 

Hex-Code 
Codes generated and transmitted by terminal but no 
action taken on display. 

Displayed characters 

Terminal Functions 

•An control Characters displayed in Transparent/Tape 
Mode Le. HT as CI, STX as CB. 

-1 

1 

7 

p 

70 

q 
71 

72 

s 
73 

74 

u 
75 

V 

76 

w 
77 

X 
78 

y 
79 

z 
7A 

{ 
7B 

7C 

~ 
7D 

~ 
7E 
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Terminal Type 

Configuration 

Communication 

Screen 
Presentation 

Keyboard 

VC404 Specifications 
TTY compatible. 
VC404 
VC404/EXP 
VC404/RO 
Code 
Type 
Speed 

Method 
Mode 
Parity 
Interface 

Export version 230V, 50/60 Hz. Also 100V, 50/60 Hz. 
Receive only terminal (Deletes keyboard from VC404). 
ASCII 
Serial asynchronous. 

---···--- -~-~-. _____ 1_1_0_, -300--, 6-00-,--1-2-00-, _2_4_00_, -48-00t 9600.-19200 

baud, externally switch selectable. ------·---------
Character by character (conversational). 
Full or half duplex 
Odd/Even/Mark/Space, switch selectable 

-----EIARS232C, CCtTT-V.24 (20 mA curreritlocip 
_______ accessory available). 

Display Unit 
Display Format 
Character Type 

___ _______ _____ __ _ 30 cm (12 inch) non-glare CRT. _____ _ 
24 lines X 80 characters, 1920 characters. 

--- -----··--·- ,. --··· ------------------·-----
____ 5 X 7dot matrix_(7_ X 10 field). __ _ 

Character Size 2 mm x 4 mm 
---------------------- ----- - ------- -- -~·,·-····-·· -.-----· .. 
Character Generation ROM/PROM. 

---- --------- -------·----- -------- ... ' 

Refresh Rate 60 Hz., 50 Hz. switch selectable. 
Refresh Memory _______ _ Static RAM. 

--- '" ----·-·--- -----------
Character Set 
Detached typewriter keyboard with Auto Repeat, Line Feed, Back Space, Cursor Up, Cursor Right, Home, Clear 

________ J,cre_l:!n,_~c::~pe, Elrea~-- T~-~'. at1d_(;~s Lock t5-eys_ __ _ _______ __ ___ __ __ _ __ _ _______ _ 
Data Entry Roll Mode: Bottom line with single line roll-up. 

__________ _!:a_~_I:! ""1<>CJe~~~~E! ?verwrite ____ _ ____ _ __ __ ____ _ _________________________ _ 
Terminal Function, 

Audible Alarm 
-- --• 

Operator Controls 

Power 

Cursor 
Control Functions 

Non-destructive, blinking block cursor. ________ _ 
Left, Right, Up, Down, Home, Clear and Home. Direct 
X-Y cursor addressing using cursor control command. 

_ _ _____ __ _ _ _______ __ _ __ _ _ _ EOL (Clear to End of Line), E('.!$_ (~l~!l~to l=nd_o! ~CrE!enl 
On rece i p_t _(J:f C:o ntr~ _S'i __@_EL c{)de) fr? ~-_c:{)rnp ule r or _key~o~~~-
Front Panel: Power Off/On, Display Brightness. 
Rear Panel: Baud Rate, Parity, Transparent/Tape Mode 
Keyboard: Local/Remote, Half/Full Duplex, Roll/Page, ASCII/APL. 
115 ± 10 VAC, 50/60 Hz,50 VA Normal Operating Power, 2A CSA Approval maximum ii-ipufc:-urrent uriit and attached 
peripheral, Optional 230 :!: 20 VAC 50/60 Hz, 50 VA 

-------•···----- -- . -

Overload Terminal: 1A Fast Blow (0.6A Fast Blow with 230V Option) 
P~t_ec_t_lo_'!_ _ ~ ___ Display:_ Internal 3A Fast Blow ___ _ _ _ ________________________________________________ _ 
Physical VC404 41 cm. W X 52 cm. DX 34 cm. H, 14 kg. 

VC404/RO 41 cm. W X 37 cm.DX 34 cm. H, 12 kg. 
Keyboard (KB404 Standard) 41 cm. W X 20 cm. DX 7 cm. H, 2 kg. 

______________ K~yb_9~~L~_1)_ _________ _ ______ 53cmWX22cm.D_X7cm.H,3kg _________ _ 
Documentation VC404 Operator's Manual. 

_ --------·-· ____ _'o'C404ServiceManual /Optional) 

Options Interlace Cables 
-- - -·----- - ----------- ------· --··--- -----------·------ - - ---------- -- ----- ---

Option APL: APL/ ASC 11 Switchable Character Set - Typewriter 
___________ P_a_irE!?_lno overstrikes) ____________________ _ 

CE01-2M: RS232C (CCITT-V.24) Terminal to Data Set 
Cable 

--------·- -· . 

~l:'!ion SPI: 
()_p_t!~n PIP: 

Switched $~rial Bidirec::_!!~~a~_P~npheral Interface 
Parallel Interface Port 

CI04-2M: 20 mA. Current Loop Adaptor Cable 

----
Option CDS: Coloured Anti-Glare Display Screen 

------~_(_s_pe_c_i~ly _Amber, Green) _______________________ _ 
Option KB1: 
Option SSO: 

Numeric Pad and Twelve Function Ke_y~s ___ _ 
Split SpeedOption Transmit and receive 
speeds can differ. ----- --~-~---~-- ----

Option CCS: Custom Character Set 
----~---~(S_w_e_d_i_s_h_, _G_e_r_m_a_n, French:_e_tc_.~) __ _ 

Specifications subject ro revision without notice. 

volker-craig volker-craig 1,m1ted 
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CHAPTER I 

INTRODUCTION 

This guide provides you with a general description, operating 
instructions, maintenance and replacement procedures, and a 
troubleshooting guide for SPINWRITER Terminals. Included are 
specifications, use of operator controls, procedures for re­
placing certain items, and suggestions to help you maintain 
high quality printing. A glossary has been added for your use. 

1.1 DESCRIPTION 

SPINWRITER Terminals are serial-impact character printers which 
use a microprocessor to control printing operations. Servo 
motors control carriage movement, print element positioning, 
ribbon movement and paper movement. The SPINWRITER provides 
high quality printing at rates up to 55 characters per second 
(maximum). When used in a standard communication network, the 
SPINWRITER can communicate in either half duplex or full duplex 
mode at rates up to 1200 baud. The printing element used by 
the SPINWRITER is a unique, reinforced plastic "thimble" which 
contains up to 128 fully formed characters of various type­
faces. Thimbles that contain up to 125 characters have a cut­
out so that you can see the last character printed. The rib­
bons used are made of black or red/black nylon fabric or of 
black multi-strike film; the ribbons are contained in easily 
replaceable cartridges. 

You may select the printing format at 10 or 12 characters per 
inch and up to 163 characters per line. Bidirectional print­
ing, fine-line plotting, and graphing are available. You can 
position the print thimble within l/120th inch horizontally and 
l/48th inch vertically. 

1.2 SPECIFICATIONS 

Table 1-1 lists specifications for SPINWRITER Terminals. These 
specifications should be adhered to for SPINWRITER installation 
and operation. 
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Table 1-1 SPINWRITER Terminals Specifications 

FEATURE SPECIFICATION 

Print Speed Standard speed selectable at 11n, 
300 or 1200 baud ...• up to 55 
characters/in. (maximum) 

Character Set 

Print Line 

Paper Width 

Paper Thickness 

Carriage Return Time 

Horizontal Resolution 

Vertical Resolution 

Line Feed Speed 

Spacing Speed 

Tabbing 

Copy Thickness Control 

Impression Control 

Overall Dimensions 

Weight 

Optional baud rates: 
110, 150, 300 
110, 200, 300 
110, 300, 600 

128 characters (maximum) 

136 columns at 10 characters/in. 
163 columns at 12 characters/in. 

16 in. (maximum) 

0 • 0 2 7 i n • (ma x i m urn ) 

400 ms {maximum) 

120 positions/in. 

48 positions/in. 

40 ms per 1/6 in. 
(plus 53 ms settling) 

16 ms at 12 characters/in. 

Horizontal and vertical in any 
direction 

5-step switching {by operator) 

3 levels (by operator} 

Width: 
Height: 
Depth 5510; 
Depth 5520: 

5510/15: 

5520/25: 

l-2 

24.8 
8.68 
16.3 
21.1 

in. 
1n. 
in. 
in. 

(6 30 mm} 
(220.5 mm) 
{ 415 mm) 
{ 535 mm) 

45.5 lbs (20.7 kg) 
including covers and 
power supply 
51 lbs (23.2 kg) 
including covers and 
power supply 



Table 1-1 SPINWRITER Terminals Specifications (contd) 

FEATURE 

Power Requirements 

Environment 

Humidity 

Altitude 

Acoustic Noise 

Model 

5510/20 

5515/25 

1.3 RELATED DOCUMENTS 

SPECIFICATION 

115 Vac, +15%, 50/60 Hz @3.5 amps 
or 230 Vac, ±15%, @2 amps (option) 

Operating: 40°F (5°C) to 100°F 

Storage: 

38°C) 

-4°F (-20°C) to 158°F 
(70°C) 

Operating: 10% to 85% (No 
Condensation) 

Storage: 10% to 95% (No 
Condensation) 

Operating: Sea Level to 10,000 ft 
I 

Storage: Sea Level to 25,000 ft 

67 dBA (without Covers) 

60 dBA (with Covers) 

INTERFACES 

RS-232-C, Current Loop 

Diablo-Compatible Plus (Models 
1610/1620), RS-232-C - Current 
Loop Xerox-Compatible Plus 
(Models 1700/1710) 

The following documents, relating to the SPINWRITER Terminals, 
are available from NEC Information Systems, Inc. 

SPINWRITER Terminals Product Description, Doc. No. 10005 

SPINWRITER Maintenance Manual, Doc. No. 10000 

SPINWRITER Theory of Operations Manual, Doc. No. 10001 
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CHAPTER 2 

OPERATING INSTRUCTIONS 

This chapter tells you how to operate the SPINWRITER. It 
describes the control panel switches and indicators, and the 
keyboard functions; it gives you instructions on how to load 
the paper and position it, and outlines step-by-step procedures 
to run the machine. Specific operations vary with the 
SPINWRITER used and the options included; however, you can use 
the general information provided here for almost all your 
needs. Figure 2-1 shows SPINWRITER controls and external com­
ponents. 

Poper Guide 

Copy Control 
Lever 

Power Supply 

Pressure 
Bail Lever -t111t;'!+ 

Platen Knob -+''ffl'ftr. 

Guide Pulley 

Pressure 
Bait Roller 

Carriage 

Acrylic Cover 
Cover Open 
Switch =-- Impression Control 

Switch 
Ribbon Cartridge 

Figure 2-1 SPINWRITER Controls and External Components 

2.1 OPERATOR CONTROL PANEL 

Table 2-1 lists the controls and indicators on the control 
panel. The switches on the panel are protected by an acrylic 
panel. Figure 2-2 shows the two variations of control panels: 
A is the control panel for Models 5510/5515 and 5520/5525 and B 
is the control panel for Model 5510 with a remote/local switch. 
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PANEL 
LABEL 

POWER 

POWER 

SET TOF 
(Top of 
Form) 

FF (Form 
Feed) 

ALARM 

RESET 

SP 10-12 
{Space) 

Table 2-1 Operator. Control Panel 

SWITCH/ 
INDICATOR 

2-Position 
Rocker Switch 

Indicator 

Spring-Loaded 
Rocker Switch 

Spring-Loaded 
Rocker Switch 

Indicator 

Audible 
Alarm 

Spring-Loaded 
Switch 

2-Position 
Rocker Switch 

FUNCTION 

Controls ac power to SPINWRITER. 

Illuminates when ac power is 
applied. 

Stores contents of FORM LENGTH 
thurnbwheel switches. 
Note: Position paper at desired 
first line before pressing this 
switch. 

Moves paper to top line of next 
form. 

Illuminates if one of following 
occurs: Parity Error, Framing 
Error, Cover Open, Paper Out, 
Ribbon End, Check Condition, 
Buffer Overflow. 

1. Sounds for about 1/2 second 
when errors are produced. 

2. Sounds for about 1/2 second 
upon receipt of Bell Code. 

3. For a check condition, a 
repeating audible alarm is 
produced. 

Clears ALARM indicator if alarm 
condition is cleared. Light is 
extinguished. 

Selects either 
characters/in. 
10 for 10-pitch 
12 for 12-pitch 

10 or 12 
It is set at 
thimbles and 
thimbles. 

2-2 

NOTE 

The number of characters/ 
in. is set by internal 
program control (Escape 
code, see 2. 2. 1) . 



PANEL 
LABEL 

LF 6-8 
(Line 
Feed) 

LOCAL LF 

DUP F-H 
(Full, 
Half) 

PARITY 
E-M-0 
(Even, 

Mark, 
Odd) 

SPEED 
H-M-L 
{High, 
Medium, 
Low) 

TEST 

Table 2-1 Operator Control Panel (contd) 

SWITCH/ 
INDICATOR 

2-Position 
Rocker Switch 

2-Position 
Rocker Switch 

2-Position 
Rocker Switch 

3-Position 
Rocker Switch 

3-Position 
Rocker Switch 

2-Position 
Rocker Switch 

FUNCTION 

Selects either 6 or 8 lines/ 
in. for line spacing. 

NOTE 

The number of lines/inch 
is set by internal program 
(Escape code, see 2.2.1). 

Enables auto line feed when 
set at ON, and when carriage 
return pressed. 

Selects full or half duplex. 
At full duplex, data is trans­
mitted but no local printing 
is performed. At half duplex, 
data is printed and transmitted. 

Selects odd, even, mark (for mark 
setting, there is no parity 
check and mark polarity is 
generated). 

Selects high, medium, or low 
communication speed. Standard 
configuration of 110, 300, 1200 
baud. {For other configurations, 
contact your local service 
representative.) 

Enables self-test mode (see 
2.6) when placed in ON posi­
tion. For Model 5525, LOCAL 
switch on keyboard must be 
pressed and locked. 



PANEL 
LABEL 

FORM 
LENGTH 

CLEAR 

REMOTE/ 
LOCAL 
(5510 with 
Remote/ 
Local 
Switch} 

Tabl0 2-1 Op~rator Control Panel (contd) 

SWITCH/ 
INDJC}\TOP. 

I 
t 
; 

FTlNCTION 

Two 10-Position 1. 
Thumbwheel 

Specify form length -­
number of lines from 1 to 
99. Switches 

Spring-Loaded 
Rocker Switch 

2-Position 
Rocker Switch 

Read only when printer is 
powered on and SET TOF lS 

pressed. 

2. When in self-test, thumbwheel 
switch designation, times 10 
equals desired column width. 
(Applies for settings 03 through 
13) 

Clears SPINWRITER; equivalent 
to power ON/OFF clear. 

NOTE 

The character set is con­
trolled by an internal 
program control. 

In REMOTE position, SPINWRITER 
receives and transmits data. 
In LOCAL position, the 
SPINWRITER is off-line and all 
data transmissions stop. 
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~· .!.l§l § § 0 f§ 
CLEAR f0ft" tENGTM TEST RESET Fl=' SET lOP Pll'll'CR 

A. Control Panel for 5510, 5515, 5520, and 5525 

R[HOT[ 

LOtAL 'RES[ T FF Sf.T ic Tor POWfR 

B. Control Panel for Model 5510 with Remote/Local 
Switch 

Figure 2-2 SPINWRITER Terminals Operator Control Panels 

2.2 KEYBOARD {Models 5520/5525 Only) 

The SPINWRITER keyboard is divided into three sections as shown 
in Figure 2-3: {A) alphanumeric, {B) numeric, and (C} control. 

2.2.1 Alphanumeric Section 

Most of the keys in the alphanumeric section function like 
those on a typewriter. For example, when you press the SHIFT 
key or SHIFT LOCK key and any of the alphanumeric keys (letter 
or number), an upper case character prints. 

a. Repeat Keys 

When you press and hold the SPACE, BACKSPACE, RETURN, 
LINE FEED,-, or_ keys, the code automatically repeats. 

b. Special Keys 

Control (CTRL) , Escape (ESC) , LINE FEED, and Delete 
(DEL) are special keys. Use the CTRL and ESC keys to 
vary normal pr in ting operations, carriage movement, or 
paper movement. These keys are discussed in the fol­
lowing paragraphs. 
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< C > <Al 

Figure 2-3 Keyboard Layout (Models 5520/5525 Only) 

CTRL 

The CTRL key, when used with another key, generates a 
special function or action. For example, when you 
press "CTRL" and "J" at the same time, a Line Feed 
occurs. When you press the "CTRL" and "K" keys at the 
same time, a vertical tab is performed. You can also 
use the CTRL key for other functions (see Table A-1 in 
Appendix A). 

ESC 

The Escape key also generates a special function or 
machine action when used with another key,. For exam­
ple, pressing ESC and M (or m) at the same time sets 
the left margin. Table A-2 lists additional functions 
performed with the ESC key. 

Similarly, using the ESC key with other keys sets hori­
zontal tabulations (Table A-3) and vertical tabulations 
(Table A-4). To vary spacing between characters and 
between lines, use the ESC key as detailed in Table 
A-5. (Table A-6, ASCII Coding Chart, is added for 
reference purposes.) 
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For CTRL and ESC key functions for Diablo-Compatible 
and Xerox-Compatible Plus, see the following tables in 
Appendix B: 

Table B-1: 

Table B-2: 

ESC Key Functions 

ASCII Coding Chart 

Table B-3: Decimal Values for ASCII character for 
Horizontal Motion Index (HMI)--spacing 
between character; Vertical Motion 
Index (VMI)--spacing between lines. 

LINE FEED 

Press LINE FEED key to advance the paper by one line. 
No carriage return occurs unless AUTO LINE FEED has 
been selected internally. 

DEL 

DEL key, in remote 
instead of printing 
does not operate. 

mode, transmits the delete code 
it. In the local mode, this key 

2.2.2 Numeric Section 

The numeric pad (15-key pad) inputs numeric data. Do 
the SHIFT and CTRL keys when inputting numerical data. 
you locate your position on the numeric pad, the number 
raised piece. 

2.2.3 Control Section 

The control section includes the following keys. 

a. LOCAL (Remote) 

not use 
To help 
5 has a 

Press this key to enter the local mode; the key auto­
matically locks. In local mode, the SPINWRITER oper­
ates as a typewriter. When you release the LOCAL key, 
the unit enters the remote mod€. 

In remote mode, the SI'INWRITER receives and transmits 
data. 

b. UC ONLY (Upper Case Only) 

When you press this key, it locks in place; and the 
upper case alphabet replaces the lower case alphabet. 
This key is effective only on alphabet keys. When you 
press the key again, it unlocks and the machine prints 
the lower case alphabet. The incoming data is not af­
fected by the position of this key. 
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c. BREAK 

When you press this switch, a Break signal clears all 
data in the print buffer. 

d. AUTO LF 

Pressing AUTO LF and the RETURN key gives you a double 
line feed. You must have both AUTO LF and LOCAL LF set 
at ON. 

2.3 PAPER POSITIONING AND PRINTING ADJUSTMENTS 

Figure 2-4 illustrates the controls you will use to position 
paper and to make adjustments for print quality. The numbers 
in the following paragraphs correspond to the numbers in the 
figure. 

(1) Platen knobs. These knobs allow the platen to be 
paper and position it 

provides variable platen 
knob in, the platen rolls 

You can change the posi­
using this variable platen 

rotated manually to insert 
properly. The right knob 
action; when you push the 
freely in either direction. 
tion of the writing line by 
function. 

(2) Copy control lever. This lever moves the platen for­
ward or backward to compensate for different form 
thicknesses (number of carbons). Place it all the way 
forward for a single copy, and all the way rearward for 
an original and five carbon copies. Intermediate posi­
tions provide for form thicknesses between these two 
extremes. When printing on a form of several copies 
with this lever moved toward the rear, you may have to 
increase the print hammer intensity for optimum print 
quality by changing the impression control switch (see 
Figure 2-4, 9). 

(3) & (4) Pressure bail levers and pressure bail. The 

(5) 

pressure bail holds the paper against the platen. This 
is necessary for optimum print quality and quietness. 
To insert paper, pull the bail forward, away from the 
platen, by moving one of the levers. When using a pin­
feed platen or a forms-tractor assembly, move the 
pressure bail forward away from the platen. The pin­
feed paper clamps or the forms-tractor assembly doors 
hold the paper in the optimum position for proper 
operation. 

Ribbon Selector Switch. The ribbon selector 
located under the top cover under the ribbon 
black lever. Place this switch to the left 
ribbon or multi-strike ribbons, and to the 
red/black ribbons. 
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RIBBON SELECTOR 
SWITCH 

BLACK OR MULTI- RED/BLACK 
STRIKE RIBBON RIBBON 

Figure 2-4 Printer Controls 
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(6) Silencer hood with combination scale. The silencer 
hood lowers the printer operation noise level. A long 
and short hood are available, but a short hood must be 
used with a forms tractor assembly or a pin-feed 
platen. When you raise the hood, a switch is acti­
vated which inhibits printing: therefore, the hood 
must be closed for pr in ting. The scale on the hood 
provides a visual indication of the print head posi­
tion along the typing line. It is marked for both 10 
and 12 characters per inch. 

(7) Top cover. The top cover raises easily by lifting 
upward. It provides access to the printer mechanism 
when it becomes necessary to replace a ribbon car­
tridge, to change the print thimble, or to change the 
hammer impression control switch. When you raise the 
cover, a switch is activated which inhibits printing: 
the audible alarm sounds and the alarm on the control 
panel lights. Therefore, be sure the cover is closed 
tightly. 

(8) Paper release lever. In the forward position, this 
lever releases tension on the paper, allowing you to 
reposition or remove the paper. Place the lever in 
the backward position when printing on a friction-feed 
platen to ensure proper feeding of the paper. PLACE 
IT FORWARD WHEN PRINTING ON A PIN-FEED PLATEN OR WHEN 
USING A FORMS TRACTOR ASSEMBLY. 

(9) Impression control switch. This three-position switch 
located under the top cover controls the printing 
impression. You may set this switch as follows: 
L-low for m1n1mum impact pressure which may be re­
quired for small typefaces (12 pitch): M-medium for 
normal impact pressure which is required for most 
single copy printing: H-high for maximum impact pres­
sure normally only for multiple copies. Poor pr int 
quality may result from the incorrect setting of this 
switch: and in addition, too high an impression set­
ting may result in reduced font life. 

2.4 PAPER LOADING INSTRUCTIONS 

The SPINWRITER has three different types of paper feed: fric­
tion feed, pin-feed, and forms-tractor paper feed. When load­
ing paper, refer to the procedure below that applies to the 
particular type of paper feed for your machine. Figure 2-5 
shows rear paper-feed path. Rear feed is similar to paper 
placement in a typewriter. Figure 2-6 shows you how to load 
the paper through the bottom of the SPINWRITER. Bottom feed is 
an optimal feature. 

NOTE 

If you use a single sheet of paper in 
the SPINWRITER, raise the paper guide to 
deactivate the paper out switch. 
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PAPER GUIDE 

V 

Figure 2-5 Rear Paper-Feed Path 

--- - , 

FEEDTHRU 

Figure 2-6 Bottom Paper-Feed Path - (Optional Feature) 
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2.4.1 Friction-Fe0d Paper Loading 

a. Raise paper guide and silencer hood. 

b. Move the pressure bail Away from the plat.en. 

c. Pull paper release lever forward. 

d. Insert paper with printing surface down as shown in 
Figure 2-5. 

e. Push paper release l.ever backward. 

f. Push in and rotate the right knob of the platen to move 
the paper. 

g. Pull paper release lever forward. 

h. Align the paper horizontally and vertically. 

i. Push paper release lever backward. 

j. Push paper bail toward the platen. 

k. Move paper to desired top of form position. 

1. Adjust copy control lever. Place this lever in extreme 
forward position for a single copy, and adjust it grad­
ually toward rear as the number of copies increases. 

m. Lower the paper guide and silencer hood. 

2.4.2 Pin-Feed Paper Loading 

a. Raise paper guide and silencer hood. 

b. Move the pressure bail away from the platen. 

c. Pull paper release lever forward; it must REMAIN in the 
FORWARD position. 

d. Release the paper cutter bail from the platen. 

e. Insert paper as shown in Figure 2-5 or 2-6 with print­
ing surface down (for rear feed). 

f. Align paper feed holes with the left and right pin on 
the platen; then lower the cutter bail to the platen. 

g. Pull paper toward the back lightly to remove slack. 
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h. Push in and rotate the right knob of the platen to 
position the paper to the first line position. 

i. Lower the paper guide and silencer hood. 

2.4.3 Forms-Tractor Paper Loading 

a. Raise paper guide if rear feed is used, and raise the 
silencer hood. 

b. Move the pressure bail away from the platen. 

c. Pull paper release lever forwc1:-'1; it must remain in 
the FORWARD position. 

d. Open tractor doors. 

e. Insert paper as shown in Figure 2-5 or 2-o with print­
ing side down (for rear feed). 

f. Align paper feed holes with the pins of the left and 
right tractor assemblies. 

g. Close left tractor door. 

h. Align right tractor with paper feed holes. You may 
have to move the tractor assemblies to do this. 
Release the locking knobs and slide the assemblies to 
the desired position. 

i. Push in and rotate the right knob of the platen to 
position the paper to the first line position. 

j. Lower the paper guide and the silencer hood. 

2.5 SPINWRITER PREPARATION 

NOTE 

Before you apply power to the SPINWRITER, 
make sure that the carriage is not posi­
tioned to the extreme left or to the 
extreme right. 

a. Raise the top cover and check that the impression con­
trol switch (see 2.3,9) and the ribbon selector switch 
(see 2.3,5) are in the correct positions. 

b. Make sure paper, ribbon, and print thimble are proper­
ly installed. 

c. Check to make sure that all front panel control 
switches are properly set (see Table 2-1). 
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d. Close the cover. 

e. Connect the power cord to an ac outlet. 

f. Set the POWER switch to the ON position; observe that 
the POWER indicator lights, ancl the c;,rr iage movPcs to 
the first print position. 

g. Place Remote/Local switch on keyboard in desired posi­
tion (see Table 2-1). 

2.6 TYPICAL OPERATING PROCEDURES 

To operate the SPINWRITER in the remote mode, you must follow 
specific procedures. These procedures are determined by the 
device that the SPINWRITER will communicate with (host 
device). To communicate between the SPINWRITER and the host 
device, make sure the operating characteristics of both are 
compatible. You must establish transmission speed (baud rate), 
type of data transmission (half or full duplex), and type of 
parity (see Table 2-1). All SPINWRITER control switches, other 
than the SP switch, should be set before establishing a commun­
ication link. The SP switch is set according to the type of 
printing thimble used. 

2.7 SELF-TEST MODE 

SPINWRITER models have a built-in, self-test program which give 
you a repeated printout of alphanumerics and symbols. Figure 
2-7 shows a typical test pattern printout. Press the FORM 
LENGTH switches (see Table 2-1) to vary the column width and 
line spacing of the printout. In the Test Mode, with a FORM 
LENGTH setting of 13, the machine prints the test pattern in 
130 columns, as shown in Figure 2-7. If you set the FORM 
LENGTH switch at any other number, the test pattern is pointed 
in 30 columns. 

Observe the test pattern results. 
tioning, describe these results to 
who may provide verbal instructions 

If the machine is malfunc­
your service representative 
on how to correct a problem. 

To print the test pattern, proceed as follows: 

a. Place the TEST switch in the ON position. 

b. Press the LOCAL key on the keyboard, and place the TEST 
switch in the ON position. 

c. Place the TEST switch in the OFF position to stop the 
test. 

2-14 



THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$\() The quick brown fox jumps over the lazy dog I l l fl <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$\ () The quick brown fox jumps over the lazy dog I [] { l <> \ @ ? •• THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$%() The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$\ () The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-x: =$\ Cl The quick bcown fox jumps over the lazy dog I [] {) <> \ @ ? • f 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-x: =$\ Cl The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$\() The quick brown fox jumps over the lazy dog I [] [) <> \ @ ? • t 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X,=$\ () The quick brown fox jumps over the lazy dog I [] [] <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-.<:=$%() The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • i 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$\ () The quick brown fox jumps over the lazy dog I [] { ) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$%() The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$\ () The quick brown fox jumps over the lazy dog I [] { ) <> \ @ ? • t 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:•$\ () The quick brown fox jumps over the lazy dog I [] fl <> \ @ ? • • THE·QUICK BRCMN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X: =$\ () The quick brown fox jumps over the lazy dog I [] {) (> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ () The quick brown fox jumps over the lazy dog I [] {) 0 \ @ ? • f 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ () The quick brown fox jumps over the lazy dog I [] { l <> \ @ ? •• THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$% () The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X: =$\ () The quick brown fox jumps over the lazy dog I [] {} <> \ @ ? • f 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$% () The quick brown fox jumps over the lazy dog I [] { l <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-x :=$\II The quick brown fox jumps over the lazy dog I [] {) '.> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%11 The quick brown fox jumps over the lazy dog I [] {} <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ I I The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ I I The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%11 The quick brown fox jumps over the lazy dog I [] {} <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%11 The quick brown fox jumPs over the lazy dog I [] {) <> \ @ ? • I 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X,=$% II The quick brown fox jumps over the lazy dog I [] ! l <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X,=$%() The quick brown fox jumps over the lazy dog I [] ! l <> \ @ ? •• tv THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%11 The quick brown fox jumps over the lazy dog I [] { l <> \ @ ? • # I .... THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ () The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • # 

Ul THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X :=$\ () The quick brown fox· jumps over the lazy dog I [] ! l <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ () The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%11 The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • f 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ I I The quick brown fox jumps over the lazy dog I [] {} <> \ @ ? • I 
THE QUICK BROWN FOX JUMPS OI/ER THE LAZY DOG 123 456 7890 +-X: =$\II The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$\ 11 The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ 11 The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • t 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%() The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • i 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X,=$%() The quick brown fox jumps over the lazy dog I [] {} <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%() The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? •• THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:•$\ () The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\() The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • t 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X: =$\ () The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • I 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-x' =$\ Cl The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? •• THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X,=$%11 The quick brown fox jumps over the lazy dog I [] { ) <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$\ 11 The quick brown fox jumps over the lazy dog I [] { l <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ I I The quick brown fox jumps over the lazy dog I {] { ) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\() The quick brown fox jumps over the lazy dog I [] {] <> \ @ ? • t 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-X:=$%11 The quick brown fox jumps over the lazy dog I [] { ) <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%() The quick brown fox jumps over the lazy dog I [] ! l <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-x :=$\ Cl The quick brown fox jumps over the lazy dog I [] { ) <> \ @ ? • f 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-x: =$\ Cl The quick brown fox jumps over the lazy dog I [] { l <> \ @ ? • # 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-x' =$\ Cl The quick brown fox jumps over the lazy dog I [] { ) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 4S6 7890 +-x' =$\ Cl The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ 11 The quick brown fox jumps over the lazy dog I [] ! l <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$\ I I The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • I 
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%11 The quick brown fox jumps over the lazy dog I [] { ) <> \ @ ? • • THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 123 456 7890 +-X:=$%() The quick brown fox jumps over the lazy dog I [] {) <> \ @ ? • • 

Figure 2-7 Typical Test Pattern Printout 



2.8 TROUBLESHOOTING GUIDE 

Table 2-2 lists several problems which you may encounter, their 
causes, and the corrective action which you should take. If, 
after taking corrective action procedures, the machine is still 
not functioning properly, call your service representative. 

Table 2-2 Troubleshooting Guide 

PROBLEM 
INDICATION 

Does not print 
{Fan not running) 

Does not print 
No carriage 
movement 
Audible alarm 
sounds once 

Audible alarm 
sounds once 

Does not print 
No carriage 
movement 
Repeating 
audible alarm 

Carriage move­
ment but does 
not print 

Printing but no 
carriage move­
ment 
Alarm may sound 

CAUSE 

Power Source 

Cover Open 

Ribbon End 

Paper Out 

Carriage is in 
extreme left or 
right position 

Ribbon broken or 
not installed 
properly 

Thimble broken or 
not installed 
properly 

Broken carriage 
cable 
Obstruction in 
path of carriage 
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CORRECTIVE 
ACTION 

1. Is SPINWRITER con­
nected to ac power? 

2. Is POWER switch 
in ON position? 

1. Is cover closed 
tightly? 

2. Check ribbon car­
tridge. If using a 
multi-strike rib­
bon, ensure that 
ribbon is not at 
end (window on 
cartridge will be 
full) • 

3. Press RESET switch. 

1. Check paper supply. 
2. Is paper loaded 

correctly? 
3. Press RESET switch. 

1. Turn POWER off. 
2. Move carriage to 

center of machine 
3. Turn POWER on. 
4. Carriage should 

move to left margin 
position. 

1. Replace, if neces­
sary. 

2. Are ribbon and 
thimble installed 
correctly? 

Call Service 
Representative 



Table 2-2 Troubleshooting Guide {contd) 

PROBLEM 
INDICATION 

Paper Tearing 

Printing Light 
or not sharp 

Alarm indicator 
lights 
Audible alarm 
sounds once 
7 symbol printed 

Alarm indicator 
lights 
Audible alarm 
sounds repeatedly 

Does not print 
No carriage 
movement 

Alarm indicator 
lights 

.A.urlible alarm 

CAUSE 

Paper not properly 
loaded 
Obstruction in paper 
path 
If using forms trac­
tors, too much 
tension may exist 
Paper release lever 
may be engaged 

Ribbon worn, jammed 
or hroken 
Ribbon or thimble 
not installed 
properly 

Copy control lever 
set incorrectly 

Impression switch 
set incorrectly 
Damaged platen or 
thimble 

REMOTE OPERATIONS 

Parity or framing 
error 

Check condition 

No data input 

Buffer overflow 
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CORRECTIVE 
ACTION 

1. Check paper load­
ing. 

2. Adjust tractors. 

3. Check paper release 
lever (see 2.3). 

1. Replace, if neces­
sary (see 3.2, 
3 • 3} • 

2. Check installation. 

1. Check position of 
copy control 
( see 2. 3) • 

2. Check switch 
setting. 

3. Inspect for mars, 
and/or abrasions 
Replace, if neces­
sary. 

1. Check PARITY and 
SPEED switches for 
compatibility with 
host device (see 
Table 2-1). 

2. Press RESET 

1. Press CLEAR switch. 
2. The printer is set 

at initial state. 

Make sure host device 
which SPINWRITER is 
communicating with is 
operating properly. 

1. Check host device 
for propP.r opera-

1
! tion 

2. Pr~ss RESET switch. 



CHAPTER 3 

MAINTENANCE AND REPLACEMENT PROCEDURES 

This chapter suggests ways to help 
printing. It includes procedures 
thimbles, and other assemblies. 

3.1 MAINTAINING HIGH QUALITY PRINT 

you maintain high quality 
for replacing ribbons, 

To ensure high 
to such i terns 
quality, ribbon 

print quality, 
as different 
quality, etc. 

proper attention should be given 
printer control settings, paper 

• Select the proper ribbon .... multi-strike ribbons give 
you sharper impressions than a fabric ribbon. Dried or 
malfunctioning ribbons result in faded print images. 

• Choose high quality paper to obtain the best print 
image .... sharpest characters and maximum black-and-white 
contrast. 

• Select the proper copy control lever setting .... all the 
way forward for single copy and moved rearward as neces­
sary for additional copies. 

• Set the impression control switch for the best print 
image .... low for small typefaces (12 pitch), medium for 
normal impact pressure, and high for large typefaces or 
multiple copies. 

• Set the space pitch setting so that it matches the pitch 
of the thimble being used .... a mismatch will result in 
cramped or widely spaced characters. 

• Align paper correctly with enough tension so that it 
does not tear or wrinkle. 

• Keep the platen clean and free of mars and scratches. 

• Establish quality standards for certain jobs .... similar 
jobs will be prepared in a similar manner and require 
similar quality. 
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3.2 RIBBON CARTRIDGE REPLACEMENT 

Replace the ribbon cartridge as fol.lows: 

a. Turn POWER off and raise the top cover. 

b. 

c. 

Hold the 
push down 
tridge 1n 
3-1) • 

ribbon cartridqe lightly; at the same time, 
on the two lockinq tnhs which hold thP car­
place, lif, the cartridge out (see Figure 

Take the new cartridge and 
in the direction indicated 
tension on the ribbon. 

rotate the manual feed knob 
by the arrow to establish 

d. Place the new ribbon cartridge over the mounting plate; 
insert the ribbon between the card holder and card 
holder bracket. 

e. Insert the ribbon in the ribbon sensor if a multi­
strike ribbon is being used (see Figure 3-2). 

f. Press the ribbon cartridge downward until the locking 
tabs engage. 

NOTE 

It may be necessary to rotate the manual 
feed knob on the cartridge in the direc­
tior indicated by the arrow to ensure 
proper seating. 

g. Check tension on the ribbon (see step c). 

h. Close the top cover and restore ac power. 

3.3 PRINT THIMBLE REPLACEMENT 

The print thimble may be replaced as follows: 

a. Turn POWER off and raise the cover. 

b. Remove the ribbon cartridge (see 3.2). 

c. Push hammer lock lever toward the platen (Figure 3-2), 
at the same time tilt the hammer cover toward the front. 

d. Slide the lock piece, at the center of the print 
thimble, horizontally and then to the upright position. 

NOTE 

When handling print thimble, hold it 
at the base to avoid possible damage 
to the character type areas. 
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CARD HOLDER 
BRACKET 

MANUAL 
FEED KNOB 

Figure 3-1 Ribbon Cartridge Removal 

LOCK PIECE 

ALIGNMENT 
HOLE AND -· ----------
STUD /- ---. , 

A 

Figure 3-2 Print Thimble Removal 
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e. Lift the print thimble upward from the carriage. 

f. Place new print thimble in position aligning the square 
hole with the stud (Figure 3-2A). 

NOTE 

Be sure that the replacement thimble 
(10 or 12) and the pitch setting match, 
and use light pressure on the base of 
the thimble to ensure that it is seated 
fully downward. 

g. Lay the lock piece flat and slide it until it is posi-
tioned as shown in Figure 3-2A. 

h. Push the hammer and its cover into the locked position. 

i. Install the ribbon cartridge. 

j. Close the cover and restore ac power. 

3.4 FRICTION-FEED ASSEMBLY REMOVAL 

If this option is installed, it can be removed in the following 
manner: 

a. Turn POWER off and raise the top cover. 

b. Move the pressure bail away from the platen. 

c. Press the lock 
assembly upward 
shown in Figure 

levers and simultaneously raise the 
and toward the rear of the pr inter as 

3-3. 

d. Close the cover and restore ac power. 

3.5 FORMS-TRACTOR ASSEMBLY REMOVAL 

If this option is installed, it can be removed as follows: 

a. Turn POWER off and raise the top cover. 

b. Move the pressure bail away from the platen. 

c. Press the locking levers and raise the assembly upward 
and toward the rear of the printer to remove it (Figure 
3-4) • 

d. Close the top cover and restore ac power. 
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PRESSURE 
BAIL 

Figure 3-3 Friction-Feed Attachment Removal 
(Right Side Only) 

LOCKING LOCKING 
LEVER LEVER 

Figure 3-4 Forms-Tractor Assembly Removal 
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3.6 PIN-FEED PLATEN REMOVAL 

If this option is installed, it can be removed as follows: 

a. Turn POWER off and raise the top cover. 

b. Move the pressure bail away from the platen. 

c. Press the locking tabs and lift the platen from the 
printer (Figure 3-5). 

d. Insert the replacement platen into position aligning 
the platen gear with the line feed idle gear. Press 
the locking tabs, and press the platen downward until 
it locks in place. 

e. Close the top cover and restore ac power. 

\ LOCKING TAB 

PLATEN 

PLATEN GEAR 

\ 

Figure 3-5 Pin-Feed Platen Removal 
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3,7 FRICTION-PLATEN REMOVAL 

The friction platen may be removed as follows: 

a. Turn POWER off and raise the top cover. 

b. Remove the friction-feed attachment or forms-tractor 
assembly, if installed. 

c. Press the locking tabs and lift the platen upward out 
of the printer (see Figure 3-6). 

d. Insert the replacement platen into position aligning 
the platen gear with the line feed idle gear. 

NOTE 

Because it is possible to install the 
platen backwards, be sure that the 
widest gear is on the right as the 
platen is installed from the front. 

e. Grasp the platen knobs, press the locking tabs, and 
press platen downward until it locks into place. 

f. Close the top cover and restore ac power. 

LOCKING TAB CON EACH END OF PLATEN> 

PLATEN 

Figure 3-6 Friction-Platen Removal 
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APPENDIX A 

MODELS 5510/20 

Table A-1 CTRL Control Key Functions 

1st CTRL 

2nd 
(or a) SOH (Start of Heading) 
(or b) STX (Start of Text) 
(or c) ETX (End of Text) 
(or d} EQT (End of transmission) 
(or e) ENQ (Enquiry) 
(or f) ACK {Acknowledge) 
(or g) BEL {Bell) 
(or h) BS {Backspace) 
(or i) HT (Horizontal Tab} 
(or j} LF (Line Feed} 
(or k) VT {Vertical Tab} 
(or 1) FF (Form Feed) 
{or m} CR (Carriage Return) 
{or n) so (Shift Out) 
(or o) SI (Shift In) 
(or p) DLE (Data Link Escape) 
(or q) DC 1 {Device Control l} 
{or r) DC 2 (Device Control 2) 
(or s) DC 3 (Device Control 3) 
(or t) DC 4 (Device Control 4) 
{or u) NAK (Negative Acknowledge) 
(or v} SYN (Synchronous Idle) 
(or w} ETB (End of Transmission Block} 
{or X) CAN (Cancel) 
(or y} EM (End of Medium) 
(or z) SUB (Substitute) 
(underline) us (Unit Separator) 
or { ESC (Escape) 

" RS {Record Separator) 

t GS (Group Separator) 
or . FS (File Separator} 

To set vertical tab, press the following keys in this order: 

1st key 
2nd key 

CTRL 
K ( or k) 
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Table A-2 ESCAPE Key Functions 

ESC 1 Set Horizontal Tab 
ESC 2 Reset Horizontal Tab (Individual) 
ESC 3 Print in Red 
ESC 4 Print in Black 
ESC 5 Set Vertical Tab 
ESC 6 Reset Vertical Tab (Individual) 

*ESC 7 Clear all Tabs and FF Length 
ESC 9 Reverse Line Feed 
ESC < Reverse Print (Right-to-Left) On 
ESC = Read and Store Operator Control Switches 
ESC > Forward Print (Left-to-Right) On 

*ESC ? Set Format Mode 
*ESC @ CR Reset Format Mode 

ESC J or j Set Right Margin 
ESC K or k Reset Right Margin 

*ESC L or 1 Set FF Length 
ESC M or m Set Left Margin 
ESC 0 or 0 Reset Left Margin 

(Tables A-3 through A-5 list additional ESC functions for 
Models 5510/5520.) 

Examples: 

To set the left margin, press the following keys in this order: 

1st key 
2nd key 

ESC 
M (or m) 

* You can set FORM FEED (FF) length from the keyboard or from a 
remote location by using the ESC keys as follows: 

1. ESC L (or 1) 
2. ESC ? 

These actions load the number of line feeds into the machine 
for FF length and Format Mode. Additional ESC key functions 
reset machine as follows: 

3. ESC L (sets new FF length) 
4. ESC@ CR (resets Format mode) 

The new FF count will continue to be used until you change FF 
by any of the following actions: 

1. PWR OFF 
2. CLEAR 

3 • E SC L (or 1) 
4. ESC 7 
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Table A-3 Horizontal Tab Function 

1st ESC 

2nd p Q R s T u 

CHARACTER KEY ~--TAB POSITION 

Example: 

To tab directly to horizontal position 59, press the following 
keys in this order: 

1st key ESC 
2nd key Q {or q} 
3rd kf?y z (or 7.) 
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Table A-4 Absolute Vertical Tab Functions 

Reverse Forward 

1st ESC ESC 

2nd X y z 

CHARACTER KEY TAB POSITION 
Example: 

To tab to a vertical position 26 lines before the preset line 
(reverse), press the following keys in this order: 

1st key ESC 
2nd key X (or x) 
3rd key z (or z) 
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Table A-5 Spacing and Form Advance Control 

Spacing Form Advance 

1st 2nd 3rd (inches I 3rd (inches) 

ESC I @ 0 p 1/48 

A 1/120 Q 2/48 

B 2/120 R 3/48 

C 3/120 s 4/48 

D 4/120 T 5/48 

E 5/120 u 6/48 (1/8) 

F 6/120 V 7/48 

G 7/120 w 8/48 (1/61 

H 8/120 X 9/48 

I 9/120 y 10/48 

J 10/120 (1/12) z 11/48 

K 11 /120 [ 12/48 

L 12/120 (1/10) \ 13/48 

M 13/120 I 14/48 

N 14/120 /I 15/48 

0 15/120 - 16/48 

Examples: 

1. To space characters 12/120-inch apart, press the fol-
lowing keys in this order: 

1st ESC 
2nd :J 
3rd L (or 1) 

2. To space lines 6/ 48-inch apart ( 8 1 ines/ inch) , press 
the following keys in this order: 

1st ESC 
2nd ] 
3rd U 
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Table A-6 ASCII Coding Chart 

COMMUNI-
PRINTABLE I CATION 

CHARACTERS 
CODES* 

~ 
0 0 0 0 1 1 1 1 

0 0 1 1 0 0 1 1 

5 0 1 0 1 0 1 0 1 

~ b4 b3 b2 b1 

~~ s 
0 1 2' 3 4 5 6 7 

J, J, J, J, J, 

0 0 0 0 0 NUL OLE SP 0 @ p p 

0 0 0 1 1 SOH DC1 ! 1 A Q a q 

0 0 1 0 2 STX DC2 " 2 B A b r 

0 0 1 1 3 ETX DC3 # 3 C s C s 

0 1 0 0 4 EQT DC4 $ 4 D T d t 

0 1 0 1 5 ENO NAK % 5 E u e u 

0 1 1 0 6 ACK SYN & 6 F V f V 

0 1 1 1 7 BEL ETB 7 G w g w 

1 0 0 0 8 BS CAN ( 8 H X h X 

1 0 0 1 9 HT EM ) 9 l y i y 

1 0 1 0 10 LF SUB * J z i z 

1 0 1 1 11 VT ESC + , K [ k { 
1 1 0 0 12 FF FS < L \ I l 

' I 

1 1 0 1 13 CR GS "' M l rn } 
1 1 1 0 14 so RS > N n ~ 

1 1 . 1 1 15 SI us I ? 0 ~ 0 DEL 

*See Table A-1 for definitions of ASCII code. 

NOTE: Both cr]umn 4 and 5 (capital letter S) and column 6 and 
7 (small letter ,, 1 of all ESC code sequences have same 
functi0n 1~Y~ept DFL cn~e). 
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APPENDIX B 

MODELS 5515/25 

Table B-1 Diablo-Compatible Plus and Xerox-Compatible 
Plus Escape Key Functions 

CODE(S) FUNCTION 

ESC 1 Set Horizontal Tab Stop 
ESC 2 Clear All Tab Stops 
ESC 3 Graphics On 
ESC 4 Graphics Off 
ESC 5 Forward Print On 
ESC 6 Backward Print On 
ESC 8 Clear Individual Tab Stop 
ESC 9 Set Left Margin 
ESC 0 Set Right Margin 
ESC A Print in Red 
ESC B Print in Black 
ESC D Negative Half-Line Feed 
ESC u Half-Line Feed 
ESC LF Negative Line Feed 
ESC HT (n) Absolute Horizontal Tab 
ESC VT (n) Absolute Vertical Tab 
ESC RS (n) Define Vertical Motion Index (VMI) 
ESC us (n) Define Horizontal Motion Index (HMI) 

1. To set left margin, press the following keys in this 
order: 

1st key ESC 
2nd key 9 

2. To set absolute vertical tab at 52, the following 3-key 
ESC sequence is used: 

1st key ESC 
2nd key CTRL with K 

3rd key 5 

B-1 

(specifies vertical tab 
see Table B-2) 
(print position desired 
plus one. Table B-3 shows 
decimal values for ASCII 
characters. 



3. To set absolute horizontal tab at 65 the following 
3-key ESC sequence is used: 

1st key ESC 
2nd key Tab 
3rd key B (print position desired 

plus one per Table B-3) 

4. To change spacing between characters (HMI) and between 
lines (VMI) , press ESC key, the CTRL key and another 
key at the same time, and the desired setting PLUS 1. 
See Table B-3 for decimal values of the ASCII charac­
ters. 

To set HMI at 10, press the following keys in this 
order: 

1st key ESC 
2nd keys CTRL with -
3rd keys CTRL K 

(See Table B-2) 
(print position desired 
plus one per Table B-3) 

5. To set VMI at 53, press the following keys in this 
order: 

1st key ESC 
2nd keys CTRL with+ 
3rd key 6 

(see Table B-2) 
(see Table B-3) 

6. To set Graphics, use the ESC 3 key; to Reset, use ESC 4. 

While in the Graphics mode, carriage movement is com­
pletely separated from printing: i.e., printing a 
character does not automatically move the carriage. 
The carriage is moved only by executing a tab, space, 
carriage return, or backspace operation. 

The tab commands operate the same as they do in Normal 
mode. In Graphics mode, however, the space and back­
space commands move the carriage only 1/60 inch instead 
of the horizontal index selected. 

Paper movement commands can be used extensively in 
Graphics. Vertical Tab (VT) and Form Feed (FF) opera­
tions are unchanged, but Line Feed (LF) and Negative 
Line Feed (ESC LF) cause only 1/48 inch of paper move­
ment, instead of the full line (VMI) movement performed 
in Normal mode. 
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Table B-2 ASCII Coding Chart 

CONTROL ASCII UNSHIFTED ASCII SHIFTED ASCII 
MODE CODE MODE CODE MODE CODE 

(HEXADECIMAL) 

NUL 00 NUL 00 NUL 00 
ESC lB ESC lB ESC lB 
NUL 00 1 31 ! 21 
NUL 00 2 32 @ 40 
NUL 00 3 33 , 23 
NUL 00 4 34 $ 24 
NUL 00 5 35 % 25 
NUL 00 6 ]6 ~ SE 
NUL 00 7 37 & 26 
NUL 00 8 38 * 'lA 

{ 7B 9 )9 ( 28 
) 7D 0 30 ) 29 us 1F - 2D SF 

RS lE 
~ 3D + 2B 

GS 1D ' 60 - 7E 
BS 08 BS 08 BS 08 
NUL 00 NUL 00 NUL 00 
HT 09 HT 09 HT 09 
DCl 11 q 71 Q 51 
ETB 17 w 77 w 57 
ENQ 05 e 65 E 45 
DC2 12 r 72 R 52 
DC4 14 t 74 T 54 
EM 19 y 79 y 59 
NAK 15 u 75 u 55 
HT 09 i 69 I 49 
SI OF 

0 6F 0 4F DLE 10 
p 70 p so 

ESC 1B I SB l SD 
FS lC \ SC I 7C 
LF OA LF 0A LF OA 

CTRL 

01 LOCK SOH 
a 61 A 41 

DC3 13 
s 73 s 53 EOT 04 
d 64 D 44 

ACK 06 
f 66 F 46 BEL 07 

67 G 47 g BS 08 
h 68 H 48 

LF OA 
j 6A J 4A 

VT OB 
k 6B K 4B FF oc 
1 6C L 4C ; ]B 

3B : 3A ' 27 ; 
" I 27 22 GS 1D 

( 7B ) 7D CR OD 
OD CR OD CR 

CTRL 
Function 

SUB 1A SHIFT 
7A z 5A 18 z CAN 
78 X 58 03 X ETX 
63 C 43 16 C SYN 
76 V 56 02 V STX 
62 B 42 OE b so 
6E N 4E OD n CR 
6D M 4D 2C m , 
2C < 3C 2E ' > 3E 2E, I 2F 
2F ? 3F I 
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Table B-3 Decimal Values for ASCII Characters 

Units 

Tens 0 1 2 3 4 5 6 7 8 

0 SOH STX ETX EOT ENO ACK BEL BS 

10 LF VT FF CR so SI OLE OC1 DC2 

20 DC4 NAK SYN ETB CAN EM SUB ESC FS 

30 RS us SP• I " rt $ % & 

40 ( ) . + - I 0 

50 2 3 4 5 6 7 8 9 

60 < ' > ? @ A B C D 

70 F G H I J K L M N 

80 p Q R s T u V w X 

90 z I I A a b -
100 d e f g h I j k I 

110 n 0 p q r s t u V 

120 X V z I l } ~ 
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Absolute tabbing 

Baud rate 

Bidirectional 

Buffer overflow 

Character set 

Forms tractor unit 

Framing error 

Parity 

Space pitch 

✓--

GLOSSARY 

The machine tabs directly 
print column or line (no 
r,et has been made). 

to specified 
prPvious r.ab 

The number of characters transmitted per 
second. 

The machine prints while the print head 
is moving either right or left. 

Buffer overflow occurs when data 
transmitted faster than the 
character buffer can accept it. 

is 
256-

A set or style of alphabetic, numeric, 
and special characters (symbols). 

A device for aligning and feeding con­
tinuous forms through the printer. 

Data is transmitted to the SPINWRITER in 
an incorrect format: an error will 
result from an incorrect baud rate set­
ting or the wrong number of internally 
programmed start and stop bits. 

An internally programmed computer check­
ing method in which the total number of 
binary ls or Os is computed and checked 
Parity must be compatible between com­
puter sy.stem and host device. 

The number 
printed. 

Glossary-1 

of characters per inch 
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1.0 THEORY OF OPERATIONS 

1.1 GENERAL OPERATIONS 

The SA850/851 Diskette Drive consists of read/write and control electronics, drive mechanism, read/write 
heads, track positioning mechanism, and removable Diskette. These components perform the following 
functions: 

• Interpret and generate control signals. 

• Move read/write heads to the desired track. 

• Read and write data. 

The relationship and interface signals for the internal functions of the SA850/851 are shown in Figure 1. 

The Head Positioning Actuator positions the read/write heads to the desired track on the Diskette. The Head 
Load Actuator loads the read/write heads against the Diskette and data may then be recorded or read from 
the Diskette. 

The electronics are packaged on the PCB. The PCB contains: 

1. Index Detector Circuits (Sector/Index for SA851). 

2. Head Position Actuator Driver 

3. Head Load Solenoid Driver 

4. Read/Write Amplifier and Transition Detector. 

5. Data/Clock Separation Circuits (SA851 ). 

6. Write Protect 

7. Drive Ready Detector Circuit. 

8. Drive Select Circuits. 

9. Side Select Circuit. 

10. In Use and Door Lock Circuits 

11. Write Current Switching/Read Compensation 

1.1.1 HEAD POSITIONING 

The read/write heads are accurately positioned by a Fasflex™ metal band/stepping motor actuator system. 
A precision stepping motor is used to precisely position the head/carriage assembly through the use of a uni­
que metal band/capstan concept. Each 3.6° rotation of the stepping motor moves the read/write head one 
track in discrete increments. 

1.1.2 DISKETTE DRIVE SPINDLE 

The Diskette drive motor rotates the spindle at 360 rpm through a belt-drive system. 50 or 60 Hz power is ac­
commodated by changing the drive pulley and belt. A registration hub, centered on the face of the spindle, 
positions the Diskette. A clamp that moves in conjunction with the latch handles fixes the Diskette to the 
registration hub. 



1.1.3 READ/WRITE HEADS 
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The proprietary heads are a single element ceramic read/write head with straddle erase elements to provide 
erased areas between data tracks. Thus normal interchange tolerances between media and drives will not 
degrade the signal to noise ratio and insures diskette interchangeability. 

The read/write heads are mounted on a carriage which is positioned by the FasflexTM actuator. The head 
carriage assembly utilizes a combina1ion llexured/rigid head mounting system. This allows the flexured head 
to load the media against its rigidly mounted counterpart (see Figure 2}. 

The diskette is held in a plane perp€ndicular to the reac:IJwrite head by a p1a·ten located on the base casting. 
This precise registration assures perfect compliance with the read/write heads. The read/write heads are in 
direct contact with the diskette. The head surface has been designed to obtain maximum signal transfer to 
and from the magnetic surface of the diskette. 

FIGURE 2. BJ-COMPUANT READ/WRITF Mt=An 
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1.2 RECORDING FORMAT 

The format of the data recorded on the Diskette is totally a function of the host system. Data is recorded on 
the diskette using frequency modulation as the recording mode, i.e., each data bit recorded on the diskette 
has an associated clock bit recorded with it, this is referred to as FM encoding. Data written on and read 
back from the diskettes takes the form as shown in Figure 3. The binary data pattern shown represents a 
101. 

1.2.1 BIT CELL 

As shown in Figure 4, the clock bits and data bits (if present) are interleaved. By definition, a Bit Cell is the 
period between the leading edge of one clock bit and the leading edge of the next clock bit. 

1.2.2 BYTE 

CLOCK BITS 

J----BIT CELL------1 

FIGURE 3. DATA PATTERN 

CLOCK BITS 

I 
DATA BITS 

FIGURE 4. BIT CELL 

A Byte, when referring to serial data (being written onto or read from the disk drive), is defined as eight (8) 
consecutive bit cells. The most significant bit cell is defined as bit cell O and the least significant bit cell is 
defined as bit cell 7. When reference is made to a specific data bit (Le., data bit 3), it is with repsect to the 
corresponding bit cell (bit cell 3). 

During a write operation, bit cell O of each byte is transferred to the disk drive first with bit cell 7 being 
transferred last. Correspondingly, the most significant byte of data is transferred to the disk first and the 
least significant byte is transfened last. 

When data is being read back from the drive, bit cell O of each byte will be transferred first with bit cell 7 last. 
As with reading, the most significant byte will be transferred last from the drive to the user. 

Figure 4 illustrates the relationship of the bits within a byte and Figure 6 illustrates the relationship of the 
bytes for read and write data. 

3 
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1.2.3 RECORDING FORMAT (DOUBLE DENSITY) 

_Q 

BYTE 
l4 15 16 17 

t 
BIT CELL 7 Of BYTE 17 IS 
lAST DA.TA TO BE SENT TO 
THE DRIVE WHEN WRITING 
AND FROM THE DRIVE 
WHEN READING 

Double capacity can be obtained by use of MFM (modified frequency modulation) and M2FM (modified, 
modified frequency modulation) rather than FM (frequency modulation) which is the standard method of en­
coding data on the diskette. 

The differences between FM, MFM and M2FM encoding are shown in Figure 7. Note that MFM and M2 FM 
result in a 1 to 1 relationship between the "flux changes per inch" and the bits per inch recorded on the 
diskette. This also results in a doubling of the data transfer rate, from 250 to 500 KBS, when compared to 
FM. . 

Data error rate performance equal to standard capacity diskettes using FM encoding can be achieved by us­
ing: 

• The SABS0/851 diskette drive with its proprietary ceramic/ferrite read/write head. 

• Phase locked loop {VFO) data separator 

• Write precompensation. 

Provision of the phase locked loop data separator and write precompensation circuitry is the responsibility 
of the user of the SASS0/851 diskette drive. 

Shugart Associates will provide design information, as required, to SA850/851 users who desire to incor­
porate double capacity diskette drives in their products. 

The bit cell for MFM and M2FM encoded data is one half the duration of the bit cell for FM encoded data. 
Also, unlike FM, and MFM and M2FM bit cell does not always contain a clock bit at its leading edge. This lack 
of clock bit makes data separation more comple"X. Also, the window size is half the FM window size, which 
results in less tolerance to bit shift. The only reliable method to separate MFM and M2FM encoded data is 
through use of a phase locked loop (VFO) type of data separator. The VFO, once synchronized, _tracks the 
data and generates clock and data windows, improving the bit shift tolerance over the conventional "hard" 
data separators commonly used in FM recording, which use windows of fixed timing. 
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1.2.3.1 RULES OF ENCODING 

FM Encoding: 

• Write data bits at the center of the bit cell. 

• Write clock bits at the leading edge of the bit cell. 

MFM Encoding: 

• Write data bits at the center of the bit cell. 

• Write clock bits at the leading edge of the bit cell if: 
1_) There is no data bit written in the previous bit cell, and 
2) There will be no data bit written in the present bit cell. 

M2fM Encoding: 

• Write data bits at the center of the bit cell. 

• Write clock bits at the leading edge of the bit cell if: 
1) There is no data bit or clock bit written in the previous bit cell, and 
2) There will be not data bit written in the present bit cell. 

NOTE: In M2FM/MFM, the write oscillator frequency is doubled, while maintaining the same flux changes per 
inch as FM. Thus, the bit cell in M2FM/MFM is½ that in FM. Data transfer rate is also doubled, since a 
1 to 1 relationship exists between flux changes oer inch and bits per inch (2 to 1 in FM). 

BIT I 
CELLS 

I I 
I I 

I 21 
I 
D 

FM 

2µ ~ __ sec 

BIT 
CELLS 

MFM 

D D D 

D 

0 

D 11 

I 4µsec 

0 0 0 

D 

-1 4(31 1--
11 H 4(51 

I 

., , , 

D 

, 

0 

, , , 

, .,,. 

FIGURE 7. FM. MFM AND M2FM ENCODING 

5 

0 

, , , 

, , 

0 

, , , 

, , , 
/ 

, , 
/ , 



1.2.4 TRACKS 

The SA850/851 drive is capable of recording up to 154 tracks of data. The tracks are numbered 0-76 for each 
side. Each track is made available to the read/write heads by accessing the head with a stepper motor and 
carriage assembly and selecting the desired side of the diskette. Track accessing will be covered in Section 
3. 

Basic Track Characteristics: 
No. Data bits/track Single Density 
No. Data bits/track Double Density 
Index Pulse Width 
Index/Sector Pulse Width 

(SA851 only) 

1.2.5 TRACK FORMAT 

41,300 bits 
82,600 bits 
1.8 ± .6 ms 
.4 ± .2 ms 

Tracks may be formatted in numerous ways and is dependent on the using system. The SA850/851 use index 
and sector recording formats respectively. 

1.2.5.1 SECTOR RECORDING FORMAT 

In this Format, the using system may record up to 32 sectors (records) per track. Each track is started by a 
physical index pulse and each sector is started by a physical sector pulse. This type of recording is called 
hard sectoring. Figure 8 shows a typical Sector Recording Format for 1 of 32 sectors. 

1
4001's 

- ±2001lsl-

,---1 --------------------~, SECTOR~ 
,....~------------------.._----"!"--r I CLOCK DATA CLOCK 

SYN-
72 BITS-+---_, 
MIN 

DATA IDENTIFIER-
40 BITS MAX 

WRITE 
TURN ON 

112 BITS 72 BITS 
MAX -------1040 BITS MAX------a-.. MIN 

.----------5.2 ± .30MS----------, 

FIGURE 8. SA801 SECTOR RECORDING FORMAT 

1.2.5.2 SOFT SECTOR RECORDING FORMAT 

WRITE 
TURN OFF 

In this Format, the using system may record one long record or several smaller records. Each track is 
started by a physical index pulse and then each record is preceded by a unique recorded identifier. This type 
of recording is called soft sectoring. 

1.2.6 TYPICAL TRACK INDEX FORMAT 

Figure 9 shows a track Format. which is IBM compatible, using index Recording Format with soft sectoring. 

) 
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1.2.6.1 Index is the physical detector indicating one revolution of the media and is used to initiate format 
operations, generate the Ready signal in the storage device, insure one complete revolution of the media 
has been searched, and for a deselect storage device signal after a certain number of revolutions. 

Gap 1· G4A is from the physical index address mark sync and allows for physical index variation, 
speed variation and interchange between Storage Devices. 

Sync is a fixed number of bytes for Separator synchronization prior to the address mark. It 
includes a minimum of two bytes plus worst case Separator sync up requirements. 

Index Pre Address Mark (MFM). Three bytes of C2 with unique clock bits not written per 
the encode rules. Refer to Figure 19. 

Index Address Mark (FM) • is a unique byte to identify the index field and is not written per 
the encode rules. Refer to Figure 11. 

Index Address Mark (MFM) . is one byte of FC and it is written per the encode rules. 
Refer to Figure 15. 

G1 is from index address mark to ID field address mark sync. 

ID Field. Sync is a fixed number of bytes for Separator synchronization prior to AM. Includes a 
minimum of two bytes plus worst case Separator sync up requirements. 

Gap 2 • 

ID Pre Address Mark (MFM) • Three bytes of A 1 with unique clock bits not written per the 
encode rules. Refer to Figure 19. 

ID Address Mark (FM)• is a unique byte to identify the ID field and not written per the en-­
code rules. Refer to Figure 12. 

ID Address Mark (MFM) • is one byte of FE and it is written per the encode rules. Refer to 
Figure 16. 

ID . is a four byte address containing track number, hearJ number, record number, and 
record length. 

CRC • is two bytes for cyclic redundancy check. 

Gap from IDCRC to data AM sync and allows for speed variation, oscillator variation and 
erase core clearance of IDCRC bytes prior to write gate turn on for an update write. 

Data Field• Sync is a fixed number of bytes for Separator synchronization prior to the AM. Includes a 
minimum of two bytes plus worst case separator sync up requirements. 

Pre Data Address Mark (MFM) • Three bytes of A1 with unique clock bits not written per 
the encode rules. Refer to Figure 20. 

Data Address Mark (FM) • is a unique byte to identify the Data Field and it is not written 
per the encode rules. Refer to Figure 13. 

Data Address Mark (MFM) • is one byte of FB or F8 and it is written per the encode rules. 
Refer to Figure 18. 

Data • is the area for user data. 

CRC • is two bytes for cyclic redundancy check. 

WG OFF (Write Gate Off) • is one byte to allow for the Write Gate turn off after an update 
write. 
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Gap 3 • Gap from WG OFF to next ID AM sync and allows for the erase core to clear the Data 
Field CRC bytes, speed and write oscillator variation, read preamplifier recovery time and 
system turn around time to read the following ID Field. 

Gap 4 - G4B is the last gap prior to physical index and allows for speed and write oscillator varia­
tion during a format write and physical index variation. 

1.3.0 TRACK ACCESSING 

• Carriage Actuator Motor 

• Actuator Control Logic 

• Reverse Seek 

• Forward Seek 

• Track 00 Flag 

1.3.1 Seeking the read/write heads from one track to another is accomplished by selecting the desired 
direction utilizing the Direction Select interface line, loading the read/write heads, and then pulsing the Step 
line. Multiple track accessing is accomplished by repeated pulsing of the Step line until the desired track has 
been reached. Each pulse on the Step line will cause the read/write heads to move one track either in or out 
depending on the Direction Select line. 

1.3.2 The Carriage Actuator Motor used on the SA850/851 is a four phase, 3.6 degree, permanent 
magnet stepper motor. 

1.3.2.1 There are four stator poles with four teeth per pole extending axially the length of the rotor. The 
rotor contains 25 teeth per half, spaced 14.4 degrees apart, with each being displaced one tooth pitch 
relative to each other. The rotor is permanently magnetized with one gear (half) being the north pole and the 
other the south pole. The four winding per phase are those which when energized will magnetize the poles 
causing the rotor to move ¼ of a gear tooth pitch or 1 step. 

1.3.3 ACTUATOR CONTROL LOGIC (FIGURE 21) 

1.3.3.1 POWER ON RESET 

The Step Counter (FF A and FF B) is a modified Gray Code counter that counts 0, 1, 3 and 2. At power on, the 
Step Counter is reset causing the not outputs to be active. When the door is closed and the heads loaded the 
not outputs actuate the 1 and 4 drivers. With these drivers active the position zero windings are excited 
causing the rotor to align as shown in Figure 22. (Note, depending on the previous state of the stator win­
dings, the heads may move up to two tracks). 

1.3.3.2 FORWARD SEEK 

• Seek forward five tracks. 

• Assuming: 
Present position of the read/write heads to be track 00. 

Direct Select at a minus level (from the host system). 

Write Gate inactive. 

Five Step pulses to be received (from the host system). 

Step Counter reset (drivers 1 and 4 active). 
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Minus Direction Select is inverted and becomes + Direction Select. Since the Step Counter is reset (low), a 
high is at one input of Exclusive OR A and a low at Exclusive OR 8. + Direction Select is high and inverts 
both signals present at Exclusive OR's A and B, causing the input to FFB to be high. 

When the first Step pulse is sent to the control logic, it is anded with -Read Gate and then clocks FF A off and 
FF Bon. this enables drivers 1 and 3 causing the Actuator Motor to move 3.6° in a clockwise direction, which 
in turn moves the carriage assembly one track towards the center of the diskette. Figure 21 (Track 01, Count 
1). 

With FF A off and FF Bon, a low is presented to Exclusive OR A A and B allowing + Direction Select to pass 
to both FFS. Upon receipt of the next Step pulse both FFS are clocked on, enabling drivers 2 and 3. Figure 22 
(Track 02, Count 3). 

With both FFS on, a low is at Exclusive OR A and a high at Exclusive ORB which presents + Direction Select 
to FF A. The next Step pulse clocks FF A on and FF B off enabling drivers 2 and 4. Figure 25 (Track 03, Count 
2). 

This process is continued until the host system stops sending step pulses at Track 05. At that time FF A is off 
and FF B on enabling drivers 1 and 3. Figure 23 (Count 1 ). 

1.3.3.3 REVERSE SEEK 

• Seek in a reverse direction five tracks. 

• Assuming: 
Present position of the read/write heads to be track 05. Direction Select at a positive level (from 
the host system). 

Write Gate inactive. 

Five step pulses to be received. 

FF A is off and FF B is on, drivers 1 and 3 active. 

Plus Direction Select is inverted and becomes -Direction Select. With FF A off and FF B on lows are 
presented to Exclusive ORs A and B. With the first step pulse the FFS are clocked off enabling the 1 and 4 
drivers causing the actuator motor to move 3.6 degrees in a counter-clockwise direction, moving the car­
riage one track towards the outside of the diskette. Figure 22 (Track 04, Count 0). 

With both FFS off a high is presented to Exclusive OR A and a low to Exclusive OR B. the next Step pulse 
clocks FF A on and FF B off enabling drivers 2 and 4. Figure 25 (Track 03, Count 2). 

This process continues until the fifth Step pulse. With lows at the Exclusive ORs, and FF's are clocked off 
enabling drivers 1 and 4. Figure 21 (Track 00, Count 0). 

1.3.4 TRACK ZERO INDICATOR 

Track 00 Pin 42 is provided to the host system to indicate the read/write heads are at track zero. The Track 
Zero Flag on the carriage assembly is adjusted so that the flag covers the photo transistor at track one. 
When FF A and B are clocked off the actuator moves to track zero, the Q outputs and Drive Select Internal 
are anded together and then ANDed with the Track Zero detect to send the Track Zero indication to the host 
system. (Figure 21) 
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1.4.0 READ-WRITE OPERATIONS 

• SA850/851 uses double frequency NAZI recording method. 

• The read/write heads are similar to a ring with a gap and a coil wound at some point on the ring. 

• During a write operation, a bit is recorded when the flux direction in the ring is reversed by rapidly 
reversing the current in the coil. 

• During a read operation, a bit is read when the flux direction in the ring is reversed as a result of a 
flux reversal on the diskette surface. 

1.4.1 The SABS0/851 drive uses the double-frequency (2F) horizontal non return to zero (N RZI) method 
of recording. Double frequency is the term given to the recording system that inserts a clock bit at the begin­
ning of each bit cell time thereby doubling the frequency of recorded bits. This clock bit, as well as the data 
bit, are provided by the using system. See Figure 26. 

1.4.2 The read/write heads are similar to a ring with a gap and a coil wound some point on the ring. 
When current flows through the coil, the flux induced in the ring fringes at the gap. As the diskette recording 
surface passes by the gap, the fringe flux magnetizes the surface in a horizontal direction. See Figure 27. 

1.4.3 During a write operation, a bit is recorded when the flux direction in the ring is reversed by rapidly 
reversing the current coil. The fringe flux is reversed in the gap and hence the portion of the flux flowing 
through the oxide recording surface is reversed. If the flux reversal is instantaneous in comparison to the 
motion of the diskette, it can be seen that the portion of the diskette surface that just passed under the gap is 
magnetized in one direction while the portion under the gap is magnetized in the opposite direction. This flux 
reversal represents a bit. See Figure 28. 

1.4.4 During a read operation, a bit is read when the flux direction in the ring is reversed as a result of a 
flux reversal on the diskette surface. The gap first passes over an area that is magnetized in one direction, 
and a constant flux flows through the ring coil. The coil registers no output voltage at this point. When a flux 
transition passes under the gap, the flux flowing through the ring and coil will make a 180° reversal. This 
means that the flux reversal in the coil will cause a voltage output pulse. See Figure 29. 

1.4.5 Figure 30 shows the 1 F and 2F recording flux transitions with pulse relationship. 
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1.5.0 READ/WRITE HEAD 

• The read/write heads contain two coils each. 

• When writing, the head erases the outer edges of the track to insure there is erased areas between 
adjacent tracks. 

1.5.1 Each of the readtwrite heads contain two coils. Two read/write coils are wound on a single core. 
center tapped and one erase coil is wound on a yoke that spans the track being written. The readfwrite and 
erase coils are connected as shown in Figure 31. 

1.5.2 On a write operation, the erase coil is energized. This causes the outer edges of the track to be 
trim erased so as the track being recorded will not exceed the .012" track width. The trim erasing allows for 
minor deviations in read/write head current so as one track is recorded, it will not "splash over" to adjacent 
tracks. 

1.5.3 Each bit written will be directed to alternate read/write coils, thus causing a change in the direc­
tion of current flow through the read/write head. This will cause a change in the flux pattern for each bit. The 
current through either of the read/write coils will cause the old data to be erased as new data is recorded. 

1.5.4 On a read operation, as the direction of flux changes on the diskette surface as it passes under the 
gap, current will be induced into one of the windings of the read/write head. This will result in a voltage out­
put pulse. When the next data bit passes under the gap, another flux change in the recording surface takes 
place. This will cause current to be induced in the other coil causing another voltage output pulse. 
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1.6.0 WRITE CIRCUIT OPERATION (FIGURE 32) 

• The binary connected Write Data Trigger toggles with each pulse on the Write Data line. 

• The Write Data Trigger alternately drives one or the other of the Write Drivers. 

• Write Gate allows write current to flow to the Write Driver circuits. 

• Write Current sensed allows Erase Coil current. 

• Heads are selected by grounding the appropriate center tap. 

1.6.1 Write data pulses (gock & data bits) are supplied by the using system. The Write Trigger "toggles" 
with each pulse. The Q and O outputs are fed to alternate Write Drivers. 

1.6.2 Write Gate, from using system, and not Write Protect, are anded together to provide write current. 

1.6.3 The output of one of the Write Drivers allows write current to flow through one-half of the 
read/write coil of each head. When the Write Data Trigger toggles, the other Write Driver provides the write 
current to the other half one the read/write coils. 

1.6.4 When write current is sensed flowing to the Write Drivers, a signal is generated to provide trimmer 
erase coil current. 
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1.7.0 READ CIRCUIT OPERATION (FIGURE 33) 

• Duration of all read operations is under control of the using system. 

• When the heads are loaded, the read signal amplitude becomes active and is fed to the amplifier. 

• As long as the heads are loaded and write gate is not active, the read signal is amplified and 
shaped, the square wave signals are sent to the host system. 

• The data separator separates the read data into clock pulses and data pulses (SA851 only). 

1.7.1 When the using system requires data from the diskette drive, the using system must first load the 
heads and select the side. With loading of the heads and write gate being inactive, the read signal is fed to 
the amplifier section of the read circuit. After amplification, the read signal is fed to a filter where noise 
spikes are removed. The read signal is then fed to the differential amplifier. 

1.7.2 Since a pulse occurs at least once every 4µs and when data bits are present once every 2µs, the 
frequency of the read data varies. The read signal amplitude decreases as the frequency increases. Note 
the signals on Figure 31. The differential amplifier will amplify the read signals to even levels and make 
square waves out of the read signals (sine waves}. 

1.7.3 The data separator (SA851 only) is a single time constant separator, that is, the clock and data 
pulses must fall within pre-specified time frames or windows (single density only). 
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FIGURE 34. DATA SEPARATION TIMING DIAGRAM 

1.8.0 INTERFACE 

The Electrical interface between the SA850/851 drive and the host system is via three connectors. The first 
connector, J1, provides the signal interface; the second connector. JS, provides the DC power; and the third 
connector. J4. provides the AC power and frame ground. 

1.8.1 J1/P1 CONNECTOR 

Connection to J1 is through a 50 pin PCB edge card connector. The pins are numbered 1 through 50 with the 
even numbered pins on1he component side of the PCB and the odd numbered pins on the non-component 
side. Pin 2 is located on the end of the PCB connector closest to the AC motor capacitor and is labeled 2. A 
key slot is provided between pins 4 and 6 for optional connector keying. Refer to Figure 35. 

1.8.2 AC POWER (REFER TO TABLE 1) 

The AC power to the drive is via the connector P4/J4 located to the rear of the drive and below the AC motor 
capacitor. The P4/J4 pin designations are outlined in Table 1 for standard as well as optional AC power. 

1.8.3 DC POWER (REFER TO TABLE 2) 

DC power to the drive is via connector P5/J5 located on the non-component side of the PCB near the P4 con­
nector. The two DC voltages and their specifications along with their P5/J5 pin designators, are outlined in 
Table 2. 

1.8.4 OUTPUT LINES 

There are five standard output tines from the SA850, and eight standard output tines from the SA851. Also, 
there are two optional output lines and eight alternate outputs available from either the SASSO or SA851. The 
output signals are driven with an open collector output stage capable of sinking a maximum of 40 ma at a 
logical zero level or true state with a maximum voltage of 0.4V measured at the driver. When the line driver is 
in a logical one or false state, the driver is off anq the collector current is a maximum of 250 microamperes. 

Refer to Figure 36 for the recommended circuit. 
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P4 60 Hz 

PIN 115 V (Standard) 208/230 V 

l 85-127 VAC 170-253 VAC 

2 Frame Gnd Frame Gnd 

3 85-127 V Rtn 170-253 V Rtn 

MAX 0.35 Amps 0.25 Amps 
CURRENT 

FREQ ±0.5 Hz 
TOLERANCE 

TABLE I. 

PS DC VOLTAGE TOLERANCE 
PIN 

1 +24 VDC 

2 + 24 V Return 

6 + 5 V Return 

5 +5 VDC · 

• 11 either customer installable oplion described in 
sections 7.1 and 7.3 are used. lhe current require­
men for the + 24-VDC is a mulliple of lhe maximum 
+ 24V current limes the number of drives on !he 
line. 

±2.4 VDC 

±0.25 VDC 

TABLE 2 

?4 

110V 

85-127 VAC 

Frame Gnd 

85-127 V Rtn 

0.35Amps 

CURRENT 

1.0A Max* 
0.85A Typ 

1.1A Max 
1.0A Typ 

7414 

.. 

50 Hz 

220V 

170-253 VAC 

Frame Gnd 

170-253 V Rtn 

0.25Amps 
) 

±0.5 Hz 

MAX 
RIPPLE (p top) 

100 mv 

50 mv 
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( 2.0 MAINTENANCE SECTION 

2.1.0 MAINTENANCE FEATURES 

2.1.1 ALIGNMENT DISKETTE 

The SA 122 Alignment Diskette is used for alignment of t.he SA850/851. The following adjustments can be 
made using the SA 122. Adjustments are checked on head zero and head one. The drive under test should be 
jumpered to the 850 position. 

1. A/W Head radial alignment using track 38. 

2. Index Photo-Detector Adjustment using tracks 01 and 76. 

3. Track 00 is recorded with standard IBM 3740 format. 

4. TK 75 has 1 f + 21 signal. 

NOTE: Caution should be exercised in using the SA122 Alignment Diskette. Tracks 00, 01, 36, 37, 38. 39, 
40, 75, and 76 should not be written on. To do so will destroy pre-recorded tracks. 

2.1.2 SA809 EXERCISER 

The SA809 Exerciser is built on a PCB whose dimensions are 8" x 8". The exerciser PCB can be used in a 
stand alone mode or it can be built into a test station or used in a tester for field service. 

The Exerciser is designed to enable the user to make all adjustments and check outs required on the 
SA850/851 drives, when used with the SA 122 Alignment Diskette. 

The exerciser has no intelligent data handling capabilities but can write both 1 f and 21 frequencies. The exer­
ciser can enable read in the drive to allow checking of read back signals. 

2.1.3 SPECIAL TOOLS 

The following specials tools are available for performing maintenance on the SA850/851. 

Description 

Alignment Diskette 
Cartridge Guide Adj. Tool 
Exerciser 
Soanner Wrench . 
Head Penetration Tool Set 

2.2.0 DIAGNOSTIC TECHNIQUES 

2.2.1 INTRODUCTION 

Part Number 

SA122 
50377-1 
50619-0 
50752-0 
51218-0 

Incorrect operating procedures. faulty programming, damaged diskettes, and "soft errors" created by air­
borne contaminants, random electrical noise. and other external causes can produce errors falsely at­
tributed to drive failure or misadjustment. 

Unless visual inspection of the drive discloses an obvious misalignment or broken part, attempt to repeat the 
fault with the original diskette, then attempt to duplicate fault on second diskette. 
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2.2.2 "SOFT ERROR" DETECTION AND CORRECTION 

Soft errors are usually caused by: 

1. Airborne contaminants that pass between the read/write head and the disk. Usually these con­
taminants can be removed by the diskette self-cleaning wiper. 

2. Random electrical noise that usually last for a few microseconds. 

3. Small defects in the written data and/or track not detected during the write operation that may 
cause a soft error during a read. 

The following procedures are recommended to recover from the above mentioned soft errors: 

1. Reread the track ten (10) times or until such time as the data is recovered. 

2. If data is not recovered after using step 1, access the head to the adiacent track in the same direc­
tion previously moved, then return to the desired track. 

3. Repeat Step 1. 

4. If data is not recovered, the error is not recoverable. 

2.2.3 WRITE ERROR 

If an error occurs during a write operation, it will be detected on the next revolution by doing a read opera­
tion. commonly called a "write check". To correct the error, another write and write check operation must 
be done. If the write operation is not successful after ten (10) attempts have been made, a read operation 
should be attempted an another track to determine if the media or the drive is failing. If the error still persists 
the diskette should be replaced and the above procedure repeated. If the failure still exists, consider the 
drive defective. If the failure disappears. consider the original diskette defective and discard it. 

2.2.4 READ ERROR 

Most errors that occur will be "soft" errors. In these cases, performing an error recovery procedure will 
recover the data. 

2.2.5 SEEK ERROR 

1. Actuator malfunction. 

To recover from a seek error recalibrate to track 00 and perform another seek to the original track. 
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2.2.6 TEST POINTS 850/851 

1. Read data signal 
2. Read data signal 
5. Signal ground 
6. Signal ground 
7. Signal ground 
11. + Head load 
12. -Index and 851 sector pulses (single sided disk) 
13. -Index and 851 sector pulses (double sided disk) 
16. + Read data 
17. -Data separator timing (long data window) 
18. -Data separator timing (short data window) 
25. + Write protect 
26. + Detect track 00 
27. + Gated step pulses 
28. Signal ground 
I. -Separated index (interface) 
R. -Ready (interface) 
S. -Separated sector 851 (interface) 

2-2.7 CONNECTORS 

2.2.7.1 J1/P1 provide the signal interface to the host system. The pin designators are as listed below. 

2. Write Current Switch 
4. Alternate 1/0 
6. Alternate 1/0 
8. Alternate 1/0 
10. Two Sided (optional) 
12. Disk Change (optional) 
14. Side Select 
16. In Use (optional) 
18. Head Load (optional) 
20. Index 
21. Ready 
24. Sector (851 only) 
26. Drive Select 1 (or Side Select Option) 
28. Drive Select 2 (or Side Select Option) 
30. Drive Select 3 (or Side Select Option) 
32. Drive Select 4 (or Side Select Option) 
34. Direction Select (or Side Select Option) 
36. Step 
38. Write Data 
40. Write Gate 
42. Track 00 
44. Write Protect 
46. Read Data 
48. FM Sep Data (851 only) 
50. FM Sep Clock (851 only) 

NOTE: All odd numbered pins are ground. 
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2.2.7.2 J21P2 provide control signals and power to the Head Load Actuator. the Head Position actuator 
dropping resitors, In Use LED and Door Lock solenoid and the detector assemblies. The pin designators are 
as listed below: 

A. Key 
B. + In Use LED 
C. + Track 00 LED 
D. + Write Protected 
E. + Index LED 
F. + Door Closed 
H. -Door Closed 
J. Not used 
K. -Door Locked 
L -Track 00 
M. + Write Protected 
N. + Index/Sector O Detector 
P. + Index/Sector 1 Detector 
R. Key 
S. + Stpr Wndg/Res A 
T. + Stpr Wndg/Res B 
U. -Head Load 
1. Key 
2. Ground 
3. Ground 
4. Ground 
5. Ground 
6. Ground 
7. Not Used 
8. Not Used 
9. + 24V Door Lock 
10. + 5V Track 00 Detector 
11. + 5V Write Protect 
12. + 5V Index (0 & 1) Detector 
13. Not Used 
14. Key 
15. + Stpr Res A 
16. + Stpr Res B 
17. + 24V Head Load 

2.2.7.3 J31P3 J3/P3 provides to interface to the Read/Write coils and the trim erase coils of the 
magnetic recording heads. The pins are listed below: 

1. Shield 0 
2. Key 
3. Read/Write 01 
4. Side OCT 
5. Read/Write 02 
6. Erase 0 
7. Erase 1 
8. Read/Write 12 
9. Side 1 CT 
10. Read/Write 11 
11. Key 
12. Shield 1 

28 



( -

2.2.7.4 J4/P4 provide AC power and ground as listed below: 

1. -AC Motor Power A 
2. -Frame Ground 
3. AC Motor Power 8 

2.2.7.5 JS/PS JS/PS provide DC pawer and ground as listed below: 

1. +24 Volts DC 
2. + 24 Volt Ground Return 
3. Not Used 
4. Not Used 
5. + 5 Volts DC 
6. + 5 Volts Ground Return 

2.2.7.6 J6/P6 JG/PG provide power to the Head Positioning actuator as listed below: 

1 . + Stpr Wndg/Res B 
2. Key 
3. + Stpr Wndg/Res A 
4. + Stpr Wndg B 
5. + Stpr Wndg A 

2.3.0 PREVENTATIVE MAINTENANCE 

2.3.1 INTRODUCTION 

The prime objective of any preventive maintenance activity is to provide maximum machine availability to 
the user. Every preventative maintenance operation should assist in realizing this objective. Unless a 
preventive maintenance operation cuts machine downtime, it is unnecessary. 

Visual inspection is the first step in every scheduled maintenance operation. Always look for corrosion, dirt, 
wear, binds, and loose connections. Noticing these items during PM may save downtime later. 

Remember, do not do more than recommended preventative maintenance on equipment that is operating 
satisfactorily. 

2.3.2 PREVENTIVE MAINTENANCE PROCEUDRES 

Details of preventative maintenance operations are listed in Table 3. During normal perventative 
maintenance, perform only those operations listed on the chart for that preventive maintenance period. 
Observe all safety procedures. 

UNIT 
FREQ. 

CLEAN OBSERVE MONTHS 

Read/Write Heads N/A No maintenance required Do not touch or clean 

Actuator band, 12 Clean all oil, dust, and 
capstan and shaft dirt only if necessary 

Belt 12 Frayed or weakened areas 

Base 12 Clean base Inspect for loose screws 
connectors, and switches 

Read/Write Head 12 Check for proper alignment 

TABLE . .3 
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2.3.3 CLEANLINESS 

Cleanliness cannot be overemphasized in maintaining the SA850/851. Do not lubricate the SA850/851; oil 
will allow dust and dirt to accumulate. To prevent damage the read/write heads should not be cleaned or 
touched. · 

2.3.4 CAUTIONS 

The heads should never touch each other. Whenever removing or installing the heads insure a clean piece 
of lens tissue is inserted between the heads to prevent them from touching. 

a. Never open the cartridge guide access without first unloading the heads from the load bail (Section 
2.4.3). 

b. Insure the up stop is in proper adjustment so the diskette will clear the heads when it is inserted 
(Section 4.6.2). 

c. Make sure the door lock is functioning properly so as not to remove a diskette while the heads are 
loaded. 

d. The Read/Write heads are factory aligned with a four track offset. Loosening the head mounting 
screw will destroy the alignment and the actuator assembly will have to be returned to the factory 
for alignment. 

2.4.0 REMOVALS, ADJUSTMENTS 

NOTE: Read the entire procedure before attempting a removal and/or adjustment. 

2.4.1 MOTOR DRIVE 

2.4.1.1 DRIVE MOTOR ASSEMBLY: REMOVAL AND INSTALLATION 

a. Extract 3 contacts to disconnect motor from AC connector (J4). 

b. Loosen two screws holding capacitor clamp to the base. Remove rubber boot and disconnect 
motor leads from capacitor. 

c. Remove connectors from PCB and remove PCB. 

d. Remove belt from drive pulley. 

e. Remove 4 screws holding the motor to the base casting and remove motor. 

2.4.1.2 MOTOR DRIVE PULLEY 

a. Remove connectors from PCB and remove PCB. 

b. Remove belt from drive pulley. 

c. Loosen set screw and remove pulley. 

d. Reverse procedure for installation. 

NOTE: When installing a new pulley, the drive pulley must be aligned with the spindle pulley so that the belt 
tracks correctly. 

2.4.2 HEAD COVER SHIELD REMOVAL 

a. Loosen the two screws holding cover to the guide opening assembly. 

b. Slide cover back toward drive and remove the cover. 

) 
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2.4.3 CARTRIDGE GUIDE ACCESS 

a. Remove head cover shield (Section 2.4.2). 

b. Position head to approximately track 00 by turning the actuator shaft. 

c. Open cartridge guide by pressing pushbar on front of drive. 

d. Insert a clean piece of lens tissue between the heads to prevent them from touching each other 
and gently lower the moveable head arm assembly. 

e. Loosen the two screws holding the cartridge to door latch plate. 

CAUTION: Insure the head load arm is off the load bail first. 

f. Release safety catch on guide open assembly by pressing it towards the back of the drive. 

g. Swing cartridge guide out. 

h. To restore the cartridge guide to its normal position reverse the procedure and adjust per Section 
2.4.9.2. 

2.4.4 SECTOR/INDEX LED ASSEMBLY: REMOVAL AND INSTALLATION 

Disconnect the wires to LED terminals (solder joints). a. 

b. 

C. 

Remove the screw holding the LED assembly to the cartridge guide. 

Reverse the procedure for installation. 

d. Check index timing and readjust if necessary. Refer to Section 2.4.7.2. 

2.4.5 WRITE PROTECT DETECTOR 

2.4.5.1 WRITE PROTECT DETECTOR: REMOVAL AND INSTALLATION 

a. Remove connectors from PCB and remove PCB. 

b. Extract wires from P2 connector, pins 4, D, 11, and M. 

c. Remove cable clamps. 

d. Remove head cover shield (Section 2.4.2). 

e. Remove screw holding the detector bracket and remove assembly. 

I. Reverse procedure for reinstalling. Connect the wires to P2 by the following: Red to (4), Black to 
(0), White to (11 ), and Gray to (M). 

2.4.5.2 WRITE PROTECT DETECTOR ADJUSTMENT 

a. Insert a diskette into drive. Write protect notch or hole must be open. 

b. Set oscilloscope to AUTO sweep, 2V/div. and monitor TP25. 

c. Loosen screw on detector assembly and adjust until maximum amplitude is achieved. Tighten 
screw. Be sure the detector assembly is not to far forward as to restrict the diskette when it is in­
serted. 
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2.4.6 HEAD LOAD MECHANISM ASSEMBLY 

2.4.6.1 HEAD LOAD MECHANISM: REMOVAL AND INSTALLATION 

a. Install a diskette. 

b. Remove head cover shield (section 2.4.2). 

c. Extract wires from P2 connector pins 17 and U. 

d. Unfasten the four mounting screws and remove the actuator assembly. 

e. To install. reverse the above procedure. Reference section 2.4.6.2 to adjust. 

f. When installing, make sure that the fasteners for mounting the solenoid body do not interfere with 
the armature. 

2.4.6.2 HEAD LOAD MECHANISM ADJUSTMENT 

a. Apply power to the drive and insert a double-sided diskette (SA 150). Step to track 00 and select 
side 1 head. · 

b. Select the drive and insure the head is loading. With the head loaded a clearance of .020" ± 
.012" should be obtained between the bail on the head load solenoid and the lift tab on the head 
arm (see Figure 37). To adjust this clearance turn the screw located on top of the armature {see 
Figure 37). Clockwise will decrease the clearance and counter-clockwise will increase the 
clearance. 

Load the head a couples of times and reverify the clearance required. 

c. Step to track 76 and load the head, check the clearance between the bail and the lift tab. Utt tab 
must not be in contact with the bail, and clearance must be a minimum of .008" and no greater 
than .032'' 

d. Return to track 00. 

(1} Sync oscilloscope on TP 11 (+Head Load). Set time base to 10 msec/division. Connect one 
probe to TP1 and the other to TP2. Ground the probes on TPS. Set the inputs to AC couple, 
add and invert one input. Set the vertical deflection to 200 mv/division. 

(2) Select the side 1 head, energize the head load solenoid and observe the read signal on the 
oscilloscope. The read signal should begin between 35 and 45 msec (see Figure 38). 

(3) If the read signal begins sooner than 35 msec loosen screw holding the loader spring adjust­
ment plate. Slide plate towards the solenoid body (see Figure 37}. If the read signal begins after 
50 msec, slide the plate away from the solenoid body . 

.. When energizing the head load solenoid do not exceed one per second. 

e. A properly adjusted head load mechanism should load between 35 and 45 msec and the read 
signal should settle out in 50 msec. There should be no read signal between o and 30 msec. 
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LOADER SPRING 
ADJUSTMENT PLATE 

BAIL ADJUSTMENT SCREW 

FIGURE 37. HEAD LOAD MECHANISM ADJUSTMENT 

FIGURE 38. HEAD LOAD TIMING 
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2.4.7 INDEXJSECTOR PHOTO TRANSISTOR ASSEMBLY 

2.4.7.1 INOEXJSECTOR PHOTO TRANSISTOR ASSEMBLY: REMOVAL AND INSTALLATION 

a. Disconnect P2 connector from PCB. 

b. Remove wires from Door Closed switch ORG Common, Grey N/C, and Red N/O. Extract wires from 
P2 connector Pins 12 BLK, N GREEEN, P BAN, 6 ORG, F GRAY, and H RED. 

c. Remove the cable clamp holding wires tor detector. 

d. Remove screw holding detector to the base plate and remove assembly. 

e. To install reverse procedure. 

2.4.7.2 JNOEX/SECTOR ADJUSTMENT 

a. Insert Alignment Diskette (SA 122}, 

b. Step carriage to track 01. 

c. Sync oscilloscope, external negative, on TP12 (-Index). Set time base to S0µsecldivision. 

d. Connect one probe TP1 and the other to TP2. Ground probes to the PCB. Set the inputs to AC. Add 
and invert one channel. Set vertical deflection to S00MV/division. 

e. Observe the timing between the start of the sweep and the first data pulse. This should be 200 ::t 
100µsec. 1f the timing is not within tolerance, continue on with the adjustment. 

f, Loosen the holding screw in the Index Transducer until the transducer is just able to be moved. 

g. Observing the timing, adjust the transducer until the timing is 200 ± 1 00µsec. Insure that the 
transducer assembly is against the registration surface on the base casting. 

h. Tighten the holding screw. 

i. Recheck the timing. 

j, Seek to track 76 and reverify that the timing is 200 ± 100.usec. 

2.-4.8 SPINDLE ASSEMBLY 

a. Remove head cover shield {Section 2.4.2). 

b. Switch out cartridge guide {Section 2.4.3). 

c. Remove drive belt. 

d. Remove the nut and 2 spring washers holding the spindle pulley. The Spanner Wrench 50752 must 
be used to hold spindle. 

CAUTION: The pre-loaded rear bearing may fly out when spindle pulley is removed, 

e. Withdraw spindle hub from opposite side of baseplate. 

I. Reverse the procedure for installation. 

g. Tighten nut to 20 in.fibs., insuring that the spring washers are compressed. Add a drop of LOCTITE 
#290 to the threads, 

34 



(-

2.4.8.1 CLAMP HUB REMOVAL 

a. Remove hub clamp plate. 

b. Remove clamp hub and spring. 

c. To install, reverse the procedure. No adjustment necessary. 

2.4.9 CARTRIDGE GUIDE 

2.4.9.1 CARTRIDGE GUIDE REMOVAL 

a. Perform steps, 2.4.3, 2.4.4, 2.4.5 and 2.4.6.1. 

b. Loosen cartridge guide stop. 

c. Remove E-ring from pivot shaft. 

d. Remove pivot shaft. 

e. Tilt the cartridge guide slightly, and remove it from the upper pivot. 

f. To install the cartridge guide, reverse the procedure. 

g. Perform steps 2.4.5.2 and 2.4.5.2. 

2.4.9.2 CARTRIDGE GUIDE ADJUSTMENT 

a. Insert the shoulder screw (tool P/N 50377-1) through the adjustment hole in the cartridge guide and 
screw completely into the base casting (hand tight). 

b. Move the handle into the latched position and hold lightly against the latch. 

c. Tighten two screws holding the cartridge guide to the latch plate. 

d. Remove the tool and check to determine if the flange on the clamp hub clears the cartridge guide 
when the spindle is rotating. If the clamp hub rubs on the cartridge guide, repeat the adjustment 
procedure. 

e. Adjust the cartridge guide stop so that it is within .005 inch of the base casting. 

f. Check index alignment (Sector 2.4.7.2). 

g. Insert diskette, close and open door, then check for proper operation. 
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2.4.10 HEAD AMPLITUDE CHECK 

These checks are only valid when writing and reading back as described below. If the amplitude is below the 
minimum specified, before re-writing and re-checking, insure that the diskette is not "worn" or otherwise 
shows evidence of damage on either side. Insure head load down stop is properly adjusted (Section 2.4.6.2). 

a. Install good media. 

b. Select the drive and step to TK 76. 

c. Sync the oscilloscope on TP12 (-Index) for single sided diskettes, TP13 for double sided diskettes, 
connect one probe on TP2 and one on TP1, on the drive PCB. Ground the probes to the PCB and 
invert one input. Set volts per division to 50mv and time base to 20 Msec per division. 

d. Write the entire track with 2F signal (all one's). 

e. The average minimum read back amplitude peak to peak, should be 130 millivolts for side 0 and 
130 millivolts for side 1. 

If the output is below minimum and different media is tried and the output is still low, it will be necessary to 
install a new head and actuator assembly. 

2.4.10.1 HEAD ACTUATOR ASSEMBLY: REMOVAL AND INSTALLATION 

a. Remove the connectors and the PCB. 

b. Remove cable clamp holding R/W head cable on PCB side of drive. 

c. Remove the grommet from the cable bracket on head side. 

d. Unload heads (Refer to Section 2.4.3, Steps D & E). 

e. Remove the two or four screws holding actuator assembly to the base casting. 

I. Carefully remove heads and actuator assembly from the drive. Take care as not to snag the heads, 
load arms, or read/write head cable on the casting. 

g. To install, precede as follows: 

(1) Hold assembly at a slight angle towards you when installing (approximately 15°CCW viewed 
from rear). 

(2) Rotate actuator into position against the ledge while simultaneously lifting the arm tab with the . 
bail so that the heads are separated and the protective paper between them falls free. 

(3) Position the actuator casting firmly and squarely against the ledge on the base casting and 
secure with two or four screws and washers (install the locating screw nearest the ledge first). 

) 
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2.4.10.2 HEAD PENETRATION ADJUSTMENT 

a. The tools necessary to perform this alignment procedure will consist of penetration gauge tool set. 
screwdriver and ¼" nut driver (see Figure 39). 

--------SCREWDRIVER 

_._----NUT DRIVER 

FIGURE 39. HEAD PENETRATION TOOLS 
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b. Set up the penetration dial indicator on the penetration tool master. Check penetration tool to make 
sure it's indicating surfaces are clean and properly set; (long hand on zero and small hand on 
three) while it's resting on the penetration tool master. See Figure 40. 

NOTE: When the tool is not being used, it should be kept where it won't be dropped or knocked off 
the work bench. 

FIGURE 40. DIAL INDICATOR 

) 
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c. With the drive in the horiztonal position, remove HAC shield and door open, slide the penetration 
plate into the drive with the tappered end in first and counter bore side up. Slide the plate up and 
over the spindle until it's squarely over the spindle and close the door. See Figure 41. 

NOTE: The penetration plate is made of harden tool steel and care should be used not to damage 
spindle or any other part of the drive during insertion of extraction. 

FIGURE 41. PENETRATION PLATE INSTALLATION 
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d. Next install the indicator block into 1he penetration plate until you feel the block snap into place. 
See Figure 42. 

NOTE: Make sure all surlaces are clean, the block is squarely and fully snapped onto the plate. 
Also avoid handling the block by the indicator. 

FIGURE 42. DIAL INDICATOR INSTALLATION 

40 



( .~ e. The shaft the extends from the stepper motor can be used to move the head up far enough so the 
gauge point is indicating off the tab. on the side zero head as shown in Figure 43. 

L Check the dial indicator for the proper setting. The long hand should be between + 3 and -3 with 
the short hand pointing at three. If penetration setting is out of this range then continue with pro­
cedure starting at step 7. See Figure 44. 

GAUGE POINT 

INDICATION TAB 

FIGURE 43. INSTALLATION CHECK 

FIGURE 44. CORRECT PENETRATION 
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FIGURE 45. PENETRATION ADJUSTMENT 

HAG CASTING 
--FLUSH 

g. With the penetration gauge installed set the drive up in the vertical position. the AC motor should 
be closest to the bench. 

h. Loosen the two or four mounting screws using a ¼" nut driver. 

i. Adjust HAG assembly left to right until the reading on the penetration gauge reads; small hand on 
three and long hand on zero ± .003. 

A. If small hand is on the left side of three, the HAG assembly must go to the right. 
B. If small hand is on the right side of three, the HAG assembly must go to the left. 

j. When penetration is set tighten the two or four mounting screws using a ¼" nut driver. 

k. As you tighten the two mounting screws. make sure the HAG casting is flush (making contact) with 
the machined lip on the base casting. 

1. Check penetration gauge again to insure proper alignment. If not return to procedure step 7. 

m. Remove the indicator block (remember to handle with care). Open the door and remove the 
penetration gauge. 

n. Replace the HAG shield. 

4? 
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c- 2.4.10.3 HEAD RADIAL ALIGNMENT 

c-

NOTE: The actuator assembly is aligned at the factory and adjustment is not normally required after replac­
ing a head and actuator assembly. If after checking and the lobes are within 70% of each other, 
alignment is not recommended. 

a. Insert Alignment Diskette (SA 122). 

NOTE: Alignment diskette should be at room conditions for at least 1 hour before alignment checks. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

i. 

j. 

Steps the heads to track 38. 

Sync the oscilloscope. external negative, on TP12 (-Index). Set the time base to 20Msec per divi­
sion. This will display over one revolution. 

Connect one probe to TP1 and the other to TP2. Ground the probes to the PCB. Set the inputs to 
AC. Add and invert one channel. Set the vertical deflection to 100MV/division. 

The amplitude of the two lobes must be within 70% of each other. If the lobes do not fall within this 
specification continue on with the procedure (Refer to Figure 46). 

Loosen the two or four mounting screws, which hold the motor plate to the support bracket (Refer 
to Figure 47). 

Move the plate. by rotating the eccentric adjusting nut. 

When the lobes are of an equal amplitude, tighten the motor plate mounting screws (Refer to 
Figure 47). 

Check the adjustment by stepping off track and returning. Check in both directions and readjust as 
required. 

Whenever the Head Radial Alignment has been adjusted the Track 00 detector adjustment must be 
checked. (Section 2.4.11.2). 

2.4.10.4 READ/WRITE HEADS AZIMUTH CHECK 

The azimuth is not field adjustable. If, after performing this check the waveform on the oscilloscope is not 
within + 18' replace the Head Actuator Assembly. 

a. Install Alignment Diskette SA 122. Select the drive and step to track 76. 

b. Sync the scope external negative on TP12, set time base to .5 MSec per division. 

c. Connect one probe to TP1 and the other to TP2. Invert one channel and ground the probes to TP5 
& 6. Set the inputs to AC, ADD, and 50 MV per division. 

d. Compare waveform to Figure 48. If not within the range shown replace the Head Actuator 
Assembly 2.4.10.1 
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EVEN AMPLITUDE (100%), ON TRACK 

LEFT BO% OF RIGHT, + 1 MIL OFF TRACK TOWARD TK 0 

LEFT 60% OF RIGHT, + 2 Mil OFF TRACK TOWARD TK 0 

LEFT 40% OF RIGHT, + 3 MIL OFF TRACK TOWARD TK 0 

RIGHT 80% OF LEFT, ·1 MIL OFF TRACK TOWARD 76 

RIGHT 60% OF LEFT, ·2 Mil OFF TRACK TOWARD 76 

RIGHT 40% OF LEFT, -3 Mil OFF TRACK TOWARD 76 

FIGURE 46. HEAD RADIAL ALIGNMENT 

✓-@)®' 
0 

~CQ) 0 ,,, 

FIGURE 47. MOTOR PLATE 

2.4.11 DOOR LOCK SOLENOID AND IN USE LED ASSEMBLY REMOVAL 

a. Perform steps 2.4.12a and 2.4.12h. 

b. Remove door lock assembly 

c. Reverse procedure to install new assembly. 

d. Adjust of the door lock should not be necessary. If it has to be, the gap between the armature tab 
and the latch should be .015 ± .010. This adjustment can be made by loosening the two screws on 
the armature. 
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o· +18' 

+12' -18' 

-12' 

FIGURE 48. AZIMUTH BURST PATTERNS 
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2.4.12 TRACK 00 DETECTOR: REMOVAL AND INSTALLATION 

a. Remove head cover shield (Section 2.4.2). 

b. Swing cartridge guide open (Section 2.4.3). 

c. Manually rotate stepper shaft and move carriage to track 77. 

d. Remove screw holding bracket to base casting and remove bracket and detector. 

e. Remove PCB connector and remove PCB. 

I. Extract cable from P2 connector; Pin 3 BRN, C BLACK, 10 ORANGE, and L RED. 

g. Remove cable clamps and remove Detector assembly. 

h. To install, reverse the procedure. 

i. Adjust according to Section 2.4.11.2. 

2.4.12.1 TRACK 00/76 STOP ADJUSTMENT 

a. Not field adjustable. 

2.4.12.2 TRACK 00 DETECTOR ASSEMBLY ADJUSTMENT 

a. Check head radial alignment and adjust if necessary before making this adjustment. 

b. Insert diskette. 

c. Connect oscilloscope to TP26. Set vertical deflection of 1 v/division and sweep to continuous. 

d. Step carriage to track 02. TP26 should go low. Adjust the detector assembly towards the actuator 
assembly if not low. 

e. Check the adjustment by stepping the heads between tracks 00 and 02, observing that TP26 is low 
at track 02 and high at track 00. A perfect adjustment is if you have a square wave on a scope. 

2.4.13 FRONT PLATE ASSEMBLY REMOVAL 

a. Insert the cartridge guide adjustment tool (P/N 50377-1) through the adjustment hole in the car-
tridge guide and screw completely into the base hold casting (hand tight). 

b. Remove the door lock wires from P2, Pin 2-black, B-brown, 9-violet and K-blue. 

c. Remove the cable clamp holding the door lock wires. 

d. Remove the two alien head screws holding the handle to the front plate and remove the handle. 

e. Remove the four screws holding the front plate to the base casting. 

f. Remove two screws holding door lock assembly to the front plate. 

g. Remove two alien head screws holding the In Use LED to the door lock assembly. 

h. Grasp both ends of the push button and bow outwards to remove LED. 

i. Reverse procedure to install. 

j. Check Index adjustment (Section 2.4.7.2). 
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INDEX/SECTOR 1 
(BRN) p 

+ INDEX/SECTOR 1 
LED DET 12 (ORG) (BLK) 

GND (INDEX) +sv (INDEX) 

+ TRK 00 LED ==:C TRACK 00 1~: (BLK) 

ILEDIDETI 
(RED) 

-TAK 00 

(BAN) (ORG) GND(TRKOO) ~ 3 + 5V (TAK 00) 

(,Tl 

WRITE PROTECT O> 
D (BLK) 

ILEDIDETI 

(RED) 1:: + WRITE PROT LED=~• + WRITE PROTECT 

(BRN) (ORG) + 5V (WR PROT) GND (WRITE PROTI 

B 
lN USE 

GND (IN USE) ==:
2 

(BAN) 

8 (BLK} OJ IN USE LED 

NOTES: 
DJ GND WHEN INACTIVE AND + 1.SVDC WHEN ACTIVE. 



<~ Physical Locations 



c-

57 





r..n 
tO 

CARTRIDGE GUIDE 
ADJUSTMENT 

SCRE S 

INDEX/SECTOR 
LED 

CARTRIDGE GUIDE 
ADJUSTMENT TOOL 

HOLE 

HOB CLAMP 
PLATE 

·" 

HEAD LOAD 
MECHANISM 

DRIVE MOTOR 

MOTOR 
CAPACITOR 



DRIVE MOTOR 
PULLEY 

DR.IVE 
BELT 

R/W HEAD 
CABLE 

IN DEX/SECTOR 
PHOTO TRANSISTOR 
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FIGURE QTY 

& REF PART PER 
NUMBER NUMBER DESCRIPTION ASM 

49-1 DRIVE ASSEMBLY SA8501851 
2 11305 CUP (RETAINING RING) 1 

3 50747 MOTOR ASSEMBLY. 11 SV, 50/60 HZ 1 

50748 MOTOR ASSEMBLY. 230V, 50160 HZ 1 

4 15004 CAPACITOR 
, 

5 50746 BRACKET 1 

6 50744 MOTOR 115V, 50/60 HZ 1 
50745 MOTOR 230V, 50/60 HZ 1 

7 12028 SCREW HEX HEAD 8-32 X .75 4 
8 10013 WASHER 4 
9 15669 HOUSING, 3 PIN CONNECTOR 

, 
10 12015 SCREW, 8-32 x .312 2 
11 11904 SCREW, SET 6-32 x .125 1 
12 50358 PULLEY. 60 HZ 1 

50357 PULLEY 50 HZ 1 
13 51127 HEAD ACTUATOR ASSEMBLY 1 

14 51056 BRACKET, TRACK OC 1 

15 12013 SCREW. 6-32 x .312 2 

16 51027 TRACK 00 ASSEMBLY 1 

17 12053 SCREW l 

18 51063 GUIDE OPEN ASSEMBLY 1 

19 51134 CARTRIDGE GUIDE ASSEMBLY (SEE FIGURE 50) 1 

20 50167 PIVOT 1 
20 50670 PIVOT (RACK MOUNT) 1 
21 50168 BIAS SPRING 1 

22 51198 SPINDLE 1 

23 10801 FLANGED BEARING, SPINDLE 1 
24 17200 DOOR OPEN SWITCH 1 

( .. 
" 

25 50559 DEFLECTOR 2 
26 12013 SCREW 6-32 x -438 4 
27 12032 SCREW #8 x .50 2 2 
28 FRONT PLATE ASSEMBLY (SEE FIGURE 51) 
29 11905 SCREW 2 
30 50142 HANDLE 1 
31 12011 SCREW, HEX HD 4-40 4 
32 12053 SCREW 2 
33 51058 COVER 1 
34 51028 RESISTOR ASM 1 

35 12026 SCREW 2 
36 50166 SPRING, SPINDLE 1 

37 50018 SPACER, SPINDLE LONG 1 
38 10800 BALL BEARING , 
39 50019 SPACER SPINDLE SHORT 1 
40 51046 PHOTO XSTR ASM 1 
41 12026 SCREW 2 
42 12036 SCREW 1 

• 43 50016 PULLEY SPINDLE 1 
44 12509 WASHER. SPRING #8 2 
45 10025 NUT 8-32 1 
46 50356 BELT. 60 HZ 1 
46 50355 BELT, 50 HZ 1 
47 10426 CABLE CLAMP 1 

( --... ·, 

63 
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FIGURE QTY 
& REF PART PER 

NUMBER NUMBER DESCRIPTION ASM 

50-1 51134 CARTRIDGE GUIDE ASSEMLBY 1 
2 50555 SPRING. EJECTOR 1 
3 12015 SCREW. 8-32 2 
4 50609 EJECTOR ASSEMBLY 1 
5 51062 STRIPPER BOTTOM 1 
6 12015 SCREW, 8-32 2 
7 12020 SCREW. 8-32 2 
8 50546 PLATE, HUB CLAMP 1 
9 50254 HUB ASSEMBLY 1 
10 50031 SPRING. CLAMP 1 
11 12016 SCREW, 8-32 1 
12 51029 LED ASSEMBLY 1 
13 50151 LATCH 1 
14 10187 SCREW 6-32 2 
15 12015 SCREW 8-32 2 
16 51061 STRIPPER, TOP 1 
17 50313 WRITE PROTECT ASSEMBLY 1 
18 12026 SCREW 1 
19 51176 HEAD LOAD MECHANISM 1 
20 51075 LIMITER 1 
21 10014 #8 WASHER 1 
22 12020 SCREW 8-32 1 

• 

65 
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FIGURE 51 
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FIGURE QTY 
& REF PART PER 

NUMBER NUMBER DESCRIPTION ASM 

51 51037 FRONT PLATE ASSEMBLY UTE/LOCK 
51043 FRONT PLATE ASSEMBLY UTE/LOCK (RACK MOUNT) 

-1 50587 PUSH BAA 1 
-2 50349 FRONT PLATE 1 

50667 FRONT PLATE (RACK MOUND 1 

-3 51038 LATCH ASSEMBLY, DOOR LOCK 1 
-4 10002 SOLENOID 1 

-5 12035 SCREW 4-40 x .250 2 

-6 50691 SPRING l.ATCH INTERLOCK 1 
-7 12013 SCREW 6-32 x .312 2 
-8 50183 BUMPER 1 
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1.0 INTRODUCTION 

1.1 GENERAL DESCRIPTION 

The SABS0/851 diskette storage drives are enhanced double-headed versions of the standard Shugart 
SAB00/801 drives. SABS0/851 drives provide up to four times the on-line storage capacity, faster access 
time, and lower heat dissipation along with improved reliability and maintainability. 

SABS0/851 drives read and write in single or double density on standard diskettes and on both sides of two­
sided diskettes. The drives are exactly the same size as Shugart SAB00/801 drives and are plug compatible. 
The SABS0/851 drives are also media compatible with IBM 3740 and S/32 single-sided drives as well as IBM 
4964 and 3600 series two-sided units. 

The proprietary Fasflex™ actuator utilizes a flexible metal band for sure low friction head movement and a 
fast 3 ms track-to-track access time. In addition, Shugart's Bi-Compliant™ read/write head assembly pro­
vides superior compliance resulting in excellent data integrity. 

Other valuable features include: programmable door lock and write protect plus dual index sensor to dif­
ferentiate between single and two-sided diskettes. 

The SABS0/851 will prove highly cost-effective in applications such as: intelligent terminals, minicom­
puter/microcomputer systems, small business systems as well as word processing systems and intelligent 
calculators. 

Key Features 

• Storage capacity of up to four times that of SAB00 and other standard floppy drives. 

• Single or double density (standard). 

• Same physical size as standard SAB00/801 product family. 

• SAB00/801 1/0 compatibility. 

• Improved access time over standard drives - 3 ms track-to-track. 

• Proprietary Fas flex™ actuator. 

• Bi-Compliant read/write head assembly. 

• Write protect and programmable door lock are standard for improved data security. 

• Lower Heat dissipation. 

• Improved AC connector. 



1.2 SPECIFICATION SUMMARY 

1.2.1 PERFORMANCE SPECIFICATIONS 

Capacity 
Unformatted 

Per Disk 
Per Surface 
Per Track 

IBM Format (128 byte sectors) 
Per Disk 
Per Surface 
Per Track 

Transfer Rate 
Latency (Avg.) 

Access Time 
Track to Track 
Average (including settling) 
Settling Time 
Head Load Time 

Single Density 

800 kilobytes 
400 kilobytes 
5.2 kilobytes 

500 kilobytes 
250 kilobytes 
3.3 kilobytes 

250 kilobits/sec 
83 ms 

3 ms 
91 ms 
15 ms 
50 ms 

1.2.2 FUNCTIONAL SPECIFICATIONS 

Single Density 
Rotational Speed 360 rpm 
Recording Density 3408 bpi 

(inside track) 
Flux Density 6816 fci 
Track Density 48 tpi 
Cylinders 77 
Tracks 154 
Heads 2 
Physical Sectors 

SA850/R 0 
SA851/R 32 
Index 1 
Encoding Method FM 

Media Requirements 
SA850 SA150/IBM 

Diskette 20 
SA851 SA151 
Alignment Diskette SA122 

2 

Double Density 

1600 kilobytes 
800 kilobytes 
10.4 kilobytes 

1000 kilobytes 
500 kilobytes 
6.66 kilobytes 

500 kilobits/sec. 
83 ms 

3 ms 
91 ms 
15 ms 
50 ms 

Double Density 
360 rpm 
6816 bpi 

6816 fci 
48 tpi 

77 
154 
2 

0 
32 
1 

MFM/M2FM 

SA150/IBM 
Diskette 20 

SA151 
SA122 



1.2.3 PHYSICAL SPECIFICATIONS 

Operating Shipping 

-40° to 144°F 
1 to 95% 

Environment Limits 
Ambient Temperature 
Relative Humidity 
Maximum Wet Bulb 

40° to 115°F 
20 to 80% 

85°F No condensation 
AC Power Requirements 

50/60 Hz± 0.5 Hz 
100/115 VAC Installations = 85 to 127V @ .35A Max. 
200/230 VAC Installations = 170 to 253V @ .25A Max. 

DC Voltage Requirements 
+ 24VDC ± 10% 1.0A Max. 
+ 5VDC± 5% 1.1A Max. 

Mechanical Dimensions (exlusive of front panel) 
SA850R/851 R SA850/851 

Height = 4.62 in. (117 mm) 4.62 in. (117 mm) 
Width = 8.55 in. (217 mm) 9.50 in. (241 mm) 
Depth = 14.25 in. (362 mm) 14.25 in. (362 mm) 

Heat Dissipation Typical Maximum 
BTU/Hr. 200 245 
Watts 60 72 

1.2.4 RELIABILITY SPECIFICATIONS 

MTBF: 

MTTR: 

5000 POH under heavy usage. 
8000 POH under typical usage. 
30 minutes 

Component Life 
Error Rates: 

Soft Read Errors: 
Hard Read Errors: 
Seek Errors: 

Media Life: 
Passes per Track 
Insertions: 

15,000 POH 

1 per 109 bits read. 
1 per 1012 bits read. 
1 per 106 seeks. 

3.5 X 106 

30,000 + 

3 

Storage 

-8° to 117°F 
1 to 95% 

No condensation 



2.0 FUNCTIONAL CHARACTERISITICS 

2.1 GENERAL OPERATION 

SA850/851 Diskette Storage Drives consist of read/write and control electronics, drive mechanism, Bi­
Compliant read/write heads and a track positioning mechanism. These components perform the following 
functions: 

Interpret and generate control signals. 
Move read/write heads to the selected track. 
Read and write data. 

The Fasflex™ Head Positioning Actuator positions the read/write heads to the desired track on the diskette. 
The Head Load Solenoid loads the read/write heads against the diskette and data may then be recorded on 
or read from the diskette. 

2.2 READ/WRITE AND CONTROL ELECTRONICS 

The electronics are packaged on one PCB. The PCB contains: 

1. Index Detector Circuits (Sector/Index for 851) 

2. Head Position Actuator Driver. 

3. Head Load Solenoid Driver. 

4. Read/Write Amplifier and Transition Detector. 

5. Data/Clock Separation Circuits (SA851 only). 

6. Write Protect 

7. Drive Ready Detector Circuit. 

8. Drive Select Circuits. 

9. Side Select Circuit. 

10. In Use and Door Lock Circuits. 

11. Write Current Switching/Read Compensation. 

2.3 DRIVE MECHANISM 

The Diskette drive motor rotates the spindle at 360 rpm through a belt-drive system. 50 or 60 Hz power is ac­
commodated by changing the drive pull,ey and belt. A registration hub, centered on the face of the spindle, 
positions the Diskette. A clamp that moves in conjunction with the cartridge guide fixes the Diskette to the 
registration hub. 

2.4 POSITIONING MECHANISM 

The read/write heads are accurately posi,ioned by Fasflex™ metal band/stepping motor actuator system. A 
precision stepping motor is used to precisely position the head/carriage assembly through the use of a uni­
que metal band/capstan concept. Each 3.6° rotation of the stepping motor moves the read/write head one 
track in discrete increments. 

4 



WRITE PROTECT LED 

\ 

.,. ...... -- ... --.,.----" 
.,.,,,.. 

HEAD 1 

HEAD 0 

.,.,.,.✓,,...,.,..,., ACTIVITY LIGHT 

,/' .,,, 
11 ,,,,,/" ,.,,.. 

TRACK 00 DETECTOR 

TRACK 00 LED 

INDEX DETECTOR 
INDEX LED 

FIGURE 1. SABS0/851 FUNCTIONAL DIAGRAM 

i 
\ 

READ 
LOGIC 

WRITE 
LOGIC 

SIDE 

READ DATA 

SEP DATA 1FMl 

SEP CLOCK 1FM1 

WRITE DATA 

WAITE GATE 

WAITE PROTECT 

SELECT POWER ON RESET 

CONTROL 
LOGIC 

SIDE SELECT 

JN USE LED 

HEAD LOAD iOPTIONALI 

STEP 

DIRECTION/SIDE SELECT (OPTIONAL) 

DRIVE SELECT 

TRACK 00 

INDEX 

READY· 

SECTOR (8511 

ALTERNATE 110 (3 LINES) 

TWO SIDED (OPTIONAL) 

DISK CHANGE 

LO 



2.5 READ/WRITE HEADS 

The proprietary heads are a single element ceramic read/write head with straddle erase elements to provide 
erased areas between data tracks. Thus normal interchange tolerances between media and drives will not 
degrade the signal to noise ratio and insures diskette interchangeability. 

The diskette is held in a plane perpendicular to the read/write heads by a platen located on the base casting. 
This precise registration assures perfect compliance with the read/write heads. The flexure-mounted head is 
loaded against its rigidly mounted counterpart via the head load solenoid. The read/write heads are in direct 
contact with the diskette. The head surface has been designed to obtain maximum signal transfer to and 
from the magnetic surface of the diskette. 
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3.0 FUNCTIONAL OPERATIONS 

3.1 POWER SEQUENCING 

Applying AC and DC power to the SA850/851 can be done in any sequence, however, once AC power has 
been applied, a 2 second delay must be introduced before any Read or Write operation is attempted. This 
delay is for stabilization of the Diskette rotational speed. Also, after applrcation of DC power, a 90 millise­
cond delay must be introduced before a Read, Write, or Seek operation or before the control output signals 
are valid. After powering on, initial position of the read/write heads with respect to data tracks is indeter­
minable. In order to assure proper positioning of the read/write heads prior to any read/write operation after 
powering on, a Step Out operation should be performed until the Track 00 indicator becomes active. 

3.2 DRIVE SELECTION 

Drive selection occurs when a drive's Drive Select line is activated. Only the drive with this line active will 
respond to input lines or gate output lines. Under normal operation, the Drive Select line will load the 
read/write head, apply power to the stepper motor, enable the input lines and output lines, light the Activity 
LED on the front of the drive and lock the door. Optional modes of drive selection are discussed in Section 7. 

3.3 TRACK ACCESSING 

Seeking the read/write head from one track to another is accomplished by: 

a. Activating Drive Select line. 

b Selecting desired direction utilizing Direction Select line. 

c Write Gate being inactive. 

d. Pulsing the Step line. 

Multiple track accessing is accomplished by repeated pulsing of the Step line until the desired track has 
been reached. Each pulse on the Step line will cause the read/write heads to move one track either in or out 
depending on the Direction Select line Head movement is initiated on the trailing edge of the Step Pulse 

3.3.1 STEP OUT 

With the Direction Select line at a plus logic level (2.5V to 5.25V) a pulse on the Step line will cause the 
read/write heads to move one track away from the center of the disk. The pulse(s) applied to the Step line 
and the Direction Select line must have the timing characteristics shown in Figure 2. 

3.3.2 STEP IN 

With the Direction Select line at a minus logic level (0V to .4V), a pulse on the Step line will cause the 
read/write heads to move one track closer to the center of the disk The pulse(s) applied to the Step line must 
have the timing characteristics shown in Figure 2. 
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3.4 SIDE SELECTION 

In the standard SA850/851, head selection is controlled via the 1/0 signal line designated Side select. A plus 
logic level on the Side Select line selects the read/write head on the side 0 surface of the diskette. A minus 
logic level selects the side 1 read/write head When switching from one side to the other, a 1 0Oµs delay is re­
quired after Side Select changes state before a read or write operation can be initiated. Figure 3 shows the 
use of Side Select prior to a read operation. 

Two jumper-selectable Side Select options are also available_ Either of these can be implemented to make 
use of existing controller and cable harness design These options are described fully in Section 7. 
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3.5 READ OPERATION 

Reading data from the SA850/851 Diskette Storage drive is accomplished by: 

a. Activating Drive Select line. 

b. Selecting head. 

c. Write Gate being inactive. 

The timing relationships required to initiate a read sequence are shown in Figure 3. These timing specifica­
tions are required in order to guarantee that the read/write head position has stabilized prior to reading. 

The coding scheme of the recorded data can be FM, MFM or M2FM. The first of these, FM, provides single­
density recording. The superior efficiency of the other two codes permit their bit cell period to be ½ that of 
the FM code, thereby providing double-density recording. Differences among FM, MFM and M2FM encoding 
are concerned with the use of clock bits in the write data stream. 

FM encoding rules specify a clock bit at the start of every bit cell. See Figure 4. MFM and M2FM encoding 
rules allow clock bits to be omitted from some bit cells, with the following prerequisites: 

a. MFM - The clock bit is omitted from the current bit cell if either the preceding bit cell or the current 
bit cell contains a data bit. See Figure 4. 

b. M2FM - The clock bit is omitted from the current bit cell if the preceding bit cell contained any bit 
(clock or data) or if the current bit cell contains a data bit. See Figure 4. 

In all three of these encoding schemes, clock bits are written at the start of their respective bit cells and data 
bits at the center of their bit cells. 

The timing of the read signals, Read Data, Separated Data and Separated Clock are shown in Figure 5 (FM 
encoding). 

In the standard SA851, data separation of FM data is performed by the drive electronics. Data bits are 
presented to the controller on the Sep Data line and clock bits are presented on the Sep Clock line. In 
systems using the SA850 or when MFM/M2FM encoding is used, data separation is performed outside the 
drive. IN such cases, the Read Data line carries both clock bits and data bits. Separation is MFM or M2FM 
encoded read data should be controlled by a phase-locked loop oscillator (PLO) circuit. 

For additional information regarding the use of MFM and M2FM encoding with SA850/851 drives, refer to 
Shugart Associates' Double Density Design Guide. 
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3.6 WRITE OPERATION 

Writing data to the SA850/851 is accomplished by: 

a. Activating the Drive Select line. 

b. Selecting head. 

c. Activating the Write Gate line. 

d. Pulsing the Write Data line with the data to be written. 

e. Head Current switching. 

The timing relationships required to initiate a write data sequence are shown in Figure 6. These timing 
specifications are required in order to guarantee that the read/write head position has stabilized prior to 
writing. 

Write data encoding can be FM, MFM or M2FM. If either double-frequency encoding scheme is used (MFM 
or M2FM) the write data should be precompensated to counter the effects of bit shift. The amount and direc­
tion of compensation required for any given bit in the data stream depends on the pattern it forms with near­
by bits 

For more details regarding data encoding and formatting for SA850/851 drives, refer to Shugart Associates' 
Double Density Design Guide. 
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3.7 SEQUENCE OF EVENTS 

The timing diagram shown in Figure 8 shows the necessary sequence of events with associated timing 
restrictions for proper operation. 
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4.0 ELECTRICAL INTERFACE 

The in1er,ace of the SA8501851 Disket1e drive can be divided in1o 1wo categories: 

1. 5ignal 

2. Power 

The following sec1ions provide 1he elec1rical definition for each line. 

Reference Figure 9 for all interface connections 

4.1 SIGNAL INTERFACE 

The signal in1erface consists of two ca1egories 

1. Control 

2. Da1a transfer 

All lines in 1he signal in1erface are digi1al in nature and ei1her provide signals to the drive (input), or provide 
signals 10 the host (output), via interface connector P1/J1. 

4.1.1 INPUT LINES 

There are thir1een (13) signal input lines, ten (10) are s1andard and three (3) are user installable options 
(reference sec1ion 7). 

The input signals are of two types, 1hose in1ended to be mul1iplexed in a multiple drive system and those 
which will perform 1he mul1iplexing. The inpu1 signals to be multiplexed are: 

1. Direction Selec1 

2. Step 

3. Write Da1a 

4. Write Ga1e 

5. Side Selec1 

6. Head Curren1 Switch/Ac1ive Read Compensa1ion 

7 In Use 

8. Head Load 

The input signals which are in1ended to do the multiplexing are: 

Drive Selec1 1 

2. Drive Select 2 

3. Drive Select 3 

4. Drive Selec1 4 
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The input circuit lines have the following electrical specifications. Reference Figure 10 for the recommend­
ed circuit. 

True = Logical zero = Vin ± 0.OV to + 0.4V @lin = 40 ma (max) 

False = Logical one = Vin + 2.5V to + 5 25V @lin = 250µa (open) 

Input Impedance == 150 ohms 

SA850 

MAX 10 FEET 
RIBBON OR 20 
FEET TWISTED 

PAIR 

HOST 

FIGURE 10. INTERFACE SIGNAL DRIVER/RECEIVER 

4.1.1.1 INPUT LINE TERMINATION 

7414 

The SA850/851 has been provided with a removable resistor pack for terminating the seven input lines that 
are to be multiplexed. 

In order for the drive to function properly, the last drive on the interface must have these seven lines 
terminated. Termination of these lines can be accomplished by either of two methods. 

1. As shipped from the factory, the resistor pack is installed in location SE. These packs can be 
removed from all drives except the •st one on the lnteface. 

2. External termination may be used provided the terminator is beyond the last drive. Each of the five 
lines should be terminated by using a 150 ohm, ¼ watt resistor, pulled up to + SVDC. 

The same removable resistor pack is also provided for terminating the optional input lines. 

4.1.1.2 DRIVE SELECT 1 · 4 

Drive Select when activated to a logical zero level, activates the multiplexed 1/0 lines and loads the 
read/write head. In this mode of operation only the drive with this line active will respond to the input lines 
and gate the output lines. 

Four separate lnput lines, Drive Select 1, Drive Select 2, Drive Select 3, and Drive Select 4, are provided so 
that up to four drives may be multiplexed together in a system and have separate Drive Select lines. Traces 
'DS1', 'OS2', 'OS3', and 'DS4' have been provided to select which Drive Select line will activate the inter­
face signals for a unique drive. As shipped from the factory, a shorting plug is installed on 'OS1 '. To select 
another Drive Select line, this plug should be moved to the appropriate 'OS' pin. 
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4.1.1.3 SIDE SELECT 

This interface line defines which side of a two-sided diskette is used for reading or writing. An open circuit, or 
logical one, selects the read/write head on the side O surface of the diskette. A short to ground, or logical 
zero, selects the read/write head on the diskette's side 1 surface. When switching from one head to the 
other, a 1 OOµs delay is required before any read or write operation can be initiated. 

Two optional methods of side selection are available and can be implemented by the user through ap­
propriate Jumper connections. These options are described in Sections 7.9 and 7.10. 

4.1.1.4 DIRECTION SELECT 

This interface line Is a control signal which defines direction of motion the read/write heads will take when 
the Step line is pulsed. An open circuit or logical one defines the direction as "out" and if a pulse is applied 
to the Step line the read/write heads will move away from the center of the disk. Conversely, if this input is 
shorted to ground or a logical zero level, the direction of motion is defined as "in" and If a pulse is applied to 
the step line, the read/write heads will move towards the center of the disk. 

A Jumper-selectable option Is available, which allows the Direction Select line to be time shared for both the 
Direction Select and Side Select functions. That is, during head positioning operations, the Direction Select 
line controls direction of head motion and during read or write operations, the Direction Select line deter­
mines which head is selected Det;iils regarding the implementation of this option are provided in Section 
7.9. 

NOTE: A 15ms delay must be introduced when changing direction (i.e., the last step in pulse to first step out­
pulse or vice versa). 

4.1.1.5 STEP 

This interface line Is a control signal which causes the read/write heads to move with the direction of motion 
as defined by the Direction Select line. 

The access motion Is initiated on each logical zero to logical one transition, or the trailing edge of the signal 
pulse. Any change in the Direction Select line must be made at least 1µs before the trailing edge of the Step 
pulse Refer to Figure 2 for these timings. 

4.1.1.6 WRITE GATE 

The active state of this signal (logical zero) enables Write Data to be written on the diskette. The inactive 
state (logical one) enables the read data logic (Separated Data, Separated Clock, and Read Data) and step­
per logic. Refer to Figure 6 for Write Initiate timing information. 

4.1.1.7 WRITE DATA 

This inteface lines provides the data to be written on the diskette. Each transition from a logical one level to a 
logical zero level will cause the current through the read/write head to be reversed, thereby writing a data 
bit. This line is enabled by Write Gate being active. Refer to Figure 7 for timing information. 

4.1.1.8 HEAD LOAD (ALTERNATE INPUD 

This customer installable option, when enabled by Jumpering Trace "C" and activated to a logical zero level 
and the diskette access door is closed, will load the read/write heads against the diskette. Refer to section 
7 15for uses and method of installation. 

4.1.1.9 IN USE (ALTERNATE INPUD 

This customer installable option, when enabled by jumpering Trace "D · and activated to a logical zero level 
will turn on the Activity LED in the door push button and will lock the door. This signal is an "OR" function 
with Drive Select. Refer to section 7.6 for uses and method of installation. 
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4.1.1.10 WRITE CURRENT SWITCH/ACTIVE READ COMPENSATION 

Reference section 7.13 

4.1.2 OUTPUT LINES 

There are five standard output lines from the SA850, and eight standard output lines from the SA851. Also, 
there are two optional output lines and three alternate outputs available from either the SA850 or SA851. The 
output signals are driven with an open collector output stage capable of sinking a maximum of 40 ma at a 
logical zero level or true state with a maximum voltage of 0.4V measured at the driver. When the line driver is 
In a logical one or false state, the driver is off and the collector current is a maximum of 250 microampers. 

Refer to Figure 10 for the recommended circuit. 

4.1.2.1 TRACK 00 

The active state of this signal, or a logical zero indicates when the drive's read/write heads are positioned at 
track zero (the outermost track) and the access circuitry is driving current through phase one of the stepper 
motor. This signal is at a logical one level, or false state, when the selected drive's read/write heads are not 
at track 00. 

4.1.2.2 INDEX 

This interface signal is provided by the drive once each revolution of the diskette (166.67 ms) to indicate the 
beginning of the track. Normally this signal is a logical one and makes the transition to the logical zero level 
for a period of 1.8 ms (0.4 ms on SA851) once each revolution. The timing for this signal Is shown in Figure 
11 . 

To correctly detect Index at the control unit, Index should be false at Drive Select time: that is, the controller 
should see the transition from false to true after the drive has been selected. 

For additional methods of detecting Index, refer to section 7.5. 

~1-4------16667+333MS ·I 
-....; ~~ ,--

LJ , a ... 6 I I 
ID 4 + D 2 MS SA851~ 

FIGURE 11. INDEX TIMING 

4.1.2.3 SECTOR (SA851 only) 

This interface signal Is provided by the drive 32 times each revolution. Normally, this signal is a logical one 
and makes the transition to a logical zero for a period of 0.4 ms each time a sector hole on the Diskette Is 
detected. Figure 12 shows the timing of this signal and its relationship to the Index pulse. 

NOTE: Index/Sector pulses should not be used for loading the Read/Write heads as this may cause unusual 
media wear in one spot on the diskette. 

4.1.2.4 READY 

This interface signal indicates that two index holes have been sensed after properly inserting a diskette and 
closing the door. or that two index holes have been sensed following the application of + 5V power to the 
drive. Three holes have to be sensed for two sided diskettes. 

19 



SECTOR 

""r------l_,_.., 5_20 :! .30 MS u--u--u___...5 s----u --, ~.4±2MS 

u 
INDEX 

I u-----"'S ,..__ ______ _ 
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FIGURE 12. SECTOR TIMING 

If a single sided diskette is installed, READY will be active (logical zero) if SIDE O is selected, but false 
(logical 1) if SIDE 1 is selected. Conversely, if a two-sided diskette is installed, READY will be active when 
either side of the diskette is selected. 

For additional methods of using the Ready line, refer to section 7.4. 

4.1.2.5 READ DATA 

This interface line provides the "raw data" (clock and data together) as detected by the drive electronics. 
Normally, this signal is a logical one level and becomes a logical zero level for the active state. Reference 
Figure 5 for the timing and bit shift tolerance within normal media variations. 

4.1.2.6 SEP DATA (SA851 only) 

This interface line furnishes the data bits as separated from the "raw data" by use of the internal data 
separator. Normally, this signal is a logical one level and becomes a logical zero level for the active state. 
Reference Figure 5 for the timing 

4.1.2.7 SEP CLOCK (SA851 only) 

This interface line furnishes the clock bits as separated from the "raw data" by use of the internal data 
separator. Normally, this signal is a logical one level and becomes a logical zero level for the active state. 
Reference Figure 5 for the timing. 

4.1.2.8 WRITE PROTECT 

This interface signal is provided by the drive to give the user an indication when a Write Protected Diskette is 
installed. The signal is a logical zero level when it is protected. Under normal operation, the drive will inhibit 
writing with a protected diskette installed in addition to notifying the interface. 

For other methods of using Write Protect, refer to section 7. 7 

4.1.2.9 DISK CHANGE (OPTIONAL OUTPUTI 

Reference section 7 .8. 

4.1.2.10 TWO SIDED (OPTIONAL OUTPUTI 

Reference section 7.12. 

4.1.3 ALTERNATE 1/0 PINS 

These interface pins have been provided for use with customer installable options. Refer to section 7 for 
methods of use. 
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4.2 POWER INTERFACE 

The SA850/851 Diskette Storage Drive requires both AC and DC power for operation. The AC power is used 
for the spindle drive motor and the DC power is used for the electronics and the stepper motor. 

4.2.1 AC POWER 

The AC power to the drive is via the connector P4/J4 located to the rear of the dnve and below the AC motor 
capacitor The P4/J4 pin designations are outlined in Table 1 for standard as welt as optional AC power. 

P4 60 Hz 50 Hz 

PIN 
115 V (Standard) 208/230 V 110V 220V 

1 85-127 VAC 170-253 VAC 85-127 VAC 170-253 VAC 

2 Frame Gnd Frame Gnd Frame Gnd Frame Gnd 

3 85-127VRtn 1 70-253 V Rtn 85-127 V Rtn 1 70-253 V Rtn 

MAX 0.35 Amps 0.25 Amps 0.35 Amps 0.25 Amps 
CURRENT 

FREQ ± 0.5 Hz ±0.5 Hz 
TOLERANCE 

TABLE 1 

4.2.2 DC POWER 

DC power to the drive 1s via connector P5/J5 located on the non-component side of the PCB near the P4 con­
nector The two DC voltages and their specifications along with their PS/JS pin designators, are outlined in 

Table 2 

P5 DC VOLTAGE TOLERANCE 
PIN 

1 + 24 voe 

2 + 24 V Return 

6 + 5 V Return 

5 +5 VDC 

"If eilher cuslomer :ns1a11able option described in 
sections 7 1 and 7 3 are used. the current require­
men for the + 24-VDC is a multiple of the maximum 
+ 24V current times the number of drives on lhe 
line. 

± 2.4 VDC 

± 0.25 VDC 

TABLE 2 
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5.0 PHYSICAL INTERFACE 

The electrical interface between the SA850/851 and the host system is via three connectors. The first con­
nector, J1, provides the signal interface; the second connector, JS, provides the DC power; and the third 
connector, J4, provides the AC power and frame ground. 

This section describes the physical connectors used on the drive and the recommended connectors to be 
used with them. Refer to Figure 16 for connector locations. 

5.1 J1/P1 CONNECTOR 

Connection to J1 is through a 50 pin PCB edge card connector. The dimensions for this connector are shown 
in Figure 13. The pins are numbered 1 through 50 with the even numbered pins on the component side of the 
PCB and the odd numbered pins on the non-component side. Pin 2 is located on the end of the PCB connec­
tor closest to the AC motor capacitor and is labeled 2. A key slot is provided between pins 4 and 6 for op­
tional connector keying. 

The recommended connectors for P1 are tabulated below. 

TYPE OF CABLE MANUFACTURER CONNECTOR PIN CONTACT PIN 

Twisted Pair, #18 
AMP 1-583718-1 

583616-5 (crimp) 
(crimp or solder) 583854-3 (solder) 

Twisted Pair, #18 
VIKING 3VH25/1JN-5 NA (solder term.) 

Flat Cable 3M · · Scotchflex 
.. 

3415-0001 NA 

2 KEY SLOT - .036 :e- .004 

0 7 
Ill ,.., ..... ,.., ..... - I ,- - ,.., ,.., 

I I 

00± .010·· 450 ± .. 010. I I 
l_ I I 

I 

.4 

~ ~~NJ:-050 ~ .063"' 
NOM. - NOM. (2 

100 NOM .......... 

X) 

- 2.575 ± .010"' -- -

BOARD THICKNESS .062 ± .007 

FIGURE 13. J1 CONNECTOR DIMENSIONS 

22 



,..-----

5.2 JS/PS CONNECTOR 

The DC power connector, J5, is mounted on the non-component side of the PCB and is located below the AC 
motor capacitor. J5 Is a 6 pin AMP Mate-N-Lok connector PIN 1-380999-0. The recommended mating con­
nector (PS) is AMP PIN 1-480270-0 utilizing AMP pins P/N 60619-1. J5 pins are labeled on the component 
side of the PCB with pin 5 located nearest J1/P1. Figure 14 illustrates J5 connector as seen on the drive PCB 
from non-component side. 

5.3 J4/P4 CONNECTOR 

The AC power connector, J4, is mounted on the AC motor capacitor bracket and is localed just below !he 
capacitor. J4 connector is a 3 pin connector AMP PIN 1-480701-0 with pins P/N 350687-1, 2 EA. and 
350654-1, 1 EA. The recommended mating connector (P4) is AMP PIN 1-480700-0 utilizing pins 350550-1. 
Figure 15 illustrates J4 connector as seen from the rear of the drive 

FIGURE 14. JS CONNECTOR 

REAR OF DRIVE 

\ 
0 

0 

0 

J4 AMP PIN 1-480701-0 

DD •} 
800 

..... _ ----"/101---1 _ ____,_,_ 
FIGURE 15. J4 CONNECTOR 

l'l C:ONr~~CTOH 
SCOTCHcl FX 
1',N 1/41'1 UOOI 011 
AMP F',N I '18.!l!B 1 

FIGURE 16. INTERFACE CONNECTOR-PHYSICAL LOCATION DIAGRAM 

23 



6.0 DRIVE PHYSICAL SPECIFICATIONS 

This section describes the mechanical dimensions and mounting recommendations for the SA850/851. 

6.1 DRIVE DIMENSIONS 

Reference Figure 18 and 19 for dimensions of the SASS0/851. 

6.2 MOUNTING RECOMMENDATIONS 

The SA850/851 is capable of being mounted in one of the following positions (refer to Figure 17): 

1. Vertical - Door opening to the left or right. 

2. Horizontal - Door opening up (PCB down). 

3. Upright - To mount the drive in this position remove the spring hook attached to the eject 
mechanism and attach the eject spring to the post the spring hook was attached to. 

DOOR 

OK 

B 

NOT RECOMMENDED 

FIGURE 17. RECOMMENDED MOUNTING 
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Decorative Cover Dimensions 

Cover Size Dim A 

4-5/8 X 10-1/2 10.50 

5-114 X 10 10.00 

5-114 X 11 11.00 

Tolerance :!:.03 

Dim B 

.240 

.240 

.740 

:!:.030. 

DimC 

462 

5.25 

5.25 

:!'.03 

If drive 1s mounled on sli<les. drive will extend 14 inches 
from operaling position for servicing. 

With cosme!ic cover this dimension is .38'" 

Handle exten<l .375'" beyond faceplate. 

All dimensions are in inches. 



Dimension is from end of base casting 

2 Comesttc front cover height 

3 Functional front plate height 

4 Cosmetic front cover width 

4 62 + 03 
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FIGURE 19. 

0 
• 

5 Fu.nctional front plate width. 

6 Cosmelic front cover thickness 

7 Functional fronl plate thickness 

8 Cosmetic front cover color comes 
only m tan 

i 
54 

(AEFI 

@ 
0 
t, 
0 
I[) 

{") 

[] 1.00:r 01 

54 :r .02 

8.68± .02 

SA850/851 R DIMENSIONS 
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6.3 CHASSIS SLIDE 

Available as an optional accessory is a chassis slide kit P/N 50239. This kit contains two slides, one locking 
and one non-locking, and seven screws. Dimensions of the slide are shown in Figure 19. 

~- :_ .... -= - - -~ - - - ..r::"~..: ==-=-::=:~--!!I -ll----------t:__ _ :!;: nm n arm ma m d IL - ~e+- + 
-, 

ATTACHED 
TO SASSO 

.... ~---- Y , TRAVEL+ 06 -----1-.~,,.. ... ...,_ __ _ X"" LENGTH:+- 03 -----~-4 

75~ 

14,__ _____ H _____ ...,. 

LENGTH/TRAVEL VIEW 

STANDARD MOUNTING 
HOLE SIZE .177 DIAM 

.. 02 
2 00 

X 

14 

y 

15 

A B 

4.00 8.00 

C D E F 

12 00 1.00 3 50 8.50 

FIGURE 20. SLIDE MOUNTING DIMENSIONS 

6.4 DECORATIVE FACE PLATE 

The SA850/851 may be ordered with one of the following decorative face plates: 

SIZE COLOR 

4 5/8 X 10 1 /2 Tan 
4 5/8 X 10 1/2 White 
5 1/4 X 10 Tan 
5 1/4 X 10 White 
5 1/4 X 11 Tan 
5 1/4 X 11 White 

"R" Series-4 5/8 x 8 11 /16 Tan 

G H 

11.50 1250 

If another color is required to match the system's color scheme, the face plate may be painted. The follow­
ing information should be utilized to avoid potential problems in the painting process. 

1. The front cover is made from GE's LEXAN. Dimensional stability of LEXAN is from -600F to 
+ 250°F. If the paint used requires baking, the temperature should not exceed + 250°F, including 
any hot spots which can contact the cover. 

2. LEXAN is a polycarbonate. Any paint to be used should be investigated to insure that it does not 
contain chemicals that are solvents to polycarbonates. 
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7.0 CUSTOMER INSTALLABLE OPTIONS 

The SA850/851 can be modified by the user to function differently than the standard method as outlined in 
sections 3 and 4. These modifications can be implemented by adding or deleting connections and by use of the 
Alternate 1/0 pins. Some options are capable or being connected by use of a shorting plug, Shugart PIN 
15648 or AMP P/N 53013-2. This section will discuss a few examples of modifications and how to install 
them. The examples are: 

1. Select drive without loading head or enabling stepper. 

2. Select drive and enable stepper without loading head. 

3. Load head without selecting drive or enabling stepper. 

4. Radial Ready. 

5. Radial Index/Sector. 

6. In Use (Activity LED) optional input. 

7. Write Protect options. 

8. Side selection. 

9. Write Current Switch. 

1 0. Ready Standard/Ready Modified 

11. Head Load Latch. 

12. Active Read Compensation Filter. 
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CUSTOMER CUT/ADD TRACE OPTIONS 

TRACE SHIPPED FROM FACTORY 
DESIGNATOR DESCRIPTION OPEN SHORT 

5E Terminations for Multiolexed Standard Inputs Plugged 
DS1 Drive Select 1 Input Pin Plugged 
0S2,3,4 Drive Select 2,3,4 lnout Pins X 
1 B,28,3B.4B Side Select Option Usinq Drive Select X 
RR Radial Ready X 
RI Radial Index and Sector X 
R (SHUNT 4F)* Option Shunt for Ready Output X 
2S Two-Sided Status Output X 
850/851 Sector Option Enable 850 851 
I (SHUNT 4F)* Index Outout X 
S (SHUNT 4F)* Sector Outout X 
DC Disk Chanae Ootion X 
Hl (SHUNT 4Fl* Stepper Power From Head Load X 

DS Stepper Power From Drive Select X 
WP Inhibit Write When Write Protected X 
NP Allow Write When Write Protected X 
D Alternate Input-In Use X 
M Multt-Media Option' Pluqqed 
DL Door Lock Latch Ootion X 
A,B,X.(SHUNT 4F)* Radial Head Load X 
r, Alternate lnout-Head Load X 
Z (SHUNT 4F)* In Use From Drive Select X 
y In Use From Head Load X 
S1 Side Select Option Usina Direction Select X 
S2 Standard Side Select Input Plugged 
S3 Side Select Option Using Drive Select X 
TS,FS** Data Separation Option Select TS FS Plugged 
IW Write Current Switch Pluaged*** 
RS Ready Standard Plugged 
RM Ready Modified X 
HLL Head Load Latch X 
IT In Use Terminator Plugged 
HI Head load or In Use to the In Use Circuit X 
F**** Remove for MFM encodinq install for M2FM X 
AF***** Install for FM or MFM encodina Pluqged 
NF***** ;Install for M2FM encoding. X 

* A 16 pin programmable shunt Shugart PIN 
15658 (location 4F) is provided for the eight 
most commonly used cut track options. These 
traces are usually shorted as shipped from 
the factory. The traces can be opened as 
follows 

"'*The SA851 offers a standard data separator, 
as in the SA801. and an optional data separa­
tor which properly separates data and clock 
bits through the soft-sectored IBM standard 
format and address mark area. Trace "FS" 
offers the standard separator and Trace "TS" 
offers the optional separator. Either separator 
may be selected through a shorting plug. 

1. Cut the trace using a Strap Cutter AMP 
P/N 435705. 

****MLC 10 ONLY. 
***"'*MLC 11 ONLY. 

** *Write current switch is plugged 
to the interfr.1cP. 

16 15 14 13 12 11 10 9 

2 3 4 56 7 8 
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7.1 SELECT DRIVE WITHOUT LOADING HEADS OR ENABLING STEPPER 

This option would be advantageous to the user who requires a drive to be selected at all times. Normally, 
when a drive is selected, its heads are loaded and the stepper motor is energized. The advantage of this op­
tion would be that the output control signals could be monitored while the heads were unloaded thereby ex­
tending the head and media life. When the system requires the drive to perform a Read, Write, or Seek, the 
controller would activate the Head Load line (pin 18) which in turn would load the heads and energize the 
stepper motor. Alter the Head Load line is activated, a 50 ms delay must be introduced before Write Gate 
and Write Data may be applied or before Read Data is valid. 

To install this option on a standard drive, the following traces should be deleted or added: 

1. Cut trace 'X'. 

2. Jumper trace ·c·. 

7.2 SELECT DRIVE AND ENABLE STEPPER WITHOUT LOADING HEADS 

This option is useful to the user who wishes to select a drive and perform a seek operation without the heads 
being loaded or with door open. An example use of this option is that at power on time, an automatic 
recalibrate (reverse seek to track zero) operation could be performed with the drive access door open. Nor­
mally for a seek to be performed, the door must be closed and the heads loaded. When a Read or Write operation is to 
be performed, the heads must be loaded. After the Head Load line is activated, a 50 ms delay must 
be introduced before Write Gate and Write Data may be applied or before Read Data is valid. 

To install this option on a standard drive, the following traces should be deleted or added: 

1. Cut trace 'B'. 

2. Jumper trace 'DS'. 

3. Cut trace · H L'. 

4. Jumper trace 'C'. 

Figure 23 illustrates the circuitry. 
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-DRIVE SELECT 4 

DRIVE SELECT 3 

-DRIVE SELECT 2 

-DRIVE SELECT 1 

32 

30 

28 

26 

{

--MM-
4---IL! ... 

ALTERNATE b L 6 ... ~ 
110 PINS M ~-:::_.,JI 

s .., s 'II 
-MM------,w;.-=~~, 

18 ,, ~t----~- 18 If HEAD LOAD 

sr M N 
(/) (/) (/) (/) 

0 0 0 O 

\\ + s voe 

DOOR CLOSED 

~ r------~ 
~ 
~ 

C 

·NOTE 1 11 the Head Load line is multiplexed the 
1erm1nator pack at SE must be remov­
ed from each drive except the last one 
on the line Also. the current require­
ment for the + 24 volt current times 
the number of drives on the line that 
have Head Load active 

A 

B 

X 

• • STANDARD TRACE 

11/fll DELETED TRACE 

• -II ADDED OR 
JUMPERED TRACE 

+ DRIVE 
SELECT 

+ HEAD 
LOAD 

FIGURE 23. SELECT DRIVE WITHOUT LOADING HEAD CIRCUIT 

7.3 LOADS HEADS WITHOUT SELECTING DRIVE OR ENABLING STEPPER 

This option 1s useful in disk to disk copy operations. It allows the user to keep the heads loaded on all drives 
thereby eliminating the 50 ms head load time. The heads are kept loaded on each drive via an Alternate 1/0 
pin. Each drive may have its own Head Load line (Radial or Simplexed) or they may share the same line 
(Multiplexed). When the drive is selected, an 15 ms delay must be introduced before a Read or Write opera­
tion can be performed. This is to allow the read/write heads to settle after the stepper motor is energized. 
With this option installed, a drive can only be selected with both -Drive Select and -Head Load active. 

To install this option on standard drive: the following traces should be deleted or added: 

1. Cut trace 'A'. 

2. Jumper trace 'OS'. 

3. Cut trace 'H L'. 

• 4. Jumper trace 'C'. 
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* If the •Head Load line is multiplexed, termination pack 5E jumper must be removed from each drive except 
the last one on the line. 

Figures 24 and 25 illustrates the circuitry. 

+HEADLOAO s1p---------------•1.,_ _ ____,_~ 

32 
-DRIVE SELECT 4 

30 
DRIVE SELECT 3 

28 
-DRIVE SELECT 2 

26 
-DRIVE SELECT 1 

4 
M 

ALTERNATE 6 
110 PINS ~, 

M 
8 

-HEAD LOAD 
18 

-DOOR CLOSED 

!! HL 

.__ ___________ TO STEPPER 

FIGURE 24. STEPPER MOTOR ENABLE CIRCUIT 

-,- M 
CJ) (/) 

0 0 

4 

·==~ 6-,;;' a::::.~, 
-,:::::~~, 

18 I 
ff 
\\ + 5VDC 

i 

' ===::::~ 

C 

IN en en 
a 0 

• • STANDARD TRACE 

a,//-fj DELETED TRACE 

• -II ADDED OR JUMPERED TRACE 

DD 

1--~• + DR IVE 
SELECT 

A 

B 

X 

..._.....i-. + HEAD 
LOAD 

•11 the -Head Load line is multiplexed, termination pack SE must be removed from each drive except the last one on the line. 

FIGURE 25. LOAD HEAD WITHOUT SELECTING DRIVE OR ENABLING STEPPER CIRCUIT 

34 



7.4 RADIAL READY 

This option enables the user to monitor the Ready line of each drive on the interface. This can be useful in 
detecting when an operator has removed or installed a Diskette in any drive. Normally, the Ready line from a 
drive is only available to the interface when it is selected. 

To install this option on a standard drive, the following traces should be deleted or added: 

1. Cut trace 'RR'. 

•2. Cut trace 'R'. 

•3_ Add a wire from pad "R" to one of the Alternate 1/0 pins. 

*One of the drives on the interface may use pin 22 as its Ready line, therefore steps 2 and 3 may be 
eliminated on this drive. All the other drives on the interface must have their own Ready line, therefore step 2 
and 3 must be incorporated. 

Figure 26 illustrates the circuitry. 

RR 

+ DRIVE SELECT ~'r---l•.,,/:f-11-......j ... -t 

+ READY 

• • STANDARD TRACE 

• -,,}-• DELETED(CUT)TRACE 

• ... ADDED TRACE 

FIGURE 26. RADIAL READY CIRCUIT 
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7.5 RADIAL INDEX/SECTOR 

This option enables the user to monitor the Index and Sector lines at all times so that the drive may be 
selected just prior to the sector that is to be processed. This option can be used to reduce average latency. 

To install this option on a standard drive the following traces should be deleted or added: 

1. Cut trace 'RI'. 

*2. Cut trace 'I'. 

*3. Cut trace ·s·. 

*4. Add a wire from trace 'I' to one of the Alternate 1/0 pins. 

* 5 Add a wire from trace 'S' to one of the Alternate 1/0 pins. 

"One of the drives on the interface may use pin 20 (-Index) and pin 24 (-Sector) as its Index and Sector lines, 
therefore steps 2 - 5 may be eliminated for this drive. All other drives on the interface must have their own In­
dex and Sector lines, therefore, steps 2 - 5 must be incorporated. 

Figure 27 illustrates the circuitry. 

;- 4 • • STANDARD TRACE M 

a-{f,a DELETED(CUT)TRACE 16 6 
Al 

• .. ADDED TRACE 8 

+ INDEX 

+ 5V 

+ SECTOR ,,_ ____________ _. 

FIGURE 27. RADIAL INDEX/SECTOR CIRCUIT 
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7,6 IN USE ALTERNATE INPUT (ACTIVITY LED) 

This alternate input, when activated to a logical zero level, will turn on the Activity LED mounted in the push 
bar on the front panel and locks the door of the drive. 

To install this option on standard drive, jumper trace 'D' to trace "HI" and activate the interface line pin 16. 

This signal is an "OR" function with Drive Select or Head Load. Figure 28 illustrates the circuitry. For other 
uses, reference section 7 .15. 

16 16 

D 

l 
-ORV SEL INT 

y 

-HEAD LOAD )\,-------1•• 

HI 

+SV 

+sv 

+ 5V 

+ IN USE 
"\----1&---..--.....11i"J-- no LED] 

J2 

1---.1:-;1...- + DOOR LOCK 

FIGURE 28. IN USE/ACTIVITY LED CIRCUIT 

7.7 WRITE PROTECT OPTIONAL USE 

As shipped from the factory, the optional Write Protect feature will internally inhibit writing when a Write Pro­
tected Diskette is installed. With this option installed, a Write Protected Diskette will not inhibit writing, but it 
will be reported to the interface. This option may be useful in identifying special use Diskettes 

To install this option on a drive with the Write Protect feature, the following traces should be added or 
deleted: 

1. Cut trace 'WP'. 

2 _ Connect trace ·NP'. 

Figure 29 illustrates the circuitry. 

-WRITE PROTECT s,,,_----------1---------

-WRITE GATE )'r----------f--f 
s TO INTERFACE 

WP 

d ) NP s TO WRITE CURRENT 

FIGURE' 29. WRITE PROTECT CIRCUIT 

37 



7.8 DISK CHANGE (OPTIONAL OUTPUT) 

This customer installable option is enabled by jumpering trace 'DC'. It will provide a true signal (logical zero) 
onto the interface (pin 12) when Drive Select is activated if while deselected the drive has gone from a Ready 
to a Not Ready (Door Open) condition. This line ls reset on the true to false transition of Drive Select if the 
drive has gone Ready. Timing of this line is illustrated in Figure 30. The circuitry is illustrated in Figure 31. 

-ORV SEL 

- READY 

•DISK CHG 

+5V 

-READY 

-DRV SEL 

INTERNAL] 
ENABLE 

D Q 

FIGURE 30. DISK CHANGE TIMING 

FIGURE 31. DISK CHANGE CIRCUIT 
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· 7.9 SIDE SELECTION, USING DIRECTION SELECT 

The Side Select function can be controlled via the Direction Select line, if desired. With this option, the Direc­
tion Select line controls the direction of head motion during stepping operations and controls side (head) 
selection during read/write operations. To implement this option, simply move jumper S2 to location S1. 

Figure 32 illustrates the circuitry. 

+ DRIVE SELECT 

S2 

-SIDE SELECT 

S1 

-DIRECTION SELECT ----e-----c..I>------
-SiDE SELECT 

FIGURE 32. SIDE SELECTION, USING DIRECTION SELECT 
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7.10 SIDE SELECTION USING DRIVE SELECT 

In systems containing no more than two SABS0/851 drives per controller, each read/write head can be 
assigned a separate drive address. In such cases, the four Drive Select line can be used to select the four 
read/write heads. To implement this option, move jumper S2 to S3 and add a jumper to nB (n = 1, 2, 3 or 4). 
For example, the first drive may have jumpers installed at DS1 and 2B while the second drive has jumpers at 
0S3 and 4B. With this jumper configuration installed, the four Drive Select lines have the following side 
selection functions. 

1. Drive Select 1 selects side O of first drive. 

2. Drive Select 2 selects side 1 of first drive. 

3. Drive Select 3 selects side O of second drive. 

4. Drive Select 4 selects side 1 of second drive. 

Figure 33 illustrates the circuitry. 

-DR.IVE 
SELECT 1B 

2B 

DS1 

3--+-----
3B 

4--+-----
4B 

DRIVE 
SELECTtNT 

FIGURE 33. SIDE SELECTION, USING DRIVE SELECT 

""' 
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7.11 DOOR LOCK LATCH 

The door lock circuit can be latched on under Drive Select control so .that the door can remain locked 
without maintaining the active state of In Use. To implement this option, jumper DL, and then D to HI. Then, if 
the appropriate Drive Select line is activated while In Use is active, a latch will be set, which holds the door 
lock circuit active. To unlock the door, Drive Select is again activated while In Use is inactive. 

Figure 34 illustrates the circuitry for this option. 

+ DRIVE 
SELECT INT 

+ 5V 

DL 

D Q 

----1C 

FIGURE 34. DOOR LOCK LATCH CONTROL 

7.12 TWO-SIDED (OPTIONAL OUTPUT) 

TO IN USE 
LED DRIVER 

TO DOOR 
LOCK DRIVER 

This signal indicates whether a Two-Sided (True Output) or a Single-Sided (False Output) Diskette is install­
ed. To implement this option, install a jumper at 2S. 
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7.13 HEAD CURRENT SWITCH/ACTIVE READ COMPENSATION 

This interface signal is used for two different functions depending on whether the drive is in a write or read 
mode. 

7.13.1 HEAD CURRENT SWITCH 

When the interface signal is activated to a logical zero level, the lower value of the write current is selected 
for writing on tracks 43 through 76. 

To enabte head current switching, short trace "IW" (to connect to the interface). 

To disable head current switching and select only the lower value of the write current, move the shorting 
plug at trace "IW" to the ground position and short trace "M". 

Trace "M" is used to increase the values of both the lower and higher write currents available when current 
switching. 
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FIGURE 35. IW JUMPER OPTION 

7.13.2 ACTIVE READ FIL TEA 
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When the interface signal is activated to a logical zero level, the read signal is passed through an active filter 
network for reading tracks 60 through 76 Performance will improve when reading a diskette that has been 
recorded without write precompensation. 

To control the active read filter from the interface, short trace "IW" (to connect to the interface), remove 
jumpers AF and NF. When the interface is activated to a logical zero level, read compensation is selected as 
if AF were added. When the interface is activated to a + 5V level, read compensation is selected as if NF 
were added. 

For optimum performance for FM or MFM encoding, jumper trace AF, for M2FM encoding jumper trace NF. 

7.14 READY STANDARD/READY MODIFIED 

As shipped the "RS" jumper is plugged and the drive's Ready Circuit will function as in the past. With the 
shorting plug in the' 'RM" position, the Ready Circuit is modified so that the drive will stay ready. This option 
is useful for those customers using the Direction Select line as Slide Select, so that when using single sided 
media the drive will stay ready when side 1 is selected. 
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7.15 HEAD LOAD LATCH 

This option enables the heads to remain loaded when the drive is deselected. To enable this option, jumper 
traces "DL" and "HLL". The head load can then be latched by either of two interface lines- Head Load (pin 
is) or In Use (pin is). If Head Load is to be used jumper pin "C" to pin "HI" and remove the "IT" jumper 
(refer to figure 36). If In Use is to be used jumper pin "D" to pin "HI" (refer to figure 37). In both cases, trace 
"A" on shunt 4F must be cut. To load and latch the heads the user must activate either the Head Load or In 
Use llnes and select the drive. When the drive is deselected, the heads will stay loaded and the door locked. 
To unload the heads, the Head Load or In Use line must be inactive when the drive is selected. 
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FIGURE 36. HEAD LOAD LATCH USING HEAD LOAD 
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FIGURE 37. HEAD LOAD LATCH USING IN USE 

44 



8.0 OPERATION PROCEDURES 

The SABS0/851 was designed for ease of operator use to facilitate a wide range of operator oriented applica­
tions. The following section is a guide for the handling and error recovery procedures on the diskette and 
diskette drive. 

8.1 DISKETTE LOADING AND HANDLING 

The diskette is a flexible disk enclosed in a plastic jacket. The interior of the jacket is lined with a wiping 
material to clean the disk of foreign material. Figure 38 shows the proper method of loading a diskette in the 
SA850/851 Diskette Storage Drive. To load the diskette, depress latch, insert the diskette with the label fac­
ing out. Move the latch handle to the left to lock diskette on drive spindle. The diskette can be loaded or 
unloaded with all power on and drive spindle rotating. 

When removed from the drive, the diskette is stored in an envelope. To protect the diskette. the same care 
and handling procedures specified for computer magnetic tape apply. These precautionary procedures are 
as follows: 

1. Return the diskette to its storage envelope whenever it is removed from drive. 

2. Keep diskettes away from magnetic fields and from ferromagnetic materials which might become 
magnetized. Strong magnetic fields can destory recorded data on the disk. 

3. Replace storage envelopes when they become worn, cracked or distorted. Envelopes are designed 
to protect the disk. 

4. Do not write on the plastic jacket with a lead pencil or ball-point pen. Use a felt tip pen. 

5. Heat and contamination from a carelessly dropped ash can damage the disk. 

6. Do not expose diskette to heat or sunlight. 

7. Do not touch or attempt to clean the disk surface. Abrasions may cause loss of stored data. 

FIGURE 38. LOADING SABS0/851 
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8.2 WRITE PROTECT - SA150/151 DISKETTES 

The SA 1501151 diskettes have the capability of being write protected. The write protect feature is selected 
by the slot in the SA 150/151. When the slot is open it is protected; when covered, writing is allowed. The slot 
is closed by placing a tab over the front of the slot, and the tab folded over covering the rear of the slot. The 
Diskette can then be write protected by removing the tab. See Figure 39. 

8.3 WRITE PROTECT, IBM DISKETTES 

IBM Diskettes are not manufactured with a write protect slot punched out as are the Shugart Diskettes. To 
Write Protect one of these diskettes, a slot must be punched out as specified in Figure 40. The operation of 
the write protect is that which is outlined in paragraph 8.2 

FOLD OVER BACK 
OF DISKETTE 

FIGURE 39. DISKETTE WRITE PROTECTED 
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FIGURE 40. WRITE INHIBIT NOTCH SPECIFICATIONS 
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9.0 ERROR DETECTION AND CORRECTION 

9.1 WRITE ERROR 

If an error occurs during a write operation, it will be detected on the next revolution by doing a read opera­
tion, commonly called a "write check". To correct the error, another write and write check operation must 
be done. If the write operation is not successful after ten (10) attempts have been make, a read operation 
should be attempted on another track to determine if the media or the drive is failing. If the error still per­
sists, the disk should be considered defective and discarded. 

9.2 READ ERROR 

Most errors that occur will be "soft" errors; that is, by performing an error recovery procedure the data will 
be recovered. 

Soft errors are caused by: 

1. Airborne contaminants that pass between the read/write head and the disk. These contaminants 
will generally be removed by the cartridge self-cleaning wiper. 

2. Random electrical noise which usually lasts for a few microseconds. 

3. Small defects in the written data and/or track not detected during the write operation which may 
cause a soft error during a read. 

The following procedures are recommended to recover from the above mentioned soft errors: 

1. Reread the track ten (1 0) times or until such time as the data is recovered. 

2. If data is not recovered after using step 1, access the head to the adjacent track in the same direc­
tion previously moved, then return to the desired track. 

3. Repeat step 1. 

4. If data is not recovered, the error is not recoverable. 

10.0 RESHIPMENT PRECAUTION 

Be sure to insert the shipping disk that was shipped with the unit, close the door, and install the latch stop 
when reshipping the drive. 

The packaging material must be clean and dry as determined by visual inspection. Figure 41 shows how to 
repackage the disk drive using the original shipping containers. Figure 42 shows the pallet pattern and the 
minimum/maximum pallet size to use if reshipped in large enough quantities. 
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FIGURE 41. PACKAGE ASSEMBL y 
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MINIMUM LOAD 

MAXIMUM LOAD 

FIGURE 42. PALLET LOADING 
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AB MODEL C 
850 BC 75 

115 

230 

APPENDIX A - ORDERING INFORMATION 

The table below can be used to construct a part 
number for a unique drive configuration 

IABICIDIEIFI 

VOLTAGE 
FREQUENCY D MODEL E FEATURE F OPTIONS 

60 50 

1 3 

2 4 

850 1 STD. 1 NONE 0 

851 2 RACK 2 

850-4 3 

DECORATIVE FACE PLATES 

Size Color Part Numbers 

4-5/8 X 10-1 /2 Tan 50264 
4-5/8 X 10-112 White 50263 
5-1 /4 X 10 Tan 50261 
5-1/4 X 10 White 50260 
5-1 /4 X 11 Tan 50258 
5-1 /4 X 11 White 50257 Rack Mount 4-5/8 x 

8-11 / 16 Tan 50675 

Pnmary Voltage Part Numbers 
and Motor Motor 

Frequency ASM* Pulley 
Belt 

115 VAC, 60 Hz 50747 50358 50356 
115 VAC, 50 Hz 50747 50357 50355 
230 VAC, 60 Hz 50748 50358 50356 
230 VAC, 50 Hz 50748 50357 50355 

• Motor assemblies include - motor, capacitor, and 
connector 
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