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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 maveable 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 66} words a minute. The Spinwriter features an
interchangeable, rotating thimble which contains up to 128 fully formatted
characters, and has a color printing option.

MNow 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!



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 roilers, 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,



The Computer

Manufactured by Nabu Corporation
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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/O memory. Total storage capacity
for the system, using floppy diskettes, is 2 Megabytes {1 Megabyte per Drive).

The system is equipped with two R8-232C 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 comtaining the printed circuit boards,
which plug into a standard 5-100 Bus, There have been some modifications to certain
pin functions, and these are indicated in the $-100 Bus table included in the manual.
Artached 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.



TABLE 1: IEEE S$-100 BUS UTILIZATION

PIN # SIGNAL NAME IMPLEMENTATION

1 +8 Volts Power supply

2 +16 Volts Power supply

3 XRDY (8} Not implemented
4 VIO*(S) Not implemented
5 VI1*(S) Not implemented
6 VIi2*(8S) Not implemented
7 VI3*(8S) Not implemented
8 VI4*(S) Not implemented
9 VIS*(S) Not implemented
10 VI6* (S) Not implemented
11 VI7*(S) Not implemented

12 NMI* (S)

13 PWRFAIL* (B)
14 DMA3* (M)
15 Al8 (M)

16 Al6 (M)

17 Al7 (M)

18 SDSB* (M)
19 CDSB* (M}
20 GDN (B)

21 NDEF

22 ADSB* (M)
23 DODSB* (M)
24 g (B)

25 PSTVAL* (M)
26 pHLDA (M)
127 PWAIT

Implemented but not used

Not implemented

Not implemented

Not implemented

Not implemented

Not implemented

Disables the 8 status signals
DPisables the 5 control output signals
Ground (not implemented)

Not to be defined

Disables the 16 address signals
Disables the B8 data output signals
Master timing signal

Status wvalid strobe

Hold control signal

Indicates processor is in wait state

28 RFU Reserved for future use
29 A5 (M) Address bit 5

30 A4 (M) Address bit 4

31 A3 (M) Address bit 3

32 Al5 (M) Address bit 15

33 al2 (M) Address bit 12

34 A9 (M) Address bit 9

35 DOl (M)
36 pOO0 (M)
37 A10 (M)

Data out bit 1
Data out bit 0
Address bit 10

38 DO4 (M) Data out bit 4
39 pOS (M) Data out bit 5
40 DO6 (M) Data out bit 6
41 D12 (S) Data in bit 2
42 DI3 (8} - Data in bit 3
43 DI7 (8) Data in bit 7

44 sM1l (M)
45 s0UT (M)
46 sINP (M)
47 sMEMR (M)
48 sHLTA (M)
49 CLOCK (B)
50 GND (B)

Op~code fetch status signa:
Transfer status signal
Transfer status signal

Memory read status signal

HLT acknowledge

2 MHz (0.5%) 40-60% duty cycle
Ground



51 +8 Volts (B) Power supply
52 =16 Volts (B) Power supply
53 GND (B) Ground (not implemented)
54 SLAVE CLR*(B) Reset bus slaves
55 DMAQ* (M) Not implemented
56 DMALl* (M) Not implemented
57 DMA2* (M) Not implemented
58 SXTRQ* (M) Not implemented
59 Al9 (M) Not implemented
60 SIXTN* (S} Not implemented
61 A20 (M) Not implemented
62 a2l (M) Not implemented
63 A22 (M) Not implemented
64 A23 (M) Not implemented
Y65 MREQ Memory request
te66 MRFSH Memory refresh
67 PHANTOM* (M/S) Enables phantom slaves
68 MWRT (B) Memory write
69 RFU Reserved for future use
70 GND (B) Ground (not implemented)
71 RFU Reserved for future use
72 RDY (8S) Ready input
73 INT*(S) Primary interrupt request
T4 BOLD* (M) HOLD control signal
75 RESET* (B) Resets bus master devices
76 PSYNC (M) Control signal identitying BS1
77 PWR¥ (M) Data bus control signal
78 pDBIN (M) Data in control signal
79 AD (M) Address bit 0
80 Al (M) Address bit 1
81 A2 (M) Address bit 2
82 a6 (M) Address bit 6
83 A7 (M) Address bit 7
84 A8 (M) Address bit 8
85 Al3 (M) Address bit 13
86 Ald (M) Address bit 14
87 All (M) Address bit 11
88 D02 (M) Data out bit 2
89 D03 (M) Data out bit 3
90 DO7 (M) Data out bit 7
91 DI4 (S) Data in bit 4
92 DIS (S) Data in bit 5
93 DI6 (S} Data in bit 6
94 DIl (S) Data in bit 1
95 DIO {8S) Data in bit 0
96 SsINTA (M) Interrupt status signal
97 SWO* (M) Data out status signal
1*98 FREQ Status signal for 4 MHz clock
99 POC* (B) Power-on clear signal
100 GND (B) Ground
. *These signals are not defined in the standard but are used in

the system for the Z-80AR microprocessor memory control signal.

These signals are non-standard



IABLE 2; BOARD POSITIONS IN CARD CAGE

Empty

FLOPPY DISK CONTROLLER BOARD
INPUT/OUTPUT BOARD

Empty

CPU BOARD

Empty

MEMORY BOARD

Empty

00 «~J OV LT da () N3

NOTE: Positions indicated are numbered from left to right as
viewed from the front of the cabinet,



EOWER 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 110V windings. They are
connected in parallel for use with a 110V supply, and in series
for use with a 220V supply.

SPECIFICATIONS:
INPUT: 110 Volts AC, 60 Hz, single phase

OUTPUT: Unregulated: +8 Volts @ 14A, +16 Volts € 3A, -16 Volts @ 3A

Regulated: +5 Volts @ 4A, -5 Volts @ 1A, +24 Volts @ 4A



1.0  CPU BOARD

GENFRAL INFORMATION

The Nabu ACP-1101 CPU Board is designed to bring the full
powver of the Zilog Z2-80A microprocesesor to the §-100 bus. The
CPU board hae provision for up to three 2716 type EPROM's (for a
total of 6K bytes), and two 2114 type static RAM's (for a total
of 1K bytes)., The base address of this memory block ¢an 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 FBO0H to FFFFH.



SRECIFIC FEATURES

Clock Frequency 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 Mz,

Pin 98, lahelled as FREQ, on the 8-100 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-oOn Jump

When system power is turned on, or a reset signat 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 Jjumpers JP-9 to JP-16, Only the eight most
significant address bits (Al5 -~ A8) are used to decode the jump
address. The eight least significant address bits (A7 - AQ0) are
taken as logic 0 as shown on the next page.

Power—0On Jump Address: 0.0

——A7 - A0, always at logic 0

AlS - A8, selected by user

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

Oon-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 1K 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-bocard EPROM's and RAM's are
grouped as a block., Within the block, the individual memory
chips are allocated as follows:

Base + 2000H ——p~---c-—e—cssmmann

Base + 1CO0H ——f~—————mmme—e—m—

Base + 1B00H —-pevemocrocemmamen
ROM 3

Base + 1000H -«}p-m~=r—m-—crememeoo
ROM 2

Base + BO0OH —-p-e-vccrmocmmmewe—o

Base of Block --b----oormmmmmmeme
*Only the upper 1K of ROM 1 is used.

The RAM is configured as 1024 x 4 bits (2114 type). RRM 1
stores data bits DO, D7, D6, and D5; and RAM 2 stores data bits
b4, D3, D2, and DIl.

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.

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

1z 3 TroM2 ROM 3 RAM 1/RAM 2 ROM 1 |

0O 0 0 080¢C 1000 1800 1C00

0 0 1 2800 3000 3800 3C00

0 1 ¢ 480¢C 5000 5800 5C00

0 1 1 6800 7000 7800 7C00

l1 0 0 8800 S000 9800 9C00

1 0 1 ABOO BOOO B8OOD BCOO

1 1 ¢ Cc800 D000 D8oo DCOO
L 1 1 1 E8B00 FOCO F800 FC0O
_______________ b o e e e e e e Pt e e e e e e e e e B e e e e e e e e e e

'l' represents 'Jumper is connected!
'0' represents 'Jumper is disconnected!

TABLE 1: Jumper Connection And Starting Address of Memory



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 1 and
RAM 1/ RAM 2, as seen in the fiqure below. (Note that ROM 1 anda
RAM 1/ RAM 2 are enabled together, and so both must be used
together).,

Selection 00000000
Area S-1
o0 0000 00
Jumpers (JP) 5 6 7
l L -~connected to enable ROM 1/ RAM's
onnected 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:

Selection O o0 o o
Area S§-1 I I I _ E
o 0 o

0
Jumpers (JP) 1 2 3 5 6 7

The memory map corresponding te the standard setting would

be:

FFFP remmevm e e o e Y
ROM 1 '
FCOQ ——f-————mremmr e

RAM 1 / RAM 2
F800 — 4+

NOT SELECTED
FOOD = e

NOT SELECTED
E800 —————mmm— e




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.

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 5-100 bus is designated by Nabu as
the memory-refresh signal, RFSH. The memory request signal from
the 2~80A processor is also brought out to the $-100 bus., Pin 65
(named as MREQ), is used to indicate a valid memory address on
the address bus,



NABU ACP-110)] CPU BOARD

Integrated Circuits

Ul-~-U4

us

91

U7

U8, U9, U28,
U30-U34

Ulo

Uil

U122, Ul7, U20,
U233, U024

Uil

Ul4, U2l

Uls

Ulé

Uls

Ulo

D22, U25, U35
026

u27

U29, U036
U337, U038
ROM1-ROM3
Transistors:
Ql

Q2

Riodes:

Dl, D2
Capacitors:

2114
74LS136

741542
74L820

7418241
74LS175
7415123
74L874
7418132
74L504

74LS08
74LS32

Z-80A-CPU

74LS157
74LS02
74L8367
74L514

74LS368

7805
2716

2N4124
2N4126

1N914A

C1-C10, C13-C15,
Cl9-C24, C25,

C26,
cl1,
Cl2
cl6,
c17

c30, C31
cls
C27-C29

PARTS LIST

static RAM
NOR with open-

1024 x 4-bit NMOS
Quadruple 2-input
collector outputs
4-1line~to=-10-1line
Dual 4-input NAND

decoder

Octal buffer/line-driver with 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-1l-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 dicde

0,1 aF

33 pF disc

22 nF, 16 V tantalum electrolytic
10 pF, 16 V tantalum electrolytic
10 nF



Rl, R2 10 k N
R3, R5-R7, Rl1 1k
R4 100 4\
RS8 22OJ{F
RY 22
R10 100 k S\
RN1-RN3 S-resistor pack of 1 kJuresistors withn
common pin #1
C tals
XTAL 8.000 MHz parallel-resonant
. it Descripti
16 14 pin socket
-7 16 pin sccket
4 18 pin socket
8 20 pin socket
3 24 pin socket
1l 40 pin socket
1 Delta 680-0.5-220 Heatsink
6 $#6-32 x 3/B" machine screw
6 #6-32 nuts
1 p.c. board



The following 11 pages have been reproduced by permaission
of zilog, Inc. © 1979, 80, 81, This material shall not
be reproduced without the written consent of Zilog, Inc.

Z—-80A is a trademark of Zilog, Inc., with whom the
publisher is not associated.
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B The instruction set contains 158 instructions.

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

Six MHz, 4 MHz and 2.5 MHz clocks for the
Z80B, ZB0A, and Z80 CPU result in rapid
instruction execution with consequent high
data throughput.

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

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

s o
A b
e MR Ay ——
svETEM ) +—Jiore Ay f———
contmoL Y o foy Ay f—
——) WH Ay [
i
] AFSH Ay = | ADDMESS
M —— s
[ ~—-—J ALY Ag f———t
Aqp
——t] WAIT Ay ——
<y 0 PR Ay e
CONTROL $ s INT P —
—d Aoy —
Agg ——
] RESET
Dp [t
:U": e BUSAED o o —
CONTROL rn— Y BUSACH 0; fp——=
o; p—n DATA
———tn] CLK [ e ]
sl + 5 Y Oy, s
——s] aND Oy f—
o fp——

Figure 1. Pin Functlons

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

W 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-tevel interrupt processing. In addi-
tion, two 16-bit index registers facilitate
program processing of tables and arrays.

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

M On-chip dynamic memory refresh counter.

>
3

1
2
]
4
&
L]
7
B
L]

sag:raar:rx:r
=

Figura 2. Pin Assignments
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The Z80 Z80A, and Z80B CPUs are third-
generation single-chip microprocessors with
exceptional computationa! power. They offer
higher sysiem throughput and more elictent
memory ui:lizalion than comparable second-
and third generation microprocessors The
internal registers contain 208 bits of read:wnie
memory that are accessible to the programmer
These reqisters include two sets of six general.
purpose registers which may be used
indiv.dually as ether 8-bu registers or as
16-bit register pairs. 1n add tion, there are two
seis of aceumulatar and Hag registers group
of "Exchange ' instructions makes 211 .er set of
main or alternate reg:sters accessihie to the
proarammer, The :lternate set allows operation
in foreground-background mode or #t may

INSTRUETION BFT -
DECCDER { i

FEY
GKD —m=
CLOCR —a
e
THING

CORTROL

A SYSTEME  &CPU
ANG CPU CONTROL
CONTROL  INPUTS
GUTPUTE

7 TIMING

be reserved for very last interrupt response.

The Z80 alsc contains a Stack Pointer, Pro-
gram Couner, two index registers, a Reiresh
register (counter), and an Interrupt register.
The CPU is easy to incorporate into a system
since it requires only a single +5 V power
source, all output signals are ully decoded
and t:med to control standard memary or
peripheral circuits, and is supported by an
extensive lamuily of peripheral controllers. The
internal block diagram (Figure 3) shows the
primary functions of the ZB0 processors.
Subsequent text provides more detail on the
Z80 140 controller tamily, registers, instruction
sef, interrupts and daisy chaiming, and CPU
timing.

TLoit

DATA BUS
INTERFAGE

Figure 3. I80 CPU Black Diagram
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ZAD Micro-

processor
Family

The Zilog Z80 microprocessor is the central
element of 2 comprehensive microprocessor
product family. This family works together in
maoat applications with minimum requirements
for additional lagic, facilitating the design of
efficient and cost-effective microcomputer-
based systems.

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

8 The PIO (Parallel Input/Cutput) operates in
both data-byte 1/O transfer mode {with
handshaking) and in bit mode {(without
handshaking). The PIC may be config-
ured to interface with standard paralle!
peripheral devices such as printars,
tape punches, and keyboards.

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

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

8 The DMA (Direct Memory Access) con-
troller provides dual port data transfer
operations and the ability to terminate data
transfer as a reault of a paitern maich.

8 The SIO (Serial Input/Ouiput) controller
ofters two channels. It i capable of
operating in a variety of programmable
modes for both synchroncus and asyn-
chronous communicalion, including
Bi-Synch and SPLC.

® The DART (Dual Asynchronous Receiver/
Transmitter) device providea low cost
asynchronous serial communication, It has
two channels and a full modem control
intertace.

Z80 CPU
Registers

Figure 4 shows three groups of registers
within the Z80 CPU. The first group consists of
duplicate seis of 8-bit registers: a principal set
and an alternate set (designated by ’ [prime],
e.g., A'). Both sets consist of the Accumula-
tor Reglster, the Flag Hegister, 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, efflicient implementation of such ver-
satile programming techniques as background-

MW REGISTER MET

foreground data processing. The second set of
registers consists of six registers with assigned
functions. These are the [ {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 ilip-flops, plus an addi-
tional pair of flip-flops which assists in identi-
fying the interrupt mode at any particular
time. Table ! provides further intormation on
these registers,

ALTERWATE AEQIATER SET

IX {MDEX REGISTER

IY {NDEX REGISTER

57 STACH POINTER

PC PROGAAM COUNTER

1 INFERRLUPT WECTOR R MEMORY AEFRESH

&BITS -

A ACCUMULATOR F FLAG REQISTER A ACCUMULATOR F* FLAG NEGISTER
B AENERAL PURPOSE & GENERAL PURPOSE B QENERAL PURRDSE ' GEMERAL PURPOSE
b GENERAL PGIPOSE E GEMERAL PURPDSE D° QGEMERAL PURPQSE E' QENERAL PURPONE
W GENERAL PURPOSE L GEHERAL PURPDSE H' QEMERAL PURPOSE 1 GENERAL PURPOBE
& BITS
8 BITS - INTERRUFT FLIP-FLOFS FTATUS

I£F1 IFFg

L 0 = INTERAUPTS DISABLED STORES IFF1
1 n INTERRNPTS EHABLED ouniNa W
SERVICE
INTERRIUPT MODE FUP-FLORS
INF, IMFy
0 O ETENMUPT MODE &
o 1 MOT USED
1 q INTERRLRT MODE 1
1 1 INTERMRUPT OOE &

Figure 4. CPU Registars
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280 CPU Bagistar Siza (Bita} Remarks
. Reg . ’ A A Accumulator 2] Storea an operand or the results ol an operation.
{Continued)

F, Fiags B See Instruction Set.

B. B General Purpose 8 Can be used peparately or as a i6-bit register with C.

oo General Purposs a See B, ahove.

DI Cieneral Purpose =] (Zan be used separately or sa a 16-hil register with E.

E.E Beneral Purposs g See D, above.

H H (General Purpose 8 Can be uted separately or aa a }6-bil register with L.

L General Purpose 8 Seg H above.

Naote: The (B,2), {D.E), and (H,L) seta are combined ae {ollows:
B — High byte  — Low byte
O -~ High byte E — Low byle
H -- High byte L — Low byte

L Inmerrupt Aegister B Storeq upper eight bits ol memory addrees for vectored interrupt
processing.

R Retresh Regster 8 Prowvides user-iransparent dynamic memory relresh. Automatically
incremented and placed on the address bus during each
instruction feteh eycle.

134 Index Register 16 Uged for mdexed addressing.

Iy Index Bagister i6 Same as [X, above.

Sk Stack Poinler 16 Stores addresses or data temporarily. Ses Push or Pop in instruc-
tion set.

PC Program Counler 16 Holds addrees of next instruction,

IFF,-IFF, Interrupt Enable Flip Flops  Set or reset to indicale inferrupt status (see Figure 4},

IMFa-TMFB Interrupt Mode Flip-Fiops  Reflect Interrupt mode {see Figure 4).

Table t. ZB0 CPU Raglsien
Interrupta: __The CPU accepts two interrupt input signals: & Mode | — Peripheral Interrupt service, {or
General NMT and INT, The NMi is a non-maskable use with non-8080/Z80 systems.
QOparation interrupt and has the highest pnority. INT ig a B Mode 2 — s vectored interrupt scheme,

lower priority interrupl since it requires that
interrupts be enabled 1n software in order 1o
operate. Either NM! or INT can be connecled
to multiple peripheral devices in a wired-OR
configuration.

The 780 has a single response mode for
interrupt service tor the non-maskable inter-
rupt. The maskable interrupt, TNT, has three
programmable response modes available.
These are:

W Mode 0 - compatible with the 8080 micro-
processar.

usually daisy-chained, for use with 280
Family and compatible peripheral devices.

_ The CPU services interrupts by sampling the
MMI and INT signals at the rising edge of the
last clack of an instruction. Further interrupt
service processing depends upon the type of
interrupt that was detected. Details on inter-
rupt respenses are shown in the CFU Timing
Section.




Interrupts:
General

Operation
{Continued)

Non-Maskable Interrupt (NMI). The non-
maskable interrupt cannot be disabled by pro-
gram control and therelore will be accepted at
at all times by the CPU. NMI is usually
resarved for servicing only the highest priority
type interrupts, such as that for orderly shut-
down after power lailure has been detected.
After recognition of the NMI signal {providing

Q 18 not active), the CPU jumps to
rectart location 0066H. Normally, software
starting at this address contains the interrupt
service routine.

Maskable Interrupt (INT). Regardless of the
interrupt mode set by the user, the ZB0
response to a maskable interrupt input follows
a common timing cycle. Alter the intorrupt has
been detected by the CPU (pravided that
interrupts are enabled and BUSREQ is not
active) a special interrupt processing cycle
begins. This is a special fetch (M1} cycle in
which TORO becomes activa rather than
MREQ, as in a normal M1 cycle. In addition,
this special M| cycle is automatically extended
by two WATT states, to sllow for the time
required to acknowledge the interrupt request
and to place the interrupt vector on the bus.

Mode 0 Interrupt Cperation. This mode i
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 nstruction, which
will initiateé an uncenditional jump t¢ the
selected one of eight restart locaticns in page
zero of memory.

Mode 1 Interrupt Operation. Mode | oper-
ation is very similar to that for the NMI. The
principal difference is that the Made 1 inter-
rupt has a vector address of C038H only.

Mode 2 Interrupt Opaeration. This interrupt
mode has been designed to uiilize most effec-
tively the capabilities of the 280 microproc-
essor and its associated periphera! family. The
interrupting peripheral device selects the
starting address of the interrupt service
routine. It does this by placing an 8-hit
address vector on the data bus during the
interrupt acknowledge cycle, The high-order
byte of the inierrupt service rouline address is
supplied by the | {Interrupt) register. This flex-
ibility in selecting the interrupt service routine
address allows the peripheral device to use
geveral different types of service routines,
These routines may be located at any available

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

Interrupt Priority (Dalsy Chaining and
Nasted Interrupta). The interrupt priarity of
each peripheral device is determined by its
physical location within a dalsy-chain config-
uratien. Each device in the chain has an inter-
rupt enable input line (IEI) and an interrupt
enable output line (IEO), which 15 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. Thiz arrange-
ment permits the CPU to select the highest
priority interrupt from several simultanescusly
interrupting peripherals.

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

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

Interrupt Encble/Disable Operation. Two
flip-flops, IFF and [FF3, 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 detaile, refer
to the Z80 CPU Technical Manua! and Z80

Assembly Language Maonual.
Action IFf, IFFy Commants
CPU Ress 0 0 Maskable interrupl
TNT disabled
DI instruction 0 0 Maszkabla interrupt
execution TNT dizabled
El instruction 1 1 Maskable interrupt
execution TNT enabled
LD A,[ instruction . » IFF; = Parity flag
execution
LD AR instruction . . IFF; = Parity Hag
axecution
Accept NMIL 0 IFF, [IFF| -~ IFF;
{Maskable nter-
tupt INT disabled)
RETN instruction IFFy = IFFy — IFF; at
execution completion of an
BRTVIGS
rouline.

Tahle 1. State of Flip-Fiops

g
2



Instruction The Z80 microprocessor has one of the most {1 16-bit anthmetic operations
H i i R
Sat pov*erful §nd versa.l_le. lpstruchon sets ) Rotates and shifts
available in any 8-bit microprocessor. It s )
includes such unigue operations as a block (> Bif set, reset, and test operations
move for fast, efficient data transiers within 0O Jemps
tween memory and /0, It alse -
memary or b‘?t N memory a d o i1 Calls, returns, and restarts
allcws operations on any bit in any location in .
memory. {1 Input and cutput operations
The lollowing is a summary of the ZB0 A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficient and fast data
language mnemonic, the operation, the tlag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/output devices. These
tion. The 780 CFU Technica! Manual addressing modes include:
{03-0029-01} and Assembly Languoge & Irarediate
Programming Manual (02-0002-01) contain h o ’
significantly more details for programrung i~ Immediate extended
use. iL: Modified page zero
The instructions are divided inter the _ .
. i 71 Relative
tollowing cateqaries:
. L' Extended
i B-bit loads
. 1 Indexed
1 16-bat loads
3 Heqister
[0 Exchanges, block transfers, and searches Reqist
N . . . i1 Register indirec
) 8-bit arithmetic: and logic operations o direct
. - Y Implied
1 General-purpese arithmetic and CPU P
control i Bit
&8-Bit Symbolic Floge Opcode Bo.of Na.of M Mo.of T
Load ™ § Op 5 I H PB¥Y H C 78 33 210 Hex By Staten Comments
Gro LDt » =i L S T L G ¢ 1 t 1 4 r.7' Reg.
up hen rerR « v X & i & & a oo MG 2 z 7 o B
- oy ¢
LDr (MLt~ (HL « s X e X e« v o« 07D ! 2 7 gle D
LDz ifXad) r-(lXed s e X o+ X s+ 1 e 1IGHIN DD 3 5 T ol E
G o H
. 101 L
LD ¥ sd) 1= (¥ ed) s e X 4 X 4 o+ e« 1NN FD 3 5 19 m o A
o o« 1B
-
LD (HL), ¢ (HL) - < e e X s X = e o DING £ 1 2 7
LOX«dh e [IXed)— ¢ LIRS SRR SR T B EHLGL DD a A 19
oo s
- =
LD adhr (¥ +d)—r e s X + ¥ e o »  [lilli0) FD 3 5 19
GF il10 r
A -
LOMHLLn  tHD) - n s s X & X v e . @00 W 2 3 10
—t—
LDiX+di v (Xedi—n o s X e X e ¢ a0 DD 4 5 19
00 0 10 3
—d -
U
LBUY+d) n dY¥sd - n R B T TR TR B R 5 18
0010 10 3
—d -
-
LE A, 1BC) A - (B + ¢+ X = X = s 00 00 01 OA 1 2 7
LD A DEN A - (DB o ¢ X + X + ¢ s CCCHOW 1A ] 2 7
LO A, {nnt A~ inn) = o+ X = X & & o0 1l G 3A 3 4 13
-
-
LOBCH A (BC)~ A e e ko2 X e e v ONOND 07 L 2 1
IO A DE1- A s e X o+ X s+ 1 o+ QOB 1Z ] 2 7
LG inn). A inn) — A + o+ K o+ X = 2w oF ilooole 32 a 4 13
Ja
-
LAl Al Vot X 9 X IFF 0 s« HIDI M0 ED 2 2 u
0l 613 1) 57
LD A R A-H t 0 %X ¢ X IFF 0 ¢ 11100 IGE ED 2 2 9
01 0il 3h 5F
DL A Pe A e e X+ X 4 s e LiOLi0I ED 2 2 9
oL OuG 111 47
LOR A R- A v v 4 s+ X a v s L0l ED 2 2 )
oL oo 11 4F

HOTES: ror mwans a6y o e ageaes & B 22
IF¥ Lhe santenn ol <se ey, snabie

opreed (nG she B Ay

For ar wnpsonelion o (lag mataticd g spmbegls lur
nwmoan labies e Dyinnies Beanion seclee
Lol -y da '

10
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16-Bit Lead Symbolic Foge Opeods Wo.of Fe.ot M Noot T
GIO‘IIP Oparoiion [ 3 4 ) M52 B Byne Crelm Bimw Comments
LD dd, nn dd — nn LI B S § O} A 00! 3 3 ia dd Par
—n- [i5] BC
-n - 1] DE
LD IA, on IX = nn + o+ X & ¥ 1 otl 14 DD 4 q 4 10 HL
oF 100 DO 3 It P
-
—-n—
LD I, nn IY = mn L T S I il it 1k FD + 4 4
OG L0 Wt 2%
—n-
-
1B KL, (e H={(m+1) « » X = X oo 1dl GO 2R 3 % 1€
L~ inn) -n-
=
LD dd. (nm) ddy — inn+1; « o+« X - X 15101 W1 ED 4 [ 20
dd = (nn) O ddi ol
—n -
- -
LD TK, tan) XY ~ {an+ 1) « + X « ¥ i1 o1y 101 DD 4 5 o)
Xy, — (mn} 0g 101 0id A
—h—
—
LR Y. inm) I¥H « inme 1) v ¢« X « X 11 190 FD 4 G .y
EYL- inn) 0o 101 010 A
-
-
LD(nn) HL  fan+ b =~ H I I 00N 2 3 5 16
fan} -~ L -n-
-—n -
LD trm). dd (nne+ )} - ddy o o+ X X 1i 101 101 B 4 6 0
fnih = ddL Qi ddi 0!
— -
-n -
LD (nn). [X ina+ 1} = IEn - o+ X 2 3% 11 D11 W1 DD 4+ g i
{nn) — D oG Q10
R
-
LD (nn), 1Y hn+ 1) ~ 1Ty « ¢ X = X 3131 101 FD 4 3 N
fnn) = IV, 00 100 Q0 22
—fl -
T -
LD 5P, HE SP — HL LR S I § 141 901 Fa 1 L é
LD 5P, B SP-I LI N S I 4 I ootl j01 bD 2 2 )
o 00 Fe
LD 5P, 1Y Sp — 1¥ s X = X ol 10 F 2 2 [}
Ol Wl Fa Fair
PUSH qa [SP--2) — aa) = ¢« X =+ X 11 gail 101 1 3 I l%a BC
15P=-13 — aqy ol CE
%P - 5F -2 jLi) HL
PLSHIX (5P =33 = iy « 2 % v X {1 0§l 16y DD 2 4 15 13 AF
(SF=1) = My 11 ) jii ES
3P - 5P -2
FUSKH IY (P2~ 1YL * o+ X & X 11 th i Fo Fi 4 13
(8P - 1} — I¥p 11 100 10 ¥5
SP = 5P -2
POP ag, qai ~ (3P4 1) ¢+ X = X L gg0 001 ! 3 i0
qqL, ~ (5P
5P 8P 42
POPIX DIy — (SP+1} LI S 4 Il 011 101 DD 2 L] L]
Xt — (5P 11 706 001 Et
8P — 5P «2
POF IY Y4~ (SP+ 1) s e X o+ X Wi W Fo 2 4 14
), ~ (SR} 10 100 001 El
5P — 5P +2
HOTES  dd w any ol the requeter paire BC, DE. HL. 5P
o 1 4y of the register pars AF. BC: DE, HL
(PAIREY. (PAMNRY reder o high crier amd low coder eiglit s ol the requine pdar sespusctively
g 80 aC AF = A
Exchange, EXDE. HL DE-HL ¢+ X s X 116 0 BB 1 1 4
Block EX AF, AF AF — AF L S | . 60 0O 000 08 1 s 4
EXX BC ~ BC « & X - Mmoo ool L8 g 1 4 Racisier bank and
Transier. DE - DE auxibary raqisker
HL ~ HL bank sxchanpe
Block Bearch ;o 1 i ispen v e Ko X fleaon B3| 5 19
Groups L (5P
EX (8P). 1X g = (SP+1} . e X o+ X fon 101 DD 2 G ]
Xy, - (5P} 11100 0N E3
EX (3P, IY IYY « (GP+1) « 2 T &« X il FD 2 & n
IV — (5P 11 100 011 E3
Lb {DEy — (HL} LI B ¢ i1 ED 2 [} 16 Load (HL) into
DE — DE+1] 10 100 000 AD (DE}. wncrement
HL — HL+1 the porters and
BC -~ BC -1 decramant e byte
counter (BC)
LDIR (DE} — {HL) > o+ X 00X 11 131 10 ED 2 H 2) HBZ #0
DE —DE+1 15 10 500 B A 4 16 HBC =0
HL — HL+1
BZ -~ BC-1
Repoat until
BZ =0
NOTE: (DIPY ilag s 0 the rosuly of BC 1 = 0 otheresn P o L
2001.001 11



Exchange, Symbslle Flags Opoode No.of No.of M No.of T

Black Masmontc Operoilon 3 2 B PY N © T8 N3 210 Hex Pytes Cyclwe Btates Comwaty
Transter, Q
LDD {DE: + (HE) s e X B X b G 1 e Dk a 15
Block SOUI'Ch DE - DE- 1 LT -}
Groups HL - HL-1
(Continued) BC ~ BC -
LDDA (DE! = {HL! - o« X 0 X uouow IR T B ) 2 3 2l I BC = O
DE - DE-; [ N Lo o i L] H B - o
HL -~ HL-1
BC ~ BC-
Hepeat unhi;
BC = 0
@ Y]
P | S S S N S S T WA {1 T A o & q 16
I VR 0N A
# )
CPH A - (HL [ S S . Vo e e g 5 2 1B 2 and
A = (HL:
Hi - HL+. HONBHET R | . 4 i HBC = Gor
R A L,
Barpmeal cinini
A o= HL ar
BC = O
@ O]
CPT) A . fHLs X o . Dot W ER 2 4 16
Hl — Hi.-: e G0 AG
RO - BT
@ O
CFER B o tHLY Lo X o X i . sl L0 ER i 5 21 HRC w Gand
A FiHD
HL ~ Hi- i I L1l ool Ry g ] 16 WA = Do
BC = B~ ) A& « (HLY
Rezpuat weidsi
A - tHLD) o
BC - D
NOTES. {THF-Vilag o 0] b cnetll od BS - 0 0 G thermize YL
@Eiimn oA o HL eiterwee s D
8.Bit ADD A ¢ A-Rar X ton vos o g e : | 4 r_ Feq
Arithmatic ADD A n A=Ren [ ST A 11 @ s 3 2 ) )
and Logical T 5o 5
Group ADDA WHL) A — A + tHL: ForoX o5 X v e o o L 2 T g E
ADD A, (M +dh & = A + 11X e [ SR S A [ TR AT I o) R 5 9 00 H
oL
1A
ADD AV +d) A = A 4 I1Y o3l [ T S T S S PR Fo 3 § ]
ADC A s A= A+seCY [T S A swanyobr n,
PHLY, (TX +d).
SUBs A= Ay [ T 4 X v o1 (Y = d} a3 shown
SBCA s A-A-s-CY Iy X o X Vo g lor ADD enaimachion.
AND s AR P1oX 1 % P o o@ The ‘“d‘”"g’“
~ Y . replace the [0 »
TR s A=-Avws t1 X oo X B o¢oA the ADD set apove.
N 8 A-Aws It X X F &G
ZPw A-a [N ST S ]
INC P S S A O e | 1 i 4
INC (HL: THLY = (HEY + 3 FE I SRR S o 10 [[FR i 3 1
WNCAX+d (Xed = [ SR SR R WOl B A & Fa)
AXadiei o 1 [
- =
INC (Y +d} Y+ dt - [ T SR I S A A ] W FR E] & ]
Y +eft e ! a0 110 0
- d =
DEC m moe-m- | [ T SRR SR jin| o is any of r. tHL),

(s d) (1Y +dy
as shown lor INC
DEC same farmal
and states as TR
Haplace [[T] wirh
O3] = epeeste

12 2001-000




Genercl- Symboiic Flags Opeada Mool No.of M Ma.of T

purpm Mnemonic Opaention 5 2 H FEVHN C 76 43 10 Hax Hytms Cyclem Siotes Commaenis
Al’l‘hm.tic DAA Conmerts acc. contenl | t X oy X P =+ oy 106 111 27 ] 1 4+ Decimal adpua
b preked ACL aceumulator,
dnd faliowing acd or
Dl ast Witk Dk

CPU Control BCL opersnds.

Groupa CPL K- & LI S B S oF 100 GF H ¥ 4 Cempiement
accumulalor {one’s
complement).

NES A-0 - A [ S I S 111G 08 ER P 2 ] Mogste ace. (two's
. 00 O 100 a4 complement
OCF Lod SRS « v N ¥ X s g G oo s 1 I 4 Complement carry
tlag.
SCF [ LI S L 1 ; 4 Se* carry flag.
HCP Me cperation + & ¥ & X v o+ 1 i 4
HALT ARk R T T | 1 4
0! w - r X 2 X = - 1 : 4
Ef » LI S N L T | 1 1 4
H K] 81 tarraps [ A T P #
math
1] St IneTRIRT L S A 2 ] )
e
i 2 St cnlerrnt O S T S T Y k3 2 a
moed
HWOTES  IFF wrdsigzen 'ho e pablo o
£V e N
wordiale o 4 npsdr ar ther fr o B

18-Bit ADDHL a  Hl - HLewm I T T R R ) 3 i 15, _Rog.

B

Arithmetic ADCHL. sy HL- H_ois-0Y T X X R N o1 Lopim PR 3 15 vl DE

Grou 01 s it HE

P i &P
SEC AL e HL - Hi e OF FEE Y SR S S | p) 4 13
ADD X, tp [EAE S AT L S S O P [ 1% rp _Feg
[T
g1 DE
WX
11 EP
ACC IV, e (LGRS SR « ¢« X X X .« 0 e 2 4 15 re _Reqg
W, oeni oA T BC
n DE
iGEY
ii 5B
TN s [T T a & A & H w & s H i &
THU IR H S BTN L S s 2 i
INCETY If — 1y =1 L S N L : 2 [ [e]
THEC s | L A I L R | |
DEC 1% LA | L A T 2 P 1
DEC 1Y M- - LA A L L R 2 2 G
[
Rotate and
X 0 X « 0 LY £ DT i 1 L] Rotare Lefl circular
Shil‘ Gm“p A ascumulator
HLA LI T S A S KoL il a7 H i 4 Reate o
ACSUENHALIF.
RRA R T R VR S LIS TR IR 1 L 4 Fotate nght circular
accumulatat.
HKRA LI I S A L | ot iF 1 1 4 Fovate right
aeumulalor.
RLC ¢ 1 1 X a x [ ER 1 LE T YT R s -1 K4 2 R Retete: leti circuilar
[ reguser .
BLE tHLY sk ow X e Gy woeon o8 2 4 s L. Fe
[ECRTTOENY Wl C
[HIH o
RLL: (X + ety PR SN T S S oD 4 5 24 &
R itt K
Hy! L.
Gt A
RICT Y « oty [ S S | o 1 & )
7R
Irastzuztion formal
L. : and states dre ay
AL m i 2 A R ehown for BLC &

o (HE 1N+ i1 ¢ Ve larm naw

ey IS peande replace
RRC m L[&—_EY_ LA S S O i W A BLS

fLL B XY HNRE b U S Y with shown code,

200100 i3



Rotats and
Shift Group
{Continued}

By

Opeode

76 243 110 Hex Bytes

Na.od Now! ™ NoolT

Cyclew  States

Commenty

AR m

SLA M

SRAm

SAL m

ALD

HAD

Firscare cdwegrl leali anid
right balweasn
- acmulator
A leraten tHES
o SETIELE o e
g b nalbar
[TEETEETU I NTTR LI S

uiakhsch-g

Bit Set. Resel

and Test
Group

BlTur
BT e (B

BT b, (X +dip

BIT b 1Y +diy

SETbh.r
SET b. (HL}

SET b, {10 - )

SETh (¥ +d)

RES b m

7-Th
2 ity

L— v an

2T ¥l

H
Hig - |

¥ ey — |

Y +dwy, = i

my = O

m et (HE)
LTS I%
I+ di

P00 il OB
ﬂ ho
Jooe o B
e o
1. %61l DD
[T
- 4 =
e
11,55 a6k EI
1, e R
- J -
| Y]

Te 1etm new
spueode repfage
[ o SET B s
with @ Flags
and lime states for
SET instructan.

NUTE D The teaaalo, g e ale s o0 gt s

Jump

Group

HiE Sl

1P e, nn

He

IRC. &

HHC, e

IFis

TRNE =

WP tHL)

1P 1%

Pro— e

1l condhiton o %
e P — pn
oI ise
contimye

Pl . Plee

TC e
ORI
T o=l
PC - PCre
e =1
BN
B =
FC - PCram
ig=10
confinge
HE =1,
PO o= PC e
nI-u
LONNNUE
Mz =0
BT - PC-e
FC = Hi

PO~ TX

Flagm
H
[ 4
¥
o X
({1
[HE
ivoX
X
i X
i X
LI
[
o
LI 4
« X
[
- %
P
« X
. ¥
= X
- X
« %
. o
X

[T A ]

- -
10 e &0
- n -
- n

0C 011 Tifd}
- et -
[t ERBUNE YL |

- e-2 =

=

o CRRNLVIRT S Ot 1]
~ e~

00 101 00 18

- e =

00 20
bIG o0 E3

1 Gk 101 TR
11 L gl ks

. [
H ]
] 12
ke 20
5 ]
] :}
4 13
E 23
£ 23
3 9
3 1
3 id
2 ?
K [
H 7
k3 L]
k] 1
z ?
3 12
t 4
2 g

s E_C_,\:mdihcm
non-zeEn

1 2 zera

G1C  MC non-carry

01 T carry

WKl PO parity odd

Il PE party even

G B sign postive
Sl M oagn negatire

1§ candution not met
Tt condutien 13 met.
If condihon nol met
1 condihion s met,
If s ondition el met.
I candinon o met,
It enndilgn ot mel

It condition e met.

i4

01001




jump Group Symbolte Opocde Mool MoofM ool T
. Masmenly Opaneiing YR C ™ 340 210 Max Pyt Cyclew Howe Conmmn i
(Continued)
P Y) PC 1Y LI [SIRTTIRTI LIS { 2 L]
11 i3 001 B9
DINZ. & B-DB-1 L 0¢ 010 00D 10 2 2 B e =0
IR =9, - a2 -
[= LT
'3 2 3 13 lig w0
PC —~ PCt+e
HOTES: & reprwsants the aztetman In 1k rélilive addresng mods.
# 1 & digd ey ornplamend rampar m tha Tange £ = 136, 126 n .
4 -1 i the apseda provides an sifective sddraws o po + v a8 PC 0 incramentid
by 2 oot to the addilion ol «
Call and CALL nn 8P- 1) - PCH e x o+ NNLIICD 3 5 17
($P-2} = PCL -0 -
Return Group v oz
CALL cc. an If condilion LI 11 o 100 k] 3 0 It ot in falpe.
oc w falwe - -
conlinge, - n - 3 5 17 W o m trua.
otherwise sama as
CALL
RET PCL — 15 . e » 100 001 O%F 1 3 114
PCH ~ {SP+ 1)
RET oc If condition L 1l =000 i 1 5 If oc s lalee.
o in falma
conlinue. 1 3 il I ¢ is 1rus.
ctharwle e Condition
:En'}. o 000 NZ non-zero
Wl T 2o
RETL Fglurn from s oo« G101 ED 2 4 14 gi? gc m“'"
inperrupt Qr oo gt 4D 100 P parity odd
RETH! Rewam Jram e s 4D ED 2 4 W o1 PE parit
oty evan
non-maskable G 000 105 45 1O P wgn poetive
Interrupl 1l M mgn regalive
RST p (SP-1) ~ PCH o e et ] 2 noo
(5P~ 2 = POy [reri)
POy -0 Q01 &
PCL - B a0 10
M1 o8H
100 20H
100 28H
110 30H
111 384
NOTE:  *EETM loads [FF7 = IFF,
Iaput omd MN A, {n} Avim + « +  LOUOGIDE 2 3 I nwAg - Ay
- n - Ace le Ag - Als
Outpui Gm“p N i) r— Q) P o . oo 1 ED 2 3 12 Ctio Ay -~ A7
ifr = 110 only the o0 - 0w BioAg ~ Ars
1lags will be olfectad
INT {HL) =~ (T3 X 1 = 019l W ED 3 4 1€ Cro Ay~ Ar
B~B-1 10100 010 A2 Bio Ag ~ Ajs
HL -~ HL + 1
INIR {HL) - 62 X1 . Ii 10l 101 ED 2 4 2l Cio Ay - A7
8Bl 10 110 010 B2 (B2 Bic Ag — Ajg
HL —HL + 1 2 4 L3
Ropeat until i B=0}
B=dq
IND (HL} ~ 1C} O 11 Kl 16) ED 2 4 13 Crhy~ Ay
B~B-I 10 10 CI0 AA Blodg ~ Ajg
HL - HL-1
INDR (HL} = (C} X 3 o 1Y Iy ER 2 5 21 CwAg -~ A7
B—B-I 10 L1100 BA il Ba} B Ag - Aj5
HL ~ HL~1 2 4 16
Ropeat unit] [ B=0)
B=0
CUT in), A inp— A LI [t ololt D3 2 k] 11 nto Ag ~ A7
- n - Ace. to Ag ~ A5
OUTICr 1 W) -r LI 1E 101 101 ED 2 3 12 Cia Ay ~ A7
al ¢ 0 Bic Ag ~ Ajs
QUTl {Ch ~ tHL) X 1 o« il 10 01 ED 2 L] 18 CtaAp ~ A7
B-5-1 i0 100 011 A3 BroAg ~ Aj5
. HL — HL + 1
OTIA 11 — (HL} X | =  :pigriolED 2 s 21 Clo Ag - Az
B-B-} W0 00N B3 i Bwi Bio Ag ~ Axe
HL — HL + 1 2 4 i
Repeat until (i B0y
B=0
QU 1Ch = {HL) X 1 = 11 108 11 ED 2 4 18 CoAg - A7
B B-l 1010t 1) AB Bio Ag - Afs
HL = HL -1
NOTE: 01{ the rawall of B — | 1w zero thee 2 Hag 18 met, atharwise it s teps
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lnpul and Symbolix Flogs Opcode Nool Mool M Mool T
Oulpu! Gtoup Wanamonle Oparaiion - -1 H PEN C 76 543 210 Hax Byt Cyclw Biutes Commentn
(Continued) OTOR () = {HL) ¥ 0 X i X x | o« PiI0i k0 FD 2 5 21 CinAg ~ A7
=B W g I RO BtoAg - Al
HL — HL-: 2 4 L
Repeat unh| i B-M
8-
Summary of Dy Dy
m' Instruction 5 2 H BV N o Comments
°muon ADD A s, ADC A o [ S S I TR -t aded o7 ardel with Carry.
S8 e SBC A s CF 5 MEG I S SR Y SR B | G-t subleact. suliract with carry, ~ompare and negate accumalator.
AND ¢ [ S S T S - B X -
Of 5 KR 9 L P L X P 6w Largiead peratans
N g ] 1 X t A U TR A Ll isccresieesers
[EC » I 10X b X ¥ 1. B-Lid ehece rreverst
ATD DD, » = o+ X X X e 0q ¥ b aacled
AT HL, as 1 1 P S S r I | 16 et adddd wath ~arry.
SBC HL. m 1 I S S S 3 1 bhear Lwith d-aTry .
RLA. RLCA, RRA. RRCA LI T S A S T | Bolats ar eomulbatar.
AL m. RL{ m; KA m: AR R S R SR A | Hesbaree amed shalt [neabans

HR(™ en: SLA m;
SRA m, SRl.m

RLD, BRD 1 [ SR R S Redate dizit lalt svd sgh.

LAA [ S A PRI ERIILE y

P LI T S TS | .

SUF T T TR R

CCF [ S A O

[Mr t [ S CE S L O

{::hf}:r?bgtgiil;?%?on ; | i ; f § ; :I Buwiic aput asd Sutput. T - O il B % 0 otherwmse - 0

tEiRLEgDR i ;(( : :r; ; z (; :] Blick raneter msteestiang PY w1 BC = O otheswise PrY - 00

CPl: CPIR- CPC: CPDA L O S A A Hicck sean® mgtrgctons £ ¢ L A« (HL). stherwise £ = 0. fV = |

w B U Srerwnsy TV - 0
LA L LDA R 1 PX 0 X Fow e Thie waznent cf e iterzope enatle ep-tlep OFF 5 s copred mte the PV ilag
BlTb. & o X 1 ox K & s The slate cb bt iv of lecatica s 19 copred s The /£ llag
Symbolic Symabol Operation Symbol Operation
Notation 5 Sign flag. S = | i the MSB ol the result is 1. I The flag is atlected according to the resull of the
2 Zero llag. £ = 1 if tha resuit of the operation 15 0. oparation.
Py Parity or overllow flag. Parity {P) and nvertiow . The flag 15 unchanged by the operation.
{V) share the same flag. Logice] operations atfect 0 The tlao is reset by the operation.
this tlag wath the pandy of the result while b The flag is set by the operalion.
anthmetic operations atfect this {lag with the X The tlag is a "don't care.™
overflow of the result. It P/V heids parsiy, P/V = v PV Hlag allected according o the cverllow result
L if the rezult of the operalion is even, WV = 0 i of the operation.
result is odd. If F/V halds averllow, PV = 1l P P/V llag aliecied accarding to the parity result ot
the result of the aperation produced an overtlow. the operation.

H Half-carcy lag. H = 1 if the add cr subtract T Any one ol the CP registers A, B, C. D, E. H. L.
aperation produced a carry inte or botrow trom 5 Any 8-bit locanon lor all the addreesing modes
bit 4 of the accumulater. allowed far the parusular instructon.

N Add/Subtract lag. N = 1 if the peevious opéra 8 Any 16-bit locaton tor all the addressing medes
tion was a subtract. allowed for that instruction.

H&N H and N flags are used in conjunchon with the i Any one ol the twa index regsters 1X or TY.
decimal adjust inswuction {DAA] th properly cor- R Relresh counter,
rect the resull into packed BCD tormat lollowing n 8-bit vaiue in range < 0, 256 >
addilion or sublraction using mperands with nn 16-bit value w1 range < 0, B8535 >,
packed BCD format.

C Carry/Link flag. © = 1 if the operabion produced

a carry from the MSB of the operand or result.

16
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Descriptions

Bg-Mys. Address Bus (output, artve High,
3-state). Bp-A)5 form a 16-bit address bus. The
Address Bus provides the address for memory
data bus exchanges (up ta 64K bytes) and for
1/Q device exchanges.

BUSACK. Bus Acknowledge (output, active
Low}. Bus Acknowiedge 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. BUSKRED forces the CPU
address bus, data bus, and control signals
MREQ, [ORD, AD, 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. Exlended BUSREQ
periods due to extensive DMA operations can
prevent the CPU from properly relreshing
dynamic RAMs.

Dy-D3. Daig Bus (input/cutput, active High,
3-state). Dp-D7 constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and [/O.

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

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

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

placed on the data bus.

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

MREG. Memory Request (output, active

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

NML. 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 fip-flop, and
automatically forces the CPU to restart at
location 0066H.

RD. Memory Read {ouiput, active Low,
3-state}. RD indicates that the CPU wants to
r2ad data trom memory or an I/C device. The
addressed /O device or memory should use
this signal to gate data onto the CPU data bus.

RESET. fesef (input, active Low). RESET
initializes the CPU as follows: it resets the
interrupt enable flip-flop, clears the PC and
Reqgisters | 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
contreol output signals go to the 1nactive state.
Note that RESET must be active for & minimum
of three tull clock cycles belcre 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 to the system’s
dynamic memories.

WAIT. Woit {inpul, active Low}, WAIT
indicates to the CPU that the addressed mem-
ory or 1/O devices are not ready for a data
transter. The CPU continues to enter a2 Wait
state as long as this signal is active. Extended
WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

Wih. Memory Write (cutput, active Low,

3-state). WR indicates that the CPU data bus
holds valid data to be stored at the addressed
memory or 1/O location.
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CPU Timing

The 280 CPU axecutes instruchions by pro-
ceeding through a specilic sequence of opera-
lions: ‘

B Memory read or write
B /O device read or wnita

B Interrupt acknowledge

ihe Dosic clock percd is relerred 1 ax a
T time ar cycle, and three or more T cycles
make up a machine cycle (M, M2 or M3 far
instance). Machine cycles can be extended
cither by the CPU automatically inserting one
or more Wait statas er by the insertion of ane
or more Wan states by the user,

Instruction Opcode Fetch. The CPU places

the contents of the Program Counter {PC) uon

the address bus at the start of Tee ovale {Faure
5). Approximalely ane hail clock cyele 1
MREQ goes active. The Illng edge of
can be used directly as a {lhap Leable v d
mic memories. When active, Rl inatca

CLOCK

data bus. L

The CPH samples the WATT input with the
ristray edge of clock state T3 Durmg clock
states T3 and T4 of an M1 coyele dynamic RAM
refresh mar occur while the CPU starts
decociing and czecubing the instruction. When
the Ketress Corurod signal becomes achye,
refreshing of gytamic memary can take place

Mo-Rix ) 29

<

|
h-l | a1 |

b _:[(;.)

—tn] et s
L
'/
R S - o NI 8
£
|
/i
RFEH
HOTE: Ty Wait cyole ardidend whan necianary e alew anciliare Sees o

Figure 5. Jastruction Opcode Fetch
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CPU
Timing
(Continued)

Memory Read or Write Cycles, Figure 6§
shows the timing of memory read or write
cycles other than an opeode fetch (M) cycle.
The MREQ and RD signals function exactly as
in the fetch cycle. In a memory write cycle,

MREQ) also becomes active when lhe address

READ
OPERATION

WRITE
GPERAYION

T T

bus is stable, so that it can be used directly as
a Chip Enable for dynamic memories. The WR
line 15 active when the data bus is stable, so
that it can be used directly as an R/W pulse to
most semiconductor memories.

T2
1 \ X
cLocK _/ \ % & }
Ly, by’
e - -
g-Rya x :‘gy_n ADOAESS _':‘ N
+/ "/ o |
- i} e (!3_) -
L { V4
Ol IR | BN
(e [+ !*Q') (Tt - “).
- P o v
i ’!3, ] 30 |
. \ .
—i {0 @}’ -'I-’.kq"
Dg-O7 3 Inas Bde )’_HLID
N | \J_\_\____,r; ry: DATH
, Ny
* it‘@ {0}
[ 1]
A()_JL—VI-_-—.U—-—' | ()] -
-—(@-—r- A
Bo-Br _:: BATA QUT

Figure 6. Memory Kead or Write Cyeles
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CPU Input or Qutput Cyeles. Figure 7 shows the ingerts a single Wait state (Ty,). This extra Wait’
Timing timing for an I/O read or IO write operation. state allows sufhcient time for an 1O port to
(Continued)  During IO cperations, the CPU automatically decode the address and the port address lines.
. s Tu- T T
Y AVAWAVAWAWAY
3) i ! =
LR ! : :
Ay-R VAL PORT ADDRESS Lo I
. S, 1 — JI b C
- il - -
B R ” /-
Pt - el i el -l e it ] !
Kinekid W o TR
s o o ww
! R 4 -
v w5 N " ] PJ I
. vy i
ARAD | |1 s ﬁ\“ﬁ’
APERATION ; (5 i ! R
o0 ¥ ax 7 (N
]
=3 -.—'—(ll: ..I(,\‘!.._
H L
Wi )Y " 4 =i
e ! o -
wm'r': et (RN I atle
OMEAATION i y
L J:,_ OATR OUI

NOTE: Tye = One Wail cyee automansalip wsertedd Ly T

Figurae 7. lnput or Dutput Cyclas

During this M1 cycle, IORQ becomes active
{instead of MREL) to indicate that the inter-
rupting device can place an 8-bit vector on the
data bus. The CPU automatically adds two

Wait states 1o this cycle.

Interrupt Request/Acknowledge Cycle. The
CP1J samples the mterrupt signal with the ris-
ing edge of the last clock cycle at the end of
any instruction (Figure 8). When an interrupt
is accepied, a special M1 cycle is generated.

€1LoCK

LIS Y

E!

wart
S @}*’ L
—_———— TIT C
Pe-U7 - Laa VALIO OATA

NOTE: 13Ty, 2 Last state af previoos instraction. 21 Twe Wall sycies aulomalicsily ineerted by CPU'Y,

Figure 8. Interrupt Hequest/Acknowledge Cycle
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CPU Non-Masgkable Interrupt Request Cycle.
Timing NMI is sampled af the same time as the
(Continued}  maskable interrupt input INT but has higher

priority and cannot be disabled under softwars
cantrol. The subsequent timing is similar to

amrr—e ——— LAST M CYCLE - -l .
LASY T TIME

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
(RETY cperation and jumps to the NMI service
routing located at address 0066H (Figure 3],

a
C X nEfAEsH K

L I i [ ]
N vk
" A /A a
Pl g
. - :;H B
T
! '

e X '
N '|i'-‘ ] . | I——w— :

B |

- | S—— B

"

| i |4 (=

= i'

“ Although HMI 15 an asynerrongus inpui, o guaraniee s beng
recogmzed on the tollowing mackume cycle NMEs lailineg cdege

| S— /.I T

TS eacar tie -1t Than she nisieg edae ol the clock cycls
prevening T agy.

Figure 9. Non-Maskahle Inierrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU
samplss BUSREQ wiih the rising edge of the
last clock_period of any machine cycle (Figure
L0}. If BUSREQ is active, the CPU sets its

address, data, and MREQ, IORZ, BD. and WR

Tu Fy

lines ta 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
/O devices,

Ty Ty Ty

i
-q-| 1Y |

¥ !
LS | el i
- "iﬁ-__\ /__..-\ / \ 1
"'ﬁ-ﬂ-l —a-% in: I*
BUBACK fl
7 I
- L - =l
" FLORE A
" I
Ro e e
- ER15 — iz
. FLoa Y
o [, SS—
I
- -t -4-; .
ﬂi W‘ih ™ " Fi oy Il F 2
. [, T——
T, i
i
| 4'! & -
- |

AT

YMEHANGED

MOTE: Tp,= Last state of any M cycle.

Ty = An acbitrary clock cycle used by requesting devica.

Figure 10. Bus Requmt/Acknowlasdge Cycle
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CPU Halt Acknowledge Cycle. When the CPU received. When in the Halt state, the HALT
Timing receives a HALT instruction, it executes NOP output is active and remains so until an inter-
{Continued) states until either an INT or NMT input is rupt is processed (Figure 11).

M1 : — R s -;I M

T4 T4 LF} Ta Ta Ty Tr

CLOCK

WALY

#HaH Inatrariion F

Ruwtatree {!.IL] -
L]

HOTE: INT will alao lorew & Halt eant, *See note. Figure 9.

Figure 1]. Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at least inactive, two internal T cycles are consumed
thres clack cycles for the CPU to properly betore the CPU resumes normal processing
accept it. As long as RESET remains active, the  operation. RESET clears the PC regqister, so the
address and data buses Heat, and the control first opcode fetch will be to locauon 0000
outpuis are inactive. Once AESET goes (Figure 12).
T Tr
Sl ' -[ w\u\“"
|t —| (3} j—
Ap-Ars 1] i e :.
0o-0r :i—-l;' FLOAY
=~ () |-
- / of A
) /71147 X
Tact

Figure 12. Resat Cycle
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AC
Charae-
torintica

80 CPU Z80A CPU Z80B CPU
Min Max Min  Mox Min Mox
Number Symbel Parcameter (ns} (oa) (ns} (oa} {ns} (ns}
| TeC Clock Cycle Time 400" 250° 165"
2 TwCh Clock Pulse Width (High) 180* 10° 65°
3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000
4 TiC Clock Fall Time —_ a0 — 30 - 20
5—TrC Clock Rise Time 30 30 20
6 TdCr(A) Clock t to Address Valid Delay — 145 — 110 — 20
7 TAA(MREQf)  Address Valid to MAEQ 125* — 65" — 3/ —
| Delay
8 TACHMREQH Clock i to MREG | Delay — 100 — a5 — 70
9  TdCr{MREQr) Clock ! to MRED  Delay - 100 — 85 - 70
10 — TwMREQh —— MREQ Pulse Width (High) 170" 110* 65"
il TwMREQ! MREQ Pulse Width (Low) 3800 — 200 — 135¢  —
12 TACHMREQr Clock ) te MREG 1 Delay — 100 — 85 - — 70
13 TACHERDA Clock | to BD | Delay — 130 — a5 — 80
14 TdCr(RDr) Clock | to BD I Delay - 100 — 85 — 20
15 —TsDiCr) Data Setup Time to Clock ! 50 35 an
16  ThD(RDr Data Hold Time to RD | — 0 — ¢ — 0
17 TsWAIT(CH  WAIT Setup Time to Clack | 0 - 0 - 60—
18 ThWAIT(CI)  WAIT Hold Time after Clock ! — 0 - 0 - 4]
19 TdCriMi Clack 1 to Ml | Delay — 130 — 100 - 80
20 == TdCr(Mir) == Clock ! to M1 1 Delay 130 100 80
21  TdCrRFSHN  Clock I to RFSH | Delay — 180 — 130 — 110
22 TdCr(RFSHr) Clock | to RFSH ! Delay — 150 - 120 - 100
23 TdCHRDn) Clock | to RD I Delay — 110 — 85 — 70
24 TdCr{RDt} Clock 1 to BD i Delay — 100 — 85 — 0
25— TsDICH) Data Setup to Clock | during 60 50 40
Mz, M3, Mg or Mg Cycles
26 TAA{ICRQI} Address Stable prior to IORO | 3200 — 180 — 1o —
27 TACHIOROH)  Clock 1 to TORQ | Delay - 90 — 75 — 65
28  TJdCHIORQr) - Clock | to TORQ 1 Delay — 110 — 83 — 70
29  TdD(WRD Data Stable prior to WA | 190*  — 80r — i< —
30 == TCHWRI) —— Clack { to WE | Delay 90 80 70
31  TwWR WR Pulse Width w0 — 2200 — 135*  —
32 TdCKWRr) Clock | to WR 1 Delay — 100 - 80 — 70
33 TdD{WR{} Data Stable prior to Wa! 200 — =10 — -85 -
34 TdCr(WR) Clock t 1o WR | Delay - 80 —_ E5 - 60
35 — TdWAH(D} Data Stable from WA t 120* 60* 30"
36 TACHHALT) Clock 1 to HALT 1 or | — 300 — 300 — 260
37  TwhMI NMI Pulse Width B0 — g — 70 —
3B TsBUSREQCr) BUSAED Setup Timeto Clock 1 B0 — o S 50 -

‘For clock periods other than the minimums shown in the 18ble,
calculate parsmelers using the expresaicns in the rable on the
following page.
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AC
Charac-
teristics
{Continued)

280 CPU Z80R CPU 2308 CPU
Min Max Min Max Min Max
Number Symbol Parametar ins)  (ns) {na)  (ns) {ns) (ns}
39 ThBUSREQICr:  BUSRERQ Hoid Time after Clock 1 0 - n o .- g -
40 ~—TACHBUSACK D)~ Ttork 1t BUSACK 1 Delay 126 100 20
4] TACHBUSACKR Clock 1o BUSACK 1 Delay (19 100 . 90
42 TdCr{Dz) Clock 1 to Data Floar Delay - a0 a0 - 80
43 TdCHCTe) Clock 1 1o Cantrol Qutputs Float i10 - 80 - 70
Delay (MREC, IORCG. RD,
and WR}
44 TACr(Az) Ulock ¥ to Address Float Dislay : 110 - 90 - a0
45— TdCTr A} Address Staple aiter MREG 1 160 a0 35
IORO 1, RD T, and WR I
46  TsRESETICr) KESHT 1o Clock 1 Setup Tinw: 90 - 60 - 60 -
47 ThRESET(Cry  HESET 1o Cloek 1 Held Time 0 - 0 - 0
48 TsINTI{Cn) INT te Clock 1 Satup Time 80 B )]
49 THINTH{Cr) TNY to Clack t Hold Time - 0 0 . 0
50 e TAMIFIORO) — M) 1 1o FORCG | Delay Qs 565¢ 365
51 TACKHIORON Ciock 1o KRG | Delay : 110 Y 7
52 TaCHIOROr Clack 1 ta IORO 1 Delay 106 85 - 70
(locy i to Data Valil Delay : 230 - 150 — 130
Culiviale QATATmetere &
va et at asned
Footnotes to AC Characteristics
E:;Trm_bgl_ S A R e
1 Tel: Twh ¢ Twli ¢ T ¢ THC Twlh o+ Terlll + Tell +THC TwCh + TwC) + TrC + THC
2 Tw(h Althacgh static by Jdesign. Allhough: slahie by design, Although: stane by design,
Twilk oof ayreater than 20U ps TwCh ci greates thar 200 as Twilh ot greater than 20 ps
s Nl e rgnitesd b ok guarar eed 1§ Dol cuarantesd
T =—— TdAMRBE Y = Twi s + TH) - I8 ———————— Twln + T - B Twlh + TIC - SO
Hel TwMRE(CH Twlh + TH - 20 Twish + THE - 20 TwCh + TIC - 20
i1 TwMREQ] Teill - 4G Tedr = 30 Tel - 30
26 TdAUIORDS:  Tel - BO Ttz — 70 TeC - 55
pric) TdDIWE) Tolh - 21 Tetls o 1N Twl - 140
= TwWh Tal? - gl wmem—e———————e T2 2 - 3 e ———— Tl - 3]
33 T4D{WH) Twlllow Trl - IBG Twii]l + TeCl - 140 TwC) + Trll ~ 140
35 TadWRe{ D} TwCi + Tl - 80 Twill + Tr” - 70 Tw(?] + TeiZ - 55
4 T T A Twi>l 4 Toll - 40 Twll + Tei2 - 56 TwCl + TrC - 350

S0 TAM IHEOHCH; 2TeC + Twllk + TiC - BO 2l + TwCn ¢ THIC — 85 2Tel + TwCh + THC — 50

AC Teat Conditions:
Vi = 2.0V
VrLo=08Y
VIHG = Yoo -0s W
Ve = 045V
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Abaclute

Storage Temperature . . . ~65°C to +150°C

Siresses greater than those lisled under Absolute Maxi-

Maximum Temperaiure mum Hanngs may cause permanent damags to the device.
" . This 12 a siress rating only; operation of the device at any
Ratings under Bias .. o Specitied operating range condition above those indicated in the operational sections
Voltages on all inputs and of these specalications 1s pot impled, Exposure to absolute
outputs with respect to ground . -0.3 Vio +7 V maxmum rating coendions for extended periods may affect
Power Disgipation ........... .. .. . 1.5 W device reliability.
Standard The characteristics below apply lor the All ac parameters assume a load capacitance
Tost following standard test conditions, unless ot 50 pF. Add 10 ns delay for each 50 pF
Conditions otherwise noted. All voltages are teferenced to increase In load up to a maximum of 200 pF
GND (0 V). Positive current {lows into the for the data bus and 100 pF for address and
referenced pin. Available operating control hnes.
temperaiure ranges are: .
® 0°C to +70°C,
+4.75V € Vo < +525V dam
B -40°C to +85°C, omnen Test
+4.78V = Voo = +5.25V
B -55°C to +125°C, Y pF W0k
+45V 5 Voo 8 +55V I
pC Symbol Parameter Min Maox  Unit Test Condltion
Character- -
istics Vie Clock Input Low Voitage -0.3 045 v
Yue Clock lnput High Voltage Voo B Vem+ 3 ¥
Vir Input Low Voltage -0.3 0.8 v
Vi Input High Veltage 2.0 Veo v
Voo Output Low Valtage 0.4 v lop= 1.8mA
Vo Output High Voltage 2.4 v lon = -250 aA
oo Power Supply Current
80 1500 ma
ZBOA 2007 mA
.Z80B 200 mA
I Input Leakage Current 10 pr.} Yy = Oto Voo
I gax 3-State Quiput Leakage Current in Float -10 10° wh Vour = 0.4te Voo
1. For maltary grade paris, o w 250 w8 3 Aps-Ap DD MREL, m. FD, and Wh.
2 Typucal rate ler Z8G45 s 80 mA
Capacitance Symbel Parameter Min Mux Unit Note
Cereck Clock Capacitance B pF
. Unmeasured pins
Cin Input Caf)ac:lanc.e 5 pF returned 1o grovnd
Cour Output Capacitance 10 pF
Tg = 25%C 1 = 1 Mhy
B085.0221 25



Ordering Product Package/ Product Package/ .

Information Number Temp  Speed Dexcription Number Temp  Speed Deacription
28400 CE 2.5 MHz Z80 CPU (40-pin) ZB401CA DE 4.0 MHz 2804 CPU (40-pin)
28400 CM 2.5 MHz= Same as above 284004 () 4.0 MHz Same: as above
78400 CMB 2.5 MH: Same as above ZRAOGA PE 4.0 MHz Same as ahove
28400 3 2.5 MHe Jame as above 284008 F3 4.0 MHz Same as above
Z8400 DE 2.5 MHz Same as above 284008 () £.0 MBz ZROB CPU {40-pin)
28400 DS 2.5 MHz Same as above Z8400B CM 6.0 MH:z Same aa above
ZB400 PE 2.5 MHz Same as above ZH400B CMB 6.0 MH:z Same as above
ZB40G P35 2.5 MHz Same ax above ZB400E cs £.0 MHz Same as above
Z8400A CE 4.0 MHz ZBOA CPU ial-ring /84008 . DE 6.0 MRz Same as above
Z8400A, CM 4.0 MHz Same as apove 284008 Ds £.0 MHz Same as above
284004 CMB 4.0 MH: Same as above 2840015 PE 6.0 MHz Same as above

Z8400A s 4.0 MHz Same as ahove ZB400B PS 60 MHz Same as above

HOTES: (2 « Ceramae I} = Lerdip, P Plash, -
MIL-STER90.3 £ Gags B pmocession, 220 0 07w

B SR e = 15T MB L BT e e s warh
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2,0 64K DYNAMIC MEMORY BOARD

GENERAL INFORMATIOR

The Nabu Memory Beoard 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 ofters a full 64K bytes of read/write
memory; however only 62K bytes are available to the user in the
Nabu 1100 System, sSince 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, with 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 deegs not slow down the
CPU operation,.



SPECIFIC FEATURES

Memory Qrganization

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 opticns 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 cbtained.

The jumpers are numbered as follows:

Jumper  Bank # RAM IC's Needed Address Space

JP-1: 1 RAM 11 ~ RAM 8, 0000H ~ 3FFFH
JP-2: 2 RAM 9 - RAM ls, 4puog - 7FFFH
JpP-3: 3 RAM 17 - RAM 24, 8000R - BFFFH
JP-4: 4 RAM 25 - RAM 32, COOUH - FFFFH

Each bank is enabkied by installing the appropriate jumper.

Memory Refresh

As mentioned, the memory refresh is done automatically by
the Z-80A CPU through the §-100 bus. The CPU contains a 7-bit
memory refresh counter, which is incremented automaticaliy after
each instruction fetch., The data in the counter is sent out on
the lower portion of the address bus along with two refresh
control signals, RFGH (pin 66) and MREQ (pin 65); while the CPU
is decoding and executing the fetched instruction. This refresh
operation must be performed at least every two milliseconds in
order to retain data.

An interrupt request/acknowledge cycle in the system does
not gwffect-the memory refresh operation, since only two wait

state re added to this cycle for identiryving the interrupting



1/0 device., However, a bus request/acknowledge cycle used in
Direct Memcory Access (DMA), for instance, can cause a Memory

refresh problem if very long DMA cycles are used. Therefore, the
DMA controller must perform the necessary refresh function.

A user supplied 5-100 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.

Data Buffers and PHANTOM

All data-in and data-cut lines of the memory chips are
buffered by U9 and Ul4, The data-in lines are alwayse enabled and
the data=-out lines are controlled by U5, 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 U5 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 proaram from the RAM after pulling PHANTOM high. 1In
this way, a full 64K bytes of read/write memory is obtained.



NABU ADM-1000 64K DYNAMIC MEMORY BOARD

Integrated Circuits:

Ul

u2

U3, U4

U5

U6

u7, U8

U9, Ul4
U1l0-013
uls

ulé

ul7
RAM1-RAM32

DRiodes:

Dl
Capacitorg:
cl1-c4, C13

C5-Cl12, C14-C59

; A a
Rl

RN1,RN2
RN3

Quantity

HMONMNRMNWOW

74LS75
74LS42
74LS00
74LS20
74L8132

748157
7418241
74L514
STTLDM-355
7805

7812
4116

1N4733A

PARTS LIST

Quadruple latch

4-line-to-10-line decoder

Quadruple 2-input NAND

Dual 4-input NAND

Quadruple 2-input NAND with Schmitt=
triggered inputs

Quadruple 2-line-to-1-line Schottky
multiplexer

Octal buffer/line-driver with 3-state
outputs

Hex inverter with Schmitt-triggered
inputs

TTL-compatible logic-delay module

5 V positive voltage regqulator

12 V positive voltage regulator
16384~bit dynamic RAM (150 ns)

5.1 Vv, 1.0 W, 5 % zener diode

10 uF, 25 V tantalum electrolytic
0.1 ufF

6800, 0.5 W, 10%

S5~resistor pack of 33,L resistors
S5~resistor pack of 3.3 kN resistors
with common pin #1

Description

16 pin IC socket
14 pin IC socket
20 pin IC socket
6-32 x 3/8" machine screw

#6-32 nuts

Delta 291-0.36-AB-H

p.C. board
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NEC

NEC Microcomputers, Inc. 1L PD416

4 PD416-1
M PD416:2
f PD416-3
1 PD416-5

16384 x 1 BIT DYNAMIC MOS
RANDOM ACCESS MEMORY

DESCRIPTION The NEC uPD416 is a 16384 words by 1 bit Dynamic MOS RAM. [t is designed for
memaory applications where very low cost and large bit storage are important design
objectives.

The uPD416 is fabricated using a double-poly-layer N channel silicon gate process
which atfords high starage cell density and high performance. The use of dynamic
circuitry throughout, including the sense amplifiers, assures minitnal power dissipation.

Multiplexed address inputs permit the uPD4186 to be packaged in the standard 16 pin
dual-in-line package. The 18 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 technioue while maintaining high performance,

FEATURES « 16384 Words x 1 Bit Organization
e High Memory Density — 16 Pin Ceramic and Plastic Packages
e Multiplexed Address Inputs
« Standard Power Supplies +12V, -5V, +6V
e Low Power Disstpation; 462 mW Active (MAX), 40 mW Standby (MAX)
¢ OQutput Data Controlled by CAS and Unlatched at End of Cycle
e Read-Modify-Write, RAS-only Refresh, and Page Mode Capability
e All Inputs TTL Compatible, and Low Capacitance
e 128 Refresh Cycles
» 5 Performance Ranges:
ACCESS TIME | R/W CYCLE | ABMW CYCLE
xPDA16B 300 ns ; 510 ns 575 ns
#PD41641 250 ns i 410 ns 465 ns
uPD416-2 200 ns : 375 ns 375 ns
uPD416-3 150 ns 375 ns 376 ns
uPDA16-5 120 ns 320 ns 320 ns
PIN CONFIGURATION \
vge [ 167 Vsy
. R A Ag Address inputs
0 ' :
L 1] ,CAS CAS Calurnn Address Strabe
WHITE [: 3 14 D Cour D_'N Data in
__ Dgut | DataOut
RAS 4 3 s L —
l: iﬁg : X RAS Row Address Strobe
a0 [ t2[J A3 WRITE | Resd/Write
4 6 1] A | Ve | Poweri-5V)
? E ] 4 vee Power (+5V}
a0 gy el { Vop | Power +i2vi
VoD : a 9 j vee Vss Ground

Rev/2



B8LOCK
DIAGRAM
«C) ﬂ < merr L
E § 3 CELL MATAR Ve
E [ T1
SEWSE aprd Dw,1
10 S TEH oM asren
s, Crywy CLLL
O_\Eﬂ B P
-
- —0
b=
- =TT
s v
b“ .
ELTE. 2 ]
wap —i
or §FE2 PEERY e
1t 44 o
IDﬁutY‘l'—M H oou.n&u:lmuc
g O— —on&at
vas ves
Operating TEMPErATUIR . . . oo\ ce bt nna e e 0°C o +70°C  ABSOLUTE MAXIMUM
Storage TeMPErature . . . .« oo v v v s aanntn e nas oo -55°C1t0 +160°C RATINGS*
AllOutput Voltages (). . . ..o v o v it ir e e e ~0.5 to +20 Valts
AllnputVoltages . .. ... .. -0.5 to +20 Volts
Supply Voitages Vpp, Ve Ves @ .. . oo -0.5 to +20 Volts
Supply Voltages VpD. VeC @ . . oo e -1.0 to +15 Volts
Short Circuit Qutput CUITENT . . . . .. . . ittt i e men e ane e o 50 mA
Power Dissipation . _ . .. . ... .. i e e e e 1 Watt
Notes: (@) Relative 1o VBB
@ Relative 10 Vs
COMMENT: Stress sbove those listed under *'Absojute Maximum Ratings” may cause parmanant
demage to the device. This Is a streas rating only and functional operation of the device &t thess or
any other conditions above those indicated in the operational sections of this specification & not
impliad. Exposure to absolute maximum rating conditions for extended periods may affect davice
reliability.
“T,=25°C
T,=0°Cto 70°C, Vpp = +12V * 10%, =-5Y t = 3
a=0Cto20C, Vpp vVap 5V 1 10%, Ve = +6V  10%, CAPACITANCE
Vgg = OV
LIMITS TEST
P
ARAMETER SYMBOL MIN | TYP ] MAX UNIT CONDITIONS
Input Capacitance
C 4 5 F
iAg-Ag), DIN h P
Input Capacitance
AAS, CAS WRITE | °I2 8 |10 | #F
Output Capacitance
C 5 7 F
(DoyT) 0 P




aPDA16

AC
CHARACTERISTICS

Ty s OG0 +70°C, vpp = 12V 1 10%, Voe = +5Y 1 10%, Vg = -5V 2+ 10%, vgg = OV

Lwits
e _1_mael T sronei T _peres T yrones vest
PARAMETER SYMBOL | MIN MAX | MNP oMAX | MIN MAX | WIN| max | MIN MAX { UNIT | CONDITIONE
mnu-d::;m et I 810 410 s 320 3 ™ @

i —_—
Fgpc-wer it eyeie tinw | tAwe 575 95 s FT] a0 ™m [ 3]
Page mods tyth tTme [T 30 s - ¥ ) 180 ™
Agxem tient Hom tac 200 %0 200 150 120 e ®®
o team teAC 200 168 135 100 0| wm ® ®

DuuFten
m:' dalay tOFF 4 80 a o 60 0 40 0 n @
T - 3 so| 9 3 | 3 as| a ml ™ ©
TAL pretharon time e 200 160 120 ) 100 ™
RAZ putwe witith 1RAS 300 | 10000 | 250 § 10,000 { 200 | 32000 |10 | 32000 | 120 | 10000] ™
FRY hold time TRYMH EEE 165 135 100 (] L
AT ol width 'CAS 200 | wooo [ s | 10000 ] 135 | 10000 [100 | 10000 | 80 | 10000 |
'tff o ThS avay RGD © w0 | 3 =) s 85 | 20 5o | 15 0| m ®
RES
E““h:” e tCRR -0 -0 -0 -20 [ ne
:‘m:;m“ TasA o o Q 1] o ]
::,: :::’" RAR 0 k1] .3 0 ' m
g‘::‘::‘::""" tasc | -10 -10 -10 Y -0 ™
&::'::‘n:"""“ wcan | 90 ” 56 at « .
Column addrest hokd
T rpteranced 1o tAR 190 160 120 1] BO n
RAZ
Fand comivbng
”:_'u::“ tRes o o [ 0 0 n
Read command
hald tima tReH @ o o o 0 m
oo wen | 20 7 6 a5 40 nt
Write command
holdtime 'weR 180 180 120 as 5 ns
relaranced to RAS
o - % 3 55 “ w0 ™
Y ite command 1
RS wad tme L | 1 o s s ns
Weith commend 16
e - . s o .
Cana-in s-up b 108 ] 1} [} [} [1} nE (5]
Date-in hold tome oM 1] L 55 45 40 n &,‘:
Carte-wn nold time
retwancad to BAS 'oHR | 180 1% 1% 88 & "
CAS prachas tima
4o page Mo 1ep 120 100 B0 60 ] na
cycle anivl
Peirash owriod ‘REF 2 2 2 2 2
WRITE command
P TWCSE - - -: -2 a ™
| brl-up i @
CAS 10 WRITE
Oaidy ICWD 140 135 95 w & ™
Ans RITE
" thwp | 240 200 180 120 120 ~ [T
Noms: (D) AC mansucaments asume vp » 5 o
@ Ving tmind oc Vi (min) and Vi Imaxi are reference els for muasunng tvming et input Sgoals. Adve, 1 Tmes aw L VMg or ViH #nd Vi
The specifications for ige (mink 808 LRyyc Imind are ured only to iIndicate cyoie Time a1 which DIOEST GOII00 Ovir the full Wmparature renge (0°C © Ty % T0°Ch

1 #msurid,

@) Aswwmes et iggp < TRCD (maxt. 3t tRCE o Gebler Than the moximum iecommended vaiue shawe i this tebile, 1R 4 ¢ Wl incoeave by Lthe smoont 1hat tRen
ucpdi the valuls shown .

(&) Asumes 1hat igcp » RGO (mesl,

(6) Mawured with 2 toad squivelent 10 2 TTL Iowty #nd 100 pF.

@ TORF M) Sefinds thr 1ume at which the autpat schieves the 9080 circuit d and 15 nOt relerer 10 Gutput voluage levyly.

@ Ooaration within the TRCD Imax] limit snsures that spac (masl can be met, tacp imaxt is macitiod ac 3 refarance poit only. iF 1gep it greater than the specied
tACEH {max) limit, than scoess time o controftted exclusivibly &Y TEAC

’ A i

These pacamuters are referenced 10 TAS lading sdge i early weite cycies and 10 WRITE Isading edge 10 delayed write or read-modily-writs cyches.
TWCS. 1CWD 43 1R ark nod Mestrctie 0 1. Thiry aew included in the dte thet a5 ehbzLricst Chprsctsislict only. if ogyes B twos Imind, the cyche
7 ity wer ok Sycln and che dare out pin will remain agen circuit (high imosdancet > 1Ry Mind. 1he cycle it & readwrift cycle and the daca owE will CONTIA dute
e from tha salected cafl. (it ndither of the abowe Kets af it L tied the Gifign of the dats out (et access time) it Indkierminae,




4 PD416

DC CHARACTERISTICS T, =0°C 1o +70°C(1), VoD = +12V & 10%, Ve = +BV £ 10%, Vgp = -5V 2 10%, Vgg = OV
LIMITS TEST
PARAMETER symaoL| MIN | TvP | max | umniT CONDITIONS
Supply Voltage Voo 108 [ 120] @2 v @
Supply Voltage veo 45 4] 6.5 v G_) O]
Supply Voitage Vgs 0 0 0 v @
Supply Voltage Vg ~a45 | 60| 551 Vv )
Input High {Logic 1)
Voltege, RAS, CAS, VIHE 2.7 ol v @
WRITE
tnput High {Logic 1)
Voltage, all inputs 7 v
axcept HAS, CAS VIH 24 0 @
WRITE
input Low (Logic O) ViL 10 0e v @

Voltage, all inputs

RAS, CAS cycling.

Oyperating Voo Current Do a5 mé YaC = te Min. @

v
ma | FAS = ¥iHe. Dour

Standby Vpp Currem lop2 1.5 = High (mpedance

Refresh|All Speeds
vpp |excent LPDA16-5

Current uPD416-5 | lDD3 27 mA

1pD3 25 mA RAS cycling, CAS =
ViHe 1ge = 375 m @)

RAS = Wy , CAS

Page Mode Vo

| 27 mA cycling, tpp =
Current DD4 275 ns @C
Operating Voo RAS, CAS cyciing:;
I A
Currgnt cct . tRe = 379 ns @
RAS = ViyC.
Standby Vo Current lcez -10 10 uA DpyiyT ™ High
Impedance
RAS eyiling,
Refresh Vo Current leea -10 10 A CA% - vine.
RC *° 375 ns
Mode ¥ AAS . v, CAS
ZBgs vde Ve loca A cychng. tpr
usrent 225 s (&)
COperating Vg \ 200 oA RAS, CAS cyching.
Cursrent BE1 trg 3THas
RAS * Ve,
g“""b" Ves lgB2 100 uh Dout Hwh
urrgnt | mpedance
RAS cyching,
Refrsih Voa leg3 200 uh CAS - ViHe.
Current tRC = 375 ne
. v RAS = vy_. CAS
0:’ Mode Vgg 1884 200 uA eycling;
rrant tpe ~ 225 n3
Vge * -GV, 0V ¢
Input Leakage _ VN & +7V,
{any mput) fie 10 i uh all othae pint not
under tast = OV
Loyt is dyabled,
OQutput Leakage kLl -10 10 A OV < VouT < 5.5V
Ouput High Volitege
W 24 v 1 = -5ma
(Logic 1} OH ouT O]
Output Low Voitage _
v, 0.4 v 1 = 4.2 mA
[ Logic 0} oL out

Mot (1) T, it specitind here (or operaton o luqucncﬂs to tﬁc *tRe {mmi Oparation at higher cycle rames with ragucsd
arnlmm 1emparatures shd high power d . provided AC ODRating Diranvetars e mar.
See Figura 1 1or derating cumve.
All vottages etaranced ta Vg,
Quiput voltage witl swing from Vgs to Vg when activared with no currem ‘oading. For purposes of mmmng
12 in s1andby Mads. Ve may be reduced 1o Vg without affecting refrash op or datk r#
the Vo (mind specificacion is Aot gusrantesd in Mis mode.
15D1- |DDJ. and IpD4 depand on cyche ram. See Figures 2, 3 and 4 ter Inp limits st other cycie rames,

Igcy and l?cg depend upon outDut loading. During randour of bigh tevet data Ve it connecttd through » low
inpedance 113502 1vp) to gata our. At all ather 1imes |oc consists of ixakage curdfte onlv




DERATING CURVES

CYCLE TIME the {ns)

1000 60O 400
NERIN| 1137°

320
300 250

-
o
]

b T. {MAX} 1

N

Il

AMBIENT TEMP T, {°C}

1.0 2.0 3.0
CYCLE RATE iMHz} = 103 tp o tost

o

FIGURE 1

Maximum ambisnt temperatur e versus cycle
rate for exrended frequancy aperation. T,
{max} for operation at cycling rates greater
than 2.66 MHz {tcyg < 375 ns) it deter-
minad by T, (max) (°C} =70 - 2.0 x
{eyc'n rate [MHZ) -2.68}, For uPD416-5,
itis Ty (max) [°C] = 70 - 9.0 lcycle rata
{MHz] ~ 3.125}.

CYCLE TIME t (ns)

320
1000 500 400 00 50
375

50 mA Ll 1

uPD#A 65

—

-

30 mA

SPEC LIMIT

o] 27
*‘me'r’ >

e rwy
1’*?/ /‘(‘lvaf

10 ma J—yt ’-!

-1

20 mA

-~

o 1.0 2.0 3.0 4.0

CYCLE RATE (MH2) = 103/t (ns)

FIGURE 3

Maximum 'DD.‘! varsus cycle rate for device
operation at extendad frequencies.

4.0

MAX I5p4 SUPPLY CURRENT (mA)

MAX Iggt SUPPLY CURRENT (mA)

50 mA

40 mA

30 mA

20 mA

10 mA

0

j PD416

CYCLE TIME tg~ {ns}

1000
i |

500 400
1

320
375|300 250
1 1

uPD4165

L

SPEC LIMIT

A

0 10

20

3.0 4.0

CYCLE RATE (MHz) = 103 Hac insh

FIGURE 2

Maximum | ppyq versus cycle rate for device
Opsration at extended frequencies.

CYCLE TIME tpg ins)

1000 500 400 300 250 200 160
S0 mA T | ' [
40 mA
30 mA SPEC LIMIT
20 mA - =
e
S A -
-
- —
-
10 ma e
0 ¥
L] 1.0 20 .0 4.0 §0 6.0

CYCLE RATE (MHz} = 103/t ins)

FIGURE 4
Maximum | 4 versus cycle rate for device

operation in page mode.



READ CYCLE TIMING WAVEFQORMS

'Ae

'AAS -

r— 'Ap —a]

e

v Teas
o HC {

YiL- .

tASR RAH ‘Can
}——b --Il ASC
Vin-
aCw COLUMN

ADDRESSES N ADDRESS ACDRESS
—=] "ACH |——

- fopp—a=

'acs

. ¥ 7

¥iL 'eac

" ‘Rag —=! | oFr

OH
o " ' S S —
oot v orE k DATA

oL

WRITE CYCLE

.
Vikg ——— ' AAas
AAS AR b
A
UIL- 5 3
AsH - prp —

"ACO cas I—-— | Cp
v T
- i’ R £/

t 'ran [
A5A L AH
| IS | ﬁSC"" PN

voomss " TN s XK S5 XTI

e

, WL
WS Wi H
—————
¥\He \ 'wp—’—;agziaiiagiagiaai/?
WRITE
Voo T 4
RNL
o el :
-c-i =" 1y ey et
L

‘BHR

- T SR /I

oLt :Z: OPE
READWRITE/READ-MODIFY—-WRITE CYCLE
Fvec
Yine —1\ tag s
" “u ‘AsH 'ap
ners LA f=r i

cas :'" N A

‘‘‘‘‘‘

b

s I TN B XIS

T R i e
, e o] ‘tnp R

TP HC T ")
WRITE . y/ N

S i
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uPDA16

The 14 addregs bits required to decode 1 of 16,384 bit locations are multiplexed onto
the 7 acdress pins and then latched on the chip with the use of the Row Address
Strobe {(RAS), and the Column Address Strobe (CAS). 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 CASis brought low. Since the column addrass is not
needed internally until a time of CRD MAX after the rciaddress, 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
witl assume the high impedance state anytime that CAS goes high.

The page mode feature allows the 2PDA16 to ba read or written at multiple column
addrasses for the same row address, This is accomplished by maintaining a low on RAS
and strabing the new column addresses with CAS. This eliminates the setup and hold
times for the row address resulting in faster operation.

Refresh of the memeory matrix is accomplished by performing a memory cycle at each
of the 128 row addresses every 2 milliseconds or less. Bacause data gut is not latched,
*“RAS only" cycles can be usad for simple refreshing operation.

Either RAS and/or CAS can be decoded for chip select function, Unselected chip
outputs wilf remain in the high impedance state.

In order to assure long cerm teliability, VBB should be applied first during power
up and removed fast during power down.

ADDRESSING

DATA I/O

PAGE MODE

REFRESH

CHIP SELECTION

POWER SEQUENCING
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PACKAGE QUTLINE K
#PD416C - A -
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A 19.4 MAX. 0.75 MAX.
B 0.d1 0.03
c 254 018
D 0.5 Q.02
3 17.79 0.70
F 1.3 Q.01
G 2.54 MIN. 0.10MIN,
H 0.5 MIN. _002MIN,
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3.0 JINPUT-OUTPUT BOARD

GENERAL INFORMATION

The Nabu input/output board AI0-1100 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 latch; which can be easiiy
programmed to interface with any parallel printer.

The s8ix programmable counters are implemented by two 8253
programmable interval timers (PIT's). Two of the six counters
are confiqured 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/0 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 RS5-232C serial data communication with two
external devices is permitted via the two programmable
communication interfaces, The PCI features parity, overrun and
framing error detection., As well, there is a choice of 1, 1 1/2,
or 2 stop bits with false start bit detection, and modem control
signals DSR, DTR, TTS, and RTS. The baud rates of the serijal
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 l6x transmitter clock, and a baud rate
of 2600.

Connector J1l 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 31gnal from the
NEC printer to CTS of U3, no communication protocol is needed,
However, if an 8251A is used in U3, a problem of repeating
characters will occur whenever 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 Qiscussed here},

The port addresses are assigned as follows:

Device Connector PCI Rort Address
Console 2 o6 Status register | 820
‘Data register  83H
List a ©ua !status register  E0H
Pata register gln

The two 26-pin header strips (J1 and J2) are connected
through two ribbon cabhles to the R§-222C connectors Jocated on
the back of the system. The connector associated with J1 is
located above that agsociated with J2.



The pins are ass8igned as follows:

J1l or J2 Pin Number Pin Name Data Direction
-------------------------- r-—————---—-—'—'-‘-—-—"' [ e s A e S -

2 7 RXD Input

3 TXD OQutput

4 CTS Input

5 RTS Qutput

6 DTR Output

7 GND -

20 DSR 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 CTS active.

Jumpers JP-5 through JP-8 (on pins 6, 5, 4 and 20
respectively on connector J1) 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:

E
|

DO l merme e e e e > 2
Dl 2 m————— e > 3
D2 3 e > 4
D3 4 —mmme e > 5
D4 5 e e e > 6
D5 f ——mmmrmmmm e > 7
D6 T mmmm e e > 8
DATA STROBE § —mmmm e > 1
BUSY 9 (—meemmmee - 11

GND 22 (———-—m T



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

Programmable Timers

Six programmable 16-bit counters are available from the two
PIT's (UlB and U20). Two 1l6-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 te 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:

8253 PIT Counter Address Function
0 B4R
1 B85H Available to
U20 2 86H the user
Control register 87H
0 88H
1 89E Clock for List PCI
Uls 2 8AH Clock for console PCI
Control register 8BH

T Ll L L e e e i S s L S A —— T B Y e Mo

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

Baud Rate Programmed Count
110 1136H
300 0417H
600 0208H
1200 0104H
2400 0052n
4800 0026H
9600 0013H

e T e T S S e s e i o o o s Bk . A B YR P S o

NOTE: The PIT must be programmed for mode 3 operation with
binary coded decimal (BCD) counter format for these values.



Jupper 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 Ad
0 o A5
a} o A6
o

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/0 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 10H for future
expansion to a multi-user system. Thus, the standard board is
shipped with interrupt jumpers installed, as shown:

L by o A7
Q== ——— o Ab
L it o A5
o o Ad
O = e —————— o A3
Qe o A2
O —————— o Al
O o EI

NOTES: 1) Interrupt vector setting: without jumper means logic
one,
2) A0 is always logic zero,
3) EI setting: with jumper means enable.

The 24—pin vwirewrap 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 QUTS CKS

3 Q 4] 0 o]

-~

[
(=]
o
(o]
(=]

o
o]
e}
<



The equivalent block diagram is:

Counter Counter Counter Counter
__________ 5 e e

2 MHz -==w=== 0 ] ————— {: 1 e f z ——---{ 3 ]
{ o i S e B

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.



NARU AIO~1100 INPUT/QUTPUT BOARD
PARTS LIST

tod Circuits:

Ul, U4
U2, U5
U3

ueé
g7, Ul2

us, U9

ule, Ull
Ul3-uUl6, U29
Ul7, U26

Uls8, 020

ule, u27-028,
U31-033

U2l, U25

V22

u23

U24
U30

U34
U35
U36, 037

Capacitors:
cl, €5-Cl10
C2-C4, Cll-cl4
Resistors:

R1-R5
R6, R7
RN1, RN2
RN3

ouantity

B b = b

1488 RS232 hex driver
1489 RS232 hex receiver
8251 Intel programmable communication
interface
8251A Intel programmable communication
interface (improved version)
74L5244 Octal buffer/line-driver with
3-state outputs
741838 Quadruple 2-input positive-NAND
buffer with open-collector outputs
74L8273 Octal D-type flip~flop
741500 Quadruple 2-input NAND
74L504 Hex inverter
8253 Intel programmable interval timer
74LS367 Hex bus driver
74L532 Quadruple 2-input OR
74L8136 Quad exclusive-OR with open-collector
outputs
74LS139 Dual 2-to-4-line decoder/demulti-
plexer
74LS10 Triple 3-input NAND
74LS7 4 Dual D-type positive-edge-triggered
flip-flop with preset and clear
7812 12 V positive voltage regulator
7912 12 V negative voltage regulator
7805 5 V positive voltage regulator
10 nF 3% V tantalum electrolytic
D.1 pF
3.3 kN
1 kL
3.3k N1
1 kRN
Description
14 pin IC socket
16 pin IC socket
20 pin IC socket
28 pin IC socket
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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-¢. board
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lnté 8251A/S2657
PROGRAMMABLE COMMUNICATION INTERFACE

s Synchronous and Asynchronous = Asynchronous Baud Rate — DC t¢
Operation 19.2K Baud
= Synchronous 5-8 Bit Characters; " Fl;“ Dupl:xﬁ Do";b" Buffered, Trans-
’ n r
Internal or External Character Synchro- mitter a ecelve
nization; Automatic Sync Insertion a Error Detection — Parlty, Ovesrun and
Framing
= Asynchionous 88 Bit Chamctersi @ @ Fully Compatible with 808018085 CPU
Rate; Break Character Generation; 1, m 28-Pin DIP Package

1V2, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect » g" '“p‘::;l""d Outputs are TTL
and Handling ompatidle

le +5V Suppl
u Synchronous Baud Rate — DC to 83K Single +SV Supply
Baud a Single TTL Clock

The intel® 8251A is the enhanced varsion of the industry standard, intel® 8251 Universal SynchronousfAsynchronous
Receiver/Transmitter (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 sarlal data transmission technlque 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 serlal data stream for
transmission. Simultaneously, it can receive serial data slreams and convert them into paraltel data characters for the
CPLL The USART will signal the CPU whenever it can accept a new character for tranamigslon or whenaver it has
received a character tor the CPU. The CPU can read the compiete status of the USART at any time. Thess Include data
tranamission errors and conirol signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon
gate technaology,

TRAMSMIT
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o, ~ wmdo,
J 1 o, 7o
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3D BUFEER

1
? o
AESET___ (\_,\ TeROY 1 = 6 ) Vi
CLK o] e anwhiTE [r— ] [ [ e A
READ/WRITE
e CONTRO TRANSMIT TE jg
— . contRoL [ o,gs 2w FL
Ab__.J toGic - OTF
WA ] ’ —y~1 ¥ b, e pallm 353
o, 7 B2B1A 22 T OSR
- T o, 2 Y meser
nille oo R
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M. L { neceve " o
Naoen <: Bofren e RAD P w Re) Ha 5
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Figure 1. Block Diagram Figure 2. Pin Conflguration
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FEATURES AND ENHANCEMENTS

8251A/S2657

® Tx Enable logic enhancement prevents a

8251A is an advanced design of the industry stan-
dard USART, the Intet” 82581 The 82514 oper
ates with an extended ranga of Intel micropro-
cessors that includes the new 8085 CPU and main-
tains compatibility with the 8251. Familiarization
time is minimal because of compatibitity and
involves only knowing the additional features and
enhancements, and reviewing the AC and DC speci-
fications of the 8251A,

The 8251A incorporates al! the key features of
the 8251 and has the folowing additional features
and enhancements:

¢ B261A has double-buffered data paths with
separate /O 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.

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

e At the conclusion of a transmission, TxD
line will always return to the marking state
uhless SBRK is programmed.

R-44

Tx Disable command from halting trans-
mission until all data previously written has
been transmitted. The logic alsc 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 itself 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 tong as the B251A is not selected, the
RD and WR do not affect the internal opera-
tion of the device.

The 8251A Status can be read at any time
hut 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 tntel's new industry
standard, the MCS-85.

AFN-0: 5738



inU 8251A/52657

FUNCTIONAL DESCRIPTION

Goneral

The 8251A is 8 Univarsal Synchronous/Asynchronous Re-
caiver/Transmitter designed spacifical ly for the 80/85 Micro-
computer Systems. Like other /D devices in a Microcom-
puter System, its functional configuration is programmed
by the system's softwere for maximum flexibility. The
B8261A can support virtually any serial data technique cur-
rently in use {including IBM “bi-sync”).

In a communication erwironment an interface device must
convert parallel format system data into serial formar 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
unigue to the communication technigue. In essence, the
interface should appear *transgarent” 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 waords
and Status information are also transferred through the
Data Bus Buffer. The command status and data in, and
data out are separate B-hit registers to provide double
buffering.

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

RESET (Reast)

A "high” on this input forces the 8251A into an “ldle”
mode. The device will remain at “ldle’’ until & new set of
control words is written into the 82B1A to program i
functional definition, Minimum RESET pulse width is
6 tey (clock must be runningl,

CLK {Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 {TTL} 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.

WH (Write}
A “low” on this input informs the 8251A that the CPU is
writing data or control wards to the 8251A.

RD (Read)
A “low” on this input informs the 8261A that the CPU is
reading data or status information from the B251A,

CiD (Control/Data)

This input, in conjunction with the WR and RD inputs,
informs the 8261A that the word on the Data Bus is aither
adata character, control word or status information.

1= CONTROL/STATUS 0=DATA

CS (Chip Select)

A “low” on this input selects the 8261A, No reading or
writing will occur unless the device is selected. When CS is
high, the Data Bus in the float state and AD and WR will
have no effect on the chip.

TRANSMT
BUFFER  —=Ti0

l

TRANSMIT
LONTROL

[—s- T2RDY

[ THEMPTY
e THE

CONTROL

RECEIVE
<: BUFFER  fuw—FD
is-P

[ 1

l—wPAaROY
/ AECEW
INTE AL 1 c&ffm‘u et
DATA BUS e SYNDET/
BAKDET

Figure 3. 6251A Block Diagram Showing Data
Bus Butfer and Read/Write Logle

Functions
¢D AD WR S
o a 1D 8251A OATA = DATA BUS
0 1 D 0  DATABUS=B8251A DATA
1 Q ] [ STATUS = DATA BUS
1 1 1] o DATA BUS = CONTROL
x H t a DATA BUS = 3.8TATE
X x X 1 DATA BUS = 3.STATE
Modem Control

The B251A has a set of control inputs and outputs that can
be used to simplify the interface to almost any Modem. The
Modem controd signals are general purpose in naturs and
can be used for functions ather than Modem control, if
necessary.

AENST8
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DSR {Data Set Ready)

The D3R input signal is a general purpose, 1-bit inverting
input port. tts condition can be tested by the CPU using a
Status Resd operation, The D3R input is normally used to
test Maodem conditions such as Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is & general purpase, 1-bit invarting
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
Deta Terminat Ready or Rate Select.

ATS (Reques to Send)

The ATS output signal is a general purpose, 1-bit inverting
gutput port, It can be set “low’ by programming the ap-
propriate bit in the Command Instruttion word. The BTG
output signal is normally used for Modem control such as
Request to Send.

CTS {Clear to Send)

A “low” on this input enables the 82861A to transmit
serial data if the Tx Enabie bit in the Command byte is
sat 10 & “one.” I sithar &8 Tx Enable off ar CTS off condi-
tion occurs while tha Tx is in operation, the Tx will
transmit all the data in the USART, written prior to Tx
Disable commend before shutting down. On the 8251A/
62657 if CTS off or Tx Enabie off condition occurs before
the last character written appears in the sarigl bit stream,
that character will be transmitted again upon CTS on or Tx
Enable on condition,

Transmitier Butler

The Transmitter Buffer accepts parallel data from the Data
Bus Buffer, convarts it to & serial bit stream, inserts the
appropriate charscters or bits {based on the communica-
tion techniqus) and outputs a composite serial straarEf
data on the TxD output pin on the falling edge of TxC.
The transmitter will begin transmission upon being enabled
i TS = 0. The TxD line will be held in the marking
stats immediately upon a master Reset or when Tx Enable/
CT3 off or TXEMPTY.

Transmitter Control

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

TxRDY (Transmitter Asady)

This output signals the CPLF that the transmitter is ready to
accept a data character. The TxRDY cutput pin can be
used as an interrupt to the system, since it is masked by
Tx Disabled, or, for Palled operation, the CPU can check
TxRDY using a Status Read operation. TxRDY is auto-
matically reset by the leeding adge of WR when a data
character is (oaded from the CPU,

Note that when using the Polied operation, the TxRDY
status bit it not masked by Tx Enabled, but will only
indicate the Empty/Full Status of the Tx Data input
Register.

TXE (Tranamiiter Empty)

When the B251A has no characters to transmit, the TxEMP-
TY output will go “high”. it resets automatically upon re-
ceiving & character from the CPU it the tranmsmirtter is
snabled, TXEMPTY can be used to indicate the end of 8
transmission mode, 50 that the CPU “knows”™ when to “turn
the line around” in the half-duplexed 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 doet not go low
when the SYNC characters are being shifted out.

DATA
(L aus
o, '°n\r::> BUFFER

CLK A papwniTe
D] coNTROL

.4 LOGC
—]
i
[ 7. J |
m i)
oTh o i 1] recewe .
i BUFFER  f—ReP
444 ] . conden - 15 -
AT
/ e AanDY
AECE
INTERNAL - m':“gl_ e
DATA BLS .. svapET/
BAKDET

"

Figura 4. 8251A Block Diagram Showing Modem
and Tranamitter Buffer and Control
Functions

'I_'E (Transmitter Clock)

The Transmitter Clock controls the rate at which the char-
acter is t0 be transmitted. In the Synchronaus transmission
made, the Baud Rate (1x) is equal 1o the TxC frequency.
tn Asynchronous transmission meode the baud rate is &
fraction of the actual TxC frequancy, A pottion of the
mode instruction selects this factor; it can be 1, ¥/16 or
1/64 the TxC.

For Example:

If Baud Rate squals 110 Baud,
E equals 110 Hz {(1x)

TxL equals 1.76 kHz (16x)
TXC aquals 7.04 kHz (64x).

The falling edge of TxC shifts the serial data out of the
8251A,.
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Recelver Bulier

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

Recalver Control

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

The RxD initialization circuit prevents the B251A from
mistaking an unused input line for an active low data
line in the “break condition”. Before starting to receive
serial characters on the AxD line, a valid 1" must first
be detected after a chip master Reset. Once this has been
determined, a ssarch for a valid low (Start bit} is en-
abled, This feature is only active in the asynthronous
mode, and is only done once for sach master Reset.

The False Start bit detection circuit prevents false starts
due 10 a transient noise spike by first detecting the fatl-
ing edge and then strobing the nominal center of the
Start hit (RxD = Jow).

The Parity Toggile 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 jf 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 B261A contains a character
that is ready to be input to the CPU, Rx RDY 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 RxRDY 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
AxRDY, the Receiver must be enabled and a character
must finish assernbty and be transferred to the Data Output
Register.

Failure to read the received character from the Rx Data
Dutput 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. |f the Rx Data is
heing 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 {1x)}
15 equal to the actual frequency of RxC, In Asynchronous
Mode, the Baud Rate is a fraction of the actual BxC fre-

quency, A portion of the mode instruction selects this
factor; 1, 1/16 or 1/64 the fxC.

For Example:

Baud Rate equais 300 Baud, if
FAxC equals 300 Hz {1x)

RxC equals 4800 Hz {16x)
RxC equals 19.2 kHz (B4x).

E‘.‘_ﬂ Rate equals 2400 Baud, if
Rx( equails 2400 Hz {1x}

Ax=C equals 38.4 kHz {16x}
RxT equats 153.6 kHz {84x).

Data is sampled into the B281A on the rising edge of AxC,

NOTE: In most communications systems, the 82514 will
be bandling both the transmission and reception operations
of a single link, Consequently, the Receive and Transmit
Baud Rates wili be the same. Both TxC and FxC will re-
quire identical freguencies for this operation and can be
tied together and connected to a single frequency source
iBaud Rate Generator) to simplify the interface.

SYNDET (SYNC DetectWVBRKDET (Break Detect)

This pin is used in SYNChronous Mode for SYNCET and
may be used as either input Or output, programmable
through the Cantrol Word, It is reset to output mode low
uvpon RESET. When used as an output {internal Sync mode),
the SYNDET pin will go "“high™ to indicate that the 825614,
has tocated the SYNC character in the Receive mods, )f tha
B251A is programmed to use double Sync characters (bi-
sync), then SYNDET wiil go "high” in the middle of the
iast bit of the second Sync character, SYNDET is auto-
maticaily reset upon a Status Read operation,

e |
/L_I’\ DATA TRANSMIY
.ol Bus /:::) BUFFER  |—=T#01
Ll B e ? BUFFER -5
RESET .,
TRROY
CLX oY resomveuTe <::> IV I
e | canrnon, CONN“T*ROII. l—e-TxEMPTY
A__.q4 LOAC . m
wE o
-]
t
[ F— |
oEn
[ .
MODEM
A.
o CONTROL -0
s -
|
- RaRDY
.
INTERNAL AT
OATA BUS SYMDET!
BAKDET
st

Figure 5. 8251A Block Diagram Showing
Receiver Buffer and Controf Functions
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When used as an input (external SYNC detect mode), a
pasitive going signal will cause the B251A to start assam-
biing data characters on the rising edge of the next RxC.
Once in SYNC, the “high™ input signal can he removed.
When External SYNC Detect is programmed, the Internal
SYNC Detect is disabled.

BREAK DETECT {Async Mode Only)

This output wi!l go high whenever the receiver remains low
through two consecutive stop bit sequences {including the
stact hits, data bits, and parity bits). Break Dete¢t may also
be read as a Status bit. It is reset only vpon a mastar chip
Reset or Ax Data returning to a “one ™ state,

NOTE: On the B251A/S2657, if the RxData returns to a
“one" state during the last bit of the next character after
the break, break detect wiil latch-up, and the device must
be cleared by a Chip Reset,

¢ ADDRESS PUS 1
o
4 CONTRODL BUS,
_'ﬁ o w| ResET 27
Y ] I DATA nus I I m':[
[ D0, u REZEY  CLK
8Z51A

Figure 6. 8251A Interiace to 8080 Standard
System Bus

DETAILED OPERATION DESCRIPTION

Gengral

The comgplete functional definition of the 8251A is pro.
grarmmed by the system’s software. A set of contral words
must be sent out by the CPU to initialize the 8261A to
suppart the desired communications format. These control
words will program the: BAUD RATE, CHARACTER
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or
ASYNCHRONOUS OFERATION, EVEN/QDD/OFF PAR-
ITY. ete. In the Synchronous Moade, options are also pro-
vided to salect sither internal or external character synchro-
mizatian.

Qnee programmed, the 82514 is ready to perform its com-
munication functions. The TxRDY output is raised *hiph™
to signat the CPU that the 8251A is ready to receive a data
charscter from the CPU, This output {TxRDY) is reset
autoratically when the CPU writes a eharacter inta the
8251A. On the other hand, the B2B1A receives serial data
from the MODEM or /0 davice. Upon receiving an entire
character, the RxRDY output is raised “high” to signal the
CPU that the B251A has s complete character ready for the
CPU to fetch. RxROY is reset automatically upon the CRU
data read operation.

The B251A cannot begin transmission until the Tx Enable
{Transmitter Enable} bit is set in the Command Instruction
and it has received a Clear To Send {CTS! input. The TxD
output will be held in the marking state upon Reset.

Programming the 8251A

Prior 1o starting data transmission or reception, the B251A
must be loaded with s set of contre! words generated by
the CPU. These control signals define the complete func-
tional definition of the B2B1A and must immediataly fol-
tow a Raset operation (internal ar externall,

The contral wards are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general operational characteristics
of the 8261A. It must follow a Reset operation (internal or
external]. Once the Mode Instruction has been written into
the 8251A by the CPU, SYNC c¢haracters or Commana n-
structions may be inserted.

Command Instruction

This wurmat dafines a status word that is used to control the
actual operation of the 8261A,

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.

Al control wards written into the 8261A after the Mode In
struction will load the Command Instruction. Command
{nstructions can be written inta the B251A at any time in
the data block during the operation of the 8251A. To re-
twrn to the Mode [nstruction format, the mastar Reset bit
in the Command Instruction ward can be set to initiate an
internal Reset operation which automatically places the
8251A back into the Mode Instruction formgt. Cammand
Instructions must follow the Mode Instructions or Syne
characters.

L% P MODE |NSTRUCTION
e SYNG CHARACTER 1
BYNG MODE
_ v
[ SYNC CHARACTER 2 oNy
GG a1 | COMMAND INSTRUCTION

)

woeo = DATA

Cifi = 1 | COMMAND mETAUETION

ciiag L DATA J

b= COMRAND INSTRLC THON

Thy meand £¥ NC chemtoar b sieiprsd it MODE ieuction
hmx programmad sive 52515 1 single sharscter basmal SY NG
Wade. Bath $YHC avirachirs e kippd f MODIE Watretion
bt programmd e BXS14 to ARYNG mody.

Figure 7. Typlcal Data Block
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Mode Instruction Definltion

The 8251A can be used for sither Asynchronous or Syn-
chronous data communication. To understand how the
Mode instruction defines the functional operation of the
B251A, the designer can best view the device as two sepa-
rate components sharing the same package, one Asynchro-
nous the ather Synchronous, The format definition can be
changed only sfter a master chip Reset. For explanation
purposes the two formats will be isolated,

NOTE: When parity is enabled it is not considered a3 one of
the data bits for tha purpote of programming the word
iength. The actual parity bit receivad on the Rx Data line
cannot be read on tha Dats Bus. in the case of a pro-
grammad character length of less than 8 bits, the jeast
significant Data Bus bits will hold the data; unused bits are
“don’t care’” when writing data to the B251A, and will be
“zeros’” when reading the data from the 82514,

Asynchronous Mode (Transmisslon)

Whenever a data character is sent by the CPU the 8251A
sutomatically ados a Start bit (low lavel) followed by the
daty bits [least significant bit first), end the programmed
numbar of Stop bits to sach character. Also, an even or
odd Parity bit is inserted priar to the Stop bitis), as de-
fined by the Mode Instruction, The character is then trans-
mitted as a serial data stream on the TxD cutput. 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 TxT, 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 B251A
the TxD output remains “high’” (marking) unless 2 Break
{continuously tow} has been programmed.

Asynchronous Mods (Receive)

The RxD line is normaily high. A failing adge on this line
triggers the beginning of 8 START hit. The validity of this
START bit is checked by again strobing this bit at its nom-
inal centar (18X or 64X mode only). If a low is detscted
again, it is a vatid START bit, and the bit counter will
start counting, The bit countar thus lpcates the center of
the data bits, tha parity bit (if it exists} and the stop bits,
If parity arror occurs, tha parity ervor flag is set. Data and
parity bits are sampied on the RxD pin with the rising edge
of AxC, If a low level is detected as the STOP bit, the
Framing Error flag will be set, Tha STOP bit signals the end
of 8 character, Note that the receiver requires only one stop
bit, regardless of tha number of stop bits programmed. This
character is then loaded into the parallel [/Q buffer of the
B251A. The RxRDY pin is reised to signal the CPU that a
character is ready to be fetched. If a previous character has
not been fatched by the CPU, the present character replaces
it in the 1/O buffer, and the OVERRUN Error flag is raisad
{thus the previous character is lost). Al of tha error flags
can be reset by an Error Raset Instruction, The acgurrence
of any of these erfors will not affect the operation of the
8251A.
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Figure 8. Mode Instruction Format,

Asynchronous Mode
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Synchronous Modes (Transmission)

The TxD cutput is comtinuously high until the CPU sends
its first character to the 8251A which usually is a SYNC
character. When the CTS line goes low, the first character
is seriatly transmitted out, All characters are shifted out on
thve talling edge of TxC. Data is shifted out at the same
rate as the TxC.

Once transmission has started, the data stream at the TuD
output must continue at the TxC rate, If the CPU does not
provide the B251A with a data character before the 82514
Transmitter Buffers become empty, the SYNC characters
{or character if in single SYNC character mode) will be
automatically inserted in tha TxD data stream. In this case,
the TxEMPTY pin is raised high 1o signal that the 8251A is
empty and SYNC characters are being sent out. TXxEMPTY
does not 9o low when the SYNC is being shifted out (see
figure berow). Tha TXEMPTY pin is internatly reset by a
data character baing written into the BI51A.

AUTOMATICALLY INSERTED 8Y USART

oD m‘ulmu]m1lsvucz|mn] _____ I

FALLS UPON CPU WRITING A
TEMPTY / ; : : : : : ; \, / CHARALTER 7O THE USART

\\

N,
HOMINAL CENTER OF LAST BIT

Synchronous Mode (Roceive)

In this mode, character synchronization can be internaltly
or externally achieved. {f 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 AxC. The
content of the Ax buffer is compared at every bit boundary
with the first SYNC character until a match occurs, If the
A251A 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 synchronmization. The
SYNDET pin is then set high, and is reset automatically by
# STATUS READ. H 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
aprlying a high levet on the SYNDET 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 asynchronous mode of operation,

Parity error and overrun error are both checked in the same
way at 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 tost. This will also set all the
used character bits in the buffer to & “one", thus prevent-
ing & possible false SYNDET caused by data that happens
to be in the Rx Buffer at ENTER HMUNT time. Note that

the SYNDET F/F is raset at each Status Resd, regacdless ot
whather internal or external SYNC has been programmed.
This does not cause the 8261A 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 a2 second Status Read also indicates SYNDET,
then the programmed SYNDET characters have been re-
ceived since the previous Status Read, (1§ double character
sync has been programmed, then both sync characters have
been contiguously received to gata 3 SYNDET indication.]
When external SYNDET maode is selected, intemal Sync
Detect is disabled, and the SYNDET F/F may be set at
any bit boundary.
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Figure 10. Mode instruction Format,
Synchronous Mode
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Figure 11. Data Format, Synchronous Mode
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COMMAND INSTRUCTION DEFINITION

Once the functional definition of the B251A has been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for date communication. The Command instruction
controls the sctual operation of the selected format, Fune-
tions such as: Enable Transmit/Receive, Error Reset and
Modem Cantrols are provided by the Command Instructian.

Once the Mode Instruction has been written into the 82514
and Sync characters inserted, if necessary, then all further
"control writes” {C/D = 1) will load a Command Instruc-
tion. A Resat Operation {internal or externall will return
the 8251 A to the Mode Instruction format.

O Dby Oy O, Dy O, DB DOy

Ta EN'J

L TRANMSMIT ENABLE
7 = ennivie

0 « disbhe

EH A | RTS | ER | %BAK{ Ax€ | DTR

DATA TEAMINAL
READY _
“Pogh™ will {asce DTH

Suipul to iev0 1

RECEIWE ENABLE
1 = amable
0 = daxnble

SENC BREAK
CHARACTER
1+ tortm TaD “low”

d = normel Speralion

ERAODR RESET
1% rinal o flage
*€ QL FE

REQUEST TO SEND
“hugh* il torce RS
DUTpwT D Fevg

'NTERNAL RESET
“high” taturng B2 TA
Madr [natrucien Fanmar

ENTER HUNT MODE *
1 * wruph i for Svnc
Chaeactiry

*(HAS NOEFFECT
W ASYNC MODE]

Note: Erter RAsset must be performed whenever RxEnsble
sad Enter Hunt are progremmed.

STATUS READ DEFINITION

in data communication systems it is often 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 update is
inhibited during status read).

A normal “read”” command is issued by the CPU with C/D = 1
to accomplish this function,

Some of the bits in the Status Read Furmat have identical
meanings o external autput pins so that the 8251A can be
used in a campletely Polled enviranment ar in an interrupt
driven environment. TxRDY is an exception,

Note that status update can have a maximum delay of 28
clack periods from the actual event affecting the status.
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Note 1:  TxADY status bit has different meanings from the
TxRDY output pin. The foremer is nat conditianed
by ETE and TXEN: the latter is conditioned by bots
CT5 and TxEN,
ie. TXADY status bit = DA Byfer Empty

TxRDY pin out = 0B Buffer Empty - ICTS=0)-
CITxEN=1}

Figure 12. Command Inatruction Formai

Figure 13, Status Read Format
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APPLICATIONS OF THE 8251A
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Figure 15. Synchronous Interface to Terminal or

Peripheral Device
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . .

Storage Temperaturz . . .

Voltage On Any Pin

With Respect 10

Power Dissipation . . . .. . ... .. ... .

D.C. CHARACTERISTICS

Ground. . ... ...

Q°C w2070
. .=B5"Cto +1507C

. =05V 10 +7V
Lo T Watt

‘NOTICE: Stresses abave those fisted under 'Absoliste
Maximum Rafings” may cause permanent damage ¢ the

device. This is a stress rating only end functione! apara-
tion of the device af thase or any other conditions above
thase indicated in the operational sections of this speciti-

cation is not impfied. Exposure to ebsalute maximum

rating conditions for extended pariods may affect device
reliabitity.

{Ta = 0°C to 70°C, Vg = 5.0V =5%, GND = 0V)

Symbol Parameter Min. Max. Unit Test Conditions
Vi Input Low Voltage -0.5 0.8 v
Vs Input High Voltage 2.2 Vee v
VaL Output Low Voltage 0.45 A loL = 2.2 mA
Vomu Output High Volitage 24 v fom = -400 uA
loEL Output Float Leakage 10 “A VouTt = Vee TO 0.46V
e Input Leakage £10 A Vin = Voo TO 0.45V
Iee Power Supply Current 100 mA All Qutputs = High
CAPACITANCE (1, = 25°C. Ve = GND = 0V)
Symbol Parametor Min. Max. Unit Test Conditions
Cin Input Capacitance 10 pF tc = 1MHz
Cio 1fO Capacitance 20 nF Unmeasured pins returned to GND

A.C. CHARACTERISTICS

(Ta = 0°C to 70°C, Ve = 5.0V =5%, GND = V)

Bus Paramaters (Note 1)
READ CYCLE
Symbol Parameter Min, Max. Unit Test Conditions
LAR Address Stable Before READ (CS, C/D) 50 ns Note 2
tRa Address Hold Time for READ (CS, C/D) 50 ns Note 2
tHA READ Pulse Width 250 ns
tRD Data Delay from READ 250 ng 3,C = 150pF
oF READ to Data Flaating 10 100 s
8-53 AFN-01573D
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
Symbol Parameter Min. Max. Unit Test Conditionn }
taw Address Stablg 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 ] ns
tRY Recavary Time Batween WRITES 6 oy Note 4
OTHEA TIMINGS
Symbol Parameter Min. | Max. Unit Test Conditions
ey Clock Period 320 1350 ns Notes 5, 6
Clock High Puise Width 140 tev-g0 ns
Clock Low Pulse Width 90 ns
tq. tF Clock Rise and Fall Time 20 ns
10T TxD Delay from Falling Edge of TxC 1 Hs
fru Transmitter (nput Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate (]N) 310 kHz
64x Baud Rate DC 815 kHz
tTew Transmitter Input Clock Pulse Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 oy
1TPD Transmitter Input Clock Pulse Delay
1x Baud Rate 15 1oy
16x and 64x Baud Rate 3 1oy
fax Receiver Input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
tapw Receiver Input Clock Pulse Width
1x Baud Rate 12 toy
16x and 84x Baud Rate 1 oy
tRpo Receiver Input Clock Pulse Delay
1x Baud Rate 15 tcy
16x and §4x Baud Rate 3 toy
tTRDY TxRDY Pin Delay from Center of [ast Bit B toy Note 7
tTxROY CLEAR TxRDY | from Leading Edge of WR 8 oy Nate 7
TRXRDY RxRDY Pin Delay from Center of (ast Bit 24 tey Note 7
[ taRov CLEaR |  RXRDY + from Leading Edge of RD B toy Note 7
In | SYNDET Delay from Risi
- Ty e A
t External SYNDET Set-Up Time Before
€ xt;aliing Edge of H?Cup 16 tey Nots 7
YTxEMPTY TxEMPTY Deiay from Center of Last Bit 20 tey Note 7
twe Control Delay from Rising Edge of 8 tov Note 7
WRITE [ TxEn, OTH, ATS)
cR Contral ta READ Set-Up Time {DSR, CTS) | 20 oy Note 7
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A.C. CHARACTERISTICS (Continued)

AC timings measured Yo = 2.0, ¥ = 0.8, and with load circuit of Figure 1.

. Chip Select (CS) and Command/Data (C/D) are considersd as Addresses.

. Assumea that Address is valid betore Rpl.

. This racovery time is tor Mode Initialization only. Write Data is allowed only when TxRDY = 1. Racovery Time betwesen Writes for
Asynchronous Mods is 8 1oy and for Synchronous Made is 16 tey.

. The TxC and RxC frequencies have tha following limitations with respect to CLK: For 1x Baud Rate, t1, or fry = 130 toy); For 18x and

64x Baud Rate. f1y or fay € 1/(4.5 toy).

Resatl Pulaa Width = 6 toy minimum; System Clock must be running during Reset.

. Status update can have a maximum delay of 28 clock periods trom tha event aftecting the status.

~N@® o, Aun-é

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF) .

+20 l
!

IS 11| S -4 J—
g
1
-
g ! " gpee
5 !
7 W ,

L

=100 -B0 1] L35 =100
A CAPACITAMCE [pFi
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIACUIT
INPUTOUTPUT P

F X
ze 20 o914
> TEST POINTS <
5 auT
e
LE L

L

AC TESTING WNPUTS ARE DRIVEN AT 2 4V FOR A LOGIC | AND DASY FOR
ALOGHC O TIMING MEASUREMENTS ARE MADE AT 2 0v FOR A LOGIC 1
AND 08V FOR A LOGIC "0

nll—'

G, v 150 pF
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WAVEFORMS

SYSTEM CLOCK INPUT

ot 1
Y L -
CLOCK o y % 7

TRANSMITTER CLOCK AND DATA

T e -
T 11 MOOE) A _
TRT CHODE ) V\ﬂ

_"4 ]‘_‘nrl ‘nu_"i }‘_
X

ThDATA X

RECEIVER CLOCK AND DATA

1Ra BAUC COUNTER STARTS HERE|

Pn CATA _‘_/ ATANT T / DATA BIT X OATH AT

amm— T, Y

e —__

BRASCREARODS L 18 RaC FERIODS (V4 MODE}

= aemeoes \N\ANAVVAAMNVANAANVVVNAAPAANAANNNN

Ty, =T,
INT SAFLING

s .

WRITE DATA CYCLE ({CPU — USART)

TakDY |
”:_-] 1TARDY CLEAR
w W - L
o oW —-—«—-1 ™™D
‘T CA l—i—— DON'T CARE
CATA W {D0} Lo L { OATA s'rmz_}————--

ppu— I+ F—

aw ."—:.I

READ DATA CYCLE {CPU «— USART)

manDY ____/___‘—'\1

ja—e] muMOY CLEAR
. A
—{ |—1p I-— tof
DATA DUT (0.8.) DATA FLOAT {oaracwt actve DATA FLOAT

a ___F e

AFN-D15738



intel 8251A/52657

WAVEFORMS {Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

TR, AT X
MOTE o1 ot
_ | el
- :

F—u'w — o--I wo
DATA IN (DB —f —

L

%..- -+ raw P wa
1

'

[[E—

1

ol

[ —
= - AW i—-1m'l

READ CONTROL OR INPUT PORT (CPU «— USART)

03A, €TS8

INOTE =20 ~—)$_
e _-| L———— AR —— —_
i '|<
— lﬂ— 1RO — [~ ¢
CATAQUT )
ea) | S

—=] ag p— —={ 1AM fe—
£ A

[N
o q!n-ﬁ— -—--HMF:

NOTE a1 T INCLUDES TWE RESPONSE TIMING OF 4 CONTROL BYTE,
MOTE 23 T., INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITAY.

TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE)

L. SR i ) )’__
TTREMPTY —arf
Ta EMFTY 1
To READY !
(STATUS BT) y ' f

T J:
Ty READT [__j‘_‘ ' I \ !'_‘l_____

WrOATA 1 WrOATAZ W OATA D Wr DAY A A

#inl T

5 o mnn W I v f 7\

W Takn i W SANX

AL Y= G N

DATA CHAR 1 DATA CHAR 2 DATACHAR 3 h-tefate b K0
i DATA CHAR 4
55 3
s
$x -]
EXAMPLE FORMAT « 7 BIT CHARACTEA WITH PARITY & 2 5TOR BITS. =a s
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WAVEFORMS (Continued)

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE}

s T
P, |
L e ntar] T
At N e MmO S
. agy M
. r ¢ [,
«
‘_i-.c» T — i
L L | ‘_} '
- \ —V s 7
et T\ OO AT T
. b Y r TRATF e LR i
"~ m— i :. e g
L | AL AT AARSCTER REI RARTY & 7 {FOP LS IH é; i E:
28 isi3 i
TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE)
m ™ \
Ta dsTy \
srerssen, { [
Te "‘m f.._.—.. f_
o EOMRLNE
L0
ob b | S 1 i i 7 g 1
3 ™ oaTa ™ DATA e COMRALD oAl
CHAR 1T CHAR Y L] cu;la [ CHaA G
i
ATA [T RN T [T Makuml| $Ral NG [ ARG AT i
ARG STATE Han 1 a2 Cohl | 4ThE S kA Y Ty BIATL § J7alf | 3Tah cHany | cuaa
TeDATA oy wholek s Jef Eofafek ToRofoRelof RelloRoRofof JalsRolily sl efaRek ol ol 4f

LT
ARAPLE SORAT -5 T CHARACTIR STH FARITY § SYME CHARACTERE

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE)

o ae S} TN e

IrmoLT i - { [

OV RAUN paacran 2}
Eanom S Bt aons
Mu ADT i J
Al ITAT e ERR | MusTATUS
P STATS
”'_leu \ LYTH =z i
ks P DATA DR TS
CHAA CHAR Y
- 3 \
“ N\ /
domt v ot Gate naTA GATA (g Darh pata
[ 1] CHaN il 2 LAl 1} (1.7 ] EHAR ] CHAM Y| BTG SHAN T Do 1Al [] CHAN >
.y DATA cful afefs Al L Bl X R X e - Lo Y Lahed s R R e rEa o R e Y D r 2R R3Rel s N T o Ko Rad ol R ad ol Jod a R adnd - L)+ A =Y g+g  JtX 00 Lalla] + ] <] ¥4
CHAR ARy
. 7 CHAR MMV pECwS ¢ G
s T
A OxN BT moDE 1 o0k
#TIvRCDEY ST oM OET IBFATHF AT T ITNOLT (ETATUS T

MOTE v IR AL $XNC TATRE CAARACTERY § W TS WITH FLAITT
WOTE T [XTERMAL SYNL SMTS wiTH BARITY




intel
8253/8253-5
PROGRAMMABLE INTERVAL TIMER

s MCS-85™ Compatible 8253-5 » Count Binary or BCD

= 3 Independent 16-Bit Counters
a Single + 5V Supply
s DC to 2 MHz

» Programmables Counter Modes m 24-Pin Dual In-Line Package

The intel® B253 ix a prograinmablo counter/timer chip designed for use as anlIntel microcomputer peripheral. it usss
NMOS technology with a singla +5V supply and is packaged in a 24-pla plastic DIP.

It is organized as 3 independant 16-bit coupters, each with a count rate of up 10 2 MHz. All modes of operation are aoft-
ware programmable.

"t
fam—— LK O
A.—-— | DaTa (‘—"J <:> COUNTER
Q; 0, B BULS . [t———-— GATED
} °§r——'—v BuFFER | ] =0
e QUT
:: —n [ ax? o, {1 ~u Vee
- READS
WRITE K 3 T . GaATE o4z n 1w
By s ] LOGIC (i %w Y nm
a, ~————=f ouTt o, * Fil ml:
o,s nDa,
: 1 l o, e #9283 w4,
€5 — — 1 by whcx2
0, 17 oura
LK 2 cekol] @ 15 L] OATEZ
¢ONTROL outo(] 10 165 et
WORD [ <::> cou:l;zn e GATEZ cate ol 1 14 F16ATE
AEGISTER {™N—
l——— cut 2 GHGICJ 12 1 Jour
{
INTERNAL BUS / L
Figure 1. Block Diagram : Figura 2. Pin Configuration
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FUNCTIONAL DESCRIPTION
Qeneral

The 8253 is & programmable interval timer/counter
specifically designed for use with the intel™ Micro-
computer systems. its function is that of a general
purpese, multi-timing slement that can be treated as an
array of 170 ports in the aystem software,

The 8253 solves ons of the most common problems lnany
microcomputer system, the ganeration of accurate time
delays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to malch his requirements, initializes one aof the
counters of the 8253 with the deaired 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 multipte
delays can aasily ba maintained by assignment of priority
lovels.

Other counter/ftimer functions that are nen-delay in
nature but also common to most microcomputers can be
implemanted with the 8253,

* Programmable Rate Generator

« Event Counter

* Binary Rata Multiptiar

¢ Real Time Clock

* Digital One-Shot

¢ Complex Motor Controlier

Data Bus Buffer

This 3-atate, bi-directional, B-bit bulfer is used to interface
the 8253 to the system date bus. Data is transmitied or
racsived by the bulfer upon execution of INput or OUTput
CPU instructions. The Data Bus Butfer has three basic
functions.

1. Programming the MODES of the 8253,
2. Loading the count registers.
3. Reading the count values.

Aead/Write Logic

The Read/Writa Logic accapts inputs from the system bus
and in turn genarates control signals for overall device
oparstion. It is snabled or disablead by CS5 so that no
operation can cccur 10 change the function unleas the
device has been sefected by the gystem logic.

RD (Read)
A "low" on this input informs the 8253 that the CPU is
inputting data in the form of a counters vatue.

WR (Write)

A “low"” on thia input informs the 8253 that the CPU is
outputting data in the form of mode information or loading
counters,

AD, A1

These inpuis are normally connected 1o the addreas bue,
Thair function Is to selact one of the three counters 10 be
operated on and to address the control word register for
maoade selection,

&5 (Chip Select)

A “low™ on this input enables the 8253. No reading or
writing will occur unless the davice is selectad. The
input has n¢ effect upan the actual operation of the
counters.

CLK D
m":‘.“" l—— GATED
f—-cur 0
e ]
fAh E
: —— LK 1

COMTROL
< °°":‘,“" ja—— 3aTE 2

WA _4 Lo i
WMNE o C:> conTeR | ey
J ] —=oury
—t-UT]
/A.._
N ——

WORD
REGISTER
- OUIT I

INTERNAL BUS /

—t

Figure 3. Block Diagram Showing Data Bua Buffer and
Read/Write Logic Functions

Cs | AD | WR Ay | Ap

0 1 ] 0 0 Load Counter No. O
0 1 4] 0 1 Load Counter No. 1
Q 1 0 1 0 Losd Counter No, 2
0 1 ] 1 1 | Write Mods Word

0 4] 1 0 0 Read Counter Ne. 0
0 0 1 0 1 Read Counter No. 1
0 a1 1 | § | Read Countsr No, 2
i} 0 1 1 1 No-Operation 3-State
t X X X X Disabls 3-State

[1] 1 1 X X ho-Operation 3-Stata
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Control Word Reglster

The Control Word Register is seiected when AO, A1are 11,
It then accepts information from the data bus buffer and
atores it in a register. The intormation stored in this
register controls the operational MODE of sach counter,
aglection of binary or BCD counting and the loading of
aach count registar.

The Control Word Register can only be written into; no
rgad oparation of its conténts is available.

Counter #0, Counter #1, Counter #2

These three lunctional blocks are identical in opsrationso
only a single Countar wili be described. Each Counter
congists of a single, 16-bit, pre-settable, DOWN countar.
The counter can opsrate in either binary or BCD and its
input, gata and ouipul are configured by the selection of
MOQDES stored in the Control Word Ragister.

The countars are fully indspandent and &ach can have
separale Mode configuration and counting operation,
binary ar BCD. Aiso, there are special fealures in the
control word that bandle the loading of the count value so
that software overhead can be minimized for these
functions.

The reading of the contents of sach counter is available to
the programmer with simple READ operations for event
counting apptications and special commands and logic
are included in the 8253 so that the contants of gach
counter can be read “on the fly" without having to inhibit
the clock input.

8253 SYSTEM INTERFACE

The 6253 is a componsm of the intel™ Microcomputer
Syatems and interfaces in the aame manner as all other
peripherals of the famity. It is treated by the sysiems
software as an array of peripheral 1/Q ports; three are
counters and the fourth ia a controf ragister for MODE
programming.

Basically, the salect inputs A0, A1 cannect to the AO, Al
address bus signals of the CPU. The S can be derived
directly trom thas address bus using a linear selact method.
Or it can be connected to the output of a decoder, such as
an Intel® B205 for larger systems.

Dy
-1

- DATA
Ty o
BUFFER

INTERNAL EUS /

"

Figure 4. Block Diagram Showing Control Word

Register and Counter Functions

{ ADDAESS BUS (18} |

i~
5 CONTROL U5 !

7GR | oW

i UATA DTS 87 )

r

A Ay Q DyD;

K53
coug*rsn COUNTER COUNTER

D|.I1 GATE CLK OUT GATE Gt.l Tour 0.!1'! ﬂ.K

HERN

8-61

Flgure 5. 5253 System Inieriace
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M - MODE:

OPERATIONAL DESCRIPTION

o M2 M1 MO
General 0| o[ 0 jModeo
The complste functional definition of the 8253 is a 1] 1 | Modat
programmad by the systems software. A get of control X |1 0 | Mode 2
words mugt be sent out by the CPU to initialize each
counter ol the 8253 with the desired MODE and quantity X | 1] 1| Mded
information. Prior to Inltlalization, the MODE, count, and 1 | ol ol Medea
output of all counters |8 undefined. These control words ”
program the MODE, Loading sequance and selection of 1 a ' ode 5
vinary or BCD counting.
Once pragrammed, the B253 is ready to perlorm whatever BCD:
uiming tasks it is assigned to accomplish.
The actual counting operation of sach counter is o Binary Counter 16-bits
completely independent and additional logic is provided - -
on-¢chip so that the usual problems associated with 1 Binary Caded Decimal {BCD) Counter
efficient monitoring and management of external, {4 Decades}
asynchronous events or rates to the microcomputer
system have baen eliminated.
Programming the 8253 Counter Loading

All of the MODES for each counter are programmed by tha
systems software by simple {/O operations.

Each counter of the 8253 is individually programmed by
writing a control word into the Control Word Register.
(AD, A1 =11)

Control Word Format
D, Dg Ds Ds D3 Dz Dy Dg

{ sct [sco[mur | rio [M2] M1 [mo ] scD |

Definition of Control
SC — Select Counter:

8C1 sCo
0 0 Select Counter 0
D 1 Select Counter 1
1 0 Select Counter 2
1 1 llegal
RL — Read/Load:
RLT ALD
D 0 Counter Latching operation [see

READ/MWRITE Procedura Section}

1 o Aead/Load most significant byte only.
0 1 Read/Load |east significant byte only.
1 1 Read/Load least significant byte first,

ther: mast significant byte.

The count register is not loaded untl) the count value Is
written (one or two bytes, depending on the mode
selected by the BL bita), followed by a rislng edge and a
talling sdge of the clock, Any read of the counter prior to
that failing clock edge may yleld invalid data.

MODE Definllion

MODE 0: Interrupt on Terminal Gount. The output wili
be Inilially 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 wilt count. When ter-
minal count is reached the output will go high and re-
main high until the selected count reglster Is reloaded
with the mode or a new count is loaded. The counter
continues to decrement after terminal count has besn
reached.

Rewriting a countar register during counting results in
the followlng:

{1) Write 1st byte stops the current counting.
{2) Write 2nd byte starts the new count.

MODE 1: Programmable Ons-Shol. The output will go
low on the count following the rising edge of the gate in-
put.

The cutput will go high on the terminal eount. If a new
count value is loaded while the output is 1ow 1t will not
affect the duration of the one-shot pulse until the suc-
ceeding trigger. The current count can be read at any
timea without affacting the one-shot puise.

The one-shot is relriggerable, hence the output witl ra-
main low for the full count after any rising edge of the
gate input.
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MODE 2: Rate Ganerator. Divide by N counter. The out-
put whi be low for one period of the Input cliock. The
period from one oulput pulse to the next equals the
number of input counts in the caunt register. If the
count register Is reloaded between cutput puises the
prazent period will not be atfected, but the subsequent
period will reflect the new value.

The gate input, when low, will force the output high.
When 1he gate Input goas high, the counter wilt stan
from the initial count. Thys, the gate input can be used
to synchronize the counter.

When this mode is set, the output witl remain high uniit
after the count reglster is loaded. The cutput then can
aiso be synchronized by sofiware.

MODE 3. Square Wave Rate Generator.Similar to MODE
2 axcept thal the output will remain high until one half
the count has been campleted {for even numbers} and
go low for the other half ot the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each ¢lock pulse. When the counter reaches
terminal count, the state of the cutput 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 ciock pulses decrement the clock by
2. After timeout, the gutput 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 cound by 2 until timeout. Then Lhe whole
process is repealed. In Lhis way, if the count is odd, the
output will be high for (N+ 1¥2 counts and low for
(N — 1)/2 counts.

MODE 4: Soltwars Triggered Sirobs. After the mode s
set, the output will be high. Whan the count is loaded,
the countar will begin counting. On terminal count, the
output will go low for one input clock period, then will
go high again.

If the count reglster is reloaded between output pulses,
counting will continue from the new vatue. The count
will be inhibited while the gate input is low. Reloading
the counter register will restart counting beglnning with
the new number.

MODE §: Hardware Trggered Strobe. The counter wilt
start counting afier the rising edge of the trigger Input
and will go low for one clock perlod when the terminal
count is reached. Tha counter Is retriggerable. The out-
put will not go {ow untll the full count after the riging
edge of any trigger.

Signsl Law
Status Or Golng
{Modes Low Rising High
a Dizables — Enapies
counting counting
1 - 1] Inhales -
countng
21 Resets output
attar naut clock
2 1} Dhsaties
counting " ::lom Enapies
21 Sets cutpin couniing
2 Inltlates
immechalely countin
hugh o 9
K| 1] Cisabies
counting Intales Enabies
21 Sels aulput counhing counting
wmmediately
high
4 Oisables — Enables
counling counting
5 - Initiates _—
counting

Figure 6. Gaie Pin Operations Summary
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MODE 0: Interrupt on Terminal Count

wkn I I V 0
L}
4 2 ¥
CUTPUT UINTERAVPT) L
In=4 P—f—u———b
]
H ;
Wim 1l - ' ;
I ]
I 1
GATE p | I
B & 3
OUTPUT (INTERALFT] 1 ' ' i
o m 5] — [——
A B
A+B=m

MODE 1: Programmable One-Shot

ewoex _MUMALALAM M ULUUUUL
meL

TRMGGER

ouTRUT gy VR —

[LEE
mmiaoen__f=—__r——
4 3 2 &+ 3 2 31 0

MODE 2. Rate Generator

exock SUMULMAUrLAMLIU UL,

Wi . -2
4 3 2 7 QM3 2 1 mmd: Yo
QuUTrIT LS  y
my T 2 1 W F 1 2t
OUTMUT (= B y I r_r
REBET 1 I

MODE 3: Square Wave Generstor

4 2 4 2 0 2 4 2 4 2 4t 3
ot ead [ 1 J 1 ¥ 1 -

$ 4 2 5 2 3 4 3 8 2 6 4 32
wTPUT ey 1 I 1 J

MODE 4: Sofiware Triggered Sirobe

swex UMMM

Lol ETTS )
4 3 2 1 0
QUTPUT LF
waon ™ Lasaf
GATE | | ||
4 4 3 2 3 0
ouTeuT g

MODE 5; Hardware Triggered Sirobe

e LA MMUULAALANN.
e

4 3 ¢ 1 0
QUIPUT In=d) | N

CUTPUT |n = 83 b

Figure 7. §253 Timing Diagrams
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8253 READ/WRITE PROCEDURE
Write Operaiions

The systema soltwars 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 (1 or 2
prior to actually using the salected counter.

The actuat order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence ol counter selection, a.g., counter #0 does not
have 1o 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. (SCQ, SC1)

The loading of the Count Register with the actual count
value, however, must be dona in exactly the sequence
programmed in the MODE control word (RLD, RL1). This
toading of the counter's count register is still seguence
independent like the MODE control word loading, but
when a selected count ragister is 10 be loaded it must be
loaded with the number of bytes programmed in the
MOCE control word {RLO, RL1). The oneg or two bytes Lo
be lcaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time Icliowing the MODE control word [oading 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 wil resylt in the
maximum ¢ount {2'% for Binary or 10*for BCD). InMODE 0
the new count will not restart until the Ioad has been
completed. It will accept one of twe bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation.

MODE Control Ward
Counter n

Count Register byte
Counter n

Count Register byte
Counter n

Lse

MSB

Mate: Format shown iz a simple axample of laading the B253 and
coes not impty that it is the only format that can be used.
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Figure 8. Programming Format

Al | AD
MODE Contral Worg
No. 1 Counter ! !
MOCDE Control Word
No. 2 Counter 1 ! !
3 MOOE Control Word 1 1
‘ Counter 2
No.4 | LSB Count Register Byte o 1
Counter 1
Count Register Byte 0 1
Noe. 5 | MSB Counter 1
Count Register Byte
MNo. 6 ; LSB Counter 2 1 0
Cotnt Register Byte
No, 7
o MSB Counter 2 1 0
Count Register Byte
No.8 [ LS8 Counter 0 0 0
Count Register Byte
No.
0.9 | MSB Counter D 0 1

Note: The exclusive addresses of each counter's count register maks
the task of programming the 8253 a very simole matter, and
maximum effactive vse of the device will result if this feature
is fully utilizad,

Flgure 9. Altarnate Programming Formals
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8253/8253-5
Read Operations Read Operation Chart
in most counter applications it becomes necessary to read 21 RD
the valug of the counl in progress and make a A0 _
compulational decision based on this quantity. Event 0 0 0 Read Counter Ne. O
counters are probably the most common application that
uses this function. The 8253 comains logic that will allow 9 ! 0 Read Counter No. 1
the programmer to easily read the contents of any of the 1 ¢] 0 Read Counter No. 2
three courters without disturbing the actual count n 1 1 0 iMegal
progress.
There are two methods that the programmer caa use to Reading While cmn“m

read the value of the counters. The first method involves
the use of simple /0 read operations of the selected
counter. By controfling the A{. A1 inputs to the 8253 the
programmer ¢an select the counter {0 be read (remember
that no read operation of the mode ragister is atliowed AD.
Al1-11). The only requirement wilh this methed 1s that in
order to assure a stable count reading the aciual operation
ot the selected counter musl be inhibited erlher by
controlling the Gate input or by external logic thatinhibits
the clock snpul. The contents of the counter selecied will
be available as follows:

first 1/0 Aead contains the least significant byte {L5B}.

second 1/Q Read contains the most significant byte
{MSB).

Due to the internal logic aof the 8253 it is absolulety
necessary io complete the entire reading procedure. If iwo
bytes are programmed (o be read then two bytes must be
read before any loading WR command can be sent Lo the
sameg counier,

In arder for the programmer 1o read the contents of any
counter without efftecling or disturbing the counting
operation the 8253 has special internal logic that can be
accessed using simple WR commands to the MODE
register. Basically. when the programmaer wishes 1o read
the contenis of a selected counter "on the fly” he loads the
MODE register with a special code which latches the
present coun! value into a storage register so that its
contents contain ap accurate, slable quantity. The
programmer then issues a normat read command 1o the
selected counter and the contenis of the latched register is
avaitable.

MODE Register lor Latching Count

AD, A1 =11
D7 Dt | DS | DA | D3 | D2 | D1 | DD
SC1 | SCO Y 0 X X X X

SC1,5C0 — specify counter 10 be latched.
05.D4
X

The same timltation applies to this mode of reading the
counter as the pravious method. That is, il i3 mandatory

to complete the entire read operation as programmed.
This command has no effect on the counter's mode.

— 00 designates counter latching operation.
— don’l care.

CLK

* 1.5MHz

CLK

“I1 s BOBS clock oulput is to drive an 82535 clock inpul, it musat be raduced to 2 MHZ OF lass.

682535

Figure 10. MCS-85™ Clock Interface*
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature tdnder Bias ... PCwTrCc
Storage Temperature ......... -65°Cto+150°C
Voltage On Any Pin

With Respect to Ground . —05Vto+TY
Power Dissipation ... ... ... . ... ... 1 Watt

‘NOTICE: Stresses above those fisted under “Absolute
Maximum Retings” may cause permeanent damage to the
davice. This is a stress rating only and functional opera-
Hon of the device at thase or any other conditions above
those indicated in the operational sections of this
spacification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may aftect
device reliabllity.

D.C. CHARACTERISTICS (T, = 0°C to 70°C, Vo = 5V =10%)

Symbol Parameter Min. Mex. Unit Test Condltions
ViL Input Low Voitage 0.5 0.8 v
Viy lnput High Voltage 22 Voo +. 5V v
Voo Qutput Low Voltage 0.45 v Note 1
Vou Qutput High Voltage 2.4 v Note 2
b input Load Current 10 A Vin = Ve to OV
loFL Qutput Float Leakage 10 HA Vout = Voo te OV
oo Ve Supply Current 140 mA
CAPACITANCE (1, = 25°C, vgc = GND = OV)

Symbol Parameter Min. Typ. | Max. | Unit | Test Conditions

Cin Input Capacitance 10 pF fc=1MHz

Cio 140 Capatitance 20 pF Unmeasured pins returned 1o Vge

A.C. CHARACTERISTICS (14 = 0°C to 70°C, Vg = 5.0V 5%, GND = 0V}

Bus Parameters (Note 3)

READ CYCLE
8253 82535
Symbol Paramuater Min. Max. Min. Max, Unkt

1AR Address Stable Before READ 50 a0 ns
tRA Address Hold Time for READ 5 & ns

e —
tAR READ Pulse Width 400 300 ns
tRD Data Deiay Fram READ[4] 300 200 ns
toe READ to Data Floating 25 128 25 100 ns
try Recovery Tima Between READ 3 1

and Any Qther Control Signai HE
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8253/8253-5
A.C. CHARACTERISTICS (Continued)
WRITE CYCLE
8263 82535
Symbol Parameter Min, Max. Min. Max Unit
taw Adidress Stable Before WRITE 50 K| s
twA Address Hold Time for WRITE 30 20 ns
W WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 s
WD Deta Hold Time for WAITE 40 0 ns
tAv Recovery Tims Setwaen WHRITE 1 1 Hs
and Any Other Control Signal
CLOCK AND GATE TIMING
8253 B263-B
Symbol Paramater Min. Max. Min, Max, Unit
teLK Clock Period 380 de 380 de ns
TPwH High Pulse Width 230 230 ns
tPweL Low Pulse Width 180 150 ns
tow Gate Width High 150 150 ns
6L Gate Width Low 100 100 ns
tas Gate Set Up Time to CLKT 100 100 n&
GH Gate Hold Time After CLK? 50 50 ns
top Qutput Delay Fram CLK{[4) 400 400 ns
topa Output Delay From Gatel [4] 300 300 ns
NOTES:
1. lgL = 2.2 mA,
2. lop = —400 uA.

3. AC timings maasured at Vou 2.2, VoL = 0.8.

4, CL = 150pF.

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

24

=X

AND T8V FOR A LOGIC 0

AC TESTING. INPUTS ARE DAIVEN AT 2 4Y FOR A LOGIC 17 AND (.45 EOR
ALDGIC O TIMHNG MEASUREMENTS ARE MROE AT 20 FOR A LOGIC 1°

DEVICE
1]

-
1

CL INGLUDES M3 CAPWCITANCE

AFN-7458
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WAVEFORMS
WRITE TIMING READ TIMING
1 | ; !
LD | X WD i X
I-——---— taw — — ‘mJ‘— i‘— = —-’! ‘4"”
DATA BUS X_ K_ & s- o f
L——“nu—"‘- ‘ND—'i —={'np -"'I ToF jv—
L / 0ATA BUS77 70 wicr WeoRNeE D7) vaLid faran
GFL 5 G MPEDANCE | LI0 [ HIGH IMPECANGE
CLOCK AND QATE TIMING
) [t f LK tgg —et fa—
“_J N N
Ty tau
GATEq j & S
tan g ——=t - Fe g =}
QUTPUT O X XL
b — — 10—
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GENERAL INFORMATION

The Nabu Floppy Disk Drive Controller Board (AFC-1100), can
operate any combination of up to four full-size {B") or mini
(5.25") floppy disk drives simultaneously on the S§-100 bus,
This controller is compatible with Shugart, Remex, Memorex,
Pertec, 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

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 sBupporting 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 US
(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 iIs the write precompensation
circuit, which contains the remaining part of U5 and a WD21l43
(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 PD1793,
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:

Port Address Data Read Data Write
F3H Drive status Drive command
F4H Status register Command register
P5H Track register Track register
F6H Sector register Sector register

F7H 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:

Do DRSEL1 Drive 0 (A) selected

D1 DRSEL2 Prive 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

Dé DDEN Single density selected

D7 2-SIDED Single sided diskette in

drive

Do DRSEL1 Selects drive ¢ (A)

Dl DRSEL2Z2 Selects drive 1 (B)
Drive D2 DRSEL3 Selects drive 2 (C)
Command D3 DRSEL4 Selects drive 3 (D)

D4 SIDE 1 Selecte side 1 of drive

DS - Selects 5.25" drive

D6 DDEN Selects single density

D7 - Enables wait states

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).

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 1logic, or by software control. The Nabu 1100 System
uses software selection,



Hardwire selecticn :

LLJ

g" Jumper 2 and 3

5.25" : No jumper

Software selection : Jumper 1 and 2

iming Adiust "

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 VvCO (U7). Also,
the four phase clock generator (U6) for the precompensation
circuit, must be adjusted for proper operation,

The adjustments are performed on RR1, 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 of the Disk Drives

The 50-pin header strip (J2), connects all large (B™) drives
to the board; and the 34-pin header strip {J1 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.



NABU AFC~1100 PLOPPY DISK DRIVE CONTROLLER BOARD

PARTS LIST

Ul 7805 5 V positive voltage regqulator

U2 7812 12 V positive voltage regulator

U3, 029 74LS367 Hex bus driver

U4, Ulé 74LS123 Dual retriggerable monostable multi-
vibrator with c¢lear

U5 WD1691 Floppy support logic (Western Digital)

Ué WD2143 Four phase clock generator {Western
Digital)

U7 745124 Dual voltage—controlled oscillator

Us 74L520 Dual 4-input NAND

U9, U100 7406 Hex inverter

Ull FD1793B Floppy disk controller chip (Western
Digital)

ul2 74LS157 Quadruple 2-line-to-l-line multi-

’ plexer

Ul3, V20, T4L5244 Octal buffer/line-~driver with

U24, U25 3-state outputs

Ul4 7418138 3-to-8-1line decoder/demultiplexer

Ulb 74L85273 Octal D-type flip-flop

Ul7 74L502 Quadruple 2-input NOR

Uls, U021 74LS00 Quadruple 2-input NAND

ul9 74L504 Hex inverter

U22, D23, U26 74LS74 Dual D-type positive-edge-triggered
flip-flop with preset and clear

027, 028 74LS10 Triple 3-input NAND

Diodes:

D1, D2 1N914A Silicon switching diode

Ccl, Clé 68 pF

c2, C4, C5

c6, C7 10 uF, 35 V tantalum electrolytic

c3, C8-C9, Cl2,

Cl4-C15, C17-C22 0.1 pF

Clo0 .33 uF stacked film capacitor

Cll 82 pPF

C13 47~51pF

R1-R6 150 .

R7 12 k L

RB, 5.1 kdA\

R9 3.6 k v



R10
R11-R1l3
R14-R1l6
R17
R18B
R19
RR1
RR2
RR3, RR4
RN1

Quantity

1

R RN O N

U b O Sl

iDt]

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
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FD179X Application Notes

INTRODUCTION

Over the past several years, the Fioppy Disk Drive has
become the most popular on-line storage device for
mini and microcomputar systems. ts 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 Heost
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-ctocking serial data stream, some means of sep-
arating the clock from the data and assembling this
data in paraliel form must be accomplished. Data is
stored on individual Tracks of the media, requiring con-
trol of a stepper motor 10 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, Westem Digital has developed a Family of LSl

Floppy Disk controlier devices. Through its own set of

macro commands, the FD179X Controller Family will
perform all the functions necessary to read and write
data to the drive. Both the 8” standard and 5%” mini-
floppy are supported with single or double density re-
cording techniques. The FD179X is compatible with
the IBM 374G (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”
devicas, with the Double Density Enable pin (DDEN)
left open by the user. 8oth 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 controlied through the Command Register.

SYSTEM DESIGN

The first consideration in Floppy Disk Design is to de-
termine which type of drive to use. The choice ranges
from single-density single sided mini-fioppy 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 additionat circuitry needed to ac-
curately recover data with extreme bit shifts. The byte
transfer time defines the nominal time required to
transfer one byte ol data from the drive. If the CPU
used cannot service a byte in this time, then a DMA
scheme will prebably be required. The 179X also needs
a few microseconds for overhead, which is subtracted
from the transter time, Figure 3 shows the actual ser-
vice times that the CP1J must provide on a byte-by-byte
basis. If these times are not met, bytes of data will be
lost during a read or write operation. For each byte
transferred, the 179X generates a DRQ (Data Re-
quest} signal on Pin 38, A bit is provided in the status
register which is also set upon receipt of a byte from
the Disk. The user has the option of reading the status
register through program control or using the DRQ Line
with DMA or interrupt schemes. When the data register
is read, both the status register DRQ bit and the DRQ
Line are automatically reset. The next ful byte will
again set the DRQ and the process continues until the
sector(s) are read. The Write operation works exactly
the same way, except a WRITE to the Dala Register
causes a reset of both DRQ's.

RECORDING FORMATS

VEMBER, 1960

2

The FD179X accepts data from the disk in a Fre- .

quency-Modulated (FM) or Modified-Frequency-Mod-
ulated (MFM) Format. Shown in Figures 4A and 4B are
both these Formats when writing a Hexidecimal byte
of 'D2'. In the FM mode, the 8 bits of data are broken
up into “bit cells.” Each bit col begins with a clock
puise and the center of the bit cell defines the data. If
the data bit = 0, no pulse is written; if the data = 1,
a pulse is written in the center of the cell. For the 8"
drive, each clock is written 4 microseconds apart.



In the MFM mode, clocks are decoded into the data
stream. The byte is again broken up into bit cells, with
the data bit written in the center of the bit cell if data
= 1. Clacks are onty 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 rmuch data can be recorded without increasing the
Frequency rate due to this encoding schems.

The 179X was designed 1o 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 welt stud-
ied formats will insure a high degree ot 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 tose popularity,
mainly due to the unavailability of a standard and the
limitation of sector lengths imposed by the physical
sector holes in the diskette.

PROCESSOR INTERFACE

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

Shown below are the registers and their addresses:

PIN3[PIN6 [PINS]  PIN 4 PIN 2
cs | A | A RE=£' WE=0
o | o | 0 |STATUS REG | COMMAND
| rReEG
0 | 0 | 1 |TRACKREG |TRACK REG
0 | 1 0 |SECTOR REG | SECTOR REG
0o | 1 1 |DATAREG |DATA REG
1 X | X |H1-Z H1-2

Each time a command is issued to the 179X, the Busy
bit is set and the INTRQ (interrupt Reguest} Line is
reset. The user has the option of checking the busy bit
or use the INTRQ Line to denote command comple-
tion. The Busy bit will be reset whenever the 179X is
idle and awaiting a new command. The INTRQ Line,
once set, can only be reset by a READ of the status
register or issuing a new command. The MR (Master
Reset) Line does not affect INTRQ.

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

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

PERATION | NEXT DELAY REQ'D{-
OPERATION
ITE TO READ STATUS [MFM = 14us*
COMMAND REG | REGISTER FM = 28us.
RITE TO READ FROM A | NO DELAY
NY REGISTER | DIFFERENT REG

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

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

The MR or Master Reset Line should be strobed a
minimum of 50 microseconds upon each power-on
condition. This tine clears and initializes all internal reg-
isters and issues a restore command (Hex ‘03') on the
nising edge. A quicker stepping rate 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
TROOQ sensor.

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



FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three
sections: Motor Controi, 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-collecior TTL inter-
tace with high cument drive capabitity. This must be
done on all cutputs from the 179X. Inputs to the 179X
may be buffered or tied to the Drives outputs, providing
the appropriate resistor tarmination networks are used.
Undershoot should not exceed ~0.3 volts, while integ-
rity of V,, and V,, levels should be kept within spec.

MOTOR CONTROL

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

Other Control Lines include the IP or Index Puise. This
Line is tied to the drives' Index LE.D. sensor and
makes an. active transition for each revolution of the
diskette, The TROO Line is another L.E.D. senser 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 Signa! selected by option jumpers
on the drive. The 179X will look at the ready signal prior
to executing READ/WRITE commands. READY is not
inspected during any Type | commands. All Type |
commands will execute regardless of the Logic Level
on this Line,

WRITE SIGNALS

Writing of data is accomplished by the use of the WD,
WG, WF, TG43, EARLY and LATE Lines. The WG or
Write Gate Line is used to enable write current at the
drive’s R/W head. It is made active prior to writing data
on the disk. The WF or WRITE FAULT Line is used to
inform the 179X of a failure in drive electronics. This
signai is multiplexed with the VFOE Line and must be
iogicaliy separated if required. Figure 5 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. I not required on
the drive, TG43 may be left open.

WRITE PRECOMPENSATION

The 179X provides three signals for double density
Wiite Precompensation use. These signals are WRITE
DATA, EARLY and LATE. When using single density
drives (eighter 8" or 51"), 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 54" 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,

check with the manufacturer for the proper configura-
tion required.
The amount of Precompensation time also varies. A
typical vatue will usualty be specified from 100-300ns.
Regardless of the parameters used, Write Precom-
nsation must be done external to the 179X. When
DEEN is tied low, EARLY or LATE will be activated at
least 125ns. before and after the Write Data pulse. An
Algorithm intarnal the 179X decides whether to raise
EARLY or LATE, depending upon the previous bit pat-
tern sent. As an example, suppose the recommended
Precomp value has been specified at 150ns. The fol-
lowing action should be taken:

EARLY  LATE ACTION TAKEN
0 ¢  delay WD by 150ns (nominal)
0 1 delay WD by 300ns (2X value)
1 0 do not delay WD

There - are two methods of performing Wirite
Precompensation:

1} External Delay elements

2) Digitally
Shown in Figure 6 is a Precomp circuit using the West-
e Digital 2143 clock generator as the delay element.
The WD pulse from the 179X creates a strobe to the
2143, causing subsequent output pulses on theg1, 42
and #3 signals, The 5K Precomp adjust sets the de-
sired Precomp value. Depending upon the condition of
EARLY and LATE, 21 will be used for EARLY, 92 for
nominal (EARLY = LATE = 0), and 23 for LATE. The
use of “one-shots” or delay line in a Write Precom-
pensation scheme offers the user the ability to vary the
Precomp value. The 84 output resets the 74LS175
Latch in anticipation of the next WD pulse. Figute 7
shows the WD-EARLY/LATE relationship, while Figure
8 shows the timing of this write Precomp scheme,

Another method of Precomp is to perform the function
digitally. Figure 9 illustrates a relationship between the
WD pulse and the CLK pin, allowing a digital Precomp
scheme. Figure 10 shows such a scheme with a pre-
set Write Precompensation vatue of 250ns. The syn-
chronous counter is used to genaerate 2MHz and 4MH2
clock signals. The 2MHz clock is sent to the CLK input
of the 179X and the 4MHz is used by the 4-bit shift
register. When a WD puise is not present, the 4MHz
clock is shifting “ones” through the shift register and
maintaining Qp at a zero level, When a WD puise is
present, a zero is ioaded at either A, B, or C depending
upon the states of LATE, EN PRECOMP and EARLY.
The zero is then shifted by the dMHz clock until it
reaches the Qp output, The number of shift operations
determines whether the WRITE DATA pulse is written
early, nominal or iate. If both FM and MFM operations
is a systom requirement, the output of this circuit should
be disabled and the WD puise 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 signal to clock each RAW READ
pulse into the device. An ideal Data Separator would
have the leading edge of the RAW READ pulse occur
in the exact center of the RCLK strobe.

Motor Speed Variation, Bit shifts and read amplifier
recovery circuits all 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 wil 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 freguency
can be made. If pulses are ocouring 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 maich 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, untii 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
misieading, 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 lpaded 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 wili output
random puises when the head is disengaged, VFOE
can prevent an erratic RCLK signal during this time. ¥
the Data Separator requires synchronization during a
known pattern of one's or zero's, then RG (READ
GATE) can be used. The RG signal will go active when
the 179X is currently over a field of zeros or ones. RG
is not available on the 1795/1797 devices, since this
signal was replaced with the SSO (Side Select Output)
Line.

Shown in Figure 11 is a 2%2 IC Counter/Separator. The
7405193 free runs at a frequency determined by the
CRYCLK input. When a RAW READ pulse occurs, the
counter is loaded with a starting count of '5'. When the
RAW READ Line returns to a Logic 1, the counter
counts down to zero and again free runs. The 74LS74
insures a 50% duty cycle 1o the 179X and performs a
divide-by-two of the Qg 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 puise to the phase
of VFO CLK + 2. f VFO CLK + 2 is lagging the
SHAPED DATA puise an output pulse on #9, U2 is
generated, The filterfamplifier converts this pulse into
a DC signal which increases the frequency of the VCO.
¥, correspondingly, CLK + 2 is leading the SHAPED
DATA pulse, an output puise 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" o
*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
s0 VFOE is sampled on each rising edge of VFO CLK
QUT. 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
VFC CLK OQUT, again preventing any glitches on the
RCLK output.

Figure 14 ilustrates 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, aliowing low chip count and PLL re-
liability. The 745124 supplies the free-running VCO
output. The PUMP UP and PUMP DOWN signals from
the 1691 are used 1o control the 745124’s frequency.



COMMAND USAGE

Whenever a command is successfully or unsuctess-
fully completed, the busy bit of the status ragister is
reset and the INTRQ line is forced high. Command ter-
mination may be detecied either way. The INTRQ 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-
farming both an INTRQ and a busy bit check is not
recommended because a read of the status register to
determine the condition of the busy bit will reset the
INTRQ line. This can cause an INTRQ from not
ocCurning.

RESTORE COMMAND

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

READ TRACK COMMAND

The READ TRACK command can be used to manually
inspect data on a hard copy printout. Gaps, address
marks and all data are brought in to the data register
during this command, The READ TRACK command
may be used to inspect diskettes for valid formatting
and data fields as well as address marks, Since the
179X does not synchronize clock and data until the In-
dex Address Mark is detected, data previous to this 1D
mark will not be valid. READ GATE (RG) is not ac-
tuated during this command.

READ ADDRESS COMMAND

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

FRACK &DE}SECTOH] CRS

LENGTH 1 2

'CRC|CHC‘

The READ ADDRESS command as well as all other
Type Il and Type |it commands will not execute if the
READY line is Inactive {READY := (). Instead, an in-
terrupt will be generated and the NOT READY status
bit will be setto a 1.

FORCED INTERRUPT COMMAND

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

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

IMMEDIATE INTERRUPT

—
o
i

—h
1

e
W
noil

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

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

The conditional interrupt is enabled when the corre-
sponding bit positions of the command (I, —1,} are set
toa 1. Ifl, -, are all setto zero, no interrupt will occur,
but any command presently under execution will be
immediately terminated upon receipt of the Force In-
terrupt command (HEX DQ).

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 {I; = 1). If this command is loaded into the
command register, an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command register
will not automatically clear the interrupt; another forced
interrupt command with |; —I, = 0 must be loaded into
the command register in order to reset the INTRQ from
this condition.

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

DATA RECOVERY

Occasionally, the R/W head of the disk drive may get
"off track”, and dust or dirt may get trapped on the
media. Both of these conditions will cause a RECORD
NOT FOUND andfor 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

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



FIGURE 1. DEVICE CHARACTERISTICS

DEVICE SNGL DENSITY | DBLE DENSITY | INVERTED BUS| TRUEBUS | DOUBLE-SIDED

1791 X X X

1792 X X

1793 X X X

1794 X X

1795 X X X X

1707 X X X X

FIGURE 2. STORAGE CAPACITIES
UNFORMATTED BYTE FORMATTED
CAPACITY (NOMINAL) | BYIE CAPACITY

SIZE DENSITY | SIDES |PER TRACK| PER DISK TIME  1peR TRACK| PER DISK
5% SINGLE 1 3125 109,375 64pus 2304** 80,640
54" DOUBLE 1 6250 218,750 a%us 4608 161,280
5" SINGLE 2 3125 218,750 64us 2304 161,280
5v4" DOUBLE 2 6250 437,500 32us 4608 322,560
8 SINGLE 1 5208 401,016 30us 3328 256,256
8 DOUBLE 1 10,416 802,032 168 6656 512,512
g SINGLE 2 5208 802,032 32us 3328 512,512
g DOUBLE 2 10,416 | 1,604.064 16us 6656 1,025,024

*Based on 35 Tracks/Side
**Based on 18 Sectors/Track (128 byte/sec)
**Based on 18 Sectors/Track (256 bytes/sec)




FIGURE 3. NOMINAL vS. WORSE CASE SERVICE TIME

NOMINAL TRANSFER WORST-CASE 179X SERVICE TIME
SIZE DENSITY TIME READ WRITE
54" SINGLE 64us 55.0u8 47.0us
514" DOUBLE 32us 27.5us 23.5us
8" SINGLE 32us 27 Sus 23.545
g8 DOUBLE 16us 13.5us 11.5us

FIGURE 4A. FM RECORDING

Aus
MT O BIT 1 l BIT 2 BIT3 8T 4 BIT S BIT& Brrz ]
HEX 1 1 0 1 o o 1 0
o
el o D lcl Icl IDI |c| lcl |c| Io! ICI

RULE:
t} WRIYE DATA BITS AT CENTER
OF BITCELL IF A 1"

2} WRITE CLOCK BITS AT LEADING
EDNE DF THE BIT CELL

FIGURE 4B. MFM RECORDING

2us
| BT O am l BIT2 | BIT 3 | BIT 4 l BT S I BIT & l BIT 7 |
1 t o 1 0 & l 0
= [l A [ I

RULE:

1) WRITE DATA BITS AT CENTER
OF BIT CELL IF & 1"

2) WRITE CLOCK BITS AT LEADING
EDGE OF BIT CELL IF:

A} HO DATA BIT HAS BEEN WRITTEM LAST
—AND—
B) NO DATA BIT WILL BE WRITTEN NEXT




FIGURE 5. WF/VFOE DEMULTIPLEXING CIRCUITRY
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FIGURE 6. 179X WRITE PRE-COMP
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FIGURE 7. WRITE PRE-COMP TIMING
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FIGURE 8. PRECOMP TIMING FOR CIRCUIT IN FIGURE 6
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T45288 PROGRAMMING TABLE

ADORESS DATA ACTION TAKEN

o 01 NONE

01 01 RETAAD BY 1 COUNT

02 0z

03 03

D4 03 RETARD BY 2 COUNTS

05 04

0% 05

o7 06

o) o8 ADVANCE BY 2 COUNTS
08 oD

oA 00

08 DE

oc OF

oD OF ADVANCE BY 1 COUNT
DE 00

OF o1

19 01 FREE RUN

11 02

12 03

13 04

14 05

15 06

16 o7

17 o'}

18 09

19 A

14 08

1B oc

tC | ]u]

1D OE

1E OoF

1F 00
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FIGURE 12. 179X DATA SEPARATOR
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COMMAND SUMMARY FLAG SUMMARY
BITS TYPE | COMMANDS

TYPE COMMAND 76543210 h = Head Load Flag (Bit 3)
| Pestore 0000hVrs b~ 0, Unioad head & Segining
i Seek 0001hVnr V = Verify flag (Bit 2)
! Step 001TuhVir V = 1, Verify on destination track
i Step in 01 0uhVrr V = 0, No verify
| Step Out 011uhVnr 7.f, = Stepping motor rate (Bits 1-0)
1 Read Sector 100mSECO Refer to Table 1 for rate summary
1] Write Sector 101mSECa, u = Update flag (Bit 4)
1] Read Address 11000E00 u = 1, Update Track register
i Read Track 11100E00 u = 0, No update
i Write Track 11T110Q0E00
v Farce Interrupt 11011, L1
Note: Bits shown in TRUE form. FLAG SUMMARY

TYPE Il & HI COMMANDS

STEPPING RATES m = Multiple Record flag (Bit 4)
CLK  2MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz m = 0, Single Record
ODEN o . 0 ] x x m = 1, Multiple Records
R, A, TEST»1  TEST=1  TEST=1 TESY=t TEST-0 TEST=0 a, = Data Address Mark (Bit 0)
3 0 ams 3ms 6 ms 6 ms 184us I68us a, = 0, FB (Data Mark)
a, = 1, F8 (Deleted Data Mark)
3 1 & ms & mg 2 ma 12 me 190us A80us E = .!5 ms Delay (2MHZ}
1 Q 10 ms 10ms 20ms 20 ms 198ps A6
E = 1, 15 ms delay

1 1 t5ms 15 ms 30 me 30 ms 208us A16us

15

£ = 0, no 15 ms delay
S = Side Select Flat
S = 0, Compare for Side 0
8 =1, Compare for Side 1
C_= Side Compare Flag

C = 0, disable side select compare
C = 1, enahble side select compare

FLAG SUMMARY

TYPE IV COMMAND

li = Interrupt Condition flags (Bits 3-0)

I0 = 1, Not-Ready to Ready Transition
I1 = 1, Ready to Not-Ready Transition
12 = 1, Index Pulse

I3 = 1, immediaie Interrupt

I, —l, = 0, Terminate with no Interrupt




This is a preliminary spacification with tentative device parameters and may be subjact o change afier final product characterization is
complated.

tnformation furnished by Western Digital Corporation is betieved to be accurate and ralizble. However, no responsibility is assumed by
Western Digital Corporation for its use; nor any infringemants of patents or other rights of third parties which may result from its use. No
license is granted by implicalion or otherwise under any pateni Or patent rights o Westarn Digital Corporation. Western Digaal Corpora-
tion reservas the rnght 1o change said circuitry at any time without notice.

WESTERN DIGITAL]| 3128 REDHILL AVENUE, BOX 2180
c e ® s 8 4T 554 NEWPORT BEACH, CA 92663 (714) 557-3550.TWX 910-595-1139
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FD 179X-02 Floppy Disk Formatter/Controller Family

FEATURES

s TWO VFO CONTROL SIGNALS

o SOFT SECTOR FORMAT COMPATIBILITY
o AUTOMATIC TRACK SEEK WITH
VERIFICATION
e ACCOMMODATES SINGLE AND DOUBLE
DENSITY FORMATS
1BM 3740 Single Density (FM)
IBM System 34 Double Density {MFM)
» READ MODE
Single/Multiple Sector Read with Automatic
Search or Entire Track Read
Seleclable 128 Byle or Variable length Sector
e WRITE MODE
Single/Multiple Sector Write with Automatic
Sector Search
Entire Track Write for Diskette Formatting

¢ SYSTEM COMPATIBILITY

Double Buffering of Data 8 Bit Bi-Directional

Bus for Data, Control and Status
DMA, 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

e FD1792/4 IS SINGLE DENSITY ONLY

® FD1795/7 HAS A SIDE SELECT QUTPUT

178X-02 FAMILY CHARACTERISTICS

MAY 1980
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1™ 1793

1795
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Double Density (MFM)

True Data Bus

Inverted Data Bus

Write Precomp
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APPLICATIONS
FLOPPY DISK DRIVE INTERFACE

SINGLE OR MULTIPLE DRIVE CONTROLLER/
FORMATTER

NEW MINI-FLOPPY CONTROLLER
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GENERAL DESCRIPTION

The FD178X are MOS LS| devices which perform the
functions of a Floppy Disk Formatter/Controller in
a single chip impiementation. The FD179X, which
can be considered the end result of both the FD1771
and FD1781 designs, is IBM 3740 compatible in
single density mode (FM) and System 34 compatibie
in Double Density Mode (MFM). The FD179X con-
tains all the features of its predecessor the FD1771,
plus the added features necessary to read/write and
format a double density diskette. These include ad-
dress mark detection, FM and MFM encode and de-
code logic, window extension, and write precompen-
sation. in order to maintain compatibility, the FD1771,
FD1781, and FD179X designs were made as close as
possibie with the computer interface, instruction set,
and /O registers being identical. Also, head load

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

The processor interface consists of an 8-bit bi-
directional bus for data, status, and contro! word
fransfers, The FD179X is set up to operate on a mui-
tiplexed bus with other bus-criented devices.

The FD179X is fabricated in N-channe! Silicon Gate
MOS technology and is TTL compatible on all inputs
and outputs. The 17383 is identical to the 1791 except
the DAL tines are TRUE for systems that utilize true
data busses.

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

PIN OQUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 NQO CONNECTION NC Pin 1 1s internally connected to a hack bias
generator and must be left open by the user.

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

20 POWER SUPPLIES Vss Ground

21 Vee +5V x5%

40 Von +12V £5%

COMPUTER INTERFACE:

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

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

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

5,6 REGISTER SELECT AD, Al These inputs select the register to_receive/

LINES fransfer data on the DAL lines under RE and WE
control:
Al AD RE WE
0 0 Status Reg Command Reg
0 1 Track Reg Track Reg
1 0 Sector Reg Sector Reg
1 1 Data Reg Data Reg
7-14 DATA ACCESS LINES DALO-DAL7 | Eight bit inverted Bidirectional bus used for trans-
ter of data, control, and status. This bus is receiver
enabled by WE or transmitter enabled by RE.

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




PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

3s

DATA REQUEST

INTERRUPT
REQUEST

FLOPPY DISK INTERFACE:

15
16

17

18

22

23

25

25

26

27

28

29

30

STEP
DIRECTION

EARLY

LATE

TEST

HEAD LOAD TIMING

READ GATE (1791/3}

SIDE SELECT OUTPUT
{1795, 1797)

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER
THAN 43

WRITE GATE

DRG

INTRQ

STEP
DIRC

EARLY

LATE

TEST

HLT

RG

SSO

RCLK

RAW READ

HLD

TG43

WG

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

This open drain output is set at the completion of any
command and is reset when the STATUS register is
read or the command registser is written to. Use 10K
pull-up resistor to +5.

The step output contains a pulse for each step.

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

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

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

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

When a logic high is found on the HLT input the
head is assumed to be engaged.

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.

The logic level of the Side Select Output is directly
controlled by the 'S’ flag in Type |l or {l commands.
When S = 1, 5SSO is set to a logic 1. When S = 0,
580 is set to a logic 0. The Side Select Qutput is only
updated at the beginning of a Type Il or Il command.
It is forced to 2 logic 0 upon a MASTER RESET
condition.

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.

The data input signal directly from the drive. This
input shall be a negative pulse for each recorded
flux transition.

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

This output informs the drive that the Read/Write
head is positioned between tracks 44-76. This output
is valid only during Read and Write Commands.

This output is made valid before writing is to be
performed on the diskette.




SYMBOL

FUNCTION

wD

READY

WF/VFOE

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

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

This is & bi-directional signal used o signify writing
faults at the drive, and to enabie the external PLO
data separator. When WG = 1, Pin 33 functions as
a WF input. If WF = Q, any write command will im-
mediately be terminated. When WG = 0, Pin 33 func-
tions as a VFOE output. VFOE will go low during a
read operation after the head has loaded and settled
(HLT = 1}. On the 1795/7, it will remain low until the
last bit of the second CRC byte in the 1D} 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, VFQE will remain low until the end of
the Data Field.

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

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

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

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

PIN
NUMBER PIN NAME
3 WRITE DATA
32 READY
33 WRITE FAULT
VFO ENABLE
34 TRACK 00
35 INDEX PULSE
36 WRITE PROTECT
37 DOUBLE DENSITY
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-
fion is transterred in parallet from the Data Register
to the Data Shift Register.

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

Track Register—This 8-bit register hokis 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 D 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 [paded 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
fraom 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
shouild 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 Logice—This logic is used to check or to gener-
ate the 16-bit Cyclic Regundancy Check {CRC). The
polynomial is: G(x) = x'6 + x'? + x5 + 1.

The CRC includes ali information starting with the
address mark and up to the CRC characters. The
CRC register is preset t0 ones prior to data being
shifted through the circuit.

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

Timing and Control—AIll 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 DDEN. When DDEN =0
double density (MFM) is assumed. When DDEN =1,
single density (FM) is assumed.

AM Detector—The address mark detector detects
10, 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 Enabie (RE) are active (low logic state) or_act
as input receivers when CS ana Write Enable (WE)
are active.

When transfer of data with the Floppy Disk Controller
is required by the_host processor, the device address
is decoded and CS is made low. The address bits Al
and A0, combined with the signals RE during a Read
operation or WE during a Write operation are inter-
preted as selecting the following registers:

A1-AQ READ (RE) WRITE (WE)
00 Status Register Command Register
¢ 1 Track Register Track Register
10 Sector Register Sector Register

11 Data Register Data Register

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

On Disk Read operations the Data Request is acti-
vated (set high) when an assembied 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 10st, 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. Ii new data is not
loaded at the time the next serial byte is required by
the Floppy Disk, a byle of zeroes is written on the
diskette and the Lost Data bit is set in the Status Re-
gister.

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

FLOPPY DISK INTERFACE

The 179X has two modes of operation according to the
= 1, single density
is selected. In either case, the CLK input {Pin 24} is at

state of DDEN (Pin 37). When

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, 8, 10, and 15 ms are obtainable, When CLK

equals 1 MHz these times are doubled,

HEAD POSITIONING

Five commands cause positioning of the Read-Write
head (see Command Section). The period of each
positioning step is specified by the r field in bits {1 and
0 of the command word. After the last directional
step an additional 15 milliseconds of head settling
time takes place if the Verify flag is set in Type |
cemmands. Nate 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 Il or lli command.

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

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

Direction (DIRC)}~The Direction signal is active high
when stepping in and low when stepping out. The Di-
rection signal is valid 12 us 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 1o 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 D Field is com-
pared against the contents of the Track Register. i
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify oper-
ation is complete and an INTRQ is generated with no
errors. The FD179X must find an ID field with correct
track number and correct CRC within 5 revolutions of
the media: otherwise the seek error is set and an
INTRQ is generated.

Table 1. STEPPING RATES

CLK 2 MMz 2 MHz 7 MMz 1 MHz 2 MMz 1 MHz
DDEN o 1 0 1 X x
R1R0 TEST=1 TEST:1 TEST=1 TEST:=1 TEST-0 TEST:0

[ 3 ms 3Ims 6 ms 6 ms 184ps  368ps

01 6B ms Ems 12 ms 12ms | 190us 280us

10 10 ms 10 ms 20 ms 20ms 198us 39643

11 15ms Wms 30ms I0ms 208ps  416us

The Head Load (HLD) output controls the movement
of the read/write head against the media. HLD is ac-
tivated at the beginning of a Type | command if the h
flag is set {h = 1), at the end of the Type § command
if the verify fiag (V = 1), or upon receipt of any Type
il or Il command. Once HLD is active it remains ac-
tive until either a Type | command is received with
(h = 0and V = 0}; orif the FD179X is in an idle state
(non-busy) and 15 index pulses have occurred.



Head Load Timing (HLT) is an input to the FD179X
which isused for the head engage time. When
HLT = 1, the FD179X assumes the head is com-
pletely engaged. The head engage time is typically
30 1o 100 ms depending on drive. The low to high
transition on HLD is typically used to fire a one shot.
The output of the one shot is then used for HLT and
supplied as an input to the FD179X.

HLD ’-__
——s0 70 100m3 ——o

’-——--———.
]

L
¥
HLT [FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FO179X will
then read from or write to the media. The "and” of
HLD and HLT appears as a status bit in Type |
status.

In summary for the Type | commands: if h = 0 and
vV =0,HLDisresel. fh = 1andV = 0, HLDis set at the
beginning of the command and HLT is not sampled nor
is there an internal 15 ms delay. H h=0and V =1,
HLD is set near the end of the command, an internal
156 ms oceurs, and the FQ179X waits for HLT to be
frue. ffh = 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 HLT to
oceur.

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

DISK READ OPERATIONS

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

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

derived externally by Phase lock loops, one shots, or
counter techniques. In addition, a Read Gate Signal
is provided as an output {Pin 25) which ¢an 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 zerces are detected.
The FD179X must find an address mark within the
next 10 bytes; otherwise RG is reset and the search
for 2 bytes of zeroes begins all over again. if an ad-
dress mark is found within 10 bytes, ARG remains true
as long as the FD179X is deriving any useful informa-
tion from the data stream. Simiarly for MFM, RG is
made active when 4 bytes of “00" or “FF” are de-
tected. The FD179X must find an address mark
within the next 16 bytes, otherwise RG is reset and
search resumes.

During read operations (WG = 0}, the VFOE {Pin 33)
is provided for phase lock loop synchronization.
VFOE will go active when:

a) Both HLT and HLD are True

b) Settling Time, if programmed, bas expired

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

DISK WRITE OPERATION

When writing is to take place on the diskette the
Write Gate (WG) output is activaled, 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-
mediaiely 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 ocutput
becomes inactive.

For write operations, the FD178X provides Write
Gate (Pin 30) and Write Data (Pin 31) outputs. Write
data_consists of a series of 500 ns puises in FM
(DDEN = 1) and 250 ns puises in MFM (DDEN = 0},
Write Data provides the unique address marks in
both formats.

Also during write, two additional signals are provided
for write precompensation. These are EARLY (Pin
17) and LATE (Pin 18). EARLY is active true when
the WD pulse appearing on (Pin 30) is to be written
early. LATE is active true when the WD pulse is to be
written LATE. # both EARLY and LATE are low when
tha 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 shois or delay lines
which are located external to the FD178X. The write
precompensation signals EARLY and LATE are valid
for the duration of WD in both FM and MFM formais.



Whenever a Read or Write command (Type II or IIl)
is received the FD179X samples the Ready input, if
this input is logic low the command is not executed
and an interrupt is generaied. All Type } commands
are performed regardless of the state of the Ready
input. Also, whenever a Type |l or lil command is re-
ceived, the TG43 signal output is updated.

COMMAND DESCRIPTION

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

Table 2. COMMAND SUMMARY

BITS
TYPE COMMAND 76543210
{ Restore 0000 HVIT
i Seek 0001ThVrr
[ Step D0tuhVrnr
} Step in 01 0uhVnmr
| Step Out 01 1TunvVrnr
1 Read Sector 100mF,EF 0
" Write Sector 101 mF,EF, a
1} Read Address 11000EDQO
HI Read Track 111 00EO0D
]| Write Track 1111 CEO0Q
v Force Interrrupt 1101 L L

Table 4. FLAG SUMMARY

TYPE il & Ill COMMANDS

m = Multiple Record flag {Bit 4)

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

a, = Data Address Mark {Bit Q)

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
(F,) S = Side Select Flag (1791/3 only)

S = 0, Compare for Side 0
S = 1, Compare for Side 1

(F\} C = Side Compare Flag (1791/3 only)

C = 0, disable side select compare
C = 1, enable side select compare

{F.) S = Side Select Flag
(Bit 1, 1795/7 only}

0 Update SSO to 0
1 Update SSOQ to 1

S
S

1

{F,) b = Sector Length Flag
{Bit 3, 1975%/7 only)

Sector Length Field
00 01 10 11
b=20 256 512 1024 128
b=1 128 256 512 1024

Note: Bits shown in TRUE form.

Table 3. FLAG SUMMARY

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

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

V = Verify flag {Bit 2)

vV = 1, Verify on destination track
V = 0, No verify

r.1, = Stepping motor rate (Bits 1-0}

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

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

Table 5. FLAG SUMMARY
TYPE IV COMMAND

li = Interrupt Condition flags (Bits 3-0)

10 = 1, Not-Ready to Ready Transition
11 = 1, Ready to Not-Ready Transition
i2 = 1, Index Pulse

13 = 1, Immediate Interrupt

I3 -lg = 0, Terminate with no Interrupt

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-In, and Step-Qut commands. Each of the
Type | Commands contains a rate field (ror1), which

determines the stepping motor rate as defined in
Table 1.




The Type | Commands contain a head load flag (h)
which determines if the head is to be loaded at the
beginning of the command. If h = 1, the head is
loaded at the beginning of the command {HLD output
is made active). If h =0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
until the FD179X receives a command that specifi-
cally disengages the head. If the FD179X is idle
(busy = 0) for 15 revolutions of the disk, the head will
be automatically disengaged (HLD made inactive).

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

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

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

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

On the 1795/7 devices, the SSO output is not affected
during Type 1 commands, and an internal side com-
pare does not take place when the (V) Verily Flag is
on.
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RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROQ)
input is sampled. It TROO is active low indicating the
Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is
generated. If TROO is not active low, stepping pulses
(pins 15 10 16) at a rate specified by the nra tield are
issued until the TROT input is activated. At this time the
Track Register is lgaded with zeroes and an interrupt is
generated. If the TROO input does not go active low
after 255 stepping pulses, the FD179X terminates op-
eration, interrupts, and sets the Seek error status bit.
A verification operation takes place if the V flag is
sat. The h bit allows the head to be loaded at the
start of command. Note that the Aestore command is
executed when MR goes from an active to an inac-

tive state.
L3 MOy
v, '/—~ WNTRG AESET Bty
INTAD RESET BUSY
SET SEEM ERANR
DOES
M TA TRACK
ADOAESS OF 1D
ET vES i NO
VHERE & RESET
ERT A -
ERACA onG gRno i
INTRGO
HRESET BLSY M ———
NOTE (T FEST O THERE 15 Ny (5MS OFc AY
TFTEST 1 ANGCLK 1 Ml THEAE IS4 WIMY NE, Ay

TYPE | COMMAND FLOW
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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 Vflag 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 1o the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by therwe field, a
verification takes place if the V flag is on. If the u flag is
on, the Track Register is updated. The h bit aliows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the command.

STEP-IN

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

STEP-QUT

Upon receipt of this command, the FIN79X issues
one stepping pulse in the direction towards track 0. If
the u ftag is on, the Track Fegister is decremented by
one. After a delay determined by the rro field, a ver-
ification takes place if the V flag is on. The h bit al-
lows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE l COMMANDS

The Type Il Commands are the Read Sector and
Write Sector commands. Prior to leading the Type (I
Command inte the Command Register, the computer
must load the Sector Register with the desired sector
number. Upon receipt of the Type il command, the
busy status Bit is set. If the E flag = 1 (this is the
normal case) HLD is made active and HLT is sam-
pled after a 15 msec delay. If the E flag is 0, the
head is loaded and HLT sampled with no 15 msec
delay. The ID field and Data Field format are shown
onpage 13,

When an 1D 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 |D 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. it
there is not a Sector match, the next encountered 1D
field is read off the disk and comparisons again
made. I the ID field CRC is correct, the dala field is
then located and will be either written into, or read
from depending upon the command. The FD178X
must find an ID field with a Track number, Sector
number, side number, and CRC within four revolutions
of the disk; otherwise, the Record not found status bit is
set {Status bit 3) and the command is terminated with an
interrupt.
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Sector Length Table
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
(1] 256
Q2 512
03 1024

Each of the Type Il Commands contains an (m) flag
which determines if multiple records (sectors) are to
be read or written, depending upon the command. ¥
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 will continue to read or write multiple records
and update the sector register until the sector regis-
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ter exceads 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 wili be
set.

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

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

‘s’ flag allows direct control over the SSQ Line (Pin 25)
and is set or reset &t the beginning of the command,
dependent upon the value of this flag.

READ SECTOR

Upon raceipt of the Read Sector command, the head
is Ioaded, the Busy status bit set, and when an 1D
field is encountered that has the correct track
number, correct sector number, correct side number,
and comrect CRC, the data field is presented to the
computer. The Data Address Mark of the data field must
be found within 30 bytes in single density and 43 bytesin
double density of the last 1D field CRC byte; it not. the
Record Not Found status bit is set and the operation is
terminated.

When the first character or byte of the data field has
been shifted through the DSR, it is transferred to the
DR, and DRQ is generated. When the next byte is
accumulated in the DSR, it is transferred to the DR
and another DRQ is generated. If the Computer has
not read the previous contents of the DR before a
new character is transferred that character is lost and
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the Lost Data Status bit is set. This sequence con-
tinues until the compiete data field has been inputted
to the computer. If there is a CRC error at the end of
the data field, the CRC error status bit is set, and the
command is terminated (even if it is a multiple record
command).

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

STATUS
BIT 5
1 Deleted Data Mark
0 Data Mark

WRITE SECTOR

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy stalus 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 DRQ is serviced (i.e.,
the DR has been loaded by the computer). if DRCQ 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 Data Address Mark (Bit 0}
1 Deleted Data Mark
0 Data Mark

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

TYPE it COMMANDS

READ ADDRESS

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

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

TRACK SIDE SECTOR | SECTOR | CRC | CRC
ADDR | NUMBER | ADDRESS | LENGTH 1 2
1 2 3 4 L} 6

Although the CRC characters are transferred o the
computer, the FD179X checks for validity and the
CRC error status bit is set if there is a CRC eror.
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 lpaded and the Busy Status bit is set. Reading
starts with the leading edge of the first encountered
n.dex pulse and continues until the next index puise.
As each byte is assembled it is transferred to the
Data Register and the Data Request is generated for
each byte. No CRC checking is performed. Gaps are
included in the input data stream. The accumulation
of bytes is synchronized to each Address Mark en-
countered. Upon completion of the command, the in-
terrupt is activated. RG is not activated during the
Read Track Command. An internal side compare is not
performed during a Read Track.

WRITE TRACK

Upon receipt of the Write Track command, the head
is loaded and the Busy Status bit is set. Writing
starts with the leading edge of the first encountered
index 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 puise
is encountered the operation is terminated making
the device Not Busy, the Lost Data Status Bit is set,
and the iInterrupt is activated. if a byte is not present
in the DR when needed, a byte of zeros is substi-
tuted. Address Marks and CRC characters are writ-
ten on the disk by detecting certain data byte pat-
terns in the outgoing data stream as shown in the
table below. The CRC generator is initialized when
any data byte from F8 to FE is about to be transfer-
red from the DR to the DSR in FM or by receipt of
F5 in MFM.

GAP| ID | TRACK SIDE

SECTOR|SECTOR
it | AM{NUMBER [NUMBER [NUMBER|LENGTH

CRC|CRC|{GAP |DATA CRC | CRC

1 2 il AM [DATAFIELD | 1 2

ID FIELD

DATA FIELD

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

missing.
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CONTROL BYTES FOR INITIALIZATION

TYPE 1t COMMAND WRITE TRACK

DATA PATTERN FD179X INTERPRETATION FD1791/3 INTERPRETATION
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = o)
00 thru F4 Write 00 thri F4 with CLK = FF Write 00 thru F4, in MFM
Fs5 Not Allowed Write A1* in MFM, Preset CRC
Fo6 Nat 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 FB. in MFM
FC Write FC with Clk = D7 Write FC in MFM
FD Write FD with Clk = FF Write FD in MFM
FE Write FE, Clk = C7, Preset CRC Write FE in MFM
FE Write FF with Clk = FF Write FF in MFEM
|

*Missing clock transition between bits 4 and 5
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**Missing clork transition batween bits 3 & 4
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FORCE INTERRUPT

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

Io = Not-Ready-To-Ready Transition

h = Ready-To-Not-Ready Transition

lz = Every Index Pulse

I3 = iImmediate Interrupt {requires reset. see
Note)

NOTE: Iflc — la = 0, there is no interrupt generated bu!
the current command is terminated and busy s
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 9r 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 bt is
reset and the rest of the status bits are updated or
cleared. In this case, Status reflects the Type ) com-
mands.

The format of the Status Register is shown below.

(BITS)
4 13l 2] 110
S7 | 56 | 85| 54 {53} S2] 81| S0

Status varies according to the type of command exe-
cuted as shown in Table 6.



FORMATTING THE DISK

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

Formatting the disk is a relatively simple task when
operaling programmed KO 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 byle of information to be written
on the disk, a data request is generated. This sequ-
ence continues from one index mark to the nexi
index mark. Normally, whatever data pattern appears
in the data register is written on the disk with a nor-
mal clock pattern. However, if the FD179X detects a
data pattern of F5 thru FE in the data register, this is
interpreted as data address marks with missing
clocks or CRC generation. For instance, in FM an FE
pattern will be interpreted as an ID address mark
(DATA-FE, CLK-C7) and the CRC will be initialized.
An F7 pattern will generate two CRC characters in
FM or MFM. As a consequence, the patterns F5 thru
FE must not appear in the gaps, data fields, or ID
fields. Also, CRC's must be generated by an F7 pat-
tern.

Disks may be formatted in IBM 3740 or System 34
formats with seclar lengths of 128, 256, 512, or 1024
bytes.

IBM 3740 FORMAT—128 BYTES/SECTOR

Shown below is the IBM single-density format with
128 bytes/sector. In order to format a diskette, the
user must issue the Write Track command, and 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 EF {(or 0Q)
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 (1)
1 Sector Number (1 thru 1A)
1 00
1 F7 {2 CRC's written)
" FF (or 00}
6 00
1 FB {Data Address Mark)
128 Data (IBM uses E5)
1 F7 (2 CRC's written)
27 FF (or 00)
247** FF (or 00}

*Write bracketed field 26 times

"*Continue writing until FD179X interrupts out,
Approx. 247 bytes.
1-Optional '00’ on 1795/7 only.
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IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

Shown below 15 the |BM dual-density format with 256
bytes/sector. In order to format a diskette the user
must issue the Write Track command and ipad the
data register with the following values. For every byte
to be written. there is one data request.

NUMBER HEX VALUE OF
QOF BYTES BYTE WRITTEN
80 4E
12 00
3 F6
( FC (Index Mark)
50" 4E
12 00
3 F5
1 FE {ID Address Mark)
1 Track Number {0 thru 4C)
1 Side Number (0 or 1)
1 Sector Number {1 thru 1A)
1 01
1 F7 (2 CRCs wntten)
22 4E
12 00
3 F5
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRCs written)
54 4E
598>~ 4E
* Write bracketed field 26 times
- **Continue writing until FD173X interrupts out.
Approx. 598 bytes

ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS
Ve With Respect to Vss (Ground) =15 to -0.3V

Max Voltage to Any Input With =15 to -0.3V
Hespect o Ves

Vpp = 1D ma Nominal
OPERATING CHARACTERISTICS (DC)

Voc = 35 ma Nominal

Operating Temperature
Storage Temperature

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 tollowing tabile. Nots
that the Index Mark is not required by the 179X. The
minimum gap sizes shown are that which i requirad by
the 179X, with PLL lock-up time, motor speed variaticn,
etc., adding additional bytes,

FM MEM
Gap | 16 bytes FF 32 bytes 4E
|
Gap I 11 bytes FF 22 bytes 45 |
* 6 bytes 00 12 bytes Q0
3 bytes Al
Gap il 10 bytes FF 24 bytes 4E
3 bytes A1
£+ 4 bytes 00 B 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.

09C to 70°C
-55°C 1o +125°C

TA = 0'Ctog 70°C. Voo = + 12V = BV, Vss = OV, Vec = + 5V = 28V

. SYMBOL CHARACTERISTIC MIN., MAX. UNITS | CONDITIONS

: Iy tnput Leakage 10 uA Vin= Vo

E ot Output Leakage 10 BA Vour = Voo

i Vi Input High Voitage 26 v

i Vi input Low Voltage 08 v
Voo Qutput High Voltage 28 v lo = ~-10G uA
Veu Qutput Low Voltage (.45 \Y lo=tAma !
P Power Dissipation 0.5 W [




TIMING CHARACTERISTICS
Ta = 0°C to 70°C, Voo = + 12V 3 .6V, Vss = OV, Vec =+5V = .25V

READ ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS | CONDITIONS
TSET Setup ADDR & CS to RE_ 50 nsec
THLD Hold ADDR & CS trom RE 10 nsec
TRE RE Pulse Width 400 nsec C. = 50 pf
TORA DRQ Reset from RE_ 400 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec See Note 5
TDACC Data Access from RE 350 nsec CL = 50 pf
TDOH Data Hold From RE 50 150 nsec Gr. = 50 pt

¥
]
1
L)
1

NTRD e

ot |1

} = 1R OR 32" uB
|— e I——Tc‘m

VREAYIGE

L CSG)__,

Teer
Tomog I--..
OATA,

—— TEE =iy

' SEAVICE (WORST CASES
FM 2T S S
TWEM 135 05

NOTE 1 TF iy BE MEMMAMENTLY TIED LOW IF DESIRED
“TIME DCAUBLES WHEN GLOTK @ 'kHy

READ ENABLE TIMING
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WRITE ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS| CONDITIONS
TSET Setup ADDR & CS to WE 50 _ndec
THLD Hoid ADDR & CS from WE 10 nsec
TWE WE Pulse Width 350 nsec
TDRR DRQ Reset from WE 400 500 nsec
TIRR INTRQ Reset from WE 500 3000 nsec See Note 5
TDS Data Setup to WE 250 nsec
TDH Data Hold from WE 70 nsec

INPUT DATA TIMING:

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
Tow Raw Read Pulse Width 100 200 nsec | See Note 1
tbe Raw Read Cycle Time 1500 nsec | 1800 ns @ 70°C
Te RCLK Cycle Time 1500 nsec |1800 ns @ 70°C
Txi RCLK hold to Raw Read 40 nsec | See Note 1
| Txe Raw Read hold to RCLK 40 nsec

- L. - -
tnaty wiel AAW BEAD
| 1 | |
ez ) --I u l:_— ~
FRYICS L
-
- I‘ RBOLK i
e ¢ -
PR L {- - ' __1
_— [ GaTa wusT NOMINAL
BE vALID
. e DISKETTE | MODE | DDEN CLK T, T T.
— e |-
- 8" MFM 0 2MHZ [1us |1 us |2 us
8" Fi 1 2MHz (2 us | 2u8 | dus
OTE Lo E B “
T S s ez 5 | MEM L0 IMHz | 248 | 2us |4
STER LSER L. ] 5 "
AT LEASE aLi.ssc.Ll:m&:.;r‘r{]n mé?fﬂ;ns(a%%;‘:::;ws 5 FM 1 TMHz |45 [ 45 {Bus
\ VIR ANORAT CaZEr WHEN WRAITING T THE 1. DAMANI) REGISYER 5T ATUS
T piean IS NOT AL UNTL SEME 6 SEC B T 0 SEC 0 WEN
MM re TIME BTUBLES With O Py s HEN CLE ) s INPUT DATA TIMING

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

SYMBOL CHARACTERISTICS MIN, TYP. MAX. UNITS | CONDITIONS
Twp Write Data Pulse Width 450 500 550 nsec FM
150 200 250 nsec MFM
Twyg Write Gate to Write Data 2 usec FM
1 Hsec MFM
Tbc Write data cycle Time 23, 0rd usec =CLK Error
Ts Earty {Late) to Write Data 125 nsec MFM
Th Early (Late} From 125 nsec MFM
Write Data
Twi Write Gate off from WD 2 uSec FM
1 wsec MFM
Twdl WD Valid to Clk 100 nsec CLK=1MHZ
50 nsec CLK=2 MHZ
Twd2 WD Valid after CLK 100 nsec CLK=1 MHZ
30 nsec CLK=2 MHZ

CLK
Mz

[——— S0D NS

E

s

" v

CLK
12MHZ)

~— |

hof—— Twd2

":q—wzs——i'r'if—ws—r--

wD

|

v

———

Twrdl _—4 ]I P_ Twd2

WHRITE DATA/CLOCK RELATIONSHIP

{DOEN - Oy

21
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MISCELLANEOQUS TIMING:

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCDs Clock Duty (low) 230 250 | 20000 nsec
TCD: Clock Duty (high) 200 250 20000 nsec
TSTP Step Pulse Output 2or4 4S80
TDIR Dir Setup to Step 12 p1sec ;t%?_eKNEOFt{;gR
TMR Master Reset Pulse Width 50 nsec
TIP Index Pulse Width 10 HSEC
TWF Write Fault Pulse Width 10 psec See Note 5
e
| S—
N i
o A
- U._ 4
- -
=
"
_ T |
1 .
e e A e
N I S I N
MISCELLANEOUS TIMING
NOTES:

1.

Pulse width on RAW READ {Pin 27) 15 normally
100-300 ns. However. pulse may be any width if
pulse s entirely witnin window _ if pulse occurs inboth
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 ¥ MHz,

2 A PPL Data Separator is recommended for 8° MFM.

22

3. tbc should be 2 ws, nominal in MFM and 4 us nominal
in FM. Times doubte when CLK -~ 1 MHz

4. RCLK may be high or low during RAW READ (Potarity
is unimportant}.

5. Times double when clock = 1 MHz



Table 6. STATUS REGISTER SUMMARY
ALL TYPE | READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 |[NOT READY |NOT READY | NOT READY [ NOT READY |NOT READY (NOT READY
S6 |WRITE 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
53 |CRC ERROR |CRC ERROR | CRC ERROR 0 CRC ERROR 0
S2 {TRACK D LOST DATA LOST DATA LOST DATA |LOST DATA  |LOST DATA
s1 |INDEX DRQ DRQ DRQ DRQ DRQ
S0 _{BUSY BUSY BUSY BUSY BUSY BUSY
STATUS FOR TYPE | COMMANDS
BIT NAME MEANING

57 NOT READY

This bit when set indicales 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 WRPT
input.

55 HEAD LOADED

When set, it indicates the head is loaded and engaged. This bit is a legical "and” of
HLD and HLT signals.

S4 SEEK ERROR

When set, the desired track was not verified. This bit is reset to 0 when updated.

53 CRC ERROR

CRC encountered in iD field.

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. 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.

S0 BUSY When set command is in progress. When reset no command is in progress.

STATUS FOR TYPE

)l AND Hi COMMANDS

BIT NAME

MEANING

57 NOT READY

This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR, The Type il
and lll Commmands will not execute unless the drive is ready.

86 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/
WRITE FAULT

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

S4 RECORD NOT
FOUND (RNF)

When sel, it indicates that the desired track, sector, or side were not found. This bit is
reset when updated.

53 CRC ERROR

K 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.

§2 LOST DATA

When set, it indicates the computer did not respond to DRQ 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.

S0 BUSY

When setl, command is under execution. When reset, no command is under execution.
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WD1691 FLOPPY SUPPORT LOGIC (F.S.L.)

EEATURES
¢ Direct interface to the FD179X

© Eliminates external FDC Logic

¢ Data Separation/RCLK GENERATION
® Write Precompensation Signals

® VFOE/WF Demuttiplexing

¢ Programmable Density

¢ 8" or 5.25" Drive Compatible

® All inputs and outputs TTL Compatible
¢ Single +5V Supply

GENERAL DESCRIPTION

The WD691 F.5.L. has been designed to minimize the
external logic required i¢ interface the 179X Family of Floppy
Disk Controlers lo a drive. With the use of an external VCO,
the WD 1891 will generate the RCLK signal for the WD 178X,
while providing an adiusiment pulse (PUMP) to controt the
VCO trequency. VFOE/WF de-multiplexing is also accom-
plished and Write Precompensation signals have been in-
cluded to interface directly with the WD2143 Clock Generator.

The WD1681 is implemented in N-MOS silicon gate

and is available in a plastic or ceramic 20 pin

technology
dual-in-ine package.

BLOCK DHAGRAM

JUNE, 1980



PIN NAME SYMBOL FUNCTION
1 WRITE DATA WDIN Ties directly to the FD179X WD pin.
INPUT
2,3,4,19 | PHASE 2ed M 4 Phase inpuls to generate a desirec Write Praccmpensation
2.3 1.4 delay. These signals tie directly to the wWD2143 Clock
Generator.
5 STHOBE STB Strobe output from the 1691. Strobe will 'atch at a high levet
on the leading edge of WDIN and reset t2 a low level on the
leading edge of 04,
6 WRITE DATA WOOUT Serial, pre-compensated Write data straam to be sent to the
OUTPUT disk drive's WD line.
7 WRITE GATE WG Ties directly to the FD179X WG pin
8 VFO ENABLE VFOE/WF Ties directly to the FD179X VFOE/WF pin.
é WRITE ~AULY
9 TRACK 43 TG43 Ties directly to the FD179X TG43 pin, if Write Pracompen-
sation is required on TRACKS 44-76
10 V.. V., Ground
n READ DATA RDD Composite clock and data siream input from the gnve.
| 12 READ CLOCK RCLK RCLK signal generated by the WD1891, to be tied 1o the
i FD179X RCLK pin.
S 13 PUMP UP FU Tn-staie output that will be forced high when the WDHE91
requires an mcrease in VCO frequency.
14 PUMP DOWN PD Tri-state output that will be forced low when the WD 1691 re-
quired a decrease in VCO freguency
15 Double Density DDEN Double Density Select input. When Inactive (High), the VCC
Enable frequency is intarnally divided by two
i 16 Valtage VCO A nominal 4.0MHz (8" drive} or 2.0MHz :5.25” drive: master
: Controlled clock input.
Osciliator
i 17,18 EARLY EARLY EARLY and LATE signals trom the FD179X. used to deter-
. LATE LATE mine Write Precompensation.
ii 20 Vv, V.. + 5V * 10% power supply
F
i
L




DEVICE DESCRIPTION

The WD 1691 is divided into two sections:

1) Data Recovery Circuit
2) Write precompensation Circuit

___The Data Separator or Recovery Circuit has four inputs:
DDEN, VCO, RDD, 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.

When VFOE/WF and WRITE GATE are low, the data
recavery circuit is enabled. When the RDD line goes Active
Low, the PU or PD signals will become active. If the RDD
ling has made its transition in the beginning of the RCLK
window, PU will go from a HI-Z state to a Logic {, requesting
an increase in VCO frequency. If the RDD line bas made its
transition at the end of the RCLK window, PL will remain in
a Hi-Z state white PD will go to a logic zero, requesting a
decreass in VCO frequency. When the leading edge of RDD
occurs in the center of the RCLK window, both PU and PD
will remain tn-stated, indicating that no adjustment of the
VCO frequency is needed. The RCLK signal is a divide-by-
16 (DDEN=1} or a divide-by-8 (DDEN=0) of the VCO
frequency.

WG VFOE/WF

RDC | PU+PD

oo o0 =
(= = BETE 4

X HI-Z
X MHiI-Z
1 HI-Z
0 Enable

The Write Precompensation circult 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 well_as the WD2143-01 is not needed.
In this case, 1, §2, §i3. §4, and STB shoukd be tied together,
DDEN left open, and TG43 tied to ground.

in the double-density mode {DDEN=0), the signals Early
and Late are used (o select a phase input {'ﬁ - §4) on the
leading edge of WDIN. The STB line is latched high when
this occyrs, causing the WD2143-01 to start its pulse gen-
eration. 2 is used as the write data pulse on nominal
(Early=Late=9), 2 is used for sarly, andgﬁis used for late.
The ieading edge of 4 resets the STB line in anticipation of
the next write data pulse. When TG43=0 or =1, Pre-
compensation is disabled and any transitions on the WDIN
line will appear on the WDout line. If write precompensation
is tesired on all fracks, leave TG43 open (an internal pul-up
will force a Logic () while DDEN=0.

The signais, DDEN, TG43, and ADD have internal puill-
up resistors and may be left open if 3 iogic | is desired on
any of these lines.

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 PD 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 1o set the tri-
state level o approximately 1.4V. This yiekds a worst case
swing of = 1V, acceptable for most VCO chips with a linear
voltage-to-frequency charactenstic.

Both PU and PD signals are affected by the width of the
RAW READ {RDD} pulge. 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 exceads 250ns. (VCO = 4MHz, DDEN = 0) or 500ns.
(VCO = aMHz, DDEN = 1), then both a PU and PD will oceur
in the same window. This is undesirable and reduces the
accuracy of the external intagrator 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 muitiple 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 FO179X internal recovery circuits.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Ambient Temperature under Bias .......... -25° 0 70°C Storage Temp. —~Ceramic—65°C to +150°C
Voltage on any pin with respact Plastic—55°C to +125°C
loGround (vss) ... ... ... -0.210 +7V
Power Dissipation . ....... .. ... . ..o 1w .
pa NOTE. Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits is not
DC ELECTRICAL CHARACTERISTIC intended and should be limited to those conditions specifind
T, - 4,,0 70°C; Voo = 5.0V 210%; V. =0V in the DC Electrical characteristics,
SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
V. Input Low Voltage -0.2 +0.8 v
[ Vi Input High Voltage 20 v
| Voo | Output Low Voltage 0.45 v lon=3.2MA
Vou i High Level Qutput Voltage 2.4 v low=—200ua
I Ve |  Supply Voltage 45 5.0 55 v
! 4 | Supply Current 40 100 MA Al outputs apen |
AC ELECTRICAL CHARACTERISTCS
T, = 0°to 70°C, V., = §V=+ 10%; Vss = OV
SYMBOL PARAMETER MIN N TYP MAX UNIT TEST CONDITIONS
FIN VCO Input Frequency 5 4 6 M-z DDEN=3
5 2 B MHz DDEN=1
YoR,, RDD Pulse Width 100 | 200 ns.
W. |  EARLY (LATE) to WDIN 100 ns,
P PUMP UP/DN Time o 250 ns,
I W, | WOIN to WDOUT 80 ns. DDEN=1
b e L Internal Pull-up Resistor 40 65 10 KO
L e
! I
8 lg— FIN i
v L L
o vCO —-—1

PING

<1 8,9, 11,15 RO

~ Hammmll
|

:"\u
:

INTESNAI. PULL-UP RESISTOR - VO = 16—
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TG43 = “p"
DDEN = "1"

WRITE DATA TIMING (FM)




TYPICAL APPLICATIONS

Figure 1 illustrates the 1697 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 during data and low during clock a 74LS08 i 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 single 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 torm a control voltage for the 745124 VCO device.
The 4.0MHZ nomina! output of the VCO then feeds back to
the WD1691 completing the loop. The WD2143-01 is aiso
used, providing wrile precompeansation when in double-den-
sity, from tracks 44-77, The DDEN line can either be con-
trolled by a toggle switch or a logic level from the host
system.

To adjust write precompensation, issue a command to
the FD179X so that write data pulses are present. This can
be done with & ‘WRITE TRACK' command and the IP line
open, or a continuous 'WRITE SECTOR' operation. With a
scope on pin 4 of the WD 1891, adjust the pracomp pot foi
the desired value. This will range from 100 to 300 ns typically.
The pulse width set on pin 4 (1) will be the desired precomp
delay from nominal.

The data separator must be adjusted with the RDD or
VFOE/WF line at a Logic 1. Adjust the bias voltage poten-
tiometer for 1.4V on pin 2 of the 745124. Then adjust the
range control to yield 4.0MHZ on pin 7 of the 748124,

RAW
oaTa = 1771-01
741504 .
; ; XTDS
169 11 J-:-:—
RDD
741608
RGLK 2 | \ 27
} FDDATA
1 - 2 | FpoLock
15
DDEN —= N.C.

FIG. 1
WD1691 to FD1771-01 INTERFACE

SUBSTITUTING VCQ's

There are other VCO circuits available that may be sub-
stituted for the 745124, The specifications reguired are:

1} The VCO must free run at 4.0MHz with a 1.4V control
signal. The WD1831 will lorce this voltage 1 Volt in
either direction (i.e., 4V = decrease frequency, 2.4V
= increase frequency). If a = 15% capture range is
desired, then a 1 Voit change on the VCOQ input should
change the frequency by 15%. Capture range shouid
be limited to about = 25%, to prevent the VCO from
breaking inta osciltation andfor losing lock because of
noise spikes (causing abnormaily quick adjustments of
the VCO frequency). Jitter in the VCO output frequency
may further be reduced by increasing the integration
capacttar/resistor, but this wil also decrease the final
capture range and lock-up time,

2) The sink output current of the WD1691 is 3.2ma mini-
murn. The source output current is —200ua. Therefore,
source current is the limiting factor. Insure that the input
circuitry of the VCO does not reguire source current in
excess of —200ua.

Another alternative is 1o use a voltage follower/level
shifter circuit to match the input requirements of the VCO
chosen. A more complex fiker can be used to convert the
PUMF LUP/PUMP DOWN pulses to the varying DC vollage
signal required by the VCO, achieving an optimurn condition
between lock-up time and high frequency rejection.
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RAW DATA 27
FROM DRIVE L 5
SINGLE
. -® DENSITY
* «o DOUBLE
DENSITY
+5V =
Y +5
1 15|1e| 2UT
c1l vCC §
WDOUT
14 po 47 4.0MHZ 16 DDEN {2
5 T : vCo
1 c2 +5% 12
+5 Fo 7 5% " las PO
L [rmsen |, Y w1691 V[
- FC ./\/\/\——M/\—J'—< +5 WDIN
RANGE> o q 47K 100K EARLY L7
AD 2 —— =] RNG BIAS VOLTAGE _ 13| py 18
ADJ LATE
2 y 2150 TG43
Bi6)9 5 ——| 8
= 33uF — STB VFOE |—
— 47K Vss
NOTE 3 04 05 02 01 l
330 1913|2114 =
MR L, <
1] 3l 57 DRIVE
= 1
cqos 0020 y e o <
} WD2143-01 16
TRT JE— LLE PP Veg|2 <}
PRECOMP ADJ |
5K e 15
1) ALL RESISTORS %W = 5% = <F
2) SPECIFICATIONS =
CAPTURE RANGE: +20% —
LOCK-UP TIME: 254sec
(ALL ONE’S PATTERN, MFM) FIG, 2

3 FOR 5114 8
Beuf  .23uf
680 330

8" SINGLE/DOUBLE DENSITY FLOPPY INTERFACE

RAW READ
FO179X
DAL, DRQ.
INTRQ, Ao, A,
WE, RE, C$
CLK, MA
DDEN
RCLK
WG
wo
EARLY
LATE
TG43
VFOE/WF
weRT 2]
T 35 :]
DRC  TROO|- X <)
STEP  READY -32—<:l

CFU

INTERFACE

FROM
DAIVE
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WD2143-01 Four Phase Clock Generator

FEATURES

e TRUE AND INVERTED OUTPUTS
e SINGLE 5 VOLT SUPPLY

s TTL COMPATABLE

& ON CHIP OSCIHLLATOR

e XTAL OR TTL CLOCK INPUTS

® 3 MHz OPERATION

& TTL CLOCK OUTPUT

s PROGRAMMABLE PULSE WIDTHS
= PROGRAMMABLE PHASE WIDTHS
» NO EXTERNAL CAPACITOR

e NON-OVERLAPPING QUTPUTS

GENERAL DESCRIPTION

The WD2143-01 Four-Phase Clock Generator is a
MOS/LSI device capable of generating four non-
overlapping clocks. The output pulse widths are
controlled by tying an external resistor to the proper
control inputs. Ali pulse widths may be set to the
same width by tying the @PW tine through an exter-
nal resistor, Each puise width can also be individu-
ally programmed by tying a resistor through the
appropriate BIPW — B4PW control inputs. In addi-
tion, the OSC OUT line provides a TTL square wave
output at a divide-by-four of the crystal frequency.

PIN CONNECTIONS

$a |1 ‘ab\-‘cc

o4 [} 2 17 [ ¢Pw

631 [ 3 16 PP
$3 [] 4 15§¢3PW
%2 s 14 [ p2pew
9218 13 [ ¢1pw
o] 12 |3 osc ouT
¢1]sa 1] xTaLd
oo o 16 1) xTAL 2

PIPW
™
X1
_L T Q g
y ‘_Wv ¢] -
Z osc) T & =
T T a3
osc X2 T
out " I —- - 02
62 Pw )———I — AN e
T ¥ .
a ¢2
PIPW ) T a 3
—AAA -
b4 ¢3
I _
a = $3
parw - [ T 0 - P4
AN
Pa
PPW ) T F o 5 —
Ll

WD2143-01 BLOCK DIAGRAM

SEPTEMBER, 1980



PIN NUMBER SYMBOL DESCRIPTION

1,3,57 o1—04 Four phase. non-overlapping outputs. These outputs are inverted
(active low].

2.4, 6,8 01-04 Four Phase, non-averlapping outputs. These outputs are true (active
high).

9 GND Ground

10, 11 XTAL1 External XTAL connections. An externai crystal tied to these pins will

XTALZ cause the oscillator to gscillate at the crystal frequency.

12 QsC OUT A TTL compatable cutput that is a divide-by-four of the
crystal frequency.

13-16 FHPW-G4PW External resistor inputs to control the individual pulse widths of each
output. These pins can be left open if GPW is used.

17 oPW External resistor inpul to control ali phase outputs to the same pulse
widths. "

18 Vee +5V = 5% power supply input

DEVICE OPERATION

Each of the phase outputs can be controlled individually
by typing an external resistor from ¢1PW-@4PW to a
+5V supply. When 1t is desired to have @1 through @4
outputs the same width, the @1PW-@4PW inputs
shouid be left open and an external resistor tied
from the @PW (Pin 17} input to +12V.

XTAL1 and XTAL2 can be connected directly ta a
series-resonant crystal, forcing the internat oscillator to
oscitlate to the crystal frequency. XTALZ (pin 11)
may also be driven by a TTL square wave with
XTAL1 (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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SPECIFICATIONS

Absolute Maximum Ratings Note: Maximum ratings indicate limits beyond which
_ permanent damage may occur. Continuous operation at

Operating Temperature @10 +70°C these limits is not intended and should be limited to the

‘ DC electrical characteristics specified.
Voltage on any pin with -05t0 +7V
respect to Ground
Power Dissapation 1 Watt
Storage Temperature ~55°tg +125°C




DC ELECTRICAL CHARACTERISTICS

Vee = +5V + 5% R(GNPW) or R(GPW) - 5K, GND - OV T4 = 0° to 70° C

SYMBOL PARAMETER MIN. | MAX. UNITS CONDITIONS
Vol TTL low level output 0.4 vV g © 1.6 ma.
Veh TTL high level output 2.4 v loh - 100 ua.
Vi XTAL in low voltage 0.8 ')

Vih XTAL in high voltage 2.4 Vv

lee Supply Current 80 ma All putputs open

SWITCHING CHARACTERISTICS

Voo =BV + 5%, GND = 0V TA=0°1t070°C

SYMBOL PARAMETER MIN. | MAX. UNITS CONDITIONS
Ted XTALinto OSCout (1) 100 NS
Tpd OSCout to @1 100 NS
SYMBOL PARAMETER MIN. | MAX. UNITS CONDITIONS
Tow Pulse Width (any output) 100 NS CL = 30pt
QPW = 5K

Tne Non-Overlap Time 20 NS
Tpr Rise Time (any cutput) 30 NS CL=30pf
Tpf Fall Time {any output) 25 NS CL=30pf
TFR O8C in Freguency 3 mHz

External Resistor 100 kn @PW or BnPW
Tow Pulse Width Ditferential 5 % 9PW - 5K
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This is a preliminary specification with tentative device parameters and may be subject to change after inal product characterization 15
compleled,

Information turnished by Western Digita! Corporation is belreved 1o be accurale and reliable. However, no respansibility 1s assumed by
Western Digital Corporalion 107 1its use; nor any infringements of patents or other rights of third parties which may result from its use. No
license is granted by implication or olherwise under any patent or patent rights ol Western Digital Corporation Western Digital Corpora-
tion reserves the right 1o change said circuitry al any time without notice.
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SECTION 1
INTRODUCTION

GENERAL

This high-performance, teletype-compatible display
terminal is an input-output device which transmits and
receives information from a ceniral processor of
computer time-share system. This interactive terminal
is designed to meel requirements in the
telecommunications, data processing, and computer
industries. Applications include small systems, time-
sharing, information display systems, creditbanking
systems, and minicomputer/microcomputer systems.

Data communication is possible using 2 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 icop cable interface
is an optional accessory.

The basic {erminal inciudes an upper/iower case
typewriter style keyboard with control keys,
communications electronics, and a 12" non-glare video
display screen for a 24 line, B0 character per line
format. Data entry occurs in gither a bottom line mode
with single Hine scroll up or a page mode. Options fo 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,

DISPLAY TERMINAL FEATURES AND OPTIONS

The basic video display terminal is a stand-alone, ASCI,
serial asynchronous computer peripheral for use on
any system with an RS232C (CCITT V. 24) interface.
Standarc features on the terminal include:

style

Detachable upper/lower typewriter

keyboard.

Switch setectable upper/lowes case.

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
selectabie,

Front panel contrals: Power Off/On, Local/Remote,
Hali{fFull Duplex, Roll/Page, ASCII/APL switches.

Transparent/Tape Mode swilch allows display of 85 or
128 characters. All contral codes displayed when mode
is On,

Bottom line entry in Aoll Mode,
Page overwrite in Page Maode,

Automatic word wrap around on video display after the
80th character positicn.

Automatic alarm {Controt G, BEL code).
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Auto-Repeat, characters repeat at 15 charfsec.
Absolute x-y cursor addressing.
Clear to ‘End of Line’ and 'End ofScreen’ functons.

8-position baud rate select switch on rear panel. Select
from 110, 300, 600, 1200, 2400, 4804, 8600, 19200
baud.

Parity selact swilch on rear panel.

EIA RS232C (CCITT V.24) communications interface.
{20mA. current loop accessory available.)

Serial or parallel peripheral interfaces (optionai).
Optional numeric pad and funcfign keys.

APL and many foreign keyboards and displays
available.

EXPORT version (230V/5012) easily user-configurable.

TERMINAL OPTIONS

OPTION APL Provides front panel swilch selectable
ASCIl and APL characler set {no
overstrikes). APL is typewriter paired.

OPTICN SP1 Serial Peripheral Interface. This
switched EIA interface is bidirectional
for use with a printer, cassette, floppy
dizc, or other serial peripheral devices.
This porl is enabled locelly 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 terminat.

Auxiliary Parallel Input. ASCHl 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 panet.

OPTION PIP

OPTION CDS Coloured anti-glare display screen

{specify Amber, Green).

Adds a numeric pad and function keys
to the keyboard.

OPTION KB1



SECTION 2
OPERATION

2.1 OPERATING CONTROLS

The main controls for establishing the terminal’s mode
of operation, LOCAL, FULL, PAGE, and APL are iocated
on the keyboard. These and other controls are as
follows:

CONTROL LOCATION FUNCTION

POWER Front Controls power to
terminal (Part of
Brightness contral),

ILOCAL Keyboard When depressed, lhe
terminal is in a LOCAL
(Off-Line) mode. When
up, the terminal is in
REMOTE (On-Ling)
mode.

FULL Keyboard Switch selects HALF
(Up) or FULL
(Depressed) DUPLEX
maode.

PAGE Kayboard Switch selects screen
presentation mode,
Page overwrite
{depressed) or botiom
ling (Up) entry with
scroll-up.

APL Keyboard When depressed,
selects screen display.
It is used with the APL
character set.

Thumbwheal swiich
selects one baud rate
from 110, 300, 600,
1200, 2400, 4800, 9600,

BAUD RATE  Rear

19200 baud.

Switch Baud
Pos. Rate

1] 110

1 300

2 600

3 1200

4 2400

5 A800

5] 2600

7 19200

BRIGHTNESS Front Control knob adjusts

brightness of screen
display and POWER
on/off.

CAPS ONLY  Keyboard When depressed, the
terminal is in CAPS
LOCK mode. Shifts
lower-case alphabetic
characters 1o upper-
case.

PARITY Rear Toggle switch selects
odd, even or no parity
(normally mark; may be
internally changed 1o
space parity).

Switch selects 95 or
128 character set
display. ANl control
codes displayed when
switch is ON.

TRANSPARENT Rear

2.2 KEYBOARD FUNCTIONS

Al keyboard keys generate ASCl codes with the
exception of the BREAK Key. AFPENDIX H identilies
which codes are used for the individual characters and
control functions. For example, Control M executes a
carriage return. Characters repeat automaticafly it the
key held depressed for more than .75 seconds.
APPENDIX F shows keyboard layouls.

BREAK

The data output iines are put into a space condition for
as long as the key is depressed.

CONTROL CHARACTERS

Control characters are transmitted by deprassing the
CTAL 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 positiched at the
beginning of a line, issuing this command will have no
effect.

CURSOR RIGHT {Contrat U)

Moves the non-destructive cursor one position to the
right. When the cursar reaches the last character
position in a line, it wraps around 1o the beginning of the
next line. in PAGE mode the cursor moves from the last
position of the tast 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 rmoves the non-destructive cursor down
one line. ¥ the cursor is on the bottom line the text
scrolls up. In Page Mode the cursor moves to the top
line.

CURSCR UP (Control £}

Moves the non-destructive cursor up one position. [f the
cursor is on the top line, cursor remains fixed.

CURSOR HOME (Control Y)

Maves 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 ang the cursor moves td the upper left
hand corner {allow 40 ms.).
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CLEAR TO END OF LINE (Contro! V)

When this key is depressed. the line upon which the
cursor is currently positioned is cleared from the cursor
ic the end of that line. the cursor position remains
unchanged.

CLEAR TO END OF SCREEN (Controi W)

When this key |s 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 maved to the beginning
of the line on which it is positioned.

CONTROL P (X-Y Cursor Addressing)

Direct cursor positioning s provided following the
receipt of the appropriate control code (Control £). The
next character received will cause the cursor to move
to a line pasition (Y direction) as defined in the table in
APPENDIX A. In a similar manner, the next characier
will cause the cursor to move to a characier position (X
direction) as defined in the 1lable. Note that motion can
be inhibited in one direction or the other.

ESC (Escape)

When depressed, the ASCII code for the ESCAPE
function is fransmitted, but not displayed. When
received, the code has no effect on terminal operation.

TURN-ON PROCEDURE

Become familiar with all controls, switches, and
indicators on the terminal before attempting to sign on
lo any computer systern. The folowing procedure
should be followed when signing on:

1. Turn the BRIGHTNESS control knob clockwise to
turn the power ON.

2. Place LOCAL switch on keybeard to LOCAL.

3. Depress a few character keys 1o fill the screen with

a few lines of characters,

. Adjust BRIGHTNESS control knob to display bright,

crisp characters.

5. Execute a CONTRCOL X (or depress CLEAR key) to
clear screen and home the Gursor.

B. Setthe PARITY ODD/EVEN/NO toggle switch on rear
panel to required position.

7. Select the BAUD RATE tc be used with the rear
pane! 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.

MODES OF OPERATION
LOCAL

tn the LOCAL MODE, no signal transmission is made to
the computser through the input/output connectors on
the rear panel. LOCAL MODE may be used for tesling
keyboard tunctions 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 fransmitted to the computer each time a
key is depressed.

FULL DUPLEX, REMCTE

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 MOQDE switch located on the
rear chasis is in the ON position all contral codes
recelved 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 ¢
te identify them as such (i.e. Control G is Cg, Control X is
Cx, etc.). This mode is extremely useful for debugging
computer programs o¢rf monitoring comgpletely the
communications line data.

COMMUNICATIONS INTERFACE

This consists of a 25-PIN, rear panel inputioutput
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 'oop can beimplemented using a special
cable assembly, Part Number Cl04-2M.

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 graater
than 15 meters, all data and control signals should be
carried as twisted pairs using pins 1 to 7 as returns.

MODEMS AND ACOUSTICAL COUPLERS

If external modems and couplers are used, connection
to the terminal is made through the 25 PIN R&232C
{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 locaily generated character.
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SECTION 3
INSTALLATION

INITIAL INSPECTION

Inspect the terminal for physicai damage. Check the
switches, connectors, and video screen. The original
shipping carton should be kept for possible future
shipping of the terminal.

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. Netify Volker-Craig Lid. shipping department of the
damage, waybill number, and all cther pertinent
information.

4. Call the carrier
inspaction.

5. Return the merchandise via the same carrier to
Valker-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.

. Kesp zll packing materials.

4, Refurn the merchandise via the same carrier to YCL.
INCLUDE A COPY OF THE CARRIER'S INSPECTION
REPDRT WITH THE SHIPMENT,

INSTALLATION

The Volker-Craig Terrinal can be instalied in a number
of cenfigurations and locations. Its portability lends
itself to being moved easily from one location to ancther
as user requirements change. For use with a lelephone,
an acoustic coupler can be plugged in directly,

and reguest an immediate

W

All cable connections are made at the rear panel of the

terminai. The following cable connections are
necessary:
1. Power cable from terminal to AC oullet

115V + ~-10VAC, 50/80 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 tha line
fraquency.

2. Video cable from terminal rear panel connector
marked VIDEQ to monitor (if remaote slave monitor is
required, impedance = 75 chms).

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 ioop interface is required,
connection is made to the same connector using
a special interlace cable (P/N CI04-2M).

4.1

SECTION 4
SALES-SERVICE SUPPORT

WARRANTY

Volker-Craig Lid. warrants all products against defects
in materials and workmanship for & period of ninety (90)
days from the date of shipment. The warranty is limited

" to the servicing and adjustment of any product returned

42

10 VolkerCraig Lid. for that pumpose. included is the
teplacement or repair of any product or any part
thereof. Transportation charges must be prepaid by the
purchaset.

This warranty shall not apply to any product or part
theraol that is defeclive or unworkable due to abuse,
mishandiing, accident, alteration, negligence, or
improper instaliation. Voltker-Craig Ltd. reserves the
tight to service equipment at the customer’s site. No
other warranty is expressed or implied and Volker-Craig
Ltdl. is not liable for consequential damages.

SERVICE REQUESTS

Volker-Craig Lid. is concerned with “‘after sales™
service support. To ensure fast and efficient service we
suggest the following procedure when calling VGL main
plant or any saies/service office.

1. Give the Volker-Craig model number and serial
number of the defective instrument (an tnstrument
History file and Unit Control Record is kept on each
instrument).

2. Supply the exact physical location of the equipment,
i.e., buiiding, department, room number, andfor
person to contact for further infermation.

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 prablems are solved
over the telephone).

4. The necessary action t0 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 alaws the cursor to move 10 the screen position specified by the next two characters. The 7 bit
ASCl) code for the first character entered gives the Y-Pasition and the 7-bit ASCII code for the second character entered gives
the X-Pasition. The character co-ordinates are in binary format {offset by 20 Hex).

X-POSITION CHARACTER X-POSITION CHARACTER Y-POSITION CHARACTER

0 {Space) 41 ! 0 (Space)
1 1 42 J 1 !
2 o 43 K 2 "
3 # 44 L 3 #
4 3 45 M 4 $
5 % 46 N 5 %%
6 & a7 O 6 &
7 ' 48 P 7 ’
8 { 49 Q 8 {
9 } 50 R g )

10 * 51 S 10 -

11 + 52 T 11 +

12 . 53 u 12 .

13 - 54 v 13

14 . 55 w 14 .

15 ! 56 X 15 /

16 0 87 ¥ 16 0

17 1 58 Z 17 1

18 2 59 l 18 2

19 3 60 \ 18 3

20 4 61 [ 20 4

24 5 62 " (eircumilex) 21 5

22 6 63 __ {underscore) 22 6

23 7 64 * {grave accent) 23 7

24 B 65 a No motion 8

25 9 66 b

26 : 67 c

27 ; 68 d

28 < 869 e

29 = 70 |

30 > 1 q

H ? 72 h

32 @ 73 i

as A 74 i

34 B 75 k

35 c 76 |

6 D 77 m

37 E 78 n

38 F 79 )

39 G No motion p

40 H
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APPENDIX B

SERIAL DATA CONNECTOR SIGNALS

Agynchronous Serial Data EIA RS232C (CCITT 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 1o send (Note 1)
5 Clear to send (Note 2}
7 Signal Ground
1 Supervisory Transmit (Note 3)
18 -12v DC
20 Data Termina! Ready (Note 4)

Note 1 In LOCAL mode RTS is OFF. In REMOTE mode RTS
turns ON when a character iz to be transmitted.
RTS turns OFF after a control code has been
transmitted.

Note 2 CTS must be ON or gpen circuited to enabie data to
be sent. tn LOCAL mode this signal is ignored.

Note 3 In LOCAL mode 5A 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.

(8232 SIGNAL DEFINITION

Marking condition is indicated by a negative voltage from 3
to 25, A Spacing condition is indicated by a positive voltage
from 3 to 25.

DATA idle {MARK}

The lease significant bit {LSB) is received first during seria
fransmission.

Space P )
tio+Wlt leiple|le]|s|lale|al o2
a i i i 1 i i i r | Stop
r 1 1 ¢ 1 1 t t i Bitls
Mark t 1 2 3 4 5 6 7 t
-3to -25v ¥

There are 2 slop bits at 110 baud and 1 stop bit at alt other

speeds.
APPENDIX C
OPTIONS

1. APL/ASCI

This oplion aliows the APL {no overstrikes) ar ASCII
character sets to be selected by the front panel APL/ASCII
switch. The APL character set is typewriter paired and the
keyhoard is defined by clear decals with white legends
iocated 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 (DC2) will turn off the port {the light wil extinguish),

The 25 pin female D-conrector signal descriptions and
assignments follow RS232C (CCITT V.24) pin conventions
{viewed as a modem port). The conneclor is located on the
rear panel,

PIN NUMBER DESCRIPTION

PIN 1+ GROUND

PIN 2 [INPUT (Transmit} DATA

PIN 3 OQUTPUT (Receive) DATA

PIN 5 ON level (Clear 10 Send-Note 1}
PIN & ON level {Data Set Ready-Note 1)
PIN 7 GROUND

PIN 8 ON level {Carrier Deteci-Note 1}

PIN 11 Printer Busy (Supervisory TX-Note 2)
PIN 20  Printer Ready {Data Terminal Ready-Nole
3)

NOTES:

Note 1 Pins 5, 6 and 8 are tied o a positive voltage

Note 2 Controt signai from printer on pin 11 is propagated
to pin 11 on the main /O connector if SPI is ON.

Note 3 Data Termina! Ready signal from prinler s
propagated to pin 20 on main /O connector if SPlis
ON. If not used, signal will defauit to ON.

3. AUXILIARY PARALLEL INPUT (OPTION PIP)

This option provides an auxiliary TTL compatible paralle!
input to allow connecting paraltel devices such as Bar Coge
Reader Interface or detached numeric key chluster to the
auxiliary input of the lerminal’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 INPUTBITO

PIN 3 INPUTBIT1

PIN 4 INPUTBIT 2

PIN 5 INPUTBIT3

PIN 6 INPUT BIT 4

PIN 7 INPUTBITS

PIN 8 INPUTBITSG

PIN 9 INPUT BIT 7 (not used)

PIN 10 INPUT STROBE'

PIN 11 {NPUT ACKNOWLEDGE
PIN 12 INPUT SELECT'

PIN 13 +5VDC

4. COLOURED DISPLAY SCREEN (OPTION CDS)

This opticn allows the selection of a coloured anti-glare
display screen instead of the standard grey/while display.
Specily armber or green.

Rev. 3
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5. NUMERIC AND FUNCTION KEYS {OPTION KB1)

A numeric pad and function keys are added to the keyboard
layout. This option is most useful for data entry applications
and terminal reguirements where user definable key
commands are necessary. Tweive function keys appear as
the top row of keys on the keyboard. These 12 keys issue the
following ASCil Control Codes:

PF1 CTRL A (SOH) PF7 CTRL R (DC2)
PF2 CTRL B (STX) PF8 CTRL T (DC4)
PF3 .CTRL C (ETX) PF9 CTRL \ (FS)
PF4 CTRL D (EOT) PF10 CTRL | (GS)
PFS CTRL E (ENQ) PF11 CTRL A (RS)
PF& CTRL F (ACK) PF12 CTRL - (US)

APPENDIX D

ACCESSORIES
CURRENT LOQP ADAPTOR CABLE (Cl04-2M})

To operate the terminal in a current lgop, a current loop
cable {P/N Cl04-2M) must be ordered with the terminal. This
cable contains an interface which connects the ElA levels to
current loops. The cable is plugged inio 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 (CEQ1-2M)

Terminal 1o data set cable, 2 metres in lengih. 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
cireuitry is located in the external acoustic phone coupler.
Flugs inte SERIAL DATA connector using an RS232C
Terminal to Data Set cable {(Part No. CED1-2M)

MTI

Multiple Terminal [nterface. Small compact switching box
connects up to five terminals to one serial printer. Any one
of five terminais is selected by a front panel rotary switch.

BRI

Bar Code Reader Interface. Connects Monarch Marking
System 2243 paralel scanner to the termirmal via the
auxiliary paraliel input option, OPTION PIP.

Rev. 3

APPENDIX E

INTERNAL SETTINGS
BACKPLANE BOARD (BAC-1):

It is possible to operate the terminal on a line voltage of
230VAC (+ or - 20V) or 118VAC {+ 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. Far 230V operation the blackfyellow 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).

Al 1C (Integrated Gircuit) location GB, six jumper pairs
pravide for the fcllowing 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, RTS is held high (ON) in FULL
Duplex, but cperates normally in HALF Duplex.
Both FDX and RTS jumpers should not be instalted
at the same time.

RIS When instalied, this jumper ties the RATS signal high
{ON state). Without it, ATS is controiled by the
terminal. Do not install both BRTS and FEX jumper
straps.

SPC wWhen installed, the NO PARITY position of the
PARITY switch produces a SPACING condition.
Otherwise, NQ PARITY produces a MARKING
condition.

FILL Jumpering this pair causes a fast screen fill of the
last character typed on the keyboard.

RPT Jumpering this pair causes the last character typed
to repeat at the maximum rate allowed by the
BAUD RATE selting.

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/STDY When installed, the cursor will flash. Without
the jumper, the cursor will remain stationary.
When installed, the cursor is an underscore.
Otherwise it is a solid block.

50/60 When installed, the refresh rate of the vidgo
is BOMZ. When not installed, the refresh rate
is B0HZ. This rate should correspond to the
power line frequency.

When this jumper is installed, the screen
display consists of black characters on a
white background. When not installed,
normal video, ie. white characters on a
biack background, is efiected.

LINE/BLK

REV/NORM



APPENDIX F

VCL KEYBOARD LAYOUTS
; s (%] ~1s& I R [
mei |2 sl s lslelrlale ol T =]V [ omem
] 1
FAGE wo o lwle|lalrlvloliloleli] ] = | on
FuL 'mg;ﬁAsDFGHJKL;'{:::»'“M
LOCAL CTRL BHIFT z X c v B N M :: > 3 SHIFT -_— = |CLEAR
TYPEWRITER LAYOUT (STANDARD)
A ERARRRARAAARAREES
I HHRERNNEAEEHESE
i B e M R RS R N R R R
LOCAL GTAL |  SHIFT ; i 2 3 ‘B- ; h:! ‘ > SHIFT -— - | CLEAR
TYPEWRITER-PAIRED APL (OPTION APL)
PF1 PF 2 PE3 PF 4 PF 5 PF & PF 7 PF B PF9 |PF 10 | PF 11 | PF 12
ESC .’l ? : ‘: °;° ; :' s é é ~ : : s?:?c.; BREAK 718 |9
oaGe m lalwlelalr!lvylu (1ol e = \' RETURN ‘T’u: 4 [ 5|6
- P ‘ng:ﬁnSDFGHJKL:;':i:;:;*"omstza
< >
LOGAL cTRL | sHIFT 7 X c v B N o - ; SHIFT | = | == JcLEAR} — J: 4
"WITH OPTION 5P1
TYPEWRITER LAYOUT WITH NUMERIC PAD
AND
FUNCTION KEYS (OPTION KB1)
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APPENDIX G

VCL CHARACTER FONTS

2F BEPR @7 &P
- IRAR ST Tl e P AL
BE"ZEBERY W21 eBIR]
T = # 3|S5 c|s EIGINE
L F 40T At LG L~ INT
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T &G FY e _[WF Y
G TGN gw 117 1%l |G|
HE CIR|H|E h|x |2 a2 H[H
s S aRAL= 1B SRR E R ~ Gy Ty
P i-4E TR L i R s 2 ¢ n|CldZ
B+ (B Dk = [ eKlL
"i_"-:.,..{:_"-..]‘: s O~ L
FS=[=M T m > +=[|+M 2
ES I S TR T2 |M#

.:.:.:.

e

El A2 D - |0
UPPER/LOWER CASE ASCII
(STANDARD)

SN0

TYPEWRITER PAIRED APL
(OPTION APL)

RRRRR




APPENDIX H VC404 ASCIl ENCODING CHART

{Inclugding Hex-cade Equivalents)

= CONTROL CHARACTERS*—t-| == DISPLAYED CHARACTERS -
B7 0 0 0 0 1 1 1 1
Bs 1] (] 1 1 0 0 1 1
BS 0 1 0 1 0 1 0 1
—
CoL 1] 1 2 3 4 5 6 7
B4 | B3 | B2 | B1

$ADD F‘E.§§1= 10 30 0 50 &0 10

n 41 51 61 n
0 0 1 0 2 B R b r
12 2 52 52 72
0 1] 1 1 3 Cc 8 ¢ £
3 43 53 5 T3
0 1 0 0 4 D T d t
34 A4 54 [T} T4
0 1 0 1 5 E U e u
35 45 55 65 75
0 1 1 0 6 F v f '
3 i 58 6 75
0 1 1 1 7 G w g w
3t a7 57 67 77
1 0 0 Q 8 H X h b
8 48 58 [3:] ]
1 4] 0 1 9 | Y i ¥
*® 49 50 69 79
1 0 1 0 H ’t Cu R SOFI Z H : J z ' z
up) & aa s A 6A 7A
1 o 1| 9 ; K C K {
38 48 ) e 78

3c a 5C 6c 7C

1t ] o] (CARRIAGE M 73 = M| J|m }
(BETURNIEE oo . 10 ) 40 5D 8D b

1 1 1 0 > N A n

3€ 4E 5€ BE |
1 1 1 1 ? 8] - ]

3F oF SF 8F
- Codes generated and transmitied by lerminal but no

Hex-Code action taken on display.

D Displayed characiers "All controi Characters displayed in Transparent/Tape
Terminal Funclions Mode i.e. HT as €4, 5TX as CB.
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VC404 Specifications

Terminal Type TTY compalibie. .
Contiguration VC404 )
VCA04/EXP Export version Za0V, 50/60 Hz. Also 100V, 50/60 Hz.
) VC404/RO Receive only terminal {Deletas keyboard from VC404),
Communication Code ASCI)
Type N Serial asynchronous.
Speed ' 110, 300, 600, 1200, 2400, 4800, 9600, 19200
_ baud, externally switch solectable.
Method T Character by character (conversational).
Mode ~ Full or half duplex T
rarity Oda/Even/Mark/Space. switch selectable. -
Intertace ElA RS232C, CCITT-V 24 (20 mA curren loop
accessory available).
Screen Display Unit T - ) 30 cm (12 inch) non- glaré"CRT -
Presentation Display Format_ - 24 tines X 80 characters, 1920 characters.
Character Type o 5 X 7 dot matrix (? X 10 lleld}
Character Size_ B e 2 I'I'Ir;‘l_‘;z_l'ﬂ_m oo
Character Gené(gtion i _ _ R_O_M!PROM _ __ - - T
Refresh Rate = = [ [80Hz 50Hz swiichselectable.
RefreshMemory S‘a“F_“_&'.\{',_- oo o
Charactar Set 128 ASCI characters, upperfl;a_w;c-asé-_____m_
K_e_yb_oal; T _Déacﬁd_i;bewrite_;ie_srboard with Auto Repeat Line Feed Back 55&33_ Cursor U_;i_CLFgér Rigit, Homa, Clear )
Screen, Escape, Break, Tab, and Caps Lock Keys.
B;EI_EI_'“W T T?o!l Moa; ‘Bottom | Ilne wdh snn-gié line v roli-up oy e

Page Mode: Page overwrite.

Terminat Functions

Cursor Non deslrum - -_Ioék cursdr ’

Control Functions Lett, Right, Up, Down, Home, Clear and Home. Direct
X-Y cursor addressing using cursor control commangd,
o EOL (Clear to End of Line), EQOS {Clear 1o End of Screen).

Audible Alarm

On receipt of ‘Control G (BEL code) from cbmputer or keyboard

Operator Conlrols  Front Panel: Power Off/On, Display Brighiness.
Rear Panel: Baud Rate, Parity, Transparent/Tape Mode.
_Keyboard: Local/Remote. Hali/Full Duplex, Roll/Page. ASCH/APL.
Power 115 £ 10 VAC, 50760 Hz. 50 VA Normal Operating Power, 2A CSA Approval maximurm inpui current urtit and attached
peripheral, Optional 230 £ 20 VAC 50/60 Hz, 50 VA.
Overload Terminal: 1A Fast Blow (0.6A Fast Blow with 230V Optlon} i
Protection Display: Internal 3A Fast Blow o e e
Physical VC404 41cm WX52cm D X34cm H. 14kg
VC404/RO 41 em WX37cm. D X 34cm H, 12 kg.
Keyboard (KB404 Standard) 41¢cm W X 20 cm. D X 7 em. H, 2 kg.
. Keyboard (KBT) e e B3om WX 2em DXTem H 3kg
Documentation VC404 Operator's Manual.
e VG404 Service Manual iOptional). O,
Options Inlerface Cables
Opition APL: APL/ASCI Switchable Character Set — Typewriter  CEO1-2M: RS232C (GCITT-V.24) Terminal to Data Set
o Pairod (no overstrikes} e e Cable
Option SPL: Switched Serial Bidirectional Peripheral [nterface C104-2M: 20 mA. Current Loop ‘Adaptor Cable
Option PIP: Parallel Interface Porl e
Option CDS: Colowred Anti-Glare Display Screen
. {specity Amber, Green) .
Option KB1: Numeric Pad and Twelve Functlon Keys
Option $80: Split Speed Option. Transmit and receive
speeds can differ, _____ L
Option CCS: Custom Character Set
(Swedish, German, French, elc.) e o
Specifications subject to revision without nolice.
volker-craig Vvoker-craig umces voker-craig re
266 Martland Orwe, Waterioo, Ontana N2J 371 Cangda 333 Matro Park
€9 (519 8649300 Telex- 06955327 Rochester. New York 18623 USA
Toronto &YW (415) 456 2070 £ (716) 475 1221
volker-craig surope ag VOIker-craig (K)umees
P O. Box 2, Lachecheratr 4 . .
B3 g;brmﬁhxmm, Switzerland \\:!‘:It:::dcr:::l::::m?gldgsg‘l?ﬂ Tolpits Larw.

€Y 14111 865-2280 Teiex 4557008 & GB23-7178 Telex: 5125102
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CHAPTER 1
INTRODUCTION

This quide provides you with a general description, operating
instructions, maintenance and replacement procedures, and a
troubleshooting guide for SPINWRITER Terminals. Included are
gpecifications, 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 1/120th inch horizontally and
1/48th inch vertically.

1.2 SPECIFICATIONS

Table 1-1 lists specifications for SPINWRITER Terminals. These
specifications should be adhered to for SPINWRITER installation
and operation.



Table 1-1 SPINWRITER Terminals Specifications

FEATURE

SPECIFICATION

Print Speed

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

Standard speed selectable at 110,
300 or 1200 baud....up to 55
characters/in. {maximum)

Opticnal baud rates:

110, 150,
110, 200,
110, 360,

300
300
600

128 characters (maximum)

136 columns at 10 characters/in.
163 columns at 12 characters/in.

16 in. (maximum)

0.027 in., {maximum)

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:

24.8 in. (630 mm)
8.68 in. (220.% mm)
16.3 in, (415 mm)
21.1 in. (535 mm)

45.5 1lbs (20.7 kg)
including covers and
power supply

51 1bs {23.2 kg)
including covers and

power supply




Table 1-1 SPINWRITER Terminals Specifications (contd)

FEATURE SPECIFICATION
Power Requirements 115 vac, +15%, 50/60 Hz @3.5 amps
or 230 Vac, +15%, @2 amps (option)
Environment Operating: 40°F (5°C) to 100°F
38°Q)
Storage: -4°F (-20°C) to 158°F
{70°C)
Humidity Operating: 10% to 85% (No
Condensation)

Storage: 10% to 95% (No

Condensation)
Altitude Qperating: Sea Level to 10,000 ft
Storage: Sea Level to 25,000 ft

Acoustic Noise 67 dBA (without Covers}

60 dBA (with Covers)

INTERFACES
Model
5510/20 RS-232-C, Current Loop
5515/25 Diablo-Compatible Plus {Models

1610/1620}, R5~-232-C - Current
Loop Xerox—Compatible Plus
{Models 1700/1710)

1.3 RELATED DOCUMENTS

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




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 wvary 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.

Paper QOut
Switch

Paper Guide Paper Releasa

Copy Control

Lover Print Hammaer

o Frint Thimble
\ Acrylic Cover
Cover Opan

Powar Supply Switch
Impression Confrol
Pressure Switch
Boil Lever

Ribbon Cartridge
Tep Cover
Qparator Control

Platan Xnob
Floten

Guide Pulley N ¢ Qe ST IS O AL Mindle é:our
o S ’ ase Cover

Keyboard
Pressure
Baii Rallsr
Wire Ropes

Pressure
Roller

Cord Holder
Carrioge

Figure 2-1 SPINWRITER Controls and External Components

2.1 OPERATOR CONTROL PANEL

Table 2-1 1lists 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 contrcl panel for Models 5510/5515 and 5520/5525 and B
is the control panel for Model 5510 with a remote/local switch.



Table 2=1 Operator Control Panel
PANEL SWITCH/
LABEL INDICATOR FUNCTION
POWER 2=-Position Controls ac power to SPINWRITER.
Rocker Switch

POWER Indicator Illuminates when ac power is
applied.

SET TOF 5pring-Loaded Stores contents of FORM LENGTH

{Top of Rocker Switch thumbwheel switches,

Form) Note: Position paper at desired
first line before pressing this
awitch.

FF (Form Spring-Loaded Moves paper to top line of next

Feed) Rocker Switch form.

ALARM Indicator Illuminates if one of following
occurs: Parity Error, Framing
Error, Cover Open, Paper Out,
Ribbon End, Check Condition,
Buffer Overflow,.

Audible 1. Sounds for about 1/2 second
Alarm 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.

RESET Spring-Loaded Clears ALARM indicator if alarm

Bwitch condition is cleared. Light is
extinguished.

5P 10-12 2-Posgsition Selects either 10 or 12

(Space) Rocker Switch characters/in. It is set at

10 for 10-pitch thimbles and
12 for l2-pitch thimbles.

NOTE

The number of characters/
in. is set by internal
program control (Escape
code, gsee 2.2.1).




Table 2-1 Operator Control Panel (contd)
PANEL SWITCH/
LABEL INDICATOR FUNCTION
LF 6-8 2-Position Selects either 6 or 8 lines/
(Line Rocker Switch in. for line spacing.
Feed)
NOTE
The number of lines/inch
is set by internal program
(Escape code, see 2.2.1).
LOCAL LF 2-Position Enables auto line feed when
Rocker Switch set at ON, and when carriage
return pressed.
DUP F-H 2-Position Selects full or half duplex.
(Full, Rocker Switch At full duplex, data is trans-
Half) mitted but no local printing
is performed. At half duplex,
data is printed and transmitted,
PARITY 3-Pogition Selects odd, even, mark (for mark
E-M-0 Rocker Switch setting, there is no parity
(Even, check and mark polarity is
Mark, generated).
0dd)
SPEED 3-Position Selects high, medium, or low
H-M-L Rocker Switch communication speed. Standard
{High, configuration of 110, 300, 1200
Medium, baud. (For other configurations,
Low) contact your local service
representative.)
TEST 2-Position Enables self-test mode (see

Rocker Switch

2.6) when placed in ON posi-
tion. For Model 5525, LOCAL
swit¢h on keyboard must be
pressed and locked.

[y

Ll




Tabis 2-1 Operator Controi Panel (contd)

PANEL SWITCH/
LABEL INDICATOR FOINCTION
FORM Two 10-Position |1l. Specify form length --
LENGTH Thumbwheel number of lines from 1 to
Switches 99,
Read only when printer is
powered on and SET TOF is
pressed.
2. When in self-test, thumbwheel
switch designation, timeszs 10
equals desired column width.
(Applies for settings 03 through
13)
CLEAR Spr ing-Leoaded Clears SPINWRITER: equivalent
Rocker Switch to power ON/OFF clear.
NOTE
The character set is con-
trolled by an internal
program control.
REMOTE/ 2-Position In REMOTE position, SPINWRITER
LOCAL Rocker Switch receives and transmits data.
(5510 with In LOCAL position, the
Remote/ SPINWRITER is off-line and all
Local data transmissions stop.
Switch)}




WeE @B BEOBEE <ABA<H

1
CLEAR FORM LENGTH TEST IPEED  PARITY [T TN \F T3 RESET FF SET TOF POWLR

A. Controel Panel for 5510, 5515, 5520, and 5525

REMOTE

.. H i E| -i F - DN -; 13 [—il i -‘ ii.l

A8 8B = o M=

[y N ] | 1 ] aaen O [T !J
¢oLr [ LacaL

CLEMR TEST  FoRW 1 LEMGTH SPEED  FPARTTY Duf Lofal x RESET FF 58T » TAF POWER

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 1like
those on a typewriter. For example, when you press the SHIFT
key or SHIFT LOCK Kkey 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 Kkeys to
vary normal printing operations, carriage movement, or
paper movement. These keys are discussed in the fol-
lowing paragraphs.
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Figure 2-3 Keyboard Layout (Models 5520/5525 Only)

CTRL

The CTRL key, when used with another key, generates a
special functicn 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 Kkey 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 BA-6, ASCII Coding Chart, is added for
reference purposes.)



For CTRL and ESC key functions for Diablo-Compatible
and Xerox-Compatible Plus, see the following tables in

Appendix B:

Table B-1: ESC Key Functions

Table B-2: 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, 1in remote mode, transmits the delete code

instead of printing it. 1In the local mode, this key
does not operate.

2.2.2 Numerie Section

The numeric pad (l5-key pad) inputs numeric data. Do not use
the SHIFT and CTRL keys when inputting numerical data. To help
you locate your position on the numeric pad, the number 5 has a
raised piece. :

2.2.3 Control Section

The control section includes the following keys.
a. LOCAL (Remote)

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 mode.

In remote mode, the SEFINWRITER 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 Kkey.
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¢. 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 guality. The numbers
in the following paragraphs correspond to the numbers in the
figure.

(1) Platen knobs. These knobs allow the platen to be
rotated manually to insert paper and position it
properly. The right knob provides variable platen
action:; when you push the knob in, the platen rolls
freely in either direction. You can change the posi-
tion of the writing line by using this variable platen
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
guality by changing the impression control switch (see
Figure 2-4, 9}.

(3) & (4) ©Pressure bail levers and pressure bail. The
pressure balil 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.

(5) Ribbon Selector Switch. The ribbon selector switch is
Tocated under the top cover under the ribbon cartridge
black lever. Place this switch to the left for black
ribbon or multi-strike ribbons, and to the right for
red/black ribbons.




RIBBON SELECTOR
SWITCH

| MPRESS I ON

_ CONTROL
SWITCH

I

BLACK OR MULT)H 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 printing. The scale on the hood
provides a wvisual 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 minimum 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 print
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.

2-10
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2.4.1 Friction-Feed Paper Loading

Raise paper guide and silencer hood.
Move the pressure bail away from the platen,
Pull paper release lever forward.

Insert paper with printing surface down as shown in
Figure 2-5,

Push paper release lever backward.

Push in and rotate the right knob of the platen to move
the paper.

Pull paper release lever forward.

Align the paper horizontally and vertically.

Push paper release lever backward.

Push paper bail toward the platen,

Move paper to desired top of form position.

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.

Lower the paper guide and silencer hood.

Pin-Feed Paper Loading

Raise paper guide and silencer hood.
Move the pressure bail away from the platen.

Pull paper release lever forward; it must REMAIN in the
FORWARD position.

Release the paper cutter bail from the platen.

Insert paper as shown in Figure 2-5 or 2-6 with print-
ing surface down (for rear feed).

adlign paper feed holes with the left and right pin on
the platen; then lower the cutter bail to the platen.

Pull paper toward the back lightly to remove slack.



i.

2.4.3

g.
h.

j.

Push in and rotate the right knob of the platen to
position the paper to the first line position,

Lower the paper guide and silencer hood.

Forms-Tractor Paper Loading

Raise paper guide if rear feed is used, and raise the
silencer hood,

Move the pressure bail away from the platen.

Pull paper release lever forward; it must remain in
the FORWARD pcsition.

Open tractor doors.

Insert paper as shown in Figure 2-5 or 2-6 with print-
ing side down (for rear feed).

Align paper feed holes with the pins of the left and
right tractor assemblies.

Close left tractor deoor.

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,

Push in and rotate the right knob of the platen to
position the paper to the first line position.

Lower the paper guide and the silencer hood.

2.5 SPINWRITER PREPARATION

ROTE

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.

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.

Make sure paper, ribbon, and print thimble are proper-
ly installed.

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, and the carriage moves 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. Ycu 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 8P 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 gymbols. Figure
2-7 shows a typical test pattern printout, Press the FORM
LENGTH switches (see Table 2-1) to wvary the column width and
line spacing of the printocut. 1In the Test Mode, with a FORM
LENGTH setting of 13, the machine prints the test pattern in
130 columns, as shown 1in Figure 2-7. If you set the FORM
LENGTH switch at any other number, the test pattern is pointed
in 30 c¢olumns.

Observe the test pattern results, If the machine is malfunc-
tioning, describe these results to your service representative
who may provide wverbal instructions 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.

¢. Place the TEST switch in the OFF position to stop the
test.
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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

CAUSE

CORRECTIVE
ACTION

Does not pfint
{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

Poweyr Source

Cover Open

Ribbon End

Paper Cut

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

Is SPINWRITER con-
nected to ac power?
Is POWER switch
in ON position?

Is cover closed
tightly?

Check ribbon car-
tridge. If using a
multi-strike rib-
bon, ensure that
ribbon is not at
end (window on
cartridge will be
full).

Press RESET switch.

Check paper supply.
Is paper loaded
correctly?

Press RESET switch.

Turn POWER off.

. Move carriage to

center of machine
Turn POWER on.

. Carriage should

move to left margin
position,

Replace, if neceg-
Sary.

Are ribbon and
thimble installed
correctly?

Call Service
Representative
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Table

2-2

Troubleshooting Guide {contd)

PROBLEM
INDICATION

CAUSE

CORRECTIVE
ACTION

Paper Tearing

Printing Light
or not sharp

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,
or broken
Ribhon or thimble
not installed
properly

jammed

Copy control lever
set incorrectly

Impression switch
set incorrectly
Damaged platen or
thimble

Check paper load-
ing.

Adjust tractors.

Check paper release
lever (see 2.3).

Replace, if neces-
sary (see 3.2,
3.3).

Check installation.

Check position of
copy control

{see 2.3).

Check switch
setting.

Inspect for mars,
and/or abrasions
Replace, if neces-
sary.

REMOTE OPERATIONS

Alarm indicator
lights

Audible alarm
sounds once
T1symbol printed

Alarm
lights
Audible alarm

sounds repeatedly

indicator

Does not print
No carriage
movement

Alarm indicator
lights

Audible alarm

Parity or framing
error

Check ccndition

No data input

Buffer overflow

Check PARITY and
SPEED switches for
compatibility with
host device (see
Table 2-1).

Press RESET

Pregs CLEAR switch,
The printer is set
at initial state.

Make sure host device
which SPINWRITER is
communicating with is
operating properly.

l.

2‘

Check host device
for proper opera-
tion

Preass RESET switch,




CHAPTER 3
MAINTENANCE AND REPLACEMENT PROCEDURES

This chapter suggests ways to help you maintain high quality
printing. It includes procedures for replacing ribbons,
thimbles, and cther assemblies.

3.1 MAINTAINING HIGH QUALITY PRINT

To ensure high print guality, proper attention should be given
to such items as different printer control settings, paper
quality, ribbon quality, etc.

s 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.

e Align paper correctly with enough tension so that it
does not tear or wrinkle.

e Keep the platen clean and free of mars and scratches.
e Establish qguality standards for certain jobs....similar

jobs will be prepared in a similar manner and require
similar quality.



3.2

RIBBON CARTRIDGE REPLACEMENT

Replace the ribbon cartridge as follows:

The

a.

b.

gl
h.

Turn POWER off and raise the top cover.

Hold the ribbon cartridge lightly; at the same time,
push down on the two locking tahs which hold the car-
tridge in place, lif¢ the cartridge out (see Figure
3-1).

Take the new cartridge and rotate the manual feed knob
in the direction indicated by the arrow to establish
tension on the ribbon,

Place the new ribbon cartridge over the mounting plate;
insert the ribbon between the card holder and card
holder bracket.

Insert the ribbon in the ribbon sensor if a multi-
strike ribbon is being used {(see Figure 3-2}.

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.

Check tension on the ribbon (see step c}).

Clozse the top cover and restore ac power.

PRINT THIMBLE REPLACEMENT

print thimble may be replaced as follows:

a'

b.

Turn POWER off and raise the cover.,
Remove the ribbon cartridge (see 3.2).

Push hammer lock lever toward the platen ({Figure 3-2),
at the same time tilt the hammer cover toward the front.

Slide the 1lock piece, at the center of the print
thimble, horizontally and then tc the upright position.

NOTE
When handling print thimble, hold it

at the base to aveid possible damage
to the character tvpe areas.

3-2
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Figure 3-2 Print Thimble Removal
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e,

f.

Lift the print thimble upward from the carriage.

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.

Lay the lock piece flat and slide it until it is posi-
tioned as shown in Figure 3-2A.

Push the hammer and its cover into the locked position.
Install the ribbon cartridge.

Close the cover and restore ac power.

3.4 FRICTION-FEED ASSEMELY REMOVAL

If this option is installed, it can be removed in the following

manner:

d.

Turn POWER off and raise the top cover.

Move the pressure bail away from the platen.

Press the lock levers and simultaneocusly raise the
assembly upward and toward the rear of the printer as
shown in Figure 3-3.

Close the cover and restore ac power.

3.5 FORMS-TRACTOR ASSEMBLY REMOVAL

If this option is installed, it can be removed as follows:

Turn POWER off and raise the top cover.

Move the pressure bail away from the platen.

Press the locking levers and raise the assembly upward
and toward the rear of the printer to remove it (Figure
3—4) .

Close the top cover and restore ac power .
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Figure 3-3 Friction-Feed Attachment Removal
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3.6 PIN-FEED PLATEN REMOVAL

If this option is installed, it can be removed as follows:

Turn POWER off and raise the top cover.
Move the pressure bail away from the platen.

Press the locking tabs and 1lift the platen from the
printer (Figure 3-5).

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.

Close the top cover and restore ac powetr.

LOCKING TAB

PLATEN

PLTEAR

Figure 3-5 Pin-Feed Platen Removal



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.

¢, Press the locking tabs and lift the platen upward out
of the printer (see Figure 3-6).

d. 1Insert 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 (ON 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
A (or a) SOH (Start of Heading)
B (or b} STX (Start of Text)
C (or ¢) ETX (End of Text)
D (or d) EOT (End of transmission)
E (or e) ENQ (Enquiry)
F {or f) ACK {(Acknowledge)
G (or g) BEL {Bell)
H (or h) BS (Backspace)
I {or i) HT {Horizontal Tab)
J (or 3j) LF (Line Feed)
K (or k) VT (Vertical Tab)
L (or 1} FF (Form Feed)
M {or m) CR (Carriage Return)
N {(or n) 50 (Shift oOut)
O (or o) 8I (Shift In)
P (or p)} DLE (Data Link Escape)
Qg {or qg) DC 1 {(Pevice Control 1)
R {or r) DC 2 {Pbevice Control 2)
S (or s) DC 3 (Device Control 3)
T (or t) DC 4 (Device Control 4)
U {or u) NAK (Negative Acknowledge)
v {(or v} SYN (Synchronous Idle)
W (or w) ETB (End of Transmission Block)
X {or x) CAN (Cancel)
Y (or v} EM {End of Medium)
Z {or z) SUB (Substitute)
_ {underline) US (Unit Separator)
[ or i ESC (Escape)
n, A RS (Record Separator)
] * GS (Group Separator)
\ or i FS (File Separator)

Example:
To set vertical tab, press the following keys in this order:

1st key CTRL
2nd key K (or k)



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 & 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

BESC J or 3 Set Right Margin

ESC K or k Reset Right Matrgin

*ESC L or 1 Set FF Length

ESC Morm Set Left Margin

ESC O or o Reset Left Margin

(Tables A-3 through A-5 1list additional RESC functions for
Models 5510/5520.)

Examples:
To set the left margin, press the following keys in this order:

1st key ESC
2nd key 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:

l. 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 3. ESC L (or 1)
2. CLEAR 4, ESC 7



Table A-3 Horizontal Tab Function

15t £SC
2nd p Q R S U
) p @ P @ P @ p @
3rd 1 17 33 49 65 81 97 13 129 145 161
A Q A a A Q A a A
2 18 34 50 66 82 98 114 130 146 162
B R B R B R B R e
3 19 35 51 67 83 99 15 131 147 163
C 5 c 5 c‘/,/‘/ S c s C
4 20 36 52 68 84 100 116 132 148
D T 2 T 2 T 0 T D
5 2 37 53 89 85 1M 117 13 149
E u E u E U ,/”‘ E U E
& 22 38 54 70 /,/" as 102 118 134 150
F v F v F v F v F
7 23 39 55 71 o7 103 19 138 181
G w G W G W G W G
8 24 40 56 72 g8 14 120 136 152
H X H X H X H X H
g 25 a 57 73 89 105 121 137 153
i Y ) Y ! ¥ I Y )
10 26 42 58 74 ag 106 122 138 156
J z 3 2 J z J 2 J
11 27 43 59 75 a1 107 123 130 155
K [ K | K [ K [ K
12 28 > 44 60 76 a2 108 124 140 156
L \ L \ L \ 1L \ L
13 29 a5 61 77 93 09 125 141 157
(] ] A ) M ] M ] M
14 30 46 62 78 94 10 126 142 158
N A N A N A 1N P N
15 31 a7 63 79 J}///’Eé nl Az i43 150
3] - ) - 0 - 0 — a
16 a2 49 64 80 9 12 28 14 60
CHARACTER KEY —™ ———TAB PGSITION
Example:

To tab directly to horizontal position 59, press the following

keys in this order:

1st key ESC
2nd key Q (or q)
drd kevy 2 {or z)




Table A-4 Absolute Vertical Tab Functions

Reverse Forward
15t ESC ESC
2nd X Y 4 f
3rd @ p @ S @ P @ P
0 16 a2z 48 1] 16 32 48
A Q A Q A Q A G
1 17 33 40 1 17 3 49
B R B f B R B R
2 18 34 50 2 18 34 L]
c s c s C 5 c s
3 19 35 51 3 19 35 51
D T D T ] T o T
4 20 36 652 4 20 35 52
E 1] E u E 1] E u
5 2 37 53 5 21 37 53
F v F v F v F v
6 22 3B 84 6 22 38 54
G W G W G w G w
7 23 39 59 7 23 a9 55
H X H X H X H X
8 24 40 56 8 24 40 b6
t Y i Y I Y ! Y
9 25 41 57 2 25 41 57
J z J z J 2 J 2
10 26 42 58 10 26 42 58
K [ K I K [ K [
1 27 43 59 n 27 43 53
L A L A\ L \ L A
12 28 43 60 12 28 a4 60
M ] M 1 M ] M ]
13 29 a5 81 13 J,f’//za as| " 6
N 2l N Iy N A N M
14 30 46 62 14 30 46 62
0 - Q - (s} - 0 -
15 3 47 63 15 3 a7 63

CHARACTER KEY — 9 i TAB POSITION

Example:

To tab to a vertical position 26 lines before the preset line
(reverse), press the following keys in this order:

lst key ESC
2nd key X {or x)
3rd key 2 (or 2z)



Examples:

l. To space characters 12/120-inch apart,

Spacing Form Advance
1st | 2nd [ 3rd {inches) 3rd (inches)
ESC ] @ )] P 1/48
A /120 Q 2/48
B 21120 R 3/48
c 3/120 S 4/48
D 4/120 T 5/48
E 5/120 ) 6/48 (1/8)
F 6/120 Vv 7/48
G 7/120 W 8/48 (1/6)
H 8/120 X 9/48
I 9/120 Y [10/48
J o012 |z [11/48
K |11/12¢ { 12/48
L 12120 (110} | \ 13/48
M 113/120 ] 14/48
N [14/120 A 15/48
Q0 [15/120 ~ {16/48

lowing keys in this order:

2. To space lines 6/48-inch apart

1st ESC
2nd 7

3rd L (or 1)

the following keys in this order:

lst ESC
2nd ]
3rd U

(8 lines/inch),;

Table A-5 Spacing and Form Advance Control

press the fol-

press



Table A-6 ASCII Coding Chart

Cgr::gsb PRINTABLE
CODES % CHARACTERS
by 0 0 a o v v 1 |
bg 0 0 1t {1 oo 1 |1
bg 0 1 ol 1| o] 1| o 1
Bits by | by Ybs | by Colur_r:n ‘

A TRy 0 1 2 3[a|s|{6}7
cjololo 0 NUL{DLE|SP [0 [@ | P p
o[o]|of 1 1 SOH | DC1 | ! T |lalaia Ja

clof 1] o0 2 stx {pczj” |28 |R|b |[r
oloj1}1 3 ETX|DC3 | # [3 ¢ |s [e [
ol1]olo 4 EOTIDca s |4 [Dp (T |a |1t
oli1io] 5 ENQ[NAK! % {8 |E |U |e |u
ol1]1]o0 6 ACK |SYN| & ({6 [ F v |f v

of 1] 1)1 7 BEL | ETB 7 16 |w w

170l ol o0 8 BS {CAN| ( g8 1o X |n [x

1{o] ol 9 HT 1EM [} g [ |y i {y
1joy1]| 0| 10 LF {sus | * J |z | |z
1ftof1fr] m vT |ESC |+ |, | K k11
1{1io0{0] 12 FF |FS |, Sl I A A
1j1(0]1 13 CR |GS = (Ml m |}
1[1]1{o] 14 50 | RS >IN n |~
11]1] 1] 1s sl |us |/ > {0 ]| -10 |DEL

*See Table A-1 for definitiuns of ASCII code.

NOTE:

Both c¢rlumn 4 and 5

7 (small letter

function

(capital letter S5) and column 6 and

=1 of all ESC code sequences have same
e yeept DERY, cnde}.,

A=-6




APPENDIX B
MODELS 5515/25

Table B-1 Diable-Compatible Plus and Xerox=-Compatible

Plus Escape Key Functions

CODE(8) 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) Ahsolute Horizontal Tab
ESC VT (n} Absolute Vertical Tab
ESC RS (n) Define Vertical Motion Index (VMI)
ESC US {(n) Define Horizontal Motion Index (HMI)
To set left margin, press the following Kkeys in this
order:
1st key ESC
2nd key 9

To set absolute vertical tab at 52,
ESC sequence is used:

Ist key ESC
2nd key CTRL with K

the following 3=-key

(specifies vertical tab

see Table B-2)

3rd key 5 {print position desired
plus one. Table B-3 shows
decimal values for ASCII
characters.



To set absolute horizontal tab at 65 the following
3-key ESC sequence is used:

lst key ESC

2nd key Tab

3rd key B {print position desired
plus one per Table B-3)

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
Qrder:

lst key ESC

2nd keys CTRL with - {(See Table B-2)

3rd keys CTRL K (print position desired
plus one per Table B-3)

To set VMI at 53, press the following keys in this
order:

lst key ESC
2nd keys CTRL with + {see Table B-2)
3rd key 6 {see Table B-3)

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.



Table B~2 ASCII Coding Chart

CONTROL ASCIT UNSHIFTED ASCII SHIFTED ASCIT
MODE COPE MODE CODE MODE CODE
(HEXADECIMAL)
WUL 00 NUL 00 HUL 00
ESC 1B ESC 1B ESC 18
NUL 00 1 k31 ! 21
NUL 0o 2 32 c] 40
NUL 00 3 13 F 23
NUL 00 A 35 3 24
NUL 0o 5 35 z 25
NUL 0o 6 36 - SE
NUL 00 7 37 & 26
NUL 00 8 38 * 25
{ 8 9 39 { 28
} 7D 0 30 } 29
s 1F
us 18 - 2D _ SF
Ge o T 3D + 28
60 - 7E
BsS o8 BS 08 BS 08
NUL 00 NUL ag NUL 00
g‘él ?? WT Q9 HT 09
ETB 17 d n . =
w 77 w 57
;‘-gg (133 e 65 E 45
DC4 14 . 5 : o
B l9 t 74 T 34
o . ¥ 79 Y 59
T 54 u 75 u 535
ST oF i 69 1 49
DLE 10 © o 0 .
ESC 18 » s ! s
FS 1C ! s ] 54
LF 0h \ ¢ J I
LF 0A LF 0A
CTRL
SO o1 LOCK
oC3 13 a 61 A a
Bor o4 s 73 5 53
ACX 06 d b4 0 P
BEL 07 £ 66 i Py
BS 08 g 6 ¢ po
LF 0A h 68 4 "
o o8 ] 6A J LY
FF oc K 68 K P
i 18 1 6C L 4C
' 2 ; b4 . o)
g: ;g i 78 } 7
CR oD CR oD
CTRL
Function
SUB 1A SHIFT
AN 18 z 74 Z SA
ETX 03 x 78 X >8
YN 16 ¢ 63 C 43
oTX 02 v 76 v 56
80 OE b 62 B P
R o n 6F N 4E
. 2[: m 6[) H 4D
. 2E , 2 : x
. 2E. » E
/ 2F y oF ? k3




Table B-3 Decimal Values for ASCII Characters

Units
Tens 0 1 2 3 4 5 ] 7 8 9
0 SOH  STX ETX EOT ENGQ ACK  BEL BS HT
10 LF vT FF CR SO sl DLE DC1 DC2 DC3
20 DC4  NAK  SYN ETB CAN EM SuB ESC FS GS
30 RS us 5P ! i 3 8 % &
40 { Y + / 0 1
50 2 3 4 5 6 7 8 9 ;
60 < > ? @ A B C D £
70 F G H ! J K L %] N O
BO P Q R S T u v W X Y
90 z I \. ] ™ - a b c
100 d [ f q h ‘ i k ] m
110 n o I q r 5 1 u v w
120 x y z { l b~




Absolute tabbing

Baud rate

Bidirectional

Buffer overflow

Character set

Forms tractor unit

Framing error

Parity

Space pitch

GLOSSARY

The machine tabs directly to specified
print column or line (no previocus tabh
set has been made).

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 is
transmitted faster than the 256-
character buffer can accept it.

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 1ls or 0s is computed and checked
Parity must be compatible between com-
puter system and host device.

The number of <characters per inch
printed.

Glossary-1
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1.0 THECRY OF OPERATIONS

1.1 GENERAL OPERATIONS

The SA850/851 Diskette Drive consists of readiwrite and caontrol eiectronics, drive mechanism, read!wr_ile
heads, track positioning mechanism, and removable Diskette. These components perform the following
functions:

& Interpret and generate control signais.
® Move readiwrite heads to the desired track.
® Read and write data.
The relationship and interface signals for the internal functions of the SAB50/851 are shown in Figure 1.

The Head Positioning Actuator positions the readiwrite 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:

Index Detector Circuits (Sector/Index for SA851).
Head Position Actuator Driver

Head Load Solencid Driver

Read/Write Amplifier and Transition Detector.
Data/Clock Separation Circuits (SAB51).
Write Protect

Drive Ready Detector Circuit.

Drive Select Circuits.

Side Select Circuit.

In Use and Door Lock Circuits

11, Write Current Switching/Read Compensation

1.1.1 HEAD POSITIONING

Rl T e

e
e

The readiwrite heads are accurately positioned by a Fasfiex™ metal band/stepping motor actuater system.
A precision stepping motor is used to precisely position the head/carriage assembly through the use of a uni-
gue metal bandicapstan concept. Each 3.6° rotation of the stepping motor moves the readfwrite 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 50 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 handies fixes the Diskette to the
registration hub.
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FIGURE 1. SA8501851 FUNCTIONAL DIAGRAM

1.1.3 READ/WRITE HEADS

The proprietary heads are a single element ceramic readfwrite head with straddle erase elemenis 10 provide
erased areas between data tracks. Thus normal interchange toleranges between media and drives will not
degrade the signal to noise ratio and insures diskette interchangeability.

The readfwrite heads are mounted on a carriage which is positioned by the Fasflex™ actuator. The head
carriage assembiy utilizes a combinalion fiexuredfrigid head mounting system. This allows the flexured head
{0 load the media against its rigidly mounted counterpart (see Figure 2},

The diskette is held in a plane perpendicular 1o the readhwrite head by a platen located on the base casting.
This precise registration assures perlect compliance with the read/write heads. The readiwrite heads are in
direct contact with ihe diskette. The head surface has been designed to obtain maximum signal transfer to
and from the magnetic surface of the diskette.

FIGURE 2. B-COMPLIANT READ/WRITE HFAD



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 (i 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.

CLOC{( 8ITs

DATA BIT
(IF PRESENT)

'--——Brr ceu_—-l

FIGURE 3. DATA PATTERN

CLOCK BITS

fAah An

A |

1
DATA BITS

FIGURE 4. BIT CELL

1.2.2 BYTE

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 0 and the least significant bit cell is
defined as bit cell 7. When reference is made to a specific data bit (i.e., data bit 3), it is with repsect to the
corresponding bit cell (bit cell 3).

During a write operation, bit cell 0 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 transferred last.

When data is being read back from the drive, bit cell 0 of each byte witl 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 & illustrates the relationship of the
bytes for read and write data.
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FIGURE 6. DATA BYTES

1.2.3 RECORDING FORMAT (DOUBLE DENSITY)

Double capacity can be obtained by use of MFM (modified frequency modulation) and M2FM (rodified,
modified irequency modulation) rather than FM (frequency medulation) 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 M2FM
result in a 1 to 1 relationship between the “flux changes per inch” and the bits per inch recorded on the
diskette. This alse results in a doubling of the data transier rate, from 250 to 500 KBS, when compared to
FM. :

Data error rate performance equal to standard capacily diskettes using FM encoding can be achieved by us-
ing:

® The SAB50/851 diskette drive with its proprietary ceramic/ferrite read/write head.

® Phase locked loop {(VFQ) data separator

® Write precompensation.

Provision of the phase Jocked loop data separator and wrile precompensation circuitry is the responsibility
of the user of the SABS0/851 diskette drive.

Shugart Associates will provide design information, as required, to SA850/851 users who desire 1o incor-
poraie double capacity disketle drives in their products.,

The bit cell for MFM and M2FM encoded data is one half the duralion 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 hit makes data separation more complex. 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 VFQ, 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.

4



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 Enceding:

® 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 cel! 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 osciliator frequency is doubled, while maintaining the same flux changes per
inch as FM. Thus, the bit cell in M2FM/MFM is ¥z that in FM, Data transfer rate is also doubled, since a
1 to 1 relationship exists between flux changes per inch and bits per inch (2 to 1 in FM).

BIT
CELLS 1 1 1 o 1 0 0 0 1

! -
”
: -
F
, e
”
”
BIT T -
CELLS 4] 1 0 0 Q 1 ,, )
; e’
rd
MFM: D D D D D i
lM‘ n m n n n_d"
D D D o D
wew 1 M1 n_n n
] 2t l,_.,__. —_— At e
1 . 4510

FIGURE 7. FM. MFM AND M2FM ENCODING



1.2.4 TRACKS

The SA850/851 drive is capable of recording up to 154 iracks of dala. 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 a_nd
carriage assembly and selecting the desired side of the diskette. Track accessing wili be covered in Section

3.

Basic Track Characteristics:

No. Data bitsfirack Single Density 41,300 bits

No. Data bits/track Double Density 82,600 bits

index Pulse Width 1.8 £ 6ms

Index/Secior Pulse Width 4+ .2ms
{SAB51 only)

1.2.5 TRACK FORMAT

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 10 32 sectors {records) per track, Each track is sta red 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 typicat Sector Recording Format for 1 of 32 sectors.

400pu8

—=| + 20045 p=—

SECTOR
?;{ g.ns-__’ L__DATA IDENTIFIER-
40 BITS MAX
MIN
112 BITS 72 BITS
- MAX —- e 1040 BITS MAX = e-MIN
TURN ' WHRITE
- 52 + 30MS -

FIGURE 8. SA801 SECTOR RECORDING FORMAT

1.2.5.2 SOFY SECTOR RECORDING FORMAT
In this Formal, the using system may record one long record or several smalier 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 I1BM compatlible, using index Recording Format with soft sectoring.
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FIGURE 9. TRACK FORMAT
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1.26.1
operations,

Index is the physical detector indicating one revolution of the media and is used to initiate formal
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 revolulions.

Gap 1-

ID Field -

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 worsi case Separator sync up requirements.

Index Pre Address Mark (MFM) - Three bytes of C2 with unigue clock bits not written per
the encode rules. Refer to Figure 19. :

Index Address Mark (FM) - is a unique byte to idenlify 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.

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.

ID Pre Address Mark (MFM) - Three bytes of A1 with unique clock bits not writlen per the
encode rules. Refer to Figure 19,

- 1D Address Mark (FM) - is a unique byte to identify the ID field and not written per the en-

Gap 2 -

Data F_ieid -

code rules. Refer to Figure 12.

10 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, head 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.

Syne is a fixed nurnber 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 tor the Write Gate turn off after an update
write. _ _

12
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Gap 3 - Gap frem 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 sead 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 readfwrite heads to move one track either in or out
depending on {he Direction Select line.

1.3.2 The Carriage Actuator Motor used on the SAB50/851 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 Y 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 nat outputs to be active. When the door is ¢losed and the heads lgaded the
not outputs actuate the 1 and 4 drivers. With these drivers active the position zero windings are excited
causing the rotor 10 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 {racks.

® Assuming:
Present position of the readfwrite heads to be track Q0.

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).

13



Minus Direction Select is inverted and becomes + Direction Select. Since the Step Counter i.s reset (_Iow), a
high is at one input of Exclusive OR A and a low at Exclusive OR B. + 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 cloclj:s FE Aoft a:nd
FF B on. this enables drivers 1 and 3 causing the Actuator Motor fo 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 B on, a low is presented 1o Exclusive OR A A and B allowing + Direction Select fo pass
to both FFS. Upon receipt of the next Step pulse both FFS are clocked on, enabling drivers 2 and 3. Figura 22
(Track 02, Count 3).

Wiih both FFS on, a low is at Exclusive OR A and a high at Exclusive OR B 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 Ais 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 inaciive.

Five step pulses 1o 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 1o Exclusive ORs A and B. Wilh 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 oft 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 lifth 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 zera. 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
® SAB50/851 uses double frequency NRZI recording method.
® The read/write heads are similar 1o 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 surtace. ’

1.4.1 The SAB50/851 drive uses the double-frequency (2F) horizontal non return to zero (NRZI) method
of recording. Double frequency is the term given to the recording system that inseris a ¢lock 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 readiwrite 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.

143 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 Hux 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 oppesite 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 reversat on the diskette surface. The gap firgt passes over an area that is magnetized in one direction,
and a constant flux flows thraugh the ring coil. The coil registers no output voltage at this point. When a flux
fransition passes under the gap, the flux flowing through the ring and coil will make a 180° reversat. This
means thal the Hux reversal in the ¢oil will cause a voltage output pulse. See Figure 29.

1.4.5 Figure 30 shows the 1F and 2F recording flux transitions with pulse relationship.
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1.5.0 READ/WRITE HEAD
® The read/write heads contain iwo coils each.

® When writing, the head erases the outer edges of the track to insure there is erased areas between
adjacent {racks.

1.5.1 Each of the read/write heads confain two coils. Two readiwrite 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 readiwrite 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 aliows for
minor deviations in read/write head current s as one track is recorded, it will not “*splash over’ to adjacent
tracks.

1.5.3 Each bit written will be directed to alternale read/write coils, thus causing a change in the direc-
tion ol current flow through the read/write head. This will cause a change in the llux 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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FIGURE 30. 1F AND 2F RECORDING FLUX AND PULSE RELATIONSHIP

i
I AW g ! Fiw 1
a1
b d |
WRITE +d
DRIVER 1 bl
ol
hin | L]
ERASE SIDEQCT AASE
DRIVERS I < g
ERASE
b SIOE 1CY
WRITE .
DRIVER 2 e I
I !
|

FIGURE 31. READ/WRITE HEADS

19



et

1.6.0 WRITE CIRCUIT OPERATION (FIGURE 32)
® The binary connected Write Data Trigger toggles wilh each pulse on the Write Dala line.
® The Write Data Trigger alternately drives one or the other of the Write Drivers.

Wrile Gate allows write current o flow to the Write Driver circuils.

Wrile Current sensed allows Erase Coil current.

Heads are selecied by grounding lhe appropriate cenier tap.

1.6.1 Write data pulses (¢lock & data bits) are supplied by the using system. The Write Trigger ““loggles™
with each pulse. The Q and Q outpuls are fed to alternate Write Drivers.

1.6.2 Write Gate, from using sysiem, and not Write Protect, are anded together to provide write current.

1.63 The ouiput of one of the Write Drivers allows write curreni to flow through one-hatf of the
readiwrite coii of each head. When the Write Data Trigger toggles, the other Write Driver provides the write
current 10 the other half one the readfwrite coils.

1.6.4 When write current is sensed flowing 1o the Write Drivers, a signal is generated o provide lrimmer
erase coil current.

Vheno | Hean 4
l
AW 11
ot |
__{ wrITE JLRW ot

DRIVER 1 i 1

L
S o ] | SIDE O CT I
r—{ WRITE i I

DATA __J-\w-v-\._1 YL
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ERASE
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I

FIGURE 32, WRITE CIRCUIT FUNCTIONAL DIAGRAM
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1.7.0 READ CIRCUIT OPERATION (FIGURE 33)
® Duration of all read operations is under controt of the using system,
¢ When the heads are lpaded, 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).

1.71 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 signa! 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 4us and when data bits are present once every 2gs, the
frequency of the read data varies. The read signal amplitude decreases as the frequency increases. Note
the signals on Figure 31. The ditferential amptifier wili 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 33. READ CIRCUIT FUNCTIONAL DIAGRAM
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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, J5, provides the DC power; and the third
connector, J4, provides the AC power and frame ground.

1.8.1 J1/P1 CONNECTOR

Connection o J1 is through a 50 pin PCB edge card connector. The ping are numbered 1 through 50 with the
even numbered pins onthe 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 PS/AJS 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/J5 pin designators, are outlined in
Table 2,

1.8.4 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 eight alternate outputs available from either the SAB50 or SAB51. The
output signals are driven with an open collector output stage capabie 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 microamperes.

Refer to Figure 36 for the recommended circuil.
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P4 60 Hz “ 50 Hz _
PIN 115 V (Standard) 2081230 V 110V 220V
1 85-127 VAC 170-253 VAC 85-127 VAC 170-253 VAC
2 Frame Gnd Frarme Gnd Frame Gnd Frame Gnd
3 85127 V Rtn 170-253 V Rtn 85-127 V Rin 170-253 V Rin
MAX
CURRENT 0.35 Amps
FREQ
TOLERANCE
TABLE i.
PS MAX
PIN DC VOLTAGE TOLERANCE CURRENT RIPPLE (p 1o p)
1.0A Max*
1 +24 VvDC +=2.4 vDC 0.85A Typ 100 mv
2 + 24 V Return
6 +5 V Return
1.1A Max
5 +5VDC - +0.25 VDC 1.0A Typ 50 mv
*}l either cuslomer insiallable option described in
seclions 7.1 and 7.3 are used, Ihe curren} require-
men lor the + 24-VDC is a mulliple ol the maximum
+ 24V current times the number of drives on the
line,
TABLE 2




2,0 MAINTENANCE SECTION
2.1.0 MAINTENANCE FEATURES
2.1.1 ALIGNMENT DISKETTE

The SA122 Alignment Diskette is used {for alignment of the SA850/851. The following adjustments can be
made using the SA122. Adjustments are checked on head zero and head ane. The drive under test should be
jumpered to the 850 position.

1. R/W Head radial alignment using track 38,

2. Index Photc-Detector Adjustment using {racks 01 and 76.
3. Track 00 is recorded with standard IBM 3740 tormat.

4. TK75has 1f + 2f signal.

NOTE: Caution should be exercised in using the SA122 Alignment Diskette. Tracks 00, 01, 36, 37, 38, 39,
40, 75, and 76 shouid not be written on. To do so will destroy pre-recorded tracks.

2.1.2 SAB09 EXERCISER

The SAB09 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 lor field service.

The Exerciser is designed to enable the user 1o make all adjustments and check outs required on the
SABB0/851 drives, when used with the SA122 Alignment Disketie.

The exerciser has no intelligent data handling capabilities but can write both 1f and 2f 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 Part Number
Alignment Disketie SA122
Cartridge Guide Adj. Too! 503771
Exerciger 506180
Soanner Wrench 507520
Head Penetration Teol Set 51218-0

2.2.0 DIAGNOSTIC TECHNIQUES

2.2.1 INTRODUCTION

Incorrect operating procedures, faulty programming, damaged diskettes, and “'soft errors” created by air-
borne contaminants, random electrical noise, and other exiernal 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 {0 repeat the
fault with the original diskette, then attemp! to duplicate fault on second diskette.

25



2.2.2 “SOFY ERROR” DETECTION AND CORRECTION

Soft errors are usually caused by:

1. Airbome contaminants that pass between the read/write head and the disk. Usually these con-
taminanis can be removed by the diskette seli-cleaning wiper.

2.  Random electrical noise that usually tast for a few microseconds.

3. Small defects in the written data and/or frack nol detecied 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 {19) 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 ¥.

4, 1t 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 "wrile check”. To correct the error, anoiher write and wrile check aperation must
be done. il the write operation is not successiul after ten {10) attempts have been made, a read operation
shouid be attempted on another track 1o 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 stift exists, consider the
drive delective, Il the faiture disappears, ¢onsider the original diskeite delective and discard it.

2.2.4 READ ERROR

Most errors that occcur will be “soft” errors. In these cases, performing an error recovery procedure will
recovef the dala.

2.2.5 SEEX ERROR
1.  Actuator mailunction.

To recover from a seek error recalibrate 1o track 00 and perform another seek to the originat 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 B51 sector puises {single sided disk)
13. -Ilndex and 851 sector pulses {double sided disk)

16. + Read data _
17. -Data separator timing {(fong data window)
18. -Data separator timing (short data window)
25. 4 Write protect

26. + Detect track 00

27. + Gated step pulses

28. Signal ground

h -Separated index {interface)

R. -Ready (interface}

S. -Separated sector B51 (interface)

2.2.7 CONNECTORS

2271 J1/P1 provide the signal interface to the host system. The pin designators are as listed below.

2.  Write Current Switch

4. Alternate O

6. Alternate YO

8. Alternate /O

10. Two Sided {optional)

t2. Disk Change (optional}

14, Side Select

16. In Use (optional)

18. Head Lead (optional)

20. Index

21. Ready

24. Sector (8591 only)

26. Drive Select 1 (or Side Select Option)
28. ODrive Select 2 {or Side Select Qption)
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

45, 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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2272 J2i/P2 provide control signals and power 1o the Head Load Aciuator, the Head Position actuator
dropping resitors, In Use LED and Door Lock solenoid and the detector assemblies. The pin designalors are
as listed below:

Key

+In Use LED

+ Track 00 LED

+ Write Protected

+ Index LED

+ Door Closed

-Door Closed

Not used

-Door Locked

-Track 00

+ Write Protected

+ IndexiSector 0 Detector
+ tndex/Sector 1 Detector
Key

+ Stpr Wndg/Res A

+ Stpr WndgfRes B
-Head Load

Key

Ground

Ground

Ground

Ground

Ground

Not Used

Not Used

+ 24V Door Lock

10. + 5V Track 00 Detector
11. 4+ 5V Write Protect

12. 4+ 5V Index (0 & 1) Detector
13. Not Used

14, Key

15. +Sipr Res A

16. +SiprRes B

17. + 24V Head Load

CRENORPUPNACHNDIDZICA-ITIMOOT>

2.2.7.3 J3iP3 J3IP3 provides 1o interface to the Read/Write coils and the trim erase coils of the
magnetic recording heads. The pins are listed below:

Shield O

Key N
Readr¥rite 01
Side Q0 CT
ReadWrite 02
Erase O

Erase 1
Readf¥rite 12
Side 1 CT

10. Read/Write 11
11, Key

12, Shield

OENDGT AWM
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2274 J4/P4 provide AC power and ground as listed below:

1. -AC Motor Power A
2. -Frame Ground

3. AC Motor Power B
2.

2.7.5 J5iP5 J5/P5 provide DC power and ground as listed below:

+ 24 Volts DC

+ 24 Volt Ground Return
Not Used

Not Used

+ 5 Volts DC

+ 5 Volts Ground Return

QAL

2.2.7.6 J6IP6 JE/PE provide power to the Head Positioning actuator as listed below:

+ Stpr Wndg/Res B
Key

+ Stpr Wndg/Res A
+ Stpr Wndg B

+ Stpr Wndg A

2.3.0 PREVENTATIVE MAINTENANCE
2.3.1 INTRODUCTION

ol ol S

The prime objective of any preventive maintenance activity is to provide maximurm 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. Naticing 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 MONTHS CLEAN OBSERVE
Read/Write Heads NfA 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
2 | cloan e
AeadiWrite Head 12 _ Check for proper alignment

TABLE .3



2.3.3 CLEANLINESS

Cleanliness cannot be overemphasized in maintaining the SA850/851. Do noi lubricate the SAB50/851; 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 ciear the heads when it is inserted
(Section 4.6.2).

c. Make sure the door lock is funclioning 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 ofiset. 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 1o the base. Remove rubber boot and disconnect
motor teads from capacitor.

¢. Remove connectors from PCB and remove PCB.

d. Remcve 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 remave PCB.

b. Remove belt from drive puiley.

¢. 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 bell
tracks correctly.

2.4.2 HEAD COVER SHIELD REMOVAL
a. Loosen the two screws holding cover o the guide opening assembly.

©. Slide cover back loward drive and remove the cover.
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2.4.3 CARTRIDGE GUIDE ACCESS

€.

Remove head cover shigld {Section 2.4.2).
Position head to approximately track OC by turning the actuator shatft.

Open cartridge guide by pressing pushbar on front of drive.

Insert a clean piece of lens tissue between the heads to prevent them from touching each other
and gently lower the moveable head arm assembily.

Loosen the two screws holding the cartridge to door latch plate.

CAUTION: Insure the head load arm is off the load bail first.

f.

g.
h.

Release safety catch on guide open assembly by pressing it towards the back of the drive.

Swing cartridge guide out.

To restore the carlridge guide to its normal position reverse the procedure and adjust per Section
2492

2.4.4 SECTOR/INDEX LED ASSEMBLY: REMOVAL AND INSTALLATION

a,
b.
C.

d.

Disconnect the wires to LED terminals (soider joints).
Remove the screw hoiding the LED assembly to the cartridge guide.
Reverse the procedure for installation.

Check index timing and readjust il 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.

b.

Remove connectors from PCB and remove PCB.

Extract wires from P2 connector, pins 4, D, 11, and M.

Remove cable clamps.

Remove head cover shield {Section 2.4.2).

Remove screw holding the detector bracket and remove assembly.

Reverse procedure for reinstalling. Connect the wires to P2 by the following: Red to (4), Black to
(D). White to (11), and Gray to {M).

2.4.5.2 WRITE PROTECT DETECTOR ADJUSTMENT

Insert a diskette into drive. Write protect notch or hole must be cpen.
Set oscilloscope to AUTO sweep, 2Vidiv. and monitor TP25.
Loosen screw on detector assembty and adjust until maximum amnplitude 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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4.6 HEAD LOAD MECHANISM ASSEMBLY

2.4.6.1 HEAD LOAD MECHANISM: REMOVAL AND INSTALLATION

a.

f.

Install a disketie.

Remove head cover shieid {section 2.4.2).

Extract wires from P2 connector pins 17 and U.

Unfasten the ioﬁr mourding screws and remove the aciuator assembly.

To install, reverse the above procedure. Reference section 2.4.6.2 to adjust.

When installing, make sure that the fasteners for mounting the solenoid bedy do not interfere with
the armatuie,

2.4.6.2 HEAD LOAD MECHANISM ADJUSTMENT

a.

b.

Apply power 1o the drive and insert a double-sided diskette (SA150). Step to track 00 and select
side 1 head.

Sefect the drive and insure the head is loading. With the head lpaded a clearance of .020" +
012" should be obiained between the bail on the head load soienoid and the lift fab 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 ciearance and countes-clockwise will increase the
clearance.

Load the head a couples of times and reverify the clearance required.

Step to track 76 and load the head, check the clearance between the bail and the lift tab. Lift tab
must not be in contact with the bail, and clearance must be a minimum of .008" and no greater
than .032"

Return to track 00,

{1} Sync oscilloscope on TP 11 { + Head Load}). Set time base to 10 msec/division. Connect ane
probe 10 TPt and the other 1o TP2. Ground the probes on TPS, Set the inputs to AG couple,
add and invert ane input. Set the verlical deflection {0 200 mvidivision.

{2) Select the side 1 head, energize the head inad solencid and observe the read signal on the
oscilioscope. The read signal shovid begin between 35 and 45 msec (see Figure 38).

{3} H ihe read signal begins sooner than 35 msec loosen screw holding the loader spring adjust-
ment plate. Slide piate 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,

A properly adjusted head load mechanism should load between 35 and 45 msec and the read
signat should settle out in 50 msec. There should be no read signal between 0 and 30 msec.
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BAIL ADJUSTMENT SCREW

LOADER SPRING
ADJUSTMENT PLATE

BAIL AND LIFT TAB
CLEARANCE
020" = 0127

FIGURE 38. HEAD LOAD TIMING
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2.4.7 INDEX/SECTOR PHOTO TRANSISTOR ASSEMBLY
2.4.7.1 INDEX/SECTOR PHOTO TRANSISTOR ASSEMBLY: REMOVAL AND INSTALLATION

a.

b.

C.
d.

e.

Disconnect P2 connector trom PCB.

Remove wires fram Door Closed switch CRG Cormmon, Grey NIC, and Red N/C. Exiract wires from
P2 connector Pins 12 BLK, N GREEEN, P BRN, 8 ORG, F GRAY, and H RED.

Remove the cable ciamp helding wires far detector.
Remove screw holding detector to the base plate and remave assembly.

To install reverse procedure.

2.4.7.2 INDEX/SECTOR ADJUSTMENT

i

insert Alignment Diskeite (SA122),
Step carriage to track D1.
Sync oscilloscope, external negalive, on TP12 {(-Index). Sel time base 1o S0usecidivision,

Connect one probe TP1 and the other to TP2. Ground probes 1o the PCB. Set the inputs to AC. Add
and invert one channel. Set vertical deflection to S00MV/division.

Qbserve the liming between ihe start of the sweep and the first data pulse. This should be 200 =
100usec. !f the timing is not wilthin tolerance, continue on with the adjustment.

Loosen the holding screw in the Index Transducer untit the transducer is just abje {o be moved.

Observing the timing, adjust the transducer unti) the timing is 200 = 100asec. Insure that the
transducer assembly is against the registration surface on the base casting.

Tighten the holding screw,
Recheck the timing.

Seek 1o track 76 and reverity that the timing is 200 2: 100usec.

2.4.8 SPINDLE ASSEMBLY

a,
b.
c.

d.

Rernove head cover shield {Section 2.4.2).
Switch aut cartridge guide {Seclion 2.4.3).
Remove drive belt.

Remove the nut and 2 spring washers holding the spindle pulley. The Spanner Wrench 50752 must
be used 1o hold spindle,

CAUTION: The pre-loaded rear bearing may fly out when spindle pulley is removed.

e,

{.

g.

Withdraw spindle hub from cpposite side of baseplate.
Reverse the procedure for instaliation.

Tighten nut to 20 inJlbs., insuring that the spring washers are compressed. Add a drop of LOCTITE
#290 1o the threads.
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2.4.8.1 CLAMP HUB REMOVAL

a.
b.

c.

Remaove hub clamp plate.
Remove clamp hub and spring.

To install, reverse the procedure. No adjustment necessary.

2.4.9 CARTRIDGE GUIDE

2.4.9.1 CARTRIDGE GUIDE REMOVAL

a.

b.

9.

Perform steps, 2.4.3, 2.4.4, 2.45 and 2.4.6.1.

Loosen cartridge guide stop.

Remove E-ring from pivot shaft.

Remove pivot shaft.

Tilt the cartridge guide slightly, and remove it from the upper pivot.
To install the cartridge guide, reverse the procedure.

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 hale in the cartridge guide and
screw completely into the base casting (hand tight).

Move the handie into the latched position and hold lightly against the latch.

Tighten two screws holding the cartridge guide to the latch plate.

Remove the {ool 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.

Adjust the cartridge guide stop so that it is within .05 inch of the base casting.

Check index alignment (Sector 2.4.7.2).

Insert diskette, close and open door, then check for proper operation.
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2.4.10 HEAD AMPLITUDE CHECK

These checks are conly valid when writing and reading back as described below. H the amplitude is below the
minimum specified, before re-writing and re-checking, insure that the diskelte 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 gocd media.

b. Select the drive and step to TK 76.
c. Sync the oscilioscope on TP12 {-Index) for single sided diskettes, TP13 for doubie 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 o S0mv and time base to 20 Msec per division.

d. Write the entire track with 2F signa! (all one’s).

g. 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 stilt low, it will be necessary 1o
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 cabile 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 hoiding actuator assembly to the base casting.

. 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. Toinstal, procede as foilows:

(1) Hold a)ssembly al 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 falis 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 {o perform this alignment procedure will consist of penetration gauge tool set,
screwdriver and 4" nut driver (see Figure 33},

TOOL MASTER

DIAL INDICATOR

PLATE

SCREWDRIVER

NUT DRIVER

FIGURE 239. HEAD PENETRATION fOOLS
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Set up the penetration dial indicator on the penetration tool master. Check penetration too! 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 ofl
the work bench.

FIGURE 40. DIAL INDICATOR
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With the drive in the horizlonal position, remove HAC shield and door open, slide the penetration
plate into the drive with the tappered end in lirst and counler bore side up. Slide the plate up and
over the spindle until it's squarely ¢ver the spindle and close the door. See Figure 41.

NOTE: The penelration plate is made of harden tool steel and care should be used nol o damage
spindie of any other parl of the drive during insertion of extraction.

FIGURE 41. PENETRATION PLATE INSTALLATION

39



Mext install the indicator block into the penetration plate until you feel the biock snap inlo place.
See Figure 42.

NOTE: Make sure all surfaces are ciean, the block is squarely and fully snapped onlo the plate.
Also avoid handling the biock by the indicalor.

FIGURE 42, DIAL INDICATOR INSTALLATION
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( - e. The shaft the extends from the stepper motor can be used to move the head up far engugh s0 the
gauge point is indicating off the tab, an the side zero head as shown in Figure 43.

1.  Check the dial indicator for the proper setting. The long hand shouid be between + 3 and -3 with
the short hand pointing at three. if penetration setting is out of this range then continue wilh pro-
cedure starting at step 7. See Figure 44,

GAUGE POINT

INDICATION TAB
FIGURE 43. INSTALLATION CHECK

FIGURE 44, CORRECT PENETRATION

41



MOUNTING
SCREWS

HAC CASTING
FLUSH

FIGURE 45. PENETRATION ADJUSTMENT

With the penetration gauge installed set the drive up in the vertical posilion, the AC motor should
be closesi to the bench.

Loosen the two or four mounling Screws using a "™ nut driver,

Adjust HAC 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 lelt side of three, the HAC assembly must go o the right.
B. It small hand is on the right side of three, the HAC assembly must go to 1he lef,

when penetration i$ set lighten the two or four mounting screws using a Y4’ nut driver,

As you tighten the two mounling SCIews, rnake sure the HAC casting is flush (making contact) with
the machined lip on the base casting.

Check penetration gauge again to insure proper alignment. If not return to procedure step 7.

Remove the indicalor block (remember to handle with care). Open the door and remove the
penetration gauge.

Replace the HAC shield.
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(' a 2.4.10.3 HEAD RADIAL ALIGNMENT

NOTE: The actuator assembly is aligned at the factosry and adjustment is not normaily required after replac-

a.

ing a head and actuator assembly. If after checking and the lobes are within 70% of each other,
alignment is not recommended. '

Insert Alignment Diskette (SA122).

NOTE: Alignment diskette should be at room conditions for at least 1 hour before alignment checks.

b.

C.

i

Steps the heads o 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 tc the PCB. Set the inputs to
AC, Add and invert one channel. Set the vertical deflection to 100MVidivision.

The amplitude of the twa lobes must be within 70% of each other, If the lobes do not tall 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 piate, 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.

n a-

.

Install Alignment Diskette SA122. Select the drive and step to track 76.
Sync the scope external negative on TP12, set time base to .5 MSec per division.

Connect one probe to TP1 and the other to TP2. Invert one channel and ground the probes to TPS
& 6. Set the inputs to AC, ADD, and 50 MV per division.

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

m : LEFT 80% CF RIGHT, +1 MIt. 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 O

m RIGHT 80% OF LEFT, -1 MIL OFF TRACK TOWARD 76

m RIGHT 0% OF LEFT, -2 MIL OFF TRACK TOWARD 76
/—\/—\ RIGHT 40% OF LEFT, -3 MIL OFF TRACK TOWARD 76

FIGURE 46. HEAD RADIAL ALIGNMENT

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. HRemove door lock assembly

¢. Reverse procedure to instali new assembly.

d.  Adjust of the door lock should not be necessary, If it has 1o be, the gap between the armature tab

and the latch shouid be .015 % .010. This adjustment can be made by loosening the two screws on
the armature,
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FIGURE 48. AZIMUTH BURST PATTERNS
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2.4.12 TRACK 00 DETECTOR: REMOVAL AND INSTALLATION

h.

Remove head cover shield (Section 2.4.2).

Swing cartridge guide open (Section 2.4.3).

Manually rotate stepper shaft and move carriage to track 77.

Remove screw holding bracket to base casting and remove bracket and detector.
Remove PCB connector and remove PCB.

Exiract cable from P2 connector; Pin 3 BRN, C BLACK, 10 ORANGE, and L RED.
Remove cable clamps and remove Detector assembly.

To install, reverse the procedure.

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 it necessary before making this adjustment.
Insert diskette.
Connect oscilloscope te TP26. Set vertical deflection of 1v/division and sweep to continuous.

Step carriage to track 02, TP26 shouid go low. Adjust the detector assembly towards the actuator
assembly if not low.

Check the adjustment by stepping the heads between tracks 00 and 02, observing thal 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 adjustmeni tool (P/N 50377-1) through the adjustment hole in the car-
tridge guide and screw completely into the base hold casting (hand tight).

Remove the door lock wires from P2, Pin 2-black, B-brown, 9-violet and K-blue.

Remove the cable clamp holding the door iock wires.

Remove the two alien head screws holding the handle 1o the front plate and remove the handle.
Remove the four screws holding the front plate to the base casting.

Remove two screws holding door lock assembly to the front plate.

Remove two allen head screws hoiding the In Use LED to the door lock assembly.

Grasp both ends of the push button and bow outwards to remove LED.

Reverse procedure to install.

Check Index adjustment {Section 2.4.7.2).
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( ’ WRITE PROTECT INOPERATIVE

Insert Diskette
‘ _ with Write "

Protect Stot
Uncovered

Pertorm
Write Protact
Assembly Adj.
Para. 2.4.5.2
—_— tnsert Diskette
( * with Write o
. Protact Slot -
Covered
. Logic Replace
Level Write Protect
2B Pin 10 Assembly
Low Para. 2.4.5.1
Repiace
Drive
PCB
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HEAD LOAD INOPERATIVE

START

Check YES
Logic Levei
at5C Pln 3

Probtem
Persisl?

NO
Check Check
Logic Level 11Q Cable or
al TP Controlter

Check Door
Close Switch
for Loose Wire
and Insure Closure

Problem
Pergists?

Logi'::ef:v ol Problem Replace
at 34 Pin 3 Persigts Door Swilch

Replace Head

Load Solenoid
Para. 2.4.6
\
Replace
END ] Drive

PCB




TRACK 00 INDICATOR INOPERATIVE

' START '

Move Track 00
Flag Towards
Track 76

1

Check Logic
Level at
TP26
Low

 J
Return
Track 00 Flag
10 its Rest
Position at

Track 00 Stop

Step to

Logic

Track 02 YES Level at
Check Logic TP26 Change
Level TP26 High
L
Logic
-E.taeci looo Leve! at
Check Logic TP26 Change
Leve! TP26

Replace
Track 00 Flgp_l ace
Assembly rive
Para. 24122 pce
3
YES
Has
NO Track 00
3 Sensor been
Replaced
) J
Perform Track 00 i
| l;ssemzb:‘yédzl. gﬂ{:ucsé:;?zlt
ara, 2.4.12.

YES
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DRIVE NOT COMING ON LINE

START

Check
Board tor
DT Yoliage

Check YES oC
Terminator Valtage
5E {1500hm) Present?
Check
SE YES Drive
Installed Seleci
Jumper
NO
Ingial
Terminalor

Froblem
Persisia?

YES

Check
Power
Source

¥
' END '

Install -
Jumper

Check
O Cable or
Controller

Replace
YO Cable
& Conwroller

END

Replace
Drive
PCB

Cwive
On Line




DISKETTE NOT ROTATING

i

‘ START ’

Check AC
Voltage at
Drive Motor
Connector J4

Check
Drive Motor
for Rotation

Motor
Rotating?

RAeplace AC
Drive Motar
Para. 2.4.1

Check
AC Power
Source

END

Check
Drive
Beit

Belt YES

Loose?

NG

Replace
Drive
Belt

Check Cartridge
Guide- Adjustment |
Para. 2.49.2

END
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INDEX PULSE INOPERATIVE

' START '

b

Check lo
See if Diskelte
Is Properly
Insialled

Diskelte
Upside
Dawn

Check
Diskette
Ratation

Check
AC Power
Source and
Connector at J4

Diskette
Rotaling

Replace
Disk Index/Sector
skette Phatotransistor
Rolating Assembly Para
247
¥
Perform
ge_olaﬁ :‘C Index/Sectar
F:Ne 2‘; ‘:1" Adjustment
ara 2.4 Pary. 2.4.7.2
1
END
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FIGURE oTY
& REF PART PER
NUMBER NUMBER | DESCRIPTION ASM
491 DRIVE ASSEMBLY SA850/851
2 $1305 CLIP (RETAINING RING) 1
3 50747 MOTOR ASSEMBLY, 115V, 50/60 HZ 1
50748 MOTOR ASSEMBLY, 230V, 50760 HZ 1
4 15004 CAPACITOR 1
5 50746 ARACKET 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
B 10013 WASHER 4
9 15660 HOUSING, 3 PIN CONNECTOR 1
10 12015 SCREW, 832 x 312 2
" 17804 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 O 1
15 12013 SCREW, 6-32 x 312 2
16 51027 TRACK 00 ASSEMBLY 1
17 12053 SCREW 1
18 51063 GUIDE QPEN ASSEMBLY 1
19 51134 CARTRIDGE GUIDE ASSEMBLY (SEE FIGURE 50} 1
20 50167 PIVOT 1
20 50670 PIVOT (RACK MOUNT) )
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 502 2
28 FRONT PLATE ASSEMBLY (SEE FIGURE 51)
29 11905 SCREW 2
30 50142 HANDLE 1
3 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
KT: 10800 BALL BEARING 1
39 50019 SPACER SPINDLE SHORT 1
40 51046 PHOTO XSTR ASM 1
41 12026 SCREW 2
42 12036 SCREW 1
43 50016 PULLEY SPINDLE |
44 12508 WASHER, SPRING #8 2
a5 10025 NUT 8.32 1
a5 50356 BELT, 60 HZ 1
46 50355 BELT, 50 HZ 1
47 10426 CABLE CLAMP 1
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FIGURE 50.



FIGURE ary
& REF PART PER
NUMBER NUMBER | DESCRIPTION ASM
50-1 51134 CARTRIOGE GUIDE ASSEMLBY 1
2 50555 SPARING, EJECTOR 1
3 12015 SCREW. 8-32 2
4 50609 EJECTOR ASSEMBLY 1
5 51062 STRIPPER BOTTOM 1
6 12015 SCREW, 822 2
7 12020 SCREW, 8-32 2
8 50546 PLATE, HUB CLAMP 1
9 50254 HUB ASSEMBLY 1
10 50031 SPRING, CLAMP 1
" 12016 SCREW, 8.37 1
12 51029 LED ASSEMBELY 1
13 50151 LATCH 1
14 10187 SCREW 6-32 2
15 12015 SCREW B-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 i

65







FIGURE QryY
& REF PART PER
NUMBER NUMBER | DESCRIPTION ASM
51 51037 FRONT PLATE ASSEMBLY LITENLOCK
51043 FRAONT PLATE ASSEMBLY LITE/LOCK {RACK MOUNT)
-1 50587 PUSH BAR 1
2 50349 FRONT PLATE . 1
50667 FRONT PLATE (RACK MOUN 1
.a 51038 LATCH ASSEMBLY, DOOR LOCK t
4 10002 SOLENOID 1
-5 12035 SCREW 4-40 x 250 2
£ 50691 SPARING LATCH INTERLOCK 1
-7 12013 SCREW 6-32 x .312 2
| 50183 BUMPER 1
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Schematic Diagrams
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1.0 INTRODUCTION

1.t GENERAL DESCRIPTION

The SA850/851 disketie storage drives are enhanced double-headed versions of the standard Shugart
SABO0O/801 drives. SAB50/851 drives provide up to four times the on-line storage capacity, faster access
time, and lower heat dissipation along with improved reliability and maintainability.

SAB50/851 drives read and write in single or double density on standard diskeftes 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 ang $/32 single-sided drives ag well as IBM
4964 and 3600 series two-sided unils.

The proprietary Fasflex™ actuator utilizes a flexibie 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/wrile head assembly pro-
vides superior compliance resulting in excellent data integrity.

" Other valuable features include: programmabile door lock and write protect plus dual index sensor to dif-
ferentiate between single and two-sided diskettes.

The SAB50/851 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

B Storage capacity of up to four times that of SA800 and other standard floppy drives.

Single or double density {(standard).

Same physical size as standard SA800/801 product family.

SABQ0O/80T VO compatibitity.

Improved access time over standard drives - 3 ms track-to-track.

Proprietary Fastlex™ actuator.

Bi-Compliant read/write head assembly.

Write protect and programmable door lock are standard for improved data security.

Lower Heat dissipation.

fmproved AC connectar.



1.2 SPECIFICATION SUMMARY

1.2.1 PERFOAMANCE SPECIFICATIONS

Capacity
Unformatted
Per Disk
Per Surface
Per Track

IBM Format (128 byle 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

3ms
M ms
15 ms
50 ms

1.2.2 FUNCTIONAL SPECIFICATIONS

Rotational Speed
Recording Bensity
{inside track)
Flux Density
Track Density
Cylinders
Tracks
Heads
Physical Sectors
SAB50/R
SA851/R
Index
Encoding Method
Media Requirements
SA850

SA851
Alignment Diskette

Single Density

3860 rpm
3408 bpi

6816 fci
48 1pi
77
154
2

0
32
1
FM

SA150/IBM
Diskette 2D
SA151
SA122

Double Density

1600 kilobytes
800 kilobytes
10.4 kilobytes

1000 kilobytes
500 kilobytes
6.66 kilobyles
500 kilobits/sec.
83 ms

3ms
91 ms
15 ms
50 ms

Double Density
360 rpm
6816 bpi

6816 fci
48 1pi
77
154
2

0
32
1
MFM/MZFM

SA150/1BM
Diskette 2D
SA151
SA122



1.2.3 PHYSICAL SPECIFICATIONS

Operating Shipping
Environment Limits
Ambient Temperature 40° to 115°F -4Q° 10 144°F
Relative Humidity 20 1o 80% 110 95%
Maximum Wet Bulb 85°F No condensation

AC Power Reguirements
50/60 Hz £ 0.5 Hz
100/115 VAC Installations
200/230 VAC Installations

DC Voltage Requirements
+24VDC +10% 1.0A Max.

+ 5VDC £ 5% 1.1A Max.
Mechanical Dimensions (extusive of front panel)
SAB50R/B51R SAB50/851
Height = 462in. (117 mm) 4.62 in. (117 mm)

8510127V @ .35A Max.
170 to 253V @ .25A Max,

Width 8.55in. (217 mm}  9.50 in. (241 mm)
Depth = 1425 in. (362 mm) 14.25 in. (362 mm)
Heat Dissipation  Typical Maximum
BTU/H:, 200 245
Watis €0 72

1.2.4 RELIABILITY SPECIFICATIONS

MTBF: 5000 PCH under heavy usage.
8000 POH under typical usage.
MTTR: 30 minutes
Componenl Lile: 15,000 POH
Error Rales:
Soft Read Errors: 1 per 10° bits read.
Hard Read Errors: 1 per 102 bits read.
Seek Errors; 1 per 108 seeks.
Media Life:
Passes per Track 35 x 10°
Insertions: 30,000 +

Storage

-B8° t0 117°F
1 10 95%
No condensaticn



2.0 FUNCTIONAL CHARACTERISITICS
2.1 GENERAL OPERATION

SAB50/851 Diskette Storage Drives consist of read/write and control electronics, drive mechanism, Bi-
Compliant readiwrite heads and a track positioning mechanism. These componenis perform the following
functions.

Interpret and generate control signals,
Move readiwrite heads to the seiected track.
Read and write dala.

The Fasflex™ Head Positioning Actuator positions the readfwrite heads to the desired track on the diskette.
The Head Load Solenoid loads the readfwrite 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 Pesition Actuator Driver.

3. Head Load Soienoid Driver.

4 Read/Write Amplifier and Transition Detecior.

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 Swilching/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 pulley 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
reqgistration hub. : .

2.4 POSITIONING MECHANISM

The readiwrite heads are accurately posiiioned by Fasfiex™ metal band/stepping motor actuator system. A
precision stepping motor is used (o precisely position the head/carriage assembly through the use ot 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.
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FIGURE 1. SA850/851 FUNCTIONAL DIAGRAM



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 sclenoid. The read/write heads are in direct
contact with the diskette. The head surface has been designed to obtain maximum signai transfer to and
from the magnetic surface of the diskeite.



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 application of DC power, a 90 millise-
cond delay must be introduced before a Read, Write, or Seek aperation or before the control output signais
are valid. After powering cn, initial position of the read/write heads with respect to data tracks is indeter-
minable. In order ¢ assure proper positioning of the read/write heads prior to any read/write operation after
powering on, a Step Qut operation should be performed until the Track 00 indicator becomes active.

3.2 DRIVE SELECTION

Drive selection occurs when a drive’'s Drive Select lineg 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 froni of the drive and lock the door. Optional modes of drive selection are discussed in Section 7.
3.3 TRACK ACCESSING

Seeking the readiwrite head from one (rack 1o 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 ptus 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 (OV to .4V), a pulse on the Step line will cause the

read/wrile heads to move cne track closer to the center of the disk. The puise(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 controlied via the KO 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 1o the other, a 100xs 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.

'
P
DC POWER
DRIVE SELECT
L
P
STEP Cf)
—_ J0ms Lo
MIN
—] 1005
SIDE SELEGT
i [
2T
WRITE GATE ———————
VALID READ DATA S
g 18 MS_-, . 50us
MIN MIN
——— 50 MS MiIN ——
[ ———— 90 MS MIN* it

*2 SECONDS IF AC AND DC POWER ARE AFPLIED AT THE SAME TIME

FIGURE 3. READ INITATE TIMING
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3.5 AEAD OPERATION
Reading data from the SAB50/851 Diskette Storage drive is accomplished by:

a. Activating Drive Select line.
b. Selecting head.

c. Write Gate being inactive.

The timing relationships required to initiale a read sequence are shown in Figure 3. These timing specifica-
tions are required in order to guaraniee that the readiwrite head position has stabilized prior {o 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 V2 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 enceding rules specify a clock bit at the start of every bit cell. See Figuré 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. MZ2FM - 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 coniains 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 SABS1, data separation of FM data is performed by the drive electronics. Data bits are
prasented t¢ the controller on the Sep Data line and clock bits are presented on the Sep Clock line. In
systems using the SAB50 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 lo
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 Curréent 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 ar M2FM. If either double-frequency encoding scheme is used (MFM
or M2FM) the write data should be precompensated 1o 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 SAB50/851 drives, refer to Shugart Asscciates’
Double Density Design Guide.

12
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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.

rl ‘f {
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MAX
r ¢ r g
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———ite] feli—— 90 s MIN*
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i !
'IOD;;S
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{
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DIRECTION SELECT"‘——I (¢
| s MN o T TN i
—.-l Jog— 1us MIN ._p| st TpeS MIN
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H_L gl Y
e 90 ms 3 ms MIN —-»’ g
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I (¢ — hte 16 M5
WRITE GATE A&
| I': 10045 MIN =i e
- LR L Bl E———— LR
|-< NOTE 1 — - I-——‘*#S MAX I
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—_— p—18 ms MIN _.4 e 505 MIN
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**WHEN CHANGING DIRECTION ON THE HEAD A 15 MS DELAY MUST BE INTRODUCED.

NOTE 1

50 ms minimum deiay must be intraduced after Drive

Select to altow for proper head toad setiling. If stepper

power i$ to be applied independent of Head Load, then

a 15 ms minimum delay must be introduced to ailow for
siepper settling. See section 7 on optional customer

installable teatures.

FIGURE 8. GENERAL CONTROL AND DATA TIMING REQUIREMENTS
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4.0 ELECTRICAL INTERFACE

The inter,ace of the SA850/851 Diskette drive can be divided into two categories:
1. Signal

2. Power

The following sections provide the electrical definition for each line.

Reference Figure 9 for all interface connectiaons.

4.1 SIGNAL INTERFACE

The signal interface consists of two categories:

1. Contraol

2. Data iransfer

Ali lines in the signal interface are digital in nature and either provide signals to the drive (input), or provide
signals to the host (output), via interface connector P1/J1.

4.1.1 INPUT LINES

There are thirteen (13} signal input lines, ten (10) are standard and three (3) are user instaitable options
(refarence section 7).

The input signals are of two types, those intended to be multiplexed in a multiple drive system and those
which will perform the muftiplexing. The input signals to be multiplexed are;

1. Direction Select

2. Step

3. Write Data

4. Write Gate

5. Side Select

6. Head Current SwitchfActive Read Compensation
7. In Use

8. Head Load

The input signals which are intended o do the multiplexing are:
1. Drive Select ?

2. Drive Select 2

3. Drive Select 3

4. Drive Select 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 = 0.0V 1o +04V @lin = 40 ma {max)
False = Logical one = Vin + 2.5V to +5.25V @lin = 250pa (open)

input Impedance = 150 chms

+ SW
' i
MAX 10 FEET
} RIBBON OR 20 1508
FEET TWISTED TTL
| PAIR
|
| 7414
74077438 |
|
— | 1
SABSO - = HOST -

FIGURE 10. INTERFACE SIGNAL DRIVER/RECEIVER

4.1.1.1 INPUT LINE TERMINATION

The SA850/851 has been provided with a removable resistor pack for terminating the seven input lines that
are to be muitiplexed.

In order tor 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 twa methods.

1. As shipped from the factory, the resistor pack is installed in location 5E. These packs can be
rermoved from ali drives except the st one on the Inteface.

2. External termination may be used provided the terminator is beyond the last drive. Each of the five
lines shoutd be terminated by using a 150 ohm, 4 watt resistor, pulled up to + 5VDC.

The same removable resistor pack is also provided for 1erminating the optional input lines.
41.1.2 DRIVE SELECT 1-4

Drive Select when activated to a logical zero ievel, activates the multiplexed 1/Q lines and loads the
readfwrite head. In this mode of operation only the drive with this line active will respond to the input lines
and gate the output tines.

Four separate input 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
‘D81, 'DS2', 'DS3’, and ‘DS4' have been provided to setect which Drive Select line will activate the inter-
face signals for a unique drive. As shipped from the factory, a shorting plug is instailed on ‘DS1°. To select
another Drive Select line, this plug should be maved to the appropriate ‘DS’ 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 cpen circuit, or
logical one, selects the readiwrite head on the side 0 surface of the diskette. A short to ground, or fogical
zero, selects the read/write head on the diskette's side 1 surface. When switching from cne head to the
other, a 100xs delay is required before any read or write pperation can be initiated.

Two optional methods of side seleclion are available and can be implemented by the user through ap-
prapriate jumper connections. These aptions are described in Sections 7.8 and 7.10.

4.1.1.4 DIRECTION SELECT

This interface line is a contral signal which defines direction of motion the readhwrite 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 readiwrite heads will move away from the center of the disk. Conversely, if this input is
shorted to ground or a logica! zero level, the direction of motion is defined as 'in'’ and if a pulse is applied to
the step ling, the readfwrite heads will move towards the center of the disk.

A jumper-selectable option is available, which allows the Direction Select line 1o be time shared for both the
Direction Select and Side Select functions. That is, during head positioning operations, the Direction Select
line controls direction ol head motion and during read or write operations, the Direction Select line deter-
mines which head is selected. Delails 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

Thig interface iine is a control signal which causes the readiwrite heads to move with the direction of motion
as defined by the Direction Select line.

The access motion is initiated on each ingical zero to logical one transition, or the trailing edge of the signa!
pulse. Any change in the Direction Select line must be made at least 1u5 before the trailing edge of the Step
pulse. Reter to Figure 2 for these timings.

4.1.1.8 WRITE GATE

The active state of this signal {logical zerg) enables Write Data io be written on the diskette. The inactive
state {logical one) enables the read data logic (Separated Data, Separated Ciock, and Read Data) and step-
per logic. Refer 1o Figure 6 for Write Initiate timing information.

4.1.1.7 WRITE DATA

This intetace 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 readfwrite 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 INPUT)

This customer installable option, when enabled by jumpering Trace “C" and activated to a logical zero levet
and the diskette access door is clased, will ioad the readfwrite heads against the diskette. Refer to section
7.15for uses and method of installation.

4.1.1.9 IN USE (ALTERNATE INPUT)

This customer instaliabie option, when enabled by jumpering Trace D" and activated to a logical zero tevel
will turn on the Activity LED in the door push butten 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
Referernce section 7.13
4.1.2 OUTPUT LINES

There are five standard output lines from the SAB50, and eight standard output lines from the SAB51. Also.
there are two optional output lines and three alternate outputs available from either the SA850 or SA851. The
outpul 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 tatse 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 readiwrite heads are positioned at
track zero {the outermost track) and the access circuitry is driving current through phase one of the siepper
motor. This signat is at a logical one level, or false state, when the selected drive's read/write heads are not
at track 0Q.

4.1.2.2 INDEX

This interface signal is provided by the drive gnce each revolution of the diskette {166.67 ms) to indicate the
beginning of the {rack. Normally this signal is a logical one and makes the transition to the logicai zero level
for a period of 1.8 ms (0.4 ms on SAB51) ence each revolution. The timing for this signal is shown in Figure
11,

To correctly detect Index at the control unit, Index shouid be false at Drive Select time: that is. the controlier
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,

f————————— 16667 + 333 M5 ——— ]
{¢
1)
1.8+ 6 — g
0.4+ 0.2 MS SAB5%}

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 ta a logical zero tor a period of 0.4 ms each time a sector hole on the Disketie 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 Ioading 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 diskeite and

closing the door, or that two index hotes have been sensed fallowing the application of + 5V power 1o the
drive. Three holes have to be sensed for two sided diskettes,
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hotll———— gl 5.20 + 30 MS e jont— Ax 2MS

SECTOR 5 5
INDEX -4

—.| ‘.——2.60:-‘15 MS

FIGURE 12. SECTOR TIMING

if a single sided diskette is installed, READY wili be active (logical zero} if SIDE 0 is selected, but false
{logical 1) if SIDE 1 is setected. Conversely, if a two-sided disketie is installed, READY will be active when
either side of the diskette is selected.

For additional metheds of using the Ready line, refer to section 7.4.

4,1.2.56 READ DATA

This interface line provides the “‘raw data’ (clock and data 1ggether) 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 tor 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 far 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.
Reterence 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 ievel when it is protected. Under normal gperation, the drive will inhibit
writing with a protected diskette installed in addition to notifying the intertace.

For other methods of using Write Protect, refer to section 7.7

4.1,2.9 DISK CHANGE (OPTIONAL QUTPUT)

Reference section 7.8.

4.1.2.10 TWO SIDED (OPTIONAL QUTPUT)

Reference section 7.12.

4.1.3 ALTERNATE {/O 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 Diskeite Storage Drive requires bath AC and DT power tfor operation. The AC power is used
for the spindie drive motor and the DC power 15 used tor the electronics and the stepper motor.

4.2.1 AC POWER

The AC power to the drive is via the connector P4/J4 iocated to the rear of the drive and below the AC motor
capacilor. The P4/J4 pin designations are outlined in Table 1 for standard as well as optional AC power.

P4 60 Hz 50 Hz
PIN 115 V (Standa'd) 2081230 V 10V 220V
1 85-127 VAC 170-253 VAC B5-127 VAC 170-253 VAC
2 Frame Gnd Frame Gnd Frame Gnd Frame Gnd
3 85127 V Rtn 173-253 V Rtn 85127 vV Rin 170-253 V Rin
-+ ———
MAX 0.35 Amps 0.25 Amps 0.35 Amps 0.25 Amps
CURRENT ’
FREG
TOLERANCE +0.5 Hz *+05 Hz
TABLE 1

4.2.2 DC POWER

DC power 1o lhe 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.

P5 MAX
PIN DC VOLTAGE TOLERANCE CURRENT RIPPLE (p to p)
1 24 VDC 1,0A Max*
+ +24 VDC 0.85A Typ 100 mv
2 + 24 V Return
6 +5V Return
. 1.1A Max
5 +5VDC + (.25 VOC 1.0A Typ 50 mv

*Ii either customer nsialiable oplion desconbed in
sections 7.1 and 7.3 are used. the current require-
men for the + 24-VDC is a muliple of the maximum
+ 24V current times the number of daves on the

line.

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 signa! interface; the second connectoar, J5, 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 18 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 humbered pins on the non-component gide. Pin 2 is locaied on the end of the PCB connec-
tor closest to the AC motor capacior and is labeled 2. A key slot is provided between pins 4 and 6 for op-
tional connector keying.

The recommended connectars for P1 are tabuiated below.

TYPE OF CABLE MANUFACTURER CONNECTOR P/N CONTACT PIN
Twisted Pair, #18 583616-5 (crimp)
{crimp or solder) AMP 1-583718-1 583854-3 (solden)
Twisted Pair, #18

(solder term.) VIKING 3VH25/1IN-5 NA

Flat Cable 3M “‘Scotchflex” 3415-0001 NA

2 KEY SLOT —-1 t— 036+ 004

() M M M M a
1 1] i
400 + 010 450+ 0107

i 063"
— g 050 NOM — - hNOM (2%
—a 050 " NCM. 007 NOM. e o

d 2.575+.010"

lSO

S
BOARD THICKNESS .062 + 007

FIGURE 13. J1 CONNECTOR DIMENSIONS
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5.2 J5/P5 CONNECTOR

The DC power connector, J5, is mounted on the nan-component side of the PCB and is located below the AC
motor capacitor, J5 is a 6 pin AMP Mate-N-Lok connectar P/N 1-380999-0. The recommended mating con-
nector {P5) is AMP P/N 1-4B0270-0 utilizing AMP ping PN 60618-1. J5 pins are labeled on the component
side of the PCB with pin 5 located nearest J1/P1. Figure 14 jliustrates 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 motar capacitor bracket and is located just below the
capacitor, J4 connector is a 3 pin connector AMP P/N 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 350550-3.
Figure 15 illustrates J4 connector as seen from the rear of the drive.

®
®
®

00 o
HO,

ol daoen

®

FIGURE 15. J4 CONNECTOR

nawvt PCB

FIGURE 14. J5 CONNECTOR \ /

REAR OF DRIVE

Y/

J5 AMP BN 1.3A0G%9.0 O

PS AMP PN 1-480270-0

PV CONNECTON
SCOTCHFLF X
PN 3415 000 (1

[ AMP 55001 SR IR |
A

AC DRIVE MOTOR
" CAPACITOR

P4 AMP PiN 14807000

J4 AMP P/N 1-4B0701-0

FIGURE 16, INTERFACE CONNECTOR-PHYSICAL LOCATION DIAGRAM
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6.0 DRIVE PHYSICAL SPECIFICATIONS

This section describes the mechanical dimensions and mounting recommendations for the SAB50/851.
6.1 DRIVE DIMENSIONS

Reference Figure 18 and 19 for dimensions of the SA850/851,

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 10.

DOOR

OK

NOT RECOMMENDED

N /

oga
/N

/ N

FIGURE 17. RECOMMENDED MOUNTING
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6.3 CHASSIS SLIDE

Available as an optional accessory is a chassis slide kit PIN 50239. This kit contains two slides, one locking
and one non-locking, and seven screws. Dimensions of the slide are shown in Figure 19.

TO SAB50

ATTACHED "‘7 Y - TRAVEL = 06 -—{-— X = LENGTH+ 03 —..l

LENGTHITRAVEL VIEW

STANDAAD MOUNTING
HOLE SHZE 177 DIAM

14 15 4.00 800 1200 1.00 3.50 8.50 11.50 12.50

FIGURE 20. SLIDE MOUNTING DIMENSIONS

6.4 DECORATIVE FACE PLATE
The SA850/851 may be ordered with one of the fallowing decorative face plates:

SIZE COLOR
458 x 101/2 Tan
458 x 101/2 White
51/4 x 10 Tan
5114 x 10 White
514 x 1 Tan
514 x 11 White

"R Saries-4 5/8 x 811116  Tan
It ancther 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 -80°F to
+ 250°F. If the paint used requires baking, the temperature should not exceed + 250°F, inciuding
any hot spots which can contact the cover,

2. LEXAN is a polycarbonate. Any paint 10 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 SAB50/851 can be modified by the user to funciion differently than the standard method as outlined in
sections 3 and 4. These modifications can be implementad by adding or deleting connections and by use of the
Alternate /O pins. Some options are capable or being connected by use cf a shorting plug, Shugart P/N
16648 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 ar enabling stepper.

2. Select drive and enabie stepper without loading head.

3. Load head without selecting drive or enabling stepper.

4.  Radia! Ready.

5. Radial IndexiSector.

6. In Use (Activity LED) optional input.

7. Write Protect options.

8. Side selection.

9. Write Current Switch.

10. Ready Standard/Ready Modified.

11. Head Load lLatch.

12, Active Read Compensation Filter.
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CUSTOMER CUT/ADD TRACE OPTIONS

TRACE SHIPPED FROM FACTORY |

DESIGNATOR DESCRIPTION OPEN SHORT

5E Tarminations for Multiplexed Standard Inpuis ~Picgged

DS1 Drive Select 1 Input FTin__ Plugged

082,3.4 Drive Select 2,3.4 Input Pins X

1B,2B,38.48 Side Select Option Using Drive Select X

RR Radial Ready X

Ri Radial Index and Sectar X

R {(SHUNT 4F})* Option Shunt for Ready Cutpul X

29 Two-Sided Siatus Output X

8507851 Sector Option Enable 850 851

I (SHUNT 4F)* Index Quiput X

S (SHUNT 4F)* Sectar Quipwt X

oC Disk Change Oplion X

HL (SHUNT 4F)* 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-tn Use X

M Multi-Media Option' Plugged }

DL Door Lock Latch Option 3

A B.X{SHUNT 4F}* [Radial Head Load X
Aliernate Input-Head Load X

Z {SHUNT 4F)* In Use From Drive Select X

Y In Use From Head Load X

S1 Side Setect Option Using Direction Select X

52 Standard Side Select Inpui 15lugged

53 Side Select Option Using Drive Select X

TS, FS** Data Separation Option Seleci TS FS Plugged

W Write Current Switch Plugged* * *

RS Ready Standard Plugged

RM Ready Modified X

HLL Head Load Laich X

T In Use Terminator Plugged

HI Head Load or In Use to the In Use Circuit X

Frese Hemove for MFM encoding install for M2F M X

AF e Instait for FM or MFM encoding Plugged

NF*~+** |pstall tor M2FM encoding. X

*A 16 pin programmabie shunt Shugart P/IN
15658 {Iocation 4F) is provided for the eight
mos! commonly used cut track options. These
traces are usually shorted as shipped from
the factory. The traces can be opened as

foltows:

1. Cut the trace using a Sirap Cutter AMP

P/N 435705.

i

"*The SAB51 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 I1BM standard
format and address mark area. Trace "FS"
offers the standard separator and Trace "TS"
offers the optiona! separator. Either separator
may be selected through a shorting plug.

***\Write currem switch is plugged
10 the interlace

15 14 13 12 11 10 9

****MLC 10 ONLY,
PErreMLC 11 ONLY.

5
Z " HL

.

I B

x':

RS
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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 joaded and the stepper molor 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 activale the Head Load line (pin 18} which in turn would ioad the heads and energize the
stepper motor. 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 '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 withcut the heads
being loaded or with door open. An exarnple 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 o
be performed, the heads must be loaded. After the Head Load line is activated, a 50 ms deiay 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 'HL.

4. Jumper trace ‘'C’.

Figure 23 iilustrates the circuitry.
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32 (
-DRIE SELECT 4 —m -

30
-ORIVE SELECT 3 = H *NOTE 1 If the Head Load line is multiplexed the

terminater pack at 5E must be remov-
-DRIVE SELECT 2 ¢ 28 ed Irom each drive except the last one
" on the line Alsg, the curreént require-
26 ment for the + 24 vol current limes
ihe number of drives on the tine that
have Head Load active

-DRIVE SELECT { empe

B—8 sTANDARD TRACE

By//8 CELETED TRACE
48 ~opeD OR

JUMPERED TRACE

4 4
ALTERNATE : .‘*a-
1O PINS -;—.:‘6:_31 + DRIVE
3
-*——-I-‘-:.-.-,-_.;}' SELECT

fi

18
"

-HEAD LOAD 18

+ HEAD
LOAD

FIGURE 23. SELECT DRIVE WITHOUT LOADING HEAD CIRCUIT

C
.DOOR CLOSED % O

7.3 LOADS HEADS WITHOUT SELECTING DRIVE OR ENABLING STEPPER

This option is useful in disk to disk copy operations. It allows 1he user to keep the heads loaded on zali drives
thereby eliminating the 50 ms head load time. The heads are kept loaded on each drive via an Allernate /O
pin. Each drive may have its own Head Load line (Radial or Simplexed) or they may share the same line
{Muitiplexed). 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 readiwrite 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 ‘DS

3. Cuttrace 'HL".

*4. Jumper trace 'C'.
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*|t the -Head Load line is multiplexed, termination pack 5E ;umper must be removed from each drive except
the last one on the line.

Figures 24 and 25 illustrates the circuitry.

+ HEAD LOAD §

(
)) )
+ 5V
HL
DS
+ DRIVE SELECT ‘}
» TO STEPPER
FIGURE 24. STEPPER MOTOR ENABLE CIRCUIT

DRIVE SELECT 4 =t ? J) B—8 STANDARD TRACE

30
DRIVE SELECT 3 — *— MBy//HR DELETED TRACE
DRIVE SELECT 2 —pe—20 ( S— ADDED OR JUMPERED TRACE

2 T
_DRIVE SELECT 1~

-
ALTERNATE 6 6 ““"ﬁ\
17O PINS ""'—.=B 231 —¢ q + DRIVE
==y SELECT
18 16 )
-HEAD LOAD i O—VVVv—
W +5vDC 150
\\\\
L ==x,
c
3 + HEAD
-DOOR CLOSED % o LOAD

*if the -Head Load line is muhiplexed. termination pack SE must be remaved from each drive except ihe lasi one on the line.

FIGURE 25. LOAD HEAD WITHQUT SELECTING DRIVE OR ENABLING STEPPER CIRCUIT



7.4 RADIAL READY

This option enables the user 1o monitor the Ready line of each drive on the intarface. 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" 10 one of the Alternate ifO 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 5,__./ R s
+ READY Q

/

b
£
4

B—8 STANDARD TRACE k\\

B/~ DELETED (CUT) TRACE
88 ADDED TRACE = 2

4
]

¥

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 tatency.

To install this option on a standard drive the following traces should be deleted or added:

1. Cut trace 'RI'.

*2. Cuttrace'l'.

*3. Cul trace 'S’

*4. Add a wire from trace ‘1’ to one of the Aliernate IO pins.

*5 Add a wire from trace 'S’ to one of the Alternate 1O 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.

(—
A

B—8 STANDARD TRACE

B-//~B  0eLETED (CUT) TRACE
B—  ADDED TRACE

Ri

)

+ INDEX ‘,

-INDEX

O—A WV

+ 5Y

SECTOR
+ SECTOR )L

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 pangl and locks the door of the drive.

To install this option on standard drive, jumper trace ‘D’ to trace “HI'* and activate 1he interface line pin 16.

This signal is an "OR" function with Drive Select or Head Load. Figure 28 itlustrates the circuitry. For other
uses, reference section 7.15.

+ 5

+ 5V
16 16

X
]

Hi

¥
+ 5V ) e+ DOOR LOCK

HEAD LOAD 1

:! > e +INUSE
Z g (TO LED)
DAV SEL INT S—-——H :I 2

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 5 ’ ﬁi TO INTERFACE
WP

NP

TO WRITE CURRENT
-WRITE GATE

) (
-/ ’

g

_c

FIGURE 29. WRITE PROTECT CIRCUIT
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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 gane from a Ready
to a Not Ready (Door Open) condition. This line is reset on the true to false transition ot Drive Select il the
drive has gone Ready. Timing of this fine is illustrated in Figure 30. The circuitry is illusirated in Figure 31.

45— =55

DRV SEL £
{(
$))
- READY ﬁ“) _{)5_
-DISK CHG _l;s._ r)g
INTERNAL {S
ENABLE
FIGURE 30. DISK CHANGE TIMING
+ BV
D O -

Do 12 12

¢ 8|y ] Do—-r'l B DISKCHG

READY S—& Y

[
DRV SEL § L —Of>

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 readiwrite operations. To implement this option, simply move jumper S2 to location S1.
Figure 32 illustrates the circuitry.

. +DRIVE SELECT
¢

SIDE O
T
52 } -8IDE 1
$IDE SELECT PO cr

51

.DIRECTION SELECT
3iDE SELECT oD

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 SA850/851 drives per controller, each readiwrite head can be
assigned a separate drive address. In such cases, the four Drive Select line can be used 10 select the four
read/write heads. To implement this option, move jumper S210 S3 and add a jumperionB(n = 1, 2, 3or 4).
For example, the first drive may have jumpers instailed at DS1 and 28 while the second drive has jumpers at
D83 and 4B. With this jumper configuration installed, the four Drive Select lines have the following side
selection funclions.
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 0 of second drive.
4. Drive Select 4 selects side 1 of second drive,

Figure 33 iliustrates 1he circuitry.

rV=VVV )D_._H DRIVE
SELECT
DS 1 DD

INT

] m—

DRIVE
SELECT 18

DRIVE
o—— SELECT INT

~+
-51IDE O
cT

48

33
-SIDE - J
SELECT

Sz

-SI0E 1
cT

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, Ta unlock the door, Drive Select is again activated while In Use is inactive.

Figure 34 illustrates the circuitry for this option.

TO IN USE
LED DRIVER

+ 5V
TO DOOR
LOCK DRIVER
D Q :
Hi
-IN USE D c
D

L

+ DRIE ]
SELECT INT 5—. b

FIGURE 34. DOOR LOCK LATCH CONTROL

7.2 TWO-SIDED (OPTIONAL OUTPUT)

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 25.
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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 lowsr value of the write current is selected
for writing on tracks 43 through 76.

To enable 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.

IW IMPLEMENTED j t

- IW GROUND

sz

FIGURE 35. iW JUMPER OPTION

7.13.2 ACTIVE READ FILTER

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 fitter from the interface, short trace “IW" {tc connect to the interface), remove
jumpers AF and NF. When the interface is activated to a logical zero level, read compensation is selected as
it AF were added. When the interface is activated to a + 5V level, read compensation is selected as if NF
were added.

For optimum pertormance for FM or MFM encoding, jumper trace AF, for MéFM 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 singie 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
18) or In Use (pin 16). 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 lines 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.

. TG IN
USE LED
T 4 DRIVER
s D TO DOOA
LOCK
DRIVER
o G
HI
HE o c 4
"HEAD — .
LOAD c -
A
8

HLL

FIGURE 38. HEAD LOAD LATCH USING HEAD LOAD
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i 7 LED USE
/'.? %b DRIVER
10 DOOR
LOCK
DRIVER
% D
IN
USE"'—:—
DL
HI

HLL

FIGURE 37. HEAD LOAD LATCH USING IN USE
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8.0 OPERATION PROCEDURES

The SABS0/851 was designed for ease of operator use to tacilitate a wide range of gperator 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
SAB850/851 Diskette Storage Drive. To load the diskette, depress iatch, insert the diskette with the label fac-
ing out. Move the fatch 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 tor computer magnetic tape apply. These precautionary procedures are
as follows:

1. Return the diskette to its storage enveiope whenever it is removed from drive.

2. Keep diskettes away from magnetic fields and from ferromagnetic materials which might become
magnetized. Strong magnetic flelds ¢an destory recorded data on the disk.

3. Replace storage envelopes when they become worn, cracked or distorted. Envelopes are designed
to protect the disk.

Do not write on the plastic jacket with a lead pencil or ball-point pen. Use a felt tip pen.
Heat and contamination from a carelessly dropped ash can damage the disk.

Do not expose diskette to heat or sunlight.

Noe o s

Do not touch or attempt to clean the disk surface. Abrasions may cause loss of stored data.

q@

FIGURE 38. LOADING SA850/851
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8.2 WRITE PROTECT — SA150/151 DISKETTES

The SA150/151 diskettes have the capability of being write protected. The write protect fealure is selected
by the slot in the SA150/151, When the slot is open it 1s protected; when covered, writing is aliowed. The slot
is closed by placing a tab over the front of the siot, 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, |BM DISKETTES

IBM Diskettes are not manufactured with a write protect slot punched out as are the Shugart Disketies. To
Write Protect one of these disketies, a slot must be punched out as specified in Figure 40. The operation of
the write protect is that which s outlined in paragraph 8.2

FOLD OVER BACK
OF DISKETTE

TAB

__
9 o

Q@=| |ll©= ©=

FIGURE 39. DISKETTE WRITE PROTECTED

200+ )0

|".1 50 = .DOﬁf

075R =005 =

] =
@
6.175 + 005

FIGURE 40. WRITE INHIBIT NOTCH SPECIFICATIONS
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8.0 ERROR DETECTION AND CORRECTION

8.1 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, ancther write and write chack operation must
be done. If the write operation is not successful after ten (10) atternpts have been make, a read operation
should be attempted on anather track to determine if the media or the drive is faiting. 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.

Scft 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 elactrical noise which usually lasts for a few microseconds.

3. Small defects in the written data andfor 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 (10) times or until such time as the data is recovered.

2. |t gata 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. |t data is not recovered, the arror is not recoverable,

10.0 RESHIPMENT PRECAUTION

Be sure 10 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 paliet size to use if reshipped in jarge enough quantities.
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FIGURE 41, PACKAGE ASSEMBLY -



MINIMUM LOAD

MAXIMUM LOAD

FIGURE 42. PALLET LOADING
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APPENDIX A - ORDERING INFORMATION

The table below can be used to construct a part
number for a unique drive configuration

ABICDEIF

AB MODEL C F:%Eéﬁgv D MODEL E FEATURE F OPTIONS
850BC{ 75 60 | 50 850 1 STD. 1 NONE 0
115 1 3 881 2 RACK 2
230 2 4 B850-4 3
DECORATIVE FACE PLATES
Size Color | Part Numbers
4-5/8 x 10-1/2 Tan 50264
4-5/8 x 10-1/2 White 50263
5-114 x 10 Tan 50261
5114 x 10 White 50260
5114 x 11 Tan 50258
214 x 11 White| 50257
Rack Mount 4-5/8 x
8-11116 Fan 50675
Prirmary Voltage Part Numbers
and Motor Motor B
Frequency | ASM* | Puiley elt
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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