The
Tarbell

Floppy

Disk

Interface

TARBELL

S50-PIN CABLE

INTERFACE
CONNECTOR

FLOPPY _
DiSK
PRIVE (8)

PLUGS
INTO
coMPUTER | FLOPPY
pPI1SK
INT ERFACE
POWER
SUPPLY
—— i
y
— AT
SwWiTCcH  FUSE

r . I

S

)
" 20620 South Leapwood Avenus, Suite P

Carson, California 90746




TABLE OF CONTENTS

1

e e
LN

8]

L;JLIAJUJ L]
Wk

.

in aun
[ |
IR T S

>

~J

'-d'-JTl'--.I'-J
s L

OVERVIEW

Introducing the Tarbell Floppy Disk Interface
Operating Instructions/General Notes

Important Cautions
Software Support

THEORY OF OPERATION

(helpful to read before assembly or operation

but not a necessity)

ASSEMBLING THE INTERFACE BOARD (KIT UNITS)

Parts Drawing
Parts List
Step-by-step Assembly

SETTING THE JUMPERS

Using the Jumper Pads
Jumper Set-ups for

a) CpC BREBO3A d)
b) Innovex 210 e)
c} Innovex 410 £)
CHECKQUT

Visual Inspection
Installing the 1771

GSI 110
Per Sci 270/277
Shugart SA 800

Interconnecting Drive and Interface

Operaticonal Tests
FIRMWARE AND DRIVERS

The HardwAare Bootstrap
Writing Driver Routines

REFERENCE INFORMATION

IC Pincuts and Characteristics

1771 Data Sheet

Parts Placement (Assembly Diagram)

Schematic
Board Photo



The Tarbell Floppy Disk Interface is a programmed-data-transfer {(not DMA) device. It plugs into your
IMSAI or ALTAIR* computer, and is designed to work with a variety of standard-size floppy disk
drives. It includes a 32-byte ROM bootstrap program, which is automatically enabled when the com-
puter RESET button is pushed, and which switches itself out after the bootstrap has run. In this way,
no part of your memory needs to be dedicated to Read-Only-Memory (ROM}. The interface runs at
the standard speed of 250,000 bits per second, and the narmal formatted capacity per diskette is 243
kilobytes. Places for two connectars are provided on the board. One 50-pin header connector and a
cable with the mating connector are provided with the interface kit. There are four extra IC slots to
allow you to do your own thing, and the connector pins come out to jumper pads, s0 you can adapt
to different drives, The manual has the connections detailed for popular drives, An on-board dip-switch
is used to select the device address, disable the bootstrap, and write-protect. Circuitry is included to
run up to four drives, and eight can be accessed by using the spare I1C slots,

The Tarbell Floppy Disk Interface and other related items can be bought in pieces, so that it's not
necessary to make a single large outlay of cash. Because of this pelicy, the 6-month warranty will be
fimited to only those items traceable to Tarbell Electronics. Notice that we wiil be offering the CP/M
floppy disk operating system, which is described on another page. An owner’s manual for the interface
is includext with the kit or the bare board, and is also available separately.

rloppy Disk Interface Kit 190.00

CP/M QOperating System {on disk) 70.00

CP/M System Manual Set (6) 25.00

BASIC-E Compiler Manual 5.00

Innovex Model 410 Floppy Disk Drive 675.00

Power Supply for tnnovex 410 75.00 NOTE: These prices are pre-
GS1 110 Floppy Disk Drive 525.00 liminary, and are subject to
Floppy Disk Interface Manual 5.00 change without notice. There
Bare Floppy Disk Interface Board 40.00 are no discounts for complete
Kit with all parts except 1771 125.00 systems, just add the prices to-
Western Digital 1771 FDC IC 80.00 gether to find the total for your
Assembled Floppy Disk Interface 266.00 purchase.

PerSci 270 Dual Floppy Disk Drive 1130.00

Power Supply for PerSci 270 ©125.00

Blank Formatted Diskette 10.00

BASIC-& Source Listing {PL/M) 9.00

Additional Charge for Special Cable 10.00

Package of IC Sockets {35) 10.00

Since Tarbell Electronics does not wish to get into the business of setling complete systems, we en-
courage you to buy your system, including the floppy disk drive, from your local dealer. 1f you add up
the prices of the first six items, however, you can see that a complete floppy disk system including
software and hardware can be had for less than a thousand dollars. Note that the Tarbell Floppy Disk
Interface is not designed to work with double-density or mini-floppys, although it will work with
multiple and double-sided drives. The drives that it has worked with so far include the Shugart 800/801,
the Innovex 410, the Innovex 220 {modified by a jumper change}, the GSI 110, the CDC 803, and
the PerSci 270.

The first deliveries were made July 2, 1877, Delivery from the factory is 3-4 weeks after receiving your
order, and individuals must send cash in advance. For faster delivery, check with your local dealer.

* ALTAIR is a trademark/tradename of MITS, Inc.



QPERATING INSTRUCTIONS
]

One nice thing about using a floppy disk is that the
operation of the hardware is fairly simple:

1. Turn on computer power.

2. Turn on disk power.

3. Put a diskette into the drive and clese the door.

4, Press the reset button on the computer.

5. Press the run button on the computer.
At this time, the hardware bootstrap routine
automatically reads in the first sector of +track zero,
and runs it. This 128 byte module contains a more

sophisticated 1loader which brings in the main
operating system and runs it, Therefore, you should
see the header that the operating system prints when
it first comes up. In CP/M, this is something like
"CPM Vv1.3". From this point on, you need to refer to
your manual oh CP/M (or whatever operating system
you're using).

When you're all done, the shut-down procedure 1is as
follows:

1. Open the disk drive door and remove the diskette.

2, Turn off the power to the disk drive,
3. Turn off the computer power.

GENERAL NCTES ABOUT USING YOQUR DISK SYSTEM
1 A

1. In general, floppy disk drives are a very reliable
method of storing data if nothing else goes wrong 1in
the computer. As with any external medium, however,
there will be some errors. These are normally
detected by the interface and the software, The

manual on your disk drive should have some figures as
to the reliability of your particular unit. As a
rule, you can expect the Tarbell floppy disk interface
and vyour floppy disk drive toc work for many days at a
time withcut an error. :

2. On the other hand, remember that your floppy disk
interface is an on-line device; that 1is, the computer
can write onto it any time, unless the write-protect
is on. This has its advantages, but it also means
that the disk is always subject to wipe-out,



*xkxxkkx TMPORTANT CAUTIQONS ****xkkx%
< |

1. All RAM boards used in this disk operating system
must have no wait states.

2. Take extreme care in handling the FD1771B-01
integrated circuit. Being a MOS device, it is liable
to destruction from static charge induced by excessive
handling--and it's expensive.

3. Before removing or installing the floppy disk
interface board or any becard in your computer, turn
off the power and wait for at least ten seconds to let
the capacitors discharge.

4, Before +turning the computer power or the disk
power on or off, be sure that the disk door is open,
and preferably that the diskette is removed--so any
transiets won't wipe out the disk.

5. Always turn on the computer power before the disk
power, and turn cff the disk power before the computer
power.



THEQRY OF OPERATION

The internal operation of a floppy disk system is
probably the most complicated part of a micro-computer

system. The hardware and software interact very
closely. For best understanding, you ~ should be
familiar with both the 8080 machine/assembly language,
and the common logic operations. Some understanding

of the 5-100 bus is also desirable. Remember to take
into account any differences in your system's I/0
setup as you follow the circuit.

Since the Tarbell Floppy Disk Interface is designed
around the Western Digital 1771 Floppy Disk Integrated
Circuit, it would be helpful to skim over the data
sheets (reproduced in the appendix  with the
manufacturer's permission). The main thing is to get
a feeling for what the 1771 does in order to get a
perspective of how it fits into the circuit.

ABOUT READING THE SCHEMATIC: note that lines
of most drives are true when low--that is, a

low wvoltage 1is a logic one. Active 1low
lines have an asterisk following their name
(e.g., RDY*} , The convention of this

schematic is that a darkened dot is a
possible connection to a floppy disk drive;
an open circle 1is a pad for a possible
jumper wire; a little sqguare with a number
in it is a pin on the 100-pin 5-100 bus; and
a line with none of these, but a name close to
it, is a connection to another line with the
same name.

To see what we need in the interface, let's see what
it must connect to on each side, On the computer
side, we have two simple instructions: input a byte
(IN), and output a byte (OUT).

On the side of the floppy disk, we have many different

things to be concerned with, First, the data lines
going to and from the floppy drive are serial (one bit
at a time). Thus we must have some way to convert

parallel computer data to serial dJdata on the drive
side,

Next, the drive has several control lines. These are
lines that tell the drive what to do. For example,
there are two lines tc tell the drive to move the head
in or out, There's another line that tells the drive
to engage the head acainst the disk surface (normally
the head is not in contact to reduce wear on the disk
and on the head). Another control 1line 1s usually
used to reset the drive electronics and return the
head hack to the zero (outside} track. There's a set

2-1



destroying some or all of the information on it. All
it takes 1is a software error, power-line glitch or a
temporary hardware malfunction to 1lose many hours,
days, and even weeks of work 1if you only have that
single copy.

It is therefore desirable to keep frequent back-ups of
your files. This can be done by copying files to
another diskette or to cassette, In this way, only
the information entered since the last backup can be
destroved.

3. When first using any operating system, including
CPM, run it in the write-protected mode for a little
bit. Then make a back-up copy as soon as possible,

4, Note that CP/M always 1loads a program for
execution at 100 hex. If it is desired to run a
program at zero, such as basic, it must first be
loaded at 100 hex and then moved down.

5. When the bootstrap switch (7) is on, a reset will
gate the bootstrap program onto the bus. Even
programs that run in other parts of the memory may be
adversely affected if you attempt +to run them before
the bootstrap 1is disabled. Although the bootstrap is
normally disabled automatically, there may be times
when vou want +to disable it manually. This can be
done by putting front panel data switch 5 to the um
position and doing an examine, or by turning off
dip-switch 7.

6, There 1is a difference in the reliability of
different manufacturer's diskette media. We at
Tarbell Electronics have not vyet decided which ones
are the best. Ask your friends who know. Try several
kinds. You will find that you get more errors on some
than on others.

7. Diskettes are usually initialized by the
manufacturer in some way. IBM format dictates a
certain sequence of information about track number,
sector number, fill characters, etc. on each track.
The proper format for IBM compatibility is shown in
the 1771 data sheet.



of 1lines on some drives to select one drive out of
several on a "daisy-chain" bus.

Still other lines tell the drive whether to read or
write, and to write with how much current. &all of
these control 1lines need +to be driven by the
interface, normally at high-current TTL levels,

There are also a set of status lines which originate
in the drive and come back to the interface. These
lines tell the interface what 1is going on in the
drive.

There 1is usually a ready line, set true when the drive
is up to speed and a disk is in place. The index line
has a pulse on it that indicates when the index hole
in the diskette passes by the opening made for it,
This 1is wused by the interface to determine which
sector is which on the track.

Some drives have a way to detect a notch cut out of
the diskette holder, which indicates that disk is not
to be written upon (write protected). There is
usually a line going back to the interface to indicate
this condition, sc¢ the controller can feed the
information back to a program, and so the interface
won't try to write to the disk. Another line
indicates when the head is at track zero. Some drives
have a write-fault flip-flop, which 1is set by an
attempt to write when it was not possible. The output
of this flip-flop is sometimes a status line.

You may begin to see now one reason why the floppy
disk system is complicated: there are a lot ¢of status
and control 1lines toc keep up with,

DEVICE-SELECTION (BOARD ADDRESSING}

The first task of the interface is to recognize when
the program sets the hardware for a read or a write
operation to the disk. Selection circuitry is wused to
recognize 5 of the 256 possible X/0 addresses. In
this way, the floppy disk interface will respond only
to the I/0 instructions given to it, and not to those
intended for other interfaces. The components
associated with this process are located in the lower
part of the schematic, slightly to right of the
middle. These are dip-switch S-1 (5 positions used
here), DM8131 U25 (a 6-bit comparator), 74LS832 OR
gates U27, a 3-input NAND gate from 74LS10 U43, plus a
few inverters.

The comparator checks for a match between the 5 high
bits of the device address (lines A3, A4, A5, A6, and
A7) and the bit pattern set on the dip switch., If the
five lines (B1-B5}) on the left each have the same
logic level as the ones on the right (T1-T5), then the
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comparator output at pin 9 goes low, indicating the
disk interface 1is being selected. For any other
combination, pin 9 goes high, and the instruction on
the bus if left for some other interface.

Since the 1lower three address bits (A0, 1Al and A2)
can be any one of eight combinations, eight I/0 ports
out of the possible 256 are selected for use with the
disk interface. Which set of eight depends on the
upper five bits selected by the dip-switch.

From now on, let's assume that the upper five bits
match--that is, an input or output instruction has
been put on the bus with the correct address for the
disk interface, so that the comparator output goes
low}. Yote that this output goes up to an input on
each of two OR gates (these gates are drawnh as AND
gates, to indicate that because of the inverted input
signhals, the AND function 1is being performed--ie.
when both inputs of a gate are low, the output of the
gate 1s low. On the top one of these two gates, pin 4

is connected to address line A2, So when A2 1is low
(and we've already said pin 5 1is 1low), the gate's
ocutput at pin 6 is also low ({active), This line 1is

called ¢S*, for chip=-select-not, and is connected to
the 1771 chip-select line, This line, then, will be
active anytime there 1is a transfer to be made between
the computer and the 1771.

A similar decoding scheme sets each of the other
individual operations. The table below shows how the
address decoding schemz 1is set up, and the lines that
are active for each situation.

a2 al a0 FUNCTION ouT FUNCTION IN LINE ACTIVE

0 0 0 Command to 1771 Status from 1771 Cs*

0 0 1 Track to 1771 Track from 1771 CS*

0 1 0 Sector to 1771 Sector from 1771 Cg*

0o 1 1 Data to 1771 Data from 1771 Cg*

1 0 0 decoded hy U56 see table below U43-6,027-8
1 0 1 Not usged Mot used

i1 1 0 Mot used iTot used

1 1 1 Not used Hot used

Hotice that ne further decoding of address bits A0 and
Al is required to perform the first four functions in
the table. That's because these functions are decoded
inside the 1771, Totice also that U-55 pin 4 is fed
by U3-3, which is true when PDBIY is high and SINP* is
low (both true). This 1indicates to the 1771 that an
input (1771-to~computer) operation is taking place.
U55-2 1is fed by U43-6, which 1is true when an outnut
(computer-to-1771) transfer is taking place; PWR* and
S0UT are bhoth true.

If a2, Al and A0 are 1, 0 and 0 respectively, and the
other five I/0 address Ekits match the setting of
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switch 51, gates U44, U43, U27 and U25 {(all in lower
right) pull line IO* down. This line, along with an
active 1low signal from U43 (when SOUT and PWR* inverted
are true) enables U556 {a 3~to~8 line decoder). This is
the fifth state given in the table above. Enabling
U56 allows it to pull one of its output lines low in
accordance to the state of the three least-significant
data-out lines, DO, D1, and D2 which are the inputs to
the decoder. Only the top three of the available 8
outputs are used: Y5, ¥6, and Y7. This actually
decodes the bottom three combinations of DO, D1, and
D2, since these lines are active low {inverted). The
table below shows what these combinations are used
for:

D2 D1 DO Y Us6- FUNCTION DESCRIPTION

0 it} 0 7 7 Pad E~32, can be used to pulse RST* line

0 0 1 6 9 Inverted, then to E-14 for SO0* line

0 1 0 5 10 Strobes data bits 4,5,6,7 into latch U40
BUFFERS

Once the board has been selected and the operation
decoded, the actual data +transfers are done by a
series of buffers.

The buffers in this interface have three main
purposes: 1) To protect the expensive LSI <chip (1771
IC) from voltage transients on external lines; 2) To
provide sufficient drive current for the 1lines that
need 1it; 3) To provide multiplexing (switching)} of two
data paths. The signal that comes out of a buffer is
either the same signal that went in or simply the
inverted form of what went in.

Looking in the lower left corner of the schematic, we
see a row of 12 buffers. 211 the data inputs for
these buffers come from the disk drives(s), and all
the outputs go someplace in the interface. The line
on the top of each buffer is the contrel Iline. When
this line is low, the buffer is active--that is, the
output egquals the input for that Dbuffer. When the
contrcl line 1is high, the output for that buffer is
floating in an open state so it does nct affect any

connecting ¢ircuits. Notice that every other buffer
is hooked to the same control line, and that there are
two main control lines. One control line activates

the buffers that have signals from drive number 0, the
other contrel 1line activates the buffsrs that have
signals from drive number 1. Thus the bhuffers are
acting as a 1l2-line to 6-line multiplexer. This
multiplexing operation is only necessary 1if there 1is
more than one drive, and the drives do not have
multiplexers built in (most late-model drives dol.

Alsoc notice the 120 ohm resistors on the inputs of
these buffers. They have two purposes. One 138 to
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match the normal low line impedance so that ringing
caused by reflections will be minimized. The other is
to make it difficult for external noise to provide
enough current to cause a false signal on the line.
The six outputs of these buffer pairs will be called
by their signal name, while their inputs are named by
the signal line plus the number of the drive (i.e.,
RDY, RDYQ®, and RDY1l),

Next move your eye on the schematic up and slightly to
the right. There is a row of five 7438 2-input NAND
high- current open-collector gates. These are used as
buffers in this interface. Their main advantage is
that they are capable of supplying the high current
required by the floppy drive(s). They also can double
as NAND gates. As set by the jumpers, they are used
to send the appropriate signals from the 1771 to the
various disk contreol 1lines (see the 1771 data sheet
and your drive's manual for a full explanation of the
various lines), If both inputs to these gates are a
logic high, the output is low. To +the right, in the
middle of the sgchematic, are seven more of these 743°
buffers., These too go to the drive(s}.

About two thirds of the way to the right near the top

of the schematic, there are two rows of 8
buffer/inverters each. These buffers link the
computer input and output data busses to the 1771 data
bus. The inputs to the left row of buffers come from

the 5-100 bus. The control lines for all these
buffers are connected together. When this control
line 1is 1low, the data on the output data bus is
inverted and gated onto the 1771 data Dbus. The gates
on the right hand side do the reverse: when their
control line is low, the data on the 1771 data bus 1is
gated onto the computer's input data bus.

The last set of buffers is on the far right-hand side
of the schematic, and is a row of nine non-inverting
buffers. Their purpose is to suspend the usual CPU
control of the data bus and gate the proper control
signals onto the 5-100 status 1lines to put the
bootstrap 1in operation. When their common control
line is 1low, whatever 1is on their inputs is gated tc
their outputs. Once the bootstrap 1is completed, U43,
U34, and U37 relinquish control back to the kus.

Bootstrap 1s initiated by NOR gate U28 (lower right)
receiving Power On Clear (alsc gensrated by RESTT)
from the computer, which sets flip~flop U34 (upper
right). The not-Q output, if passed by £1 - position 35,
is the bootstrap signal. Thig gates those nine
buffers, and is wused along with a signal from U37
(upper right) to activate U27 (middle} during the read
cycle, thus reading from the 828123 memory but writing
through the bus to regular RAM.
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TIMING CIRCUITS, SEPERATOR, AND PROCESSOR HOLD

At the lower right of the schematie, Ul, U2, Ul7, U33,
U34, U35, and U36 form the clock and data seperator,

which operates on the raw data which comes in on the

line wich runs across the very bottom of the

schematic. The actual c¢lock oscillator circuit (also

lower right) 1is composed of two sectons of Ul7 plus

the 4MHz crystal Yl. Grounding pin 25 of the 1771

(XTDS*) disables the internal seperator.

On the bottom middle, the INTRQ and DRQ signals from
the 1771 are used to control the run or wait state of
the CPU through gates U30 and U57 and bus signals PPDY
or XRDY. These circuits allow the 1771 +to temporarily
suspend execution of the next CPU instruction until an
internal process has been completed.

HEAD-LOAD CIRCUIT

The 1771 checks for head-locad by looking at the HLT
line 10 milliseconds after the HLD line is activated.
U4l and us7, in the wupper-left corner of the
schematic, sample the HLD line and generate the proper
delay to allow for the physical head-load time of the
drive before passing the signal on to the HLT input of
the 1771.

STEP-IN AND STEP-QUT CIRCUIT

The 1771 signals your drive to step the head in or out
by providing a short pulse from the step output and a
DIRC output which 1is high for stepping in and iow for
stepping out. These signals must be reformatted for
many drives, and they must be buffered. The circuitry
at U9, U1 and U6l, all in the  upper left side,
perform these tasks.

Most drives require a longer stepr pulse than 1is output
at pin 15 of the 1771, so one-shot U5l is used to
stretch the pulse out. For drives which reguire a
step signal and the same polarity direction signal,
like the Innovex 410, +the other signals are simply
buffered and then routed to the drives hy the
appropriate jumpers. For drives like +the CDC BR803A,
which require a step=-in and step-out line, the jumpers
are set to make these circuits decode those signals
from the DIRC and step lines.

A few drives require step signals faster than those
generated by the 1771. The line into pin 1 of buffer
U59 can be driven directly by the computer, and can
therefore be pulsed at a much faster rate. dowever,
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'in this case, the program must Kkeep track of the
number of pulses that this 1line puts out, plus
observing any timing constraints.

WRITE DATA, WRITE GATE, TRACK GREATER THAN 43

The write data, write gate, and track greater-than-~43
signals c¢ontrol the write-to-disk functions. The
circuits to control these signals are just above the
middle left. .

The write-data 1line contains the actual data mixed
with a clock signal. From pin 31 of the 1771, it goes
through buffer U57, and line driver U62, ‘and then out
through the jumpers to the disk. The TG43 line which
tells the drive to reduce the head current while
writing on the physically smaller tracks is set high
when the track number 1is higher than 43. From the
1771 pin 29, it goes to U35, where it can be inverted
for drives which require the opposite polarity, and
then through driver U62 and the jumpers out to the
disk.

The write-gate signal tells the drive that 1t 1is time
to start a write operation. It comes out of the 1771
pin 30, is buffered by U57, and NANDed with the write
protect signal at U62, where it goes to the jumper
pads and the disk. The write gate signal can only go
active (low) when switch position 6 of DIP-gwitch Sl
is off, providing a logic 1 to pin 5 of U62. This
switch allows vyou to prevent any write operation to
the disk, regardless of any deliberate or accidental
commands in the program, When this switch is not in
the protect position, any time the write-gate is
driven high from rin 30 of the 1771, the disk will be
overwritten.

POVER SUPTTY (VOLTAGE RFGULATOR) SFCTION

The interface requires +5 Volts, +12 Veolts, and =5
Volts., These are provided by on-board regulators
driven from the unregulated DC wvoltages o¢f the §-100
bus.

A 7895 {LM209) regulator supplies the +5 Volts. To
make it run a little cooler, a 15 Ohm 2 watt resistor
has keen placed in parallel +to bypass some of the

current while still allowing the regulator to control
the voltage.

The +12 vglt DC is regilated by a 12 vVolt zener and
120 ohm resistor, since this supply must only provide
a small arount ¢f current. The =5 ¥Wolt supply is a
similar zener-vesistor pailr. '
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74L5367
8197
825123
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741586
7415161
7415123
7438
74L5138
7805UC

FD1771B+«01

GeTK=174%
10KE~1/4W
120-1/2v
330~1/74v
[ISK=1,4¥
510~ /4y
33K=1/4V
470=) /72U
15-2w

1K =174
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AS0PF
1000FF
22MFD
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LED

CY3&
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Ul8s1%9,24,30
US2.53.57
U233

Uz7.,29
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ua3

Ul T,44,5%
U28,36,63
U3.45
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U33.,37,40
1563
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U&1s51
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Uss
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uss

Rl4,16,20,30
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R13
R15
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R27
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C4
Cl.,C3

VR1
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DESCRIPT 12N

HEX BUFFER

HEX BUFFER

32-BYTE PREM

QUAD 2-INPUT @R GATE
6-BIT DIGITAL COMPARITOR
TRIPLE 3-INPUT NAND GATE
HEX INVERTER

QUAD 2~INPUT AND GATE
QUAD 2-1INPUT NAND GATE
HEX TRI~STATE INVERTER
DUAL TYPE-D FLIP-FL@P
QUAD LATCH

QUAD EXCLUSIVE=-@R GATE
4=BIT BINARY CAUNTER
DUAL RETRIGGERABLE |-SH@T
QUAD 2~1INPUT NAND BUFFER 0/C
3-8 LINE DECUDER

5-VELT REGULATER

FLEPPY DISK CONTRALLER

4.7 KEHM
10 K@HM
120 @HM
330 @HM
i5 KgHM
510 ©HM

74 WATT RESISTER
174 WATT RESISTER
172 WATT RESISTGR
174 WATT RESISTER
1/4 WATT RESISTER
i74 WATT RESISTER
33 KeHM 1/4 WATT RESISTER
470 @HM /2 WATT RESI1STER
IS5 OHM 2-WATT RESISTHR
I KéEM 174 WATT RESISTER
2.2 K@HM i/4 WATT RESISTer
I K@HM RESIST@R NETWERK - & PIM
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ASSEMBLY

The assembly of the disc interface consists of a series of
small steps, each one of which should be checked before
proceeding to the next one. You should have a computer
mainframe of the IMSAI or ALTAIR type available.

You may elect, of course, to disregard the detailed
instructions, and just mount the components as shown in the
assembly drawing, plug the beard in, and hope for the best.
If you do take this route, please at 1least check the
voltages that go to the 1771 chip before this last part is
installed (+5, -5, +12).

NOTES :

1) When the instructions say "Install board in
mainframe in test configuration", make sure mainframe
power has been off for at 1least 10 seconds, then
install the board in any silot. No other interface
board or memory board should be in the mainframe
unless specified in the instructions. At the end of
the test, turn off mainframe power and wait at Ileast
10 seconds before removing the disk interface board.

2} "Locate and install™ means find the indicated
parts, mount each one as shown on the c¢ircuit board
diagram, and solder them in place.

kokkok ok okokok ok
1. Inspection

{ } Check the printed circuit board carsfully for flaws.
Look especially closely Ffor any shorts bhetwzen traces
which might later be covered under a socket or IC

( } Check contents of kit against pvarts list. If any parts
are missing, contact Tarbell Flectronics for prompt
correction. If you have any extra narts, be sure
and note this too, so they won't confuse you later on.

2., Construct LZD {Light-Emitting-Diode) Tester

( ) Find the 330 ohm resistor (orange, crange, brown) and the
Li.D. As shown in the diagram, solder the L.D anode
(usually the ancde is marked in red, or the cathode is
a wider lead) to the resistor. Connect the L.D cathcde to
a two-foot length of scrap fiexibls insulated wire (18-24
gauge is best). Strip about 1/4 in from the end of the
wire. This assembly will e referred to as the "LED prcba”.

3=-3-1



330 Ohm resistor 2 ft. wire

{(orange,orange,brown) % JUmJ

A% P 7
\ ground this end for -5 V test /
ground this end for all other tests .

3. Install 40-pin socket

( )} Find the 40-pin socket. Using fthe parts layout diagram,
orient the socket so the notch indicating pin 1 faces the
top of the card and pin 1 fits in the sguare pad.

( } Insert the socket, and carefully check that every pin is
showing through on the solder side of the bhoard.

() Hold the socket in firmly and seolder all pins.

4. =5 Volt regulator

( } Locate and install the following components:
() R23--470 ohm 1/2 watt resistor (vellow, violet, brown)
() VR1~-=-5.1 volt zener diode {(marksd 1N751); make sure
polarity band is at left
() CY9--.1 MFD 10-volt disc ceramic capacitor.

Test--Install board in mainframe in the test configuration.

{ ) Temporarily connect the resistor end of the LID probe to
a circuit ground. Touch the end of the wir= from the
probe to the left end of R23, which connects to the
~16 volt hus., Notice the relative brightness of the
LED.

( } Move the wire tc the right end of RI3. The glow should be
considerably less but not extinct.

() If you have a voltmster or oscilloscep=, check that
voltage at the right end of R23 is -5.1 within 1073,

5. +5 Volt regulator

( ) Tind the parts for the 5-volt ragulator: ( ) 7805 ox
LM309 3-pin IC; ( ) regulator heat sink; ( )} #6-32
mounting screw, and matching nut and washer;

{ } Using tha assembly diagram, position the regulator at
Us5. Insert the leads through thz appropriate holes.

{ ) ith the heat sink in place betw=zen the regulator and
the board, bend the regulator pins over and fasten the
ragulator body against the heat sink with the screw and
washer on the solder side of tie beoarrd and tne nut on
tiie marts side. Socolder the regulator in.

{ Y Install a 22 mfd. capacitor at Cl ors~rving polaritey
shown on diagram.

{( ¥ 1Install the othar 22 mfd. capacitor at C3. again
chserving polarity.

pqt-—install thz oard in the comnutey rainfrane in the fest
YT

ccnriouration.



() Connect the wire lead end of the LED probe to a good
circuit ground. This end will remain connected for the
rest of the assembly process. Touch the resistor end of
the probe to the bottom lead of the +5 volt regulator
(U65). Note the relative brightness.

( } Move the probe to the middle lead of the regulator. The
light should go out altogether--if not, this pin is not
properly grounded.

( ) Move the probe to the top lead of the regulator. The
LED should glow with slightly less brightness than at
the bottom lead.

( ) The top lead should measure +5 volts within 10% using a
voltmeter or oscilloscope.

6. +12 Volt regulator

( } Locate and install the following parts:
() R24--120 ohm 1/2 W carbon resistor (brown, red, brown}
() VR2--12-volt 1 W zener diode (marked 1MN4742);: be
sure to place the polarity band of VRZ at right, as shown
on the asssembly diagram -
() Cl0-~-.1MFD 10-volt disc ceramic capacitor.

Test--Install the board in the test configuration.

( ) Place the tip of the LED probe on the left end of
R24., 1llotice the brightness.

{ ) Touch the probe to the right end of R24. Check that the
glow is less, but still guite visible.

{ ) If you have an oscilloscope or voltmeter, the
voltage at the left end of R24 should be 412 volts
within 10%.

NOTE-~~-Do not proceed until you are confidert the foregoing
circuits are working properiy. If not, they might damage the
1771 IC or other expensive chips.

7. Primary address circuit

( } Locate and install the following parts:
() U24-=74L5367 hex buffer IC.
(y U25~--DMB131 6-bit comparator IC.

{ ) Install the 4.7X 6-pin in line resistor network at 22
with the dot in square pad.

{ ) Install switch S1 (7 position DIP switch) in the upper
14 holes at U26-~this will leave two empty holes at
bottom.

Test--Install board in test configuration,

) Set all switch positions off;
) Using the computer's front panel switches, examine
location F& (hex).
( ) Using the LED probe, check that pin 9 of IC 25 is in
the low-state (out). '
{ )} Check that the LiD goes on if any of the address
switch positions (51 1 to 5) on the board are changad.

(
(
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( ) Reset the switches, and check that the LED goes on if any
other location smaller than F8 is examined.

8. Secondary Address Gate Circuitry

{ )} Locate and install the following components:

U25--74L508 guad 2-input and gate IC

U30--74LE 367 hex buffer IC

U57--8T97 hex buffer 1I-

R20--4,7K ohms 1/4 watt resistor (yellow, violet, red)
Rl16--4,7K ohms 1/4 watt resistor (yellow, viclet, red)
R14--4,.7K ohms 1/4 watt resistor (yellow, violet, red)
R15--510 ohm 1/4 watt resistor {green, brown, brown)
C8--,1MFD 10 volt disc ceramic capacitor

R28--1K chm 1/4 watt resistor (brown, black, red)
R33--1¥X ohm 1/4 watt resistor (brown, black, red)

Tt Tt et Ml f e g gt gt St

Test--Install board in test configuration.

{ ) Connect probe to U28 pin 8. Push reset switch on
computer. Pin 8 should go low (LED out).

{ } Push the external clear switch on computer. Pin 8
should go low.

9. Command Logic decoding gates

{ ) locate and install the following components:
( ) U27--74LS832 guad 2-input OR gate IC.
( } U43--74LS10 triple 3-input NAND gate TIC.
() U44--741.804 hex invertor IC.

Test--Install the board in the test configuration.

{ ) Set all switch positicons to off. This sets the
base address to F8 (hex).

( ) Use the LID probe to look at 1127 nin 6 and 027 vin 8
for high (ILED on) or low (LED off) states as follows--
examine each location shown in the address table below,
and check that U27 pin & and 8 shows the indicated

state:
FUNCTION ADDRESE U227 PIN 6 U27 PIN 8
Status/Command Port F8 Low igh
Track Command F9 Low wigh
Sector Command FA Low _ tfigh
Data Port FE Low iiigh
Wait/Control Fort FC iiigh Low
Unused ¥D digh digh

" Fo Yigh Z“igh

" FF “igh High

10. Rezad-write-ccntrol decoding gates.

( } Locate and.install the frllowins components:

() U3--74L500 cuad 2-input YIAND gatz J7.
() U22--74L7%358 he=x irvertor/buffer IC,
() U29~-74L532 guad 2-inpuvt OR gate IC,

3-3-7



Test~-Install board in test configuration.

{ ) Install a memory card addressed at location 0. Using
the computer's front panel switches, load this data:

ADDRESS DATA
0000 DB
0001 F8
0002 C3
0003 a0
0004 00

( ) Connect probe to U29 pin 1l. Examine location 0 and
single step. When the input light on your front panel
comes on, U29 pin 11 should go low.

{ ) 1Install (with power off} a memory card addressed at 0.
Using the computer front panel switches, deposit D3
{hex) at location 0. Examine location 0. Attach
probe to U43 pin 6.

( ) Check that the probe indicates a high state., Single
step computer usings ts front panel switch. When the
front panel "OUT" light goes on, U43 pin 6 should go low.

11, Bus Control

{) ocate and install the following components:

R29--2.2K ohm 1/4 watt resistor (red, red, red).

U34--74L574 dual type flip flop IC.

Ul8--74L5367 hex huffer IC,

Ul9--74L5367 hex buffer IC.

U20--741.5368 hex invertor/buffer IC.

U21--741.5368 hex invertor/buffer IC.

Ul7--74L504 hex invertor IC.

L
(
(
(
(
(
(
(
( U37--74L5175 quad latch IC.

L N N P Py N

Test--Install board in test configuration.

() Set switch position 7 off. Turn power on and hit the
reset switch. Front panel lights "MEMR", "ML" and "¥WO"
should be on.

{ ) Set switch 7 to on. Front panel lights "wC" and "WAIT"
should be cr. All data lights should also ke on.

12. Oscillator section

() ocate and install the following components:

) Cé--.1 microfarad capacitor.

) U33--74L3175 quad latch 1C.

) Z1--1X ohm in line f-pin resistor network.

} Install the 4 Miz crystal at V1. Tf your crystal
has mountino holes in the sid=e of the case,
thread a small viece of wire through the holes
in the crystal case and solder to the board at

each end to hold the crystal down.

L
(
(
{
{

Test--install the board in the test configuration.

()} 1f possible, use an cscilloscops to look at pin 6 of
Ul7. You should s=ze a 4 Th.z sonare wave.

3=3=5



( } If no scope is available, use the LED probe. First,
touch the probe to Ul7 pin 14, ©Note the LED intensity.
How, touch the probe to pin 6, Ul7, The LED should
still glow but less intensely. If the LED is as bright
as at pin 14, or is not on, then the oscilMator is not
working,

{( } Using the probe, check that U33 pin 10 also shows a
glow between the intensity at Ul7 pin 14 and nothing.

13. 1Install rest of clock/data separator.

() Locate and install the following components:
() U35--74LS586 guad exclusive OR gate IC
{ ) Ul--74LS161 binary counter IC
{ ) U2--74LL161 binary counter IC

There 1is no test for this section.
14, Data I/0 buffers and status/control

{ ) Locate and install the following components:

) U23~-16 pin IC socket for 825123 PROM

) U36--74L008 guad 2-input AND gate IC

) Install the 825123 programmable read-only memory
IC in the socket at U23.

" —

Test--Install the board in the test configuration.

{ ) Set switch position 7 to off. {it the reset button on
computer. All data lights should be on.

( } Move switch position 7 to en. Data ibus should now be
DB (h=x).

{ ) Using the examine switch, check the next 31 bytes against
the ootstrap program--
0000: DB FC AF 6F 67 3C D3 FA 3% 8C D3 F8 D3 FC B7 F2
0010: 19 00 DB FB 77 23 C3 CC OC DB F8 B7 Ca 7D ©C 76

15. Install remaining components.

() Install the thirteen 120 ohm 1/2 watt resistors
at the following locations:
()R, () R2, () R3, () R4, () R5, ()} R6, () R7,
() =8, () R9, () RO, () P11, () ®12, () R1l7.
() Tnstall the eleven .1 'FD disc cerarmic capacitors at
thz fcllowing locations:
{ )y ¢il, () ci2, () ¢c13, () Ccl4, () <15, () Cls,
(y 17, () c18, () <192, () cz2o, () ~2l.
( 3 "mstall the following components:
i) ©U52--8T97 hex huffer IC.
(' U53~-8T97 hax buffer IC,

i U45--74L700 gvad 2-innut RAND gate IC

' R27--15 chm 2 -wvatt rasistor (hrowr, creen, =lack)

: 221--10< 1/4 watt rasistor {~rown, hnlach, crang2)
R2:--10 1/4 watt rzsister {(browvn, clack, orangz)

[
I
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059--74L504 hex inverter IC

U41~-7415123 dual one-shot IC

R18--33K 1/4 watt resistor (orange, orange, orange)
C5--4.7 MFD 10% capacitor

U51--74LS123 dual one-shot

R17--33K 1/4 watt resistor (orange, orange, orange)
C4--1000 pF capacitor

R13-~15K 1/4 watt resistor (brown, green, orange)
C2--33MFD capacitor

R30--4.7K ohm 1/4 watt resistor (yellow, violet, red)
U61--7438 guad 2-input NAND buffer IC

U62--7438 quad 2-input NAND huffer IC

U63--74L508 quad Z-input MAND gate IC

U49--74LS175 quad latch IC

U56--74LS138 3-8 line decoder IC

U42--7438 guad 2-input NAND buffer IC

C22--390 pF disk ceramic capacitor

TN e e L e i,y gy p— — p— p— o g—
St e b gt e et S ot N St gt Al Nt Nt g et

16. 50-Pin connector

( ) Mount the 50-pin connector from the component side of the
board. Check that all the pins show through on the solder
side.

( ) Using the number 2 screws from the rear side of the board
and the nuts on the component side, screw the connector
down tight,

{ } Solder each one of the 50 connector pins on the sclder
side. Hake sure that none have bzen overlooked.

LI 2 B

You should now be all out of components, except for the cable
and the 1771 IC. If you have components left over, use the
parts list and the assembly diagram to make sure that a
proper part has been installed at each peosition. If so,

you may just have some extra parts.

Check to see that the following slots on the hoard are not
used:

() vdé, () va7, () vag, () U558, () U6d--spare
IC slots
R34 and ( } C24--for the spare one-shot

—
[

C7 not used.



USING THE. JUMPER PADS
R

The system of jumper pads on the Tarbell floppy disk
interface is designed to allow maximum flexibility in
matching the interface to vyour floppy disk drive
requirements. - There are also four spare IC’ slots that
may be used in conjunction with the jumper pads. to
implement special circuits. :

We

‘have worked out the jumper positions for_some.@f
f

the popular drives, and will be doing some more.

you work out your own jumper set-up for a drive that
is not listed, or if you find something wrong with the
set-ups we have, please write to us and let us know
what you did. :

If you want to set up your own drive configurations,
the functions of the jumper pads are as follows :

NMOTES :

1.

Some drives (see individual 1listings) regquire a

connector on the end of the 50-line ribbon cable which

can

only be installed using a special tcol. Tarbell

Flectronics has the connectors and the tool, and can
install one on your cable for $10.

2.

At the board end of the cable, the connector pins

are numbered alternatedly from 1 to 50, going from

left

to right. All the odd-numbered ones are

grounded. The signal leads are thus J2, J4, etc.

3.

When installing the power supply, use fairly heavy
wire,

and twist each power line with a ground line.

Before plugging in the drive, check the voltages on
each pin of the connector with a voltmeter.

4,
on

El,E3

£S,E7

ES,ES

E10,11

El12

nl3

Also, it is a good idea to do a continuity check
each of the interconnections between board and
drive
Look

before vyou fire vycur drive up the first time.

especially for inadvertently-switched lines.

Inputs to 7438 gate which drives S0* line to

floppy drive. Must both be high to make S0*

line active {(low).

Inputs to 7438 gate which drives SI* line to

floppy drive. Must both be high to make SI*

line active {low).

Both come from the output of a 12 microsecond
one-shot which is triggered by the 1771 step output.
These are active high. The repetition rate of

these pulses is dependent upon bits 0 and 1 of a
typre. 1 command to the 1771 as shown in the data.
These pads are both connected to the pull-up line #2,
which has a 1K pull-up resistor to +5 wvolts.

This active low line is an inverted version of the DIRC
step direction line which comes out of the 1771.

This line is low for step-in and hiah for step-out.
This line is just the inverted version of El12;

thut is, it is low for step-out and high for step-in.

4-i-1



El4 This line will produce a positive-going pulse for
one computer clock time, when an out instruction is
given to port XXXXX100 (X's are selected by DIP-switch)
and the data sent out from register A in the 8080
has the lower bits 001 {(MSB first). This 1line is
used to pulse the 80* line at a higher rate than
the 1771 can do directly. This may be necessary
when using a floppy disk drive with a high step rate,
such as the PERSCI drives.

E15-F27 Interface to disk lines: See pin function page for.
details.

28 This line is active high when an OUT instruction is
given to port XXXXX100 as ahove, only the data is
yguo0u0l0. (U means that the corresponding bit has
no effect on this line). This line may be used to
activate the HLD3 line through E38.

E29 This line controls which set of lines is selected that
come from the floppv disk drive. When E29 is low,
the line names ending in a zero {(RDYO, INDX0, etc.)
are selected; these are marked R1,R3,R5,R7,R9, and
R1li on the top right hand side of the board. When
E29 is high, the line names ending in a one are
selected; these are marked RZ2,R4,R6,R8,R10, and
R12 on the board.

E30 This pad is connected directly to ground, and may
be used to always select drive 0, when connected
to E29 above,

E31 This is connected to the least sigrificant bit
{Bit 4) of the latch, and may be used to select
drive 0 or 1 under sofitware contrcl, when
connected to E29 akove. This line is set
according to bit 4 of the output instructinn when
the lower bhits are 010, and the address is
XXXXX100,.

E32 This is a pulsed active low line, similar in
operation to that of El4, except the low data bits
need to be 000. When connected to E34, it may be
used to pulse the RST* line.

E33 This line is connected to the latch bit 3 inverted.
It may he used to make RET* stay high or low,
when hooked to E34.

E34 This is hooked to an input of a NAND gate, the
other of which is the internal master reset line.
when either of these lines goes low, tne RET* line is
activated. The R3T* line can be used either as
a reset line for the floppy drive, or it can be
used for a third drive-select line in systems
inceorporating binary select,

=35 The active high output line of the spare one-shot
in U41.

E36 The negative-going trigger input of the spare
one-sghot ir U41,

137 The positive-going trigger input of the spare

one~shot in U4l.

£38,E39 These are the two inputs to the 7438 buffer gate
that activates the “LD3 line going to the drive.
Tf =38 is hooked to BZ8, and 539 is hooked to I3,
+Men ILD3 is treated the same way as HLDO, LTLD1,



E40
E41
E42
E43

E44

E45

E46
E47

E48

E49

E50
E51

ES2
E53

E54
E55

NOTE
detaiis

and HLD2. These four lines can then be used to
select four drives in a radial-select fashion.

As an alternative, E39 may be connected to pull-up
E4Q, and E38 can be connected to E52 (latch Q2*%)

or E42 (latch Ql*) and used for another gdisk

control line.

Connected to pull-up line #3, 1K to +5 volts.

An input to a 1l-4 decoder, normally connected to ES2,
Connected to latech bit 1 inverted.

Goes directly to the ready line (an input} on the
1771. The 1771 will not perform a read or write
operation without this line being active high.
Connect to E44 if your drive has a ready line,

and to E45 if it doesn't.

Comes from the selected disk drive's ready line,
after which it ig inverted tc make it in proper
phase for E43.

Is the output of a one-shot which is triggered by
the selected drive's INDX (index) line. This

can ke used as a ready line, in case your

particular drive doesn't have one. The one-sghot,
being of the retriggerable type, stays high as soon
as the index pulses come close enough together to
indicate that the disk is turning properly.

This line comes from pin 3 of the computer bus,
which is called XRDY.

This line comes from pin 72 cof the computer bus, which
is called PRDY.

This line is used to stall the machine in the wait
state for operations that must respond quickly, such
as read and write. It should be connected to E47 on
IMSAI computers, and to E46 on ALTAIR computers--at
least on the ones we've seen. If you want to double-
check ycur machine, look at the schematic of the front
panel on your computer. Either pin 3 (E46) or pin 72
(E47) will be connected to the output of a gate.
Connect E48 to the other one.

When E49 is connected to ES50 (ground}, TG43* going
to drive is active low when TG43 coming from 1771

is active hiagh. If the drive requires TG43* to be
the opposite polarity, don't install this jumper.
Ground for possible connection to E49.

HLD (head-load} line buffered from 1771 pin 28.

This line ig active (high}) when the 1771 decides
that the head should be loaded against the disk.

See the 1771 data sheet for further detail on the
operation of this line.

Latch bit 2 inverted, usually connected to E41l.
Common input on 7438 buffer gates which drive HLD lines
to disk; is usually connect to either E51 or EA40.
Latch bit 2 non-inverted; may be connected to E55..
Inovut to gate which drives E23. Connected to

E54 or E5L.

Be sure to hook up E48; either to F46 or E47. See
apove .,
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" JUMPER SET-UP FOR CDC BR803A
L

() Make a one-one connection from the S50-pin
connector (s) on the top of the PC board, through the
50-pin ribbon cable(s), to the connector(s) for your
drive(s), except for pins 41 and 42, Since there are
no pins 51 and 52 on the cable, pins 41 and 42 of the
cable should be connected to pins 51 and 52 on the
drive connector.
{ ) See the general jumper set-up instructions for
information about:

1) pin numbering at J1;

2) power supply connections;

3) pre-operation checks;

4) whether to hook E48 to E46 or E47.
Following are the jumpers to install for a 1 or
2-drive system:

PAD NAME T0 NAME

R11 RDATO* J1l-20 Read data (composite) drive O
R12 RDAT1* J2-20 Read data (composite) drive 1

{ )

()

( ) El@9 HLDO* J1-26 Head load drive O

()Y EZ20 HLD1* J2-26 Head load drive 1

() R7 TROO* J1-28 Track 00 Drive 0

{ ) RS TRO1* J2-28 Track 00 Drive 1

{ ) R3 INDXO* J1-32 Index drive 0

( ) R4 INDX1#* J2-32 Index drive 1

{ ) E18 TG43* Jl-36 Low current drive 0

{ ) E18 TG43* J2-36 Low current drive 1

{ } RS WRFLTO* J1-40 Write fault drive 0

{( ) R1Q WRFLT1* J2-40 Write fault drive 1

() E22 S0* Ji-44 Step out Drive 0

() E22 SQ* J2-44 Step out drive 1

{ } E21 SI* J1-46 Step in drive 0

()} E21 SI* J2-46 Step in drive 1

{ ) El6 WG* J1-48 Write enable drive 0

{ ) Elf We* J2-48 Write enable drive 1

¢} E15 WD * J1-50 Write data drive 0

{ } Tl WD* J2-50 Write data drive 1

{ ) 126 RST* J1l-42 Write fault reset drive 0
{ ) E26 RST* J2-42 Write fault reset drive 1
() E13 E5 High for step-in.

SO B O £1 High for step-out.

() E9 E3 High for any step.

() =58 E7 High for any step.

( } E49 ESC TG43* goes low for low current.
{ ) E43 E45 There is no ready line on this drive.
{1y =31 E29 Use the input multiplexer.
{ Yy £B32 E34 Software write-fTault reset.
{ ) E52 E41 Maybe more drives someday.
{3} E51 E53 Head-1load hook-up.

"Rk OHOOK-UP (BR803A)

T Yolts DC - vins 2&4 on both drives.
3 Volts DC - pin 6 on both drives.
24 Veolts T - =zins 12814 on both drives.
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JUMPER SET-UP FOR INNOVEX 210/220

( ) Make a one-one connection from J1, the 50-pin
connector on the left hand side of the PC board,
through the 50-pin ribbon cable, tc the connector for
yvour drive. If wyou have more than one drive, the
cable can be connected to all of them {daisy chained).
211l but the 1last drive in the chain should have their
terminating resistors removed. The 4 select lines
should be wired one to a drive.

See the general jumper set-up instructions for
information about:

1) +the special connector at the drive end:

2} »in numbering at J1

3) power connections

4) vre-omeration checks

5) where to install jumper at F48

“nllowing are the jumpers to install:

BAD NMAME T NALMF
( Yy F18 TeA3 J1-1.21 Current select
() Fl9 Do J1-1L18 Head load
( ) FR23 TNDXO0 T1-1,5 Index
( } R1 RDYO J1-1L8 Ready
() w19 HLDO J1-1,13 Drive select 0
()Y Fw20 HLD1 J1-1.13 Drive select 1
() w17 ITLD2 J1-L13 Drive select 2
() ™25 HI.D3 J1-1L.13 Drive select 3
{ ) 22 Q% J1-L15 Direction
() m21 S1* J1l-L6 Step
( ) B15 WD* J1~-L10 Write data
( } EI16 WE* J1-L7 Write gate
{ ) R7 TROO* J1-1.12 Track zero
{ } RS WRPTQ* Jl-Ll6 Write protect
()} RI11 RDATO* J1-117 Raw data
() =1 13
( y 3 il
{} =®5 F10
{ y ©7 F9
{ ) L2258 E30
() F43 F44
{ ) =38 m28
() 7©sl _ 55
{ ) R 41

4-2h-1



DC POWER CONNECTIONS TC DRIVE AC POWER CONNECTIONS TO DRIVE

{ ) +24 vOLTS DC R2,L2 { y 117 VOLTS AC PO4-3
{ ) 24 vOLT RETURN R3,L3 ( } FRAME GROUND PO4-2
{ ) -5 VOLTS DC R20,L20 { ) 117 VOLTS AC PO4-1
{ ) +5 VOLTS DC R11,1l11

( ) LOGIC GROUND R1,L1,R22,1,22

MOTE: Don't confuse the R numbers directly above with
resistor numbers on the interface board. These R's
are drive connector pins.

RAw DATA OPTION JUMPER ARCA
TO E3PIND JUMPER
E3 S\\ﬁ °2 D3 E3 PINSG TOC
7402 El C |72z
/

RESISTOR/ CAP

TP 56
SOFT SECTOR OPTION //355
A8 ° £
SHORT ACROSS wW-2 'g < WIDE GROUND
-
. 2
-
/ =
W2 =
/

4-2b-2



JUMPER SET-UP POR INNOVEX 410
__________________________________________

() Make a one-one connection from the 50-pin
connector on the left hand side of the PC Board,
through the 50-pin ribbon cable, to the connector for
your drive(s).

() If yéu have more than one drive, they should all be
connected in parallel (daisy-chain}. See further
instructions below,.

See the general jumper set—-up instructions for
information about:

1) the special connector at the drive end

2)  pin numbering at Jl

3) power supply connections

4) pre-operation checks

5} where to connect the jumper at E48

Following are the Jjumpers to install for a 1 or
2-drive system:

PAD NAME TO NAME
{ )y mle TG43 Jl-2 Current select
{ )}y rz2 DSO* J1-18 Head~1lecad
{ } R3 TNDX0 J1-20 Index
(> RI1 RDYO J1-22 Ready
( )y EL9 HLDO* Jl-26 Drive Select 0
() E20 HLD1* J1-28 Drive Select 1
(Y w17 HLD2 * J1-30 Drive Select 2
() E25 HLD3* J1-32 Drive Select 3
{ }y E22 SQ* J1-34 Direction
() E21 S§I* J1-36  Step
{ } E15 WD* J1-38 Write data
() Ele WG* J1-40 Write gate
() R7 TROOQ* J1-42 Track zZero
{ ) RS WRPTO* J1l-44 Write protect
( } RI11 RDATO* J1-4¢ Raw data
{ ) rl E13
() E2 Ell
( Yy == Ti¢
fy &7 Jalt
{1y z2c E30
{ ) E3¢ 40
00 E28 3E Tor HLD?3
) 741 BEZ2 Tor full decoder
{3 51 ESG For head-load
LY w4z 44 .
¢ ES3 E40 -

4-2¢-1



(Innovex 410 -- continued)

If more than one drive is used, each drive should have
its select jumper changed {on the drive) so that each
drive uses a different select Lline. Also only the
last drive in the daisy chain should have the
terminating resistors left in. Those on all other
drives should be removed.

DC Power Regquirements AC Power Requirements
Pin 1 +24 Volts DC Pin 1 110 Volts AC

Pin 2 +24 Volt return Pin 2 Frame ground

Pin 3 -5 Volt return Pin 3 110 Volts return
Pin 4 -5 Volts DC

Pin 5 +5 Volts DC

Pin 6 +5 Volts return

4-2¢-2



JUMPER SET-UP FOR GSI 110

( ) M™Make a one-one connection from the 50-nin connector
on the left hand side of the PC Dboard, through the
50-2in ribbon cable, to the connector for vour drive,

If you have more than one drive, they should all be
connected in parallel (daisy-~chain), except for the
select 1line-~the jumper inside each drive which sets
the select should be changed to a different line, The
terminating resistors should be removed from all
drives exceot for the last drive in the daisy chain.

“ee the general jumper set-up sectinn for information
ahout:
l} +the srecial connector at the dArive end

2)  »in numbering at J1

3) nvower supnlv connetctions;
4) nre-nneration checks

5) where to connect F48

“ollowing are the Jumpers to install frr a 1 or 2
drive system:

PAD NAMFE T NAMR
b } =18 T4 3 J1-16 Current select
¥ ) m23 DG J1l-18 mead lnad
Q ) R3 TNDX0 J1-20 Tndex
tb ) RI1 ROV Jl-22 Peady
() =19 TT,TH) * J1l-26 Drive select 0
XYy E20 HLD1* J1-28 Drive select 1
Y E17 HLD2* T1-30 Prive select 2
)Y E25 7LD 2 J1-32 Drive select 3
>} E22 T J1-34 Direction
6y w2l a1 J1l-26 Step
£y mls WY J1~-38 rite data
b)Y Tle i J1-40 Write gate
) R7 TRAD* J1-42 Track zero
A ) RS CRTT* J1-44 Write nrotect
\’(“ } rRI11 npATO* J1-46 Raw datn
H_} 1 Fl3
() 3 Tl
RS NE “10
RS G 9
{4y 2o 3N
J) o w39 T4
3 )y w23 =383 foy TTD3
(o m52 f~r Full decrder
(W) 749 ran ciirrant selact nolarity
(3] =51 55 frr Meard 1-ad
i A ')l 1‘!

-
-
m o
o1
)
m
I
()

4-2d4-)



DC POWER REQUIREMENTS

Pin
Pin
Pin
Pin
Pin
Pin

Oy LN o L N

+24 Volts DC
+24 Volt return
-5 Yolt return
-5 Volts DC

+5 Volts DC

+5 Volts return

4-2d-2

AC POWER REQUIREMENTS

Pin 1
Pin 2
Pin 3

110 volts AC
Frame ground
110 Volt return



JUMPER SET-UP F@R PERSCI 270
€N THE B@GARD, THE CUWNECTER PINS ARE NUMBER ALTERNATLY FREM | TE 50,
FReM LEFT T@ RIGHT, AND ALL THE DD ONES ARE GREUNDED.  THUS. FR@eM LEFT
T@ RIGHT, THE J1 AND J2 CENKECTOR PADS ARE NUMBERED 2s4,6++:50. '

FELLEWING ARE THE JUMPERS TO INSTALL:

PAD NAME CONN. TE NAME

El 9 HLDO * J1=18 DRIVE SELECT 2 LEFT

E20 HLD 1 * Ji=4 DRIVE SELECT 2 RIGHT

R3 INDXOx%x J1-20 INDEX O

R4 INDXi* J1-8& INDEX |

Rl RDYO * J1=22 READY ©

R2 RDY! * J1-6 READY |

E23 DSO* J1-28 DRIVE SELECT | RIGHT

E24 DSi=* Ji=2

E25 HLD2 = J1-26 DRIVE SELECT 1 LEFT

E26 RST* Jl1-12 RESTERE

27 SCHMP * J1=-10 SEEK COMPLETE

E22 S@% J1-34 DIRECTIUN SELECT

E21 SIx J1=36 STEP

ELS WD * J1-38 WRITE DATA

E16 WG * J1-40 WRITE GATE

R7 TROO* J1-42 TRACK ZER®

RE TRO! % J1-42 TRACK ZER® (REMECVE @R DISCENNECT RESISTER RB)

55 YRPTO* Ji-44 WRITE PRWTECT 0

R& WRPTI* J1-30 WRITE PRUTECT 1}

I8! RDATO* J1~-46 READ DATA

P12 RDAT1* Jl-46 READ DATA (REMGVE @R DICUNNECT RESISTER RI12)
GND S J1-24 SPINDLE M@OTBR ENABLE

Tt E13 . MAKE DIRECTI®N SELECT = 1771 DIRC

E3 Ell PULL=UP FGR Us1 PIN 12

£S5 E10 PULL-UP F@R U61 PIN 10

£7 E& MAKE PERSCI STEP = {771 STEP STRETCHED

29 E31 USE ¢N-BOGARD MULTIPLEXER F#R 2 DRIVES

E33 E34 USE BIT 3 €F LATCH FGR PERSCI RESTORE LINE

F39 E40 PULL UP F@R U42 PIN 10

E4l E40 PULL=-UP E4}1 S© HLDO AND HLD] ALTERNATE.

ES2 E3E USE Q2* @F LATCH T¢ ACTIVATE DRIVE SELECT { LEFT

E43 E4a4 CBNNECT READY LINES FROM PERSCL T@ 1771 READLY

F5 1 ES3 CONNECT DRIVERS T HEAD=-L@AD LINE.

ELY £55 usSe DIP °nN BT L oF LATLH,

‘HE PEWER SUPPLY CENNECTIOGNS ARE AS FELLBYS:

“IN NG. SIGNAL NBTES

! CHASSIS GND SHEULD BE HEUQKED T HEUSE GROUND (3RD PRENG)

2 +5V DC CONNECT TO +5 VWLTS N CP206 PGWER SUPPLY

3 +57 UNREG CZNNECT T£ SMALL S VELT SUPPLY

4 KEY PLUGGED UP TO MAKE SURE CUNNECTER IN RIGHT

5 +24Y DC CENNECT T€ +24 VOLTS ©N CP206 PWWER SUPFLY

6 GMD CENNECT TE WTHER GRGUNDS INCLUDING CHASSIS GMD

7 GND SAME

£ GID SANE

o GMND SAME

s -5V DC CEGUNECT TC -5 VRLTS &N CP206 PWWER SUPPLY

WHEN IRSTALLING TEE PLWER CABLE, USE FAIRLY HEAVY WIRE, AND TWIST
EACH FOWER LINE WiTh A GRRUND LINE. BEFORE PLUGGING INTe ThE DRI1VL.
CHECK THE WELLTAGES 8N EACE PIN ©@F TRHRE CENNECTUR WITH A VGLTMETER.

UEEN IMNSTALLING THE 50-PiN CABLE., MAKE SURE ThAT PIN 1 &N THE INTERFACE
LDND mMATChES UP WITH P16 1 N ThE PERSCI END. NUMBERS ARE MARKED N
tnCh OF THID BEPARDS .



ADDITIENAL PERSCI 2777270 NE@TES
CBNVERS1IEN UF PER SCI1 277 T@ 270 CENFIGURATI1EN

THE PER SCI1 277 DRIVE SELECT LINES ARE THE SAME AS THE HEAD-LUAD
LINES. A DISK HAS T@ BE SELECTED., HGBYWEVER., TP RECEIVE A READY

SIGNAL FROM IT. TLHUS, A HEAD HAS T¢ BE LBADED BEF@RE 1T I3
PESSIBLE T@ DETERMINE WHETHER A DISKk 15 READY. WE FEEL THAT

THE 270 CONFIGURATIEN IS BETTER., WHICH SEPERATES THE SELECT AND
FEAD LPAD FUNCTIBNS. FOLLOWING IS5 THE CHANGES T MAKE ON A MEDEL
77 DRIVE T@ CHANGE IT T® THE 270:

REM@UE THESE JUNMPERS:

J-2
K=1.
N-P
5=-T
U=y
AP~-AR

ADD THE FOLLEWING JUMPERS:

ALSEG ADPD A 1 MFD CAPACITUR AT (36,

USE @F PERSCI WITH CP/M SEFTWARE

THE STANDARD VERSIEN &F CP/M WhICK TARBELL ELECTRENICS DISTRIBUTES

S AN I/8 SECTIEN (CBIES) WRITTEN BY TARBELL FLECTRENICS FER @UR
INTERFACE - THIS VERSIEN ASSUNMES THAT ThE DRIVES HAVE SEPERATE STEPPER
METORS. ThiS MEDULE MUST BE MOGDIFIED FéR A DUAL-~DRIVE SUCH A5 THE
PERSCI 270, WHERE THE HEADS MEVE THGETHER. THERE ARE Twd DAL D
INSTRUCTIENS (19 HE¥) Il THE REUTINKE CALLED SELDSK. THESE TW@
IMETRUCTIGNRS SHBEULD BT REPLACED WITh A NP (00 HEX)Y FOR EACH.

THE PRESENT VERSIGN CF CBIBS SUPPERTS ONLY THE 10 MS STEP RATE.
FASTETY VERSIONS WILL & AVAILABLE AT :. LATER DATLE.



JUMPT R SET-UP FOR SHUGART FAB00

( )} M™Make a one-one connection from the 5N=pin
connector on the left hand side of the PC board,
through the 50-pin ribhon cable, to the connector for
your drive(s). Yf you have more than one drive, they
should all bhe connected in parallel (daisy-chain),
except for the select 1line--set the Jjumpers on the
drives to connect each one to a seperate select line,
Remove the terminating resistors on all drives except
for the last one in the chain.

See the general jumper set-up instructions for
information about:

1) the special connector at the drive end

2} pin numbering at J1

3) power supply connections

4} pre-~operation checks

Following are the jumpers to install for a one or two
drive system: :

PAD NAME TO NAME
{ } E23 DEO* J1-18 Head load
() R3 INDXO J1-20 Index
() r1 RDYO J1-22 Readvy
{3y rwla HLDO#* J1-26 Drive select 0
() F20 HLD1* Jl=-28 Drive select 1
() Rrl7 RL.D2* J1-30 Drive select 2
{ ) Tm25 HIL.D3%* J1-32 Drive select 3
() r22 SO* J1-34 Direction
( } F21 ST* J1-36 Step
{ ) T1R X J1-38 WUrite data
{ } Tle e Jl-40 Virite gate
() R7 TROO* T1-42 Track zero
{ ) RS RPN * J1-44 Write protect
( ) R11 RDATN* Ji-46 Raw data
( } Il ™13
() L3 E1ll
() ) E10
() 7 rs
() 129 130
(3 39 T40
{ 3 n28 38 for UHT.D3
{ C41 BER2 for full decoder
{ }y 751 rs5 for head-load
{ 43 44
() E53 E40

BV



DC POWER REQUITREMENTS

Pin
Pin
Pin
®in
%in
Pin

O s LD B

+24 volts DC
+24 volt return
-5 volt return
-5 volts DC

+5 wvolts IC

+5 volts return

AC POWER RFQUINEMENTR

Pin 1
Pin 2
Pin 3

1190 volts AC
frame ground
110 volts return



VISUAL INSPECTION
S

It is always a good idea to give the becard a thorough
visual inspection before using it in your system. If
you haven't yet done so, now is the time tco thoroughly
clean the beoard. Scrape with a sharp peoint between
lines and pins that are c¢lose together +to remove
microscopic conductive particles. The board may work
fine, but if you don't clean it, it is possible for
conductance of these particles to build up over a
period of time. After the scraping operation, alcohol
may be used to wash the sclder side of the board. If
the edge connector looks dirty or tarnished, a pencil
eraser can be used to clean it. Look for solder
bridges, components not in right, jumper wires
touching, anything that locks wrong. Many times it
is easy to spot something that would cost you many
hours or days cf work later on.

On the component side, look for loose pieces of wire,
solder, and other particles. Just about anything can

cenduct and cause a problem sometime. If you use
sockets for the other IC's, make sure that none of
them have pins turned under. This is not easy to
spot, and has caused considerable loss of time, mcney,
and energy in the past. Look at each pin very
closely.

On the sclder side, 1look for Jjoints which are not
shiny. If you find any, resclder them. Wiggle
jumpers on the top of the board and watch the bottom
to make sure the connections are scldered solidly.

INSTALLING THE 1771
A

Tf vyou have a voltmeter or other measuring device, you
might want to check the wvoltages on the 40 pin IC
socket bhefore mounting the 1771B,.

TEST: PIN 1 -5 VOLT®
PIN 20 GROUND
PIN 21 +5 vOLTS
PIN 40 +12 VOLTS

Find the Pin 1 position (upper left) of the socket at
U55. To reduce the probability of damage due to static
discharge, touch the 1771 leads as little as possible,
avoid wearing synthetic c¢lothing, and aveid carpet
that tends to build up static charge (you know--when
you touch things they spark}.

Lay the 1771 carefully on top of the socket, Check
thoroughly that all pins 1line up with the socket
holes. Apply even pressure to both ends and middle of
the package, and push down until it is firmly seated.

51,52



INTERCONNECTING DRIVF, INTERFACE, AND POWER SUPPLY

Now is a good time to concern yourself
installation and maintenance manual that

with the
hopefully

came with vour floppvy &isk drive, First check the

power supply reguirements and select a suitable

unit

(If vyou need help, Tarbell Electronics will be glad

to select a power supply to fit your needs}.

Most of the recently manufactured drives six
pin Molex connector for the electronics board. A
three pin connector is often used for AC
connections (if any). Connect this AC first.
Check carefully and make sure vyou're right before vou
plug it in.
The diagram below shows the normal hook-ups:
50-PIN CABLE INTERFACE
ﬁ};g}s TARBELL CONNECTOR
COMPUTER | FLOPPY
DISK
INTERFACE FLOPPY
N DISK
DRIVE(S)
POWER + 24V DC g
SUPPLY + 24V RETURN @
—.  wMHITE - + 5 v pC o
—SAres + 5 VRET z
SWITCH FUSE -5 v RET )
SWITCH MAY BE = 3- PIN BLOCK
MOUNTEDR ON POWER J[
SUPPLY, DISK DRIVE
CABINET, OR COMPUTER. L7 vAacC

5-3




OPERATIONAL TESTS

CAUTION--~For the following system tests set switch
position 6 to on and position 7 to off.

® Do not set write inhibit switch off until vyou are
sure vou are ready tc write onto the disk.

® Do not use your CP/M diskette for these preliminary
tests.

System configuration:

Floppy disk interface card with drive and power
supply connected; Computer mainframe; front panel;
CPU; power supply; with 16K bytes minimum memory (no
wait states) addressed continuously from 0000 hex to
3FFF hex.

The console input/output interface 1i1s assumed to
have the characteristics defined below. If not, it
will be necessary to change port numbers and status
bits in this procedure to work with your set-up.

Input status port 00 Ready=kit 0 low

Input data port 01
Ooutput status port 00 Ready=bit 7 low
Output data port 01

MASTER RESET TEST

() With all power off, move the head out about half way by

turning the shaft of the stepper motor.

{ ) Turn on computer power, then turn on drive power.
Press system reset. The head should move to track 0
(outside) and stop.

If the stepper chatters in the home position, then the

track 0 flag did ncot go low, or if it did, the
1771 pin 31 did not see it, If the head goes toward
track 76, then reverse jumper E3 from EL12 to F1l3.

If the head does not step at all check UB5 pin 15 and
U551 and associated timing components R17, C4., If you

have a scope then U55 should put out a string of pulses

like thoge shown below:

58 5/+°
— 20ms —




{ ) Push RESET on your computer. USS5 pin 19 should go low
(LED out, if you use the LFD probe).

STEP IN/OUT TEST

( ) Load the following program at location 0000 hex (switch
position 7 should be off):

***CAUTION--Do not press run for these tests or you
will run the head into the limits.

ADDRESS MACHIMNE ng? ov TASSEMBLY CODE COMMENTS
0000 7¢ 3E 43 ,03/+Y> START MVI A,43H Load step in
0002 32 D3 F8 370 QUT OF8H Issue step in
0004 3,3 C3 00 0O JMP START Do it again

() Single step through the above program. Immediately before

the €3, the head will move out one track. Step through
this about 5 times.

{ ) Examine at 0001 hex. (Do not press reset}) Replace the
step in (43) with step out (63 hex).

( } Examine at 0000 hex. Single step again hut this time
the head should step toward track 00 {outside track).

We can now do these things: reset, step in, step out.
These commands (plus seek) comprise the type 1’
commands, and do not require diskette or diskette
loading, or door closed.

SEFK TEST

() Deposit following program:

0000 DB FF START: 1IN SNSW ;Read sense switches.
0002 D3 ¥FB QUT DDATA ;Track # to data req.
0004 3E 13 MVI A,l3H :Load seek command.
Q006 D3 F8 OuUT DCOM ;Issue seek command.
0008 C3 00 00 JMP  START :Do it again.

Turn drive power on, mount disk, close door.
Examine at zero. Again, do not press RESET button
as this would run the boot,
{ )} BSet sense switches to 05 hex and single step through the
program. The drive should go to track 5--of course
you can't tell exactly which track it's going to, but
keeping in mind that the tracks are numbered from 0
(outside) to 76 (inside), you should be able to tell
if there is a drastic difference from what it should be.
{ ) You can put the run switch on now, and enter various
combinations, but don't enter a combination into the
sensa switches any higher than 3F hex,

—
—— S

This concludes testing of the tvpe 1 commands.



TYPE 2 COMMANDS

These commands are read a sector and write a sector.
But hefore we read or write, we need to know 1f we can
load the head. :

addresses shown :

()

Put this program into memory at the

000073E 8C2+¥  START: MVI A,8CH  ;Load read command.
000RB2DB3 rg 37> OUT. DCOM :Issue read command.
JMP START :Do it again.

0004 C3 00 00
23

For these commands we need the ready line low from the

drive. Ready is defined within the drive, usually as
all these conditions : a diskette

is closed, the disk is up to speed.

With the disk running and loaded, single step the
program above. After the second instruction,
should load. When the head loads it will be only for
very short time--if the read request is not re-issued
two revolutions of the dis¥, it will unload. You caAn
when the head loads, because there will be a definite
click, If your drive is open, you may also see the
solencid activate.

()

READ A SECTOR

is mounted, the door

the head

a
after
tell

This routine is a modified wversion of the boot
program.
( ) Address a RAM board at the location called RAMADDR
in the program and load the following program at
location 00: .
GOFC = WALT EQU @FCH
REFg = DCOM EoyU @QFB8H
OBFE = DDATA EGl @FBH
PeF8 = STAT EQU BF8H
PEFs = SECT EQU BFAH
coew = RAMADD EQU OCBEOH 3CAN BE ANY RAM ADDRESS
»
aeeg DBFC BEGIN IN WAIT swalT FOR HOME 17
PrRYe 2l1pece LXI Hs RAMADD; START LOCATION IN RAM f??m
@ees 3E@1 MVI A,@1H  3LOAD SECTOR NJMBER SR
Qee7T D3FA QUT SECT 3L0AD SECTUR REGISTER ?“1~
POe9 3E&C MVI A,8CH 3GET READ COMMAND 3’%
@PPB D3F8 OUT DCOM 5ISSUE READ COMMAND e
@291y DEFC RLOGP IN WAIT $WAIT FOR DRE OR INTRAQ b
pgeF B7 ORA A 3SET FLAGS fy
Ze10 F?IA@G JP RDONE 3DONE IF INTRE
2913 DBFB IN DDATA IREAD A BYTE
PP1LS T MOV MeA SMOVE IT TO RAM
Agl1e 23 INX H s BUMP RAM ADDRESS
o177 C3gbhea JMP RLOOP 5 GO BACK FUR MORE
getaA DBFS RDONE IN STAT sREAD STATUS WORD
©a1C B7 URA A 3SET FLAGS 2630
201D 322260 5Ta $+5 sSAVE STAT WURD
pE2Ee 76 HLT 3 STOP



)
()

Clear 10 to 20 bytes at the start of RAMADD so

you can check to see if any data was entered.

Mount a fresh diskette and run the above program. The
RAMADD and next 127 bvtes should contain the data fill
byte; IBM usgses E5 (hex), but other manufacturers may use
something different.

If the RAM did not load then examine the location of the
status word (F8 Hex) and check the bits against the 1771
Status Bits For Type II and IIJ Commands (page 12 of the
1771 data sheet) to see if this explains the problem.

WRITE A SECTOR

The

halt.

()

{)

earc
QeFsg
Pers
QeFB
QaF A
15157

Booa
geea
2Ba s
aeat
oea9
BovB
2aoD
aBaF
ga1d
8213
B@1 4
o1 é
2017
ge1a4a
gai1c
@O1E
ee21

purpese

of this routine is to write one sector and

Select a location in memory for RDMﬁDD and lcad it

with a recognizable data pattern.

Load the following program at location 0:

= WAIT EQU @FCH
= STAT EQU OF8H

= DCOM EQU @F8H

= DDATA EQU @FBH

= SECT EQL @FaH

= RAMADD EQU 9Ce0RH

DBFC IN WAIT 3WAIT FUOR HOME

2100C8 LX1 HsRAMADD 5 SET ADDRESS POINTER

3E01 MVI A.D1 3LOAD SECTOR NUMBER

D3FA OULT SECT 50UTPUT TO CONTROLLER

3EAC MVI As DACH 3LOAD SECTOR WRITE CUMMAND
D3F8 OLT DCOM sQUTPUT TO COMMAND REGISTER
DBFC WLOOP IN WAIT 3WAIT FOR INTRG OR DR

B7 ORA A $SET FLAGS

F21a00 JP DONE $JUMP WHEN INTR@

TE MOV AsM 3LOAD DATA FROM RAM

D3FB UUT DDATA 3WRITE ON DISK-

13 INX H 3 BUMP RAM POINTER

C3pDed JMP WLOOP 3 GET MORE

DBF8 DONE IN STAT 3READ STAT

E6FD ANl @FDH 3MASK NON ERR BITS

322200 STA $+4 3SAVE STAT WORD

76 HLT

Run the program.
previously.

If the write is not successful,

Clear the 128 bytes starting at
RAMADD and run the read one sector program given

Check that the data is restored.

check the status

bits against the table after writing and before

reading.



THE BOOTSTRAP

HARD BOOSTSTRAP PRSGRAM (2N 825123 PREM)

ADDR MACH CODE LABEL ASY LANGUAGE CBMMENTS

0000 DB FC BOOT ¢ IN VAIT JUAIT FHR HPME .

0002 AF XRA A 3COMPLEYTE., .

0003 &F MEV L,A JSET L=Q.

0004 67 ME&V H.A JH4L=0.

0005 3C INR A JSET Am].

0006 D3 FA #UT SECT JSRCTOR = |,

0goé 3E 8C MVI A,BCH JREAD SECTHR.

000A DI F8 oUT DC8M ' =
000C DB FC RLegP: 1IN WAIT JWAIT F@R DRQ 2R INTRQ. .. -
000E B7 PRA A 3SET FLAGS. )

000F F2 19 00 JP RDENE JDENE 1IF INTRGQ.

0012 DB FB IN DDATA JREAD A BYTE #F DATA.

0014 77 MOV  M.A 3PUT INTO MEMBRY.

0015 23 INX R 3 INCREMENT P@INTER.

0016 C3 OC 00 JMP RLBOP JD2 1T AGAIN. ’

0019 DB rg RDENE: 1IN DSTAT JREAD DISK STATUS.

001B B7 fRA A JSET FLAGS .

001C CA 7D 00 Jz 07DH $IF ZERD, GO TP SBOOT.
001F 176 HLT JDISK ERRZR, S@ HALT.

WAIT 1 EQU OFCH
S5ECT: EQU OFAH
DCoM: EQU OFBH
DDATAs EQU OFBH
DSTATs EQU OFEH

This program will bhe executed whenever the bhootstrap
enabhle switch (81 position 5) is on and RESET is

pushed, Its purpose 1is to read the first sector of
track 0 into memory starting at 0000 hex, an” then
execute it. If an error is detected, the program puts

the computer in the halt state--you may try again by
pressing RESET, or stop vyour computer by pressing
RESET and STOP at the same time. If vyou do not wish
to use this PROM bootstrap, a similar program may Le
rin elsewhere in memcry (with addresses relcocated), as
long as the memory it runs in has no wait states and
is above (01 hex,

Locating a program at address 0 to read from the disk
into memory at zero would normally be impossible since
the programwould be overwvritten by the sector loaded,
thus destroying the bhootstrap before it was finished,
The special hardware tricks played on the board make

TR

#



this possible by c¢ontrolling the _bﬁs to write into
main memory while reading from the PROM bootstrap.

Note that the upper five bits of I/0 instructions are
always high, to match the standard setting of the dip
switch, If the dip switch were set for a different
device address, the upper five bits on all the I/0
commands would have to be adjusted accordingly, and you
would have to change the 825123 PROM.

The first instruction is "IN WAIT" (port FC). This
instruction tells the interface board to force a
hardware wait until either the JRQ or INTRQ outputs of
the 1771 go true-—these sicnals tell the computer
(program} that the interface is ready to do something.
In this case, we're waitina for INTRO +to go true,
which tells us that the head is in the "home" position
(track 0).

"XRA A" makes register A zero, and "MOV L,A" and "MOV
H,A" make registers H and L zero. The "IMNR A" makes
yeg A=1. HNow when we do the "OUT SECT", this 1is a
type 1 command to the sector register in the 1771 (see
the data sheets), and sets this register +to 1 (for
sector 1). With the "MVI A,8CH", we set reg A up for
a read operation (type 2). Bits 7,6,5 are 100 as
shown in the command sumnary. Bit 4 is 0 because we
want a single recerd. Bit 3 is 1 for IBM format. Bit
2 1s 1 to make the head locad at the beginning of the
read operation. We then do an output "OUT DCOM" to
make it all happen.

The next "IN WAIT" is used to walt for each data byte,
and it also retrieves the status which indicates end
of operation. "ORA A" sets the flags so we can tell
whether to Jump out of the loop. If the most
significant bit 1is 0, the interface is indicating that
it was the INTRQ that caused the end of the wait,. If
1, it was the DRDO, indicatino some data is ready to
process. IN DDATA"™ actually reads the data from the
1771 data register into the 8080 register A. "MOV
M,A" of course transfers the data to memory. "INX H"
increments the memory data pointer register. " IMP
RLOOP" transfers control back to the beginning of the
locp to do it again.

Yhen the INTRQ goes true, indicating an end of the

read operation or an error, a transfer to "RDONE" is
made. There, the "IN DSTAT" reads the disk status
from the 1771 status register. The meaning of each



WRITING DRIVER ROUTINES
|

Most driver routines will follow a similar form as the
bootstrap program. The first step, then, is to
familiarize yourself with that program.

Then, consult the 1771 data sheet, Note the various
options, and decide what you want done--read or write,
track #, etc.

Next, combine these with the sample driver routines in
the next section. While the interior hardware of the
interface may be complex, the software need not be at
all, Make sure you load the proper registers, issue
commands, and check for results,

SAMPLE DRIVER ROUTINES

The easiest way to write your driver routines at first
is to splice together blocks of existing, working
programs. The fellowing routines should serve as a
good starting peoint--but remember to make any
necessary changes to corrxespond to your system's
peculiarities.

To move head to home (track 0):

HPME : MUVI ALODOH JCLEAR ANY PENDING C@MMAND.
8UT DCEM ' -
HOMEl: IN DSTAT JREAD INTERFACE STATUS.
RRC JLRBGK AT LEAST SIG. B1T.
JC HEME ] JWALIT FSR N@T BUSY.
MUI  ALS JGET BITS FOR HOME CEOMMAND .
PQUT DCPM J1SSUE KEME COMMAND.
IN WAIT SWAIT F2R INTRQ (END OF ©OP.).
GRA A JSET FLAGS. T
MUI All JSET UP ERRAR INDICATER.
JM ERR@R JERRPR IF DRQ INSTEAD OF INTRQ.
IN DSTaAT 3READ DISK INTERFACE STATUS.
MOV ELA SSAVE IN REGISTER E.
ANI a JLBBK AT BIT 2.
JZ  HERR JERRER IF N#T AT TRACK 0.
MOV ALE $GET STATUS BACK.
ANI 91R JMASK NON-ERR@R BITS.
_ RET JRETURN 1F N@ ERROR.
HERR 3 MUL Al SSET HARDWARE ERROR.
PRA A 3SET FLAGS.
RET JRETURN FRPM HOME REUTINE.



To select one disk out of four:

SELECT: MOV A.C JGET DISK NUMBER FRSM REGISTER C.
ANI_ 3 JL8PK BNLY AT 2 LEAST SiG. BITS.
RAL - ¢MA SMOVE INT® BITS 445.
RAL _
RAL
RAL
BRI 2 3JGET CBDE T9® SET LATCH.
PUT DEXT JSEND T8 EXTENDED COMMAND P@RT.
8UT DDATA SWRITE CONTENTS @F REG A ONT@ DISK.
IN DDATA JREAD A BYTE FROM DISK INT® REGISTER A.
DCBM:. EQU OFBH JDISK 1771 C@MMAND PERT.
DSTAT3: EQU OFS8H 3JDISK 1771 STATUS PORT.
TRACK: EQU OF9H 3DISK 1771 TRACK PERT.
SECTP: EQU OFAH 3DISK 1771 SECTOR PORT.
DDATA: EQU OFBH SDISK 1771 DATA PORT.
VAIT: EQU OFCH 3DISK VAIT C@MMAND. -
DEXTs EQU OFCH JDISK EXTENDED C@MMAND PORT.

READ A SECTOR, WRITE & SECTOR

Full listings for these progams are given under the
Operational Tests Section. Also, see the 1771 manual
for the various format and control options for these
operations.



QUAD 2 INPUT NAND GATE
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7438

quad 2-input NAND buffer

general description

These are guad two-input NAND buffers. The
DMB437/DM7437 has a normal TTL “Darlington’”

features
[

{open collector)

m Series 54/74 TTL and DTL comnatible

® (nput clamping diodes

output  configuration  whereas  the DOM5438/ . o
DM7438 has an open-collector. Aside from the ® Typical neise immumty v
output, the citcaitry is identical. ¥ Fan Qut 30
schematic and connection diagrams
Dual-1n-Line and Flat Packaga DM54 3B/ OM 7438
. 4B L1 v n 1a Ir Ve
18 13 [} 1 0 ] ta "e
Ly
INFUTS O QuiPuT ¥
[T
CF GO
"
] ? ® [ ) E I
]; 18 II\’ L) 2|3 i RO
TR w1
POSITIVE LAGIC ¥ - HE
8T97 HEX TRI-STATE INVERTERS
sy
A/
DISy L m
[ 9—1 - Vee INPUTS | OUTPUT
1INy E' Hul 015y
outy [ 5 e DIS _IN| ouT
INg [ 5] QuT -
o i - 8 H X Hi-Z
2 L) =] iNg .
0y 1 L H H
INg [ ] ouTy
ano [0 ] ouT,
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THis74

DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The 91574 {54L5/74L574) dual edge-triggered flip-flop utilizes Schottky TTL circuitry to produce high
speed D-type flip-tiops. Each flip-flop has individual clear and set inputs, and atso complementary @ and Q outputs.

Information at input O is transferred to the Q output on the positive-going edge of the clock pulse. Clock triggering ocours at
a voltage level of the clock pulse and is not directiy related to the transition time of the ppsitive-going pulse. When the clock
input is at either the HIGH ar the LOW jevel, the D input signal has no effect. ] |

b

LOGIC SYMBOL LOGIC DIAGRAM
R . {EACH FLIP-FLOP:'
) 4 _
redo ® af—s2—]o T of—a SET‘SD:“m
3= P 11—y CF SIQ!O
clo—s o= CLEAR (CDICY
p o 113
¥ Y
! ' cLocw O +
Voo =Pin 14 nmn 5
GND =Pin 7 LA}
o
212
MODE SELECT — TRUTH TABLE
! INFUTS OUTPUTS
OPERAYING MODE — — puy
Sp Cp o Q Q
Set L H X H L
Resen {Ctear) H L x L H
| *Undetarmined L Lo ox H H
! Load "1* (Set} H H h H L
Load 0" {Resrt) H H ] L H

“Both outputs will be HIGH white both Sy and Tpy_are LOW, but
the output states are unpredicwble if Sp and Cp go HIGH
MUlLaneously.

H.h = H}GH Voltage |_evel

L= LOW Vohage Level

X = Dan't Care

I, hi{a) » Lower case ‘eiters indicate the state of the rofarenced
input lor output] one sat-up time prigr to the LOW o
HIGH ciock transitgn,

QUAD 2-INPUT EXCLUSIVE OR GATE

Veo TRUTH TABLE
mpininininiain W T om
A B Zz
L L L
:) ' D_ ' L ho| H
_ H L . H
) Hodow L

T I

Gro



. SNMLS)
DUAL RETRIGGERASLE

MONOSTABLE MULTIVIBRATORS WITH CLEAR

Functionally and Mechsnically identical to
SN54122/SN74122 and SN54123/5N74123

Retriggerable for Very Long Qutput
Pulses, Up to 100% Duty Cycle

Overriding Clear Terminates Output Pulse

Low Power Dissipation:
L8122 ... 30 mW Typical
‘L8123, .. 60 mW Typical -

description
The ‘L5122 and 'L5123 multivibrators feature d-c
triggering from gated low-level-active {A} and high-

‘L8123 FUNCTION TABLE
{SEE NOTE 1)
INM OUTrUTS
CLEAR
L

r-—rx:xba

T T+ xx|w
EooQITIo

[
L
1+
L
n
n
JL

- T I x=x

{TOP VIEW) (SEE NOTES 2 THRU 8}

level-active (B} inputs, and also provide overriding
direct clear inputs, Complementary outputs are pro- v
vided. The retrigger capability simplifies the genera- "

Vhgrf/ 1t 2
Caxt Tex W0 20 CLR 28 24

1% 14 13 ” L L 9

tion of cutput pulses of extremely long duration. By

dently of the timing components R and C. Enough
Schmitt hystaresis is provided to ensure jitter-free
triggaring from the B inputs with transition rates as
slow as 1 volt per second. Figure 1 illustrates

triggaring the input before the output pulse is

tarminated, the output pulse may be extended, The [+ CLA
overriding ¢lear capability permits any output pulse a

to be terminated at a predetermined time indepen- ’

t_

i

| [

triggering the oneshot with the high-levai-active

1 H
{B] inputs, 14 18

3 4 5 ] ? )
1

18 20 2 28y GND
CLR Comt  Cuxt

logie: sea function table

NOTESR: 1. H = high level {stendy stasw), L. = law bival {stesdy stnre), 1 = framuition from low to high laved, | = transition from high ta lew

laval, Il = ona high-laval pulse, L = one low.isval pulte, X = [rreimvant
To ute 1he ntarnsl timing reyistor of ‘LS122, connact Ay, To Ve,

PhRu

7805

QUTPUT CURRENT IN EXCESS OF 1 AMP

NO EXTERNAL COMPONENTS

INTERNAL THERMAL OVERLOAD PROTECTION
INTERNAL SHORT CIRCUIT CURRENT LIMITING
OUTPUT TRANSISTOR SAFE-AREA COMPENSATION

ABRSOLUTE MAXIMUM RATINGS
Input Voltage {5 V thtaugh 18 V)
124 W}
inteinal Power Dissipation (Note 1)
Storage Temperature Range
Operating Junction Temperature Range
Lead Temparature {Saldering, 60 second time limit) TO-3 Package
{Soidering, 7 second time liemt) TQ-220 Package

7-1-4

Imny input, Including transitions).

An extr  itiming capacior mey hé connactid hatwasn Oy 0 and Ay, /g,y (positive),
FOr accurate rapsatabla pulss wic (5, CONNECE A% axTarne) Fapintor batwean A, J/Cayy antd Voo with Ry, open clrouited,
To obtain varisbis pulse widthe, connect sxiarnal varisbis resistence between Ripny 07 Ry 1 /Couy 300 Voo,

CONNECTION DIAGRAMS
T0-220 PLASTIC POWER PACKAGE
{TOP VIEW)

aTeut
R TS

AVAILABLF 'N THE PLASTIC TO-220 AND THE METAL TO-3 PACKAGE

35 v

40V

Intnrnatly Limited
—65"C to +1507C
0'Cwo+125"C
300°C

230°C



74L5138

FUNCTIONAL DESCRIPTION — The 9LS138 i a high speed 1-0f-8 Oecader/Demultiplexer fabricated with the low power
Schottky barrier diode process. The deroder accepts three binary weighted inputs le Aq. A9l and when enabled provides
eight mutually exclusive active LOW outputs (Og-O5}. The 915138 features three Enable inputs, two active LOW (Ey, Eq}
and one active HIGH (Eg). All eutputs will be H!GH unless E-| and EZ are LOW and Eq is HiGH. This multiple enable
function allows easy parallel expansion of the device 1o a 1-0f-32 (5 lines to 32 lines} decoder with just four L1385 and one
inverter. {See Figure a.)

The 615138 can be used as an B-output demultiplexer by using one of the active LOW Enable inputs as the data input and
the other Enable inputs as strobes. The Enaiite inputs which are not used must he permanently tied to their appropriate active
HIGH o1 active LOW state.

TRUTH TABLE

INPUTS QUTPUTS

€y Ep 3 Ap Ay Az Bp G [:73 03 Da By D¢ )
H X X X X X H H H H H H H H
X H X X X X H H 1 H H H H H
X X L X e E H H H H H H K H
L L H R L L L H H H H H T H
L L H H L L H L H H H H H H
L L H L H L H “ L H H H H H
i L H N H L H H H L H H H H
L L H L L H H H H H L H H H
L L H o L H H H H H H L H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L

DESCRIPTION — The LSTTL/MS! 9L5138 (64L5/74L5138} is a high speed 1-of-8 LOGIC SYMBOL

Decoder/Demultiptexer. This device is ideally suited for high speed bipolar memary chip P e

select address decoding. The multiple input enables aflow parallel expansion to a 1-6f-24 11

decoder using just three 9LS138 devices or 1o a 1-0f-32 decoder using four 8L.5138s and |

one inverter. The 915138 is fabricated with the Schottky barrier diade process for high

speed and is completely compatible with ail Fairchild TTL families, A E

* DEMULTIPLEXING CAPABILITY

* MULTIPLE INPUT ENABLE FOR EASY EXPANSION Og 7 Bz 0y 0y Og 9 95

* TYPICAL POWER DISSIPATION OF 32 mW T T T T T T T T

« ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS B A

« INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

* FULLY TTL AND CMOS COMPATIBLE Vec = Pin 16

PIN NAMES LOADING {Note a) GND = Fin 8

HIGH LOW

Ag—Ag Address Inputs 0.5 U.L. 025 L.

Eq. Ep Enable {Active LOW) Inputs 05UL. 025 U.L.

E3 Enable {Active HIGH! input 4.5 UL 0.25 U.L.

Og - Oy Active LOW Outputs (Note b) 10 UL 5 {2.6) U.L.

NOTES:

a 1 TTL Unit Load (L.L.) = 40 uA HIGHA G mA LOW,
b, The Output LOW drive factor is 2.5 UL, far Mititary (XM} and 5 UL, for Cornmercial (XC)
Temparaturg Ranges.

LOGIC DIAGRAM

CONNECTION DIAGRAM
DIP {TQP VIEW)

Az 2y Ap Voo = Fin 18
0 ) i GMD=Pin 8
O = Pin Numbers sy
Q <] ,|: a [+ 315
;E Ay o]
e % g B
vV VIV =
AR g4 -f
I iy :]u:
s{_]umo 8 ju
el el *
12 i g NOTE:

The Flatpak wversion has the same
pinouts {Connection Diagram} as the
[tuat In-Line Package.




74LS175
QUAD D FLIP-FLOP

DESCRIPTION — The LSTTL/MSI 9LS175 {54LS/74L58175} is a high speed Quad D
Flip-Filop. The device is useful for general flip-flop requirements where clock and clear
inputs are common. The informatian on the D inputs is stored during the LOW to HIGH
clock transition. Both true and complemented cuiputs of each flip-flop are provided. A
Master Reset input resets alt flip-flops, independent of the Clock or D inputs, when LOW.

The 9LS175 is fabricated with the Schottky barrier diode process for high speed and is
comptetely compatible with all Fairchild TTL families.

« EDGE-TRIGGERED D-TYPE INPUTS
BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK

o CLOCK TO OUTPUT DELAYS OF 14 ns

« ASYNCHRONQUS COMMOMN RESET

¢ TRUE AND COMPLEMENT OUTPUT

s INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

o FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING {Naote al
CHIGH ] low

Do — D3 Data Inputs o 5UL 025 UL,

cpP Clock {Active HIGH Going Edge} tnput 05Ut 025 UL,

MR Master Reset {Active LOW} input 050t 025 UL

00 - Q3 True Outputs {Note b) 0wl {251 U.L.

OD - Qq Complemented Outputs (Noce b} 10 UL ! B{2.5)U.L,

NOTES:

a. 1 TTL Unit Logad (WL} = 40 uA HIGH/ .8 maA LOW.
b. The Output LOVY drive factor is 2.5 U L. for Military (XA} and 5 U.L. for Commarcial (XC}
Temperature Ranges,

-~ -
I LOGIC DIAGRAM

I 1 ke o 11

g)\f ® © e G
LE :

Voo =Fin 16
GND = Pin 8
O = Pin Numbers

LOGIC SYMBOL

Dy [+3} o (=5}
P ?

il

L #

g Oy O O Oy oy Oy

T

-3 LI I 1 O -]

Yoo = Pin 16
GHD = Pin B

CONNECTION DIAGRAM
DIP (TOP VIEW)

:n’:
[
B[]
-ij
[
oy [ n
2 ]
[]¢

NOTE-

The Filatpak version has the same
pinouts [Connection Diagraml as the
Dual in-Line Package.




PpM8131
general description

The OM7I3/DMBI3, DM7136/DMEIIE com-
pare two binary words of two-to-six-bits in
length and indicates matching bit-for-bit of the
two words, Inputs for one word are 54/74 series
compatible TTL inputs, whereas those of the
secongd word are high impedance receivers driven
by a terminated data bus. These bus inputs in-
clude 1% typical hysteresis which provides 1.8V
noise immunity, The DM71231/DMB131 bas active
pull up output and goes to the low state upon
comparisen, The DM71368/DMB8136 bhas open-
collector output which goes to high state upon
comparison and is expandable to n bits by col-
lector ORing. Both devices have an output latch
which is strobe controlled.

The transfer of information to the output occurs
when the STROBE input goes from a logic 1"

6 -bit unified bus comparator

to logic 0" state. Inputs may be changed while
the STROBEL is at the logic 1" level without
affecting the state of output. These devices are
useful as address comparators in computer systems
utilizing unified data bus organization.

features
B Low bus input current 15 ph yp
w High bus input noise immunity 1.8V typ

B High fan out
= |nput clamping diodes
& (utput compatible with TTL gircuits

® (Qutput latch provision

logic and connection diagrams

D
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8281 23 256-BIT BIPOLAR TRI-STATE PROGRAMMABLE ROM

DESCRIPTION

The 82523 {open Collector Outputs} and the 825123
(Tristate Outputs) are Bipolar 256 Bit Read Only Mem-
ories organized as 32 words by 8 bits per word, They are
Field-Programmable, which means that custom patterns are
immediately available by following the simple fusing pro-
cedure given in this data sheet, A chip enable line is pro-
vided and the outputs are bare collector or Tristate to allow

for memory expansion capability.

The 82523 and 825123 are fully TTL compatible and in-
clude on-the-chip decoding. Typical access time is 35 nS,

LOGIC DIAGRAM

CcE Ay

Ay Ay Ag
12

A3
:115: SR 1K 12 foun fom

32 x B ARRAY

1

P 1 -
i T @ El-ﬂ] ;ISJ Ets:
By 8y By,

Veeo
GND

M}

17t )
By By
= Bk

= (B}
= Denotes Pin Numbers

FEATURES
PNP INPUTS

BUFFERED ADDRESS LINES

ON THE CHIP DECODING

A CHIP ENABLE LINE

OPEN COLLECTOR OR TRISTATE OUTPUTS
DIODE PROTECTED INPUTS

NO SEPARATE “FUSING” PINS

BOARD PROGRAMMAEBLE

INPUT/OUTPUT SCHEMATIC DIAGRAMS

INPUT SCHEMATIC

Yoo

A

OUTPUT SCHEMATIC

CE

825123




74L8367

HEX 3-STATE BUFFER
SEPARATE 2-BIT AND 4-BIT SECTIONS

741 85368

HEX 3-STATE INVERTER BUFFER
SEPARATE 2-BIT AND 4-BIT SECTIONS

vep E

[e] [re] [

D

ainininioin)

“r“rr“f

I_II_JL_JL.JLJL_II_IILI

o>

[ 5

RSO GRERD

E GND GND
TRUTH TABLE TRUTH TABLE
INPUTS OUTPUT INPUTS OUTPUT
EjD ElD
L L L|L H
L|H H ] L|H L
H x @ HI X (2}

DESCRIPTION — The 9L5365/366/367/368 are high speed hex buffers with 3-state outputs. They are organized as single
6-hit or 2-bit/4-bit, with inverting or non-inverting data (D} paths. The outputs are designed 1o drive 15 TTL Unit Loads or
60 Low Power Schottky loads when the Enable (E} is LOW.

When the Qutput Enable input {E} is HIGH, the outputs are forced to a high impedance “off”’ state. If the cutputs of the
3-state devices are tied together, all but one device must be in the high impedance state to avoid high currents that would
excead the maximum ratings. Designers should ensure that Output Enable signals to 3-state devices whoge outputs are tied
together are designed so there is no overlap.

74L532

QUAD Z-INPUT OR GATE

Voo

[l [3] (5] £ [l [5] [5]

INPUTS OouUT
! 2 )
o (=] e
o ! {

{ 0 /
i ! {




7415161

LOGIC SYMBOL
DESCRIPTION — The 91.S160/161/162/163 are high-speed 4-bit synchronous counters.
They are edge-triggered, synchronously presettable, and cascadable M51 building blocks
for counting, memory addressing, frequency division and other applications. The SLS160
and 9LS162 count madulo 10 {BCD). The 9LS161 and 9LS163 count modulo 16 g3 s
[binary.) i

FE Py F, Py P

The 9LS160 and 9LS161 have an asynchronous Master Reset {Clear) input that overrides, ' ' B
and is independent of, the clock and atl ather contro! inputs, The 9LS162 and SLS163 " cev TG r— 5
have a Synchronous Reset {Clear} input that overrides all other control inputs, but is Z e Oy o Oy Oy

active only during the rising clock edge.

BC[ (Modula 1Q) | Binary {Modula 16) T en
Asynchronous Faset LS 160 oL5161
Synchronous Reset 0] 8162 95163
Ve =Pin 16
# SYNCHRONOUS COQUNTING AND LOADING GMD=Fin 8
& TWO COUNT ENABLE INFUTS FOR HIGH SPEED SYNCHRONQUS EXPANSION
& TERMINAL COUNT FULLY DECODED
® EDGE-TRIGGERED OPERATION
® TYPICAL COUNT RATE OF 35 MH:z
* FULLY TTL AND CMOS COMPATIBLE
PIN NAMES LOADING (Note a) CONNECTION DIAGRAMS
HIGH LOW DIP {TOP VIEW)
PE Paraliel Enabie {Active LOW) Input 0.6 U.L. 0.30LL.
Pg-P3 Paralle! fnputs 0.5 U.L. 0.25U.L.
CEP Count Enable Paratlei Input 0.6 U.L. 0.3 U.L.
CET Caunt Epable Trickle Input 1.0u.L, 06U.L.
CP Clock {Active HIGH Going Edge) Input 06 U.L. 0.30.L.
MR Master Reset (Active LOW) Input 0.5 U.L. 025 U.L.
SR Synchronous Reset {Active LOW) Input 05 UL 0.25 UL
Op-03 Parallel Qutputs (Note bl 10 U.L. 5(2.56) U.L.
TC Terminal Count Qutput (Note b) 10 U.L. 5(2.5) U.L.
NOTES:
a. 1 TTL Unit Load {LLL.} = 40 uA HIGH{1.6 mA LOW.

b, The Cutput LOW drive factor is 25 U.L. far Military (XM} and & U.L. for Commarical (XC)
Temperature Ranges.

STATE DIAGRAM

OLS161 « 9LS163 LOGIC EQUATIONS NOTE: )
Counl Ensble = CEP ®CET ¢ FE The Flatpak wversion has the same

TC for SLS160 & 9LS162 = CET @G el #Qy e 0y g:;“'::_f_?::;:ﬁ::;o'agwm: as the
TC for GLS161 & 9LS162 = CET9QgeCy # 0y @0y
Prasat = PE # P+ irising clock adge)
Reset = MA (9LS160 & 9LS151)
Reszt = SR @ CPs {rising clock edge)
(L8162 & BL51E3)

7-1-10



WESTERN DIGITAL
MOSI/LSI

FD1771 A/B - O1

DATA SHEET

FLOPPY DISK FORMATTER/CONTROLLER

GENERAL DESCRIPTION

The FD1771 is a MOS/LSI device that performs the
tunctions of a Floppy Disk Controller/Formatter. The de-

FEATURES

SOFT SECTOR FORMAT COMPATIBILITY

vice is designed to be included in the disk drive electron- c AUTOMATIC TRACK SEEK WITH VERIFICA—
ics, and contains a flexible interface organization that TION
accomodates the interface signals from most drive manu-
factures. The FD1771 is compatible with the IBM 3740 0 READ MODE
data entry system format. Single/Multiple Record Read with Automatic
Sector Search or Entire Track Read
The processor interface consists of a 8-bit bi-di- Selectable 128 Byte or Variable Length Record
rectional bus for data, status, and control word transfers.
The FD1771 is set up to operate on a multiplexed bus o WRITE MODE
with other bus-oriented devices. Singie/Multiple Record Write with Automatic
Sector Search
The FD1771 is fabricated in N-channel Silicon Gate Entire Track Write for Diskette Initialization
MOS technology and is TTL compatible on all inputs and
outputs. 0 PROGRAMMABLE CONTROLS
Selectable Track to Track Stepping Time
APPLICATIONS Selectable Head Settling and Head Engage Times
Selectable Three Phase or Step and Direction and
Q FLOPPY DISK DRIVE INTERFACE Head Positioning Motor Controls
0 SINGLE OR MULTIPLE DRIVE o SYSTEM COMPATIBILITY
Double Buffering of Data 8 Bit Bi-Directicnal Bus for
CONTROLLER/FORMATTER Data, Control and status
DMA or Programmed Data Transfers
0 NEW MINI-FLOPPY CONTROLLER All Inputs and Qutputs are TTL Compatible
@—{ﬂ—:) = DM:D CLOCK
....O_.__._.—
c o +5¥
a LX) ’.._E&_K_ F Y -
: FLOPPY DiSK ¥o T IB ? A E] & % 7
] P ~ & & | o] m s
P e ; BEglElfeifSocBal Bl asli
R - i3 o ANNONONAANAAAANNANANRA
! ov F01771 i ! 2 225883385888 k8L QR A
T READY K
E 1 "?‘“ TGAg o
F DRQ é PHL/STEF B )
g Waa Y | PH2/DIRC by
£ * Fua E .
. S B - - I BN B A
. L F H
e s = bRt
TR —— AEEE L EEERE
9 Yop Yoo Yoo T (1P USED i ; S - I%\ ;E %
'1'_ _L ,!,2 ,L A Suffix = Ceramic
B Suffix = Plastic
FD1771 SYSTEl\}gIgL?CK DIAGRAM FD1771 PIN CONNECTIONS
FIG 2
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FD1771 BLOCK DIAGRAM

FIG3

ORGANIZATION

The Floppy Disk Formatter block diagram is illus-

trated an Page 2, The primary sections include the parallel
processor interface and the Floppy Disk interface.

Data Shift Register . This 8-bit register assembles
serial data from the Read Data input {(FDDATA)
during Read operations and transfers serial data to

the Write Data output during Write operations.

Data Register . This 8-bit register is used as a holding
reglster during Disk Read and Write operations. In
Disk Read operations the assembled data byte is
transferred in paratlel to the Data Register from the
Data Shift Register. In Disk Write operations infor-
mation is transferred in paratlel from the Data
Register to the Data Shift Register.

When executing the Seek command the Data Register
holds the address of the desired Track position. This
register can be loaded from the DAL and gated onto
the DAL under processaor control.

Track Register . This 8-bit register holds the track
number of the current Read/Write head position. It
is incremented by one every time the head is stepped
in {towards track 76) and decremented by one when
the head is stepped out {towards track 00). The
contents of the register are compared with the re-
corded track number in the 1D 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 lpaded when this device is
busy.

Sector Register (3R) - This 8-bit register holds the
aadress of the desired sector pasition. The contents of
the register are compared with the recorded sector
number in the ID field during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL. This register
should not be loaded when the device is busy.

Command Register (CR) . This 8-bit register holds the
cemmand presently being executed. This register
should not be lpaded when the device is busy unless
the execution of the current command is to be over-
ridden. This latter action results in an interrupt. The
command register can be loaded from the DAL, but
not read onto the DAL.

Status Register (STR) - This 8-bit register holds
device Status information. The meaning of the Status
bits are a function of the contents of the Command
Register. This register ¢can be read onto the DAL, but

not loaded from the DAL.

CRC CRC Logic  This logic is used to check or to generate

the 1B6-bit Cyclic Redundancy Check (CRC). The
polynomial is: G(x) = x 18 4+ x12 4+ x5 41
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The CRC includes all information starting with the
address mark and up to the CRC characters. The CRC
register is preset to ones prigr to data being shifted

through the circuit.

Arithmetic/Logic Unit (ALU) - The ALU is a serial

comparator,

the disk recorded 1D field.

AM Detector- The Address Mark detector is used to
detect ID, Data, and Index address marks during

Read and Write operations.

Timing and Control - All computer and Floppy Disk
interface contrels are generated through this logic.
The internal device timing is generated from a 2.0

MHz external crystal clock.

PROCESSOR INTERFACE

The interface to the processor is accomplished
through the eight Data Access Lines {DAL) and associated
control signals. The DAL are used to transfer Data, Status,
and Control words out of, or into the FD1771. The DAL are
three state buffers that are enabied as output drivers

{low logic state) or act as input receivers when CS and
Write Enable (WE) are active.

When transfer of data with the Floppy Disk Controller
is required by the host processor, the device address is
decoded and CS§is made low. The least-significant address
bits A1 and AD, 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)

o B Status Register Command Register
g 1 Track Register Track Register

1 0 Sector Register Sector Register

1 1 Data Register Data Register

During Direct Memory Access (DMA) types of data
transfars between the Data Register of the FD1771 and the
processor, the Data Request (DRQ) output is used in Data
Transfer control. This signal also appears as status bit 4
during Read and Write operations.

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 processar. If
the Data Register is read after one or maore characters are
lost, by having new data transferred into the register prior
to processor readout, the Lost Data bit is set in the Status
Register. The Read cperation continues until the end of
sector is reached.

incrementer, and decrementer and is
used for register modification and comparisons with

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. |f new data is not loaded at the time the
next serial byte is required by the Floppy Disk, a byte of
zeroes is written on the diskette and the Lost Data bit is set
in the Status Register.

The Lost Data bit and certain other bits in the Status
Register will activate the interrupt request (INTRQ). The
interrupt line is also activated with normal completion or
abnormal termination of al! controller operations. The

INTRQ signai remains active until reset by reading the

Stafls_Register to the processor or by ihe loading of the .
Command Register. In"addition, the INTRQ is generated if

a Force Interrupt command condition is met.

FLOPPY DHSK INTERFACE

The Floppy Disk interface consists of head positioning
controis, write gate controls, and data transfers. A 2.0
MHz = 1% square wave clock is reauired at the CLK in-
put for internai control timing, (may be 1.0 MHz for
mini floppy.)

HEAD POSITIONING

Four commands cause positioning of the Read-Write
head {see Command Section). The period of each position-
ing step is specified by the r field in bits 1 and © of the
command word. After the last directional step an addition-
al 10 milliseconds of head settling time takes place. The
four programmable stepping rates are tabulated below.

The rates (shown in Table 1} can be applied to a Three
Phase Motor or a Step-Direction Motor through the device
interface. When the3pPminput is connected to ground the
device cperates with a three-phase motor control inter-
face, with one active low signal per phase on the three cut-
put signals PH1, PH2 and PH3. The stepping sequence,
when stepping in, is Phases 1-2-3-1, and when stepping
out, Phases 1-3-2-1. Phase 1 is active low after Master
Reset. Note: PH3 needs an inverter if used.

The Step-Direction Motor Control interface is activated by
leaving input 3PM open or connecting it to +5V. The
Phase 1 pin PH1 becomes a Step pulse of 4 microseconds
width. The Phase 2 pin PH2 becomes a direction control
with a high veltage on this pin indicating a Step in, and a
low voltage indicating a Step Out. The Direction output is
vaiid a minimum of 24 us prior to the activation of the Step
pulse.

When a Seek, Step or Restore command is executed
an aptional verification of Read-Write head position can be
performed by setting bit 2 in the command word to a logic
1. The verification ocperation begins at the end of the 10
millisecond settling time after the head is loaded against
the media. The track number from the first encountered
ID Field is compared against the contents of the Track
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Register. If the track numbers compare and the 1D Field
Cyclic Redundancy Check {CRC) is correct, the verify
Pperation is compiete. if track comparison is not made but
the CRC checks, an interrupt is generated, the Seek Error
status (Bit 4) is set and the Busy status bit is preset.

TABLE1
STEPPING RATES

1771-01 1771-01 1771 or-01 1771 or-0t
rt r0 |CLK=2MHZ |CLK=1MHZ [CLK=2MHZ [CLK=1MHZ
TEST=1 | TEST=1_ ]| TEST=0 | TEST=0

] ) 6ms 12ms *APPROX.] *APPROX,
0 1 6ms 12ms 400us 800us
1 4] 10ms 20ms

1 1 20ms 40ms

*For exact times consult WDC.

The Head Load (HDL) output controls the movement
of the read/write head against the disk for data recording
or retrieval. It is activated at the beginning of a Read,
Write (E Flag On) or Verify Operation, or a Seek or Step
operation with the head load bit, h, a logic one remains
activated until the third index pulse following the last
operation which uses the read/write head. Reading or
Writing does not occur until a minimum of 10 msec delay
after the HODL signal is made active. If executing the type
2 commands with the E flag off, there is no 10 msec delay
and the head is sssumed to be engaged. The delay is de-
termined by sampting of the Head Load Timing (HLT)
input after 10 msec. A low logic state input, generated
from the Head Load output transition and delayed exter-
nally, identifies engagement of the head against the disk.
n the Seek and Step commands, the head is loaded at
the start of the command execution when the h bit is a
logic one. In a verify command the head is lcaded before
stepping to the destination track on the disk whenever
the h bit is a logic zero.

DISK READ OPERATION

The 2.0 MHz external clock provided to the device
is internally divided by 4 to form the 500 KHz clock rate
for data transfer. When reading data from a diskette this
divider is synchronized to transitions of the Read Data
{FDDATA) input. When a transition does not occur on
the 300 KHz clock active state, the clock divider circuit
injects a clock to maintain a continuous 500 KHz data
clock. The 500 KHz data clock is further divided by 2
internaily to separate the clock and information bits. The
divider is phased to the information by the detection af
the address mark.

In the internai data read and separation mode the
Read Data input toggles from one state to the opposite
state for each logic one bit of clock or information. This
signal can be derived from the amplified, differentiated,
and sliced Read Head signal, or by the output of a flip-
flop toggling on the Read Data pulses. This input is sam-
pled by the 2 MHz ciock to detect transitions.

The chip can also operate on externally separated
data, as supplied by methods such as Phase Lock loop,
One Shots, or variable frequency oscillators. This is
accomplished by grounding the External Data Separator
(XTDS) INPUT. When the Read Data input makes a high
to-iow transition, the information input to the FDDATA
line is ciocked into the Data Shift Register. The assembled
8 bit data from the Data Shift Register are then transferred
to the Data Register,

The normal sector length for Read or Write operat-
ions with the IBM 3740 format is 128 bytes. This format or
binary multiptes of 128 bytes will be adopted by setting a
logic 1 in Bit 3 of the Read and Write commands.
Additionally, a variable sector length feature is provided
which allows an indicator recorded in the ID Field to
control the length of the sector. Variable sector lengths
can be read or written in Read or Write commands respec-
tively by setting a logic o in Bit 3 of the command
word. The sector length indicator specifies the number
of 16 byte groups or 16 x N, where N is equal to 1 to 256
groups. An indicator of all zeroes is interpreted as 256
sixteen byte groups.

DISK WRITE OPERATION

After data is loaded from the processor into the Data
Register, and is transferred to the Data Shift Register,
data will be shifted serially through the Write Data (WD}
output. Interlaced with each bit of data is a positive clock
pulse of 0.5 usec duration. This signal may be used to
externally toggle a flip-flop to control the direction of
Write Current fiow.

When writing is to take place on the diskette the
Write Gate (WG) output is activated, allowing current to
flow into the Read/WTrite head. As a precaution to erro-
necus writing the first data byte must be loaded into the
[ata Register in response to a Data Request fram the
FD1771 before the Write Gate signal can be activated.

Writing is inhibited when the Write Protect input
is a logic tow, in which case any Write command is immed-
iately terminated, an interrupt is generated and the Write
Protect status bit is set. The Write Fault input, when act-
ivated, signifies a writing fault condition detected in
disk drive electronics such as failure to detect write cur-
rent flow when the Write Gate is activated. On detection
of this fault the FD1771 terminated the current command,
and sets the Write Fault bit (bit 5} in the Status Word.
The Write Fault input should be made inactive when the
Write Gate output becomes inactive.
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Whenever a Read or Write command is received the
[1771 samples the READY input. If this input is logic
ﬁ the command is not executed and an interrupt is
generated. The Seek or Step commands are performed
regardless of the state of the READY input.

TYPE I

COMMAND DESCRIPTION

The FD1771 will accept and execute eleven com-
mands. Command 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 interrupt command.
Whenever a command is being executed, the Busy status
bit is set. When a command is completed, an interrupt is
generated and the Busy status bit is reset. The Status
Register indicates whether the completed command
encountered an error or was fault free. For ease of discus-
sion, commands are divided into four types. Commands
and types are summarized in table 2.

m_=_Multiple Record flag (Bit 4)
m =0, Singie Record
m =1, Multiple Records
b = Block length flag (Bit 3
b =1, IBM format {128 to 1024 bytes)
=0, Non-{BM format {16 to 4096 hytes)
ala(Q =Data Address Mark {Bits 1-0)

atag =00, FB {(Data Mark}

atag =01, FA {User defined)

arag =10, F2 (User defined}

a1ag =11, F8 (Deleted Data Mark)

TABLE 4

TYPE ill

s =Synchronize flag {Bit 0}

"s=0, Synchronize to AM
5=1, Do Not Synchronize to AM

TYPE IV
i =interrupt Condition flags (Bits 3-0)

Ip=1. Not Ready to Ready Transition
134=1, Ready to Not Ready Transition
12=1, Index Pulse
I3=1, Immedate interrupt

=Enable HLD and 10 msec Delay

E
£=1, Enable HLD, HLT and 10 msec Delay
E=0, Head is assumed Engaged and there is
no 10 msec Delay.

TABLES
TYPE { COMMANDS

The Type 1 Commands include the RESTORE, SEEK
STEP, STEP-IN, AND STEP-OUT commands. Each of the
Type 1 Commands contfain a rate field (rgr1), which deter-
mines the stepping motor rate as defined in Table 1, page
four.

The type 1 Commands contain a head load flag (h)
which determines if the head is to be loaded at the be-
ginning of the command. I1f 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 FD1771 receives a
command that specifically disengages the head. If the
FD1771 does not receive any commands after two revol-
utions of the disk, the head will be automaticalty disen-
gaged (HLD made inactive}. The Head Load Timing Input
is sampled after a 10 ms delay, when reading or writing
on the disk is to ocour.

The Type 1 Commands also contain a verification (V}
flag which determines if a verification operation is to take
piace on the destination track. If V=1, a verification is
performed, if V = 0, no verification is performed.

COMMAND SUMMARY ™
BITS
TYPE COMMAND 7665 43 2 1 0
i Restore CO0O00h Vv g
z'l Seek 0001ThHh V r1 1p
t Step 001 uh V 1 o
i Step In D1 0uh V 1 org
1 Step Out 01 1uhn Vv t1 1o
! Read Command t 0 0 mb E 0 0
] WriteCommand 1 0 ? mb E al ag
i Read Address 11000 1 0o ¢
1t Read Track 11100 1 0 s
11 Write Track 11110 1 0 0
v Force Interrupt 1 1 0 113 12 17 Ig
TABLE 2
= Shown in true form,
FLAG SUMMARY
TYPE 1
h = Head Load Flag {Bit 3)
h=1, Load head at beginning
h=0, Do not load head at beginning
V_=_ Verify flag (Bit 2]
V=1, Verify on last track
V=0, No verify
¥110 = 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 3
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During verification, the head is lpaded and after an
internal 10 ms delay, the HLT input is sampled. When
HLT is active (logic true), the first encountered |ID field
is read off the disk. The track address of the ID field is
then compared to the Track Register; if there is a match
and a valid ID CRC, the veritication is complete, an in-
terrupt is generated and the BUSY status bit is reset. If
there is not a match but there is valid 1D CRC, an inter-
rupt is generated, the Seek Error status bit (Status bit 4)
is set and the BUSY status bit is reset. If there is a match
but not a valid CRC, the CRC error status bit is set (Status
bit 3), and the next encountered D field is read from
the disk for the verification operation. |If an ID fieid with a
valid CRC cannot be found after two revolutions of the
disk, the FD1771 terminates the operation and sends
an interrupt, (INTRGQ).

The STEP, STEP-IN, and STEP-OUT commands
contain an UPDATE flag (U). When U =1, the track reg-

ister is updated by one for each step. When U =0,the track
register is not updated.

RESTORE {SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO)
input is sampled. If TROO is active low indicating the
Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is gener-
ated. If TROO is not active low, stepping pulses (pins
15 10 17) at a rate specified by the r1ror field are issued
until the TROO input is activated. At this time the TR is
loaded with zeroes and an interrupt is generated. If the

Figure 4

185 T aecer

—“-i arRerTion =)

TYPE | COMMAND FLOW

TROO input does not go active low after 255 stepping
puises, the FD1771 terminates operation, interrupts,
and sets the Seek error status bit. Note that the RESTORE
command is executed when MR goes from an active
to an inactive state. A verification operation takes place if
the V flag is set. The h bit allows the head to be loaded
at the start of command.

SEEK

This command assumes that the Track Begister con-
tains the track number of the current position of the Read-
Write head and the Data Register contains the desired
track number. The FD1771 will update the Track register
and issue stepping pulses in the appropriate direction
until the contents of the Track register are equal to the
contents of the data register (the desired track location). A
verification operation takes place if the V flag is on. The h
bit allows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of the
command.

STEP

Upon receipt of this command, the FD1771 issues
one stepping pulse to the disk drive. The stepping motor
direction is the same as in the previous step command,
After a delay determined by ther1r0 field, a verification
takes place if the V flag is on. If the u flag is on, the TR is
updated. The h bit allows the head to be loaded at the
start of the command. An interrupt is generated at the
completion of the command.

Figure 5
=] TYPEI|COMMAND FLOW
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STEP-IN

Upon receipt of this command, the FD1771 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 r ro field, a verification takes
place if the V flag is on. The h bit allows the head to be
loaded at the start of the command. An interrupt is
generated at the completion of the command.

STEP-OUT

Upon receipt of this command, the FD1771 issues one
stepping pulse in the direction towards track Q. If the u flag
is on, the TR is decremented by one. After a delay detsr-
minad by the r1r( field, a verification takes place if the V
flag is on. The h bit allows the head to be loaded at the start
of the command. An interrupt Is generated at the com-
pletion of the command.
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TYPE Il COMMANDS

The Type H Commands include the Read Sector {s) and
Write Sector {8) commands. Prior to loading the type Il
command into the COMMAND REGISTER, the computer
must load the Sector Register with the desired sector
number. Upon receipt of the type Il command, the busy
status Bit is set, If the E flag =1 {this is the narmal case)
HLD is made active and HLT is sampled after a 10 msec
delay. If tha E flag is0, the head is assumed to be engaged
and there is no 10 msec delay. The ID field and Data Field
format are shown below:

When an ID field is located on the disk, the FD1771
compares the Track Number of the ID field with the Track
register. If there is not a match, the next enoountered 1D
field is read and a comparison is again made. If there was
a match, the Sector Number of the ID field is compared
with the Sector Register. If there is not a Sector match,
the next encountered 1D field is read off the disk and com-
parisons again made. If the ID field CRC is correct, the
data field is then located and will be either written into,
or read from depending upon the command. The FD1771
must find an Id field with a Track number, Sector number,
and CRC within two revolutions of the disk: otherwise,
the Record not found status bit is set (Status bit 3) and
the cornmand is terminated with an interrupt.

1D TRACK ZEROS | SECTOR SECTOR CRC CRC DATA DATA FIELD CRC [CRC
GAP| AM NUMBER NUMBER LENGTH 1 2 GAP AM 1 2
ID FIELD DATA FIELD
jDAM = 1D Address Mark — DATA={FE)1g CLK = ICThg

Data AM = Data Address Mark — DATA={F8, F9, FA, or FB}, CLK = (€715
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Each of the Type Il Commands contain a (b) flag which
in conjunction with the sector length field contents of the
ID determines the length (number of characters) of the
Data field.

FIG.7
TYPE Il COMMAND

1B
TERR 11
L Iwumwt
mECE LMD

For IBM 3740 compatibility, the b flag should equal 1.
The numbers of bytes in the data field (sector) is then 128 x
2N wheren-0,1,2,3.

- e
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When the b flag equals zero, the sector length fiald (n) “ B L1 T -
multiplied by 18 determines the number of bytes in the ' [_reeer e |
sector or data field as shown betow: o~
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Each of the type Il commands also contain a (m) flag { s
which determines if multiple records (sectors) are to be | T O
read or written, depending upon the command. f m=0 a X e I e Srorre,
single sector is read or written and an interrupt is !
generated at the completion of the command. Ifm=1, : e T
multiple records are read or written with the sector register o T
intarnally updated so that an address verification can oc- )"“
cur on the next record. The FD1771 will continue to read or Py na
write multiple records and update the sector register FIG. 8 e i
until the sector register exceeds the number of sectars on . ves 2. meag
the track or until the Force Interrupt command is loaded TYPE 1 COMMAND I X
inte the command register, which terminated the com- 177 1My B [“;-)‘.
mand and generates an interrupt. N e
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READ COMMAND

Upon receipt of the Read command, the head is
'naded, the BUSY status bit set, and when an ID field is en-
“ountered that has the correct track number, correct sec-
tor number, and correct CRC, the data field is presented to
the computer. The Data Address Mark of the data fieid
must be found within 28 bytes of the correct field; if not,
the Record Not Found status bit is set and the operation is
terminated. When the first character or byte of the data
field has been shifted through the DSR, it is transferred to
the DR, and DRQ is generated. When the next byte is ac-
cumutated 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 the Lost Data Status
bit is set. This sequence continuas until the complete data
field has been inputted to the computer. If there is a CRC
error at the end of the data field, the CRC error status bit is
set, and the command is terminated (even if it is a multiple
record command).

At the end of the Read operation, the type of Data Ad-
dress Mark encountered in the data field is recorded in the
Status Register (Bits 5 and 6) as shown beiow:

Status Status Data AM
Bit 5 Bit 6 {HEX)
4] o FB
0 1 FA
1 0 Fa
1 1 F8

WRITE COMMAND

Upon receipt of the Write command, the head is
loaded (HLD active) and the Busy status bit is set. When
an 1D field is encountered that has the correct track num-
ber, correct sector number, and correct CRC, a DRQ is
generated. The FD1771 counts off 11 bytes from the CRC
field and the Write Gate (WG) output is made active if the
DRG is serviced (i.e., thae DR has been loaded by the com-
puten. If DBQ has not been serviced, the command is ter-
minated and the Lost Data status bit is set. if the DRQ has
been serviced, the WG is made active and six bytes of
zaros are then written on the disk. At this time the Data
Address Mark is then written on the disk as determined by
the alalfiald of the command as shown below:

DATAMARK  CLOCK MARK
al a0 (HEX) (HEX)
0 O FB C7
0 i FA c7
1 0 F9 c?
1 F8 c7

The FD1771 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 Bitis setand 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 gap of logic ones. The WG
output is than deactivated.

/ NI e epeer e )
T _
FIG. 3 Yoo FIG. 10
TYPE | COMMAND |P e TYPE Il COMMAND
b e L ria N ‘|
s ) ~
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TYPE I COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the head
is loaded and the BUSY Status Bit is set. The next encoun-
tered |D fisld is then read in from the disk, and the six data
bytes of the ID field are assernbled and transterred to the
DR, and a DRQ is generated for each byte. The six bytes of
the ID field are shown below:

TRACK os| SECTOR | SECTOR | CRC | CRC
ADDR |2EROS|ADDRESS] LENGTH 1 2
1 2 3 4 5 6

Although the CRC characters are transferred to the
computer, the FD1771 checks for validity and the CRC
error status bit is set if there is a CRC error. The Sector Ad-
dress of the ID tield is written into the sector register. At
the end of the operation an interrupt is generated and the
BUSY Status is reset.

READ TRACK

Upon receipt of the Read Track command, the head is
loaded and the BUSY Status bit is set. Reading starts with
the leading edge of the first encountered index mark and
continues unti! the next index pulse. As each byte is
assembled it is transferred to the Data Register and the
Data Request is generated for each byte. No CRC checking
is performed. Gagps are included in the input data stream. (f
bit O (S} of the command is a 0, the accumulation of bytes
is synchronized to sach Address Mark encountered. Upon
completion of the command, the interrupt is activated.

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 in-
terrupt is activated. The Data Request is activated im-
mediately upon recieving the command, but writing wili not
start untit after the first byte has been icaded into the Data
Register. If the DR has not been loaded by the time the in-
dex pulse is encountered the operation is terminated
making the device Not Busy, the Lost Data Status Bit is
set, and the Interrupt is activated. If a byte i3 not present in
the DR When needed, a byte of zeros is substituted. Ad-
dress Marks and CRGC characters are written on the gdisk by
detecting certain data byte patterns in the outgoing data
stream as shown in the table below. The CRC generator is
initialized when any data byte from FB to FE is about to be
transtarred from the DR to the DSR,

CONTROL BYTES FOR INITIALIZATION

DATA _

PATTERN INTERPRETATION CLOCK MARK
{HEX|} (HEX)
F7 Write CRC Char. FF
F8 Data Addr. Mark c7
F9 Data Addr. Mark c7
FA Data Addr, Mark c7
FB Data Addr. Mark Cc7
FC Index Addr. Mark 07

FD Spare
FE 10 Addr. Mark c7

The Write Track command will not execute if the DINT
input is grounded; instead if the Write Protect Status bit is
set and the interrupt is activated. Note that one F7 pattern
generates 2 CRC characters.

FIG. 11
TYPE 11l COMMAND
WRITE TRACK

WESTERN _@' DIGITAL
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FIG. 12
TYPE lit COMMAND
WRITE TRACK

TYPE IV COMMAND

FORCE INTERRUPT

This command can be loaded into the command
register at any time. |f there is a current command under
execution (Busy Status Bit set), the command will be ter-
minated and an interrupt will be generated when the con-
dition specified in the lp through 15 field is detected. The
interrupt conditions are shown below:

Ip =Not-Ready-To-Ready Transition
Ih = Ready-To-Not-Ready Transition
I3 =Every |ndex_ Pulse

I3 =Immediate Interrupt

0

NOTE: if Ig130,, there Is no interrupt generated but the
current command is terminated and busy is reset.

STATUS DESCRIPTION

Upon receipt of any command, except the Force In-
terrupt command, the BUSY Status bit is set and the rest of
the status bits are updated or cleared for the new com-
mand. If the Force Interrupt Command Is received when

there is a currant command under execution, the BUSY
status bit Is reset, and the rest of the status bits are un-

changed. If the Force Intarrupt command is received when
thera |8 not a current command under execution, theBUSY
Status bit is reset and the rest of the status bits are up-
dated or cleared. in this case, Status reflects the Type |
commands.

The format of the Status Register is shown below:;

{BITS)
7 6 5 4 3 2 1 0 |

S7 56 85 [ 54 S3 52 51 50

Status varies according to the type of command
exscuted as shown in Table 6.

STATUS REGISTER SUMMARY

ALL TYPE |

BIT COMMANDS READ ADDRESS READ READ TRACK WRITE WRITE TRACK

57 NOT READY NOT READY NOT READY NOT READY | NOT READY NOT READY

$6 WRITE PROTECT 0 RECORD TYPE 0 WRITE PROTECT | WRITE

PROTECT
$5 HEAD ENGAGED 0 RECORD TYPE 0 WRITE FAULT | WRITE FAULT
S4 SEEK ERROR ID NOT RECORD NOT 0 RECORD NOT 0
FOUND FOUND FOUND

53 CRC £ERROR CRC ERROR CRC ERROR 0 CRC ERROR Q

52 TRACK 0 LOST DATA LOST DATA LOST DATA | LOST DATA LOST DATA

51 INDEX DRQ DRQ DRO DRQ DRO

50 BUSY BUSY BUSY BUSY BUSY BUSY

TABLE 6
WESTEHIII.@' DIGITAL 7-2-11 3128 RED HILL AVENUE, BOX 2180
A - NEWPORT BEACH, CALIFORNIA 92663
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WESTERN DIGITAL FD1771

STATUS FORTYPE | COMMANDS

BIT NAME
57 Not Ready

S6 PROTECTED
55 HEAD LOADED

54 SEEK ERROR
S3 CRC ERROR

S2 Track 00
S1 INDEX

S0 BUSY

MEANING

This bit when set indicates the drive is not ready. When reset it indicates that the
drive is ready. This bit is an inverted copy of the READY input and logically
‘ored’ with MR.

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

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

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

When set, there was one or more CRC errors encountered on an unsuccessful
track verification aperation. This bit is reset to 0 when updated. :

When set, indicates Read Write head is positioned to Track O. This bit is an in-
verted copy of the TROO input.

When set, indicates index mark detected from drive. This bit is an inverted copy
of the IP input.

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

STATUS BITS FORTYPE Il AND Il COMMANDS

BIT NAME
57 NOT READY

86 RECORD TY¥PE/
WRITE PROTECT

55 RECOGRD TYPE/
WRITE FAULT

54 RECORD NOT
FOUND
53 CRC ERROR

52 LOST DATA

51 DATA REQUEST

S0 BUSY

MEANING

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 fl and t1I Commands wiil not execute unless the drive is ready.

On read Record: In indicates the MSB of record-type code from data field address
mark. On Read Track: Not Used. On any Write Track: It indicates a Write Protect
This bit is reset when updated.

On Read Record: It indicates the LSB of record-type code from data field address
mark. On Read Track: Mot Used. On any Write Track: It indicates a Write Fault.
This bit is reset when updated.

When set, it indicates that the desired track and sector were not found. This bit is
reset when updated.

If S4 is set, an error is found in one ar more 1D fields; otherwise it indicates error
in data field. This bit is reset when updated.

When set, it indicates the computer did not respend to BRQ in one byte time.
This bit is reset to zerc when updated.

This bit is a copy of the DRQ output. When set, it indicates the DR is full ona
Read operation or the DR ts empty on a Write operation. This bit is reset to zero
when updated.

When set, command is under execution. When reset, no command is under execu-
tion.

WESTERN _@ 016/
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FORMATTING THE DISK
{Refer to section on Type lll commands for flow diagrams.)

Formatting the disk is a relatively simple task when operating programmed |/0 or when operating under DMA control with a
targe armount of memory. When operating under DMA with limited amount of memory, formatting is a more difficult task.
This is because gaps as well as data must be provided at the computer interface.

Forrmatting the disk is accomplished by positioning the R/W head over the desired track number and issuing the Write Track
command. Upon receipt of the Write Track command, the FD 1771 raises the data request signal. At this
point in time, the user loads the data register with desired data to be written on the disk. For every byte of information to be
written on the disk, a data request is generated. This sequence continues from one index mark 1o the next index mark.
Normally, whatever data pattern appears in the data register is written on the disk with a clock mark of {FF)15. However, if
the FD1771 detects a data pattern on F7 thru FE in the data register, this is interpreted as data address marks with missing
clocks or CRC generation. For instance, an FE pattern will be interpreted as an 1D address mark (DATA-FE, CLK-C7) and the
CRC will be initialized. An F7 pattern will generate two CRC characters. As a consequence, the patterns F7 thru Fe must not
appear in the gaps, data fields, or |D fields. Also, CRC's must be generated by a F7 pattern.

Disks may be formatted in 1BM 3740 formats with sector lengths of 128, 256, 512, or 1024 bytes, or may be formatted in non-
1BM 3740 with sectors length of 16 to 4096 bytes in 16 byte increments. IBM 3740 at the present time only defines two
formats. One format with 128 bytes/sector and the other with 256 bytes/sector. The next section deais with the IBM 3740
format with 128 bytes/sector and the following section details non-IBM formats,

iBM 3740 FORMATS - 128 BYTES/SECTOR

Shown in Figure 13, is the IBM format with 128 bytes/sector. In order to format this format, 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 00 or FF
6 00
1 FC {Index Mark)
26 00 or FF
T 6 00
1 FE {iD Address Mark)
1 Track Number (0 thru 4C)
1 00
1 Sector Number (1 thru 1A}
1 00
1 F7 {2 CRC's written)
11 00 or FF
6 00
1 FB (Data Address Mark
128 Data (IBM uses EB)
1 F7 (2 CRC's written)
| 27 00 or FF
247** 00 or FF

* Write bracketed field 26 times
** Continue writing until FD1771 interrupts out. Approx. 247 bytes.

WEST _¢. 3128 RED HILL AVENUE, BOX 2180
STERN DIGITAL NEWPORT BEACH, CALIFORNIA 92663
fow e e , 7-2-13 {714} 5573550 TWX 9105951139
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NON:-IBM FORMATS

Non IBM Formats are very similar to the IBM formats except a different algorithum is used to ascertain the sector length
from the sector length byte in the ID field. This permits a wide range of sector iengths from 16 to 4096 bytes. Refer to sec-
tion V, Type il commands with b flag equal to zero. Note that F7 thru FE must not appear in the sector length byte of the ID
field.

In formatting the FD1771, only two requirements regarding GAP sizes must be met. GAP 2 (i.e., the gap between the ID field
and data fieid must be 17 bytes of which the last 6 bytes must be zero and that every address mark be preceded by at least
one byte of zeros. However, it is recommended that every GAP be at least 17 bytes long with 6 bytes of zeros. The FD1771
does not require the index address mark (i.e., DATA = FC, CLK = D7)and need not be present.

References:
1} |BM Diskette OEM Information GA21-9190-1
2) $SAQ00IBM Compatibility Reterence Manual - Shugart Associates.

FIG.13
TRACK FORMAT

PHYSICAL (WDEX 4,.__*'

46 !VT(SJ—‘ /INKIK ADDHESS MR

DATA GAP 4 Egps} 0 6152 oata rreco| 402 | 1o ATA FIELD D OATA FIELD 10 CATA FI
8 SIELD RaE 1oex iwoex recomo] cap | recoro | 2474 lascomnlar 2| Mecore | cae 3 Jecomofoar 2| recore | 27 fec P 2] RECORD | GAR 42
2% NOMINAL “atzss NO1 IBYI;ES NOL sevTeg MO.2 NO. 2 NGO, 3 MO, 3 NO. 26 NO. 26
BYTE BYTE
1 2 3 L 5 E] 7 1 2-129 130 (K1)
SeLtren
if SECTOR ¢ cAC CRC
AODRESS aooress | 7EROES [ hnness | 7E79ES | avTe 2 | avre o “E;:;é‘ss o BrTE 1 | BYTEZ2
{1
1 L
i 1
GAP 2 " : GAP 3
Q0 or FF ! [o] s} EF :
l_ 11 BYTES & BYTES —vl ~a= 1 BYTE L— 32 BYTES L—J
WRITE GATE TURN ON FOR UPO!YE—/ WRITE TURN- OFF FOR UPDATE
0OF NMEXT DATA FIELD OF PREVIOUS DATA FIELD
ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS
Vpp With Respect to Vgp (Ground) +20t0-0.3V
Max Voltage to Any Input With Respect to Vgg +20to —- 0.3V
Operating Temperature 0*Cto 70°C
Storage Temperature - 585'C to + 125°C
WESTERN DIGITAL 3128 RED HILL AVENUE, BOX 2180
) ' 7-2-14 NEWPORT BEACH, CALIFORN{A 92663
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OPERATING CHARACTERISTICS (DC)

Ta =00C 10 700C, Vpp = +12.0V = 6V, VBB = —5.8 £ 5V, Vgg= OV, Voo = +5V £ .25V
Vpp = 10 ma Nominal, V¢ = 30 ma Nominal, Vg = 0.4 ua Nominal

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS

TN input Leagage 10 uA VIN = VDD

ILo Output Leakage 10 uA VouT = VDD
VIH Input High Voltage 26 v

VIL Input Low Voltage 08 v

{Al Inputs)

VOH Output High Voltage 2.8 v lg=—100 uA
Voo Output Low Voltage 0.45 v Ig = 1.6 mA

TIMING CHARACTERISTICS

NOTE: Vol .4V when interfacing with low Power Schottky parts {1,5<1 ma)

TA=00C 10 700C, Vpp = +12V £ 6V, Vg = -5 1 .26V, Vg5 = 0V, Ve = +5 £ .28V
NOTE: Timings are given for 2 MHZ Clock. For those timings noted, values will double when chip is operated
at ' MHZ, Use 1 MHZ when using mini-floppy.

Read Operations

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
TET Setup ADDR & CS 10 RE 100 nsec
THLD Hold ADDR & CS from RE 10 nsec
TRE RE Pulse Width 500 nsec CL = 25 pf
TDRR DRQ Reset from F{E_ 150 nsec
TIRR INTRQ Reset from RE 3000 nsec
TDACC Data Access from RE a50 nsec CL= 25 pf
TDOH Data Hold From BE 50 160 nsec CL =25 of
READ_ENABLE THMING, .
2
|L‘ = 32y ‘—'-—‘|
_,_e %i_l T oRm l_—(\ voLt
RO vOL
pt———— T taR ———*—I
INTRG
( L
—de- yoL
' |
AR.AL.CE viL
RE ViH
DATA vm‘._m 1ALl
RBRO
PBUFFERS TRI-SMATED) "'Tnal:c"’ — |--
Toow
17141
NOTE: 1. & MAY BE PERMANENTLY TIED LOY IF DESIRED. g
I. FOR READ THACK COMMAND. THIS TIME MAY BE 12 TO azu“c
WHEN S«@.
u TIME DCUBLES WHEN ELK‘!IHHI
w;grfpﬁg DIGITAL 3128 RED HILL AVENUE, BOX 2180
NEWPORT BEACH, CALIFORNIA 92663
£ o0 A & o r ot oW T~2-15 (714} 557-3550 TWX 910-595-1139
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Write 6peratiuns

SYMBOL CHARACTERISTIC MIN TYP MA X UNITS CONDITIQNS
" TSET Setup ADDR & CS to WE 100 nsec

THLD Hold ADDR & CS from WE 10 nsec

TWE "WE Pulse Width 350 nsec

TDRR DRQ Reset from WE 150 nsec

TIRR INTRQ Reset from WE 3000 nsec See Note

TDS Data Setup to WE 250 nsec

TDH Data Hold from WE 150 nsec

TRITE ENABLE TIMING
|

-
=z us

|
B pa —
DRU VoL,
ENTRO _(]_
_:ui- | voL
ns.m,cs‘_J I VIL
¥

¥IH

DATA YALIO OaLl
TRITE DATA

Tom

177 4u-11
—

NOTE: . C3 WAY BE PERWANENTLY TIEG LO¥ IFf DESIAED.

2. YHEN WAITING DATH INTO SECTOR, TRACK. OR DATA ABGESTER. USER CAMNOT

READ THIS REGISTER LNTIL AT LEAST Sycce AFTER THE ATBING EDGE OF WE
WHEN WRITING INTO THE COMNAND RECISTERC STTUS 1S NOT VALID UNTIL
SOME 12ygpe LATER, THESE TIMES ARE DOUBLED THEN CLE+iMyz.

* = Tima doubles when CLK = 1 MHZ2
External Data Separation {XTDS = G}

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
TPWX Pulse Width Rd Data & 150 360 nsec
Rd Clock
TCX Clock Cycle Ext 2500 nsec
TDEX Data to Clock 500 nsec
TDDX Data to Data Cycle 2500 nsec

REFD TIWINC

XTOS=R
EXTERNAL OATA SEFPFRATION

b At -

N u .
o A i

T ] M m

T OEY, }——T DEY —IJ--— ?DE)( T cX —’-i
177112 T pox

N2TEt' 1. #ABOYE TIMES ARE DOUBLEC WHEN CLE-1Myz.
2. CONTALT WOL FOR EXTERNAL CLOCKE/DATA GEPERATOR CIRGUITS.

FOCL OCK

NEWPORT BEACH, CALIFORNIA 92663
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Internal Data Separation {XTDS = 1)

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
TPWI Pulse Width Data & Clock 150 1000 nsec
TCI Clock Cycle Internal 3500 5000 nsec

EE2D TLMIhG

ATaliSel

I4TESHAL DATA IEPERATICH
POCLOGK MUST™ 8B TIED HICH

i
]

FOOATA

I

LEPDINL FDGE OF
DATA PU_SE
WUST OLCUR

TN SHaDED

AREA

1771W-24
NOTE: INTERNAL DATA SEPERGTION MAY WORK FOR SOME
BRPLICATIONG, HOWEYER, FOH @P2LICATIONS
REQUIFING HIGH DATP RECOVERY RELIABILITY, WDC
HECOMMENDS EXTERNAL DATA SEPERATION HE USED,
Write Data Timing:
SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
TWGD Write Gate to Data 1200 nsec 300 nsec +
CLK tolerance
TPWW Pulse Width Write Data 500 600 nsec
TCDW Clock ta Data 2000 nsec +0.5%+
CLK tolerance
TCW Clock Cycle Write 4000 nsec +0.6%+
CLK tolerance
TWGH Write Gate Hold to Data 0 100 nsec
WRITE DATH TIMING
L 1 _, 28 L
I"—T 'GD_"" -% 'cy{—-
a—[ﬂn.{-— ‘—IT"+-_/ —-—r p'+-— ‘_!' o|+— ——fr p|+——
I c ] I o l | c } c I ) :-:-?
| L
[ 1] &
r=—— Tcon —-—| l .J
'C' —1—- TC' - l
1¥71u-12
LAST pATa BIT
T0 BE YRITEN
WESTERNQ DI1GITAL 3128 RED HILL AVENUE, 80X 2180
- 17 NEWPORT BEACH, CALIFORNIA 92662
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WESTERN DIGITAL FD1771

Miscellaneous Timing:

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
TCD1 Clock Duty 175 nsec 2ZMHZ +£1% See Note
TCD?2 Clock Duty 210 nsec

TSTP Step Pulse Qutput 3800 4200 nsec

TOIR Dir Setup to Step 24 usec i

TMR Master Reset Pulse Width 10 usec T:ese gﬂ:s_dfﬁ;e;
TIP Index Pulse Width 10 usec when N

TWF Write Fault Pulse Width 10 uses

MISCELLMNEDUS TIMING

1 ) ) ¥IH
4 | l {
) o —]
T3 (1 13 vin
) R —
R [) 3 YIH
U
£LK _:_—{ e I-"
IR
=] ey -
~ I""T“:

—~

STEP IN
STEF OUT
OIRC YOH L

*—Jnu—{‘swl—— —{Tsw}-' '--"nm—!rsrr}-— -{Tsrp}-—
L, T T

YoL

—4
—

H
[ &1

PIN OUTS
PIN NO. PIN NAME SYMBOL FUNCTION
1 Power Suppiies VBE e\
20 Vss Ground
21 vVeo +5V
40 . VoD +12v
19 MASTER RESET MR * A logic low on this input resets the device and
clears 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.

ESTERN oIGITal 3128 RED HILL AVENUE, BOX 2180
NEWPORT BEACH, CALIFORNIA 92663
- B T B P B 7-2-18 {714} 557-3550 TWX 910-595-1139



WESTERN DIGITAL

FD1771

PIN NO

Computer Interface:

PIN NAME

7-14

56

38

39

24

DATA ACCESS LINES

CHIP SELECT

REGISTER SELECT LINES

READ ENABLE

WRITE ENABLE

DATA REQUEST

INTERRUPT REQUEST

CLOCK

Floppy Disk Interface:

25

26

27

AN

28
23

15
16
17
18

EXTERNAL DATA SEPERATION

FLOPPY DISK CLOCK
{External Separation)

FLOPPY DISK DATA

WRITE DATA

HEAD LOAD
HEAD LOAD TIMING

Phase 1/Step
Phase 2/Direction

Phase 3
3 Phase Motor Select

SYMBOL

DAL@-DAL?

AD, A1

DRQ

INTRQ

CLK

XTDS

FDCLOCK

FDDATA
WD

HLD
HLT

PH1/STEP
PH2/DIRC
PH3
3PM

FUNCTION

*® Eight bit inverted Bidirectional bus used for transter
of data, control, and status. This bus is a receiver
enabled by WE or a transmitter enabled by RE.

* A logic low on this input selects the chip and enables
computer communication with the device.

eThese inputs select the register to receive/transfer
data on the DAL lines under RE and WE control:

Al AD RE WE

o )] Status Reg Command Reg
0 1 Track Reg Track Reg

1 0 Sector Reg Sector Reg

1 1 Data Reg Data Reg

sA logic low on this input controls the placement of
data from a selected register on the DAL when CS is
low.

= A logic low on this input gates data on the DAL into
the selected register when CS is low.

*This open drain cuiput indicates that the DR contains
assembled data in Read operations, or the DR is em-
pty in Write operations. This signal is reset when ser-
viced by the computer through reading or lcading the
DR in Read or Write operation, respectively. Use 10K
pull-up resistor to +5.

«This open drain output is set at the completion or ter-
mination of any operation and is reset when a new
command is loaded into the command register. Use
10K puli-up resistor to +5.

*This input requires a free-running 2 MHz + 1%
square wave clock for internal timing reference.

*A logic low on this input selects external data
separation. A logic high or open selects the internal
data separator.

sThis input receives the externally separated clock
when XTDS = 0. If XTDS = 1, this input should be
tied to a logic high.

*This input receives the raw read disk data if XTDS =
1, or the externally separated data it XTDS = 0.

*This output contains both clock and data bits ot 500
ns duration.

*The HLD output controls the loading of the Read-
Write head against the media the HLT input is sam-
pled after 10 ms. When a logic high is sampled on the
HLT input the head is assumed to be engaged.

=|f the 3PM input is a logic low the three phase motor

control is selected and PH1, PH2, and PH3 outputs
form a one active low signal out of three, PH1 is ac-
tive low after MR. If the 3PM input is a logic high the
step and direction motor control is selected. The step
output contains a 4usec high signal for each step and
the direction output is active high when stepping; ac-
tive low when stepping out.
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WESTERN DIGITAL | ' FD1771

PIN NO.; PIN NAME. SYMBOL; FUNCTION
29 Track Greater Than 43 TG43 +This output informs the drive that the Read-Write

head is positioned between track 44-76. This output is
valid only during Read and Write Commands.

30 WRITE GATE WG *This output is made valid when writing is to be per-
formed on the diskette.

32 Ready READY «This input indicates disk readiness and is sampled
for a logic high betfore Read or Write commands are
performed. !f Ready is low the Read or Write opera-
tion is not performed and an interrupt is generated. A
Seek operation is performed regardless of the state
of Ready. The Ready input appears in inverted format
as Status Register bit 7.

33 WRITE FAULT WF *This input detects writing faults indications from the
drive. When WG = 1 and WF goes low the current
Write command is terminated and the Write Fault
status bit is set. The WF input should be made in-
active (high) when WG becomes inactive.

34 TRACK 00 TRoO *This input informs the FD1771 that the Read-Write
head is positioned over Track 00 when a logic low.

35 INDEX PULSE P eInput, when low for a minimum of 10 usec, informs
the FD177t when an index mark is encountered on
the diskette.

36 WRITE PROTECT WPRT »This input is sampled whenever a Write Command is
received. A logic low terminated the command and
sets the Write Protect Status bit.

37 DISK INTIALIZATION DINT «The input is sampled whenever a Write Track com-
mand is received. !f DINT = 0, the operation is ter-
minated and the Write Protect Status bit is set.

22 TEST TEST »This input is used for testing purposes only and
should be tied to +5V or ieft open by the user.

This is a preliminary specification with tentative device parameters and may be subject to change after final product
characterization is completed.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, nc responsibility is
assumed by Western Digital Corporation for its 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 otherwise under any patent or patent rights of Western
Digital Corporation. Western Digital Corporation reserves the right to change said circuitry at any time without notice.
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