HAVE 6
INDEX HOLES
PASSED

RESET BUSY
SET INTRQ
SET RNF

)

?

HAS
IDAM BEEN
DETECTED

NO

SHIFT 1 BYTE
INTO DSR

TRANSFER
BYTE 7O DR

SET DRQ

HAVE 6

BYTES BEEN

READ
2

TRANSFER TRACK
NUMBER TO SECTOR
REGISTOR

SET CRC
ERROR BIT

CRC YES
ERRCR
?

NO

-t

SET INTRQ
RESET BUSY

TYPE lll COMMAND
Read Track/Address
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TYPE IV COMMAND

FORCE INTERRUPT

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

lo = Not-Ready-To-Ready Transition

h = Ready-To-Not-Ready Transition

Iz = Every Index Pulse

Is = Immediate Interrupt (requires reset, see
Note)

NOTE: Iflo — Is = 0, there is no interrupt generated but
the current command is terminated and busy is
reset. This is the only command that will enable
the immediate interrupt to clear on a subse-
quent Load Command Register or Read Status
Register.

STATUS DESCRIPTION

Upon receipt of any command, except the Force In-
terrupt command, the Busy Status bit is set and the
rest of the status bits are updated or cleared for the
new command. If the Force Interrupt Command is
received when there is a current command under
execution, the Busy status bit is reset, and the rest of
the status bits are unchanged. If the Force Interrupt
command is received when there is not a current
command under execution, the Busy Status bit is
reset and the rest of the status bits are updated or
cleared. In this case, Status reflects the Type | com-
mands.

The format of the Status Register is shown below:

(BITS)
7 1 6 151 3 32711 0
S7 | s6 | s5 | s4a | s3 | s2| s1 ] so

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

(Refer to section on Type Hll commands for flow diag-
rams.)

Formatting the disk is a relatively simple task when
operating programmed /O or when operating under
Formatting the disk is accomplished by positioning
the R/W head over the desired track nhumber and is-
suing the Write Track command. Upon receipt of the
Write Track command, the FD179X raises the Data
Request signal. At this point in time, the user loads
the data register with desired data to be written on
the disk. For every byte of information to be written
on the disk, a data request is generated. This sequ-
ence continues from one index mark to the next
index mark. Normally, whatever data pattern appears
in the data register is written on the disk with a nor-
mal clock pattern. However, if the FD179X detects a
data pattern of F5 thru FE in the data register, this is
interpreted as data address marks with missing
clocks or CRC generation. For instance, in FM an FE
pattern will be interpreted as an ID address mark
(DATA-FE, CLK-C7) and the CRC will be initialized.
An F7 pattern will generate two CRC characters in
FM or MFM. As a consequence, the patterns F5 thru
FE must not appear in the gaps, data fields, or ID
fields. Also, CRC's must be generated by an F7 pat-
tern.

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

IBM 3740 FORMAT—128 BYTES/SECTOR

Shown below is the IBM single-density format with
128 bytes/sector. In order to format a diskette, the
user must issue the Write Track command, and load
the data register with the following values. For every
byte to be written, there is one data request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
40 FF (or 00)!
6 00
1 FC (Index Mark)
. 26 FF (or 00)
6 00 _
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 1A)
1 00
1 F7 (2 CRC’s written)
11 FF (or 00)
6 00
1 FB (Data Address Mark)
128 Data (IBM uses E5)
1 F7 (2 CRC's written)
27 FF (or 00)
247** FF (or 00)

*Write bracketed field 26 times

**Continue writing until FD179X interrupts out.
Approx. 247 bytes.
1-Optional ‘00" on 1795/7 only.

/—— NDE 1 ADDRESS MARK

cap ar
POST NDEX | 1BYTES
3 BYTE FM MEs

2 BYTES MFM] ONuY

cr GAP §
18vTES 0
MFM

0
AECORD
on NO

FIELC
AECOAD § 33IBYTE im
NO 66 BYTE MEM

~~~~~

0
AE€CORD
NO 26

Cata c1ELD)
RECORD
NO 26

0
RECORL
NO 1

A
RECORD | ap @

© CISPRRT
RECORD RECOMD
NO 2 NO 2 NO Y

SECTOR
NUMBER

SECTOR
VENGTH

0
TRACK cac CAC

ADOKESS
vamk | NUMBER avre s § BviE 2

cac
8v1E

pRY
AR

MISSING CLOCK TRANSITION

BETWEEN BITS 4 AND 3
“MISSING C4OCK TRANSITION

BETWEEN B1TS J AND 4

i pw—— 51 BYTES

uEa 2 8vIEs

/S

WRITE GATE TURN ON $OR UPDATE
OF NEXT DATA FIELD

12 AYTES
1

WRITE TUAN OFF FOR UPDATE
0% PREVIOUS DATA F1€L0

IBM TRACK FORMAT
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IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

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

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
80 4E
12 00
3 F6
1 FC (Index Mark)
50* 4E
12 00
3 F5
1 FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 Sector Number (1 thru 1A)
1 01
1 F7 (2 CRCs written)
22 4E
12 00
3 F5
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRCs written)
54 4E
598** 4E
* Write bracketed field 26 times
**Continue writing until FD179X interrupts out.
Approx. 598 bytes.

ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS
Voo With Respect to Vss (Ground) =15 to —0.3V

Max. Voitage to Any Input With =15 to —0.3V
Respect to Vss

Vpp = ID ma Nominal
OPERATING CHARACTERISTICS (DC)

Veoe = 35 ma Nominal

Operating Temperature
Storage Temperature

1. NON-IBM FORMATS

Variations in the IBM format are possible to a limited
extent if the foliowing requirements are met: sector
size must be a choice of 128, 256, 512, or 1024 bytes;
gap size must be according to the following table. Note
that the Index Mark is not required by the 179X. The
minimum gap sizes shown are that which is required by
the 179X, with PLL lock-up time, motor speed variation,
etc., adding additional bytes.

FM MFM
Gap | 16 bytes FF 32 bytes 4E
Gap Il 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes 00
3 bytes A1
Gap 1l 10 bytes FF 24 bytes 4E
3 bytes A1
** 4 bytes 00 8 bytes 00
Gap IV 16 bytes FF 16 bytes 4E

*Byte counts must be exact.
**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

0°C to 70°C
—550C to +125°C

z

TA = 0°C 10 70°C, Voo = + 12V = 6V, Vss = OV, Vec = + BV = .25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS | CONDITIONS
I Input Leakage 10 rA Vin = Voo
lou Output Leakage 10 sA Voutr = Vop
Vix Input High Voitage 26 \
Vi input Low Voltage 0.8 \)
Vor Output High Voltage 2.8 v lo = —100 pA
Vou Output Low Voltage 0.45 \ lo=1.6 mA
Po Power Dissipation 0.5 W

18
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TIMING CHARACTERISTICS
Ta = 0°C to 70°C, Voo = + 12V 3 .6V, Vss = OV, Vcc =45V + .25V

READ ENABLE TIMING

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

o]

=~ 16° OR 32" uS
T
DRQ —-| L

1
rV-OH

ISERVICE femt—

il

e TRE —— e

TgeT fem-—

Toacc L‘—

DA’

{DAL)

FM - 2

VALID }

— ]

t SERVICE (WORST CASE;
N 75uS
"MFM : 135 uS

TDO»L

NOTE 1 TS MAY BE PERMANENTLY TiED LOW iF DESIRED
“TIME DOUBLES WHEN CLOCK : tMHZ

READ ENABLE TIMING
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WRITE ENABLE TIMING
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
TSET Setup ADDR & CS to WE_ 50 .nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Pulse Width 350 nsec
TDRR DRQ Reset from WE 400 500 nsec
TIRR INTRQ Reset from WE 500 3000 nsec See Note 5
TDS Data Setup to WE 250 nsec
TDH Data Hold from WE 70 nsec
INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
Tpw Raw Read Pulse Width 100 200 nsec | See Note 1
tbe Raw Read Cycle Time 1500 nsec {1800 ns @ 70°C
Te RCLK Cycle Time 1500 nsec |1800 ns @ 70°C
Txi RCLK hold to Raw Read 40 nsec | See Note 1
Txz Raw Read hold to RCLK 40 nsec
D 167 OR 32° ..s———" i o |
, - I< TorA I " ’
L =

DRO

I
i TirA*
]

INTE

!
bl
THeo
A0 AT (N O_ I L—h Vit

l ———— TWE —g-]

TSERVICE

YSEY l<
= | MSrmosr]

BE VALID

|
—e—f To

NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED

2 WHEN WRITING DATA INTO SECTOR TRACK OR DATA

RECISTER USER CANNOT READ THIS REGISTER UNTIL

AT LEAST 4 »SEC IN MFM AFTER THE RISING EDGE OF WE
1 SERVICE IWORST CASE) WHEN WRITING INTO THE COMMAND REGISTER STATUS
T e s Ly 1S NOT VALID UNTii. SOME 28 4 SEC IN FM. 14 ,SEC IN MFM
MM s LATER THESE TIMES ARE DOUBLED WHEN CLK 1 MRz
“TIME DOUBLES WHEN CLOCK  1MHz

WRITE ENABLE TIMING
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RAW READ

|
[ |
!
i Te l
NOMINAL
DISKETTE | MODE | DDEN CLK T, Ty Te
8" MFM 0 2MHZ |1 us | 1 us | 2 us
8" FM 1 2MHz |2 us | 2us | 4us
5" MFM 0 1MHz | 2us | 2us | 4 us
5" FM 1 TMHz |4 us [ 4 us | 8 s

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

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

r—————— 500 NS 4——.|
CLK ety .
{IMHZ) I

" o RN
L

T(———lzs——b-?—

CLK

(2MHZ) _—I
w — v,

de!

L
w,

Twd2

|
|
|
|

WRITE DATA/CLOCK RELATIONSH!P

(DDEN= 0)

WRITE DATA TIMING
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MISCELLANEOUS TIMING:

A-23

. Pulse width on RAW READ (Pin 27) is normally
100-300 ns. However, pulse may be any width if
pulse is entirely within window. If pulse occurs in both
windows, then puise width must be less than 300 ns
for MFM at CLK = 2 MHz and 600 ns for FM at 2
MHz. Times double for 1 MHz.

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

22

3.

4.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCD» Clock Duty (low) 230 250 20000 nsec
TCD: Clock Duty (high) 200 250 | 20000 nsec
TSTP Step Puise Output 2or4 usec
e Note 5
TDIR Dir Setup to Step 12 usec +SCeLK ERROR
TMR Master Reset Pulse Width 50 usec -
TP Index Pulse Width 10 usec
TWF Write Fault Pulse Width 10 usec See Note 5
—r—]
— —
e —]
I—‘mc—'
o
I STEPIN _" / !
I S
MISCELLANEOUS TIMING
NOTES

tbec should be 2 us, nominal in MFM and 4 is nominal
in FM. Times double when CLK = 1 MHz.

RCLK may be high or low during RAW READ (Polarity
is unimportant).

5. Times double when clock = 1 MHz.
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Table 6. STATUS REGISTER SUMMARY

ALL TYPE | READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 |[NOT READY  [NOT READY NOT READY NOT READY |NOT READY |NOT READY
S6 |WRITE 0 0 0 WRITE WRITE
PROTECT PROTECT PROTECT
S5 |HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT | WRITE FAULT
S4 |SEEK ERROR |RNF RNF 0 RNF 0
S3 |CRC ERROR |CRC ERROR | CRC ERROR 0 CRC ERROR 0
S2 |TRACK 0 LOST DATA LOST DATA LOST DATA [LOST DATA  |LOST DATA
St |INDEX DRQ DRQ DRQ DRQ DRQ
S0 |BUSY BUSY BUSY BUSY BUSY BUSY
STATUS FOR TYPE | COMMANDS
BIT NAME MEANING

S7 NOT READY

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

S6 PROTECTED

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

S5 HEAD LOADED

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

S4 SEEK ERROR

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

S3 CRC ERROR

CRC encountered in ID field.

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the TROO input.

S1 INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the
IP input. :

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

STATUS FOR TYPE

Il AND lil COMMANDS

BIT NAME

MEANING

S7 NOT READY

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

S6 WRITE PROTECT]

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Write Protect. This bit is reset when updated.

S5 RECORD TYPE/
WRITE FAULT

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

S4 RECORD NOT
FOUND (RNF)

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

S3 CRC ERROR

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

S2 LOST DATA

When set, it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

S1 DATA REQUEST

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bit is reset to zero when up-
dated.

S0 BUSY

When set, command is under execution. When reset, no command is under execution.

23
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Appendix B

FD179X APPLICATION NOTES

The following pages are reprinted with the permis-
sion of the Western Digital Corporation.



FD179X Application Notes

INTRODUCTION

Over the past several years, the Floppy Disk Drive has
become the most popular on-line storage device for
mini and microcomputer systems. Its fast access time,
reliability and low cost-per-bit ratio enables the Floppy
Disk Drive to be the solution in mass storage for mi-
croprocessor systems. The drive interface to the Host
system is standardized, allowing the OEM to substitute
one drive for another with minimum hardware/ software
modifications.

Since Floppy Disk Data is stored and retrieved as a
self-clocking serial data stream, some means of sep-
arating the clock from the data and assembling this
data in parallel form must be accomplished. Data is
stored on individual Tracks of the media, requiring con-
trol of a stepper moter to move the Read/Write head
to a predetermined Track. Byte sychronization must
also be accomplished to insure that the paraliel data
is properly assembled. After ail the design considera-
tions are met, the final controller can consist of 40 or
more TTL packages.

To alleviate the burden of Floppy Disk Controller de-
sign, Western Digital has developed a Family of LSI
Floppy Disk controller devices. Through its own set of
macro commands, the FD179X Controller Family will
perform all the functions necessary to read and write
data to the drive. Both the 8" standard and 5%" mini-
floppy are supported with single or double density re-
cording techniques. The FD179X is compatible with
the IBM 3740 (FM) data format, or the System 34
(MFM) standards. Provisions for non-standard formats
and variable sector lengths have been included to pro-
vide more storage capability per track. Requiring stan-
dard +5, +12 power supplies the FD179X is available
in a standard 40 pin dual-in-line package.

The FD179X Family consists of 6 devices. The
differences between these devices is summarized in
Figure 1. The 1792 and 1794 are “single density only”
devices, with the Double Density Enable pin (DDEN)
left open by the user. Both True and inverted Data bus
devices are available. Since the 179X can only drive
one TTL Load, a true data bus system may use the
1791 with external inverting buffers to arrive at a true
bus scheme. The 1795 and 1797 are identical to the
1791 and 1793, except a side select output has been
added that is controlled through the Command Register.

SYSTEM DESIGN

The first consideration in Floppy Disk Design is to de-
termine which type of drive to use. The choice ranges
from single-density single sided mini-floppy to the 8"
double-density double-sided drive. Figure 2 illustrates
the various drive and data capacities associated with
each type. Although the 8" double-density drive offers
twice as much storage, a more complex data separator
and the addition of Write Precompensation circuits are
mandatory for reliable data transfers. Whether to go
with 8” double-density or not is dependent upon PC
board space and the additional circuitry needed to ac-
curately recover data with extreme bit shifts. The byte
transfer time defines the nominal time required to
transfer one byte of data from the drive. If the CPU
used cannot service a byte in this time, then a DMA
scheme will probably be required. The 179X also needs
a few microseconds for overhead, which is subtracted
from the transfer time. Figure 3 shows the actual ser-
vice times that the CPU must provide on a byte-by-byte
basis. If these times are not met, bytes of data will be
lost during a read or write operation. For each byte
transferred, the 179X generates a DRQ (Data Re-
quest) signal on Pin 38. A bit is provided in the status
register which is also set upon receipt of a byte from
the Disk. The user has the option of reading the status
register through program control or using the DRQ Line
with DMA or interrupt schemes. When the data register
is read, both the status register DRQ bit and the DRQ
Line are automatically reset. The next full byte will
again set the DRQ and the process continues until the
sector(s) are read. The Write operation works exactly
the same way, except a WRITE to the Data Register
causes a reset of hoth DRQ'’s,

RECORDING FORMATS

The FD179X accepts data from the disk in a Fre-
quency-Modulated (FM) or Modified-Frequency-Mod-
ulated (MFM) Format. Shown in Figures 4A and 4B are
both these Formats when writing a Hexidecimal byte
of ‘D2'. In the FM mode, the 8 bits of data are broken
up into “bit cells.” Each bit cell begins with a clock
pulse and the center of the bit cell defines the data. If
the data bit = 0, no pulse is written; if the data = 1,
a pulse is written in the center of the cell. For the 8"
drive, each clock is written 4 microseconds apart.
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In the MFM mode, clocks are decoded into the data
stream. The byte is again broken up into bit cells, with
the data bit written in the center of the bit cell if data
= 1. Clocks are only written if both surrounding data
bits are zero. Figure 4B shows that this occurs only
once between Bit cell 4 and 5. Using this encoding
scheme, puises can occur 2, 3 or 4 microseconds
apart. The bit cell time is now 2 microseconds; twice
as much data can be recorded without increasing the
Frequency rate due to this encoding scheme.

The 179X was designed to be compatible with the IBM
3740 (FM) and System 34 (MFM) Formats. Although
most users do not have a need for data exchange with
.IBM mainframes, taking advantage of these well stud-
ied formats will insure a high degree of system
performance. The 179X will allow a change in gap
fields and sector lengths to increase usable storage
capacity, but variations away from these standards is
not recommended. Both IBM standards are soft-sector
format. Because of the wide variaticn in address marks,
the 179X can only support soft-sectored media. Hard
sectored diskettes have continued to lose popularity,
mainly due to the unavailability of a standard and the
limitation of sector lengths imposed by the physical
sector holes in the diskette.

PROCESSOR INTERFACE

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

Shown below are the registers and their addresses:

PIN3[PIN6 [PINS|  PIN 4 PIN 2
cs | A | A RE=¢ WE =6
0 0 0 [STATUS REG | COMMAND
| REG
0 0 1 |TRACK REG |TRACK REG
0 1 0 |SECTOR REG | SECTOR REG
0 1 1 |DATAREG |DATA REG
1 X | X [H1-Z H1-Z

Each time a command is issued to the 179X, the Busy
bit is set and the INTRQ (Interrupt Request) Line is
reset. The user has the option of checking the busy bit
or use the INTRQ Line to denote command comple-
tion. The Busy bit will be reset whenever the 179X is
idle and awaiting a new command. The INTRQ Line,
once set, can only be reset by a READ of the status
register or issuing a new command. The MR (Master
Reset) Line does not affect INTRQ.
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The A,, A,, Lines used for register selections can be
configured at the CPU in a variety of ways. These lines
may actually tie to CPU address lines, in which case
the 179X will be memory-mapped and addressed like
RAM. They may also be used under Program Control
by tying to a port device such as the 8255, 6820, etc.
As a diagnostic tool when checking out the CPU in-
terface, the Track and Sector registers should re.pond
like “RAM” when the 179X is idle (Busy = INTRQ =
0).

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

loPERATION NEXT DELAY REQ‘Dﬂ
OPERATION

WRITE TO READ STATUS |MFM = 14us*

|COMMAND REG | REGISTER FM = 28us.

WRITE TO READ FROM A |NO DELAY

ANY REGISTER | DIFFERENT REG

*NOTE: Times Double when CLK = 1MHz (5%" drive)

Other CPU interface lines are CLK, MR and DDEN.
The CLK fine should be 2MHz (8" drive) or 1MHz (54"
drive) with a 50% duty cycle. Accuracy should be *1%
(crystal source) since all internal timing, including step-
ping rates, are based upon this clock.

The MR or Master Reset Line should be strobed a
minimum of 50 microseconds upon each power-on
condition. This line clears and initializes all internal reg-
isters and issues a restore command (Hex ‘03’) on the
rising edge. A quicker stepping rate can be written to
the command register after a MR, in which case the
remaining steps will occur at the faster programmed
rate. The 179X will issue a maximum of 255 stepping
pulses in an attempt to expect the TROO line to go
active low. This line should be connected to the drive's
TROO sensor.

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

The Floppy Disk Interface can be divided into three
sections: Motor Control, Write Signals and Read Sig-
nals. All of these lines are capable of driving one TTL
load and not compatibie for direct connection to the
drive. Most drives require an open-collector TTL inter-
face with high current drive capability. This must be
done on all outputs from the 179X. Inputs to the 179X
may be buffered or tied to the Drives outputs, providing
the appropriate resistor termination networks are used.
Undershoot should not exceed —0.3 volts, while integ-
rity of V,,, and Vo, levels should be kept within spec.

MOTOR CONTROL

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

Other Controt Lines include the IP or Index Pulse. This
Line is tied to the drives’ Index L.E.D. sensor and
makes an active transition for each revolution of the
diskette. The TROO Line is another L.E.D. sensor that
informs the 179X that the stepper motor is at its fur-
thest position, over Track 00. The READY Line can be
used for a number of functions, such as sensing “door
open”, Drive motor on, etc. Most drives provide a pro-
grammable READY Signal selected by option jumpers
on the drive. The 179X will look at the ready signal prior
to executing READ/WRITE commands. READY is not
inspected during any Type | commands. All Type |
commands will execute regardless of the Logic Level
on this Line.

WRITE SIGNALS

Writing of data is accomplished by the use of the WD,
WG, WF, TG43, EARLY and LATE Lines. The WG or
Write Gate Line is used to enable write current at the
drive’'s R/W head. It is made active prior to writing data
on the disk. The WF or WRITE FAULT Line is used to
inform the 179X of a failure in drive electronics. This
signal is multiplexed with the VFOE Line and must be
logically separated if required. Figure 5 illustrates three
methods of demultiplexing.

The TG43 or "TRACK GREATER than 43" Line is
used to decrease the Write current on the inner tracks,
where bit densities are the highest. i not required on
the drive, TG43 may be left open.

WRITE PRECOMPENSATION

The 179X provides three signals for double density
Write Precompensation use. These signals are WRITE
DATA, EARLY and LATE. When using single density
drives (eighter 8" or 5Y4”), Write Precompensation is
not necessary and the WRITE DATA line is generally
TTL Buffered and sent directly to the drive. In this
mode, EARLY and LATE are ieft open.

For double density use, Write Precompensation is a
function of the drive. Some manufacturers recommend
Precompensating the 5%" drive, while others do not.
With the 8" drive, Precompensation may be specified
from TRACK 43 on, or in most cases, all TRACKS. If
the recommended Precompensation is not specified,

check with the manufacturer for the proper configura-
tion required.

The amount of Precompensation time also varies. A
typical value will usually be specified from 100-300ns.
Regardless of the parameters used, Wrte Precom-
pensation must be done external to the 179X. When
DDEN is tied low, EARLY or LATE will be activated at
least 125ns. before and after the Write Data pulse. An
Algorithm internal the 179X decides whether to raise
EARLY or LATE, depending upon the previous bit pat-
tern sent. As an example, suppose the recommended
Precomp value has been specified at 150ns. The fol-
fowing action should be taken:

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

There are two methods of performing Write
Precompensation:

1) External Delay elements

2) Digitally
Shown in Figure 6 is a Precomp circuit using the West-
ern Digital 2143 clock generator as the delay eiement.
The WD pulse from the 179X creates a strobe to the
2143, causing subsequent output pulses on the 01, .62
and 93 signais. The 5K Precomp adjust sets the de-
sired Precomp value. Depending upon the condition of
EARLY and LATE, 21 will be used for EARLY, 82 for
nominal (EARLY = LATE = 0), and &3 for LATE. The
use of “one-shots” or delay line in a Write Precom-
pensation scheme offers the user the ability to vary the
Precomp value. The #4 output resets the 74LS175
Latch in anticipation of the next WD pulse. Figure 7
shows the WD-EARLY/LATE relationship, while Figure
8 shows the timing of this write Precomp scheme.

Another method of Precomp is to perform the function
digitally. Figure 9 illustrates a relationship between the
WD puise and the CLK pin, allowing a digital Precomp
scheme. Figure 10 shows such a scheme with a pre-
set Write Precompensation value of 250ns. The syn-
chronous counter is used to generate 2MHz and 4MHz
clock signals. The 2MHz clock is sent to the CLK input
of the 179X and the 4MHz is used by the 4-bit shift
register. When a WD puise is not present, the 4MHz
clock is shifting “ones” through the shift register and
maintaining Qp at a zero level. When a WD pulse is
present, a zero is loaded at either A, B, or C depending
upon the states of LATE, EN PRECOMP and EARLY.
The zero is then shifted by the 4MHz clock until it
reaches the Qp output. The number of shift operations
determines whether the WRITE DATA pulse is written
early, nominal or late. If both FM and MFM operations
is a system requirement, the output of this circuit should
be disabled and the WD puise should be sent directly
to the drive.



DATA SEPARATION

The 179X has two inputs (RAW READ & RCLK) and
one output (VFOE) for use by an external data sepa-
rator. The RAW READ input must present clock and
data puises to the 179X, while the RCLK input provides
a "window” or strobe signal to clock each RAW READ
pulse into the device. An ideal Data Separator would
have the leading edge of the RAW READ pulse occur
in the exact center of the RCLK strobe.

Motor Speed Variation, Bit shifts and read amplifier
recovery circuits all cause the RAW READ pulses to
drift away from their nominal positions. As this occurs,
the RAW READ pulses will shift left or right with re-
spect to RCLK. Eventually, a pulse will make its tran-
sition outside of its RCLK window, causing either a
CRC error or a Record-not-Found error at the 179X.

A Phase-Lock-Loop circuit is one method of achieving
synchronization between the RCLK and RAW READ
signals. As RAW READ pulses are fed to the PLL,
minor adjustments of the free-running RCLK frequency
can be made. If pulses are occurring too far apart, the
RCLK frequency is decreased to keep synchroniza-
tion. If pulses begin to occur closer together, RCLK is
increased until this new higher frequency is achieved.
In normal read operations, RCLK will be constantly
adjusted in an attempt to match the incoming RAW
READ frequency.

Another method of Data Separation is the Counter-
Separator technique. The RCLK signal is again free-
running at a nominal rate, until a RAW READ pulse
occurs. The Separator then denotes the position of the
puise with respect to RCLK (by the counter value), and
counts down to increase or decrease the current RCLK
window. The next RCLK window will occur at a nominal
rate and will continue to run at this frequency until an-
other RAW READ pulse adjusts RCLK, but only the
present window is adjusted.

Both PPL and Counter/Separator are acceptable
methods of Data Separation. The PPL has the highest
reliability because of its “tracking” capability and is rec-
ommended for 8” double density designs.

As a final note, the term “Data Separator’ may be
misleading, since the physical separation of clock and
data bits are not actually performed. This term is used
throughout the industry, and can better be described
as a "Data Recovery Circuit” rather than a Data
Separator.

The VFOE signal is an output from the 179X that sig-
nifies the head has been loaded and valid data puises
are appearing on the RAW READ line. It can be used
to enable the Data Separator and to insure clean RCLK
transitions to the 179X. Since some drives will output
random pulses when the head is disengaged, VFOE
can prevent an erratic RCLK signal during this time. If
the Data Separator requires synchronization during a
known pattern of one's or zero's, then RG (READ
GATE) can be used. The RG signal will go active when
the 179X is currently over a field of zeros or ones. RG
is not available on the 1795/1797 devices, since this
signal was replaced with the SSO (Side Select Qutput)
Line.

Shown in Figure 11 is a 2%z IC Counter/Separator. The
7415193 free runs at a frequency determined by the
CRYCLK input. When a RAW READ pulse occurs, the
counter is loaded with a starting count of ‘5". When the
RAW READ Line returns to a Logic 1, the counter
counts down to zero and again free runs. The 74LS74
insures a 50% duty cycle to the 179X and performs a
divide-by-two of the Q, output.

Figure 12 illustrates another Counter/Separator utiliz-
ing a PROM as the count generator. Depending upon
the RAW READ phase relationship to RCLK, the PROM
is addressed and its data output is used as the counter
value. A 16MHz clock is required for 8" double density,
while an 8MHz clock can be used for single density.

Figure 13 shows a Phase-Lock-Loop data recovery
circuit. The phase detector (U2, Figure 2) compares
the phase of the SHAPED DATA puise to the phase
of VFO CLK + 2. if VFO CLK + 2 is lagging the
SHAPED DATA puise an output pulse on #9, U2 is
generated. The filter/amplifier converts this pulse into
a DC signal which increases the frequency of the VCO.
If, correspondingly, CLK + 2 is leading the SHAPED
DATA pulse, an output puise on #5, U2 is generated.
This pulse is converted into a DC signal which de-
creases the frequency of the VCO. These two actions
cause the VCO to track the frequency of the incoming
READ DATA pulses. This correction process to keep
the two signals in phase is constantly occurring because
of spindle speed variation and circuit parameter
variations.

The operating specifications for this circuit are as
follows:

Free Running Frequency 2MHz

Capture Range + 15%

Lock Up Time 50 microsec. "1111" or
“0000" Pattern
100 Microsec “1010” Pat-
tern

The RAW READ pulses are generated from the falling
edge of the SHAPED DATA pulses. The pulses are
also reshaped to meet the 179X requirements. VFO
CLK + 2 OR 4 is divided by 2 once again to obtain
VFO CLK QUT whose frequency is that required by the
179X RCLK input. RCLK must be controlied by VFOE
so VFOE is sampled on each rising edge of VFO CLK
OUT. When VFOE goes active EN RCLK goes active
in synchronization with VFO CLK OUT preventing any
glitches on the RCLK output. When VFOE goes inac-
tive EN RCLK goes inactive in synchronization with
VFO CLK OUT, again preventing any glitches on the
RCLK output.

Figure 14 illustrates a PPL data recovery circuit using
the Western Digital 1691 Floppy Support device. Both
data recovery and Write Precomp Logic is contained
within the 1691, allowing low chip count and PLL re-
liability. The 748124 supplies the free-running VCO
output. The PUMP UP and PUMP DOWN signals from
the 1691 are used to control the 745124's frequency.
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COMMAND USAGE

Whenever a command is successfully or unsuccess-
fully completed, the busy bit of the status register is
reset and the INTRQ line is forced high. Command ter-
mination may be detected either way. The INTRQ can
be tied to the host processor’s interrupt with an appro-
priate service routine to terminate commands. The
busy bit may be monitored with a user program and
will achieve the same results through software. Per-
forming both an INTRQ and a busy bit check is not
recommended because a read of the status register to
determine the condition of the busy bit will reset the
INTRQ line. This can cause an INTRQ from not
occurring.

RESTORE COMMAND

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

READ TRACK COMMAND

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

READ ADDRESS COMMAND

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

CRS CRC | CRC

TRACK SIDE LENGTH 1 >

SECTOR

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

FORCED INTERRUPT COMMAND

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

1, = NOT-READY TO READY TRANSITION
1, = READY TO NOT-READY TRANSITION
1, = EVERY INDEX PULSE

1; = IMMEDIATE INTERRUPT

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

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

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

As usual, to clear the interrupt a read of the status reg-
ister or a write to the command register is required.
The exception is when using the immediate interrupt
condition.(I; = 1). if this command is loaded into the
command register, an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command register
will not automatically ciear the interrupt; another forced
interrupt command with 1, —1, = 0 must be loaded into
the command register in order to reset the INTRQ from
this condition.

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

DATA RECOVERY

Occasionally, the R/W head of the disk drive may get
“off track”, and dust or dirt may get trapped on the
media. Both of these conditions will cause a RECORD
NOT FOUND and/or-a CRC error to occur. This “soft
error” can usually be recovered by the following
procedure:

1. Issue the command again
2. Unload and load the head and repeat step
3. Issue a restore, seek the track, and repeat step 1

If RNF or CRC errors are still occurring after trying
these methods, a “hard error” may exist. This is usu-
ally caused by improper disk handling, exposure to
high magnetic fields, etc. and generally results in de-
stroying portions or tracks of the diskette.
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FIGURE 1. DEVICE CHARACTERISTICS
DEVICE SNGL DENSITY | DBLE DENSITY | INVERTED BUS| TRUE BUS | DOUBLE-SIDED
1791 X X X
1792 X X
1793 X X X
1794 X X
1795 X X X X
1797 X X X
FIGURE 2. STORAGE CAPACITIES
UNFORMATTED BYTE FORMATTED
CAPACITY
CAPACITY (NOMINAL) | _BYTE
SIZE DENSITY SIDES |PER TRACK| PER DISK TIME  |pER TRACK| PER DISK
5V4" SINGLE 1 3125 109,375" 64us 2304** 80,640
5Va" DOUBLE 1 6250 218,750 32us 4608™** 161,280
54" SINGLE 2 3125 218,750 64us 2304 161,280
54" DOUBLE 2 6250 437,500 32us - 4608 322,560
8" SINGLE 1 5208 401,016 32us 3328 256,256
8" DOUBLE 1 10,416 802,032 16us 6656 512,512
8" SINGLE 2 5208 802,032 32us 3328 512,512
% DOUBLE 2 10,416 | 1,604,064 16us 6656 1,025,024

*Based on 35 Tracks/Side
**Based on 18 Sectors/Track (128 byte/sec)
***Based on 18 Sectors/Track (256 bytes/sec)
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FIGURE 3. NOMINAL VS. WORSE CASE SERVICE TIME

T-CASE 179X SERVICE TIME
NOMINAL TRANSFER WORST-C
SIZE DENSITY TIME READ WRITE

S5Va" SINGLE 64us 55.0us 47.0us

5%" DOUBLE 32us 27.5us 23.5us

8" SINGLE 32us 27.5us 23.5us

8" DOUBLE 16us 13.5us 11.5us
FIGURE 4A. FM RECORDING

4us
° BIT O 8IT 1 BIT2 BIT 3 ) BIT 4 BITS BIT6 , BIT7 ,

HEX 1 1 0 1 0

02
ICl |D| 'Cl IDI ICI Icl lDl ICI ICI
RULE:

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

0

. 1 0

2) WRITE CLOCK BITS AT LEADING
EOGE OF THE BIT CELL

FIGURE 4B. MFM RECORDING

2us

l BITO l BIT 1 ' BIT 2 | BIT3 , BIiT 4 | BITS | BIT 6 l BIT 7 |
1 1 0 1 o 0 1 0
HEX
- [ O ol [ Jo
RULE:

1) WRITE DATA BITS AT CENTER
OF BIT CELLIF A "t"

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

A) NO DATA BIT HAS BEEN WRITTEN LAST
—AND-—
B) NO DATA BIT WILL BE WRITTEN NEXT




FIGURE 5. WF/VFOE DEMULTIPLEXING CIRCUITRY

+5
+5
10K 741501
. —— WG
oK o Le » (WG TO DRIVE)
WF ,
— —< (WF FROM DRIVE)
33 VFOE 179X
179 30
741504 —_—
—_— VFOE
74L802
PIN 33 USED AS A VFOE SIGNAL ONLY  PIN 33 USED AS VFOE AND WF SIGNALS
+5
10K 241501
—_—
33 ——<  wF (FROM DRIVE)
" WG
179X -
20 4——B» WG (TO DRIVE)
* PIN 33 USED AS A WF SIGNAL ONLY
+5
] 10K

7438

748175, C-EARLY 1 WD To
S ———
wi DRIVE
° CLK ?g 2
s{ 20 7 C-LATE
2Q - |
4] 10 15 C-NOMINAL
[ aQ
EARLY 3
, 13140 CLRQ 10
LATE 14
1

741502 F
FD179X
WD2143
L1 8
IN o1
02 i
m 4
_— 1
I ¥ s« 7 o4
+12 AAANA~ phw
PRECOMP
ADJUST
L FIGURE 6. 179X WRITE PRE-COMP
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FOR DURATION OF
DOUBLE TIMES FOR §" (MINI-FLOPPY) WD PULSE VALID BEFORE LEADING EDGE OF WD
WRITE PRE-COMP TIMING FOR MFM WRITE PRE-COMP TIMING FOR FM

FIGURE 7. WRITE PRE-COMP TIMING

BIT CELL® BIT CELL 1 I BIT CELL 2 l 118 CELL 3 I BITCELL 4 H BIT CELL § | BITCELL & I BITCELLY l BIT CELL 8 BIT CELL 9
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. 4 H‘_MNS 1 1 v 4 A ¥
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£ 11 rL{ L 71
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FIGURE 8. PRECOMP TIMING FOR CIRCUIT IN FIGURE 6
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FIGURE 9. WD/CLK RELATIONSHIP FOR WRITE PRECOMP USE
74LS161
i 5 )
3] A
4]s
]
slc
6] D 13 .
— Q. —— 2MHz
r—'7 _P._ (TO 1791)
9] 16
104 T
1 Q.
smHz [ 2 J oK
wn
5 O— AW~
741504
(FROM 1791)
WD $
LATE
(FROM 1791) LATE 41 A
TG43 (EN PRECOMP) ~ Now__sie
EARLY 6 |C
EARLY
(FROM 1791)

FIGURE 10. DIGITAL WRITE PRECOMP CIRCUIT

(PROVIDED COURTESY OF MP1. OKLAHOMA CITY, OK 73112
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R R, C = 150 NS = 50
c
— e
14 |15
74123
2
RAW READ >——1 27)
FROM DRIVE . ’ 5 4 4 FAWREAD
179111793
11 26
5 RCLK
LD 2lp a
151a
s s g}~ e s NU. RG
0]
s} 5 74L874 >———¢ DDEN
CU—<+5
: 4jco ¢l s
7415193
CRYCLK
TYPE ] DDEN ] CAYCLK
8" FM 1 8 MHz |
5" MFM 0 8 MHz
5 FM 1 4 MHz

FIGURE 11. COUNTER/SEPARATOR
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745288 PROGRAMMING TABLE

ADDRESS DATA ACTION TAKEN

00 01 NONE

(] 01 RETARD BY 1 COUNT

02 02

03 03

04 03 RETARD BY 2 COUNTS

05 04

06 05

07 06

08 0B ADVANCE BY 2 COUNTS

09 [1]0]

0A oC

oB 0E

oc OF

0D OF ADVANCE BY 1 COUNT

OE 00

OF 01

10 01 FREE RUN

11 02

12 03

13 04

14 05

15 06

16 07

17 08

18 09

19 0A

1A 08

1B oC

1C 0D

1D 0E

1€ OF

1F 00

+5

READ DATA 1
FROM
DRIVE

7414

- VFOEMWF

RAW READ

RCLK

179X-01

+5
10
K
NJA_ 33
74LS04
16 MHZ]
cLoC 740508
+5 M \ 27
4 74 R
.745288
b oo:_A.QE mml s " 10
] 14, 1 cs 120 o
ca Blo,  af2 LA, =
11 10 13 1A, D44 11 8 26
1 D, Q. c 3T
mc a 7 124A, D] 3
41 1
741574 ry e 2 L 3| 7ase
b, ol 10 JA, D] 1
1 +5
+5
FIGURE 12. 179X DATA SEPARATOR

(PROVIDED COURTESY OF ANDROMEDA SYSTEMS. PANORAMA CITY, CA 91402)
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—» < 200NS + 25
RAW DATA 27| RAW READ
FROM DRIVE = .
SINGLE
. -© DENSITY
—
+9 DOUBLE
DENSITY FD178X
. +5V -
+5 DAL. DRQ,
. INTRQ, Ao, A,
11]15]16 8% WE, RE, CS
ci 2 vee 6 CLK, MR
] WDOUT 1— NS
4 — 1y —
R2 47 4.0MHZ 16 DDEN DDEN
c2 |5 M veo 12
1 E "= RCLK RCLK
s F2 ADD 7
A 745124 |, « wp1691 WG r— WG
RANG - FC +5 WDIN wD
ANGE 47K 100K 17
50K
ADY 27 Slang BIAS VOLTAGE Bleu EARLY 18 EARLY
e ADJ LATE LATE
14156 TGa3 |2 7G43
slefo] . ] 5 — | g —_
= 33uF —- sTB VFOE VFOE/WF
= 47K vss |2
- 04 03 02 01 _
NOTE 34 33n 19]3]2]4 = e < WRRT -2 <]
131857 DRIVE
= 35
|xs 04 030201y g <3 —-<
WD2143-01 —_
+12 % gPrw Ves |2 <38 DIRC TRoo ¥
2k PRECOMP ADJ _
toK = 15 32
1) ALL RESISTORS %W + 5% = <I- STEP  READY — <}
2. SPECIFICATIONS =
CAPTURE RANGE: £20% -

LOCK-UP TIME: 25usec

(ALL ONE'S PATTERN, MFM)

3) FOR 51/4” 8
68uf  .33uf
6801 330

FIGURE 14. 8" SINGLE/DOUBLE DENSITY SYSTEM

CPU

INTERFACE

FROM
DRIVE
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COMMAND SUMMARY

FLAG SUMMARY

BITS TYPE | COMMANDS

TYPE COMMAND 76543210 h = Head Load Flag (Bit 3)
I Restore 0000hYV 2 h = 1, Load head at beginning

‘ ot h = 0, Unload head at beginning
| Seek 0001 hVnr . .
| Step 001uhVrnr ¥ = Verily flag (Bit 2)

™ te V = 1, Verify on destination track
i Step In 01 0uhVrnr V = 0, No verify
! Step Out 011ubhVnr rif, = Stepping motor rate (Bits 1-0)
I Read Sector 100mSECO Refer to Table 1 for rate summary
Il Write Sector 101mSECa u = Update flag (Bit 4)
Hl Read Address 11000EO00O u = 1, Update Track register
m Flead Track 11100E00 u = 0, No update
Hll Write Track 11110E00
v Force Interrupt 110110 1|
Note: Bits shown in TRUE form. FLAG SUMMARY

TYPE H & Ilil COMMANDS
STEPPING RATES m = Multiple Record flag (Bit 4)

CLK  2MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz m = 0, Single Record
DDEN o . o } X x m = 1, Multiple Records
R, R, TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0 ao = Data Address Mark (Blt O)

e e a, = 0, FB (Data Mark)
° oo s s oms. Gms tBdus 36%us a, = 1, F8 (Deleted Data Mark)
0 1 6ms 6ms 12ms 12ms 190us 380us E — 15 ms Delay (2MHZ)
1 0 10 ms 10 ms 20 ms 20 ms 198us 396us

E = 1, 15 ms delay

1 1 15 ms 15 ms 30 ms 30 ms 208us 416us

15

E = 0, no 15 ms delay
S = Side Select Flat
S = 0, Compare for Side 0
S = 1, Compare for Side 1
-C = Side Compare Flag

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

FLAG SUMMARY

TYPE IV COMMAND

li = Interrupt Condition flags (Bits 3-0)

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

I3 = 1, Immediate interrupt

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




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

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no 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 Corpora-
tion reserves the right to change said circuitry at any time without notice.
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WD1691 FLOPPY SUPPORT LOGIC (F.S.L.)

FEATURES
@ Direct interface to the FD179X

® Eliminates external FDC Logic

® Data Separation/RCLLK GENERATION
® Write Precompensation Signals

e VFOE/WF Demultiplexing

® Programmabie Density

® 8” or 5.25" Drive Compatible

@ All inputs and outputs TTL Compatible
e Single +5V Supply

GENERAL DESCRIPTION

The WD1691 F.S.L. has been designed to minimize the
external logic required to interface the 179X Family of Floppy
Disk Controllers to a drive. With the use of an external VCO,
the WD 1691 will generate the RCLK signal for the WD179X,
while providing an adiustment pulse (PUMP) to control the
VCO frequency. VFOE/WF de- -multiplexing is also accom-
plished and Write Precompensation signals have been in-
cluded to interface directly with the WD2143 Clock Generator.

The WD1691 is implemented in N-MOS silicon gate
technology and is available in a plastic or ceramic 20 pin
dual-in-line package.

BLOCK DIAGRAM
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PIN NAME SYMBOL FUNCTION
1 WRITE DATA WDIN Ties directly to the FD179X WD pin.
INPUT
2,3,4,19| PHASE 02 &3 0 04 4 Phase inputs to generate a desired Write Precompensation
2,314 delay. These signals tie directly to the WD2143 Clock
Generator.
5 STROBE ST8B Strobe output from the 1691. Strobe will latch at a high level
on the leading edge of WDIN and reset to a low level on the
leading edge of 04.
6 WRITE DATA wDOUT Serial, pre-compensated Write data stream to be sent to the
OUTPUT disk drive’s WD line.
7 WRITE GATE WG Ties directly to the FD179X WG pin.
8 VFO ENABLE/ VFOE/WF Ties directly to the FD179X VFOE/WF pin.
WRITE FAULT
9 TRACK 43 TG43 Ties directly to the FD179X TG43 pin, If Write Precompen-
sation is required on TRACKS 44-76.
10 Vs Vi Ground
11 READ DATA RDD Composite clock and data stream input from the drive.
12 READ CILOCK RCLK RCLK signal generated by the WD1691, to be tied to the
FD179X RCLK pin.
13 PUMP UP PU Tri-state output that will be forced high when the WD1691
requires an increase in VCO frequency.
14 PUMP DOWN PD Tri-state output that will be forced low when the WD1691 re-
quired a decrease in VCO frequency.
15 Double Density DDEN Double Density Select input. When Inactive (High), the VCO
Enable frequency is internally divided by two.
16 - Voltage vCO A nominal 4.0MHz (8" drive) or 2.0MHz (5.25" drive) master
Controlled clock input.
Oscillator
17, 18 EARLY EARLY EARLY and LATE signals from the FD179X, used to deter-
LATE LATE mine Write Precompensation.
20 Ve Vee + 5V = 10% power supply




DEVICE DESCRIPTION

The WD1691 is divided into two sections:

1) Data Recovery Circuit
2) Write precompensation Circuit

The Data Separator or Recovery Circuit has four inputs:
DDEN, VCO, RDD, and VFOE/WF; and three outputs: PU,
PD and RCLK. The VFOE/WF input is used in conjunction
with the Write Gate signal to enable the Data recovery circuit.
When Write Gate is high, a write operation is taking place,
and the data recovery circuits are disabled, regardless of the
state on any other inputs.

C3

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

WG VFOE/WF

RDD PU+PD

OO O -
OO - X

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

The Write Precompensation circuit has been designed
to be used with the WD2143-01 clock generator. When the
WD1691 is operated in a “single density only” mode, write
precompensation as well as the WD2143-01 is not needed.
In this case, 1, §2, §3, 04, and STB should be tied together,
DDEN left open, and TG43 tied to ground.

In the double-density mode (DDEN=0), the signals Early
and Late are used to select a phase input (F — 04) on the
leading edge of WDIN. The STB line is latched high when
this occurs, causing the WD2143-01 to start its pulse gen-
eration. §2 is used as the write data pulse on nominal
(Early=Late=9), 92 is used for early, and §3 is used for late.
The leading edge of 1)71 resets the STB line in anticipation of
the next write data pulse. When TG43=0 or mﬂi Pre-
compensation is disabled and any transitions on the- WDIN
line will appear on the WDout line. If write precompensation
is desired on all tracks, leave TG43 open (an internal pull-up
will force a Logic 1) while DDEN=0.

The signals, DDEN, TG43, and RDD have intemal pull-
up resistors and may be left open if a logic | is desired on
any of these lines.

The minimum Voh level on PU is specified at 2.4V,
sourcing 200ua. During PUMP UP time, this output will “drift”
from a tri-state to .4V minimum. By tying PU and PD together,
a PUMP signal is created that will be forced low for a de-
crease in VCO frequency and forced high for an increase in
VCO frequency. To speed up rise times and stabilize the
output voltage, a resistor divider can be used to set the tri-
state level to approximately 1.4V. This yields a worst case
swing of * 1V; acceptable for most VCO chips with a linear
voltage-to-frequency characteristic.

Both PU and PD signals are atfected by the width of the
RAW READ (RDD) pulse. The wider the RAW READ puise,
the longer the PU or PD signal (depending upon the phase
relationship to RCLK) will remain active. If the RAW READ
pulse exceeds 250ns. (VCO = 4MHz, DDEN = 0) or 500ns.
(VCO = 4MHz, N = 1), then both a PU and PD will occur
in the same window. This is undesirable and reduces the
accuracy of the external integrator or low-pass filter to con-
vert the PUMP signals into a slow moving D.C. correction
voltage.

Eventually, the PUMP signals will have corrected the
VCO input to exactly the same frequency multiple as the
RAW READ signal. The leading edge of the RAW READ
puise will then occur in the exact center of the RCLK window,
and ideal condition for the FD179X internal recovery circuits.
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ABSOLUTE MAXIMUM RATINGS
Ambient Temperature under Bias

Voltage on any pin with respect

-25°to 70°C

SPECIFICATIONS

Storage Temp.—Ceramic—65°C to +150°C
Plastic—55°C to +125°C

to Ground (vss) ........ et eienaieeeeaa, -0.2t0 +7V
P Dissipation ..................cciiiiiiiiit,
ower Lissipato W NOTE: Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits is not
RC ELECTRICAL CHARACTERISTICS intended and shouid be limited to those conditions specified
T, = 0 10 70°C; Vec = 5.0V+10%; V,,=OV in the DC Electrical characteristics.
SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Vi Input Low Voltage -0.2 +0.8 Vv
Vin Input High Voitage 20 \
Vo Output Low Voltage 0.45 \ lo.=3.2MA
Vou High Level Output Voltage 24 \ low=—200ua
Vee Supply Voltage 4.5 5.0 5.5 \"
lee Supply Current 40 100 MA All outputs open
A RICAL CHA ERIST
Ta = 0°t0 70°C; V. = 5V 10%; Vss = OV
SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
FIN VCO Input Frequency 4 6 MHz DDEN=0
6 MHz DDEN=1
Row RDD Pulse Width 100 200 ns.
W EARLY (LATE) to WDIN 100 ns.
Pon PUMP UP/DN Time 0 250 ns.
W, WDIN to WDOUT 80 ns. DDEN=1
Inr Internal Pull-up Resistor 4.0 6.5 10 KQ
i |
8 lo— FIN —i
Ve oo 1 L
Inn
A PINS
) 8,9,11,15 RDD
N only | U
. 1
— | | — Rpw
: S D I
C RCLK
INTERNAL PULL-UP RESISTOR -lf———— Vco + 16—
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TG43 =0
DDEN = “1"

WRITE DATA TIMING (FM)




C-6

TYPICAL APPLICATIONS

Figure 1 illustrates the 1691 to FD1771-01 floppy disk con-
troller. The RCLK signal is used to gate the RAW data pulses
which are inverted by the 74LS04 inverter. Since RCLK will
be high during data and low during clock a 74LS08 is used
to switch the proper clock or data pulse to the FD1771.

Shown in Figure 2 is a Phase-Lock Loop data separator
and the support logic for a single and double-density 8" drive.
The raw data (Both clock and data bits) are fed to the
WD1691 and FD179X. The WD1691 outputs its PU or PD
signal, which is integrated by the .33uf capacitor and 33ohm
resistor to form a control voltage for the 74S124 VCO device.
The 4.0MHZ nominal output of the VCO then feeds back to
the WD1691 completing the loop. The WD2143-01 is also
used, providing write precompensation when in double-den-
sity, from tracks 44-77. The DDEN line can either be con-
trolled by a toggle switch or a logic level from the host
system. '

To adjust write precompensation, issue a command to
the FD179X so that write data pulses are present. This can
be done with a ‘WRITE TRACK’-command and the IP line
open, or a continuous ‘WRITE SECTOR’ operation. With a
scope on pin 4 of the WD1691, adjust the precomp pot for
the desired value. This will range from 100 to 300 ns typically.
The pulse width set on pin 4 (01) will be the desired precomp
delay from nominal.

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

RAW _
oaTA = 1771-01
74L504 __
™
1691 » L
RDD
740508
12
ROLK ) 27 | rDDATA
] } 26| FpcLock
15
DDEN |— N.C.
FIG. 1
WD1691 to FD1771-01 INTERFACE
SUBSTITUTING VCO’s

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

1) The VCO must free run at 4.0MHz with a 1.4V control
signal. The WD1691 will force this voltage 1 Volt in
either direction (i.e., .4V = decrease frequency, 2.4V
= increase frequency). If a = 15% capture range is
desired, then a 1 Volt change on the VCO input should
change the frequency by 15%. Capture range should
be limited to about + 25%, to prevent the VCO from
breaking into oscillation and/or losing lock because of
noise spikes (causing abnormally quick adjustments of
the VCO frequency). Jitter in the VCO output frequency
may further be reduced by increasing the integration
capacitor/resistor, but this will also decrease the final
capture range and lock-up time.

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

Another alternative is to use a voltage follower/level
shifter circuit to match the input requirements of the VCO
chosen. A more complex filter can be used to convert the
PUMP UP/PUMP DOWN puises to the varying DC voltage
signal required by the VCO, achieving an optimum condition
between lock-up time and high frequency rejection.
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This is a preliminary specification with tentative device parameters and may be subject to change after finai product characterization is completed.

Intormation fumished by Western Digital Corporation is believed to be accurate and reliable. However, no 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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WD2143-01 DATA INFORMATION
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FEATURES GENERAL DESCRIPTION

® TRUE AND INVERTED OUTPUTS The WD2143-01 Four-Phase Clock Generator is a
® SINGLE 5 VOLT SUPPLY MOS/LSI device capable of generating four non-
e TTL COMPATABLE overlapping clocks. The output pulse widths are
* ON CHIP OSCILLATOR controlled by tying an external resistor to the proper

® XTAL OR TTL CLOCK INPUTS control inputs. All pulse widths may be set to the
® 3 MHz OPERATION same width by tying the @PW line through an exter-
e TTL CLOCK OUTPUT nal resistor. Each pulse width can also be individu-
® PROGRAMMABLE PULSE WIDTHS ally programmed by tying a resistor through the
* PROGRAMMABLE PHASE WIDTHS appropriate 31PW — @4PW control inputs. In addi-
* NO EXTERNAL CAPACITOR tion, the OSC OUT line provides a TTL square wave
* NON-OVERLAPPING OUTPUTS output at a divide-by-four of the crystal frequency.

P1PW
’ N\
o Q - P1
=
_L _W —
- hd % 0OsC ___:I- = ﬂ
¢4 []1 18 [ (\;cc T - T a -7
24 [] 2 17 [] ¢PW X2 =
osc
$3[]3 16 [ ] paPw ouT — | s - 02
f 4 15 ] ¢3PW p2ow - 2
$2 [} s 14 [ ¢2pPw LT :[-:___ = .
$2[]s 13 [7] 1w [0 » 2
e 7 12 [ osc ouT
$1]s 11 [ xTau $3PW H— LT Q — $3
GND [ 9 10 [ XTAL 2 WAV 2 0
‘ T—< a - 53
PIN CONNECTIONS paPw H— E T aQ - 4
—Wv 04
N I = —
oPW ) 5 -3

wD2143-01 BLOCK DIAGRAM
(R R B S e e e e e

JUNE, 1980



PIN NUMBER SYMBOL DESCRIPTION

1,3,5 7 01—04 Four phase, non-overlapping outputs. These outputs are inverted
(active low).

2,4,6,8 @1-04 Four Phase, non-overlapping outputs. These outputs are true (active
high).

9 GND Ground

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

XTAL2 cause the oscillator to oscillate at the crystal frequency.

12 OSC OuUT A TTL compatable output that is a divide-by-four of the
crystal frequency. :

13-16 U1PW-@4PW External resistor inputs to control the individual pulse widths of each
output. These pins can be left open if @3PW is used.

17 oPw External resistor input to control all phase outputs to the same puise
widths.

18 Vee +5V = 5% power supply input

DEVICE OPERATION

Each of the phase outputs can be controlled individually
by typing an external resistor from @1PW-@4PW to a
+5V supply. When it is desired to have @1 through @4
outputs the same width, the G1PW-@4PW inputs
should be left open and an external resistor tied
from the @PW (Pin 17) input to +12V.

XTAL1 and XTAL2 can be connected directly to a
series-resonant crystal, forcing the internal oscillator to
oscillate to the crystal frequency. XTAL2 (pin 11)
may also be driven by a TTL square wave with
XTAL1 (pin 10) left open. Each of the four phase out-
puts provide both true and inverted signals, capable
of driving 1 TTL load each.



TYPICAL APPLICATIONS
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TFR

XTALY ——_/ \ /

| Too
y
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1
e r—TN¢
Tow
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NOTES:
Tcd MEASURED FROM 90% Vg POINTS
Tow MEASURED FROM 50% Vo POINTS

WD2143-01 TIMING DIAGRAM

SPECIFICATIONS

Absolute Maximum Ratings Note: Maximum ratings indicate limits beyond which
) permanent damage may occur. Continuous operation at
Operating Temperature @°to +70°C  these limits is not intended and should be limited to the

DC electrical characteristics specified.
Voltage on any pin with -0.5t0 +7V

respect to Ground
Power Dissapation 1 Watt

Storage Temperature -55°to +125°C




DC ELECTRICAL CHARACTERISTICS

' Vee = +5V = 5% R(ONPW) or R(GPW) = 5K, GND = 0V TA=0°t070° C

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS
Vol TTL fow level output 0.4 \ loj = 1.6 ma.
Voh TTL high level output 2.4 \ foh = 100 ué.
Vij XTAL in low voltage 0.8 \

Vih XTAL in high voltage 24 \"

lce Supply Current 80 ma All outputs open

SWITCHING CHARACTERISTICS

Vee =5V = 5%, GND = 0V TA=0°t070° C

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS
) Ted XTALinto OSCout (1) 100 NS
Tpd OSCout to @1 100 NS
SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS
Tpw Pulse Width (any output) 100 NS CL =30pf
OPW = 5K
Tne Non-Overlap Time 20 NS
Tor Rise Time (any output) 30 NS CL =30pt
Tpt Fall Time {any output) 25 NS CL =30pf
TFR OSC in Frequency 3 mHz
External Resistor 100 kn PPW or §nPW
Tow Pulse Width Differential 5 % PPW = 5K
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0.920
MAX.
l 0,015

zo
%8
4
[
zo
%8

. 0.320
MAX ‘]

WD2143L-01 CERAMIC PACKAGE WD2143M-01 PLASTIC PACKAGE

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

Information turnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by
Western Digital Corporation for its use: nor any infringements of patents or other rights of third parties which may resuit from its use. No

license is granted by implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corpora-
tion reserves the right to change said circuitry at any time without notice.
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