















































































































































































































































































































































































































































SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND. &
STATUS BITSS &4 6 INTRQ

YES

SETMO
WAIT
BINDEX PULSES

NO

ISE=1?

YES

INTRQ, RESET BUSY
8ET WRITE PROTECT

TYPE Il COMMAND

wise, the Record not found status bit is set (Status
Bit 4) and the command is terminated with an inter-
rupt (INTRQ).

Each of the Type It Commands contains an (m) flag
which determines if multiple records (sectors) are to
be read or written, depending upon the command. If
m = 0, a single sector is read or written and an inter-
rupt is generated at the completion of the command.
i m = 1, multiple records are read or written with

the sector register intemally updated so that an ad-
dress verification can occur on the next record. The
WD1770 will continue to read or write multiple
records and update the sector register in numerical
ascending sequence until the sector register ex-
ceeds the number of sectors on the track or until the
Force Interrupt command is loaded into the Com-
mand Register, which terminates the command and
generates an interrupt.

For example: |If the WD1770 is instructed to read sec-
tor 27 and there are only 26 on the track, the sector
register exceeds the number available. The WD1770
will search for 5 disk revolutions, interrupt out, reset
busy, and set the record not found status bit.

READ SECTOR

Upon receipt of the Read Sector command, the Busy
status bit is set, and when a ID field is encountered
that has the correct track number, correct sector
number, and correct CRC, the data field is presented
to the computer. The Data Address Mark of the data
field must be found within 30 bytes in single density
and 43 bytes in double density of the last ID field
CRC byte; if not, the ID field is searched for and
verified again followed by the Data Address Mark
search. If after 5 revolutions the DAM cannot be
found, the Record Not Found status bit is set and the
operation is terminated. When the first character or
byte of the data field has been shifted through the
DSR, it is transferred to the DR, and DRQ is
generated. When the next byte is accumulated in the
DSR, it is transferred to the DR and another DRQ is
generated. If the computer has not read the previous
contents of the DR before a new character is tran-
sferred that character is lost and the Lost Data Status
bit is set. This sequence continues until the com
plete data field has been inputted to the computer. if
there is a CRC error at the end of the data fieid, the
CRC eror 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 (Bit 5) as shown:

STATUS BITS
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the Busy
status bit is set. When an ID field is encountered that
has the correct track nhumber, correct sector number,
and correct CRC, a DRQ is generated. The WD1770
counts off 11 bytes in single density and 22 bytes in
double density from the CRC field and the Write Gate
(WG) output is made active If the DRQ is serviced
(..., the DR has been loaded by the computen it DRQ
has not been serviced, the command is terminated
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HAVE
S INDEX HOLES

PASSED
2

INTRQ, RESET BUSY
SET RECORD-NOT FOUND

HAS

1D AM

BEEN

DETECTED,
D

NO

NO TR = TRACK

ADDRESS OF 1D,

NO

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

SET CRC | RESET
il STATUS ERROR CRC
READ
)
:2
TYPE Il COMMAND
and the Lost Data status bit is set. If the DRQ has ATA ADDRESS MARK
been serviced, the WG is made active and six bytes 20 o v ®T9
of zeroes in single density and 12 bytes in double 1 &'“&d&‘“ ark
density are then written on the disk. At this time, the 0 ta

Data Address Mark is then written on the disk as

determined by the ag field of the command as shown The WD1770 then writes the data fieid and generates
below: DRQ's to the computer If the DRQ is not serviced in
time for continuous writing the Lost Data Status Bit
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READ SECTOR
SEQUENCE

HAS

DATA AM

OCCURED

IN TIME
?

PUT RECORD TYPE IN
STATUS REG BIT & 1

HAS
NO NEXT BYTE
! EEN ASSEMBLE
IN DSR
2

YES

HAS
DR BEEN NO
READ BY COMPUTER SET DATA
(DRQ = 0) LoSsTY
?

~ves

ALL BYTES
BEEN INPUTTED,
?

YES

+170
SECTOR REG

INTRQ. RESET BUSY ‘ 1
8ET CAC ERROR
‘ ‘ INTRQ RESET BUSY ,

TYPE Il COMMAND
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SEQUENCE

| oeav2evies or ar ]
| SET DRQ J

l DELAY 9 BYTES OF GAP J

HAS

DR BEEN

LOADED BY COMPUTER

(ORQ = 0)
?

INTRQ, RESET BUSY
SET LOST DATA

YES
DDEN
DELAY 1 BYTE OF GAP
: NO =0?
E YES

TURN ON WG & WRITE
6 BYTES OF ZEROES DELAY 11 BYTES

WRITE DATA AM
ACCORDING TO Aq FIELD TURN ON WG & WRITE

OF WRITE COMMAND 12 BYTES OF ZEROES

)

[ DR TO DSR. SET DRQ J

3
l WRITE BYTE TO DISK ]

HAS
O e NO SET DATA LOST
90 = ¢ WRITE BYTE
PR3- 9 OF ZEROES
YES
HAVE
No ALL BYTES YES
BEEN WRITTEN WRITE CRC J
?
l WRITE 1 BYTE OF FF J
TURN OFF WG
TYPE i COMMAND

12
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is set and a byte of zeroes is written on the disk. The
command is not terminated. After the last data byte
has been written on the disk, the twobyte CRC is
computed intemally and written on the disk followed
by one byte of logic ones in FM or in MFM. The WG
output is then deactivated. INTRQ will set 24usec
(MFM) after the last CRC byte is written. For partial
sector writing, the proper method is to write data and
fill the balance with zeroes.

TYPE il COMMANDS

Read Address

Upon receipt of the Read Address command, the
Busy Status Bit is set. The next encountered ID field
is then read in from the disk, and six data bytes of the
ID tield are assembled and transferred to the DR, and
aDRQ is generated for each byte. The six bytes of the
1D field are shown below:

TRACK | SIDE | SECTOR |SECTOR|CRC|CRC
ADDR | NUMBER [ADDRESS|LENGTH| 1 | 2
1 2 3 4 5|6

Although the CRC characters are transferred to the
computer, the WD1770 checks for validity and the
CRC error status bit is set if there is a CRC error. The
Track Address of the ID field is written into the sector
register so that a comparison can be made by the
user. At the end of the operation an intemrupt 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 pulse and continues until the next index pulse.
All Gap, Header, and data bytes are assembled and
transferred to the data register and DRQ’'s are
generated for each byte. The accumulation of bytes
Is synchronized to each address mark encountered.
An interrupt is generated at the completion of the
command.

This command has several characteristics which
make it suitable for diagnostic purposes. They are: no
CRC checking is performed, gap information is in-
cluded in the data stream; and the address mark
detector is on for the duration of the command.
Because the AM detector is always on, write splices
or noise may cause the chip to look for an AM.

The ID AM, ID field, ID CRC bytes, DAM, Data, and
Data CRC Bytes for each sector will be cofrect. The
Gap Bytes may be read incomrectly during write-splice
time because of synchronization.

WRITE TRACK FORMATTING THE DISK

(Refer to section on Type lil commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed /O or when operating under
DMA with a large amount of memory. Data and gap
Information must be provided at the computer inter-
face. Formatting the disk is accomplished by posi-
tioning the R'W head over the desired track number
and issuing the Write Track command.

Upon receipt of the Write Track command, the Busy
Status bit is set. Writing starts with the leading edge
of the first encountered index pulse and continues
until the next index pulse, at which time the interrupt
is activated. The Data Request is activated im-
mediately upon receiving the command, but writing
will not start until after the first byte has been loaded
into the Data Register. |f the DR has not been loaded
within 3 byte times, the operation is terminated
making the device Not Busy, the Lost Data Status Bit
is set, and the interrupt is activated. If a byte is not
present in the DR when needed, a byte of zeroes is
substituted.

This sequence continues from one index mark to the
next index mark. Normally, whatever data pattem ap-
pears in the data register is written on the disk with a
normal clock pattern. However, if the WD 1770 detects
a data pattemn of F5 through FE in the data register,
this Is interpreted as data address marks with
missing clocks or CRC generation.

DATA PATTERN _ -
N DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)

00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 Not Allowed Write A1* in MFM, Present CRC
F6 Not Allowed Write C2°* in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8thru FB Write F8 thru FB, CLK = C7, Preset CRC Write F8 thru FB, in MFM
FC Write FC with CLK = D7 Write FC in MFM
FD Write FD withCLK = FF Write FD in MFM
FE Write FE, CLK = C7, Preset CRC Write FE in MFM
FF Write FF with CLK = FF Write FF in MFM

*Missing clock transition between bits 4 and 5.
* *Missing clock transition between bits 3 and 4.

13
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ENTER
NO
YES

SET BUSY RESET DRQ.
LOST DATA STATUS

BITS ¢ §
NO
YES
SET MO
DELAY 8
INDEX PULSES

HAS
30 MS
EXPIRED
N

DR TO OSR

SET DRQ

INTRQ RESET
BUSY SET WPRT

NO

DELAY 3BYTE
TIMES

SET INTRQ HAS
LOST DATA L0 BEEN
RESET BUSY SERVICE

TYPE Il COMMAND WRITE TRACK
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YES (MFM)

INTRQ RESET
BUSY

WRITE 2 CRC
CHARS CLK = FF

WRITE FC
CLK = D7

WRITE FD, FE OR

F8-F9, CLK = C7

Yy

YES DR BEEN

LOADED?

INITIALIZE CRC
WRITE DSR
CLK = FF
PHYS
INDEX MARK
?
HAS WRITE

BYTE OF ZEROES

SET DATA LOST

WRITE A1 IN MFM
WITH MISSING
CLOCK INITIALIZE
CRC

Y

WRITE C2 IN MFM

\J

WITH MISSING >
CLOCK

DOES
DSR ; FF wng&%sc RC >
WRITE DSR -
IN MFM -

TYPE Il COMMAND WRITE TRACK
15
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The CRC generator 1s initialized when any data byte
from F8 to FE 1s about to be transterred from the DR
to the DSR in FM or by receipt of FS in MFM. An F7
pattern will generate two CRC characters in FM or
MFM As a consequence, the patterns F5 through FE
must not appear in the gaps, data fields, or ID fields.
Also, CRC's must be generated by an F7 pattern.

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

TYPE IV COMMANDS

The Forced Interrupt command is generally used to
terminate a multiple sector read or write command or
to insure Type | status in the status register. This
command can be loaded into the command register
at any time. If there is a current command under ex-
ecution (busy status bit set) the command will be ter-
minated and the busy status bit reset.

The lower four bits of the command determine the
conditional interrupt as follows:

10 = Don't Care

Iy = Don't Care

12 = Every Index Pulse
13 = Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (i3-lg) are
set to a 1. Then, when the condition for interrupt is
met, the INTRQ line will go high signifying that the
condition specitied has occurred. If 13-Ig are all set to
zero (HEX DQ), no interrupt will occur but any com-
mand presently under execution will be immediately
terminated. When using the immediate interrupt con-
dition (I3 = 1) an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command
register will not automatically clear the interrupt. The
HEX DO is the only command that will enable the im-
mediate interrupt (HEX D8) to clear on a subsequent
load command register or read status register opera
tion. Follow a HEX D8 with DO command.

Wait 16 micro sec (double density) or 32 micro sec
(single density) before issuing a new command after
issuing a forced interrupt. Loading a new command
sooner than this wili nullify the forced interrupt.

Forced interrupt stops any command at the end of an
internal micro-instruction and generates INTRQ
when the specified condition is met. Forced interrupt
will wait until ALU operations in progress are com-
plete (CRC calculations, compares, etc.).

Status Register

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. |f the Force Interrupt Command is
received when there 1s a current command under ex-
ecution, the Busy status bit 1s reset. and the rest of
the status bits are unchanged. If the Force Interrupt

command is received when there is not a cument
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 |
commands.

The user has the option of reading the status register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data register is
read the DRQ bit in the status register and the DRQ
line are automatically reset. A write to the Data
register also causes both DRQ's to reset.

The busy bit in the status may be monitored with a
user program to determine when a command is com-
plete, in lieu of using the INTRQ line. When using the
INTRQ, a busy status check is not recommended
because a read of the status register to determine the
condition of busy will reset the INTRQ line.

The format of the Status Register is shown below:

(BITS)
7 6 5 4 3 2 1 0
S7 | S6 | S5 | S4 | S3|8S2]| s1] S0

RECOMMENDED — 128 BYTES/SECTOR

Shown below is the recommended single-density for-
mat with 128 bytes/sector. In order to format a disk-
ette, the user must issue the Write Track command,
and load the data register with the following values.
For every byte to be written, there is one Data
Request.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
40 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 (Sector Length)
1 F7 (2 CRC'’s written)
1 FF (or 00)
6 00
1 FB (Data Address Mark)
128 Data (IBM uses ES)
1 F7 (2 CRC’s written)
10 FF (or 00)
369°*  FF(or00)

*Write bracketed field 16 times.
**Continue writing until WD1770 interrupts out.
Approx. 369 bytes.

256 BYTES/SECTOR

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

Reproduced with permission from
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10119100107 191:010 LIS
WO UOBHIWISd YIIM DEINDOIONY
L

PULSE - - REPEATED
e FOR EACH SECTOR
«wevtes|envres] 10 | TRack | sioe |sector|iencTH| crc | cre |118YrEs|esvres °‘“; userpATA | cac cac |osvres
FF 00’ FE ’ ’ [) ) 1 2 FE 00’ AD 128 BYTES 1 2 FF
MARK
1D FIELD WY TYCN ————
WRITE ens———l L_ -
SINGLE DENSITY FORMAT
INDEX l l
< FOR EACH SECTOR >
soevres 128vres| asvres| 10 | rrack | sioe [sector|LenaTrcrelcre|z2 avTes|i2 avTes| ssyTes| o USER DATA crc|crc| 248vTES
N3 00 Ar |Fel w . ) ) 1] 2] ‘e 00’ ‘ar |'e8| 2se8YTES 1] 2 aE
1D FIELD DATA FIELD

WRITE GAYE——J L—— -

DOUBLE DENSITY FORMAT



[ NUMBER 1) Sector size must be 128, 258, 512 of 1024 bytes.
OF BYTES HEX VALUE OF BYTE WRITTEN 2) Gap 2 cannot be varied from the recommended
60 4E format.
‘g 2% 108 Al 3) 3 bytes of A1 must be used in MFM.
Y FEI0 Addrns Marky In addition, the Index Address Mark s not required
1 Track Number (0 thru 4C) for operation by the WD1770 Gap 1, 3, and 4 lengths
1 Side Number (0 or 1) can be as short as 2 bytes for WD1770 operation,
1 Sector Number (1 thru 1A) however PLL tock up time, motor speed variation,
1 01 (Sector Length) write-splice area, etc. will add more bytes to each gap
1 F7 (2 CRC's written) to achieve proper operation. it is recommended that
2 4E the recommended format be used for highest system
12 00 reliability.
3 F5 (Writes A1)
1 FB (Data Address Mark) FM MFM
256 DATA Gap! 16 bytes FF 32 bytes 4E
1 F7 (2 CRC's written) Gap il 11 bytes FF 22 bytes 4E
— 2 i . 6bytes00 | 12bytes00
* Write bracketed field 16 times. .e 3 bytes A1
**Continue writing until WD1770 interrupts out. Gapilt ‘gg’;‘t:: ’&‘: : 2‘8 m::ag
A 8
pprox. 668 bytes. 3bytes A1
1. Non-Standard Formats Gap IV 16 bytes FF 16 bytes 4E
Variations in the recommended formats are possible * Byte counts must be exact.

**Byte counts are minimum, except exactly 3 bytes

of A1 must be written.

to a limited extent if the following requirements are
met: .

STATUS REGISTER DESCRIPTION

BIT NAME MEANING

S7MOTOR ON This bit reflects the status of the Motor On output.

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Wirite Protect. This bit is reset when updated.

S5 RECORD When set, this bit indicates that the Motor Spin-Up sequence has completed (6

TYPE/SPIN-UP revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates record
Type. 0 = Data Mark. 1 = Deleted Data Mark.

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit

FOUND (RNF) 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

TRACK 00 bit is reset to zero when update. On Type | commands, this bit reflects the status of
the TRACK 00 Pin.

S1 DATA REQUEST/ This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read

INDEX Operation or the DR is empty on a Write operation. This bit is reset to zero when
updated. On Type | commands, this bit indicates the status of the Index Pin.

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

DC ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

Storage Temperature
Operating Temperature

-55°Cto +125°C
0°C to 70°C Ambient

Maximum Voltage to Any input
with Respect to Vs

(=15t -03V)

L ..~}
18
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]
DC OPERATING CHARACTERISTICS

TA = 0°C 10 70°C, Vgs = OV, VCC = +5V .25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
L Input Leakage 10 A VIN = Ve
oL Output Leakage 10 WA VouT = Vce
ViH Input High Voltage 20 v
viL Input Low Voltage 08 v
VOH Output High Voltage 24 v Io= - 100uA
VoL Output Low Voitage 0.40 \' Ip=16mA
PD Power Dissipation .75 w
Rpy Intemal Pull-Up 100 1700 HA VIN = 0OV
icc Supply Current 75 (Typ) 150 mA

AC TIMING CHARACTERISTICS
TA = 0°Ct070°C,Vss = OV,VCC = +5V £.25V
READ ENABLE TIMING — RE such that: RW = 1,CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TRE RE Pulse Width of CS 150 nsec CL = 50 pf
TDRR | DRQ Reset from RE b 100 nsec
TIRR INTRQ Reset from RE 8000 nsec
TOV Data Valid from RE 100 200 nsec CL = 50pf
TDOH | DataHold from RE 50 150 nsec CL = 50pt

Note: D'R%_Eand INTRQ reset are from rising edge (lagging) of RE, whereas resets are from falling edge (leading)
o .

WRITE ENABLE TIMING — WE such that: RW = 0,CS = 0.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS CONDITIONS
TAS Setup ADDR 10 CS 50 nsec
TSET Setup RW to CS 0 nsec
TAH Hold ADDR from CS 20 nsec
THLD | Hold RW from TS 0 nsec
TWE WE Pulse Width 150 nsec
TORW | DRQ Reset from WE 100 200 nsec
TIRW | INTRQ Reset fromWE ‘ 8000 nsec
DS Data Setup to WE 150 nsec
TOH Data Hold from WE 0 nsec

19
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A A A N
| |
|‘ 6172 CLKS >
EARLY TWP
/| I 5172 CLKS A_
NOMINAL TWP
/ - 412 CLKS :\_
LATE TWP
WRITE DATA TIMING
WRITE DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Twg Write Gate to Write Data 4 usec FM
2 usec MFM
Tbe Write Data Cycle Time 468 usec
Twi Write Gate off from WD 4 usec FM
2 usec MFM
Twp Write Data Pulse Width 820 nsec Early MFM
680 nsec Nominal MFM
570 nsec Late MFM
1380 nsec FM
INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TPW Raw Read Pulse Width 200 nsec
TBC Raw Read Cycle Time 3000 nsec
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCD4 Clock Duty (low) 50 67 nsec
TCD2 | Clock Duty (high) 50 67 nsec
TSTP Step Pulse Output 4 MFM
8 usec FM
TDIR Dir Setup to Step 24 MFM
48 psec FM
TMR Master Reset Pulse Width 50 usec
e index Pulse Width 20 usec
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