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WD1000 Winchester Disk Controller

GENERAL DESCRIPTION

The WD 1000 is a stand-alone,general purpose Winchester
controller board designed to interface up to four Win-
chester disk drives to a host processor. The drive signals
are based upon the floppy look-alike interface available on
the Shugart Associates’ SA 1000, the Seagate Technology
ST506, the Quantum Q2000, and other compatible drives.
All necessary buffers and receivers/drivers are included on
the board to allow direct connection to the drive. Either a 34
pin (5%" drive) or 50 pin (8" drive) connector is provided, as
well as four 20 pin data connectors.

Communications to and from the host computer are made
via a separate computer access port. This port consists
mainly of an 8 bit bi-directional bus and appropriate control
signals. All data to be written to or read from the disk, status
information, and macro cammands are transferred via this 8
bit bus. An on board sector buffer allows data transfers to
the host computer independent of the actual data transfer
rate of the drive.

The WD1000 is based upon a proprietary chip set, the
WD1100, specifically designed for Winchester Control.

FEATURES

¢ BUILT-IN DATA SEPARATOR

e BUILT-IN WRITE PRECOMPENSATION LOGIC

e DATA RATES UP TO 5 MBITS/SEC

¢ CONTROL FOR UP TO 4 DRIVES

¢ CONTROL FOR UP TO 8 R/IW HEADS

e 1024 CYLINDER ADDRESSING RANGE

s 256 SECTOR ADDRESSING RANGE

¢ CRC GENERATION/VERIFICATION

e AUTOMATIC FORMATTING

s 128, 256, OR 512 BYTES PER SECTOR (ROM
SELECTABLE)

* UNLIMITED SECTOR INTERLEAVE CAPABILITY

e OVERLAP SEEK CAPABILITY

¢ IMPLIED SEEK ON ALL COMMANDS

¢ AUTOMATIC RETRIES ON ALL ERRORS

¢ AUTOMATIC RESTORE AND RE-SEEK ON SEEK
ERROR

e 8-BIT HOST INTERFACE

¢ 0°C to 50°C OPERATION

ORGANIZATION

The WD1000 has seven on board connectors. These con-
nectors consist of a power connector, host interface con-
nector, drive control connector, and four high speed data
cable connectors.

The drive control cable is daisy-chained to each of the four
drives. Although there is space for two drive controi
connectors, only one would normally be used for any
particular configuration.

The drive data connectors carry differential signals and are
radially connected. Up to four drives can be accommo-
dated by the WD1000.

The host interface connector provides interface signals
that are compatible with most microprocessors and mini-
computers.

wD1100

For those who want to design their own board around the
WD1100 chip set, Western Digital can provide schematics,
artwork, and programming information. Western Digital
also has a complete staff of Applications Engineers to
provide additional support. For further information please
contact your local representative, or our main plant listed
on page 8.

000LAMm



0001LAM

::::c‘: Looic . »-'.':%-: o MAC CONTAOL ;% DATA SIPARATOR 5y
17 R B
% — & 2 b P I I
N . :l:ﬁ SazTon sueren aau ; '::: - "
£ gl 3 ERN B I el L ]
£ é‘é‘f’;g ,:'é win Y e .'g'. ?i: resas
sl t F— | LILL L H]
'2 . L] ummﬁ;ﬂmw. j
= x - i - et 3
DALIOALS K 3 m—n' i | war ) 4“44’? m_i o -wm ag : :,." "':"m - n
wqc i :%:— wr—t %E AT Rl B ,_'. SRR wei— ___lwaoan I E
= i wolk — ' TIMCLK k: 1 wro [
D 2 & L i M -
e warr WO o ‘i l IE
WD1000 BLOCK DIAGRAM
SPECIFICATIONS HOST INTERFACING
Encoding method: MFM The WD 1000 is designed to easily interface to most micro
Cylinders per Head: Up to 1024 computers and mini-computers. All interfacing is done
Sectors per Track: Up to 256 (512 byte sec) through the Host Interface Connector (J5). The interface is
Heads: 8 very similar to Western Digital's family of Floppy Disk
Drive Selects: 4 Controllers. The only exception is the inclusion of the WAIT
Step rate: 10uSto7.5mS line.
(0.5 mS increments)
Data Transfer Rate: 4.34 Mbits/sec or Waits
5.000 Mbits/sec — . L
Write Precomp Time: 10 nanoseconds The WAIT contro.l line goes true whenever either of the
Sectoring: Soft following are true;
Host Interface: 8 Bit bi-directional bus ¢ The WD1000 is accessing data internally to send to the
Drive Capability: 10 “LS” Loads host during a read operation
Drive Cable Length: 10 ft. (3 M) max.
Host Cable Length: 3 ft. (1 M) max. . Thg WD10(_)0 has not accepted the data from the host
Power Requirements: +5V £5%, 3.0A Max. (2.5A during a write operation.
typ.) —8to — 18V, 50 mA*
Ambient Temperature The definition of the WAIT line is very similar to the WAIT
Operating: 0°Cto50°C(32Fto 122 F) signal found on many popular processors. WAIT is also
Relative Humidity: 20% t080% similar to the REPLY signal on Western Digital and other
MTBF: 10,000 POH processors.
MTTR: 30 minutes
Iv.\zr;?;h gg :2 23‘7“1; 22; WAIT will not necessarily make a transition for each access
Height: 0.75in. (1.9 cm) to the WD 1000. When the WD 1000 can return the requested

Mounting Centers:

6.375 x 9.375 in. (16 x 23.6 cm)

* Optional — V Supply Available.

data within 100 nS, there will be no transition of the WAIT
line. This should be interpreted as an instant REPLY on
Western Digital Processors.



If the WD1000 cannot return the requested data within 100
nS, it will assert its WAIT line. The period of the WAIT signal
will vary from 750 nS to 6 uS with 1.25 uS being about
average. The period of the WAIT only approaches 6 uS
during a read or write which happens immediately after a
command is written to the command register. This means
that longer waits may be encountered during the first read
or write to any WD1000 register if that first read or write
happens within approximately 6 uS of a command being
issued.

During the time that WAIT is asserted, the host system
must hold all of its strobe and address lines stable. On
write operations, the DAL lines must also be held stable.

The user can modify the timing of the wait signal by select-
ing a jumper. The WD1000 is shipped with a jumper (or
trace) between E4 and E5. This enables waits as soon as
the CS signal is asserted. This timing is a requirement for
some processors and compatible with most. If the host
system requires the WAIT signal to be asserted only when
RE or WE are asserted in conjunction with CS, the trace at
E4 and E5 should be cut and a jumper should be installed
between E4 and E3.

The Host Interface connector (J5) consists of an eight bit
bi-directional bus, three bit address bus, and seven control
lines. All commands, status, and data are transferred over
this bus. See Table 1:

HOST INTERFACE CONNECTOR TABLE 1
SIGNAL GROUND | SIGNAL PIN SIGNAL NAME DESCRIPTION
2 1 DALO 8 bit bi-directional Data Access Lines. These lines
4 3 DAL1 remain in a high-impedance state whenever the CS line
6 5 DAL2 is inactive.
8 7 DAL3

10 9 DAL3

12 11 DAL5

14 13 DAL6

16 15 DAL7

18 17 A0 These three Address Lines are used to select one of

20 19 Al eight registers in the Task File. They must remain

22 21 A2 stable during all read and write operations.

24 23 CS When Card Select is active along with RE or WE, Data
is read or written via the DAL bus. CS must make a
transition for each byte read from or written to the task
file.

26 25 WE When Write Enable is active along with CS, the host
may write data to a selected register of the WD1000.

28 27 RE When Read Enable is active along with CS, the host
may read data from a selected register of the WD1000.

30 29 WAIT Upon receipt of a CS, the WAIT line may go active. It
returns to the inactive state when the DAL lines are
valid on a read, or data has been accepted on a write.

32 31 Not Connected

34 33 -V Optional —V input from host supplies —8 to —15V to
the on-board -5 Volt regulaton (VRI). This power input
is also available on J6, pin 2. —V is not required if
DC/DC convertor (PSI) is used.

36 35 INTRQ The INTerrupt ReQuest Line is activated whenever a
command has been completed. It is reset to the
inactive state when the Status Register is read, or a
new command is loaded via the DAL lines.

15
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HOST INTERFACE CONNECTOR (Continued)

DESCRIPTION

The Data ReQuest line is activated whenever the sector
buffer contains data to be read by the host, or is
awaiting data to be loaded by the host This line is
reset whenever the Data Register is read from or
written to. The DRQ line will continue to toggle until
the buffer is exausted or until a write or read is per-
formed on the Cylinder Low register.

The Master Reset line initializes all internal logic on the
logic on the WD1000. Sector Number, Cylinder Number
and SDH are cleared, stepping rate is set to 7.5 mS,
Write Precomp is set to cylinder 128 and Sector Count
is set to 1. The DRQ line is reset and the INTRQ line
is set.

SIGNAL GROUND | SIGNAL PIN SIGNAL. NAME
38 37 DRQ
40 39 MR
41 Not Connected
X 42 Not Connected
43-50

+5V 8 power pins for regulated +5 volts. This power
input is also available on J6, pin 3.

Note: Grounds

Even numbered pins (2-40) are to be used as signal
grounds. Power ground is available on J6, pin 1.

DRIVE CONTROL CONNECTORS

The drive control connector is a (relatively) low speed bus
that is daisy chain connected to each of the drives (up to
four) in the system. To properly terminate each TTL level
output signal from the WD1000, the last drive in the daisy
chain should have a 220/330 ohm line termination resistor
pack instalied. All other drives should have no termination.
See Tables 2and 3:

34 PIN DRIVE CONTROL CONNECTOR TABLE 2
SIGNAL SIGNAL SIGNAL
GROUND PIN 1o NAME

1 2 O | RWC

3 4 O | Head Select 2
5 6 O | Write Gate

7 8 I Seek Complete
g 10 I TROOO

11 12 I Write Fault
13 14 O | Head Select O
15 16 NC

17 18 O | Head Select 1
19 20 | Index
21 22 I Ready
23 24 O | Step

25 26 O | Drive Select 1
27 28 O | Drive Select 2
29 30 0 Drive Select 3
31 . 32 O | Drive Select 4
33 34 0 Direction In

50 PIN DRIVE CONTROL CONNECTOR FOR SA1000

TYPE INTERFACE TABLE 3
SIGNAL SIGNAL SIGNAL
GROUND PIN I]e] NAME

1 2 0 |RWC B
3 4 O | Head Select 2
5 6 NC
7 8 1 Seek Complete
9 10 NC

11 12 NC

13 14 O | Head Select O
15 16 NC

17 18 O | Head Select 1
19 20 | Index

21 22 I Ready

23 24 NC

25 26 O | Drive Select 1

27 28 O | Drive Select 2

29 30 O | Drive Select 3

31 32 O | Drive Select 4

33 34 O | Direction In

35 36 (0] Step

37 38 NC

39 40 O | Write Gate

41 42 | TRO0O

43 44 | Write Fault

45 46 NC

a7 48 NC

49 50 NC

16




DRIVE CONTROL SIGNAL DESCRIPTIONS

RWC .

When the Reduce Write Current line is activated with write
gate, a lower write current is used to compensate for great-
er bit packing density on the inner cylinders. The RWC line
is activated when the cylinder number is greater than or
equal to four times the contents of the Write Precomp Reg-

Ister. This output is valid only during Write and Format
commands.

Write Gate
This output signal allows data to be written on the disk.

Seak Complete

Informs the WD1000 that the head of the selected drive has
reached the desired cylinder and has stabilized. Seek Com-
plete is not checked after a SEEK command, thus allowing
overlapped seeks.

Track 000
Indicates that the R/W heads are positioned on the outer-

most cylinder. This line is sampled immediately before
each step is issued.

Write Fault

Informs the WD1000 that some fault has occurred on the
selected drive. The WD1000 will not execute commands
when this signal is true.

HS0 HS2
Head Select lines are used by the WD1000 to select a speci-
fic R'W head on the selected drive.

Index

Is used to indicate the index point for synchronization dur-
ing formatting and as a time out mechanism for retries.
This signal should pulse once each rotation of the disk.

Ready
Informs the WD1000 that the desired drive is selected and

that its motor is up to speed. The WD1000 will not execute
commands unless this line is true.

Step

This line is pulsed once for each cylinder to be stepped.
The direction of the step will be determined by the DIREC-
TION line. The step pulse period is determined by the inter-
nal stepping rate register during implied seek operations or
explicitly during Seek and Restore commands. During auto
restore, the step pulse period is determined by the SEEK
COMPLETE time from the drive.

Direction in

Determines the direction of motion of the R/W head when
the step line is pulsed. A high on this line defines the direc-
tion as out and a low defines direction as in.

DS1DS4
These four Drive Select lines are used to select one of four
possible drives.

DRIVE DATA CONNECTOR

Four data connectors (J1-4) are provided for clock signals
and data between the WD1000 and each drive. All lines as-
sociated with the transfer of data between the drive and the
WD1000 system are differential in nature and may not be
multiplexed. The data connectors are 20 pin vertical
headers on tenth-inch centers that mate with Burndy
#FRS20BS. The cable used should be flat ribbon cable or
twisted pair with a length of less than 10 feet. The cable
pin-outs are per Table 4:

DATA CONNECTIONS AND DESCRIPTIONS TABLE 4
SIGNAL SIGNAL SIGNAL
GROUND PIN 1o NAME
2 1 | | — Drive Selected
4 3 NC
6 5 NC
8 7 NC
9 O | + Timing Clock
10 O | - Timing Clock
1 GND
12 GND
13 O | + MFM Write Data
14 O | -~ MFM Write Data
15 GND
16 GND
17 | |+MFMREAD DATA
18 I | —-MFM READ DATA
19 GND
20 GND

DIFFERENTIAL DATA DRIVER/RECEIVER

$
HIGH ‘L—Aﬁ) HIGH
TRUE 519 TRUE

AMD 261831
or75110A

L amozsLsaz

—_ —
NOTE: ANY RS 422 = —_
DRIVER/RECEIVER PAIR

WILL INTERFACE

1. Qpen for AMD 28831 (ST608)
Closwd for 761104 (SA1000)

2y 1059
FLAT AIBBON OR TWISTED PAIR
MAX 10 FT.

POWER CONNECTOR

A three pin molex connector (J6) is provided for power in-
put to the board. The customer supplied mating connector
housing is Molex 03-08-1032. The pin-outs are as shown in
Table 5:

TABLES5
PIN SIGNAL NAME
1 GROUND
2 —8to — 15V unreguiated
3 + 5V regulated
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COMMANDS

The WD1000 executes five easy to use macro commands.
Most commands feature automatic ‘implied’ seek, which
means the host system need not tell the WD1000 where the
R/W heads of each drive are or when to move them. The
controller automatically performs all needed retries on all
errors encountered including data CRC errors. If the RIW
head mis-positions, the WD1000 will automatically perform
a restore and a re-seek. If the error is completely unre-
coverable, the WD1000 will simulate a normal completion
to simplify the host system’s software.

Commands are executed by loading the command byte
into the Command Register while the controller is not
busy. (Controller will not be busy if it has completed the
previous command.) The task file must be loaded prior to
issuing a command. No command will execute if the Seek
Complete or Ready lines are false or if the Write Fault line
is true. Normally it is not necessary to poll these signals
before issuing a command. If the WD1000 receives a com-
mand that is not defined in the following table, undefined
results will occur.

For ease of discussion, commands are divided into three
types which are summarized in Table 6: TABLE6

BITS
TYPE COMMAND| 7 6 5 4 3 2 1 0

| |Restore 0O 0 1 13 @ nn

I |Seek 11 1 13 n M1 1

o (O

Il | Write Sector

0
0
Il |Read Sector | 0
0
0

Il {Format Track

r3-10 — STEPPING RATE

0000 = 10uS 1000 = 4.0mS
0001 = 0.5mS 1001 = 4.5mS
0010 = 1.0mS 1010 = 5.0mS
0011 = 1.5mS 1011 = 5.5mS
0100 = 2.0mS 1100 = 6.0mS
0101 = 2.5mS 1101 = 6.5mS
0110 = 3.0mS 1110 = 7.0mS
0111 = 35mS 1111 = 7.5mS

D = DMA Read Mode

0 = Programmed /O Made
1 = DMA Mode
NOTE:

The DMA bit is used to position INTRQ in relation to
DRQs during the read sector command. If the DMA bit
is reset (D=0), the interrupt will occur before the first
DRQ. This allows the programmed /O host to intervene
and transfer the data from the sector buffer. If the DMA
bit is set (D=1), then the interrupt will occur only after
the system DMA controller has transferred the entire
buffer of data.

TYPE | COMMANDS

These commands simply position the R'W heads of the se-
lected drive. Both commands have explicit stepping rate
fields. The lower four bits of these commands form the
steppingrate.

RESTORE

The Restore command is used to calibrate the position of
the R'W head on each drive by stepping the head outward
until the TROOO line goes true. Upon receipt of the Restore
command, the Busy bit in the Status Register is set. Cylin-
der High and Cylinder Low Registers are cleared. The lower
four bits of the command byte are stored in the stepping
rate register for subsequent implied seeks. The state of
Seek Complete, Ready and Write Fault.are sampled, and if
an error condition exists, the Aborted command bit in the
Error Register is set, the Error bit in the Status Register is
set, an interrupt is generated and the Busy bit is reset.

If no errors are encountered thus far, the internal head posi-
tion register for the selected drive is cleared. The TR0CO
line is sampled. If TR0OOO is true, an interrupt is generated
and the Busy bit is reset. {f TR0O00 is not true, stepping
pulses at a rate determined by the stepping rate field are
issued until the TROOO line is activated. When TR00O is acti:
vated, the Busy bit is reset and an interrupt is issued. If the
TROO0O line is not activated within 1023 stepping pulses, the
TROOO Error bit in the Error Register and the Error bit in the:
Status Register are set, the Busy bit is reset and an in-
terrupt is issued.

SEEK

The Seek command positions the R'W head to a certain cyl-
inder. It is primarily used to start two or more concurrent
seeks on drives that support buffered stepping. Upon re-
ceipt of the Seek command, the Busy bit in the Status
Register is set. The lower four bits of the command byte
are stored in the stepping rate register for subsequent
implied seeks. The state of Seek Complete, Ready and
Write Fault are sampled, and if an error condition exists,
the Aborted command bit in the Error Register is set, the
Error bit in the Status Register is set, an interrupt is
generated and the Busy bit is reset.

If no errors are encountered thus far, the internal head posi-
tion register for the selected drive is updated, the direction
line is set to the proper direction and a step pulse is issued
for each cylinder to be read and an interrupt is issued. Note
that the Seek Complete line is not sampled after the Seek
command, allowing multiple seek operations to be started
using drives with buffered seek capability.

TYPE Il COMMANDS

This type of command is characterized by a transfer of a
block of data from the WD1000 buffer to the host. This com-
mand has an implicit stepping rate as set by the last Re-
store or Seek command.

The Read Sector command is used 10 read a sector of data
from the disk to the host computer. Upon receipt of the
Read command, the Busy bit in the Status register is set.
The state of Seek Complete, Ready and Write Fault are
sampled, and if an error condition exists, the Aborted
Command bit in the Error Register is set, the Error bit in the
Status Register is set, and a normal completion is
simulated.




If no errors are encountered so far, a Seek command is exe-
cuted. The Seek Complete line is sampled. If the Seek
Complete line does not go true within 128 Index pulses, the
Aborted command bit in the Error Register is set, the Error
bit in the Status Register is set, and a normal completion is
simulated.

Once the head has settled over the desired cylinder, the
WD1000 will attempt to read the sector. The WD1000 per-
forms all retries necessary to recover the data during the
read command. The controller attempts to read the desired
sector up to 16 times. It will attempt a retry if it does not
find an ID, if the ID of that sector has a bad CRC, if the Data
Address Mark (DAM) couldn’t be found or even if the data
was actually read from the disk but incurred a data CRC
error.

Every time the controller encounters an error, it records the
occurance of that error in an internal register. If, after 16
retries, the controller was not able to get a match on the ID
field, it assumes that the head was possibly mis-positioned
and executes an auto-restore. During the auto-restore, the
stepping rate is implied to be equal to the Seek Complete
period. After the auto-restore has been successfully com-
pleted, the controller re-seeks and attempts to read the
sector once again. An auto-restore will be performed only
once per read or write sector command.

If the controller encounters a non-recoverable error, the
controller examines its internal error history register. It then
sets the bit in the Error Register of the highest severity
error incurred. If the Data CRC Error bit is set, the data that
last produced that error will be available in the sector
buffer. The Error bit in the Status Register is set and a
normal completion is simulated.

TYPE lll COMMANDS

This type of command is characterized by a transfer of a
block of data from the host to the WD1000 buffer. These
commands have implicit stepping rates as set by the last
Restore or Seek command.

WRITE SECTOR

The Write Sector command is used to write a sector of data
from the host computer to the disk. Upon receipt of the
Write command, the controller generates DRQs for each
byte to be written to the buffer. (Note: It is recommended
that programmed /O transfers should take place as a block
move without consulting the DRQ bit in the Status
Register.)

After all data has been sent to the sector buffer, the Busy
bit in the Status Register is set. The state of Seek Com-
plete, Ready and Write Fault are sampled, and if an error
condition exists, the Aborted command bit in the Error
Register is set, the Error bit in the Status Register is set, an
Interrupt is generated and the Busy bit is reset.

If no errors are encountered so far, a Seek command is exe-
cuted. The Seek Complete line is sampled. If the Seek
Complete line doesn't go true within 128 Index pulses, then
the Aborted command bit in the Error Register is set, the
Error bit in the Status Register is set, an Interrupt is
generated and the Busy bit is reset.

Once the head has settled over the desired cylinder, it will
attempt to read the ID of the sector. The WD1000 performs

all retries necessary to recover the ID during the write com-
mand. The controller attempts to read the ID of the desired
sector up to 16 times. It will attempt a retry if it doesn’t find
an ID orif the ID of that sector has a bad CRC.

Every time the controlier encounters an error, it records the
occurrence of that error'in an internal register. If, after 16
retries, the controller was not able to get a match on the ID
field, it assumes that the head was possibly mis-positioned
and executes an auto-restore. During the auto-restore, the
stepping rate is implied to be equal to the Seek Complete
period. After the auto-restore has been successfully com-
pleted, the controller re-seeks and attempts to write the
sector once again.

If the controlier encounters a non-recoverable error, the
controller examines its internal error history register. It then
sets the bit in the Error Register of the highest severity
error incurred. The Error bit in the Status Register is set, an
Interrupt is generated and the Busy bit is reset.

If the proper sector is located, the sector buffer is written to
the disk, an interrupt is generated and the Busy bit is reset.

FORMAT TRACK

The Format command is used for initializing the ID and
data fields on a particular disk. Upon receipt of the Format
command, the controller generates DRQs for each byte of
the interleave table to be written to the buffer. In all cases,
the number of bytes transferred to the buffer must cor-
respond to the current sector size.

After all data has been sent to the buffer, the Busy bit in the
Status Register is set. The state of Seek Complete, Ready
and Write Fault lines are sampled. If an error condition
exists, the Aborted command bit in the Error Register is
set, the Error bit in the Status Register is set, an interrupt is
generated and the Busy bit is reset.

‘ N TiMES ‘

—
QAP PN
4 [TUE] 4 BYTES | ayy LioenT) CRG |30 sBYTEs| an | (Fay
(4E} A€} 22) 2 Kook oy

cac |2 evres| /
2 ©2)

DATA

sH FIELD

SEC

cviL
Low

\ \
—J—J—_— 1D FIELD 1 L——BATA FIELD —— ;
fw-»] 200 05, MIN. INDEX PULSE waire aae h -
NOTE:

1) When MSB of head byte = 1, bad block is detected.
2) Write Gate turn-on is 3 bytes after the ID field’s CRC bytes.
3) Write Gate turn-off is 3 bytes after the Data Field's CRC
bytes.
4) 12 bytes of zeroes are re-written on a Data Field update.
5) The 2 LSB’s of the IDENT byte are used for Cylinder high
These values are:
FE = 0to 255 cylinders
FF = 256 to 511 cylinders
FC = 512to 767 cylinders
FD = 768 to 1023 cylinders
6) GAP 4 values are:

SECTORLENGTH GAP3 GAP4 SECTORCOUNT

128 15 356 54
256 15 352 32
512 30 800 17

If no errors are encountered so far, a Seek command is exe-
cuted. No verification of track positioning accuracy is per-
formed because the track may not have any ID fields
present. After the Seek operation has been performed, the
Seek Compﬁé line is sampled. If the Seek Complete line is
not asserted within 128 Index puises, the Aborted com-
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mand bit in the Error Register is set, an Interrupt is
generated and the Busy bit is reset.

Once the head has settled over the desired cylinder, the
controller starts writing a pattern of 4E’s until the index is
encountered. Once the index is found, a number of ID
fields and nulled data fields are written to the disk. The
number of sectors written is equal to the contents of the
Sector Count Register. As each sector is written, the Sector
Count Register is decremented, and consequently, must
be updated before each format operation.

After the last sector is written, the controller back-fiils the
track with 4E's. When the next index pulse after the last
sector is written is encountered, the format operation is ter-
minated, an Interrupt is generated and the Busy bit is reset.

SETTING UP TASK FILES

Before any of the five commands may be executed, a set of
parameter registers called the Task File must be set up. For
most commands, this informs the WD1000 of the exact lo-
cation on the disk that the transfer should take place. Fora
normal read or write sector operation, the Sector Number,
the Size/Drive/Head, Cylinder Number, and Command
registers (usually in that order) will be written.

Note that most of these registers are readable as well as
writable. These registers normaily are not read from, but
this feature is provided so that error reporting routines can
determine physically where an error occurred without recal-
culating the sector, head and cylinder parameters.

Since the WD1000 can recall all the Task File parameters
sent to it, it is recommended that Task File parameters be
stored in the WD1000 as they are calculated. This wili save
the programmer a few instructions by not maintaining two
copies of the same information.

Since most hard disk drives contain more than one head
per positioner, it is more efficient to step the R'W head as-
semblies of most disk drives by cylinders, not tracks. In
other words, the disk driver software should be designed to
read or write all data that is directly accessable by all the
heads on a positioner before stepping to a new cylinder.

REGISTER SELECTION ARRAY

CS |A2 A1 | AO|RE WE

1 | X | X | X |Deselected Deselected

0 |0 (0 [ O |DataRegister Data Register

0 |0 | 0| 1|ErrorRegister |Write Precomp

0 10 |1} 0|SectorCount Sector Count
0|0 | 1] 1|SectorNumber [Sector Number

0 {1 )]0 | O|CylinderLow Cylinder Low

0 |10 | 1])CylinderHigh |CylinderHigh

0 |1 |1 0 |Size/Drive/Head |Size/Drive/Head

0 {1 {1 [ 1Status Register {Command Register

See page 725 for ordering information.

SDH REGISTOR

BIT 7 6 54 3 2 10
FUNCTION 0 Sec Drive Head
Size | Select Select
BIT6 | BITS SECTOR SIZE
0 0 256 Bytes
0 1 512 Bytes
1 1 128 Bytes
BIT4 | BIT3 DRIVE SELECTED
0 0 Drive Sel 0
0 1 Drive Sel 1
1 0 Drive Sel 2
1 1 Drive Sel 3
BIT2 | BIT1 | BITO HEAD SELECTED
0 0 0 Head 0
0 0 1 Head 1
0 1 0 Head 2
0 1 1 Head 3
1 0 0 Head 4
1 0 1 Head 5
1 1 0 Head 6
1 1 1 Head 7
STATUS AND ERROR REGISTER BITS
BIT | STATUS REGISTER ERROR REGISTER ‘
7 | Busy TBad Block Detect !
6 | Ready - CRC Error — Data Field
5 | Write Fault , CRC Error — ID Field
4 | Seek Complete ID Not Found
3 Data Request " —
2 — Aborted Command
1 — TROOO Error
i | Error - DAM not found

PROGRAMMING

Users familiar with floppy disk systems will find program-
ming the WD1000 a pleasant surprise. A substantial
amount of intelligence that was required by the host com-
puter has been incorporated into the WD1000. The WD100C
performs all needed retries, even on data CRC and heac
positioning errors. Most commands feature automatic
‘implied’ seek which means that seek commands need not
be issued to perform basic read/write functions. The
WD1000 keeps track of the position of up to four read/
write head assemblies, so the host system does not have
to maintain track tables. All transfers to and from the disk
are through an on-board full sector buffer. This means that
data transfers are fully interruptable and can take place at
any speed that is convenient to the system designer. In the
event of an unrecoverable error, the WD1000 simulates a
normal completion so that special error recovery software
is not needed.
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WD1001 Winchester Disk Controller

GENERAL DESCRIPTION

The WD 1001 is a stand-alone, general purpose
Winchester controlier board designed to interface up
to four Winchester disk drives to a host processor.
The drive signals are based upon the floppy look-
alike interface available on the Shugart Associates’
SA 1000, the Seagate Technology ST506, the Quan-
tum Q2000, and other compatible drives. All neces-
sary buffers and receivers/drivers are included on the
board to allow direct connection to the drive. Either a
34 pin (514" drive) or 50 pin (8" drive) connector is pro-
vided, as well as four 20 pin data connectors.

Communications to and from the host computer are
made via a separate computer access port. This port
consists mainly of an 8 bit bi-directional bus and ap-
propriate control signals. All data to be written to or
read from the disk, status information, and macro
commands are transferred via this 8 bit bus. An on
board sector buffer allows data transfers to the host
computer independent of the actual data transfer rate
of the drive.

The WD1001 is based upon a proprietary chip series,
the WD1100, specifically designed for Winchester
Control.

WESTERN DIGITAL

r 7/ o N

FEATURES

SINGLE +5V SUPPLY

BUILT-IN DATA SEPARATOR

BUILT-IN WRITE PRECOMPENSATION LOGIC
DATA RATES UP TO 5 MBITS/SEC
CONTROL FOR UP TO 4 DRIVES

CONTROL FOR UP TO 8 RW HEADS

1024 CYLINDER ADDRESSING RANGE

256 SECTOR ADDRESSING RANGE

32 BIT ECC FOR BURST ERROR CORRECTION
ERROR CORRECTION ON DATA FIELD
ERRORS

DIAGNOSTIC READS AND WRITES FOR
CHECKING ERROR CORRECTION

BAD BLOCK MAPPING CAPABILITY
AUTOMATIC FORMATTING

128, 256, OR 512 BYTES PER SECTOR
(SOFTWARE SELECTABLE)

UNLIMITED SECTOR INTERLEAVE CAPABILITY
MULTIPLE SECTOR READS AND WRITES
OVERLAP SEEK CAPABILITY

IMPLIED SEEK ON ALL COMMANDS
AUTOMATIC RETRIES ON ALL ERRORS
AUTOMATIC RESTORE AND RE-SEEK ON
SEEK ERROR

8-BIT HOST INTERFACE

e 0°C TO 50°C OPERATION

ORGANIZATION

The WD1001 has seven on-board connectors. These
connectors consist of a power connector, host in-
terface connector, drive control connector, and four
high speed data cable connectors.

The drive control cable is daisy-chained to each of
the four drives. Although there is space for two drive
control connectors, only one would normally be used
for any particular configuration.

The drive data connectors carry differential signals
and are radially connected. Up to four drives can be
accommodated by the WD1001.

The host interface connector provides interface sig-
nals that are compatible with most microprocessors
and mini-computers.

The WD1001 provides dual burst detection and single
5-bit burst correction ECC circuitry. The ECC
polynomial has been computer generated for op-
timum error correction on Winchester Disks.
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SPECIFICATIONS

Encoding method: MFM

Cylinders per Head:  Up to 1024

Sectors per Track: Up to 256 (512 byte sec)
8

HOST INTERFACING

The WD1001 is designed to easily interface to most
micro computers and mini-computers. All interfacing
is done through the Host Interface Connector (J5).

Hgads: The interface is very similar to Western Digital's
Drive Selects: 4 family of Floppy Disk Controllers. The only exception
Step rate: 10 uS to 7.5 mS is the inclusion of the WAIT line.

(0.5 mS increments)
4.34 Mbits/sec or
5.000 Mbits/sec
Write Precomp Time: 12 nanoseconds
Sectoring: Soft

Data Transfer Rate: WAITS

The WAIT control line goes true whenever either of
the following are true:

Host Interface:
Drive Gapability:

Drive Cable Length:
Host Cable Length:
Power Requirements:

Ambient Temperature

Operating:

Relative Humidity:

MTBF:
MTTR:
Length:
Width:
Height:

Mounting Centers:

8 Bit bi-directional bus

10 “LS” Loads

10 ft. (3M) max.

3 ft. (1 M) max.

+5V 5%, 3.0A Max. (2.5A

typ.)

0°C to 50°C (32 F to 122 F)
20% to 80%

10,000 POH

30 minutes

9.9 in. (24.9 cm)

6.8 in. (17.1 cm)

0.75in. (1.9 cm)

6.375 x 9.375 in.

(16 x 23.6 cm)

¢ The WD1001 is accessing data internally to send
to the host during a read operation.

e The WD1001 has not accepted the data from the
host during a write operation.

The definition of the WAIT line is very similar to the
WAIT signal found on many popular processors.
WAIT is also similar to the REPLY signal on Western
Digital and other processors.

WAIT will not necessarily make a transition for each
access to the WD1001. When the WD1001 can return
the requested data within 100 nS, there will be no
transition of the WAIT line. This should be interpreted
as an instant REPLY on Western Digital Processors.

If the WD1001 cannot return the requested data



within 100 nS, it will assert its WAIT line. The period
of the WAIT signal will vary from 750 nS to 6 uS with
1.25 S being about average. The period of the WAIT
only approaches 6 uS during a read or write which
happens immediately after a command is written to
the command register. This means that longer waits
may be encountered during the first read or write to
any WD1001 register if that first read or write hap-
pens within approximately 6 uS of a command being
issued.

During the time that WAIT is asserted, the host sys-
tem must hold all of its strobe and address lines sta-
ble. On write operations, the DAL lines must also be
held stable.

The Host Interface connector (J5) consists of an
eight bit bi-directional bus, three bit address bus, and
seven control lines. All commands, status, and data
are transferred over this bus. See Table 1:

HOST INTERFACE CONNECTOR TABLE 1
SIGNAL GROUND | SIGNAL PIN | SIGNAL NAME DESCRIPTION

2 1 DALO 8 bit bi-directional Data Access Lines. These

4 3 DAL1 lines remain in a high-impedance state when-

6 5 DAL2 ever the CS line is inactive.

8 7 DAL3

10 9 DAL4

12 11 DALS

14 13 DAL6

16 15 DAL7

18 17 AOQ . These three Address Lines are used to select

20 19 A1l one of eight registers in the Task File. They

22 21 A2 must remain stable during all read and write
operations.

24 23 CS When Card Select is active along with RE_or
WE, Data is read or written via the DAL bus. CS
must make a transition for each byte read from
or written to the task file.

26 25 WE When Write Enable is active along with CS, the
host may write data to a selected register of the
WD1000.

28 27 RE When Read Enable is active along with CS, the
host may read data from a selected register of
the WD1001.

30 29 WAIT Upon receipt of a CS, the WAIT line may go ac-
tive. It returns to the inactive state when the
DAL lines are valid on a read, or data has been
accepted on a write.

32 31 Not Connected

34 33 Not Connected

36 35 INTRQ The INTerrupt ReQuest Line is activated when-
ever a command has been completed. It is reset
to the inactive state when the Status Register is
read, or a new command is loaded via the DAL
lines.

38 37 DRQ The Data ReQuest line is activated whenever
the sector buffer contains data to be read by the
host, or is awaiting data to be loaded by the
host. This line is reset whenever the Data Regis-
ter is read from or written to. The DRQ line will
continue to toggle until the buffer is exhausted
or until a write or read is performed on the
Cylinder Low register.
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HOST INTERFACE CONNECTOR TABLE 1
SIGNAL GROUND | SIGNAL PIN | SIGNAL NAME DESCRIPTION
40 39 MR The Master Reset line initializes all internal
logic on the logic on the WD1001. Sector Num-
ber, Cylinder Number and SDH are cleared,
stepping rate is set to 7.5 mS, Write Precomp is
set to cylinder 128 and Sector Count is set to 1.
The DRQ and INTRQ lines are reset.
41 Not Connected
42 Not Connected
43-50 + 5V 8 power pins for regulated + 5 volts. This power
input is also available on J6, pin 3.
Note: Grounds All even numbered pins (2 through 40) are to be
used as signal grounds. Power ground is avail-
able on J6, pin 1.

DRIVE CONTROL CONNECTORS
The drive control connector is a (relatively) low speed

50 PIN DRIVE CONTROL CONNECTOR FOR

bus that is daisy chain connected to each of the SA1000 TYPE INTERFACE TABLE 3
drives (up to four) in the system. To properly ter- SIGNAL SIGNAL SIGNAL
minate each TTL level output signal from the GROUND PIN o NAME
WD1001, the last drive in the daisy chain should have =Te)
a 220/330 ohm line termination resistor pack in- 1 2 O | RWC
stalled. All other drives should have no termination. g g O ngad Select 2
See Tables 2 and 3: 7 8 | Seck Complate
34 PIN DRIVE CONTROL CONNECTOR  TABLE 2 1? ]g ',jg
SIGNAL SIGNAL SIGNAL Head Select B
GROUND | PIN | 10O NAME b I O | HeadbelectO
1 2 O| RWC___ 17 18 O | Head Select
3 4 O | Head Select2 19 20 I Index
5 6 O | Write Gate 21 22 | Ready
7 8 | | Seek Complete 23 24 NC _
9 10 | TROOO 25 26 O | Drive Select T
1 12 I | Write Fault _ 27 28 O | Drive Select 2
13 14 O | HeadSelectO 29 30 O | Drive Select3
15 16 I | Sector 31 32 O | Drive Select 4
17 18 O | HeadSelect1 33 34 O | Directionin
19 20 | Index 35 36 O | Step
21 22 | Ready 37 38 NC
23 24 O | Step 39 40 O | Write Gate
25 26 O | Drive Select1 41 42 | | TROOO
27 28 O | Drive Select 2 43 44 | | Write Fault
29 30 O | Drive Select3 45 46 NC
31 32 O | Drive Select 4 47 48 NC
33 34 O | DirectionTn 49 50 NC
DRIVE CONTROL SIGNAL DESCRIPTIONS
RWC Write Gate

When the Reduce Write Current line is activated with
Write Gate, a lower write current is used to com-
pensate for greater bit packing density on the inner
cylinders. The RWC line is activated when the
cylinder number is greater than or equal to four times
the contents of the Write Precomp Register. This
output is valid only during Write and Format com-
mands.

This output signal allows data to be written on the
disk.

Seek Complete

Informs the WD1001 that the head of the selected
drive has reached the desired cylinder and has
stabilized. Seek Complete is not checked after a
SEEK command, thus allowing overlapped seeks.




Track 000

Indicates that the R/W heads are positioned on the
outer-most cylinder. This line is sampled immediately
before each step is issued.

Wiite Fault
Informs the WD1001 that some fault has occurred on

the selected drive. The WD1001 will not execute
commands when this signal is true.

HS0 HS2
Head Select lines are used by the WD1001 to select a
specific R/W head on the selected drive.

index

Is used to indicate the index point for synchroniza-
tion during formatting and as a time out mechanism
for retries. This signal should pulse once each rota-
tion of the disk. :

Ready

Informs the WD1001 that the desired drive is selected
and that its motor is up to speed. The WD1001 will
not execute commands unless this line is true.

Step

This line is pulsed once for each cylinder to be
stepped. The direction of the step will be determined
by the DIRECTION IN line. The step pulse period is
determined by the internal stepping rate register
during implied seek operations or explicitly during
Seek and Restore commands. During auto restore,
the step pulse period is determined by the SEEK
COMPLETE time from the drive.

Direction in

Determines the direction of motion of the R'W head
when the step line is pulsed. A high on this line
defines the direction as out and a low defines
direction as in.

DS1 DSa
These four Drive Select lines are used to select one
of four possible drives.

DRIVE DATA CONNECTOR

Four data connectors (J1-4) are provided for clock
signals and data between the WD1001 and each
drive. All lines associated with the transfer of data
between the drive and the WD1001 system are dif-
ferential in nature and may not be muitiplexed. The
data connectors are 20 pin vertical headers on tenth-
inch centers that mate with Burndy #FRS20BS. The
cable used should be flat ribbon cable or twisted pair

with a length of less than 10 feet. The cable pin-outs
are per Table 4:

DATA CONNECTIONS
AND DESCRIPTIONS TABLE 4
SIGNAL SIGNAL SIGNAL
GROUND PIN 10 NAME
2 1 | — Drive Selected
4 3 NC
6 5 NC
8 7 NC
9 O | +Timing Clock
10 O — Timing Clock
1 GND
12 GND
13 0] + MFM Write Data
14 (0] — MFM Write Data
15 GND
16 GND
17 | + MFM Read Data
18 | — MFM Read Data
19 GND
20 GND

DIFFERENTIAL DATA DRIVER/RECEIVER

HIGH HIGH
TRUE TRUE
AMD 26LS31 AMD 261532
or 75110A L
NOTE: ANY RS 422
DRIVER/RECEIVER PAIR
WILL INTERFACE
Zy =105Q
FLAT RIBBON OR TWISTED PAIR
MAX 10 FT.
POWER CONNECTOR

A three pin molex connector (J6) is provided for
power input to the board. The customer supplied
mating connector housing is Molex 03-09-1032. The
pin-outs are as shown in Table 5:

TABLE S
PIN SIGNAL NAME
1 Ground
2 Not Connected
3 + 5V Regulated
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COMMANDS

The WD1001 executes five easy to use macro
commands. Most commands feature automatic
‘implied’ seek, which means the host system need
not tell the WD1001 where the RIW heads of each
drive are or when to move them. The controller
automatically performs all needed retries on all
errors encountered including data ECC errors. If the
R/W head mis-positions, the WD1001 will automat-
ically perform a restore and a re-seek. If the error is
completely unrecoverable, the WD1001 will simulate
a normal completion to simplify the host system’s
software.

Commands are executed by loading the command
byte into the Command Register while the controller
is not busy. (Controller will not be busy if it has
completed the previous command.) The task file
must be loaded prior to issuing a command. No
command will execute if the Seek Complete or
Ready lines are false or if the Write Fault line is true.
Normally it is not necessary to poll these signals
before issuing a command. If the WD1001 receives a
command that is not defined in the following table,
undefined results will occur.

For ease of discussion, commands are divided into
three types which are summarized in Table 6:

TABLE 6
BITS
TYPE| COMMAND | 7 6 5 4 3 2 1 0
| |Restore 0 00 1mrrmnI
I |Seek 011 1m3rpnrrn
Il |Read Sector 001 ODMULDO
il [Write Sector 0011 O0OMLDO
il [FormatTrack | 0 1 0 1 0 0 0 O
r3-rg — STEPPING RATE
0000 = 10uS 1000 = 4.0mS
0001 = 0.5mS 1001 = 4.5mS
0010 = 1.0mS 1010 = 5.0mS
0011 = 1.5mS 1011 = 5.5mS
0100 = 2.0mS 1100 = 6.0mS
0101 = 25mS 1101 = 6.5mS
0110 = 3.0mS 1110 = 7.0mS
0111 = 3.5mS 1111 = 7.5mS
D = DMA Read Mode L = Long Read/Write
0 = Programmed I/O
Mode 0 = Normal Read/Write

= DMA Mode 1 = Long Read/Write

1
M = 1 = Multiple Sector Read/Write
0 = Single Sector Read/Write

NOTE:

The DMA bit is used to position INTRQ in relation to
DRQs during the read sector command. If the DMA
bit is reset (D = 0), the interrupt will occur before the
first DRQ. This allows the programmed /O host to
intervene and transfer the data from the sector buffer.
If the DMA bit is set (D=1), then the interrupt will
occur only after the system DMA controller has
transferred the entire buffer of data.

TYPE | COMMANDS

These commands simply position the R/W heads of
the selected drive. Both commands have explicit
stepping rate fields. The lower four bits of these
commands form the stepping rate.

RESTORE

The Restore command is used to calibrate the
position of the R/W head on each drive by stepping
the head outward until the TRO0O line goes true.
Upon receipt of the Restore command, the Busy bit
in the Status Register is set. Cylinder High and
Cylinder Low Registers are cleared. The lower four
bits of the command byte are stored in the stepping
rate register for subsequent implied seeks. The state
of Seek Complete, Ready and Write Fault are sam-
pled, and if an error condition exists, the Abortec
command bit in the Error Register is set, the Error bit
in the Status Register is set, an interrupt is generated
and the Busy bit is rest.

If no errors are encountered thus far, the internal
head position register for the selected drive is
cleared. The TROOO line is sampled. If TROOO is true,
an interrupt is generated and the Busy bit is reset. If
TROOO is not true, stepping pulses at a rate deter-
mined by the stepping rate field are issued until the
TROOO line is activated. When TR00O is activated, the:
Busy bit is reset and an interrupt is issued. If the
TROOO line is not activated within 1023 stepping
pulses, the TRO0O Error bit in the Error Register and
the Error bit in the Status Register are set, the Busy
bit is reset and an interrupt is issued.

SEEK

The Seek command positions the R/W head to &
certain cylinder. It is primarily used to start two or
more concurrent seeks on drives that support buf-
fered stepping. Upon receipt of the Seek command,
the Busy bit in the Status Register is set. The lower
four bits of the command byte are stored in the
stepping rate register for subsequent implied seeks.
The state of Seek Complete, Ready and Write Fault
are sampled, and if an error condition exists, the
Aborted command bit in the Error Register is set, the
Error bit in the Status Register is set, an interrupt is
generated and the Busy bit is reset.

If no errors are encountered thus far, the internal
head position register for the selected drive is up-
dated, the direction line is set to the proper-direction
and a step pulse is issued for each cylinder to be read



and an interrupt is issued. Note that the Seek
Complete line is not sampled after the Seek com-
mand, allowing multiple seek operations to be
started using drives with buffered seek capability.

TYPE Il COMMANDS

This type of command is characterized by a transfer
of a block of data from the WD1001 buffer to the host.
This command has an implicit stepping rate as set by
the last Restore or Seek command.

READ SECTOR

The Read Sector command is used to read a sector of
data from the disk to the host computer. Upon receipt
of the Read command, the Busy bit in the Status

register is set. The state of Seek Complete, Ready
and Write Fault are sampled, and if an error condition
exists, the Aborted Command bit in the Error Regis-
ter is set, the Error bit in the Status Register is set,
and a normal completion is simulated.

If no errors are encountered so far, a Seek command
is executed. The Seek Complete line is sampled. if
the Seek Complete line does not go true within 128
index pulses, the Aborted command bit in the Error
Register is set, the Error bit in the Status Register is
set, and a normal completion is simulated.

Once the head has settled over the desired cylinder,
the WD1001 will attempt to read the sector. The
WD1001 performs all retries necessary to recover the
data during the read command. The controlier at-
tempts to read the desired sector up to 16 times. It
will attempt aretry if it does not find an ID, if the ID of
that sector has a bad CRC or if the Data Address
Mark (DAM) couldn’t be found or even if the data was
actually read from the disk but incurred an un-
correctable error.

Every time the controller encounters an error, it re-
cords the occurrence of that error in an internal regis-
ter. If, after 16 retries, the controlier was not able to
get a match on the ID field, it assumes that the head
was possibly mis-positioned and executes an auto-
restore. During the auto-restore, the stepping rate is
implied to be equal to the Seek Complete period.
After the auto-restore has been successfully com-
pleted, the controller re-seeks and attempts to read
the sector once again. An auto-restore will be per-
formed only once per read or write sector command.

If the WD1001 encounters an ECC error, it will at-
tempt to correct the data in its sector buffer. If it can
correct the data, the Corrected bit in the Status
register will be set, if not, the Uncorrectable Error bit
is set.

If the controlier encounters a non-recoverable error,
the controller examines its internal error history
register. It then sets the bit in the Error Register of
the highest severity error incurred. {f the Un-
correctable bit is set, the data that last produced that

error will be available in the sector buffer. The Error
bit in the Status Register is set and a normal com-
pletion is simulated.

READ LONG

This variation of the Read command allows the user
to read the ECC check bits directly. The check bits
are placed in the data buffer immediately behind the
data. This increases the effective buffer length by
four bytes.

TYPE Il COMMANDS

This type of command is characterized by a transfer
of a block of data from the host to the WD1001 buffer.
These commands have implicit stepping rates as set
by the last Restore or Seek command.

WRITE SECTOR

The Write Sector command is used to write a sector
of data from the host computer to the disk. Upon
receipt of the Write command, the controller
generates DRQs for each byte to be written to the
buffer. (Note: It is recommended that programmed
/O transfers should take place as a block move
without consulting the DRQ bit in the Status
Register.)

After all data has been sent to the sector buffer, the
Busy bit in the Status Register is set. The state of
Seek Complete, Ready and Write Fault are sampled,
and if an error condition exists, the Aborted com-
mand bit in the Error Register is set, the Error bit in
the Status Register is set, an Interrupt is generated
and the Busy bit is reset.

If no errors are encountered so far, a Seek command
is executed. The Seek Complete line is sampled. If
the Seek Complete line doesn’t go true within 128
Index pulses, then the Aborted command bit in the
Error Register is set, the Error bit in the Status
Register is set, an Interrupt is generated and the
Busy bit is reset.

Once the head has settled over the desired cylinder,
it will attempt to read the ID of the sector. The
WD1001 performs all retries necessary to recover the
ID during the write command. The controller at-
tempts to read the ID of the desired sector up to 16
times. It will attempt a retry if it doesn’t find an ID or if
the ID of that sector has a bad CRC.

Every time the controller encounters an error, it
records the occurrence of that error in an internal
register. If, after 16 retries, the controller was not able
to get a match on the ID field, it assumes that the
head was possibly mis-positioned and executes an
auto-restore. During the auto-restore, the stepping
rate is implied to be equal to the Seek Complete
period. After the auto-restore has been successfully
completed, the controller re-seeks and attempts to
write the sector once again.
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If the controlier encounters a non-recoverable error,
the controlier examines its internal error history
register. It then sets the bit in the Error Register of
the highest severity error incurred. The Error bit in the
Status Register is set, an Interrupt is generated and
the Busy bit is reset.

If the proper sector is located, the sector buffer is
written to the disk, an interrupt is generated and the
Busy bit is reset.

WRITE LONG

This variation of the write command allows the user
to introduce various error patterns to check correc-
tion capability. The check bits follow the data in the
sector buffer. This increases the effective buffer
length by four bytes.

FORMAT TRACK

The Format command is used for initializing the ID
and data fields on a particular disk. Upon receipt of
the Format command, the controller generates DRQs
for each byte of the interleave table to be written to
the buffer. In all cases, the number of bytes trans-
ferred to the buffer must correspond to the current
sector size.

After all data has been sent to the buffer, the Busy bit
in the Status Register is set. The state of Seek
Complete, Ready and Write Fault lines are sampled.
if an error condition exists, the Aborted command bit
in the Error Register is set, the Error bit in the Status
Register is set, an interrupt is generated and the
Busy bit is reset.

If no errors are encountered so far, a Seek command
is executed. No verification of track positioning
accuracy is performed because the track may not
have any ID fields present. After the Seek operation
has been performed, the Seek Complete line is
sampled. If the Seek Complete line is not asserted
within 128 Index pulses, the Aborted command bit in
the Error Register is set, an Interrupt is generated and
the Busy bit is reset.

Once the head has settled over the desired cylinder,
the controller starts writing a pattern of 4E’s until the
index is encountered. Once the index is found, a
number of ID fields and nulled data fields are written
to the disk. The number of sectors written is equal to
the contents of the Sector Count Register. As each
sector is written, the Sector Count Register is
decremented, and consequently, must be updated
before each format operation.

i \
GAP laapal1aByTES | an | ioen | CYL | s {sec|CRC] 38 |avies anlEs | DATA |ECC|3 BYTES
wg | 4B | o) LOW 2 [00)|° ouy FIELD| -4- | (o)
T ] b b
_f_ ID FIELD ! DATA FIELD— |
1 |

t=~| 200 nS. MIN. INDEX PULSE  WRITE GATE

NOTE:

1) When MSB of head byte = 1, bad block is detected.
2) Write Gate turn-on is 3 bytes after the ID field's CRC bytes.
3) Write Gate turn-off is 3 bytes after the Data Field's ECC or
CRC bytes.
4) 12 bytes of zeroes are re-written on-a Data Field update.
5) The 2 LSB’s of the IDENT byte are used for Cylinder high
These values are:
FE = 0to 255 cylinders
FF = 256 to 511 cylinders
FC = 512 to 767 cylinders
FD = 768 to 1023 cylinders
6) GAP 3 values are:

SECTOR LENGTH GAP 3
128 15
256 15
512 30

28



Atter the last sector is written, the controller back-
fills the track with 4E’s. When the next index pulse
after the last sector is written is encountered, the for-
mat operation is terminated, an Interrupt is generated
and the Busy bit is reset.

SETTING UP TASK FILES

Before any of the five commands may be executed, a
set of parameter registers called the Task File must
be set up. For most commands, this informs the
WD1001 of the exact location on the disk that the
transfer should take place. For a normal read or write

sector operation, the Sector Number, the Size/Drive/

Head, Cylinder Number, and Command registers
(usually in that order) will be written.

Note that most of these registers are readable as well
as writable. These registers normally are not read
from, but this feature is provided so that error report-
ing routines can determine physically where an error
occurred without recalculating the sector, head and
cylinder parameters.

Since the WD1001 can recall all the Task File
parameters sent to it, it is recommended that Task
File parameters be stored in the WD1001 as they are
calculated. This will save the programmer a few
instructions by not maintaining two copies of the
same information.

Since most hard disk drives contain more than one
" head per positioner, it is more efficient to step the
R/W head assemblies of most disk drives by cylin-
ders, not tracks. In other words, the disk driver
software should be designed to read or write all data
that is directly accessible by ail the heads on a
positioner before stepping to a new cylinder.

REGISTER SELECTION ARRAY

BIT6 |BIT5 SECTOR SIZE

0 0 256 Bytes

0 1 512 Bytes

1 1 128 Bytes
BIT4 | BIT3 DRIVE SELECTED

0 0 Drive Sel 0

0 1 Drive Sel 1

1 0 Drive Sel 2

1 1 Drive Sel 3
BIT2 | BIT1]|BITO HEAD SELECTED

0 0] 0 Head 0

0 0 1 Head 1

0 1 0 Head 2

0 1 1 Head 3

1 0 0 Head 4

1 0 1 Head 5

1 1 0 Head 6

1 1 1 Head 7

STATUS AND ERROR REGISTER BITS

BIT| STATUS REGISTER ERROR REGISTER
7 | Busy Bad Block Detect
6 | Ready Uncorrectable
5 | Write Fault CRC Error — ID Field
4 | Seek Complete ID Not Found
3 | Data Request —
2 | Corrected Aborted Command
1 — TROOO Error
0 | Error DAM not found

CS| A2 {A1| AO| RE WE
1] X | X| X | Deselected Deselected
0| 0| 0| O|Data Register Data Register
O 00| 1]Error Register | Write Precomp
0| 0] 1] 0} Sector Count Sector Count
0] 0|1 1}Sector Number | Sector Number
0| 1|0 0]Cylinder Low Cylinder Low
01110} 1|Cylinder High Cylinder High
0] 1|1} 0|SizelDrivelhead | Size/Drive/head
011 |1] 1][Status Register| Command
Register
SDH REGISTER
BIT 7 6 5 4 3 2 10
FUNCTION | Sec Sec Drive Head
Ext Size | Select Select
BIT7 SECTOR EXTENSION
0 Selects CRC for data field
1 Selects ECC for data field

PROGRAMMING

Users familiar with floppy disk systems will find
programming the WD1001 a pleasant surprise. A
substantial amount of intelligence that was
required by the host computer has been in-
corporated into the WD1001. The WD1001 performs
all needed retries, even on data ECC and head
positioning errors. Most commands feature
automatic ‘implied’ seek which means that seek
commands need not be issued to perform basic
read/write functions. The WD1001 keeps track of
the position of up to four read/write head
assemblies, so the host system does not have to
maintain track tables. All transfers to and from the
disk are through an on-board full sector buffer. This
means that data transfers are fully interruptable and
can take place at any speed that is convenient to
the system designer. In the event of an
unrecoverable error, the WD1001 simulates a
normal completion so that special error recovery
software is not needed.

See page 725 for ordering information.
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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, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may resuit from its use. No license i5s granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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WD1002 Winchester Disk Controller

s / o N

GENERAL DESCRIPTION

The WD1002 is next generation of Winchester
Controllers. It utilizes the WD1010 Winchester
controller chip, and provides for floppy disk back up
using the WD279X series of single chip floppy
controllers.

Incorporated in this controller is all the circuitry
needed for Hard disk control with floppy backup.

The firmware is incorporated in the WD1010 and the
controller is compatible with previous WD1000 and
WD1001. Additional software is needed for the floppy
disk backup. Users of the WD1000/WD1001 need not
use the floppy controller.

FEATURES

* SINGLE 5V SUPPLY

* FLOPPY DISK BACKUP

¢ ECC/CRC

e ST506 OR SA1000 INTERFACE
e COMPACT SIZE

¢ SECTOR SIZES TO 1024

e DATA RATES TO 5MBS

¢ AUTOMATIC FORMATTING

e 'WD1000 COMPATIBILITY

See page 725 for ordering information.
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WD1100 Series Winchester Controller Chips

DESCRIPTION

The WD1100 Chip series provides a low cost alternative for
developing a Winchester Controller. These devices have
been designed to read and convert an MFM data stream
into 8-bit parallel bytes. During a write operation, parallel
data is converted back into MFM to be written on the disk.
Address Marks are generated and detected while CRC
bytes can be appended and checked on the data stream.
The WD1100 is fabricated in N-channel silicon gate technol-
ogy and is available in a 20-pin Dual-In-Line package.

WD1100-01 SER/PARALLEL CONVERTER
WD1100-02 MFM GENERATOR

wD1100-12 IMPROVED MFM GENERATOR
WD1100-03 AM DETECTOR

WD1100-04 CRC GENERATOR/CHECKER
WD1100-05 PAR/SERIAL CONVERTER
WD1100-06 ECC/CRC LOGIC

WD1100-07 HOST INTERFACE LOGIC
WD1100-09 DATA SEPARATION SUPPORT LOGIC

Nt . A
ok [ 2] Voo NAZ 1 2] veg
ne [ 2 19w Jen skPEN [] 2 0[] a0
goR [ s 18 [ ] NRZ wek [ s 18 ] A1
TEST [} ¢ A WCtK [ 4 [ MR
000 [|s 16 [_] DOUT Awc [ s 16 ] MFM
DO1 E 6 15 [_) BDONE cs : 6 1% :] iNTRQ
poz [} 7 14 [T] SHFCLK  BROCLK ] 7 w [) BRQ
003 [ s 13 [T) po7 INTCLK [ s 13 [] EARLY
D04 [ o 12 [] D08 NC [T 12 (7] LATE
Vgs [ 11 [] Dos Ves [] 1o 11 [ Nom
WD1100-01 wWD1100-02
SERIAL/PARALLEL MFM GENERATOR
CONVERTER
\/ S
bmt:' ZODVCC DO:1 QOZVCC
pock [ 2 1] NG o1 [] 2 w[ ] EN
SHFCLK. [] @ 18] NC b2 [] 3 18] NC
Ne [ ¢4 17 ne D3 [ 17 [] TEST
NC [] 5 16 ] GRCOK pa[] s 16 [ ] BDONE
CWE [} ¢ 15 [] TIMCLK ps[] 6 15 [ ] pout
DOCE [] 7 14 7] WCLK e []7 14 [ 7] SHFCLK
croz [ @ 13 [7] CRCOK or[] e B[]
ne [ e 12 [7] SKPCLK  SHFCLK [] ¢ 12 [T] WCLK
VSSE 10 n:]ﬁfﬁ‘ VSSC 10 1136'60'{
wD1100-04 wWD1100-05
CRC GENERATOR/CHECKER PARALLEL/SERIAL
CONVERTER

FEATURES

SA1000/ST506 COMPATIBLE
SINGLE 5V SUPPLY

TRI-STATE DATA LINES

5 MBITS/SEC TRANSFER RATE
SIMPLIFIED INTERCONNECT

APPLICATIONS
Winchester Controlliers For:

SHUGART ASSOCGIATES
SEAGATE TECHNOLOGY
QUANTUM CORP.
TANDON MAGNETICS
MINISCRIBE

RMS

CMI ... AND OTHERS

NS N
Rz [ 20 [ Ve Aok []° 27 vee
SKPEN [] 2 19[7] A0 BN (]2 0[] RET
welk [ 3 18 [7] A1 AcLk [] 3 18 :] cp
WCIR [ ¢ 7 [ MR TIKIN [] 4 7 [ Ne
rRwe ] ® 18] MFM pout ()5 16 ] AMDET
s s s [] INTRQ ne [ 15 [] AMDET
oRacik [ 7 “[7] BRG ne (7 4 ™ @ouT
iNTCLK [] # 3] EARLY  TEsTi [ ® 3™ Nne
2XDR [] ¢ 12[] LATE ENDET [ ] ® 12 ] pcLk
Vss : 10 n :] NOM vgs [ 1 [] TEST2
WD1100-12 wWD1100-03
IMPROVED MFM GENERATOR AM DETECTOR
./ S
RW 11 20{] Vee s 1 0[] Vee
RCP [ 2 19%?75?5 wre ] 2 19 [ weLk
WCP [} 3 18 ABS ESET 3 18 : i3
ADAT [] ¢ {71 ocss CSAENE ‘ 7] waER
WDAT [ 5 6] 5607 amper ] ° %6 ] mope
SEL[:5 :5jm'f T|MCLKL_-6 153@
ecez 7 « [ 7o ok 7 “TJ swout
ne e 7] csE iwoex [ ® 17} csac
EcceN [ ]° 1217] Bs wms (@ 2 ) war
vgs [] 10 "] mwee ves [] 10 "] upex
WD1100-06 wD1100-07
ECC/CRC HOST INTERFACE
LOGIC LOGIC
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310

.015 MAX
1.020 MIN

¢ e S —MAx~———>|

100 MAX
1120 MIN
100TYP l 035 325
014 °55

f_

155 MAX I 520
: 2
T
— >
! -.120 |
[Ell T § MmN
} 340
.100TYP—>J L;l 035—>| .47 > 00
014 :
021

20 LEAD CERAMIC “U”

See page 725 for ordering information.

20 LEAD PLASTIC ‘v”

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 for 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

specifications at anytime without notice.
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Western Digital

WD1100-01 Serial/Parallel Converter

DESCRIPTION

The WD1100-01 Serial/Parallel Converter allows the user to
convert NRZ (non-return to zero) data from a Winchester
disk drive into 8 bit parallel form. Additional inputs are pro-
vided to signal the start of the parallel process, as well as
Byte Strobes to signify the end of the conversion. The
device contains two sets of 8-bit registers; one register may
be read (in parallel), while data is being shifted into the
other register. This double-buffering allows the Host to read
data from the disk drive at one-eighth the actual data rate.

The WD1100-01 is implemented in NMOS silicon gate
technology and is available in a 20 pin plastic or ceramic
dual-in-line package.

FEATURES

SINGLE +5V SUPPLY

DOUBLE BUFFERING

BYTE STROBE OUTPUTS
5MBITS/SEC SHIFT RATE

SERIAL IN/SERIAL-PARALLEL OUT
20 PIN DIP PACKAGE

S i

+5V Y
% S Lo Q
TEST g QfF > LATCH BDONE
Bit R
Counter
EN
- cp T
) « BCLR
Nt
cwk [} 1 2[ ] vee NRZ - D Q| —  DOUT
8 Bit
NC 2 19 EN . .
l: :I CLK ,______,_ c Shift Register SHFECLK

BCLR[1a 18[ ] NRz
TEST [ 4 ]8T

poo (] 5 16 [] pouT

pot [} s 15[ ] BDONE

poz []7 14 [ ] SHFCLK

D03 ] 8 13} po7

D04 [] o 12{] pos

Ves [} 11[__] Dos

L 8 Bit Register
Y Y VY Y
D00 DO1 D02 DO3 D04 DO5 DO6 DO7

wWD1100-01
Figure 1. Pin Connections
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WD1100-01
Figure 2. Block Diagrams
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PIN
NUMBER SYMBOL NAME FUNCTION
1 CLK CLOCK NRZ data is entered into the 8-bit shift register on the low-
to-high transition of clock.
NC NO CONNECTION No connection. This pin is to be left open by the user.
3 BCLR BYTE CLEAR When this line is at a logic 0, the BDONE (Pin 15) line is held
reset.
4 TEST TEST INPUT This pin must be left open by the user.
59, D00-DO7 DATAOQ-DATA7 8 bit parallel data outputs.
1113

10 Vss GROUND Ground.

14 SHFCLK SHIFT CLOCK Inverted copy of CLOCK (pin 1) which is active when EN
(pin 19) is at a logic 1.

15 BDONE BYTE DONE This signal is forced to a logic 1 signifying 8 bits of data
have been assembled. BDONE remains in a logic 1 state
until reset by a logic 0 on the BCLR (pin 3) line.

16 DOUT DATA OUT Serial Data Output from the 8th stage of the internal shift
register. DOUT is in a high impedance state whenever EN
(pin19) is at alogic 0.

17 ST START This line enables the byte counter and is used for syn-
chronization. it must be held to a logic 1 prior to first data
bit on the NRZ (Pin 18) line.

18 NRZ NRZ DATA NRZ serial data is entered on this pin and clocked by the
low to high transition of CLK (pin 1).

19 EN ENABLE When this signal is at a logic 0, DOUT, SHFCLK, and
BDONE outputs are in a high impedance state.

20 \ele vVce +5V = 10% power supply input.

DEVICE DESCRIPTION

Prior to shifting data through the device, the WD1100-01
must be synchronized to the data stream. The ST line (Pin
17 high) is used to hold the internal bit counter in a cleared
state until valid data (NRZ) and clocks (CLK) are entered.
The ST line is a synchronous input and therefore requires
one full cycle of the CLK line (Pin 1) to occur in order to ac-
cept a ST condition. After this happens, the device is ready
to perform serial to parallel conversions.

Data is entered on the NRZ line and clocked into the 8-bit
shift register on the low-to-high transition of CLK. The ST
line must be set low during the low time of CLK. Data is ac-
cepted on low-to-high transition of the clock while the high-
to-low transition of CLK increments the bit counter. After 8
data bits have been entered the final high-to-low transition
of CLK sets an internal latch tied to the BDONE line (Pin
15). At the same time, the contents of the shift register are
parallel loaded into an 8 bit register making the parallel data
available on the D00-D07 outputs. BDONE will remain in a
latched state until the BCLR is set to a logic 0, clearing off
the BDONE signal. BCLR is a level triggered input and
must be set back to a logic 1 before the next 8 bits are
shifted through the register. BCLR has no effect on the
serial shifting process. When the next 8 bits are received,
BDONE will again be set and the operation continues.

When interfacing to a microprocessor, BDONE is used to
indicate a parallel byte is ready to be read. As the processor
reads the data out of the D00-DO7 lines, the BCLR line
should be strobed to clear off BDONE in anticipation of the
next assembled byte. An address decode signal generated
at the host may be used for this purpose. During a power-
up condition, the state of BDONE is indeterminant. It is
recommended that BCLR be strobed low after power-up to
insure that BDONE is cleared.

The serial output line from the last stage of the shift
register is available on the DOUT pin. An inverted copy of
CLK is available on the SHFCLK pin. Both DOUT (Pin 16)
and SHFCLK (Pin 14) can be used to drive another shift
register external to the device.

The three signals BDONE, DOUT, and SHFCLK can be
placed in a high impedance state by setting EN (Pin
19) to a logic 0. Likewise, EN must be at a logic 1 in
order for these signals to be active.

The TEST pin is internally OR’ed with the ST line to inhibit
the bit counter. It is recommended that TEST be left open
by the user. An internal pull-up resistor is tied to this pin to
satisfy the appropriate logic level required internally for
proper device operation.



SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underBias . .......... 0°Cto50°C
Voltage on any pin

withrespecttoVgg .................. —-0.2Vito +7.0V
PowerDissipation. . .............. ... oo, 1 Watt
STORAGE TEMPERATURE

PLASTIC. .. ...t —-55°Cto +125°C
CERAMIC. ........ .. ... i, —55°Cto +150°C

NOTE: Maximum ratings indicate operation where perma-

nent device damage may occur. Continuous opera-
tions at these limits is not intended and should be
limited to those conditions specified in the DC
electrical characteristics.

DC Electrical Characteristics Ta = 0°Ct050°C; Voo = +5V = 10%,Vss = 0V

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
VIL Input Low Voltage -0.2 0.8
VIH Input High Voltage 20 Vv
Vo Output Low Voltage 0.4 \Y loL = 3.2mA
VOH Output High Voltage 24 \ IOH = — 200uA
\Zel® Supply Voltage 45 5.0 55 \
Icc Supply Current 100 mA All Outputs Open
AC Electrical Characteristics Tp = 0°to50°C, Voo = 5V £ 10%, Vss = 0V
SYMBOL PARAMETER MIN TYP! MAX UNITS CONDITION
foL CLK FREQUENCY 5.25 MHZ
tLs {CLK to ST nsec ST = 1 (min 200nsec)
tHS tCLK to ST 0 nsec ST = 1(min 200nsec)
tps Data set-up to t CLK 15 nsec
tve BDONE valid from t CLK 65 110 nsec EN =1
tRs BDONE reset from BCLR 110 nsec EN =1
tBW BCLR Pulse Width 50 nsec EN = 1
tsc 1 CLK to ¢ SHFCLK 90 nsec EN =1
tcs I CLK to * SHFCLK 100 nsec EN = 1
tsD Data delay from t SHFCLK 55 nsec EN =1
tFO Enable to DOUT ACTIVE 90 nsec
tDH Data Hold w.r.t. t CLK 25 nsec |

NOTES: 1. Typical Values are for Ta = 26°Cand Vg = +5.0V
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7 ) 1 2 a 4 5 [ 7 0 ' 2
CLK B [ W G S
. LS .l | et 1 i N —— -
DY|81DTH—1:—1:—:r——‘J:-J:*+i i
NRz X7 XCe Xs X X X2 o X X e Xo X))
i 1
DOX X X Power-On DATA / byte n-1 ' D( i >< byte 1 orn
1 i [
I e i
i 1 '
BDONE —— , I —
—l | =—ths o
BCLR = -
U P tsc U
11 tew —i 1
el - tes 10}
SHFCLK '
Cel lalP
CEL LD S D D & &P ED ED ED &) &D &D &N
—" "‘Eo
EN
WD1100-01
Figure 3.

See page 725 for ordering information.

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 for 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
specifications at anytime without notice.
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Western Digital
WD1100-02 MFM Generator

DESCRIPTION

The WD1100-02 MFM Generator converts NRZ data into an
MFM (Modified Frequency Modulated) data stream. The
derived MFM signal containing both clocks and data can
then be used to record information on a Winchester Disk

The WD1100-02 is fabricated in NMOS silicon gate
technology and is available in a 20 pin plastic or ceramic
dual-in-line package.

Drive utilizing this recording technique. In addition to an FEATURES
MFM output, the device generates first level Write ¢ SINGLE + 5V SUPPLY
Precompensation signals for use with inner track densities. ¢ ‘5 M BIT/SEC DATA RATE
A unique feature of the WD1100-02 is the ability to delete a * WRITE PRECOMPENSATION
clock puise in the outgoing MFM stream in order to record * ADDRESS MARK GENERATION
Address Marks. ¢ 20 PIN DIP PACKAGE
RWC >
S . EARLY
NRz 0 E > NOM
WRITE P LATE
— 4BIT PRECOMP
WCLK e T GEN.
REG.
WCLK | ——— MFM GEN p———> MMM
Nt
Nz [+ 20[] vee
SKPEN [} 2 19[] A0
woLk [ 4 8] A1 SKPEN oo O
WGtk [ ¢ ™[ R WD1100-02
rRwe [] 8 18] MFM Figure 2. Block Diagram MFM Generator
cs[]s 15[ ] iNTRQ
DRACLK (] 7 4[] BRG
iINTCLK ] & 13 [ ] EARLY 5RG
NC[1e 12[ ] LATE e T
vss []10 11[] NOM
NTCLK ™
— INTRQ
AD o
LY ) "S—
== DECODE
CS »—Q |oaic
MR o
WD1100-02 WD1100-02

Figure 1. Pin Connections
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Figure 3. Block Diagram Interrupt Control Logic
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FUNCTION

NRZ data input that is strobed into the MFM generator by
WCLK ().

This input arms the SKIP logic for recording Address Marks
when set to a logic 1.

Complimentary clock inputs. NRZ data is clocked into the
MFM Generator on the high-to-low transition of
WGCLK (pin 3).

This signal when high, enables EARLY, LATE and NOM
outputs.

No Connection.
Ground.

Output signal from the Write Precompensation Logic used
to signify that data is to be written nominal.

Output signal from the Write Precompensation Logic used
to signify that data is to be shifted LATE before writing.

Output signal from the Write Precompensation Logic used
to signify that data is to be shifted EARLY before writing.

This_output contains the MFM encoded data derived from
the NRZ (pin 1) line.

Low input signal used to enable the Address decode logic.

A high-to-low transition on this line will latch the
INTRQ (pin 15) at a logic 0.

A high-to-low transition on this line will latch the DRQ (pin
14) at alogic 0.

This output is latched at a logic 0 when INTCLK (pin 8)
makes a high-to-low transition while the decode logic is
disabled.

This output is latched at a logic 0 when DRQCLK (pin 7)
makes a high-to-low transition while the decode logic is
disabled.

A low level on this line causes DRQ and INTRQ to set at a
logic 1.

When CS is low and the address lines are high, INTRQ is
cleared; if the address lines are low then DRQ gets cleared.
(i.e. setatalogic 1).

+5V +£10% power supply input.

PIN
NUMBER SYMBOL NAME
1 NRZ NON-RETURN-TO
ZERO
2 SKPEN SKIP ENABLE
3 WCLK WRITE CLOCK
4 WCLK WRITE CLOCK
5 RWC REDUCED WRITE
CURRENT
9 NC No Connection
10 Vss vVss
11 NOM NOMINAL
12 LATE LATE
13 EARLY EARLY
16 MFM MFM DATA
6 CS CHIP SELECT
INTCLK INTERRUPT
REQUEST CLOCK
7 DRQCLK DATA REQUEST
CLOCK
15 iNTRQ INTERRUPT
‘REQUEST
14 DRQ DATA REQUEST
17 MR MASTER RESET
18,19 AQ,A1 ADDRESS 1,0
20 Vece Vce
DEVICE DESCRIPTION

The WD1100-02 is divided into two sections: MFM
Generator and Interrupt Logic. The MFM Generator con-
verts NRZ data into MFM data and provides Write
Precompensation signals. The Interrupt Logic is used
specifically on the WD1000: Winchester Controller Board
and may be used in similar designs to generate Interrupt
signals. The two sections of the device are isolated and
have no common input or output signals.

Prior to entering data, the SKPEN line must be set to a logic
0 to enable only clocks in the data stream. Data is entered
on the NRZ line and strobed on the high-to-low transition of
WCLK. The encoded NRZ data appears on the MFM (pin 16)
output lagging by one clock cycle.

Write Precompensation signals EARLY, LATE, and NOM are
generated as each data or clock pulse becomes available at
the input when RWC is logic 1. The algorithm used is on
Page 8.



TO BE SENT

LAST DATA SENT SENDING NEXT EARLY LATE NOM

X 1 1 0 H L L

X 0 1 1 L H L

0 0 0 1 H L L

1 0 0 0 L H L

ANY OTHER PATTERN L L H
DEVICE DESCRIPTION (CONTINUED) — — — | ——
MR A R INTRQ

The SKPEN signal is used to record a unique data/clock 1 Ao cs DRQ T
pattern as an Address Mark, using Al data with 0Asg 0 X X X H H
clock. This pattern is used for synchronization prior to data
or ID fields that are read from the disk. 1 X X 1 Qy Q,
When the SKPEN signal is set to a logic 1, the internal skip 1 0 0 0 H Q
logic is enabled. As long as zeroes are being shifted into - N
the NRZ line, the device generates normal MFM data. On 1 1 1 0 Qy H
receipt of the first non-zero bit (typically the MSB of the
A14g the skip logic begins to count WCLK cycles. When the 1 1 0 0 Qy Qy
MFM generator tries to produce a clock between data bits 2 1 0 1 0 Q Q
and 3, the skip logic disables the MFM generator during N N

that time. The result for A1, data is a clock pattern of 0A4g
instead of OEg. Although other data patterns may be used,
the MSB of the pattern must be a 1 (804¢ or higher) in order
to enable the skip logic at the proper time. After the skip
logic has performed, it then disables itself and MFM data
is recorded normally starting with the succeeding byte.
To re-enable the skip logic again, the SKPEN line must be
strobed.

The Interrupt Logic is used to clear Data Requests (DRQ)
and Interrupt Requests (INTRQ) by selecting CS (pin 6) in
combination with Ag and A4. The MR (Master Reset) signal
is used to clear both DRQ and INRQ simultaneously.

41

X = Don'tcare
Q, = remains at previous state

DRQ and INTRQ can be set to a logic 0 only on the high-to-
low transition of DRQCLK and INTCLK respectively. The
signal will remain at a logic 0 until cleared by a MR or pro-
per address selection via CS, A4, and A,.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient TemperatureunderBias. ........... 0°cto50°c
Voltage on any pin with respecttoVgg .. —0.2Vto + 7.0V
PowerDissipation. . ........... ... ... . oL 1 Watt
STORAGE TEMPERATURE:

PLASTIC. .. .. —55°Cto +125°C
CERAMIC............ .o -55°Cto +150°C

NOTE: Maximum ratings indicate operation when perma-

nent device damage may occur. Continuous opera-
tion at these limits is not intended and should be
limited to those conditions specified in the DC Elec-
trical Characteristics.

DC Electrical Characteristics TA = 0°C1t050°C,V¢cC = +5V = 10%,Vgg = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
VIL Input Low Voltage -0.2 08 \

VIH Input High Voltage 2.0

VoL Output Low Voltage 0.4 v loL = 3.2mA
VOoH Output High Voltage 2.4 \Y IOH = — 200uA
Voc Supply Voltage 45 5.0 5.5 \

Icc Supply Current 100 mA All outputs open

AC Electrical Characteristics Tp = 0°Ct050°C; Vo = +5V + 10%;Vgg = OV

SYMBOL PARAMETER MIN TYP MAX UNIT CONDITION

fwe WCLK FREQUENCY 5.25 MHZ

tps Data Setup w.r.t.  WCLK 10 nsec

tDH Data hold w.r.t. s WCLK 25 nsec

tMF t WCLK to* MFM delay 160 nsec Pin 1 LOW

tFM { WCLK to{ MFM delay 180 nsec Pin 1 LOW

twN Data delay to NOM from 190 nsec Pin4 = LOW
{WCLK

twE Data delay to EARLY from 180 nsec Pin4 = LOW
{WCLK

twiL Data delay to LATE from 180 nsec Pin4 = LOW
{WCLK

tMR Master reset pulse width 50 nsec

tMD {MRto* DRQ 150 nsec
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SYMBOL ’ PARAMETER MIN TYP! MAX UNIT CONDITION
t™MI {MRtotINTRQ 150 nsec
tpQ DRQCLK pulse width 50 nsec
tiQ INTCLK pulse width 50 nsec
tpD ¢ DRQCLK to DRQ 120 nsec
1] VINTCLK to INTRQ 120 nsec
tAD {AXtot DRQ 145 nsec
tAl t AX tot INTRQ 160 nsec
tcD {CStot DRQ 145 nsec
tcl 1CStotINTRQ 180 nsec
tRN tRWC to {INOM 115 nsec

NOTES: 1. Typical Values are forTA = 25°Cand Vg = +5.0V.

WCLK JW LT
NIob 2 L tos — b -
NRzZ tMF:*:v* 0 \ o |11 0 ‘ 1 0 o 1o o 1
! tEM T i
;! A:: 00 _— Alg : -
MFM twe —a-) 54— i
EARLY L Jel | [e]
! H
NOM ? !
iy il
bt i*’ —— ety
. i ! >
LATE —— el o]
AN —| et
RWC
WD1100-02
Figure 4. MFM Generator Timing
—o} MR- L
MR tmp tﬁ grfx — 'I__4— o
= e . cD AD e
DR?—T*“II — tvi m“Tﬂ ot
wRa | — ---
WD1100-02 WD1100-02
Figure 5 Figure 6
| toaj«- —| tig |~
DR’QCLG_:___"_ NTGLK _J -
BRQ —{ P WRG L
WD1100-02 WD1100-02
Figure 7. Figure 8.

See page 725 for ordering information.
“
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Western Digital
WD1100-12 Improved MFM Generator

W)

b
DESCRIPTION S
The WD1100-12 improved MFM Generator converts NRZ The WD1100-12 is fabricated in NMOS silicon gate ©
data into an MFM (Modified Frequency Modulated) data technology and is available in a 20 pin plastic or ceramic
stream. The derived MFM signal containing both clocks dualk-in-line package.

and data can then be used to record infarmation on a
Winchester Disk Drive utilizing this recording technique. In
addition to an MFM output, the device generates first level FEATURES

Write Precompensation signals for use with inner track e SINGLE +5V SUPPLY
densities. A unigue feature of the WD1100-12 is the ability ¢ 5MBIT/SEC DATA RATE
to delete a clock pulse in the outgoing MFM stream in e WRITE PRECOMPENSATION
order to record Address Marks. e ADDRESS MARK GENERATION
RWC »
2XDﬁ1
__ |-»- EARLY
NRZ - L > NOM
WRITE A P LATE
4BIT T
WCLK wm—————=q] gH|FT | PRECOMP
GEN. C
REG. b
et WCLK »————— MFM GEN [—]__» MFM
NRz[] 1 20 [Jvee ‘
SKPEN[ ] 2 19[JAo
woLk[] e 18 []A “SKIP"
_— SKPEN ‘
WCLR[ ] 4 17 MR LOGIC
RWC[] s 16 [ IMFM . o k\1\601100-1;6": s
. — *Figure 2. Block Diagram MFM Generator
cs[]s 15 [_JINTRQ g 9 -
DRQCLK 7 14 DRQ
___E : Q DRQCLK »»—
INTCLK[ ] 8 13 [JEARLY 1 —
- D S gp— DRQ
2XDR[] 9 12 [_JLATE op
Vss[Tlio 11[_JNOM R
INTCLK = —1 OJ
D QPT—> INTRQ
pbCP
R
AQ »——
DECODE
AT "l oaic
CS »w——
MR»
wD1100-12 WD1100-12
Figure 1. Pin Connections Figure 3. Block Diagram Interrupt Control Logic
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FUNCTION

PIN
NUMBER SYMBOL NAME
1 NRZ NON-RETUEN-TO
ZERO
2 SKPEN SKIP ENABLE
3 WCLK WRITE CLOCK
4 WCLK WRITE CLOCK
5 RWC REDUCED WRITE
CURRENT
9 2XDR 2TIMES
DATA RATE
10 Vss Vss
B NOM NOMINAL
12 LATE LATE
13 EARLY EARLY
16 MFM MFM DATA
Cs CHIP SELECT
8 INTCLK INTERRUPT
REQUEST CLOCK
7 DRQCLK DATA REQUEST
CLOCK
15 iINTRQ INTERRUPT
REQUEST
14 DRQ DATA REQUEST
17 MR MASTER RESET
18,19 AQ,A1 ADDRESS 0, 1
20 \Yele \ele

NRZ data input that is strobed into the MFM generator by
WCLK().

This input arms the SKIP logic for recording Address Marks
when set to alogic 1.

Complimentary clock inputs. NRZ data is clocked into the
MFM Generator on the high-to-low transition of WCLK
(pin 3).

This signal when high, enables EARLY, LATE and NOM
outputs,

This input is used to latch EARLY, LATE, NOM and MFM
outputs.

Ground.

Output signal from the Write Precompensation Logic used
to signify that data is to be written nominal.

Output signal from the Write Precompensation Logic used
to signify that data is to be shifted LATE before writing.

Output signal from the Write Precompensation Logic used
to signify that data is to be shifted EARLY before writing.

This output contains the MFM encoded data derived from
the NRZ (pin 1) line.

Low input signal used to enable the Address decode logic.

A low on this line will latch the INTRQ (pin 15) at a logic 0.
A low on this line will latch the DRQ (pin 14) at a logic 0.

This output is latched at a logic 0 when INTCLK (pin 8)
goes/ is low.

This output is latched at a logic 0 when DRQCLK (pin 7)
goeslis low.

A low level on this line causes DRQ and INTRQ to set at a
logic 1.

When CS is low and the address lines go high, INTRQ is
cleared; if the address lines go low then DRQ gets cleared.
(i.e. set at alogic 1).

+ 5V + 10% power supply input.

DEVICE DESCRIPTION

The WD1100-12

is divided

into two sections: MFM

Prior to entering data, the SKPEN line must be set to a logic

Generator and Interrupt Logic. The MFM Generator con-
verts NRZ data into MFM data and provides Write
Precompensation signals. The Interrupt Logic is used
specifically on the WD1000 Winchester Controller Board
and may be used in similar designs to generate interrupt
signals. The two sections of the device are isolated and
have no common input or output signals.

0 to enable only clocks in the data stream. Data is entered
on the NRZ line and strobed on the high-to-low transition of
WCLK. The encoded NRZ data appears on the MFM (pin 16)
output lagging by one clock cycle.

Write Precompensation signals EARLY, LATE, and NOM
are generated as each data or clock pulse becomes
available at the input when RWC is togic 1. The algorithm
used is on-Page 4.
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DEVICE DESCRIPTION (CONTINUED)

The SKPEN signal is used to record a unique data/clock
pattern as an Address Mark, using Al data with 0Aqg
clock. This pattern is used for synchronization prior to data
or ID fields that are read from the disk.

When the SKPEN signal is set to a logic 1, the internal skip
logic is enabled. As long as zeroes are being shifted into
the NRZ line, the device generates normal MFM data. On
receipt of the first non-zero bit (typically the MSB of the
A4 the skip logic begins to count WCLK cycles. When the
MFM generator tries to produce a clock between data bits 2
and 3, the skip logic disables the MFM generator during
that time. The result for A14¢ data is a clock pattern of 0Ag
instead of OE4. Although other data patterns may be used,
the MSB of the pattern must be a 1 (804 or higher) in order
to enable the skip logic at the proper time. After the skip
logic has performed, it then disables itself and MFM data
is recorded normally starting with the succeeding byte.
To re-enable the skip logic again, the SKPEN line must be
strobed.

The Interrupt Logic is used to clear Data Requests (DRQ)
and Interrupt Requests (INTRQ) by selecting CS (pin 6) in
combination with Ag and A4. The MR (Master Reset) signal
is used to clear both DRQ and INRQ simultaneously.

47

>

Ccs DRQ | INTRQ

ZOI
[}
z

I
o
z

z
-

=z

o|lo|o|o
010 |0
P-4
[N 9]

-4
z

X = Don’t care

Q, = remains at previous state

DRQ and INTRQ can be set to a logic 0 only by a low level
or DRQCLK and INTCLK respectively. The signal will
remain at a logic 0 until cleared by a MR or proper address
selection via CS, A4, and Ag.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature under Bias
Voltage on any pin with respect to Vssg . .

Power Dissipation

STORAGE TEMPERATURE:

PLASTIC........

0°Cto50°C
. —-02Vto +7.0V
1 Watt

-55°Cto +125°C
-55°Cto +150°C

NOTE: Maximum ratings indicate operation when per-

manent device damage may occur. Continuous
operation at these limits is not intended and shouid
be limited to those conditions specified in the DC
Electrical Characteristics.

DC Electrical Characteristics TA = 0°Cto 50°C; Vo = +5V = 10%;Vss = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
ViL Input Low Voltage -0.2 08 \'

VIH Input High Voltage 20 v

VoL Output Low Voltage 04 Y loL = 32mA
VOH Output High Voltage 24 \ IOH = —200uA
\eole] Supply Voltage 45 5.0 5.5 v

icc Supply Current 100 mA All outputs open

AC Electricai Characteristics TA = 0°C1050°C; Vgc = +5V = 10%; Vss = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
tFR WCLK FREQUENCY 5.25 MHZ
tps Data Setup w.r.t. \WCLK 10 nsec
tDH Data hold w.r.t. { WCLK 25 nsec
tMF t WCLK to t MFM delay 210 nsec Pin 1 LOW
tFm { WCLK to { MFM delay 230 nsec Pin 1 LOW
tWN Data delay to NOM from 240 nsec
{WCLK
tWE Data delay to EARLY from 230 . nsec
{WCLK
twiL Data delay to LATE from 230 nsec
WCLK
tMR Master reset pulse width 50 nsec
tMD { MR to t DRQ 150 nsec
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SYMBOL PARAMETER MIN TYP MAX UNIT CONDITION
tMI {MRtotiINTRQ 150 nsec
tpQ DRQCLK pulse width 50 nsec
tiQ INTCLK pulse width 50 nsec
top + DRQCLK to DRQ 120 nsec
tn +INTCLK to INTRQ 120 nsec
tAD {AXtotDRQ 145 nsec
tal t AX to t INTRQ -~ 160 nsec
tcp +CStotDRQ 145 nsec
tcl +CS to tINTRQ 180 nsec
tRN t RWC to § NOM 145 nsec
tre 4 2XDR to t EARLY 75 nsec
tTN ¢ 2XDR to t NOM 75 nsec
tTL +2XDR to t LATE 75 nsec

NOTES: 1. Typlcal Values are for T, = 26°Cand Vg = +5.0V.

0 1 2 3 4 5 6 7
wox — UL rrnnruuyrarige
{ 1 ' fwe ¢ |
_ K tps St 1 1DH e I
Nz g 0 o Lhi[o s o o o ol [
b - ! |
ty 40 00 a N Alqg N 1
! , (o=
C c ' C cjo p} ! C T K¢ D
won LU R ol 5L el { L el LI
1 ]
3XDR |||||||||||||||||||l|||||| ””l|||||”||||||||||||”|||l|
[} | t [ 1
‘WE—O—| | D— N | el e {TE )
"o 'l—-l )
EARLY I _lc HI c !
! ) i tTN '
NOM : L :
L S Wy
[}
tWN—!  fam — fe—tpL —wy 7L
[} t
| [l [o]
LATE ) !
RWC -

WD1100-12 Figure4 MFM GENERATOR TIMING
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1] == CSorAXx L -
~ a— MD tcp or taD =™ = - =
DRG - — {h|
—p-‘-a-tM| - DRQ -: -—'CI _-—
INTRQ INTRQ e—eed
WD1100-12 Figure 5 WD1100-12 Figure 6
—{tDQ e — g o—
pracik  L_J INTCLK L
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DRQ INTRG |
WD1100-12 Figure 7 WD1100-12 Figure 8

See page 725 for ordering information.

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 for 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
specifications at anytime without notice.
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Western Digital
WD1100-03 AM Detector

DESCRIPTION

The WD1100-03 Address Mark Detector provides an effi-
cient means of detecting Address Mark Fields in an MFM
(NRZ) data stream. MFM (NRZ) clocks and data are fed to
the device along with a window clock generated by an ex-
ternal data separator. The WD1100-03 searches the data
stream for a DATA = A1, CLK = 0A pattern and produces
an AM DET signal when the pattern has been found. NRZ
data is an output from the device, which can be used to
drive a serial/parallel converter. An uncommitted latch is
also provided for by the data separator circuitry, if required.

The WD1100-03 Address Mark Detector is fabricated in
NMOS silicon gate technology and is available in a 20 pin
dual-in-line package.

FEATURES

SINGLE +5V SUPPLY
5 MBITS/SEC DATA RATE

DECODES A116-0A¢g

SYNCHRONOUS CLOCK/DATA OUTPUTS
20 PIN DIP PACKAGE

+5V D
P » Q » QOUT
ST ) o L_j
Nt
RCLK []+ 20[ ] Vee
o™ - efJAs | N »———0 ° o
RCLK 3 18 cp il
] ] SHIFT REG
CLKIN [+ 7] Ne RCLK °
o R
pout []s 16 ] AMDET "
TEST1
ne []e 15[ ] AMDET
. | DCLK
Nne [(]7 14 QOUT ENDET R DETECT A1 i AMDET
- o no DETECT 0A —
e ot
ENDET [] o 12[] pcLk l___>
TEST 2
Vss [0 1] TEST 2
R
S Q
CIKIN » b 8BIT
SHIFT REG
RCLK »———=@—o0] C
wD1100-03 WD1100-03

Figure 1. Pin Connections
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Figure 2. Block Diagram
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6,7,13,17 NC No Connection

PIN
NUMBER SYMBOL NAME FUNCTION

1 RCLK READ CLOCK Complimentary clock inputs used to clock DIN and CLK IN

3 RCLK READ CLOCK into the AM detector.

2 DIN' DATA INPUT MFM data pulses from the external Data Separator are con-
nected on this line.

4 CLKIN CLOCK INPUT MFM clock pulses from the external Data Separator are
connected on this line.

5 DOUT DATA QUTPUT Data Output from the internal Data Shift register, syn-

chronized with DCLK.

To be left open by the user

8 TEST 1 TEST 1 To be left open by the user.
11 TEST2 TEST 2
9 ENDET ENABLE A logic 1 on this line enables the detection logic to search
DETECTION for adata A14g and clock.
10 Vss Vss GROUND.
12 DCLK DATA CLOCK Clock output that is synchronized with DATAOUT (Pin 5).
14 QouT LATCH OUTPUT Signal output from the uncommitted latch.
15 AMDET ADDRESS MARK Complimentary Address Mark Detector output. These
DETECT signals will go active when a Data = A1y Clock = 0A4g
16 AMDET ADDRESS MARK pattern is detected in the data stream.
DETECT
18 CP CLOCK PULSE A low-to-high transition on this fine will cause the QOUT
(Pin 14) to be latched at a logic 0.
19 RST RESET A logic 0 on this line will cause the QOUT (Pin 14) signal to
be set at a logic 1.
20 Ve vVcoe +5V = 10% power supply input.
DEVICE DESCRIPTION

Prior to shifting data through the device, the internal logic
must be initialized. While the ENDET (Pin 9) line is at a logic

0, shifting of data will be inhibited and AMDET, AMDET,
CLK, and DATA OUT will remain inactive.

When ENDET is at alogic 1, shifting is enabled. NRZ data is
entered on the DIN line (Pin 2) and shifted on the high-to-
low transition of RCLK (Pin 1). NRZ clocks are entered on
the CLK IN line, and shifted on the high-to-low transition of
RCLK {Pin 3). The DOUT line (Pin 5) is tied to the last stage
of the internal Data Shift register and will reflect informa-
tion clocked into the DIN line delayed by 8 bits.

While each bit is being shifted, a 16 bit comparator is con-
tinuously checking the parallel contents of the shift
registers for the DATA = A1l45, CLK = 0A4g pattern. When
this pattern is detected, AMDET will be set to a logic 0 and
AMDET will be set to a logic 1. AMDET and AMDET will re-
main latched until the device is re-initialized by forcing
ENDET to alogic 0.

When an AM is detected, DCLK will begin to toggle. Data.
present on the DOUT line may then be clocked into an ex-
ternal serial/parallel converter. DCLK will remain inactive
when ENDET is held at a logic 0.

An uncommitted edge-triggered flip/flop has been providec
to facilitate the detection of high frequency by the data
separator, but may be used for any purpose. The low-to-
high transition of CP (Pin 18) will set the QOUT (Pin 14) to a
logic 0. QOUT may be reset back to a logic 1 by a low level
on the RST line (Pin 19).

TEST1 and TEST2 are output lines. TEST1 is an active low
pulse when an A1l,4 is detected, and TEST2 is active low
pulse when a OAq is detected. These signals are
used for test points and therefore should be left open by
the user if not required.




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underbias ........... 0°Cto50°C
Voltage on any pin with respecttoVgg ... —0.2Vto + 7.0V
Powerdissipation. ........... .. ... 1 Watt

STORAGE TEMPERATURE
PLASTIC. ...t —585°Cto +125°C
CERAMIC........... ... . ..ooe. —-5856°Cto +150°C

NOTE: Maximum ratings indicate operation where perma-
nent device damage may occur. Continuous opera-
tions at these limits is not intended and should be
limited to those conditions specified in the DC elec-
trical characteristics.

DC Electrical Characteristics TA = 0°Cto50°C; Voo = +5V £ 10%,Vgg = 0V

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION

ViL Input Low Voltage -0.2 0.7 \Y

VIH Input High Voltage 2.0 \"

VoL Output Low Voltage 0.4 \ loL = 32mA

VOH Output High Voltage 24 \" IOH = — 200uA

Vce Supply Voltage 45 50 5.5 \

Icc Supply Current 100 mA Ali outputs open
AC Electrical Characteristics Ta = 0°Ct050°C; Vo = +5V + 10%, Vsg = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION

fRC RCLK Frequency 5.25 MHZ

tsT Data Setup time 40 nsec

tHT Data Hold time 10 nsec

tpD DOUT to DCLK DELAY 110 nsec

tRD {RCLK to? DCLK 120 nsec

tRA VRCLK tot AMDET 115 nsec

tRM {RCLK to } AMDET 125 nsec

tRO { RCLK to DOUT 135 nsec

tEA V ENDET to ¢ AMDET 130 nsec

tRQ { RST to + QOUT 110 nsec

tRW Pulse width of RST 50 nsec

tcw CP Pulse width 90 nsec

tcq +CP to{ QOUT 106 nsec

NOTES: 1. Typical Values are for Ta = 26°Cand Voo = + 5V.
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Figure 3. Functional Timing

See page 725 for ordering information.

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 for 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
specifications at anytime without notice.
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Western Digital
WD1100-04 CRC Generator/Checker

DESCRIPTION FEATURES

The WD1100-04 CRC Generator/Checker is designed to ¢ GENERATES/CHECKS CRC
generate a Cyclic Redundancy Checkword from a serial e SINGLE + 5V SUPPLY

data stream, and to check a data stream against a known e LATCHED ERROR QUTPUTS
CRC word. Complimentary latched “CRCOK” outputs are o X% 4 X12 4 X5 + 1(CCITT-16)
provided to indicate CRC errors in check mode. Additional * AUTOMATIC PRESET

logic has been included to shift the CRC checkword out of ¢ 20 PIN DIP PACKAGE

the device by signals generated on other WD1100 family
devices.

The WD1100-04 is fabricated in NMOS silicon gate
technology and is available in a 20 pin dual-in-line package.

00LLAM
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Figure 1. Pin Connections Figure 2. Block Diagram
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PIN
NUMBER SYMBOL NAME FUNCTION
1 DIN DATAINPUT Active low serial input data stream is used to
generate/check the 2 byte CRC word.
2 DOCK DATA OR CFFC; After a byte of data has been transferred in, this input
WORD CLOCK signal is used to latch the state of DOCE in an internal
D flop with a high to low transition.
3 SHFCLK SHIFT CLOCK The falling edge shifts data bits into the CRC
generator/checker. It also transfers the CRC check word to
DOUT in the write mode (DOCE = LOW). The rising edge
also activates the CRCOK lines in the read mode when no
erroris found.
4,5 N.C. NO CONNECTION
CWE CHECK WORD This active low output indicates that the CRC checkword is
ENABLE being output on the DOUT line. When CWE is high, data is
being output on DOUT.
7 DOCE DATA OR CRC Initially, this input line is held high to direct input data (pin
ENABLE 1) to the output data (pin 11). After the next to the last BYTE
is transmitted but before the last BYTE occurs DOCE must
be low to direct the 2 CRC check bytes to DOUT (pin 11).
DOCE must be maintained low for a minimum of 2 byte
times. DOCE is used only in the write modle.
8 CRCIZ CYCLIC _ When this line is at a logic 0, the SKPCLK output line is
REDUNDANCY held high and the CRC generator is held preset to hex
CHECK INITIALIZE “FFFF.
9 N.C. NO CONNECTION

10 Vss GROUND GROUND.

11 DOUT DATA OUTPUT In the write mode, this line outputs the unmodified data
stream along with the 2 byte CRC word appended to the
end of the stream.

12 SKPCLK SKiP CLOCK The first high-to-low transition on DIN (pin 1) resets
SKPCLK low and enables the CRC to either generate or
check the CRC word.

13 CRCOK CYCLIC in the read mode, after the 2 byte CRC word is entered

REDUNDANCY on DIN and no error has been detected, this line is set
CHECK OKAY high to indicate no errors_have occurred. This line will
then remain high as iong as DIN is maintained high.

14 WCLK WRITE CLOCK This input clock is divided by 16 to produce TIMCLK
(pin 15) and has no effect on the rest of the internal cir-
cuitry.

15 TIMCLK TIMING CLOCK See above.

16 CRCOK CYcLIC . Complementary output version of CRCOK (pin 13).

REDUNDANCY
CHECK OKAY
17-19 N.C. NO CONNECTION
20 vee Vce + 5V = 10% power supply input.
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DEVICE DESCRIPTION

Prior to shifting data thru the device (either in the read or
write modes) the CRC generator/checker is initialized by
strobing the CRCIZ (pin 8) low. This forces the SKPCLK (pin
12) line to the high state. The first low going transition on
DIN (pin 1), namely the most significant bit of an address
mark, resets the SKPCLK line. The WD1100-04 has now
been properly initialized and is ready to generate/check the
CRC bytes. The CRCOK and CRCOK lines should be set to
their inactive states.

In the write mode, initially the DOCE (pin 7) is held high and
a pseudo DOCK is produced by supplying a string of zeros
before the address mark. This ensures the proper state of
the internal D flip flop to gate input data to the output line
DOUT (pin 11). As shown in the block diagram the CWE (pin
6) will be set high. Sometime between the next to the last
and the last DOCK that indicates the end of the data
stream, DOCE (pin 7) is lowered to ensure the smooth tran-
sition of the 2 byte CRC checkword to the output line
DOUT (pin 11).

DOCE must be maintained low for a minimum of 2 byte
times. After the CRC word is generated, DOUT will produce
a string of zeros (i.e., held high). This portion of the circuitry
is dormant in the read mode.

After proper initialization, input data is entered on DIN (pin
1) along with the 2 byte CRC word for the read mode of

operation. At the end of the data stream, if no errors were
detected the CRCOK (pin 13) is set high. Accordingly the
complimentary output (pin 16) is set low. These output
states will be maintained as long as DIN is held high and
CRCIZ (pin 8) is not strobed. If the CRCOK lines do not
become active, an error has been detected and a re-try is in
order. If successive re-tries fail, an error flag may be set to
determine a further course of action as desired by the user.

WCLK is divided by 16 to produce TIMCLK which may be
used as a buffered step clock for SA1000 compatible
drives.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underBias............ 0°cto50°c
Voltage on any pin with respecttoVgg ... —0.2Vto + 7.0V
Power Dissipation. .............. ...l 1 Watt
STORAGE TEMPERATURE

PLASTIC. ...t iii e ~55°Cto +125°C
CERAMIC.................. ... —-55°Cto +150°C

NOTE: Maximum ratings indicate operation where perma-
nent device damage may occur. Continuous opera-
tions at these limits is not intended and should be
limited to those conditions specified in the DC Elec-
trical Characteristics.

DC Electrical Characteristics Tp = 0°Ct050°C; Voo = +5V + 10%, Vgs = 0V

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
VIL Input Low Voltage -0.2 0.8
VIH Input High Voltage 20 \
VoL Output Low Voltage 0.4 v oL = 3.2mA
VOH Output High Voltage 24 Vv loH = —200uA
Vce Supply Voltage 45 5.0 5.5 \
icc Supply Current 100 mA All outputs open

AC Electrical Characteristics TA = 0°t0 50°C,VgC = 5V£10%, Vgg = OV

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
Wt tWCLK to ¢ TIMCLK 95 nsec
tWR tWCLK to t TIMCLK 85 nsec
tzg + CRCIZ to t SKPCLK 120 nsec
tzK CRCIZ pulse width 90 nsec
tBs DOCE set up time w.r.t. 20 nsec
+ DOCK
tBH Dg(lhold time w.r.t. 40 nsec
+ DOCK
tDD DIN to DOUT delay 105 nsec CWE set high

M
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SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
tDK {DIN to | SKPCLK 120 nsec
tpw DIN PW. to reset SKPCLK 50 nsec
tic + DOCK to + CWE 120 nsec
t8C 4 DOCK to t CWE 120 nsec
fsc SHFCLK frequency 5.25 MHZ
tSR 1+ SHFCLK to t CRCOK 85 nsec
tsc + SHFCLK to { CRCOK 90 nsec
N ¢ DOCK to ¢ DIN 90 nsec

Notes: 1. Typical valuesareforTp = 25°CandVgg = +5.0V

i
i
DOCK
| n-1 n n = last data byte
| | [
| I tan | tes P
DOCE : ! — :‘__
| Remains low forl 2 ;byte times
| TR
CWE ! T e
1 !
: : ! write mode
f——n-1 ! n ! CRC bytes
P — U
poutr X s X e X7 X o X X2 X o X e X5 X e XX o X X2
i
tsR—| [
11
1
CRCOK 1 |
tsc—a!  je— read mode

CRCOK ; 1’
] - |

WD1100-04

Figure 3. Write Mode
) e
CHCIZ ZK

SKPCLK W=

ON  — T tow[-—
WD1100-04
Figure 4. Initialize

See page 725 for ordering information.

Information furnished by Western Digital Corporation is belisved to be accurate and reiiable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for 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
specifications at anytime without notice.
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Western Digital

WD1100-05 Parallel/Serial Converter

DESCRIPTION

The WD 1100-05 Parallel/Serial Converter allows the user to
convert a byte of data to a serial stream when writing to a
disk or any serial device. Paralliel data is entered via the DO-
D7 lines on the rising edge of DCLK. A synchronous BYTE
counter is used to signify that 8 bits of data have been
shifted out and that the 8 bit latch is ready to be reloaded.
The double buffering of the data permits another byte to be
loaded while the previous byte is in the process of being
shifted.

The WD1100-05 is implemented in NMOS silicon gate
technology and is available in a 20 pin plastic or ceramic
dual-in-line package.

—
po [] 20 ] vee
D1 []>2 19 ] EN
D2 []s 18] ] NC
D3:4 17:]?E-§—T-
pa [ 16 [ ] BDONE
D5 [ 15[ ] pout
pe [(]7 14 ] SHFCLK
o7 []e [ ) LD

sHFCLK ] 9 12 ] WeLR
Vss [ 1o [ ] Dok

FEATURES

SINGLE + 5V SUPPLY
DOUBLE BUFFERING

BYTE STROBE OUTPUTS

5M BITS/SEC SHIFT RATE
TRI-STATE OUTPUT CONTROL
PARALLEL IN/SERIAL OUT

20 PIN DIP PACKAGE

WD1100-05
Figure 1. Pin Connections

8 8 f
Do-D7 »—74——0 D Qlo—F——o 8 ~
8 BIT D Q DOUT
LATCH —0
DCLK > c 8 BIT SHIFT
REG
WCLK »- e [0}
> SHFCLK
+5V +5V [>—» SHFCLK
0 BYTE D
COUNTER  §lo—e—ac Q BDONE
c
— _ i
TEST e LD EN
1 > D
WD1100-05

Figure 2. Block Diagram
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PIN NUMBER| SYMBOL NAME FUNCTION

1-8 DO-D7 DATA O-DATA 7 8 bit parallel data inputs (bit 7 = MSB).

9 SHFCLK SHIFT CLOCK Inverted copy of WCLK (pin 12) which is active when
ENABLE (pin 19) is at a logic 0.

10 Vss GROUND GROUND.

11 DCLK DATA CLOCK Active low input signal resets the BDONE (pin 16) latch.
The low-to-high (trailing edge) clocks the input data into the
internal 8 bit latch.

12 WCLK WRITE CLOCK The high-to-low (V) edge of this clock signal is used to shift
the data out serially. The low-to-high (t) edge is used to up-
date the internal byte counter (module 8).

13 LD LOAD This active low signal indicates that the Byte Counter is be-
ing preset to 1. Normally left open by the user.

14 SHFCLK SHIFT CLOCK Delayed copy of WCLK (pin 12) which is active when EN
(pin 19) is at a logic 0.

15 DOUT DATA OUT Serial data output enabled by EN (pin 19).

16 BDONE BYTE DONE This output signal is forced to a logic 1 whenever 8 bits
of data have been shifted out. BDONE remains in this
state unless reset by the loading of another byte of
data.

17 TEST TEST INPUT This pin must be left open by the user.

18 NC No Connection

19 EN ENABLE This active low signal enables DOUT, SHFCLK,
SHFCLK, and BDONE outputs. When high, these out-
put signals are in a high impedance state.

20 Vee vee +5 + 10% power supply input.

DEVICE DESCRIPTION WCLK cycles unless the next byte to be transmitted is the

Prior to loading the WD1100-05, it is recommended that
00H (or FF) be loaded into the input buffers to ensure that
DOUT is at a fixed level. EN (pin 19) is set to a logic 0 to
enable the device outputs.

Data is entered on the DO-D7 input lines and is strobed into
the data latches on the rising edge of DCLK (pin 11). DCLK
also resets BDONE (pin 16). The first BDONE that comes
up simply means that the WD1100-05 is ready to accept
another byte of data and that the previous byte entered is in
the process of being shifted out. If the BDONE is serviced
prior to every 8th WRITE CLOCK pulse the output data will
represent a contiguous block of the bytes entered. Due to
the asynchronous nature of the WD1100-05, the input data
will be available in serial form at the output anywhere from
8 to 16 write clock cycles later.

Data is shifted out on the high-to-low (}) transition of the
WCLK (pin 12). The fow-to-high (1) transition of WCLK in-
crements a byte counter which in turn sets the BDONE
signal high after 8 bits of data have been shifted out. The
low-to-high transition of BDONE aiso causes the loading of
the data buffer into the shift register. The data buffer is now

ready to be reloaded with the next byte.

The loading of the next byte automatically clears the
BDONE signal. The entire process as outlined above is
repeated. BDONE always needs to be serviced within 8

same as the previous byte.

Four signals, BDONE, DOUT, SHFCLK, and SHFGLK, can
be placed in a high impedance state by setting EN (pin 19)
to a fogic 1. Likewise, EN must be at a logic 0 in order for
these signals to drive any external device.

The TEST pin is internally OR’ed with the counter output to
produce the LD (pin 13) signal. This is used to inhibit the bit
counter by external means for test purposes. It is recom-
mended that TEST be left open by the user. An internal
pullup register is tied to this pin to satisfy the appropriate
logic level required for proper device operation.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Ambient TemperatureunderBias ........... 0°Cto50°C
Voltage on any pin with respectto Vgg ... —0.2Vto +7.0V
PowerDissipation. . . ........... ... ... ... .... 1 Watt
STORAGE TEMPERATURE

PLASTIC.............. .. ...t -55°Cto +125°C
CERAMICS. ...................... —-55°Cto +150°C

NOTE: Maximum ratings indicate operation where perma-
nent device damage may occur. Continuous opera-
tions at these limits is not intended and should be
limited to those conditions specified in the DC elec-
trical characteristics.
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DC Electrical Characteristics: T, = 0°Ct050°C; Vg = +5V = 10%, Vgg = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
VIL Input Low Voltage -0.2 0.8 \'%

VOH Input High Voltage 20 \

VoL Output Low Voltage 0.4 \ loL = 3.2mA
VOH Output High Voltage 24 \ IOH = — 200uA
Vece Supply Voltage 45 5.0 55 \

lcc Supply Current 100 mA All Outputs Open

AC Electrical Characteristics: TpA = 0°Cto50°C; Voo = +5 = 10%;Vgg = OV

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
fwec WCLK frequency 5.25 MHzZ

tpw DCLK pulse width 50 nsec

tDs Data set-up w.rt.t DCLK 30 nsec

tDH Data hold time w.r.t. 1 DCLK 30 : nsec

tDB VDCLK to{ BDONE 130 nsec EN=0
tDo ¥ WCLK to DOUT 130 nsec EN=0
tsH { WCLK toV SHFCLK 75 nsec EN=0
tHS tWCLK tot SHFCLK 70 nsec EN=0
twB + WCLK to t BDONE 75 180 nsec

tes +EN to BDONE, DOUT 25 nsec

SHFCLK ACTIVE
toL +WCLK to ¢ LD 50 nsec

NOTES: 1. Typical Values are for Tp = 25°Cand Vo = +5.0V

S Jwt [pinipipipininipinipipinipiainl
o L L L]
gt L |

D7-DO | I><tBy( : : :znuaweX 5 E me |
BoNe [~ ﬂ—i T
e 0 E e | I

N o 1= |
T T T— D EX B X EXEXED
SHFOIR| JH I u*u*ifjlnrmm’_rwm
il aiaisininisinEninininininisinis

WD1100-05
Figure 3. Functional Timing Diagram
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Western Digital
WD1100-06 ECC/CRC Logic

DESCRIPTION FEATURES

The WD1100-06 ECC/CRC logic chip gives the user of ¢ 32 bit computer selected polynomial
the WD1100 series of chips easy ECC or CRC imple- « Single burst correction up to 8 bits
mentation. With proper software, it will provide single

burst correction up to 8 bits and double burst detec- ~ ® Multipie burst detection
tion. The computer selected polynomial has been op- ¢ Programmable correction/detection span
timized for Winchester 5% " and 8" drives with sector
sizes up to 512 bytes. * CRC or ECC software selectaple
¢ Data transfer rates to 5.25 Mbits/sec
¢ Serial check/syndrome bit processing
* 128, 256, 512 byte sector sizes
¢ Single + 5V supply
e TTL, MOS compatible
e 20 pin DIP package
SEL »
ECCiZ »
DCSS »
RIW »———
~ :
] 20 [ Vee aep »—0  MUux | CONTROL O—> DOUT
Rep ]2 19 |WBS WCP »—O : O—> EDOUT
wop [ 3 18[ ] RBS RDAT »—-O : O—» CSE
WEE:4 1730%5 WDAT »-O) : D—» BS
WDAT 5 16 EDOUT .
seL[]e 15[_] bouT RBS »—Q : O—> ECCEN
geoz 7 14[ ] FBD wss »—O | O—» FBD
NC[]8 13[_JCSE |
ECCEN[] @ 12[]B% (B » RWCP
Vss [_]10 11[_JRwce
S
SHIFT REGISTER
Do Q31 _'<+)
WD1100-06 Figure 1. WD1100-06 Figure 2.
PIN CONNECTIONS BLOCK DIAGRAM
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WD1100-06 ECC/CRC DEVICE PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 READWRITE RW input line used to select the data, clock and
CRCI/ECC strobe during read/write operations.
When low input signals WDAT, WCP, and WBS
are selected. When high input signals RDAT,

RCP, and RBS are selected.
2 READ CLOCK RCP Input pulse used by the internal shift registers
PULSE to compute the 4 syndrome bytes.
3 WRITE CLOCK WCP Input pulse used by the internal shift registers
PULSE to compute the 4 check bytes.

4 READ DATA RDAT Serial data input during a read operation.

5 WRITE DATA WDAT Serial data input during a write operation.

6 SELECT SEL This input is used to select either the CRC or
the ECC polynomial for error detec-
tion/correction. SEL = 0 ECC polynomial
selected. SEL = 1 CRC polynomial selected.

7 ECC INITIALIZE ECCIZ Input used to preset all the internal shift
registers. Output lines FBD, EDOUT, DOUT, and
CSE will be in their inactive high states. The
first low going edge of either RDAT or WDAT
signals the activation of all internal circuitry.

8 NO CONNECTION N/C No connection.

9 ECC ENABLE iECCEN When low, the ECC/CRC process is enabled.
When high, this output signal indicates that the
process is disabled.

10 GROUND vVss Ground

11 READWRITE RWCP Output clock pulse during read or write

CLOCK PULSE operations. The input clock pulses RCP and
V\%P are multiplexed on this output line for use
by any support logic.

12 BYTESYNC S The input signals RBS and WBS are gated with
the appropriate clocks and muitiplexed as an
output on the byte sync line. Normally not used
by the user.

13 CLOCK SELECT CSE When high, this output indicates that the device

ENABLE is in the process of computin the
check/syndrome bytes and that EDOUT and
DOUT lines contain data information. When
low, the device puts CRC or ECC check/syn-
drome bits on the output data lines.

14 FEEDBACK FBD The feedback line to the shift registers is
brought out as an output line for test purposes.
Normally left open by the user.

15 DATA OUTPUT pouT Output data line carries data or CRC/ECC in-
formation depending upon the state of DCSS.

16 EARLY DATA EDOUT Unlatched output data line available 1 clock

OUTPUT period earlier than DOUT.
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WD1100-06 ECC/CRC PIN DESCRIPTION (CONTINUED)

PIN

NUMBER PIN NAME SYMBOL

FUNCTION

17 DATA/ICHECK
SYNDROME SELECT

DCSS

18 READ BYTE RBS

19 WRITE BYTE WBS

20 +5V Vee

Data or check/syndrome select input line. When
high, data is output on the data lines; when low,
CRC or check syndrome bits are output
depending upon which polynomial is selected.
DCSS goes low sometime between the last and
the next to the last data byte transferred to/from
the disk provided all set-up and hold-times have
been met. DCSS must stay low for at least 2
byte times when the CRC polynomial selected
and it must stay low for at least 4 byte times if
the ECC polynomial is selected.

Input used to latch the state of DCSS during the
read mode.

Input used to latch the state of DCSS during the
write mode.

+5V +10%

DEVICE DESCRIPTION

To ensure correct operation of the WD1100-06 device,
the ECCIZ line is strobed to preset the polynomial
generator shift register, and reset the Data/Check-
Syndrome select flip-flop. The 32 bit shift register
string is preset to avoid all zero check bytes. The
DCSS line is held high and appropriate signals are
then applied to the rest of the inputs. Since most disk
media use an Address mark of A1 (or M.S.B. set),
advantage is taken of this feature to start off the
ECCICRC calculation on the data/ID fields automati-
cally. The first active low going edge on the input
data lines releases the internal SET Flip-Flop. The
ECCEN output line is set low indicating that the
internal circuitry is ready to begin the computation of
the ECC/ICRC bytes. Immediately following the
Address mark, data is supplied in a serial fashion.

Sometime before the last byte of data and after the
next to the last byte of data is transferred through
this device, the DCSS line is set low. Since data is
generally serialized/deserialized before/after process-
ing by the WD1100-06 device, the byte-sync pulses
can be easily obtained from those devices marking
the byte boundaries. The byte-sync pulses are inter-
nally ANDED with the RWCP line to ensure the
smooth transition of check/syndrome bytes on the
DOUT output line only after the last bit of data has
been entered into the device. A one bit time dela
through a D Flip-Flop has been added on the DOU
line to deglitch this output line.

During a WRITE operation, the input data stream is
divided by the polynomial X32 + X28 + x26 4+ X19
+ X17 4+ X10 + X2 + 1 and the 32 bit remainder ob-
tained is used as the 4 check syndrome bytes. If the
syndrome is zero, no errors occurred. Otherwise, the
non-zero syndrome is used by a software algorithm to
compute the displacement and the error vector

within the bad sector. To protect the integrity of the
ID field only a CRC check should be performed over
this field. No attempt ought to be made to correct
data in the ID field. The CRC polynomial imple-
mented is the standard CCITT (X16 + X12 + X5 + 1)
Although either polynomial may be used for both
fields, the use of the CRC polynomial for the ID fields
is recommended since it only requires 2 bytes in-
stead of 4.

POLYNOMIAL SELECTION

For disk media, polynomial selection has a signifi-
cant influence on data accuracy. Fire code
polynomials have been widely used on OEM disk
controllers, but provide less accuracy than properly
selected computer generated codes.

For fixed, guaranteed correction and detection
spans, data accuracy may be highly dependent on
polynomial selection. Some polynomials, fire codes
for example, are particularly susceptible to miscor-
rection on common disk type errors, while others,
computer generated polynomials for exampie, can be
selected to be less susceptible: Computer generated
codes do not have the pattern sensitivity of the fire
code and the miscorrection patterns are more ran-
dom in nature.

More than 20,000 computer generated random
polynomials of degree 32, each with 8 feedback
terms, were evaluated in order to find the polynomial
described in this specification.

SELECTING THE CORRECTION SPAN

The code described in this document can be used to
correct up to 8 bits.

Any correction span from 1 to 8 may be selected.
However, for best data accuracy, the lowest correc-
tion span should be used that meets the correction
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requirements for the disk drives supported.

For most Winchester media, a 5 bit correction span is
adequate.

The correction span may have to be longer if the drive
uses a read/write modulation method that maps a
single media bit in error into several decoded bits in
error. Examples of read/write modulation methods of
this type would be GCR and 2,7 code.

PROPERTIES OF THE POLYNOMIAL

The following polynomial was computer selected for
insensitivity to short double bursts, good detection
span and 8 feedback terms.

Forward golynomlal is:

X32+X8+X26+X19+X17+X104 X6 + X2

+

Reciprocal polynomial is:

X32 4+ X30 4+ X26 + X22 4+ X15 +x13 4 X6 + X4

+ X0

Properties*

1. Maximum record length (r) = 526x8 bits (including
check bits)

2. Maximum correction span (b) = 8 bits

3. Degree of polynomial (m) = 32

4. Single burst detection span without correction =

32 bits. (Detection span when the code is used for
detection only)

5. Single burst detection span with correction (d) —
(Detection span when the code is used for correc-
tion

19 bits for b=5 and r = 526x8

14 bits for b=8 and r=526x8

20 bits forb=5 and r = 270x8

= 14 bits forb=8 and r + 270x8

6. Double burst detection span without correction —

(Doule burst detection span when code is used for

correction)
= 3 bits forb=5 and r=526x8
= 2 bits forb=8 and r=526x8
= 4 bits forb=5 and r=270x8
= 2 bits forb=8 and r=270x8

Non-detection probability = 2.3 E-10.

Miscorrection probability—
= 157 E-5 forb=5and r = 526x8
= 1.25 E-4 forb=8 and r = 526x8
= 8.00 E-6 forb=5and r=270x8
= 6.40 E-5 forb=8and r=270x8

NOTE:*

You should not use this polynomial for a record
length or correction span beyond the maximum
specified above.

N
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SOFTWARE REQUIREMENTS

The software algorithm, developed by the user, uses
the syndrome to detect an error, generate a correc-
tion pattern and a displacement vector or to deter-
mine if uncorrectable. in the correction algorithm, &
simulated shift register is used to implement the
reciprocal polynomial. The simulated shift register is
loaded with the syndrome and shifted until a correct-
able pattern is found or the error is determined to be
uncorrectable. Both forward and reverse displace-
ments are computed.

Either the serial or the parallel algorithm may be
implemented by the user. In almost all cases the
serial software algorithm is the most applicable.
Additionaily, 1K of table space is required if the
parallel software algorithm is selected. It is assumed
that the highest order bit of a byte is serialized ancd
deserialized first.

CORRECTION TIME PERFORMANCE

All real time operations are performed with error cor-
rection hardware. The software algorithms used get
involved only after an error has been detected.

The following correction times are for a serial type
algorithm such as that used on the WD1001:

a) Standard microprocessor = 30 to 60 milliseconds
b) Bit slice = 6 to 12 milliseconds
¢) 8X300 (used on WD1001) = 15 to 30 milliseconds

DATA ACCURACY

ERP (Error Recovery Procedure) strategies have a
significant influence on data accuracy. An ERF
strategy requires data to be re-read before applying
correction and results in much better data accuracy.
The WD1001 employs such a strategy. This strategy
reduces the possibility of passing undetected erron-
eous data by rereading until the error goes away, or
until there has been a consistant error syndrome over
two previous rereads.

Another technique that can be used to give data a
higher probability of recovery is write check: read
back after write. Since write check affects per-
formance, it should be optional. Alternate sector
assignment and defect skipping are some of the
other techniques that may be implemented by the
user if so desired.



SELF-CHECKING WITH MICROCODE

Periodic microcode and/or software checking is
another approach that can be used to limit the
amount of undetected erroneous data transferred in
case of an ECC circuit failure. Microcode or software
diagnostics could be run on subsystem power up
and during idle times. These diagnostics would force
ECC errors and check for the proper syndrome and
proper decoding of the syndrome by the correction
routine of the operational microcode.

To do this, simply use a long bit in the READ and
WRITE commands to the disk. This bit can then be
used to suppress the transfer of check/syndrome
bytes on the output data line by letting the DCSS line
stay high during ECC TIME. The complete procedure
is summarized below.

1. WRITE: Pass all data to the disk and generate 4
check bytes at the end of the data field.

2. READLONG: Do not generate the syndrome, in-
stead copy the 4 check bytes as data and pass
them unaltered to the host. Now the host may in-
duce errors anywhere in the data stream as long as

67

the induced error does not exceed the correction
span of the polynomial generator.

3. WRITELONG: Write the data and check bytes

supplied by the host to the disk. Prevent WD1100-
06 from generating check bits by not asserting
DCSS during transfer. No check bytes will be
recorded.

4. READ: Read data and generate the syndrome in a
normal manner. The software algorithm can now
be invoked to correct the induced error.

To aid in detection of certain hardware failures, it is
desirable to have non-zero check bytes for an all
zeros record. This feature has been incorporated into
the circuit defined in this specification.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underbias. ... .. 0°Cto50°C
Voltage on any pin with
respecttovVseg............... -02Vto +7.0V
Powerdissipation ...................... 1 Watt
Storage Temperature
Plastic................... -55°Cto +125°C
Ceramic.................. —-55°Ctio + 150°C

NOTE:

Maximum ratings indicate operation where per-
manent device damage may occur. Continuous
operations at these limits is not intended and should
be limited to those conditions specified in the DC
electrical characteristics.

DC Electrical Characteristics Ta = 0°Ct050°C; Vog = +5V + 10%, Vss = 0V

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
ViL Input Low Voltage -02 0.8 Vv
VIH Input High Voltage 20 \
VoL Output Low Voitage 0.4 \ IoL = 32mA
VOH Output High Voltage 24 \Y loH = —200uA
Vce Supply Voltage 45 5.0 55 \
icc Supply Current 75 150 mA All outputs open

ECCIZ PULSE WIDTH

HIGH FOR READ LOW FORWRITE

> le— tiE
ECCEN __[ L
RDAT i
WDAT tsT T “THT

le—fcp

wee w1t

E
LT LT L

[ L

[ ]

AC Electrical Characteristics TA = 0°C1t050°C; Vo = +5V = 10%, Vss

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
fcp Clock Frequency 5.25 MHZ
tiz ECCIZ -Pulse Width 20 nSec
tiE ECCIZ | to ECCEN t 100 nSec
tsT R/WDAT Setup Time 50 1 Clock nSec
Period
tHT R/WDAT Hold Time 0 nSec

See page 725 for ordering information.
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Western Digital
WD1100-07 Host Interface Logic

DESCRIPTION FEATURES

The WD1100-07 Host Interface Logic chip simplifies ¢ SINGLE +5V SUPPLY

the design of a Winchester Hard Disk Controller

using the WD1100 chip series. It does this by per- * WAIT SIGNAL GENERATION
forming logic functions that would otherwise require ~ ® TIMING CLOCK GENERATION
considerable discrete logic. Additionally, there are ¢ INDEX PROPAGATION
signals provided for ECC implementation. e CARD ACCESS CONTROL

The WD1100-07 is implemented in NMOS silicon gate o COMPLIMENTS ECC ARCHITECTURE
technology and is available in a 20 pin plastic or

3
O
-—h
d
=
b
=)
~

ceramic Dual-in-Line package. ¢ 20 PIN DIP PACKAGE
RD6 W»——0Q
_— P P WAIT
WR6 »——Q CONTROL
R LOGIC
— WAEN —-Q . CSAG
WCLT 1 20 Jvee s »———Q
wez [] 2 19[] weLK SACEN e}
RESET ] 3 18[] C5 4
SACEN [] 4 17 ] WHEN
AMDETE 5 16 ] RCP WCLK I + 16 —» TIMCLK
TIMCLK 6 15[ ] RBS
RESET »»—g 5
rRoLk ] 7 14[] AMOUT W3 >
INDEX ] 8 13[ ] CSAC 1
UNR ] 9 12[JWATT _ D S
vss [0 11[J LINDEX INDEX 2 P ;ATCH Q P> LINDEX
o—— 1
RCLK - RBS
BYTE COUNTER
AND > RCP
DELAY
AMDET I»—t——0) % —p AMOUT
Y
WD1100-07 Figure 1. WD1100-07 Figure 2.
PIN CONNECTIONS BLOCK DIAGRAM
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 WAIT CLEAR1 WCL1 This input presets a WAIT latch to a non-WAIT
condition on the falling edge.

2 WAIT CLEAR 2 WCL2 This input presets a WAIT latch to a non-WAIT
condition on the falling edge.

3 RESET RESET An input used to set TIMCLK & reset WAIT,
AMOUT and RBS.

4 SELECT ADDRESS SACEN This is an input signal that is used to enable

ENABLE card select for host access.
5 ADDRESS MARK AMDET An input that must go active when a
DETECT DATA = A1(HEX) or clock =0A(HEX) pattern is
detected in the data stream

6 TIMING CLOCK TIMCLK An output used to provide reference timing sig-
nals to SA100 type drives

7 READ CLOCK RCLK This input, the same as used to clock in data
and clocks to the AM detector, is used to
produce AMOUT.

8 INDEX PULSE INDEX This input is provided by the drive once each
revolution of the disk

9 LINDEX RESET LINR An input used to reset LINDEX.

10 GROUND Vgg Ground

11 LATCHED INDEX LINDEX An output that is INDEX delayed by one ciock
time.

12 WAIT WAIT This output goes true when controller is inter-
nally accessing data or has not accepted data
from the host during a WRITE.

13 CARD SELECT CSAC An output that is the result of CS qualified with

ADDRESS SACEN.
14 ADDRESS MARK AMOUT This output is a delayed version of AMDET.
DELAYED OUTPUT

15 READ BYTE STROBE | RBS This output strobes once for each byte of READ
data. Initialized by AMDET.

16 READ CLOCK PULSE | RCP This output is delayed from RCLK through prop-

_ agation. Not normally used.

17 WAIT ENABLE WAEN An input that is used to enable the internal
WAIT circuitry.

18 CARD SELECT Cs An input from host that selects controller.

19 WRITE CLOCK WCLK This input is used to produce TIMCLK on low to
high transitions.

20 +5VDC Vce +5V £ 10%

DEVICE DESCRIPTION Timing Clock

Upon power up or reset, WAIT, AMOUT, and RBS are
reset and TIMCLK is set. This is the only interactive
signal between the four sections of the chip. Each
section will be described separately.

Control Logic

This section prowdes WAIT (pin 12) and CSAC (pin
13). WAIT is set in its active low state when WAEN
(pin 17) is active low by the falling edge of CS (pin 18).
WAIT is reset by the falling edge of either WCL1 or
WCL2 depending on whether in a read or write mode.
CSAC (pin 13) is enabled by settmg SACI‘ N (pin 4)

WCL1 or WCL2.

TIMCLK (pin 6) is a divided by sixteen version of
WCLK (pin 19). It is used with SA1000 type drives.

index Pulse

Lindex (pin 11) is a delayed version of INDEX (pin 8). it
remains high until reset by LINR (pin 9).

Read Byte Sync

RBS (pin 15) will go true on the eighth negative going
transition of RCLK (pin 7) after AMDET (pin 5) goes
true. RBS will remain true for one clock cycle.

Read Clock Pulse

RCP (pin 16) is a delayed version of RCLK and is
normally left open by the user.




Address Mark Delayed Output

AMOUT (pin 14) is the same as AMDET delayed by
two clock times.

These circuits were developed to work with the other
chips in the WD1100 series. They are used on the
WD1001 the timing relationships must be observed.

"SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underBias . .. ... 0°Cto50°C
Voltage on any pin with

respecttoVgs ............... -0.2Vto +7.0V
Power Dissipation....................... 1 Watt
Storage Temperature Plastic -55°Cto +125°C

Ceramic —55°Cto +150°C

NOTE:
Maximum ratings indicate operation when perma-
nent device damage may occur. Continuous opera-
tion at these limits is not intended and should be
limited to those conditions specified in the DC Elec-
trical Characteristics.

DC Electrical Characteristics TA = 0°Ct050°C; Voe = +5V + 10%;Vgg = OV

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION

VIL Input Low Voltage -0.2 0.8 \'
VIH Input High Voltage 20 \

VoL Output Low Voltage 04 \Y loL = 3.2mA
VOH Output High Voltage 24 \Y IoH = —200uA
Vce Supply Voltage 45 5.0 5.5 \Y

icc Supply Current 100 mA All outputs open

AC Electrical Characteristics TA = 0°Cto50°C; Vcc = +5V + 10%;Vss = OV
SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION

fwc WCLK FREQUENCY 5.25 MHZ

tcw CS! to WAITY 50 160 nSec

tws WCL1! or WCL2! to WAIT? 170 195 nSec

tsu WAEN Setup Time 50 nSec

tsc SACEN! to CSACt 5 70 nSec | WAIT TRUE
tcs WCL 1 or WCL2{ to CSACY 45 155 nSec | WAIT TRUE
twT WCLK? to TIMCLK? 250 nSec

tLl INDEX! to LINDEX?t 50 100 nSec

tLw LINR! to LINDEX{ 30 100 nSec

tpc RCLK! to RCPY 30 75 nSec

tRA AMDET Setup Time 30 50 nSec

) 2CLOCK | 2CLOCK
tAM AMDET! to AMOUT! CYCLES CYCL_SES nSec
+
8CLOCK | 8CLOCK
tes RCLK! to RBS! CYCLES CYCLES nSec
+165
tRB RBS Period 1 CLOCK
| CYCLE

1 NOTE: Typical Values are for TaA = 25°C and VCC = +5V
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WAIT

WCL1 or WCL2

CSAC

WCLK

TIMCLK

L

tWT—-»-J:

tL) —|

tBs

«tRB >

See.page 725 for ordering information.
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Western Digital
WD1100-09 Data Separator Support Logic

GENERAL DESCRIPTION technology and is available in a 20 pin plastic or

The WD1100-09 Data Separator Support Logic, when ~ Ceramic package.

used with the other chips in the WD1100 series,

greatly reduces the external discrete logic required to FEATURES

design a Winchester hard disk data separator. The * SINGLE +5V SUPPLY
chip provides the pump signals to an external error e DRUN GENERATION

amplifier, control signals to an internal bus and a
special drive selection signal also to an internal bus. * DATA SEPARATION CONTROL SIGNALS

The WD1100-09 is fabricated in NMOS silicon gate  ® 20 PIN DIP PACKAGE

60-001 1AM

DRS1 Iy
DRS? P DRIVE
PRS2 SELECTED | DS
BRE3 Q) LOGIC
DRS4 »—Q
DATA [ 1 20[JVee
REF[] 2 19[ ] RGATE DIN ] BUMP D—3» P
DIN[] 3 18[ ] DMR 0sSC » LOGIC $» DOWN
osc[T] 4 17[_) DRS4
DRs1] 5 16{_] WRITE
AFRG ] 6 15[ ] DR33
DRS2[] 7 14[JDbs DMR P
DRUN[] 8 13{ ] WDAT DATA Do c » DEUN
R = EC_)WN RGATE  Jpor———s SEPIZ/I\RT:\TOR — DOUT
vgs [J10 1P CONTROL
WDAT I LOGIC D———» HIFRQ
WRITE »—0
S]] “S—
WD1100-09 Figure 1. WD1100-09 Figure 2.
PIN CONNECTIONS BLOCK DIAGRAM
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 READ DATA DATA Input that is used in DRUN generation.

2 REFERENCE REF An input that is 2 times the data rate that keeps
the VCO on center frequency during non-read
times.

3 DELAYED DATA IN DIN This input is a delayed version of DOUT. An
external delay line is used. The signals are
compared to provide pumps.

4 OSCILLATOR 0SsC An input from the external VCO that is used in
pump development

57, DRIVE SELECT 1- DRS1- Input signals indicating which drive has been
15,17 DRIVE SELECT 4 DRS4 selected.

6 HIGH FREQUENCY HIFRQ Output to controller microprocessor that in-
dicates 16 ones or zeros have been entered on
the DATA line.

8 DATA RUNNING DRUN Output that indicates to the controller
microprocessor the completion of 16 ones or
zeros on the data line. Used to switch from REF
to DATA via firmware.

9 DATA OUT DOUT Output data line. Can be REF or DATA or WDATA
depending on the condition of WRITE, DMR and
RGATE.

10 GROUND Vss Ground

11 UP PUMP up An output that indicates REF is leading DATA.
Goes to error amp. Open collector.

12 DOWN PUMP DOWN An output that indicates DATA is leading REF.
Goes to error amp. Open collector.

13 WRITE DATA WDATA MFM Write data input. Output appears at DOUT.

14 DRIVE SELECTED DS An output that indicates that one of four drives
have been selected.

16 WRITE MODE WRITE This input is active during a write operation and
enables WDAT.

18 DATA MASTER DMR This input is used to provide time-out for DRUN

RESET and HIFRQ in the event that 16 ones or zeros are
not present.

19 READ GATE RGATE This input, usually provided by the controller

; microprocessor, places chip in read mode.

20 +5VDC i Vce +5VDC = 10%

DEVICE DESCRIPTION

The WD1100-09 is divided into three sections. Each
section will be described separately.

Drive Select Logic

DS (pin 14) will go active high if any input DSR1
through DRS4 (pins 5, 7, 15, 17) are active low.

Pump Logic

Internal logic causes the UP (pin 11) and the DOWN
(pin 12) to be set, initially to their inactive states. DIN
(pin 3) is the delayed data developed by passing
DOUT through a delay line. OSC (pin 4) is the output
of the data separator VCO. Whichever reaches the
pump logic first will determine whether UP PUMP or
DOWN PUMP is produced. These signals are then
sent to an external error amplifier and used for VCO
correction. During a write, the DIN must be locked to

a crystal oscillator clock and will hold the VCO on
frequency.

Data Separator Control Logic
Read Mode

In order to prevent the external VCO from locking
onto a harmonic of its operating frequency, REF (pin
2) is provided with a signal twice the data rate that is
crystal controlled. With WRITE (pin 6) and RGATE (pin
19) inactive, this signal will appear at DOUT (pin 9).
This signal is applied to the pump logic (see above).

The switching function is initiated immediately after
RGATE goes true. DMR (pin 18) will be set active as a
result of high frequency pulses applied to an external
one shot whose pulse width is such that its output is
a single stretched pulse. The high frequency pulses
are applied to the DATA (pin 1) line and after 16
consecutive pulses, DRUN (pin 8) and HIFRQ (pin 6)




go true. At this point REF is switched out and the
DATA stream is switched in and appears at DOUT.
DRUN is reset when RGATE goes inactive and

HIFRQ goes inactive when DMR goes inactive.

Write Mode

When WRITE (pin 16) goes active, REF is switched
out and WDAT (pin 13) will appear at DOUT. Since
WDAT is a crystal controlled signal (usually the MFM
write data); the VCO is held locked and will not drift
(see pump logic above).

READ MODE

DMF(___,
DATA___’UUUUUUI—JLI

[

F"

tpD ->: S :
I I
DRUN l ! £ ¢
\ " e tpR
T 4 —
RGATE _I v, L_____
! - tHp
¥ { ¢

1L

DMR

WRITE MODE

DATA

DRUN

|

Yy

DATA

UL o

AC Electrical Characteristics TA = 0°Cto50°C; Vo = +5V + 10%;Vss = 0V

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
tDD DATA! to DRUN/{ 170 nSec
tDR RGATE! to DRUN? 90 nSec
tHD DMRI to HIFRQ? 90 nSec
2 TIMES
fRE REF frequency DATA RATE 10 MHz B
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Ambienht Temperature underBias ... ... 0°Cto50°C
Voltage on any pin with

respecttoVgs . ... —-0.2Vto +7.0V
Power Dissipation. .. .................... 1 Watt
Storage Temperature Plastic -55°Cto +125°C

Ceramic -55°Cto +150°C

NOTE:

Maximum ratings indicate operation when perma-
nent device damage may occur. Continuous opera-
tion at these limits is not intended and should be
limited to those conditions specified in the DC Elec-
trical Characteristics.

DC Electrical Characteristics TA = 0°Ct050°C; Vg = +5V = 10%;Vss = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
ViL Input Low Voltage ~0.2 0.8 \Y

ViH input High Voltage 20 \)

VoL Output Low Voltage 0.4 \Y loL = 3.2mA
VOH Output High Voltage 2.4 \ IOH = -- 200uA
Voo Supply Voltage 4.5 5.0 55 \)

icc Supply Current 100 mA All outputs open

NOTE: UP and DOWN are open collector outputs and provide 12mA oL @ 5V.

See page 725 for ordering information,
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WD1010 Winchester Disk Controller

FEATURES APPLICATIONS
e Compatible with most 8- and 16-bit processors e Seagate ST506, ST512 E
¢ Data rate up to 5 Mbits per second e Shugart SA1000, SA1100, SA600
¢ Multiple sector read/write commands ¢ Tandon 600 Series E
¢ Unlimited interleave capability e Texas Instruments 506 o
¢ Automatic formatting o RMS 500 Series 8
¢ Software selectable sector size ¢ Quantum Q2000 Series
(128, 256, 512, or 1024 bytes per sector) ¢ Miniscribe
e CRC generation/verification ... and others
¢ Automatic retries on all errors .
e Automatic restore on seek errors DESCRIPTION
* Single +5V supply N The WD1010 is a MOS/LSI device designed for use
* Provision for external ECC capability with the drives listed above as well as other drives
‘ compatible with the SA1000 or ST506 interface. The
controller requires only a single + 5 volts supply. It is
designed to operate with an external sector buffer
memory and to interface directly with TTL logic.
The WD1010 is fabricated in NMOS silicon-gate
technology and is available in a 40-pin, Dual-in-line
ceramic or plastic package.
FUNCTIONAL DESCRIPTION
The WD1010 is software compatible with the WD1000
controller board. Programming is very similar to that
of the Western Digital FD179X floppy disk controller.
sesd 1\ 40 bvee Data bytes are transferred to or from the buffer every
Bﬁ? 2 39 HRe 1.6usec., with a 5Mbit/sec drive. The buffer may be
] either the Western Digital WD1510 128x9 FIFO
INTRQD] 3 38 [1RG memory (Fig. 1) or a combination of a 256x8 static
NCcOl 4 37 AARD RAM and a 9 bit resettable counter (Fig. 2). The
MRO 5 36 [1BDRQ WD1010 generates control signals to minimize ex-
el 6 35 JBRDY ternal gating. Buffer to processor transfers are made
— 4 via programmed /O or DMA. The controller also
WEL] 7 34 LIDRUN generates handshake signals to control DMA
csfj 8 33 [IRWC operations for multiple sector transfers. The WD1010
A0[] 9 32[Qsc interfaces to the Western Digital DM1883 and other
a1 10 31 [] TKOOO DMA controllers.
A2[] 11 30 []WF
D7 [] 12 29 [1INDEX
p6[] 13 28 [1DRDY
D5 (] 14 27 [ STEP
D4 ] 15 26 [J DIR
D3] 16 25 [1WC
D2[] 17 24 WG
D1[] 18 23 [1EARLY
po[] 19 22 [N LATE
vss[] 20 21 [ WD
PIN CONNECTIONS
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TABLE 1. INTERFACE SIGNALS

PIN NUMBER SYMBOL PIN NAME FUNCTION
12-19 D7-DO Data7-Data0 Eight bit bidirectional bus used for transfer of
commands, status, and data.

6 RE READ ENABLE Tristate bidirectional line, used as an input for
reading the task register and an output when
WD1010 is reading the buffer.

7 WE WRITE ENABLE Tristate bidirectional line used as an input for
writing into the task register and as an output
when the WD1010 is writing to the buffer.

9-11 AO-A2 ADDRESSO- These three inputs select the register to
ADDRESS 2 receivef/transmit data on DO-D7.

8 Cs CHIP SELECT A logic low on this input enables both WE and
RE signals.

3 INTRQ INTERRUPT Active high output which is set to a logic highin

REQUEST the completion of any command.

5 MR MASTER RESET A logic low in this input will initialize all internal
logic.

1 BCS BUFFER CHIP Active low output used to enable reading or

SELECT writing of the external sector buffer.

35 BRDY BUFFER READY This input is used to inform the controller that
the sector buffer is full or empty.

2 BCR BUFFER COUNTER | Active low output that is strobed by the WD1010

RESET prior to read/write operations.
36 BDRQ BUFFER DATA This output is set to initiate data transfers
REQUEST to/from the sector buffer.

40 Vee + 5volt +5V £ 5% Power supply input.

20 Vss GROUND Ground.

4 NC NO CONNECTION This pin must be left open by the user.

21 WD WRITE: DATA This output contains the MFM clock and data
pulses to be written on the disk.

25 WC WRITE: CLOCK 4.34 or 5.0 MHz clock input used to derive alil
internal write timing.

24 WG WRITE. GATE This output is set to a logic high before writing

- is to be performed on the disk.
23,22 EARLY, LATE EARLY, LATE Precompensation outputs used to delay the WD
puises externally.

37 RD READ DATA Data input from the Drive. Both MFM clocks and
data pulses are entered on this pin.

39 RC READ CLOCK A normal square wave clock input derived from
the external data recovery circuits.

38 RG READ GATE This output is set to a logic high when data is
being inspected from the disk.

39 DRUN DATA RUN This input informs the WD1010 when a field of
one’s or zeroes have been detected.

27 STEP STEP PULSE This output generates a pulse for the stepping
motor.

26 DIR DIRECTION This output determines the direction of the
stepping motor.

28 DRDY DRIVE READY This input must be at a logic high in order for
commands to execute.

30 WF WRITE FAULT An error input to the WD1010 which indicates a
fault condition at the drive.

31 TKO00O TRACK 000 An input to the WD1010 which indicates that
the R/W heads are positioned over the outer-

4 most cylinder.
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TABLE 1. INTERFACE SIGNALS

PIN
NUMBER SYMBOL PIN NAME FUNCTION

29 INDEX INDEX PULSE A logic high on this input informs the WD1010
when the index hole has been encountered.

33 RWC REDUCED WRITE This output can be programmed to reduce write

CURRENT current on a selected starting cylinder.

32 SC SEEK COMPLETE This input informs the WD1010 when head

settling time has expired.

PROCESSOR INTERFACE DESCRIPTION

The WD1010 controller interfaces to a host or /O
processor via an 8 bit bidirectional data bus. The
buffer memory is also connected to the data bus. The
WD1010 is designed for use with buffer memory and
external bus transceivers. One anticipated system
configuration is shown in Figure 1. In this system,
the processor starts a disk operation by writing task
information into the register file in the controller. The
task information includes the disk cylinder, head,
sector numbers, drive number, track number for start
of write precompensation, sector size, and number of
sectors to be transferred. After the task information
has been written, the processor writes the command
into the command register. In the case of a write
sector command, the processor can then read the
controller status register to inspect the buffer data
request flag, and write data into the buffer memory.
When the buffer becomes full, it activates the BRDY
input of the controller. The controller then deac-
tivates the buffer data request (BDRQ) line_and ac-
tivates the BCS line. The buffer chip select (BCS) line
is used both for buffer memory_control and for
disabling the data bus, RE and WE buffers. The
controller thus has a direct bus to the buffer memory
which is isolated from the processor data bus. When
the buffered data is transferred to disk and the buffer
memory is empty, the controller enables the tristate
buffers, thus reconnecting the two busses. The
processor can then write more data into the buffer
memory.

The WD1010 disk controller generates control sig-
nals for RAM-counter control, data bus control, ECC
processor and DMA control.

TABLE 2. TASK REGISTER FILE

A2]1A1[A0 READ WRITE

0] 0|0 |Data Data

0| 0 |1 |ErrorFlags Write Precomp Cyl.
0| 1|0 |SectorCount Sector Count
0111 |Sector Number Sector Number

1 {0 | 0 |Cylinder No. Low |Cylinder No. Low
110 |1 |Cylinder No. High |Cylinder No. High
111]0 |SDH SDH

1(11]1 |Status Command

- circuitry. Signals are provided to control

TABLE 3. SDH REGISTER

SECTOR SECTOR |DRIVE* | HEAD*
EXTENSION | SIZE NUMBER' NUMBER
BIT7 6 [ 5] 4| 3 2 1 0
1=ECC 1 1 128 byte data field
0 = CRC 0]0 256 byte data field
0 1 512 byte data field
1 0 1024 byte data field

*Drive Number and Head Number must be externaily
decoded and latched.

DRIVE INTERFACE DESCRIPTION

The WD1010 disk controller is designed to interface
to SA1000 Winchester disk drives. Winchester drives
with similar interfaces, such as the Seagate
Technology ST506, can also be controlled.

The WD1010 contains MFM encoder/decoder, ad-
dress mark detector, and high speed shift register
write
precompensation and write splice avoidance. Ex-
ternal circuitry must provide a phase locked MFM
read clock and high frequency detection. Figure 1
shows a typical controller-drive interface for a system
with two Winchester disk drives.

WD1010 inputs are TTL compatible unless otherwise
noted. WD1010 outputs will drive one TTL unit load.

STATUS BIT DESCRIPTION

Busy — Active when controller is accessing the disk.
Activated by start of command (writing into com-
mand register). Deactivated at end of all except read
sector. For read sector, Busy is deactivated when a
sector of data has been transferred to buffer.

Drive Ready — Normally reflects the state of DRDY
pin. After an error interrupt, the state of DRDY is
frozen until the status register is read. The DRDY bit
then reflects the state of the DRDY pin. An interrupt
is generated when reset.

Write Fault — Reflects the state of the WF pin. An
interrupt is generated when set.

S —
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Seek Complete — Reflects the state of the SC pin.

Data Request — Reflects the state of the BDRQ pin.
When active, indicates that a buffer data transfer is
desired. The data request flag is used for pro-
grammed /O while the BDRQ pin is used for DMA
controlled 1/O.

Command in Progress — Indicates that a command
is in progress.

Emror — Indicates that a bit in the error register has
been set.

ERROR BIT DESCRIPTION

Bad Block — A bad block address mark has been
detected when trying to read or write that sector.

Data Field CRC Error — An error in the data field has
been detected. The sector can be re-read to attempt
recovery from a soft error. The data contained in the
buffer can be read but contains errors.

REPEATED N TIMES

ID Not Found — Occurs when cylinder, head, sector,
or size parameters cannot be found after 16 index
pulses have been encountered.

TK000 Error — Occurs when track 0 not found in a
Restore command after 1024 stepping pulses.

Aborted Command — Set if command was started
and one of the following conditions occurred:
1. Drive not ready
2. Write fault
3. Seek complete not active within 16 index pulses
4. lllegal command code

Data AM Not Found — During a read command,
the ID field for the desired sector has been
found, but the data field address mark was not
found. The data AM should be found within 15
bytes after the ID field. Refer to Figure 3 for
track format.

- '
I

GAP P12

GAP 3 14BYTES CYL | gy CRC | 3BigyTES! (At 8 DATA | CRC [3BYTES

. (4E) (00) (A1) IDENT) | Gw SEC| 7o loo)BYTES) AN | FB) | celp | | 00
(4E) (00)
: \ A ]
[ | t ] I
—— IDFIELD [ DATAFIELD — 5

f— 200 nS. MIN. INDEX PULSE

WRITE GATE ewsssswemmesmmnd

NOTE:

1) When MSB of head byte = 1, bad block is

detected.

2) Write Gate turn-on is 3 bytes after the ID

field's CRC bytes.

3) Write Gate turn-off is 3 bytes after the Data

Field’'s CRC bytes.

4) 12 bytes of zeroes are re-written on a Data
Field update.

5) The 2 LSB's of the IDENT byte are used for
Cylinder high. These values are:
FF = 0 to 255 cylinders
FF = 256 to 511 cylinders
FC = 512 to 767 cylinders
FD 768 to 1023 cylinders

6) GAP 3 length is programmable and may range
from 3 bytes to 255 bytes.

FIGURE 3
TRACK FORMAT

TABLE 4. STATUS/ERROR REGISTERS

STATUS ERROR
BIT REGISTER REGISTER
MSB7 | BUSY Bad Block
6 DRIVE READY Data Field CRC
5 WRITE FAULT Reserved (=0)
4 SEEK COMPLETE | ID Not Found
3 DATA REQUEST Reserved {(=0)
2 RESERVED (=0) Aborted Command
1 COMMAND IN TKOOO Error
PROGRESS
LSBO |ERROR Data AM Not Found




0
TABLE 5. COMMAND REGISTER

MSB
COMMAND 7 6 5 4 3 2 1 0 D = 1 for DMA,; 0 for Programmed I/O
M = 1 for multiple sector read or write
R3R2R1R0 = 0000 : Steptime =20 us
RESTORE 0 0 0 1 R3R2R1RO 0001 Steg time = .5ms
SEEK 0 1 1 1 R3R2R1RO 0010 : Steptime = 1.0ms
READSECTOR ©0 0 1 0 D M 0 O 0011 : Steptime = 1.5ms
WRITESECTOR 0 0 1 1 0 M 0 O 1111 : Steptime = 7.5ms
SCANID 0100 00 0O for 5 MHz write clock
WRITEFORMAT 0 1 0 1 0 0 0 O

TRI-STATE BUFFER |
WD o a}
RE RE
WE WE  EARLY WRITE
CATE RECOM WINCHESTER DRIVE 0
RWC
- 8, 400 A2 WRITE DATA
H DATA RD - #2{ReAD DATA
9 Busy oS ook RIVE SEL
__ N LOCK DRI
3 PATTERN V) BCE DR;C LOOP v
p 16 3 AO TO NEXT STEP
R ADDR a A A2 DRIVE DIRECTION
0 1 DATA
= READY
g 4—DECODER o ©S we RATE
£ 0sC WRITE FAULT
g > TRACK 000
R — lNDg():(‘——<L-—J INDEX
RE —<}
DATA TKOOO! - SEEK COMPLETE
WEEiFO
EMPTY DRDY| 4 RWC
D CS  FuLL D BRDY e |4 HEAD NR
WD1510
—4 WRITE GATE
INT intRa OIR
" 5 STEP —-D—-——-«
v DATA /1 DECODER WD 1010
s R 7/ D
T A 7 . DAISY CHAIN TO
T al ¥ NEXT DRIVE
" APDR c (HOLDS DRIVE AND HEAD
SELECTS)
DATA LATCH

FIGURE 1.
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WE ( WE
DATA * » DO-D7

To

H
o]
s L@ &
T ) R E WE 5CR
P ' > ¢ apdaoor D
R _ WD1010
O TC CS
c |
E L BRDY
S DECODE
S
o}
R BC3
! 2 Fs
ADDR ‘ £ AO-A2
INT INTRQ
MR VR
\A A4
TO DATA LATCH
FIGURE 2.

See page 725 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Wastern Digital
Corporation for its use; nor for 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
specifications at anytime without notice.

. . . ]
82 Printed in U.S A,



WESTERN DIGITAL

A

A

r 7/ o N

WD1011 Winchester Data Separator Device

FEATURES

e 4.34 OR 5.0 MBIT/SEC DATA RATE
¢ INTERNAL CRYSTAL OSCILLATOR
e SINGLE +5V SUPPLY

¢ FM OR MFM OPERATION

e COMPATIBLE WITH THE WD1010
e WRITE CLOCK GENERATOR

¢ HIGH FREQUENCY DETECTION

GENERAL DESCRIPTION

The WD1011 Winchester Data Separator has been
designed to replace the complex analog/digital cir-
cuitry required for data recovery by Winchester disk
drives. Directly interfacing to the WD1010 Winchester
Controller device, an on-chip crystal oscillator allows
operation of 4.34 Mbit/sec or 5.0 Mbit/sec transfer
rates. In addition to data recovery, the device
provides Write Clock signals for the WD1010 as well
as high frequency detection for pre-amble search.
Output levels on data pins swing close to the supply
rails for increased noise immunity and to minimize
layout restrictions.

The WD1011 operates from a single 5 volt supply and
is available in a 16 pin plastic or ceramic Dual-in-Line
package.

See page 725 for ordering information.
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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 for 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 Corporation reserves the right to change
specifications at anytime without notice.
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WD1012 Write Precompensation Device

FEATURES

* DIRECT INTERFACE TO THE WD1010

* 12 NS. TYP. DELAY FROM EARLY

¢ PROVIDES TIMCLK FOR SA1000 TYPE DRIVES
¢ SINGLE +5V SUPPLY

¢« TTL COMPATIBLE INPUT/OUTPUTS

¢ COMPANION CHIP TO THE WD1011 DATA
SEPARATOR

GENERAL DESCRIPTION

The WD1012 Write Precompensation device provides
delayed data necessary for inner cylinder recording
on Winchester disk drives. It is a companion chip to
the Western Digital WD1010, utilizing signals from
both the WD1010 and WD1011 data separator device.
The WRITE DATA output, as well as EARLY, LATE,
and RWC are applied to produce a pre-determined bit
shift. Assertion of EARLY or LATE will cause a 12 ns.
typ. shift of data based upon the precompensation
algorithm internal to the WD1010. In addition, a
divide-by-sixteen timing clock output is available for
use by the SA1000 and other drives requiring a
TIMCLK input.

The WD1012 operates from a single 5 volt supply and
is available in a 14 pin plastic or ceramic package.

See page 725 for ordering information.
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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 for 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 Corporation reserves the right to change
specifications at anytime without notice.
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WD1014 Buffer Manager/Error Correction Device

FEATURES

¢ DIRECT INTERFACE TO THE WD1010

e 32 AND 56 BIT ECC POLYNOMIALS -

e 128, 256, 512, OR 1024 BYTE SECTORS E . v

« BUFFER SIZE UP TO 32K BYTES DAL ce

« CONTROL FOR 4 DRIVES/8 HEADS EACH DALS [ [ ] ADo

e AUTOMATIC RETRY ON ECC ERRORS DALS [ AD1

» TRANSPARENT ECC CORRECTION paL4 ] AD2

¢ MULTI-SECTOR READ/WRITE CAPABILITY

« DMA OR PROGRAMMED /O OPERATION pAL3 [] ] AD3

¢ 8-BIT TRI-STATE DATA BUS DAL2 [ ] AD4

e EXECUTES 11 MACRO-COMMANDS ALt [ :] ADS

e SINGLE +5V SUPPLY pALO [] gADG

cs AD7

GENERAL DESCRIPTION __[: o

The WD1014 is a single chip Buffer Manager/ECC RE wotota | []XCS

device designed for use with the Western Digital WE ] XWE

Corp. WD1010 Hard Disk Controlier. The device .

implements all of the logic required for a variable MR ] ] XRE

length sector buffer, ECC correction and Host in- A0 ] aeS

terface circuitry. Use of the BMEC greatly reduces :J

the complexity of the interface design, device count, At [ ] ALE

board size requirements and increases system

reliability. A2 ] BRDY

The WD1014 operates from a single + 5V supply and INTRQ BBSY

is available in a 40 pin plastic or ceramic Dual-in-Line R

package. pRQ[] BING
CLK [ ] xA0
HDS g ] xa1
vss [ ] xA2

PIN DESIGNATIONS
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DESCRIPTION

Data Access Lines. Commands, status, and data to and from buffer are
transferred over this tristate bidirectional data bus controlled by the host.

Chip Select must be active for all communications with the BMEC.

Read Enable. For reading data and status information from the BMEC.
Write Enable. For writing commands and data to the BMEC.

Master Reset. Initializes the BMEC and clears the status flags when ac-

Address inputs. Used to select task file registers and data buffer. A2, A1, A0

INTerrupt ReQuest. Activated whenever a command has been completed. It
is reset when the status register is read, or when a new command is loaded

Data ReQuest. Set whenever the buffer contains data to be read by the host

These address lines are used to address the disk controller when XCS = 0.
Buffer Counter INCrement. Increments the external buffer counter. Each

Buffer BuSY. Signals the BMEC that the buffer is being accessed by the
disk controller. It is also used to control ADO-7 bus switching and tristate

Buffer ReaDY output. Signals the disk controller when the buffer memory is
ready for controlier data transfers. It is active when the buffer memory is

Address Latch Enable. Used to set the external buffer address whenever
the buffer is not being accessed by the WD1010 processor.

Ram Chip Select. Asserted when the BMEC or host accesses the external

Tristate line activated only when BBSY =high. When XCS is low, in-
formation is read from the selected WD1010 task files registers.

Tristate line activated only when BBSY = high. When XCS is low, command
or task file information is written into the disk controller.

Address or Data bus shared by the buffer, BMEC and the WD1010. While
ALE is active a new buffer address is latched in an external counter, where
AD7 = A14 and ADO = A7. This allows buffer sizes from 128 bytes to 32K

PIN
NUMBER | SYMBOL
1-8 DAL7-0
DAL?7 is MSB.
9 CS
10 RE
1 WE
12 MR
tivated.
13-15 AQ-2
= 000 selects buffer. A2 is MSB.
16 INTRQ
via DAL7-0.
17 DRQ
or is awaiting data to be written by the host.
18 CLK Clock signal input used for all internal timing.
19 HDS Head & Drive Select for setting HS0-3 and DS1-4.
20 vss GROUND
21-23 ' XA2-0
24 BCINC
negative transition is a one byte count.
25 BBSY
XWE, and XRE when it is active.
26 BRDY
full or empty.
27 ALE
28 RCS
buffer.
29 XRE
When RCS is low, data is read from the buffer.
30 XWE
When RCS is low data is written into the buffer.
31 XCS This Chip Select is used to access the disk controller.
32-39 AD7-0
bytes.
40 vVce +5 = 5% volt power supply.

FUNCTIONAL DESCRIPTION

The BMEC is designed to interface directly with
industry standard static RAM chips and common
TTL/LS latches and counters. The sector buffer, an
integral part of the WD1010 system architecture, is
addressed by a multiplexed data/address bus (ADO-7),

which is also shared by the WD1010 and drive/head
control latches. The WD1014 manages the external
sector buffer so that it can support all WD1010 sector
sizes in single and multiple sector operations. All
buffer control signals required by the WD1010 are
produced by the BMEC so that no external logic is
required to interface the WD1010 to the BMEC.



During sector reads and writes, the BMEC produces
an Error Gorrection Code (ECC) as data is transferred
to and from the buffer. The user may select either a
32 or 56 bit polynomial depending upon his needs.
Errors are detected and corrected without in-
tervention by the host. The BMEC controls all retries
on data ECC errors for the host as well. Corrected
errors are reported as a status to the host. Un-
correctable errors are reported by setting the error bit
in the status register with the appropriate descriptor
bit set in the error register.

TASK FILE

The task file is a set of registers which contain
commands, status, track, sector and other task in-
formation. Nine registers are accessed via A2 to A0
during read and write modes. Depending on the
command from the host and the status of the
system, the proper information is stored to or read
from the task file.

A2 A1 AO|READ WRITE

1 1 1 |Status Command

0 O 1 (Errorflags Write Precomp

Cylinder

0 1 0 |SectorCount Sector Count

0 1 1 [Sector Number Sector Number

1 0 O [Cylinder Number | Cylinder Number
(low) (low)

1 0 1 |Cylinder Number | Cylinder Number
(high) (high)

1 1 0SDH* SDH*

*8S D H bytes specifies sector size, drive
number and head number.

The SDH register is coded as follows:

Bit 7 (MSB) is set for a 7 byte sector extension (used
for ECC bytes).

Bits 6 and 5 contain the sector size.

The possible sector sizes and their selection codes
are:

BIT6 BIT5S | SECTOR SIZE
1 1 128 byte data field
0 0 256 byte data field
0 1 512 byte data field
1 0 1024 byte data field

Bits 4 and 3 specify Drive Number. These bits are
decoded internally and latched externally to perform
the select function.

Bits 2, 1 and 0 specify Head Number.

COMMAND REGISTER

The command register is accessed by writing into
register 7. All other task information should be
loaded into the task file before loading the command

register. Command execution starts immediately
after the command register is loaded and sub-
sequent register loads are ignored until the com-
mand is done. The commands are as follows:

BIT CODE
COMMAND MSB 7 6 56 4 3 2 10
Restore 0 0 0 1 RBR2R1Rp
Seek 0 1 1 1 R3R2R1RQ
Read Sector 001 0DMPOE
Write Sector 0011 0MOE
ScanID 01 000O0O0CDO
Write Format 010100O00O
Read Copy 1010 0MDOE
Write Copy 1011 0MOE
Read Long 011 0DO0A1E
Write Long 011 1DO1E
Set Parameters 11010000
D=1: Interrupt for DMA mode
D=0: Interrupt for programmed /O mode
M=1: Multiple Sector Read or Write
E=1: Select 56 bit ECC polynomial
E=0: Select32bit ECC polynomial
R3 R2 R1 RO = 0000 : Steptime = 20us
0001 : Steptime = .5bms
0010 : Steptime = 1.0ms
0011 : Steptime = 1.5ms

1111 : Steptime = 7.5ms
for 5 MHz write clock

THE STATUS AND ERROR REGISTERS

The Status Register indicates to the host the status
of the system. If the Error bit in the Status Register is
set, one or more bits in the Error Register will be set.
The meaning of the these bits is shown below:

BIT STATUS ERROR
REGISTER REGISTER
MSB 7 |Busy Bad Block Detect
6 |Drive ready Uncorrectable
5 |Write fault CRC Error — ID
Field
4 |[Seek complete ID Not Found
3 |Data request _—
2 |Data Error
Corrected Aborted Command
1 |Command in
progress TROOO Error
LSB 0 |Error DAM Not Found

COMMAND DESCRIPTIONS

The BMEC passes on all information between the
host and the WD1010. Some commands are modified
by the BMEC and some are simply echoed. The
following is a list of the commands and their formats
and descriptions.
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COMMAND FORMAT DESCRIPTION

RESTORE 0000R3R2R1R0 Pass on task information and command and initiates a
read status after the command is completed. The
command is echoed. Stepping rate (RO-R3) is set.

SEEK 0110R3R2R1R0 Pass on task information and command and initiates a
read status after the command is completed. The
command is echoed. Stepping rate (R0-R3) is set.

SCANID 01000000 Passes command to WD1010 which scans ID headers on
current track. Updates cylinder number in task file and
command and initiates a read status after the command
is completed. The command is echoed.

READ SECTOR 0O010DMOE Write the buffer with data from WD1010. If ECC is
enabled, ECC bytes are recomputed by the BMEC. After
the buffer is full, the recorded ECC bytes are compared
to the generated bytes to generate the syndrome bytes.
If the syndrome is non-zero, errors have occurred and
error correction is invoked by the BMEC. If the error is
not correctable the BMEC retries the sector read. if the
data is correctable the BMEC corrects the data and
passes the data in the buffer to the host. Read status is
requested by the BMEC and is sent from the WD1010 to
the host. If, after a specified number of retries, the error
is still uncorrectable, the BMEC sends an error status to
the host along wtih the status from the WD1010.

WRITE SECTOR 00110MOE Write the buffer with data bytes from the host. Pass the

task information and command to the WD1010. The
WD1010 seeks track if necessary, then writes the sector
from the buffer to disk. Generate the ECC polynomial,
selected by E, as the buffer is written to disc. Write the
total number of sectors specified by the sector count if
M=1 in format. If M =0 then the sector count is ignored
and only one sector is written. After the sector data is
-written to the disc, the BMEC sends the WD1010 the
ECC bytes. The BMEC requests status from the WD1010
and passes on this information to the host at the host's
request.

READ LONG 0110DO1E Similar to Read Sector except the ECC operation
producing a syndrome is inhibited in the BMEC. Instead,
the BMEC copies the recorded ECC bytes from disc and
passes them unaltered to the host.

WRITE LONG 0111DO1E The Write Long command functions similarly to the Write
Sector command except the ECC operation of computing
the ECC word is inhibited in the BMEC. Instead, the BMEC
accepts a 32, or 56 bit appendage from the host and
passes it unaltered to the WD1010 to be written on the disc
after the data.

WRITE COPY 10110MOE The Write Copy command is similar to the Write Sector
command, except the BMEC does not send a data
request (DRQ) to the host at the beginning of the
command. The BMEC assumes it has a full buffer to
write to the disc. The buffer could have been filled by
another device other than the host, such as a back-up
tape or data from another disc. This commands allows
the copying of data from one disc to another with
minimal host intervention.
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COMMAND FORMAT DESCRIPTION
READ COPY 10100MOE The Read Copy command is similar to the Read Sector
command, except the BMEC does not send a data
request (DRQ) to the host at the end of the command.
This command, when used with the Write Copy com-
mand, allows the copying of data from one disk to
another with minimal host intervention.
SET PARAMETERS 11010000 The buffer size parameter is specified by the value held in
the sector size task register. The buffer size corresponds
to the sector size task register value multiplied by 128.
(E.G. if the sector size task register value = 1, then it speci-
fies a buffer size of 128 bytes. A 32768 (32K) byte length
buffer is specified by a sector size register value = 0.)
ADO-7 < J‘> DO-7
RCS ' ﬁ
c I DATA
wD1014 :>P|N 8
BMEC N RAM
. — T
BCING ine R WE Winchester DRIVE
A Controller INTERFACE
DAL
0-7 XCS —» CS
HOST 3 CS XRE -‘-ﬁ —3» RE
IFC —
RE XWE |t y | WE
—e| WE XAO | AO
— MR XAl Pt Al
XA2 —| A2
~——1 AO BBSY 44 BCS
—| A1 BRDY P BRDY
—1 A2
-f—— INTRQ
- DRQ
L'\ L ) Hs0-3
L__‘/ A
HDS T
—
H DSs0-3
WD1010/WD1014 WINCHESTER CONTROLLER

See page 725 for ordering information.
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WD1050 SMD ContrbllerIFormatter

FEATURES DESCRIPTION g
¢ 16 BIT HOST INTERFACE The WD1050 SMD controller/formatter is a MOS/LSI purd
e 9.677 MBITS/SEC DATA RATE . device designed to interface an SMD compatible 8

rigid disk drive to a host processor. The device is o

* SINGLE/MULTIPLE SECTOR TRANSFERS compatible with all rigid disk drives adhering to

e HARD SECTOR FORMAT Control Data Corporation’s flat cable interface for
e TTL COMPATIBLE INPUT/OUTPUTS SMD, MMD, FHT, FMD, LMD and CMD families (CDC
e SINGLE 5V SUPPLY specification 64712400 Rev H). 1t is TTL compatible

n all inputs and outputs, with interface bility for
* 64 PIN JEDEC CHIP CARRIER PACKAGE on alt inputs and outputs, with Interface capability fo

o COMPATIBLE WITH SMD, MMD, FHT, LMD,

AND CMD FAMILIES The WD1050 contains a powerful set of macro-

commands for read/write and control functions. An
internal 16 bit task file is used to process a selected
command based upon parameter information in the
file.

The WD1050 operates from a single + 5V supply and
is available in a64 pin JEDEC chip-carrier package.

< STATUS

A

Y

¥

TASK

» FILE UNIT SEL uso-
DATA »
DO- 16 110 PORT us3
D15 BUFFER

_ «——RC
COMPARATOR RDS bl

Ag-A2 [ 3 A RDH
gjg E— | - DATA !

BCS w-— HOST/

BCR <——- BUFFER CRC LOGIC wDS 1
BRDY ————] CONTROL

A
Y

A

CONTROL 0 CPO-
PORT CP9
)

A
A

— RD

Y

BDRQ — |
INTRQ ~———— \

-t > CONTROL i «—INDEX
UNIT -«—-SECTOR

DRIVE

CONTROL
«——ONCYL
PORT -«—URDY

A
Y
I]
>
cC
~
—

Figure 1 BLOCK DIAGRAM
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

57

8-23

24

25

26

27

28

29

30

31

32

33
34

35

36

37

Vce
READ ENABLE

WRITE ENABLE

CHIP SELECT
ADDRESS 0->2

DATA BUS 0-15

WRITE DATA
READ CLOCK

SERVO CLOCK

READ DATA
INDEX PULSE
SECTOR
UNIT SELECT

UNIT READY

UNIT BUSY

GROUND
FAULT

SEEK ERROR

ON CYLINDER

WRITE PROTECT

Ve
RE
WE

CS
AO—~A2
DO-D15
WD

RC

SC

RD

SEC
USEL

URDY

uBSYy

Vss
FAULT

SKERR

ONCYL

WPROT

+ 5V x= 5% power supply input

Tri-state bidirectional line, used as an input
when reading the task file and an output when
the WD1050 is reading from the buffer.

Tri-state bidirectional line used as an input
when writing to the task file and an output when
the WD1050 is writing to the buffer.

A logic low on this input enables both WE and
RE signals.

These three inputs select a task file register to
receive/transmit data.

Sixteen bit bidirectional bus used for transfer of
commands, status, and data.

Open Drain, NRZ data output which is syn-
chronized to the Servo Clock input.

Input clock from the drive which is syn-
chronized with the Read Data Input.

A nominal 9.677 MHz clock input from the drive.
This clock must be valid when Unit Ready (Pin
31) is active and Fault (Pin 34) is inactive.

NRZ data input from the drive which must be
synchronized to the Read Clock (Pin 25) input.

Active high input used to monitor the Index
signal from the drive.

Active high input used to monitor sector pulses
from the drive.

Active high output pulse used to strobe USO-
US2 lines.

Active high input used to inform the WD1050 of
a READY condition on a selected drive. If this
line is made inactive during any command
(except RTZ or FAULT CLEAR), current com-
mand execution is terminated.

Active high input used to monitor drive status
during a unit selection. If the unit had previously
been selected and/or reserved prior to issuing a
USTAG, the UBSY must be made active within
one microsecond of the USTAG selection. This
signal is used for dual-channel access ap-
plications and should be tied to ground when
not used.

Ground.

Active high input used to detect a fault con-
dition at the drive. Command execution is
terminated if fault is made active during any
command. Only the FAULT CLEAR command
may be issued while this line is ascerted.

Active high input used to detect a seek error at
the drive.

Active high input used to inform the WD1050
when the heads are settled and positioned over
the desired cylinder.

Active high input used to monitor the Write
Protect signal from the drive.
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PIN
NUMBER PIN NAME SYMBOL FUNCTION
38 ERROR ECC Active high output used to synchronize external
CORRECTION ECC logic to the Data Field.
39 UNIT SELECT TAG USTAG Active high output used for selection of a unit
on US0-US3 lines.

40-42 TAG1-TAG3 TAG1-TAG3 Active high outputs used to strobe specific data
out on the Control Port Lines. Tag definitions
are:

TAG1 — Cylinder address
TAG2 — Head/Volume select
TAG3 — Control Tag

43-46 UNIT SELECT 0-3 US0-US3 These four outputs reflect the contents of the
unit address field of the task file, and are used
to select one of four drives.

47-56 CONTROL PORT CP9-CPO Ten bit output bus used to issue tag parameters

BITS 9-0 to the selected drive.
57 BACK:-BIAS VBB Substrate generator. Must be left open by the
user.
58 BUFFER CHIP BCS Active low output used to enable reading or
SELECT writing to the external buffer.
59 BUFFER COUNTER BCR Active low output that is strobed prior to
RESET read/write commands. Used to clear an external
buffer counter.
60 BUFFER DATA BDRQ This output is set to initiate data transfers
REQUEST to/from the external buffer.
61 BUFFER READY BRDY This input informs the WD1050 that the buffer is
full or empty.
62 INTERRUPT INTRQ Active high output which is set at the com-
REQUEST pletion of any command, providing the ‘I’ bit is
L L also set in the command word.
63 MASTER RESET MR Active low input used to initialize the WD1050,
usually after a power-up condition.
64 CLOCK CLK 2 MHz Master Clock from which all timing is
derived.
ORGANIZATION TASK FILE

The Block Diagram of the WD1050 is shown in Figure
1. Data transfers to and from the host, as well as the
sector buffer, are transferred via the DO-D15 lines. An
internal control unit is used to process all commands
and generate drive control signals in the SMD
protocol. With the use of an external sector buffer,
the WD1050 directly transfers data from the buffer to
the read/write lines by the host/buffer control logic.
Four buffer control signals are used to manipulate
the data off-line from the host processor.

95

Inidividual regusters within the task file are accessed
via the A2-Ag lines in conjunction with either Read

Enable (RE) or Write Enable (WE) signals. Chip Select

(CS) must also be made active during an RE or WE
sequence.

The MSB of the address lines (A2) can be used for 8-
bit operations when interfacing to 8-bit microproces-
sors. When A2 =0, 16 bit programming is in effect as
shown in Figure 1. When A2 is toggled, 8-bit
selection is enabled, with data entered on D8-D15
illustrated in Table 2.
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TABLE 1 TASK FILE (16 BIT PROGRAMMING)
R/IW ADDRESS TASK FILE REGISTER
WE RE A2 A1 A0 Di5 Dg D7 Do
v v 0 0 0 Head Number Sector Address
v v 0 0 1 Upper Cylinder Lower Cylinder
v v 0 1 0 Sector Count Section Length/Unit Address
v 0 1 1 Upper Command Lower Command
v 0 1 1 Upper Status Lower Status
TABLE 2 TASK FILE (8 BIT PROGRAMMING)
RIW ADDRESS TASK REGISTER
WE RE A2 A1 A0 D7 Do
v v 1 0 0 Head Number
,/ v 0 0 0 Sector Address
v v 1 0 1 Upper Cylinder
v v 0 0 1 Lower Cylinder
v v 1 1 0 Sector Count
v v 0 1 0 Sector Length/Unit Address
v 1 1 1 Upper Command
v 0 1 1 Lower Command
v 1 1 1 Upper Status
v 0 1 1 Lower Status
COMMAND SET

The WD1050 can execute eight macro-commands.
The appropriate task registers are first loaded with
parameter information, then the macro-command is
written into the command register. Table 3 shows the
eight commands, plus a summary of the various flags
used to modify the execution of each command. The
STATUS Register, illustrated in Table 4 aliows the
host to monitor key signals and command progress.
Note that the status register is a ‘“Read-Only”

register, while the command register is a “Write
Only” register. Both these registers share the same
address, and are differentiated by the ascertion of
either RE or WE.

When programmed for the 8-bit mode, two con-
secutive reads must be accomplished to fetch the
entire status word from the task file. When A2 = 1,
status bits D8-D15 are read; when Ao = 0, status bits
DO-D7 are read.

COMMAND LSB COMMAND REGISTER BITS MSB
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Fault Clear 0 0 0 0 0 0 0 I 0 0 0 0 U S E L
Return to Zero 0 0 0 1 \' L O I 0 0 0 M U S E L
Seek Cylinder 0 o0 1 O v L O I Z C H M U S E L
Read ID Field 0 0 1 1 0 L O I Z C H ™M U S E L
Read Sector 0 1 0 0 R L O | Z C H M U § E L
Write Sector 0 1 0 1 0 L O | Z C H M U S E L
Format 0 1 1 0 0 P O | Z C H M U S E L
Verify 0 1 1 1 0 P O I Z C H M U S E L
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TABLE 3 COMMAND AND FLAG SUMMARY
FLAG SUMMARY
V = Verify | = Interrupt Enable
R = CRC Enable Z = Volume/Head change
L = Logical Sectoring C = Cylinder Addr
P = Programmable Sectors H = Head selection
O = OnCylinder M = Marginal data recovery
E = Priority Release/Early U = Unit Sel/Servo Minus
L = Unit Deselect/Late S = Priority Sel/Servo Plus
TABLE 4 STATUS WORD SUMMARY
BIT STATUS DESCRIPTION
15 BUFFER CHIP SELECT STATUS
U 14 COMMAND IN PROGRESS
P 13 UNIT BUSY
P 12 UNIT SELECTED
E 11 WRITE PROTECT
R 10 UNIT READY
9 ON CYLINDER
8 SEEK ERROR
7 BUFFER CHIP SELECT STATUS
L 6 FAULT CONDITION
0 5 BUFFER DATA REQUEST STATUS
W 4 NOT USED
E 3 DATA FIELD CRC ERROR
R 2 DATA SYNCH MARK NOT FOUND
1 ID CRC ERROR
0 ID NOT FOUND
FIXED SECTOR FORMAT
HEAD PLO | SYNC ID  |WRITE| PLO | SYNC DATA CRC CRC | END END OF
SCATTER | SYNC | CHAR | FIELD |SPLICE| SYNC | CHAR 1 2 OF SECTOR
RECORD
16 1 1 6 2 11 1 128 TO 1 1 2 7
BYTES BYTES | BYTE | BYTES [ BYTES | BYTES | BYTE | 1024 BYTES | BYTE | BYTE { BYTES BYTES
MIN.
‘00° 00’ ‘FE’ ‘00’ ‘00’ ‘FE' ‘00’ ( ‘00’ )
// T -
V d T
P 7 (AllID Field divisions are 1 byte each) T - ~
/ —~ - ~—
UPPER LOWER HEAD SECTOR CRC CRC
CYLADDR | CYLADDR ADDR 1 2

0S0LAM

See page 725 for ordering information.
L . ___________________________________________________________ ]
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| FD1 76X-02
Floppy Disk Formatter/Controller Family

FEATURES

* 1 MHZ VERSION OF FD179X

* TWO VFO CONTROL SIGNALS — RG & VFOE

¢ SOFT SECTOR FORMAT COMPATIBILITY

¢ AUTOMATIC TRACK SEEK WITH VERIFICATION

¢ ACCOMMODATES SINGLE AND DOUBLE DENSITY
e READ MODE

Single/Multiple Sector Read with Automatic Search or
Entire Track Read

¢ WRITE PRECOMPENSATION
¢ WINDOW EXTENSION
L]

INCORPORATES ENCODING/DECODING AND
ADDRESS MARK CIRCUITRY

¢ INTERFACES TOWD1691 DATA SEPARATOR

176X-02 FAMILY CHARACTERISTICS

Selectable 128, 256, 512 or 1024 Byte Sector Lengths FEATURES 1761 1763 1765 1767
* WRITE MODE Single Density (FM . ° . .
Single/Multiple Sector Write with Automatic Sector ingle Densl .y (FM)
Search Double Density (MFM) | e e . .
Entire Track Write for Diskette Formatting True Data Bus d .
o SYSTEM COMPATIBILITY Inverted Data Bus . .
Double Buffering of Data 8 Bit Bi-Directional Bus for Write Precomp o o o .
Data, Control and Status : : R .
DMA or Programmed Data Transfers Side Selection Output
All Inputs and Outputs are TTL Compatible
On-Chip Track anq Sector Registers/Comprehensive APPLICATIONS
Status Information
¢ PROGRAMMABLE CONTROLS 514" MINI FLOPPY CONTROLLER
Selectable Track to Track Stepping Time SINGLE OR DOUBLE DENSITY
Side Select Compare CONTROLLER/FORMATTER
_ RAW READ
DATA (8)
NC (3 0 - 40[ ) vpp(+12V) RCLK
WE ] 2 39[7 INTRQ A0 - | AGISSO
cs 3 38[) DRQ c A1 LATE
AE (1 4 37} DDEN P cs . EARLY i
Ao (15 38[) WPRT M RE o WD o
Ay (16 350 L 5 o > +5 g
DAto (] 7 34[ TROO T — -+ Y
DACT (] 8 33| WF/VFOE E MR - 179X %WK 5
DAL 2 C 9 32 ) READY R FLOPPY DISK WF/VFOE |
_ CONTROLLER | —
BAL3 [ 10 3 wo | FORMATTER WPRT ﬁ
DAL (1 301 WG N WG
DALS (] 12 29} 1Ga3 T +5V “——ﬁ—“—’ rL
E‘i (113 28f7 HLD E 755 T
DALY (] 14 27[ RAWREAD ¢ 10K 10K E
sTeP (15 2613 RCLK A READY R
piRC (] 16 2507 » c TG43 A
EARLY (17 241 CLK E B DRQ STEP g
LATE (] 18 237 HLY 'INTRQ DIRC
MR (19 22['] TEST CLK
{GNDIVgg (] 20 21]) Vg (+8V) g
+5V
HLD
*1761/3 = RG;17657 = SSO aLT ONE SHOT
**1763/7 TRUE BUS l_-' DDEN VSs Vpo  Vee o> (IF USED)

PIN CONNECTIONS

I

- +12 45V

+5V

FD176X SYSTEM BLOCK DIAGRAM
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PIN OUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION
1 NO CONNECTION NC Pin 1 is internally connected to a back bias generator and
must be left open by the user.

19 MASTER RESET MR A logic low (50 microseconds min.) on this input resets the
device and loads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE. When MR is
brought to a logic high a RESTORE Command is executed,
regardless of the state of the Ready signal from the drive.
Also, HEX 01 is loaded into sector register.

20 POWER SUPPLIES Vss Ground

21 Vee +5V £5%

40 Voo +12V 5%

COMPUTER INTERFACE:
2 WRITE ENABLE WE A logic low on this input gates data on the DAL into the
selected register when CS is low.
3 CHIP SELECT CS A logic low on this input selects the chip and enables
computer communication with the device.
4 READ ENABLE RE A logic low on this input controls the placement of data from a
selected register on the DAL when CS is iow.

5,6 REGISTER SELECT LINES | A0, A1 These inputs select the register to receive/transfer data on the

DAL lines under RE and WE control:
CS A1 A0 RE WE

0 0 0 Status Reg Command Reg

0 0 1 Track Reg Track Reg

0 1 0] Sector Reg Sector Reg

0 1 1 Data Reg Data Reg

7-14 DATA ACCESS LINES DALO-DAL7 Eight bit Bidirectional bus used for transfer of data, control,

and status. This bus is receiver enabled by WE or transmitter
enabled by RE. Each line will drive 1 standard TTL load.

24 CLOCK CLK This input requires a free-running 1 MHZ = 1% 50% duty
cycle square wave clock for internal timing reference.

38 DATA REQUEST DRQ This open drain output indicates that the DR contains
assembled data in Read operations, or the DR is empty in
Write operations. This signal is reset when serviced by the
computer through reading or loading the DR in Read or Write

v operations, respectively. Use 10K pull-up resistor to -+ 5.

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

FLOPPY DISK INTERFACE:

15 STEP STEP The step output contains a pulse for each step.

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

17 EARLY EARLY Indicates that the WRITE DATA pulse occuring while Early is
active (high) should be shifted early for write precom-
pensation.

18 LATE LATE Indicates that the write data pulse occurring while Late is

active (high) should be shifted late for write precompensation.

100




PIN
NUMBER PIN NAME SYMBOL FUNCTION

22 TEST TEST This input is used for testing purposes only and should be tied
to + 5V or left open by the user unless interfacing to voice coil
actuated steppers.

23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head is
assumed to be engaged. It is typically derived from a 1 shot
triggered by HLD.

25 READ GATE RG This output is used for synchronization of external data
(1761, 1763) separators. The output goes high after two Bytes of zeros in
single density, or 4 Bytes of either zeros or ones in double
density operation.

25 SIDE SELECT OUTPUT SSO The logic level of the Side Select Output is directly controlled
(1765, 1767) by the ‘S’ flag in Type Il or lfl commands. When U = 1, S8O is
set to a logic 1. When U = 0, SSO is set to a logic 0. The SSO
is compared with the side information in the Sector I.D. Field.
If they do not compare Status Bit 4 (RNF) is set. The Side
Select Output is only updated at the beginning of a Type: Il or
il command. It is forced to a logic 0 upon a MASTER RIZSET
condition.

26 READ CLOCK RCLK A nominal square-wave clock signal derived from the data
stream must be provided to this input. Phasing (i.e. RCLK
transitions) relative to RAW READ is important but polarity
(RCLK high or low) is not.

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

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

29 TRACK GREATER THAN 43| TG43 This output informs the drive that the Read/Write head is
positioned between tracks 44-76. This output is valid only
during Read and Write Commands.

30 WRITE GATE WG This output is made valid before writing is to be performed on
the diskette.

31 WRITE DATA WD A 400 ns (MFM) or 1000 ns (FM) output pulse per flux tran-
sition. WD contains the unique Address marks as well as data
and clock in both FM and MFM formats.

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

33 WRITE FAULT WF/VFOE This is a bi-directional sighal used to signify writing faults at
VFO ENABLE the drive, and to enable the external PLO data separator. When
WG = 1, Pin 33 functions as a WF input. If WF = 0, any write
command will immediately be terminated. When WG = 0, Pin
33 functions as a VFOE output. VFOE will go low during & read
operation after the head has loaded and settled (HLT = 1). On
the 1765/7, it will remain low until the last bit of the second
CRC byte in the ID field. VFOE will then go high until 8 bytes
(MFM) or 4 bytes (FM) before the Address Mark. It will then go
active until the last bit of the second CRC byte of the Data
Field. On the 1761/3, VFOE will remain low until the end of the
Data Field. This pin has an internal 100K Ohm pull-up resistor.

34 TRACK 00 TROO This input informs the FD176X that the Read/Write head is
positioned over Track 00.

..
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

35 INDEX PULSE P This input informs the FD176X when the index hole is en-
countered on the diskette.

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

37 DOUBLE DENSITY DDEN This input pin selects either single or double density
operation. When DDEN = 0, double density is selected. When
DDEN = 1, single density is selected.

GENERAL DESCRIPTION

The FD176X are N-Channel Silicon Gate MOS LSI
devices which perform the functions of a Floppy Disk
Formatter/Controller in a single chip implernentation.
The FD176X is IBM 3740 compatible in single density
mode (FM) and System 34 compatible in Double
Density Mode (MFM). The FD176X contains all the
features of its predecessor the FD1771, plus the added
features necessary to read/write and format a double
density diskette. These include address mark detection,
FM and MFM encode and decode logic, window ex-
tension, and write precompensation. In order to
maintain compatibility, the FD1771, FD1781, and
FD176X designs were made as close as possible with
the computer interface, instruction set, and VO
registers being identical. Also, head load control is
identical. In each case, the actual pin assignments vary
by only a few pins from any one to another.

The processor interface consists of an 8-bil bi-direc-
tional bus for data, status, and control word transfers.
The FD176X is set up to operate on a multiplexed bus
with other bus-oriented devices.

The FD176X is TTL compatible on all inputs and
outputs. The outputs will drive ONE TTL load or three
LS loads. The 1763 is identical to the 1761 except the
DAL lines are TRUE for systems that utilize true data
busses.

The 1765/7 has a side select output for controlling
double sided drives.

ORGANIZATION

The Floppy Disk Formatter block diagram is illustrated
on page 5 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 (RAW READ)
during Read operations and transfers serial data to the
Write Data output during Write operations.

Data Register — This 8-bit register is used as a
holding register during Disk Read and Write operations.
In Disk Read operations the assembled data byte is
transferred in parallel to the Data Register from the
Data Shift Register. In Disk Write operations in-
formation is transferred in parallel 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 is loaded from the DAL and gated onto the
DAL under processor control.

Track Register — This 8-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
(towards track 76) and decremented by one when the
head is stepped out (towards track 00). The contents of
the register are compared with the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register should
not be loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the address
of the desired sector position. The contents of the register
are compared with the recorded sector number in the ID
field during disk Read or Write 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
command presently being executed. This register should
not be loaded when the device is busy unless the new
command is a force interrupt. The command register can
be loaded from the DAL, but not read onto the DAL.

Status Register (STR) — This 8-bit register holds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed. This
register can be read onto the DAL, but not loaded from the
DAL.

CRC Logic — This logic is used to check or to generate the
16-bit Cyclic Redundancy Check (CRC). The polynomiai is:
G¥) = x" + X2 4+ x* + 1.

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

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

Timing and Control — All computer and Floppy Disk In-
terface controls are generated through this logic. The in-
ternal device timing is generated from an external crystal
clock.
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The FD176X has two different modes of operation ac-
cording to the state of DDEN. When DDEN = 0 double
density (MFM) is assumed. When DDEN = 1, single
density (FM) is assumed.

AM Detector — The address mark detector detects ID, data
and index address marks during read and write operations.

PROCESSOR INTERFACE

The interface to the processor is accomplished through the
eight Data Access Lines (DAL) and associated control
signals. The DAL are used to transfer Data, Status, and
Control words out of, or into the FD176X. The DAL are three
state buffers that are enabled as output drivers when Chip
Select (CS) and Read Enable (RE) are active (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 address bits A1 and A0,

combined with the signals RE during a Read operation or
WE during a Write operation are interpreted as selecting
the following registers:

A1 - AO READ (RE) WRITE (WE)
0 0 Status Register Command Register
0 1 Track Register Track Register
1 0 Sector Register Sector Register
1 1 Data Register Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the FD176X and the
processor, the Data Request (DRQ) output is used in Data
Transfer control. This signal also appears as status bit 1
during Read and Write operations.

On Disk Read operations the Data Request is activated (set
high) when an assembled serial input byte is transferred in
parallel to the Data Register. This bit is cleared when the
Data Register is read by the processor. If the Data Register
is read after one or more characters are lost, by having new
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data transferred into the register prior to processor readout,
the Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

On Disk Write operations the data Request is activated
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.

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

The 176X has two modes of operation according to the
state of DDEN (Pin 37). When DDEN = 1, single density is
selected. In either case, the CLK input (Pin 24) is at 1 MHz.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable in
either FM or MFM formats. For FM, I5DEN should be
placed to logical “1.” For MFM formats, DDEN should be
placed to a logical “0.” Sector lengths are determined at

format time by the fourth byte in the “ID" field.

Sector Length Table*
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
01 256
02 512
03 1024

*1765/67 may vary — see command summary.

The number of sectors per track as far as the FD176X is
concerned can be from 1 to 255 sectors. The number of
tracks as far as the FD176X is concerned is from 0 to 255
tracks.

For read operations in 5" double density the FD176X
requires RAW READ Data (Pin 27) signal which is a 400 ns
pulise per flux transition and a Read clock (RCL.K) signal to
indicate flux transition spacings. The RCLK (Pin 26) signal
is provided by some drives but if not it may be derived
externally by Phase lock loops, one shots, or counter
techniques. In addition, a Read Gate Signal is provided as
an output (Pin 25) on 1761/63 which can be used to inform
phase lock loops when to acquire synchronization. When
reading from the media in FM, RG is made true when 2
bytes of zeroes are detected. The FD176X must find an
address mark within the next 10 bytes; otherwise RG is
reset and the search for 2 bytes of zeroes begins all over
again. |f an address mark is found within 10 bytes, RG
remains true as long as the FD176X is deriving any useful
information from the data stream. Similarly for MFM, RG is
made active when 4 bytes of “00” or “FF" are detected. The
FD176X must find an address mark within the next 16
bytes, otherwise RG is reset and search resumes.

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

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

¢) The 176X is inspecting data off the disk

If WF/VFOE is not used, this pin may be left open, as it has
an internal pull-up resistor.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write Gate
(WG) output is activated, allowing current to flow into the
Read/Write head. As a precaution to erroneous writing the
first data byte must be loaded into the Data Register in
response to a Data Request from the FD176X before the
Write Gate signal can be activated.

Writing is inhibited when the Write Protect input is a logic
low, in which case any Write command is immediately
terminated, an interrupt is generated and the Write Protect
status bit is set. The Write Fault input, when activated,
signifies a writing fault condition detected in disk drive
electronics such as failure to detect write current flow
when the Write Gate is activated. On detection of this fault
the FD176X terminates the current command, and sets the
Write Fauit bit (bit 5) in the Status Word. The Write Fault
input should be made inactive when the Write Gate output
becomes inactive.

For write operations, the FD176X provides Write Gate (Pin
30) and Write Data (Pin 31) outputs. Write data consists of a
series of 1000 ns puises in FM (DDEN = 1) and 400 ns
pulses in MFM (DDEN = 0). Write Data provides the unique

address marks in both formats.

Also during write, two additional signals are provided for
write precompensation. These are EARLY (Pin 17) and
LATE (Pin 18). EARLY is active true when the WD pulse
appearing on (Pin 30) is to be written EARLY. LATE is active
true when the WD pulse is to be written LATE. If both
EARLY and LATE are low when the WD pulse is present,
the WD pulse is to be written at nominal. Since write
precompensation values vary from disk manufacturer to
disk manufacturer, the actual value is determined by
several one shots or delay lines which are located external
to the FD176X. The write precompensation signals EARLY
and LATE are valid for the duration of WD in both FM and
MFM formats.

READY

Whenever a Read or Write command (Type Il or Ill) is
received the FD176X samples the Ready input. If this input
is logic low the command is not executed and an interrupt
is generated. All Type | commands are performed re-
gardless of the state of the Ready input. Also, whenever a
Type Il or lll command is received, the TG43 signal output
is updated.

COMMAND DESCRIPTION

The FD176X will accept eleven commands. 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 indicates whether the completed command encountered
command is being executed, the Busy status bit is set. an error or was fault free. For ease of discussion,
When a command is completed, an interrupt is generated commands are divided into four types. Commands and
and the Busy status bit is reset. The Status Register types are summarized in Table 1.

TABLE1. COMMAND SUMMARY

A. Commands for Models: 1761, 1763 B. Commands for Models: 1765, 1767
Bits Bits
Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
| Restore 0 0 0 0 h Vv " (0} 0 0 0 0 h v " o
| Seek 0 0 0 1 h \ " 0] 0 0 0 1 h \ r 0
| Step 0 0 1 T h \' k| 0 0 0 1 T h \' r 0
| Step-in 0 1 0 T h \ " 0 0 1 0 T h Vv " o
I Step-out 0 1 1 T h Y n o 0 1 1 T h \' " 0
Il Read Sector 1 0 0 m S E C 0 1 0 0 m L E U 0
Il Write Sector 1 0 1+ m S E ¢ &' 0 1 m L E U 2
Il Read Address 1 1 0 0 0 E 0 0 1 1 0 0 0 E U 0
Il Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E U 0
I Write Track 1 1 1 1 0 E 0 0 1 1 1 1 0 E U 0
IV Force Interrupt 1 10 h 13 12 1 lo]| 1 10 1 13 12 1t o
TABLE 2. FLAG SUMMARY
FLAG SUMMARY
Command Bit
Type No(s) Description
I 0,1 M 10 = Stepping Motor Rate
See Table 3 for Rate Summary
| 2 V = Track Number Verify Flag| V = 0, No verify
V = 1, Verify on destination track
3 h = Head Load Flag h = 1, Load head at beginning
h = 0, Unload head at beginning
| 4 T = Track Update Flag T = 0, Noupdate
T = 1, Update track register
&l 0 a0 = Data Address Mark ap= 0, FB(DAM)
a0 = 1, F8(deleted DAM)
1l 1 C = Side Compare Flag C = 0, Disable side compare
C = 1, Enable side compare
&l 1 U = Update SSO U = 0,Update SSO to 0
U = 1,Update SSO to 1
&t 2 E = 30 MS Delay E = 0,No 30 MSdelay
E = 1,30 MSdelay
] 3 S = Side Compare Flag S = 0, Compare for side 0
S = 1, Compare for side 1
] 3 L = Sector Length Flag
LSB’s Sector Length in ID Field
00 01 10 11
L =0 256 512 1024 128
L =1 128 256 512 1024
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FLAG SUMMARY

[y
Hotl

1 Index Pulse

@&
Hn

Command Bit
Type No(s) Description
i 4 m = Mutltiple Record Flag m = 0, Single record
m = 1, Multiple records
v 0-3 Ix Interrupt Condition Flags

1 Not Ready To Ready Transition
1 Ready To Not Ready Transition

= 1Immediate Interrupt, Requires A Reset
0 Terminate With No Interrupt (INTRQ)

*NOTE: See Type IV Command Description for further information.

TYPE | COMMANDS

The Type | Commands include the Restore, Seek, Step,
Step-In, and Step-Out commands. Each of the Type |
Commands contains a rate field (0 '), which determines
the stepping motor rate as defined in Table 3.

A 4 us (MFM) or 8 us (FM) pulse is provided as an output to
the drive. For every step pulse issued, the drive moves one
track location in a direction determined by the direction
output. The chip will step the drive in the same direction it
last stepped unless the command changes the direction.

The Direction signal is active high when stepping in and
low when stepping out. The Direction signal is valid 24 us
before the first stepping pulse is generated.

The rates (shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

DDEN 0 1 x

R1 RO TEST=1 TEST=1 TEST=0

00 6 ms 6 ms 368us

01 12 ms 12 ms 380us

10 20 ms 20 ms 396us

1 1 30 ms 30 ms 416us J

After the last directional step an additional 30 milliseconds
of head settling time takes place if the Verify flag is set in
Type | commands. If TEST = 0, there is zero settling time.
There is also a 30 ms head settling time if the = flag is set in
any Type Il or lll command.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by settling bit 2(V = 1) in the command word to
a logic 1. The verification operation begins at the end of the
30 millisecond settling time after the head is loaded against
the media. The track number from the first encountered 1D
Field is compared against the contents of the Track
Register. If the track numbers compare and the ID Field
Cyclic Redundancy Check (CRC) is correct, the verify
operation is complete and an INTRQ is generated with no
errors. If there is a match but not a valid CRC, the CRC error

status bit is set (Status bit 3), and the next encountered ID
field is read from the disk for the verification operation.

The FD176X must find an ID field with correct track number
and correct CRC within 5 revolutions of the media;
otherwise the seek error is set and an INTRQ is generated.
If V = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the
read/write head against the media. HLD is activated at the
beginning of a Type | command if the h flag is set (h = 1), at
the end of the Type | command if the verify flag (V = 1), or
upon receipt of any Type Il or lll command. Once HLD is
active it remains active until either a Type | command is
received with (h = 0 and V = 0); or if the FD176X is in an
idle state (non-busy) and 15 index pulses have occurred.

Head Load timing (HLT) is an input to the FD176X which is
used for the head engage time. When HLT = 1, the FD176X
assumes the head is completely engaged. The head
engage time is typically 30 to 100 ms depending on drive.
The low to high transition on HLD is typically used to fire a
one shot. The output of the one shot is then used for HLT
and supplied as an input to the FD176X.

HLD 5—————‘

l———so TO 100MS ———=]
———

1
|
1

[
r
HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FD176X will then
read from or write to the media. The “and” of HLD and HI.T
appears as status Bit 5 in Type | status.

In summary for the Type | commands: ifh = QandV = 0,
HLD is reset. f h = 1 and V = 0, HLD is set at the
beginning of the command and HLT is not sampled nor is
there an internal 30 ms delay. If h = OandV = 1, HLD is
set near the end of the command, an internal 30 ms occurs,
and the FD176X waits for HLT tobe true. If h = 1and V =
1, HLD is set at the beginning of the command. Near the
end of the command, after all the steps have been issued,
an internal 30 ms delay occurs and the FD176X then waits
for HLT to occur.



For Type 1l and Il commands with E flag off, HLD is made
active and HLT is sampled until true. With E flag on, HLD is
made active, an internal 30 ms delay occurs and then HLT
is sampled until true.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TRQO) 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 generated. If TR0O is not
active low, stepping pulses (pins 15 to 16) at a rate specified
by the "1 10 field are issued until the TROO input is activated.
At this time the Track Register is loaded with zeroes and an
interrupt is generated. If the TROO input does not go active
low after 265 stepping pulses, the FD176X terminates
operation, interrupts, and sets the Seek error status bit
providing the V flag is set. A verification operation also
takes place if the V flag is set. The h bit allows the head to

HAS

A TYPE |

COMMAND BEEN —_—

RECEIVED
?

YES

SET BUSY. RESET CRC
SEEK ERROR. DRQ INTRQ

NO

YES

SET HLD RESET HLD

SET
DIRECTION

RESET
DIRECTION

18
COMMAND
A

STEP
2

& RESTORE U=t

be loaded at the start of command. Note that the Restore
command is executed when MR goes from an active to an
inactive state and that the DRQ pin stays iow.

SEEK

This command assumes that the Track Register contains
the track number of the current position of the Read-Write
head and the Data Register contains the desired track
number. The FD176X 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 command. An interrupt
is generated at the completion of the command. Note:
When using multiple drives, the track register must be
updated for the drive selected before seeks are issued.

@

I DR TO DSR J

SET DIRECTION

- T

HEAD AT

TRACK 0 AND

DIRECTION
=0

ISSUE
ONE STEP PULSE

!

DELAY ACCORDING
TO A1, RO FIELD

COMMAND

A STEP, STEP-IN.

OR STEP-OUT,
?

YES

TYPE | COMMAND FLOW

TYPE | COMMAND FLOW
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{0 E

STEP

Upon receipt of this command, the FD176X 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 the MTQ field, a verification
takes piace if the V flag is on. If the U flag is on, the Track
Register is updated. The h bit allows the head to be loaded
at the start of the command. An interrupt is generated at
the completion of the command.

STEP-IN

Upon receipt of this command, the FD176X issues one
stepping puise in the direction towards track 80. If the U
flag is on, the Track Register is incremented by one. After a
delay determined by the 110 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.

VERIFY
SEQUENCE
INTRQ RESET BUSY
L
NO
NO
INTRQ. RESET BUSY
SET SEEK ERROR
HAS
e ID AM BEEN

DETECTED
2

DOES

TR= TRACK

ADDRESS OF (D

FIELD
E)

NO

15

THERE A

CRC ERROR
2

RESET
CRC
INTRQ
[ SRR -
RESET BUSY

NOTE: IF TEST 0, THERE IS NO 30 MS DELAY
IF TEST 1, THERE IS A 30 MS DELAY

ERROR

STEP-OUT

Upon receipt of this command, the FD176X issues one
stepping pulse in the direction towards track 0. If the U flag
is on, the Track Register is decremented by one. After a
delay determined by the 110 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.

EXCEPTIONS

On the 1765/7 devices, the SSO output is not affected
during Type 1 commands, and an internal side compare
does not take place when the (V) Verify Flag is on.

‘ ENTER '

15
TYPE Il NO
COMMAND
RECEIVED
?

YES

SET BUSY. AESET DRQ. LOST
DATA, RECORD NOT FOUND. &
STATUS BITS 5 & 6 INTRQ

INTRQ
RESET BUSY

COPY 'S’ FLAG TO
SSO LINE (1785/7 ONLY)

SET HLD

NO

18 HLT =17

YES

18 YES SET
TR > 43 TG43

NO

RESET TG43

INTRQ, RESET BUSY
SET WRITE PROTECT

IF TEST 1, THERE IS A 30 MS DELAY

* NOTE: IF TEST 0, THERE IS NO 30 MS DELAY
1,

TYPE | COMMAND FLOW
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TYPE 1| COMMANDS

The Type Il Commands are the Read Sector and Write
Sector 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 normal case) HLD is made active
and HLT is sampled after a 30 msec delay. If the E flag is 0,
the head is loaded and HLT sampled with no 30 msec
delay. The ID field and Data Field format are shown on page
16.

When an ID field is located on the disk, the FD176X
compares the Track Number on the ID field with the Track
Register. If there is not a match, the next encountered ID
field is read and a comparison is again made. If there was a
match, the Sector Number of the ID field is compared with
the Sector Register. If there is not a Sector match, the next
encountered ID field is read off the disk and comparisons
again made. If the ID field CRC is correct, the data field is
then located and will be either written into, or read from
depending upon the command. The FD176X must find an
ID field with a Track number, Sector number, side number,
and CRC within four revolutions of the disk; otherwise, the
Record not found status bit is set (Status bit 3) and the
command is terminated with an interrupt.

Each of the Type Il Commands contains an (m) flag which
determines if multiple records (sectors) are to be read or
written, depending upon the command. If m = 0, a single
sector is read or written and an interrupt is generated at the
completion of the command. If m = 1, multiple records are
read or written with the sector register internally updated
so that an address verification can occur on the next
record. The FD176X will continue to read or write multiple
records and update the sector register in numerical
ascending sequence until the sector register exceeds the
number of sectors on the track or until the Force Interrupt
command is loaded into the Command Register, which
terminates the command and generates an interrupt.

For example: If the FD176X is instructed to read sector 27
and there are only 26 on the track, the sector register ex-
ceeds the number available. The FD176X will search for 5
disk revolutions, interrupt out, reset busy, and set the
record not found status bit.

The Type 1l commands for 1761-63 also contain side select
compare flags. When C = 0 (Bit 1) no side comparison is
made. When C = 1, the LSB of the side number is read off
the ID Field of the disk and compared with the contents of
the (S) flag (Bit 3). If the S flag compares with the side
number recorded in the ID field, the FD176X continues with
the 1D search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

The Type Il and Ill commands for the 1765-67 contain a side
select flag (Bit 1). When U = 0, SSO is updated to 0.
Similarly, U = 1 updates SSO to 1. The chip compares the
SSO to the ID field. If they do not compare within 5
revolutions the interrupt line is made active and the RNF
status bit is set.

The 1765/7 READ SECTOR and WRITE SECTOR com-
mands include a ‘L’ flag. The ‘L’ flag, In conjunction with
the sector length byte of the ID Field, allows different byte
lengths to be implemented in each sector. For iBM
compatability, the ‘L’ flag should be set to a one.

Y

HAVE
5INDEX HOLES
PASSED

INTRQ. RESET BUSY
SET RECORD-NOT FOUND,

HAS
IDAM

NO

BEEN
DETECTED
?

DOES

TR = TRACK

ADDRESS OF 1D

FIELD
2

NO

DOES
SR : SECTOR
ADDRESS OF 1D

NO

NO

BRING IN SECTORA LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

s
THERE A
CRC ERROR
?

STATUS ERROR

TYPE Il COMMAND

READ SECTOR

Upon receipt of the Read Sector command, the head is
loaded, the Busy status bit set, and when an ID field is
encountered that has the correct track number, correct
sector number, correct side number, and correct CRC, the
data field is presented to the computer. The Data Address
Mark of the data field must be found within 30 bytes in
single density and 43 bytes in double density of the last ID
field CRC byte; if not, the 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.
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READ SECTOR
SEQUENCE

HAS

DATA AM

OCCURED

IN TIME
pl

YES
1
PUT RECORD TYPE IN
STATUS REG BIT §

DU — (PR YES

NO

HAS
NO FIRST BYTE
s = i BEEN ASSEMBLED
IN DSR

7

Tt

SET DRQ

HAS
NO NEXT BYTE
BEEN ASSEMBLED
IN DSR

YES

HAS
DR BEEN NO

READ BY SET DATA
COMPUTER LosT
DRQ 0
7
[ YES

HAVE

ALL BYTES

BEEN INPUTTED
a

NO

CRC
ERROR
7

J —

«1TO
SECTOR REG

U GTRO RESET BUSY ’

INTRQ. RESET BUSY
SET CRC ERROR

WRITE SECTOR
SEQUENCE

DELAY 2 BYTES OF GAP ]
SET DRQ ]

| DELAY 8 BYTES OF GAP —!
A
DR BEEN NO
v INTRQ RESET BUSY
SETLOSNTDATA

LOADED BY
COMPUTER
(DRQ 0]

r DELAY 1 BYTE OF GAP

TURN ON WG & WRITE
6 BYTES OF ZEROS

! '

WRITE DATA AM
ACCORDING TO AO FIELD
OF WRITE COMMAND

——

DELAY 11 BYTES

TURN ON WG 8 WRITE
12 BYTES OF ZEROS

[ DR TO DSA. SET DRQ ]
[ WRITE BYTE TO DISK ]

SET DATA
LOST
WRITE BYTE
OF ZEROS

HAVE

ALL BYTES

BEEN WRITTEN
2

WRITE CRC

1

WRITE 1 BYTE OF FF

1

I R

TYPE I COMMAND

When the first character or byte of the data field has been
shifted through the DSR, it is transferred to the DR, and
DRQ is generated. When the next byte is accumulated in
the DSR, it is transferred to the DR and another DRQ is
generated. |If the Computer has not read the previous
contents of the DR before a new character is transferred
that character is lost and the Lost Data Status bit is set.
This sequence continues 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 Address
Mark encountered in the data field is recorded in the Status
Register (Bit 5) as shown below:

STATUS
BIT5 e
1 Deleted Data Mark
0 Data Mark

TURN OFF WG
TYPE It COMMAND

WRITE SECTOR

Upon receipt of the Write Sector command, the head is
loaded (HLD active) and the Busy status bit is set. When an
ID field is encountered that has the correct track number,
correct sector number, correct side number, and correct
CRC, a DRQ is generated. The FD176X counts off 11 bytes
in single density and 22 bytes in double density from the
CRC field and the Write Gate (WG) output is made active if
the DRQ is serviced (i.e., the DR has been loaded by the
computer). If DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
zeroes in single density and 12 bytes in double density are
then written on the disk. At this time the Data Address
Mark is then written on the disk as determined by the 20
field of the command as shown below:

ag Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark



The FD176X then writes the data field and generates DRQ’s
to the computer. If the DRQ Is not serviced in time for
continuous writing the Lost Data Status Bit is set and a
byte of zeroes 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 Iinternally and written
on the disk followed by one byte of logic ones in FM or in
MFM. The WG output is then deactivated. For a 1 MHz
clock the INTRQ will set 16 to 24 usec after the last CRC
byte is written.

*If partial sectors are to be written, the proper method is to write the data and fili the
balance of the sector with zeroes. Do not let the chip supply the filler by not ser-
vicing the DRQs. Doing this will mask any errors by the lost data status and the
CRC’s may be incorrect.

ENTER
NC
YES

SET BUSY, RESET DRQ.
LOST DATA, STATUS
BITS 4,5

INTRQ
RESET BUSY

COPY ‘S' FLAG TO
§S0 LINE (1 5/7 ONLY)

HAS
INDEX
PULSE

OCCURED

INTRQ RESET
BUSY SET WPRT

SET INTRQ
LOST DATA
RESET BUSY

HAS
DRQ BEEN
SERVICE

TYPE Il COMMANDS

READ ADDRESS

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

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

YES (MFM)

WRITE 2 CAC
CHARS. CLK = FF

WRITE FC
CiK = D7

WRITE FD, FE OR
F8-FB. CLK = C7

INITIALIZE CRC
WRITE DSA
CLK = FF
=
PHYS
INTRQ RESET BUSY INDEX MARK
2
YES D:QEEN NO BYTE OF ZEROS
j LOADED? SET DATA LOST
WRITE A1* IN MFM
DOES YES plwitH CLOCK
DSR = F5 INITIALIZE CRC
NO
o0 YES WRITE C2* IN MFM
: WITH MISSING CLOCK
NO
DOES
YES WRITE 2 CRC
DSR = F7
, CHARS
NO
WRITE DSR

IN MFM

111
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Although the CRC characters are transferred to the
computer, the FD176X 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 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 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 ac-
cumulation 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: the Read Gate
is not activated during the command; no CRC checking is
performed; gap information is included in the data stream;
the internal side compare is not performed; and the ad-
dress mark detector is on for the duration of the command.
Because the A.M. detector is always on, write splices or
noise may cause the chip to look for an A.M. If an address
mark does not appear on schedule the Lost Data status flag
is set.

The ID A.M,, ID field, ID CRC bytes, DAM, Data, and Data
CRC Bytes for each sector will be correct. The Gap Bytes
may be read incorrectly during write-splice time because
of synchronization.

WRITE TRACK FORMATTING THE DISK
(Refer to section on Type lll 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 interface. Formatting the
disk is accomplished by positioning the RW head over the
desired track number and issuing the Write Track com-
mand.

Upon receipt of the Write Track command, the head is

loaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse, at which time the
interrupt is activated. The Data 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. If the DR has not been loaded by the time the
index pulse is encountered the operation is terminated
making the device Not Busy, the Lost Data Status Bit is set,
and the Interrupt is activated. If a byte is not present in the
DR when needed, a byte of zeroes is substituted. See note
on page 12.

This sequence 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 normal clock
pattern. However, if the FD176X 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.

The CRC generator is initialized when any data byte from
F8 to FE is about to be tranferred from the DR to the DSR in
FM or by receipt of F5 in MFM. 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
pattern.

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

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-
minate a multiple sector read or write command or to ir-
sure 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 execution (busy status bit se?)
the command will be terminated and the busy status bit
reset.

The lower four bits of the command determine the cor-
ditional interrupt as follows:

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

I3 = Immediate interrupt

CONTROL BYTES FOR INITIALIZATION

DATA PATTERN FD176X INTERPRETATION FD176X INTERPRETATION
IN 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, Preset CRC

F6 Not Allowed Write C2** in MFM

F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in MFM

FC Write FC with Clk = D7 Write FC in MFM

FD Write FD with CIk = FF Write FD in MFM

FE Write FE, Cik = C7, Preset CRC Write FE in MFM

FF Write FF with Cik = FF Write FF in MFM

*Missing clock transition between bits 4 and 5

**Missing clock transition between bits 3 & 4
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NO

ENTER }

[

SET BUSY
RESET STATUS
BITS 2, 4,5

NO

YES

COPY'S FLAG
TO SSO LINE
(1765/7 ONLY)

SET HLD

YES

DELAY 30 MS*

READ TRACK
SEQUENCE

INTRQ YES
RESET BUSY

HLT=1

YES

TG43
UPDATE

NO

SHIFT ONE BIT
INTO DSR

SET INTRQ
RESET BUSY

)

ADDRESS
MARK DETECTEC
?

YES

HAVE 8
BITS BEEN
ASSEMBLED
?

SET LOST
DATA BIT

*It TEST= ¢, NO DELAY

If TEST = 1,30 MS DELAY

TRANSFER
DSR TO DR
SET
READ - DRQ
ADDRESS

TYPE Il COMMAND
Read Track/Address
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HAVE 6
INDEX HOLES

PASSED
?

HAS
IDAM BEEN
DETECTED

SHIFT 1 BYTE
INTO DSR

y

TRANSFER
BYTE TO DR

SET DRQ

HAVE 6

BYTES BEEN

READ
?

YES

TRANSFER TRACK
NUMBER TO SECTOR
REGISTOR

READ ADDRESS
SEQUENCE

RESET BUSY
SET INTRQ
SET ANF

SET CRC
ERROR BIT

C

SET INTRQ
RESET BUSY

TYPE lll COMMAND
Read Track/Address
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The conditional interrupt is enabled when the cor-
responding bit positions of the command (I3 - 10) are set to
a 1. Then, when the condition for interrupt is met, the IN-
TRQ line will go high signifying that the condition specified
has occurred. If 13 - 10 are all set to zero (HEX DOQ), no in-
terrupt will occur but any command presently under
execution will be immediately terminated. When using the
immediate interrupt condition (I3 = 1) an interrupt will be
immediately generated and the current command ter-
minated. 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 immediate
interrupt (HEX D8) to clear on a subsequent load command
register or read status register operation. 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
will nullify the forced interrupt.

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

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (it = 1)
and the Every Index Pulse (12 = 1) are both set, the
resultant command would be HEX “DA”. The “OR” func-
tion is performed so that either a READY TO NOT- READY
or the next Index Pulse will cause an interrupt condition.

STATUS REGISTER

Upon receipt of any command, except the Force Interrupt
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 | 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 complete, 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
57 | s6 | s5 | s4 | s3 | s2 | s

Status varies according to the type of command executed
as shown in Table 4.

Because of internal sync cycles, certain time delays must
be observed when operating under programmed 1/O. They

are:

Delay Req'd.
Operation Next Operation FM | MFM
Write to Read Busy Bit 24ps | 12ps
Command Reg. | (Status Bit 0) |
Write to Read Status 56 us : 28 us
Command Reg. | Bits1-7 |
Write Any Read From Diff. o | o
Register Register i

RECOMMENDED — 128 BYTES/SECTOR

Shown below is the recommended 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 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)
11 FF (or 00)'
6 00
1 FB (Data Address Mark)
128 Data (IBM uses E5)
1 F7 (2 CRC's written)
10 FF (or 00)!
369* FF (or 00)'

“Write bracketed field 16 times
**Continue writing until FD176X interrupts out.
Approx. 324 bytes.
1-Optional ‘00’ on 1765/7 only.

256 BYTES/SECTOR

Shown below is the recommended 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.

115

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
60 4E
12 00
3 F5 (Writes A1)
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 (Sector Length)
* 1 F7 (2 CRCs written)
22 4E
12 00
3 F5 (Writes A1)
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRCs written)
24 4E
718** 4E

*Write bracketed field 16 times
**Continue writing until FD176X interrupts out.
Approx. 668 bytes.

1. NON-STANDARD FORMATS

Variations in the recommended formats are possible to a
limited extent if the following requirements are met:

1) Sector size must be 128, 256, 512 of 1024 bytes.
2) Gap 2 cannot be varied from the recommended format.
3) 3 bytes of A1 must be used in MFM.

In addition, the Index Address Mark is not required for
operation by the FD176X. Gap 1, 3, and 4 lengths can be as
short as 2 bytes for FD176X operation, however PLL lock up
time, motor speed variation, write-splice area, etc. will add
more bytes to each gap to achieve proper operation. It is
recommended that the recommended format be used for
highest system reliability.

FM MFM
Gap | 16 bytes FF 32 bytes 4E
Gap i 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes 00
* 3 bytes A1
Gap lI1** 10 bytes FF 24 bytes 4E
4 bytes 00 8 bytes 00
3 bytes A1
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-X9.1a4d
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DATA FIELD
RECORD
#16

GAP 2

D
RECORD
#18

13
130

%

DATA FIELD
RECORD
#3

GAP 2

D
RECORD
#3

GAP 3

DATA FIELD
RECORD
#2

GAP 2

1D
RECORD
L7]

GAP 3
OATA GAP
16 BYTES

DATA FIELD
RECORD
"

GAP 2 ID
GAP 17
BYTES

2-128

DATA FIELD
BYTE

N

CRC
BYTE 2

CRC
BYTE 1

128 BYTES
OF USER
DATA

DATA OR
DELETED DATA
ADDRESS MARK

GAP 3

D
RECORD
#1

GAP 1
POST
INDEX
BYTES
46

46 BYTES

GAP 4
PRE-INDEX
369 BYTES
PHYSICAL INDEX

ID RECORD
BYTE

[

CRC
BYTE 2

CRC
BYTE 1

SECTOR
LENGTH

SECTOR
NUMBER

SIDE
NUMBER

TRACK
NUMBER

iD
ADDRESS
MARK

GAP 2

%N

GAP 1

RECOMMENDED SINGLE DENSITY FORMAT
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:

(:‘I)E)K 6 BYTES
WRITE TURN-OFf
FOR UPDATE OF
PREVIOUS DATA FIELD
X g ayres
(HEX 00) 6 BYTES
b -
WRITE GATE
TURN-ON FOR UPDATE
OF NEXT DATA FIELD
(HEX 11 BYTES
FF)
(ngs)x 6 BYTES
(HEX FF) 40 BYTES




0

GAP 4

DATA FIELD
RECORD
{al]

GAP 2

iD
RECORD
#16

A

DATA FIELD
RECORD
#3

GAP 2

1D
RECORD
#3

GAP 3

DATA FIELD
RECORD
#2

GAP 2

ID
RECORD
#2

DATA FIELD
RECORD
#1

GAP 3
DATA GAP
39 BYTES

GAP2 1D
GAP 34
BYTES

BYTE

CRC
254 BYTE 2

CRC
265 BYTE 1

256 BYTES
2-287 OF USER
DATA

DATA OR
1 DELETED DATA
ADDRESS MARK

GAP 3

N

D
RECORD
#1

At
3 BYTES

GAP 1
1 \ POST
INDEX
‘y 72 BYTES

GAP 4
PRE-INDEX
72 BYTES 718 BYTES

PHYSICAL INDEX

BYTE

CRC
B8YTE 2

~

CRC
6 BYTE 1

SECTOR
LENGTH

o

SECTOR
NUMBER

a

SIDE
3 NUMBER

TRACK
NUMBER

N

1D
1 ADDRESS
MARK
HEX FE

GAP 2

A1 3 BYTES
12 BYTES
(HEX 00) WRITE GATE
TURN-ON FOR UPDATE
OF NEXT DATA FIELD
(HEX 4E) 24 BYTES
(HEX
00) 12 BYTES
WRITE TURN-OFF
FOR UPDATE OF
PREVIOUS DATA FIELD
(HEX 4E) 22 BYTES

*F5 WRITES A4 IN MFM
WITH MISSING CLOCKS BETWEEN BITS 4 AND 5

A

RECOMMENDED DOUBLE DENSITY FORMAT
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\

(HEX 00)

(HEX 4E)

12 BYTES

80 BYTES
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TIMING CHARACTERISTICS
Ta=0°Cto70°C,Vop = + 12V = 6V, Vss = OV, Vcc = + 5V + .25V

READ ENABLE TIMING (See Note 4, Page 22)

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 1000 6000 nsec
TDACC Data Access from _RE 350 nsec CL = 50 pf
TDOH Data Hold from RE 50 150 nsec C. = 50 pf
| 32* ORB4" uS ™ " Ton *1
o | B I
o DRO '
DRQ d _l— r 5 |t - TIRA* ——— —-—{
E jet———  TiRR ——‘ wTeQ. g
INTRQ 3 ! ISERVICE . l———— v
{SERVICE jem— | HLD
o]
AD AN C_q O__[ 21N
AD. A1 C_S®____J —I viL I - TWE —]
~-— T RE —-+ wE e
RE Vi
I ii[‘TDACC L‘_;)A A | o’ mﬁi‘;AVl:!l-"'SDT
DAL} | VALID [ _—| Toe
——TDOH|—~ e

NOTE: 1 C8 MAY BE PERMANENTLY TIED LOW IF
DESIRED 2 WHEN WRITING DATA INTO
SECTOR TRACK OR DATA REGISTER USER
CANNOT READ THIS REGISTER UNTIL AT
LEAST 8 4SEC IN MFM AFTER THE RISING
EDGE OF WE WHEN WRITING INTO THE
COMMAND REGISTER STATUS I3 NOT VALID

NOTE 1 TS MAY BE PERMANENTLY TIED LOW IF DESIRED

t SERVICE (WORST CASE) t SERVICE (WORST CASE)
‘FM - 275 uS “FM = 235 uS

MFM = 135 uS CMFM = 11 508 ll:l:l_l'_félaSOME 56 «SEC IN FM, 28 4SEC IN MFM
g:‘?‘FISING EDGE: INDICATES THAT TRE DATA REGISTER HAS ASSEMBLED DRQ AISING EDGE: INDICATES THAT THE DATA REGISTER 1S EMPTY
DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER WAS READ o eI EDoe: :ug}gﬂ%ﬂ;’;“g&"gf:’éoﬁs,mgn 1S LOADED
INTRQ AISING EDGE: OCCURS AT END OF COMMAND INTRQ FALLING EDGE: INDICATES THAT THE COMMAND REGISTER
INTRQ FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS READ. IS WRITTEN TO
READ ENABLE TIMING WRITE ENABLE TIMING
WRITE ENABLE TIMING (See Note 4, Page 22)
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 1000 6000 nsec

TDS Data Access from WE 250 nsec

TDH Data Hold from WE 70 nsec
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INPUT DATA TIMING (See Note 4, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Tpw Raw Read Pulse Width 100 200 nsec See Note 1
tbe Raw Read Cycle Time 3000 4000 nsec 3600 ns @ 70°C
Tc RCLK Cycle Time 3000 4000 nsec 3600 ns @
70°C, See Note
2
Tx1 RCLK hold to Raw Read 40 nsec See Note 1
Txe Raw Read hold to RCLK 40 nsec See Note 1
L 'bc
e
iow I —————— 500 NS —»
AAW READ I‘— CLK
_J- (IMH2) _'I
| |

¢0-X9.1a4

L
ey

I‘.____ Ta ——'—.—— To —’i
1 Te |

R
- |

WD MUST HAVE RISING EDGE IN FIRST SHADED AREA AND

o

ff—— Twd2

RCLK

wD

NOMINAL TRAILING EDGE IN SECOND SHADED AREA.
MODE DDEN CLK Ta To Te
MFM 0 1 MHz 2 us 2 us 4 us WRITE DATA/CLOCK RELATIONSHIP IN DOUBLE DENSITY (DDEN = 0)
FM 1 1 MHz 4 us 4 us 8 us
INPUT DATA TIMING (See Note 3, Page 22) WRITE DATA TIMING
WRITE DATA TIMING (See Note 4, Page 22)
SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS CONDITIONS
Twp Write Data Pulse Width 1000 nsec FM
400 nsec MFM
Twg Write Gate to Write Data 4 usec FM
2 usec MFM
Tbe Write data cycle Time 4,6, 0r8 usec + CLK Error
Ts Early (Late) to Write Data 250 nsec MFM
Th Early (Late) From 250 nsec MFM
Write Data
Twf Write Gate off from WD 4 usec FM
2 usec MFM
Twdi WD Valid to Clk 100 nsec
Twd2 WD Valid after CLK 100 nsec
MISCELLANEOUS TIMING (See Note 4, Page 22)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCD1 Clock Duty (low) 460 500 20000 nsec
TCD: Clock Duty (high) 400 500 20000 nsec
TSTP Step Pulse Output 40r8 usec
TDIR Dir Setupt to Step 24 usec + CLK ERROR
TMR Master Reset Pulse Width 50 usec
TIP Index Pulse Width 10 usec
TWF Write Fault Pulse Width 20 usec

o PR e
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= " NOTES:
I | : 1. Pulse width on RAW READ (Pin 27) is normally 100-300
ns. However, pulse may be any width pulse is entirely

pe—Te— within window. If pulse occurs in both windows, then
We VIH pulse width must be less than 600 ns for MFM at CLK =
1 MHz and 1200 ns for FM at 1 MHz.
fo—Twr—] 2. ::bﬁ should be 4 us, nominal in MFM and 8 us nominal in
uA -} | I § v 3. RCLK may be high or low during RAW READ (Polarity is
unimportant).
I‘—TM“—’I 4. All timing readings at VoL = .8V & VoH = 2.0V.

(
l STEP IN ’
pirc  YOH —

VvOL ‘—FHF!o'-—.

l«Toln-rlTSTPl‘—DITSTP'ﬂ— I“"TDIR"'TSTPP—
STEP I_—L l_—l_f 5____._1—1

MISCELLANEOUS TIMING
*FROM STEP RATE TABLE

Table 4. 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 | TRACKO LOST DATA LOST DATA LOST DATA | LOST DATA LOST DATA

S1 | INDEX PULSE |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.

S84 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.

S1INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the
IPinput.

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

L _____ ]
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STATUS FOR TYPE Il AND 1l 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 Il
and |l Commands will not execute unless the drive is ready.

56 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.

55 RECORD TYPE/
WRITE FAULT

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

S4 RECORD NOT
FOUND (RNF)

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

53 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.

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings
Voo with repect to Vss(ground). +15to —0.3V
Voltage to any input with respectto Vss = +15to — 0.3V
lcc = 60 MA (35 MA nominal)

Cin& Cour = 15 pF max with all pins grounded except
one under test.

Operating temperature = 0°Ct0 70°C

Storage temperature = —55°Cto + 125°C

lop = 15 MA (10 MA nominal)

OPERATING CHARACTERISTICS (DC)
TA = 0°Cto70°C, Voo = + 12V + BV, Vss = OV,Vcc = + BV = .25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
I Input Leakage 10 uA Vin = Vpo**
loL Output Leakage 10 uA Vour = Vop
ViH Input High Voltage 26 Vv
Vi input Low Voltage 0.8 \

VoH Output High Voltage 28 \Y lo= —100uA
Vou Output Low Voltage 0.45 \ lo=10mA
Po Power Dissipation 0.6 w

**|eakage conditions are for input pins without internal pull-up resistors. Pins 22, 23, 33, 36, and 37 have pullup resistors. See
Tech Memo #115 for testing purposes.

See page 725 for ordering information.
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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 for 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
specifications at anytime without notice.
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FD1771-01 Floppy Disk Formatter/Controller

FEATURES

SOFT SECTOR FORMAT COMPATIBILITY
AUTOMATIC TRACK SEEK WITH VERIFICATION

READ MODE

Single/Multiple Sector Write with Automatic
Sector Search or Entire Track Read

Selectable 128 Byte or Variable Length Sector

WRITE MODE

Single/Multiple Sector Write with Automatic
Sector Search

Entire Track Write for Diskette Formatting

PROGRAMMABLE CONTROLS

Selectable Track-to-Track Stepping Time

Selectable Head Settling and Head Engage
Times

Selectable Three Phase or Step and Direction
and Head Positioning Motor Controls

SYSTEM COMPATIBILITY

Double Buffering of Data 8-Bit Bi-Directional
Bus for Data, Control and Status

DMA or Programmed Data Transfers

All Inputs and Outputs are TTL Compatible

APPLICATIONS

FLOPPY DISK DRIVE INTERFACE

SINGLE OR MULTIPLE DRIVE
CONTROLLER/FORMATTER

NEW MINI-FLOPPY CONTROLLER

GENERAL DESCRIPTION

The FD1771 is a MOS/LSI device that performs the
functions of a Floppy Disk Controller/Formatter.
The device is designed to be included in the disk
drive electronics, and contains a flexible interface
organization that accommodates the interface sig-
nals from most drive manufacturers. The FD1771 is
compatible with the IBM 3740 data entry system
format.

The processor interface consists of an 8-bit bi-
directional bus for data, status, and control word
transfers. The FD1771 is set up to operate on a multi-
plexed bus with other bus-oriented devices.

The FD1771 is fabricated in N-channel Silicon Gate

MO

S technology and is TTL compatible on all inputs

and outputs. The A and B suffixes are for ceramic
and plastic packages, respectively.

FD DATA

FD CLOCK
— 00— ]

SV

FLOPPY DISK
CONTROLLER
FORMATTER

FLOPPY
DISK
DRIVE

10K

ORQ

FD1771

PH1T STEP

PH2 DIRC

INTRQ

PH8

CLK (2 MHZ)

Vge(-5V1Q 1 -/ 40 Vpp (+12V)
WEL] 2 390 INTRQ
csg 3 80 0Rg
RE: 4 37 DlNT INTERFACE
Ap] 5 36 WPRT
A1l 6 3B P
pALOC 7 341 TROO
DALTC] 8 33T WF
DAL2C 9 323 READY
DAL3 10l oo 3P WD
DAL 4 11 30 WG
DALS5 412 291 TG43
DAL®G 13 28[JHLD
DAL7 O014 272 FDDATA
PH1/STEP []15 26 3 FDCLK
PH2/DIRC ] 16 25 XTDS
PH3 []17 24[3CLK
3PM 18 23BHLT
MR 19 22D TEST ~
(GND) Vgg 20 21 3Vg(+5V)

PIN CONNECTIONS

ONE SHOT
{IF USED)

Vss Veg Voo Ve

L1 1]

5 12 5

FD1771 SYSTEM BLOCK DIAGRAM
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PIN OUTS

Pin No. Pin Name Symbol Function

1 Power Supplies %B/NC -5V

19 MASTER RESET A logic low on this input resets the device and loads
“03" into the command register. The Not Ready
(Status bit 7) is reset during MR ACTIVE. When MR
is brought to a logic high, a Restore Command is
executed, regardless of the state of the Ready signal
from the drive.

20 Vss Ground

21 Vce +5V

40 VoD +12V

Computer interface

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

3 CHIP SELECT [ A logic low on thisinput selects the chip and enables
computer communication with the device.

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

56 REGISTER SELECT Ap, Ay These inputs select the register to receive/transfer

LINES data on the DAL lines under RE and WE control:

A1 Ao RE WE
0 0 Status Register Command Register
0 1 Track Register Track Register
1 0 Sector Register Sector Register
1 1 Data Register Data Register

7-14 DATA ACCESS LINES | DALO-DALT7|Eight bit inverted bidirectional bus used for transfer
of data, control, and status. This bus is a receiver
enabled by WE or a transmitter enabled by RE.

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

38 DATA REQUEST DRQ This open drain output indicates that the DR con-
tains assembled data in Read operations, or the DR
is empty in Write operations. This signal is reset
when serviced by the computer through reading or
loading the DR in Read or Write operation, respec-
tively. Use 10K puli-up resistor to +5.

39 INTERRUPT REQUEST | INTRQ This open drain output is set at the completion or
termination of any operation and is reset when a
new command is loaded into the command register.
Use 10K pull-up resistor to +5.

Floppy Disk intertace:

15 Phase 1/Step PH1/STEP |If the 3PM input is a logic low the three-phase motor
control is selected and PH1, PHZ, and PH3 outputs

16 Phase 2/Direction PH2/DIRC [form aoneactivelowsignaloutofthree. PH1isactive
low after MR. If the 3PM input is a logic high the step

17 Phase 3 PH3 and direction motor control is selected. The step
output contains a 4 usec high signal for each step

18 3-Phase Motor Select |3PM and the direction output is active high when stepping

in; active low when stepping out.
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Pin No.

Pin Name

Symbol

Function

22

23

25

26

27

28

29

30

31

32

33

34

35

36

37

Test

HEAD LOAD TIMING

EXTERNAL DATA
SEPARATION

FLOPPY DISK CLOCK
{External Separation)

FLOPPY DiISK DATA
HEAD LOAD

Track Greater than 43

WRITE GATE
WRITE DATA

Ready

WRITE FAULT

TRACK 00

INDEX PULSE

WRITE PROTECT

TEST

HLT

XTDS

FDCLOCK

FODATA
HLD

TG43

WG
WD

READY

WPRT

DISK INITIALIZATION

DINT

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

The HLT input is sampled after 10 ms. When a logic
high is sampled on the HLT input the head is assumed
to be engaged.

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

This 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 if XTDS=0.

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

This output informs the drive that the Read-Write
head is positioned between tracks44-76. This output
is valid only during Read and Write commands.

This output is made valid when writing is to be per-
formed on the diskette.

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

This input indicates disk readiness and is sampled
for a logic high before Read or Write commands are
performed. If Ready is low, the Read or Write oper-
ation 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.

This input detects wiring 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 inactive
(high) when WG becomes inactive.

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

Input, when low for a minimum of 10 usec, informs
the FD1771 when an index mark is encountered on
the diskette.

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

The iput is sampled whenever a Write Track com-
mand is received. If DINT=0, the operation is termin-
ated and the Write Protect status bit is set.
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ORGANIZATION

The Floppy Disk Formatter block diagram is illustra-
ted on page 4. The primary sections include the
parallel processor interface and the Floppy Disk
interface.

Data Shift Register: This 8-bit register assembles se-
rial data from the Read Data input (FDDATA) duriing
Read operations and transfers serial data to the
Write Data output during Write operations.

Data Register: This 8-bit register is used as aholding
register during Disk Read and Write operations. In
Disk Read operations the assembled data byte is
transferred in parallel to the Data Register from the
Data Shift Register. In Disk Write operations infor-
mation is transferred in paralle! from the Data Regis-
ter to the Data Shift Register.

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

Track Register: This 8-bit register holds the track
number of the current Read/Write head position. Itis
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 con-
tents of the register are compared with the recorded
track number in the ID field during disk Read, Write,
and Verify operations. The Track Register can be

loaded from or transferred to the DAL. This Register
should not be loaded when this device is busy.

Sector Register (SR): This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sec-
tor 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 command presently being executed. This regis-
ter should not be loaded when the device is busy
unless the execution of the currentcommand is to be
overridden. 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 Sta-
tus bits are a function of the contents of the Com-
mand Register. This register can be read onto the
DAL, but not loaded from the DAL.

CRC Logic: This logic is used to check or to generate
the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is: G(x) = x'® + x'2 + x5 + 1.

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

i ——
DAL
// { )
DATA OUT
BUFFERS
} } i |
DATA COMMAND SECTOR TRACK "‘I:— STATUS
REG REG REG ] REG REG
% FD.DATA
DATA DATA [#——
A ¢ SEPA-
IFT
—_— RATOR | FD CLOCK
N _
1< 2o Y { XTDS
WRITE DATA AM
<l DETECTOR
(TO DISK)
GRC LOGIC N W
—-
TG43
DRQ W -
INTRQ WE
D o erace ek
MR CONTROL CONTROL INTERFACE |  TROO
S CONTROL READY
——ﬁ-—-uag | CONTROL CONTROL PHI/STEP
WE - PHZ/DIRG o
AOQ PH3
Al > M
» : BINT
CLK (2 MHZ) o2
CLK 2 MHZ) _ ] e HLT

FD1771 BLOCK DIAGRAM
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Arithmetic/Logic Unit (ALU): The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and comparisons with
the disk recorded ID field.

AM Detector: The Address Mark detector is used to
detect ID, Data, and Index address marks during
Read and Write operations.

Timing and Control: Ali computer and Floppy Disk
Interface controls 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 enabled as output drivers when Chip Select (CS)
and Read Enable (RE) are active (low logic state) or
act as input receivers when CS and Write Enable
(WE) are active.

When transfer of data with the Floppy Disk Con-
troller is required by the host processor, the device
address is decoded and CS is made low. The least-
significant address bits A1 and AQ, combined with
the signals RE during a Read operation or WE during
a Write operation are interpreted as selecting the fol-
lowing registers:

A1-A0 READ (RE) WRITE (WE)

0 0|Status Register
0 1|Track Register
1 0{Sector Register
1 1|Data Register

Command Register
Track Register
Sector Register
Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the FD1771
and the Processor, the Data Request (DRQ) outputis
used in Data Transfer control. This signal also
appears as status bit 1 during Read and Write
operations.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byte
is transferred in parallel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred
into the register prior to processor readout, the Lost
Data bit is setin the Status Register. The Read opera-
tion continues until the end of sector is reached.

On Disk Write operations the Data Request is acti-
vated when the Data Register transfers its contents
to the Data Shift Register, and requires a new data
byte. It is reset when the Data Register is loaded with
new data by the processor. If new data is not loaded

at the time the next serial byte is required by the
Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data bit is set in the Status
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 com-
pletion or abnormal termination of all controller
operations. The INTRQ signal remains active until
reset by reading the Status Register to the processor
or by the loading of the Command Register. In addi-
tion, the INTRQ is generated if a Force Interrupt
command condition is met.

FLOPPY DISK INTERFACE

The Floppy Disk interface consists of head position-
ing controls, write gate controls, and data transfers.
A 2.0 MHz + 1% square wave clock is requred at the
CLK input for internal 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 positioning step is specified by the r field in bits
1 and 0 of the command word. After the last direc-
tional step, an additional 10 milliseconds of head set-
ting 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 the 3PM input is con-
nected to ground, the device operates with a three-
phase motor control interface, with one active low
signal per phase on the three output signals PHT,
PH2, and PH3. The stepping sequence, when step-
ping 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 acti-
vated 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 voltage on this pin
indicating a Step In, and a low voltage indicating a
Step Out. The Direction output is valid a minimum of
24 us prior to the activation of the Step pulse.

When a Seek, Step or Restore command is executed,
an optional verification of Read-Write head position
can be performed by setting bit 2 in the command
word to a logic 1. The verification operation 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 Register. If the
track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify
operation is complete. If track comparison is not
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made but the CRC checks, an interrupt is generated,
the Seek Error status (Bit4) is set and the Busy status
bit is reset.

Table 1. STEPPING RATES

1771-X1 1771-X1 1771 0or = X1 | 1771 0or — X1
CLK=2MHz ]CLK=1MHz JCLK=2MHz JCLK =1 MHz
ry rol TEST=1 TEST=1 TEST=0 TEST=0
00 éms 12ms Approx. Approx.
01 6ms 12ms 400us™ 800us*
10 10ms 20ms
11 20ms 40ms

*For exact times consult WDC,

The Head Load (HLD) 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 HLD sig-
nal is made active. If executing the type 2 commands
with the E flag off, there is no 10 msec delay and the
head is assumed to be engaged. The delay is deter-
mined by sampling of the Head Load Timing (HLT)
input after 10 msec. A high state input, generated
from the Head Load output transition and delayed
externally, identifies engagement of the head
against the disk. In the Seek and Step commands,
the head is loaded at the start of the command exe-
cution when the h bit is a logic one. In a verify com-
mand the head is loaded after 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 500 kHz clock active state, the clock
divider circuit injects a clock to maintain a continu-
ous 500 kHz data clock. The 500 kHz data clock is
further divided by 2 internally to separate the clock
and information bits. The divider is phased to the
information by the detection of the address mark.

In the internal data read and separatiorr mode the
Read Data input toggles from one state to the oppo-
site state for each logic one bit of clock or informa-
tion. 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 sampled by the 2 MHz clock 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-low transition, the informa-
tion input to the FDDATA line is clocked 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 opera-
tions with the IBM 3740 format is 128 bytes. This for-
mat or binary multiples 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 recordec
in the ID Field to control the length of the sector. Vari-
able sector lengths can be read or written in Read or
Write commands, respectively, by setting a logic 0 in
Bit 3 of the command word. The sector length indica-
tor specifies the number of 16 byte groupsor 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 datais a pos-
itive 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 flow.

When writing is to take place on the diskette the
Write Gate (WG) output is activated, allowing cur-
rent to flow into the Read/Write head. As a precau-
tion to erroneous writing, the first data byte must be
loaded into the Data Register in response to a Data
Request from the FD1771 before the Write Gate sig-
nal can be activated.

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is
immediately terminated, an interrupt is generated
and the Write Protect status bit is set. The Write Fauit
input, when activated, signifies a writing fault condi-
tion detected in disk drive electronics such as failure
to detect write current flow when the Write Gate is
activated. On detection of this fault the FD1771 ter-
minates 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.

Whenever a Read or Write command is received the
FD1771 samples the READY input. If this input is
logic low the command is not executed and an inter-
rupt is generated. The Seek or Step commands are
performed regardless of the state of the READY
input.



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 com-
mand is completed, an interruptis 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 discussion, com-
mands are divided into four types. Commands and
types are summarized in Table 2.

TYPE 1 COMMANDS

The Type 1 Commands include the RESTORE,
SEEK, STEP, STEP-IN, and STEP-OUT commands.
Each of the Type 1 Commands contain a rate field
(ror1), which determines the stepping motor rate as
defined in Table 1, page 4.

The Type 1 Commands contain a head load flag (h)
which determines if the head is to be loaded at the
beginning of the command. Ifh=1, the head is
loaded at the beginning of the command (HLD
output is made active). If h=0, HLD is deactivated.

Table 2. COMMAND SUMMARY

BITS
TYPE| COMMAND 76543210
| Restore 0000NhVnr
| Seek 0001hVnr
| Step 001uhVrir
| Step In 010uhVrr
| Step Out 011uhVrrnr
il Read Command 100mbEODO
] Write Command 101 mbEatap
i1l | Read Address 11000EO00O0
Il | Read Track 11100105s
I | Write Track 11110100
IV | Force Interrupt 110113121114

Note: Bits shown in TRUE form.

Table 3. FLAG SUMMARY

TYPEI
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
r1ro = Stepping motor rate (Bits 1-0)

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

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

Table 4. FLAG SUMMARY

TYPE Il

m = Multiple Record flag (Bit 4)
= 0, Single Record
= 1, Multiple Records
= Block length flag (Bit 3)
b = 1, IBM format (128 to 1024 bytes)
b = 0, Non-IBM format
(16 to 4096 bytes)
atag = Data Address Mark (Bits 1-0)
alag = 00, FB (Data Mark)
atag = 01, FA (User defined)
atap = 10, F9 (User defined)
atag = 11, F8 (Deleted Data Mark)

m
m
b

Table 5. FLAG SUMMARY

TYPEII

s = Synchronize flag (Bit 0)

s = 0, Synchronize to AM
S = 1, Do Not Synchronize to AM

TYPEIV

li = Interrupt Condition flags (Bits 3-0)

1, Not Ready to Ready Transition
1, Ready to Not Ready Transition
I2 = 1, Index Pulse

I3 = 1, Immediate interrupt

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

lo

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
revolutions of the disk, the head will be auto-
matically disengaged (HLD made inactive). The

“Head Load Timing Input is sampled after a 10 ms

delay, when reading or writing on the disk is to
occur.

The Type 1 Commands also contain a verification
(V) flag which determines if a verification operation
is to take place on the destination track. 1f V=1, averi-
fication is performed; if V=0, no verification is
performed.

During verification, the head is loaded and after an
internal 10 ms delay, the HLT inputis 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 verification is
complete, an interrupt is generated and the BUSY
status bit is reset. If there is not a match but there is
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valid ID CRC, an interrupt is generated, the Seek
Error status bit (Status Bit 4) is set and the BUSY sta-
tus bit is reset. If there is a match but notavalid CRC,
the CRC error status bit is set (Status Bit 3), and the
next encountered ID Field is read from the disk for the
verification operation. If an 1D Field with a valid CRC
cannot be found after two revolutions of the disk, the
FD1771 terminates the operation and sents an inter-
rupt (INTRQ).

The STEP, STEP-IN, and STEP-OUT commands
contain an UPDATE flag (U). When U=1, the track
register is updated by one for each step. Whe U=0,
the track register is not updated.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TR0O)
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
generated. If TROO is not active low, stepping pulses
(pins 15 to 17) at a rate specified by the rqrg field are
issued until the TROO input is activated. At this time
the TR is loaded with zeroes and an interrupt is gen-
erated. If the TROO input does not go active low after
255 stepping pulses, the FD1771 terminates opera-
tion, 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 verifi-
cation 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 Register con-
tains the track number of the current position of the
Read-Write head and the Data Register contains the
desired track number. The FD1771 will update the

ENTER
HAS
A TYPEI NO
COMMAND BEEN S

RECEIVED

SET BUSY. RESET CRC.
SEEK ERROR. DRQ. INTRQ

-

RESET HLD

SET HLD

1S
COMMAND
A
STEP-IN
2
NO
1S
COMMAND
A
STEP-OUT
2
NO
1S.
COMMAND
A
STEP
2

NO

SE
DIRECTION

RESET
DIRECTION

1S
COMMAND
A
SEEK
?

s
NO  ARESTORE ~—YES e

/

r DR TO DSR I

RESET DIRECTION

. )
1S
DIRECTION
s 1
»
@ -

SET DIRECTION

T

1S
HEAD AT
TRACK 0 AND
DIRECTION

0TO TR

ISSUE
ONE STEP PULSE

i

DELAY ACCORDING
TO R1. RO FIELD

COMMAND
A STEP. STEP-IN,
OR STEP-OUT
2

YES

TYPE | COMMAND FLOW
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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 command. 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 therqrgfield,
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

INTRQ. RESET BUSY ’

SET HLD

HAS
10 MS
EXPIRED
?

INTRQ. RESET BUSY
SET SEEK ERROR

THERE A
CRC ERROR
?

ADDRESS OF iD
FIELD
2

YE:

S
INTRQ
RESET BUSY

NOTE: (F TEST 0 THERAE 1S NO 10 MS DELAY
IF TEST 1 AND CLK 1 MHz. THERE 1S A 20MS DELAY
7

INTRQ RESET BUSY
SET SEEK ERROR

TYPE | COMMAND FLOW

interrupt is generated at the completion of the
command.

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 incre-
mented by one. After a delay determined by therirg
field, a verification takes place if the V flag is on. The
h bit allows the head to be loaded at the start of the
command. An interrupt is generated at the comple-
tion of the command.

STEP-OUT

Upon receipt of this command, the FD1771 issues
one stepping pulse in the direction towards track 0. If
the u flag is on, the TR is decremented by one. Aftera
delay determined by the rqrg 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.

TYPE 1l COMMANDS

The Type Il Commands include the Read Sector(s)
and Write Sector(s) 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 normal case), HLD is made active and
HLT is sampled after a 10 msec delay. If the E flag is
0, the head is assumed to be engaged and thereisno
10 msec delay. The |D field and the Data Fie!d 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
encountered ID field is read and a comparison is
again made. If there was a match, the Sector Number
of the ID field is compared with the Sector Register.
If there is not a Sector match, the next encountered
ID field is read off the disk and comparisons again
made. If the ID field CRC is correct, the data field is
then located and will be either written into, or read
from depending on the command. The FD1771 must
find an ID field with a track number, Sector number,
and CRC within two revolutions of the disk; other-
wise, the Record Not Found status bit is set (Status
bit 3) and the command is terminated with an
interrupt.

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.

For I1BM 3740 compatibility, the b flag should equal 1.
The numbers of bytes in the data field (sector) is then
128 x 2D wheren =0, 1, 2, 3.
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ID TRACK SECTOR SECTOR CRC| CRC DATA CRC | CRC
GAP AM NUMBER | ZERO | NUMBER LENGTH 1 2 | GAP AM DATA FIELD 1 2
ID FIELD DATA FIELD
IDAM = ID Address Mark — DATA = (FE)4g CLK = (C7)16
Data AM = Data Address Mark — DATA = (F8, F9, FA, or FB), CLK = (C7)4¢

Forb=1
Sector Length Number of Bytes
Field (Hex) in Sector (Decimal)
00 128
01 256
02 512
03 1024

When the b flag equals zero, the sector length field
(n) multiplied by 16 determines the number of bytes
in the sector or data field as shown below.

Forb=0
Sector Length Number of Bytes
Field (Hex) in Sector (Decimal)
01 16
02 32
03 48
04 64
[ ] [ ]
L J [ ]
L J [ ]
FF 4080
00 4096

Each of the Type I commands also contain a (m) flag
which determines if the multiple records (sectors)
are to be read or written, depending upon the com-
mand. If m=0 a single sector is read or writtenand an
interrupt is generated at the completion of the com-
mand. If m=1, multiple records are read or written
with the sector register internally updated so that an
address verification can occur on the next record.
The FD1771 will continue to read or write multiple
records and update the sector register until the sec-
tor register exceeds the number of sectors on the
track or until the Force Interrupt command is loaded
into the command register, which terminated the
command and generates an interrupt.

READ COMMAND

Upon receipt of the Read command, the head is
loaded, the BUSY status bit set, and when an ID field
is encountered that has the correct track number,
correct sector number, and correct CRC, the data
field is presented to the computer. The Data Address
Mark of the data field must be found within 28 bytes
of the correct field; if not, the Record Not Found sta-
tus bit is set and the operation is terminated. When
the first character or byte of the data field has been

1S
TYPE 11 NO
COMMAND - —
RECEIVED

SET BUSY. RESET DRQ. LOST
DATA. REGORD NOT FOUND. &
STATUS BITS 5 & 6 INTRQ

SET
1 1G43

RESET TG43

1S
WRITE
PROTECT
ON
2

1S
COMMAND

YES

INTRQ, RESET BUSY
SET WRITE PROTECT

NOTE (F TEST 0 THERE iS NO 10 MS DELAY
1F TEST 1 AND CLK 1 MHz THERE IS A 20MS DELAY

WRITE
]

NO

TYPE It COMMAND FLOW

shifted through the DSR, it is transferred to the DR,
and DRQ is generated. When the next byte isaccum-
ulated 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
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TYPE il COMMAND FLOW

LLost Data status bit is set. This sequence continues
until the complete data field has been input 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 mulltiple
record command).

At the end of the Read operation, the type of Data
Address Mark encountered in the data field is recor-
ded in the Status Register (Bits 5 and 6) as shown
below.

Status Status Data AM
Bit 6 Bit5 (Hex)
0 0 FB
0 1 FA
1 0 F9
1 1 F8

(A
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WRITE COMMAND

Upon receipt of the Write command, the head is
loaded (HLD active) and the BUSY status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, 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 DRQ is serviced (i.e., the
DR has been loaded by the computer). If DRQ has
not been serviced, the command is terminated and
the Lost Data status bit is set. If the DRQ has been ser-
viced, the WG is made active and six bytes of zeros
are then written on the disk. At this time the Data
Address Mark is then written on the disk as deter-
mined by the ajag field of the command as shown
on next page.

The FD1771 then writes the data field and generates
DRQs to the computer. If the DRQ is not serviced in
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Data Mark Clock Mark
a4 ag (Hex) (Hex)
0 0 FB c7
0 1 FA c7
1 0 F9 c7
1 1 F8 c7

time for continuous writing the Lost Data status bit is
set and a byte of zeros is written on the disk. The
command is not terminated. After the last data byte
has been written on the disk, the two-byte CRC is
computedinternally and written on the disk followed
by one byte gap of logic ones. The WG output is then
deactivated.

\

DELAY 2 BYTES OF GAP l

'

SET DRQ I

¥

DELAY 8 BYTES OF GAP '

A
DR BEEN
LOADED BY
COMPUTER
(DRQ = 0,
?

INTRQ, RESET BUSY
SET LOST DATA

L DELAY 1 BYTE OF GAP ]

1

TURN ON WG 8 WRITE
6 BYTES OF ZEROS

1

WRITE DATA AM
ACCORDING TO A1, AQ FIELD
OF WRITE COMMAND
i

L DR TO DSR, SET DRQ J

!

L WRITE BYTE TO DISK I

SET DATA
LOSY
WRITE BYTE
OF ZEROS

]

HAVE

ALL BYTES

BEEN WRITTEN
?

WRITE CRC |

YES |
[ WRITE 1 BYTE OF ONES ]

¥

I TURN OFF WG

)
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TYPE ill COMMANDS

READ Address

Upon receipt of the Read Address command, the
head is loaded and the BUSY Status bit is set. The
next encountered |D field is then read in from the
disk, and the six data bytes of the ID field are
assembled and transferred to the DR, and a DRQ is
generated for each byte. The six bytes of the ID field
are shown below.

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

Aithough 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 Address of the ID field is written into the
Sector Register. At the end of the operation an inter-
rupt is generated and the BUSY Status is reset.

READ TRACK

Upon receipt of the Read Track command, the head
is loaded and the BUSY status bit is set. Reading
starts with the leading edge of the first encountered
index mark and continues until 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. Gaps are
included in the input data stream. If bit 0(S) of the
command is a 0, the accumulation of bytes is syn-
chronized to each 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 nextindex pulse,
at which time the interrupt is activated. The Data
Request is activated immediately upon receiving the
command, but writing will not start until after the first
byte has been loaded into the Data Register. If the
DR has not been loaded by the time the index pulse is
encountered the operation is terminated making the
device Not Busy, the Lost Data status bit is set, and
the Interrupt is activated. If a byte is not present in
the DR when needed, a byte of zeros is substituted.
Address Marks and CRC characters are written on
the disk by detecting certain data byte patternsin the
outgoing data stream as shown in the table below.
The CRC generator is initialized when any data byte
from F8 to FE is about to be transferred from the DR
to the DSR.
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SET BUSY, RESET DRQ.
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DR BEEN
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I DR TO DSR ]
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I SET DRQ I

WRITE 2 CRC
CHARS CLK  FF

WRITE FC
CLK D7 >

DOES
0OSR . FD FE WRITE FO FE - [ o
F8 -FB

Fa-FBCLK C7

WRITE DSR
CLK FF

INTRQ
RESET BUSY

YES

WRITE BYTE OF ZEROS
SET DATA LOST

TYPE 11l COMMAND WRITE TRACK

CONTROL BYTES FOR INITIALIZATION

DATA CLOCK
PATTERN MARK

(HEX) INTERPRETATION (HEX)
F7 Write CRC Character FF
F8 Data Address Mark Cc7
F9 Data Address Mark C7
FA Data Address Mark Cc7
FB Data Address Mark Cc7
FC Index Address Mark D7
FD Spare
FE ID Address Mark C7

6 R
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TYPE Il COMMAND WRITE TRACK

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

TYPE IV COMMAND
Force Interrupt

This command can be loaded into the command reg-
ister 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 lg through I3
field is detected. The interrupt conditions are shown
below:

;= Not-Ready-To-Ready Transition

I, = Ready-To-Not-Ready Transition

I, = Every Index Pulse

I3 = Immediate Interrupt (Requires reset,

see Note)

NOTE: If I0- 13 =0, there is no interrupt generated but the current
command is terminated and busy is reset. This.is the only

command that will clear the immediate interrupt.

0122144
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STATUS DESCRIPTION

Upon ieceipt of any command, except the Force
interrupt 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 bitis 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 ot the status bits are updated 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 | S6 | S5 | S4 | 83 | 82 | S1 | SO

Status varies according to the type of commandl
executed as shown in Table 6.

Table 6. STATUS REGISTER SUMMARY

ALLTYPEI
BIT COMMANDS READ ADDRESS READ READ TRACK WRITE WRITE TRACK
S7 | NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY
S6 | WRITE PROTECT 0 RECORD TYPE 0 WRITE PROTECT | WRITE PROTECT
S5 | HEAD ENGAGED 0 RECORD TYPE 0 WRITE FAULT WRITE FAULT
S4 | SEEK ERROR ID NOT FOUND RECORD NOT 0 RECORD NOT 0
FOUND FOUND
S3 | CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 | TRACKO LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S1 | INDEX DRQ DRQ DRQ DRQ DRQ
S0 | BUSY BUSY BUSY BUSY BUSY BUSY
STATUS FOR TYPE | COMMANDS

BIT NAME MEANING

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

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.
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STATUS BITS FOR TYPE I| AND llIl COMMANDS

BIT NAME
57 NOT READY

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 il and Il
Commands will not execute unless the drive is ready.

On Read Record: It 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: Not 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 or more ID fields; otherwise
itindicates error in data field. This bit is reset when updated.

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

This bit is a copy of the DRQ output. When set, it indicates the
DR is full on a Ready operation or the DR is 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 execution.

S6 RECORD TYPE/
WRITE PROTECT

S5 RECORD TYPE/WRITE FAULT

S4 RECORD NOT FOUND

S3 CRC ERROR

S2 LOST DATA

S DATA REQUEST

SO BUSY

FORMATTING THE DISK (Refer to section on Type
! Commands for flow diagrams.)

instance, 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. As a consequence, the patterns F7
through FE must not appear in the gaps, data fields,
or ID fields. Also, CRCs must be generated by an F7
pattern.

Disks may be formatted in IBM 3740 formats with sec-

Formatting the disk is a relatively simple task when
operating programmed |/O or when operating under
DMA control with a large amount 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

L0-422144

computer interface.

Formatting 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 FD1771 raises the
Data Request signal. At this point in time, the user
loads the Data Register with desired data to be writ-
ten 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 to the next
index mark. Normally, whatever data pattern
appears in the Data Register is written on the disk
with a clock mark of (FF)1g. However, if the FD1771
detects a data pattern on F7 through FE in the Data
Register, this is interpreted as data address marks
with missing clocks or CRC generation. For

tor lengths of 128,256,512, or 1024 bytes, or may be
formatted in non-1BM format with sector lengths 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 deals with the IBM 3740 for-
mat with 128 bytes/sector followed by a section of
non-1BM formats.

IBM 3740 Formats — 128 Bytes/Sector

The 1BM format with 128 bytes/sector is depicted in
the Track Format figure on the foliowing page. In
order to create 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.

o
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Number Hex Value of Non-IBM Formats

of Bytes Byte Written Non-IBM formats are very similar to the IBM formats
40 00 or FF except a different algorithm is used to ascertain the
6 00 sector length from the sector length byte in the ID
1 FC (Index Mark) field. This permits a wide range of sector lengths
" 26 00 or FF from 16 to 4096 bytes. Refer to Section V, Type I
6 00 commands with b flag equal to zero. Note that F7
1 FE (ID Address Mark) through FE must not appear in the sector length byte

1 Track Number (0 through 4C) of the ID field.
1 00 In formatting the FD1771, only two requirements
1 Sector Number (1 through 1A) regarding GAP sizes must be met. GAP 2 (i.e., the
1 00 ) gap between the ID field and data field) must be 17
1 F7 (two CRCs written) bytes of which the last 6 bytes must be zero and that
11 00 or FF every address mark be preceded by at least one byte
6 00 of zeros. However, it is recommended that every
1 FB (Data Address Mark) GAP be at least 17 bytes long with 6 bytes of zeros.
128 Data (IBM uses ES5) The FD1771 does not require the index address mark
1 F7 (two CRCs written) (i.e., DATA = FC, CLK = D7) and need not be present.

L 27 00 or FF
247 00 or FF References:
*Write bracketed field 26 times. 1) IBM Diskette OEM Information GA21-9190-1.
**Continue writing until FD1771 interrupts out. 2) SA900 IBM Compatibility Reference Manual —
Approximately 247 bytes. Shugart Associates.

PHYSICAL INDEX ____r—__—-l—

48 BYTES / INDEX ADDRESS MARK

GAP 1 GAP 2 GAP 3
P Q ] a
;D'ezs PR?-AleEX POST- @ - ID |DATA FIELD| DATA 5 o~ DATA FIELD g “ DATA FIELD g DATA FIELD GAP 4
AECORD 320 BYTES INDEx | @39 | GAP | RECORD | GAP | 980 |Gapz| RECORD | GaP3 { Q8 Q|GaP2| RECORD 2 28, |Gar2| RecORD
26 NOMINAL 32 g NO 1 33 @z NO 2 w NO'3 @2 NO 26
ByTes | T |BvTES BYTES | « 3

BYTE \ BYTE
1 2 3 ‘ 5 6 7 1 2129 130 131

DATA OR
[+ DELETED
TRACK SECTOR CRC CRC 128 BYTES OF USER CRC CRC
ADDRESS ROES 2EROES i DATA
ODRESS | aopREss | ZEROES | \ooness BYTE1 | BYTEZ ADDRESS DATA BYTE1 | BYTE2
MARK
] \
T T
i i
GAP 2 ! !
| X GAP3
) [
00 OR FF i 00 FE 00 OR FF
L—— 1 8YTES ——l-f 68YTES -—-[ »-—l 1 BYTE L————— 32 BYTES —_.!
WRITE GATE TURN ON FOR UIPDATE _/ \— WRITE GATE TURN-OFF FOR UPDATE
OF NEXT DATA FIELD OF PREVIOUS DATA FIELD

TRACK FORMAT
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ELECTRICAL CHARACTERISTICS
Maxium Ratings

VpD with respect to Vgg (Ground) +20 to -0.3V

Max Voltage to any input with +20 to -0.3V
respectto Vg

Operating Temperature 0°C to 70°C

Storage Temperature -55°C to +125°C

OPERATING CHARACTERISTICS (DC)

TA=0°Cto70°C, Vpp = +12.0V + 6V,

Ve ~ -50 =+ .5V, Vgg = 0V. VCC = +5V + 25V
lpp = 10 ma Nominal. Icc = 30 ma Nominal,
Igg " 0.4 ua Nominal

Symbol Characteristic Min. Typ. | Max. | Units Conditions
) Input Leakage 10 nA VIN = VDD
ILo Output Leakage 10 uA VouT = VDD
ViH Input High Voltage 2.6 \

ViIL Input Low Voltage (All Inputs) 0.8 \)
VOH Output High Voltage 2.8 \Y 10 =-100 uA
VoL Output Low Voltage 045 Y 10=1.0 mA

TIMING CHARACTERISTICS

TA=0°Cto70°C. V = +12V + BV,
Vgg 7 -5V + 25V, VSS =0V. Vg = *5V + 258V

Read Operations

NOTE: Timings are given for2 MHz Clock. For those
timings noted, values will double when chip is oper-
ated at t MHz. Use 1 MHz when using mini-floppy.

Symbol Characteristic Min. { Typ. | Max. | Units Conditions
TSET | Setup ADDR and CS to RE 100 nsec

THLD | Hold ADDR and CS from RE 10 nsec

TRE | RE Pulse Width 450 nsec CL=250pf
TDRR | DRQ Reset from RE 750 | nsec

TIRR | INTRQ Reset from RE 3000 | nsec
TDACC | Data Access from RE 450 | nsec CL=25pf
TDOH | Data Hold from RE 50 150 | nsec CL = 25 pf

Write Operations

Symbol | Characteristic Min. | Typ. | Max. | Units Conditions
TSET | Setup ADDR and CS to WE 100 nsec

THLD | Hold ADDR and CS from WE 10 nsec

TWE | WE Pulse Width 450 | 300 nsec

TDRR | DRQ Reset from WE 750 | nsec

TIRR INTRQ Reset from WE 3000 | nsec See Note

TDS | Data Setup to WE 350 nsec

TDH | Data Hold from WE 150 nsec

External Data Separation (XTDS - 0)

Symbol Characteristic Min. | Typ.| Max. | Units Conditions
TPWX | Pulse Width Read Data & Read Clock| 150 350 | nsec

TCX Clock Cycle External 2500 nsec

TDEX | Data to Clock 500 nsec

TDDX | Data to Data Cycle 2500 nsec
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Internal Data Separation (XTDS = 1)

READ TIMING (XTDS =0)

Symbol Characteristic Min. | Typ. | Max. |Units Conditions
TPWI Pulse Width Data and Clock 150 1000 | nsec
TCI Clock Cycle Internal 3500 5000 | nsec
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 to Data 2000 nsec + CLK tolerance
TCW Clock Cycle Write 4000 nsec + CLK tolerance
TWGH | Write Gate Hold to Data 0 100 | nsec
Miscellaneous Timing
Symbol Characteristic Min. | Typ. | Max. |Units Conditions
TCD1 Clock Duty 175 nsec | 2MHz = 1% See Note
TCD2 Clock Duty 210 nsec
TSTP Step Pulse Output 3800 4200 | nsec
TDIR Direct Setup to Step 24 nsec
TMR Master Reset Puise Width 10 nsec These times doubled
TIP | Index Pulse Width 10 nsec | | whenCLK = 1MHz
TWF Write Fault Pulse Width 10 nsec
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See page 725 for ordering information.
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1771-01 Application Notes

INTRODUCTION

The FD1771-01 Floppy Disk Formatter/Controlleris
a MOS/LSI device designed to ease the task of inter-
facing the 8" or 5% (mini-floppy) disk drive to a host
processor. It is ideally suited for a wide range of
microprocessors, providing an 8-bit bi-directional
interface to the CPU for all control and data
transfers. Requiring standard + 12, 5V power supp-
lies, the 1771 is available in ceramic or plastic40 pin
dual-in-line packages.

The 1771 has been designed to be compatible with the
IBM 3740 standard. This single-density Frequency
Modulated (FM) recording technique, records a
clock bit between a data bit serially on each track.
Figure 1 illustrates how a HEX "“D2" is recorded.
Note that when the data bit to be written is zero, no
pulse or flux transition is recorded. For the 8" drive,
there are 77 tracks, with 26 sectors on each track.
Each sector contains 128 bytes of data. Although
there is no “standard” format for the mini-floppy,
most manufacturers utilize either 35 or 40 tracks per
side, wtih 16 sectors of 128 bytes each per track.
Both the 8" and 5'" formats must be soft-sectored,
i.e., there are no physical holes to denote sector
locations. The hard-sectored disk has been losing
popularity, mainly due to the fact that the sector
lengths cannot be increased.

Being soft-sector compatible, the 1771 must know
where each sector begins on the track. This is per-
formed by using Address Marks. These bytes are
recorded on the disk with certain clock pulses miss-
ing, and are unique from all other data and gap bytes
recorded on the track. Six distinct Address Marks
can be used:

Clock
Description Data Pattern
Index Address Mark FC D7
ID Address Mark FE C7
Data Address Mark FB Cc7
User defined FA Cc7
User Defined F9 Cc7
Deleted Address Mark F8 Cc7

The two “User Defined"” Address Marks are unique
to the 1771, and do not appear in the IBM 3740
standard. These Address Marks can be used to

define the type of data i.e., “object” or “text” data,
alternate sector data, or any other purpose the user
chooses.

PROCESSOR INTERFACE

The 1771 contains five internal registers that can be
accessed via the 8-bit DAL lines by the CPU. These
registers are used to control the movement of the
head, read and write sectors, and perform agother
functions at the drive. Regardless of the opération
performed, it must be initiated through one or more
of these registers. They are selected by a proper
binary code on the A0, A1 lines in conjunction with
the RE and WE lines when the device is selected.
The registers and their addresses are:

CS| A:| Ao RE=0 WE = 0

0 0 0 | STATUS REG | COMMAND REG
0 0 1 TRACK REG TRACK REG

0 1 0 | SECTOR REG { SECTOR REG
0 1 1 DATA REG DATA REG

1 X X | Deselected Deselected

Command Register: This is a write-only register
used to send all commands to the 1771.

Status Register: This is a read-only register that
must be read at the completion of every command to
determine whether execution was successful. It
may also be used to monitor command execution,
and to sense when data is required by the drive for
read or write operations.

Track Register: This R/W register holds the current
position of the R/W head.

Sector Register: This R/W register holds the desired
sector number for read and write commands.

Data Register: This R/W register contains the data
to be read or written to a particular sector.

INTERRUPTS

There are two INTERRUPT lines for CPU use. These
are the DRQ (Data Request) and INTRQ (Interrupt
Request). These are active high, open drain outputs
and require a pull-up resistor of 10K or greater to
+5V. Both of these signals also appear in the status
register as the Busy (INTRQ) and the data request
(DRQ) bits. The user has the option of utilizing these
hardware lines for system interrupts, or through
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software by polling the status register. The choice is
dependent upon the particular microprocessor and
support hardware of the system.

INTRQ: This line is used to signify the completion of
any command. Itis reset low when a new command
is loaded into the command register, or when the
status register is read.

DRQ: This line is active high whenever the data reg-
ister requires servicing. During a read command, it
signifies that the data register contains a byte of
data from the disk and may be read by the CPU. Dur-
ing a write command, it signifies that the data regis-
ter is empty and may be loaded with the nextbyte to
be written on the disk. The DRQ line is reset whe-
never the data registeris read or written tc. It is also
reset when a new command is loaded into the com-
mand register, providing the new command is not a
Forced Interrupt, and the 1771 is not busy (Busy Bit=0).

WRITE SECTOR

With the use of the WRITE SECTOR command, the
CPU can access any desired sector(s) in a track.
Prior to loading this command, the R/W head of the
drive must be positioned over the specific track.
This can be first accomplished with the use of any of
the Type | commands. Once positioned, the CPU
must load the desired sector number into :he sector
register, then issue the command. The head will
load, and the 1771 will begin searching fcr the cor-
rect ID field. If the correct sector and track is not
found within 2 revolutions of the disk, the RECORD-
NOT-FOUND bit will be set in the status register,
and the command will be terminated. Once found,
the 1771 will issue a DRQ in request of the first data
byte to be written. Once the data register is loaded,
the 1771 will issue a DRQ for each byte to be
recorded, until the entire sectoris written. Forthe 8"
drive, the user must load the data register 24
microseconds after a DRQ is generated. Failure to
meet this time will cause the lost data bit to be set,
and a byte of zeros substituted and written on the
disk.

READ SECTOR

The READ SECTOR command functions in much
the same way as the WRITE SECTOR command.
The sector register must again be loaded with the
desired sector number, before the read command
can be loaded. After the ID field has beentfound, the
1771 will begin generating DRQ’s, with the data reg-
ister being loaded with each byte of the sector field.
For the 8" drive, the user must read the data register
at least 26 microseconds after the DRQ is
generated. Failure to meet this time will cause the
lost data bit to be set in the status register, while the
next assembled byte will overwrite the contents of
the data register.

Both the Read and Write sector commands also

contain an "m" flag for accessing mulitiple sectors.
The sector register is incremented internally after
each sector is read or written to. Eventually the sec-
tor register will exceed the physical number of sec-
tors on the track. The user can either issue the
Forced Interrupt command after the last sector, or
wait for the 1771 to interrupt out. In the latter case,
the RECORD-NOT-FOUND status bit will be set.

FLOPPY DISK INTERFACE

For the most part, the actual Ficppy Disk interface
will consist mainly of Buffer/Drivers. Most drives
manufactured today require an open collector TTL
interface, with appropriate resistor terminal net-
works. Figure 2 shows the interface of the 1771 to a

“Shugart SA400 Drive. Aside from the data seperator,

the interface consists mainly 0 7438’'sand 7414 TTL
gates. A 9602 one-shot is used for the desired head
load delay. In this illustration, the 6800 micropro-
cessoris used via a 6820 Peripheral Interface Adap-
ter to control all functions of the 1771. Similarly,
other parallel port devices (such asthe 8255 for 8080
systems) can be used for the intertace, or the 1771
may simply be tied directly to the systems data bus
and control lines, providing TTL loading factors are
observed.

DATA SEPERATION

The internal DATA SEPERATOR of the 1771 can be
used by tying the XTDS line high, and supplying the
combined clock and data pulses on the FD dataline.
In order to maintain an error rate betterthan 1in 108,
and external data seperator is recommended.

Since the 1771 system clock is at 2 MHz, this allows
for a500 ns resolution. The internal data window will
move 500 ns with respect to the incoming data bit.
On the inner tracks of the drive, the bit shift is more
severe and may occasionally cause a data or clock
bit to fall outside of this datawindow. Since the 1771
will perform up to 5 retries, this error rate may be
acceptable for some applications.

When the XTDS line is forced low, the 1771 will
accept seperated clock and data on the FDCLOCK
and FDDATA lines. Figure 3 illustrates the timing of
these signals. The actual FDCLOCK and FDDATA
lines may be reversed; the 1771 will determine which
line is clock and which is data when an Address
Mark is detected. This feature greatly simplifies the
design of the data seperator.

Figure 4 illustrates the Phase-Lock Loop method for
data seperation. The circuit operates at8 MHz, or 32
times the frequency of a received bit cell. The
MC4024 VCO is used to supply the nominal clock
frequency. The first 74LS161 counter provides a
divide by 16 frequency and a carry to one side of the
MC4044 phase detector. The other input of the
MC4044 is tied to another 74L.S161 counter which is
affected by the incoming data stream. The output of



the phase detector is a signal proportional to the dif-
ferences of the incoming pulses. This is then fed
through a low pass filter, and to the input of the
MC4024 to adjust the output frequency. Figures 5
thru 8 illustrate other types of data seperators.

These employ the “Counter Seperator” techniques
and are quite different from the Phase-Lock-Loop
method. With the addition of “One-Shot” delay ele-
ment or an input clock, most of the complexity of the

PPL circuit can be eliminated.
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FD1781/FD1781-01 Floppy Disk Formatter/Controller

FEATURES
e SOFT SECTOR FORMAT COMPATIBILITY

e AUTOMATIC TRACK SEEK WITH
VERIFICATION

e ACCOMMODATES SINGLE AND DOUBLE
DENSITY FORMATS

¢ READ MODE
Single/Multiple Record Read with Automatic
Sector Search or Entire Track Read
Selectable 128 Byte or Variable Length Record

* WRITE MODE
Single/Multiple Record Write with Automatic
Sector Search
Entire Track Write for Diskette Initialization

e PROGRAMMABLE CONTROLS
Selectable Track to Track Stepping Time
Selectable Head Settling and Head Engage Times

e SYSTEM COMPATIBILITY
Double Buffering of Data 8 Bit Bi-Directional Bus
for Data, Control and Status
DMA or Programmed Data Transfers
All Inputs and Outputs are TTL Compatible
On-chip Track and Sector Registers Com-
prehensive Status Information

APPLICATIONS
FLOPPY DISK DRIVE INTERFACE

SINGLE OR MULTIPLE DRIVE CONTROLLER/
FORMATTER

NEW MINI-FLOPPY CONTROLLER

GENERAL DESCRIPTION

The FD1781 is a MOS/LSI device that performs the
functions of a Floppy Disk Controlier/Formatter. The
device is designed to be included in the disk drive
electronics, and contains a flexible interface organi-
zation that accommodates the interface signals from
most drive manufacturers. When in the single density
mode the FD1781 is fully IBM-3740 compatible. In the
double density mode, the type of encoding scheme
is a function of the user's data recovery circuits. In
this manner both M2FM or MFM is obtainable.

In Double Density Mode, the FD1781 allows 17 bytes
for CAP2, while the FD1781-01 allows 34 bytes for
this field. All other gap lengths can be fully defined
by the user.

The FD1781 is fabricated in N-channel Silicon Gate
MOS technology and is TTL compatible on all inputs
and outputs.

c DATA (8) OTDATA |  ENGODE/
3 T INDATA DECODE -
b :‘1’ < INSTR i
U > <« AMIN AM o
= P = T = oTSIR DETECT ;
AL =2 » AMOT GEN v
g—gg 2 gg - _ngN R L_RE ! FLOPPYDISK >
= DDEN | |—WNE ] CONTROLLER/ WG o D
QOE g gg }L;PRT N MR »| FORMATTER | WORT ~ 1
5V o S
BALOL] 7 34[2 TRO0 T FDI781 [ e K
DAL1E 8 33 :WF R 10K MOK| T.m
DAL2C] 9 32 READY F  |pra -t D
DAL3C]10 31 OTDATA A TR - READY R
DAL4LM 30WG C |« 1G43 U
DAL5]12 29[3TG43 E CLK STEP o Y
DAL6]13 283 HLD DIRC -
DAL7C]14 27 JINDATA
STEPL]15 26[JINSTR HLD f o
DIRC16 25 AMIN DOEN o >
oTsTRC17 24[3CLK I\—’ HLT c()lr;Euggg)T
AMOTC]18 23 HLT = Vss Vpp Vec i
MRC]19 22TEST T
(GND) Vgg [C]20 21[Vgec (+5V) _l_ | I
= 412 45
PIN CONNECTIONS

Figure 1.
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|
PIN OUTS

PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

20
21
40
19

POWER SUPPLIES

MASTER RESET

Vss
vce
VDD
MR

Ground

+5V

+12V

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 Com-
mand is executed, regardless of the state of the
Ready signal from the drive.

COMPUTER INTERFACE:

7-14

5,6

39

24

DATA ACCESS LINES

CHIP SELECT

REGISTER SELECT
LINES

READ ENABLE

WRITE ENABLE

DATA REQUEST

INTERRUPT REQUEST

CLOCK

DALO-DALY

AO,A1

INTRQ

CLK

Eight bit inverted Bidirectional bus used for
transfer 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.
These inputs select the register to receive/
transfer data on the DAL lines under RE and WE
control: _ -

Al AO RE WE

0 0 Status Reg Command Reg
0 1 Track Reg Track Reg

1 0 SectorReg Sector Reg

1 1 DataReg Data Reg

A 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 output indicates that the DR
contains assembled data in Read operations, or
the DR is empty in Write operations. This signal
is reset when serviced by the computer through
reading or loading the DR in Read or Write
operation, respectively. Use 10K pull-up resistor
to +5.

This open drain output is set at the completion
or termination of any operation and is reset
when a new command is loaded into the com-
mand register. Use 10K pull-up resistor to +5.
This input requires a free-running square wave
clock for internal timing reference.

FLOPPY DISK INTERFACE:

25

26
27

31

28

ADDRESS MARK
DETECT IN

INPUT STROBE
INPUT DATA

OUTPUT DATA

HEAD LOAD

AMIN

INSTR
INDATA

OTDATA

HLD

Indicates to the FD1781 that an address mark
has been detected. The FD1781 assumes the
next three data bits defines the type of address
mark encountered.

Indicates that INDATA is VALID.

The external data recovery circuits present
INDATA as an input to the FD1781. INDATA
must be valid when INSTR is active, see timing.
The FD1781 presents output data and is valid
when OTSTR is active.

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

. ___________________________ ]
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

23

16

16

17

18

29

30

32

33

34

35

37

22

HEAD LOAD TIMING

STEP

DIRECTION
OUTPUT STROBE

ADDRESS MARK OUT

TRACK GREATER
THAN 43

WRITE GATE

READY

WRITE FAULT

TRACK 00

INDEX PULSE

WRITE PROTECT

HLT

STEP

DIRC

OTSTR

AMOT

TG43

WG

READY

DOUBLE DENSITY

DDEN

input is sampled every 15 nsec. When a logic

high is found on the HLT input the head is .

assumed to be engaged.

Step and direction motor control. The step out-
put contains a 2 usec high signal for each step
and the direction output is active high when
stepping in, active low when stepping out.
OTSTR when active indicates when the Output
data is valid. The leading edge of OTSTR is
centered about the data. (See timing) OTSTR
becomes Write Data (WD) when DDEN = 1.

AMOT when active informs the external data
recovery circuits to write a unique data mark in
double density mode. AMOT is valid for three
data bits if CLK mark = C7.

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.

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

This input indicates disk readiness and is
sampled for a logic high before Read or Write
commands are performed. |If Ready is low the
Read or Write operation is not performed and an
interrupt is generated. A Seek operation is

performed regardless of the state of Ready. The -

Ready input appears in inverted format as
Status Register bit 7.

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 inactive (high) when WG
becomes inactive.

This input informs the FD1781 that the Read-
Write head is positioned over Track 00 when a
logic low,

Input, when low for a minimum of 10 usec,
informs the FD1781 when an index mark is
encountered on the diskette.

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

This pin selects either single or double density
operation. When DDEN = 0, double density is
selected. When DDEN = 1, single density is
selected.

This input is used for testing purposes only and
should be tied to + 5V or left open by the user.
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ORGANIZATION

The Floppy Disk Formatter block diagram is illus-
trated above. 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 (INDATA) 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 register during Disk Read and Write
operations. In Disk Read operations the assembled
data byte is transferred in paraliel to the Data
Register from the Data Shift Register. In Disk Write
operations information is transferred in parallel 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 processor control.

Track Register — This 8-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
(towards track 76) and decremented by one when the
head is stepped out (towards track 00). The contents
of the register are compared with the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register should
not be loaded when this device is busy.

Sector Register (SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write
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 command presently being executed. This register
should not be loaded when the device is busy unless
the execution of the current command is to be
overridden. 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 Logic — This logic is used to check or to
generate the 16-bit Cyclic Redundancy Check (CRC).
The polynomial is: G(x) = x™® + x? + x5 + 1.

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

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

Timing and Control — All computer and Floppy Disk:
Interface controls are generated through this logic.
The internal device timing is generated from an
external crystal clock.

The FD1781 has two different modes of operation
according to the state of DDEN. When DDEN = 0
doubie density is assumed. When DDEN = 1, single
density is assumed. During disk read operations, the
user must provide both data recovery and address
mark detection circuits external to FD1781 in both
single and double density modes. Thus for disk read
operations, the user must provide as an input to the
FD1781 Data (INDATA) a strobe to indicate when the
data is valid (INSTR) and address mark detect (AMIN).
During disk write operations and in the double
density mode, the FD1781 provides as outputs Data
(OTDATA), a strobe to indicate validity (OTSTR) and
Address Mark Out (AMOT). During disk write opera-
tion and in the single density mode, OTSTR becomes
Write Data (WD) which is exactly the same as in the
FD1771.

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 FD1781. The DAL are three state buffers that
are enabled as output drivers when Chip Select (CS)
and Read Enable (RE) are active (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 A0, combined with the signals
RE during a Read operation or WE during a Write
operation are interpreted as selecting the following
registers:

A1-A0 READ (RE) WRITE (WE)

0 0 Status Register = Command Register
0 1 Track Register Track Register

1 0 Sector Register  Sector Register

1 1 Data Register Data Register
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Figure3. FD1781 BLOCK DIAGRAM
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During Direct Memory Access (DMA) types of data
transfers between the Data Register of the FD1781
and the processor, the Data Request (DRQ) output
is used in Data Transfer control. This signal aiso
appears as status bit 1 during Read and Write
operations.

On Disk Read operations the Data Request is ac-
tivated (set high) when an assembled serial input
byte is transferred in parallel to the Data Register.
This bit is cleared when the Data Register is read by
the processor. If the Data Register is read after one or
more characters are lost, by having new data trans-
ferred into the register prior to processor readout, the
Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is
reached.

On Disk Write operations the Data Request is ac-
tivated when the Data Register transfers its contents
to the Data Shift Register, and requires a new data
byte. It is reset when the Data Register is loaded with
new data by the processor. If new data is not loaded
at the time the next serial byte is required by the
Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data bit is set in the Status
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 all controller
operations. The INTRQ signal remains active until
reset by reading the Status Register to the processor
or by the loading of the Command Register. In ad-
dition, the INTRQ is generated if a Force Interrupt
command condition is met.

FLOPPY DISK INTERFACE

The Floppy Disk interface consists of head posi-
tioning controls, write gate controls, and data
transfers. The Clock (CLK) input is normally a free-
running 2 MHz +1% when in the double density
mode and 1 MHz +1% when in the single density
mode. However when using a mini-floppy, the CLK is
normally 1 MHz when in double density mode and 1/2
MHz when in the single density mode.

HEAD POSITIONING

Four commands cause positioning of the Read-Write
head (see Command Section). The period of each
positioning step is specified by the r field in bits 1
and 0 of the command word. After the last directional
step an additional 15 milliseconds of head settling
time takes place. The four progammable stepping
rates are tabulated below.

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

Step — A 2 us pulse is provided as an output to the
drive. For every step pulse issued, the drive moves
one track location in a direction determined by the
direction output.

Direction (DIRC) — The Direction signal is active high
when stepping in and low when stepping out. The
Direction signal is valid 12 us before the first stepping
pulse is generated.

When a Seek, Step or Restore command is executed
an optional verification of Read-Write head position
can be performed by setting bit 2 in the command
word to a logic 1. The verification operation begins at
the end of the 15 millisecond settling time after the
head is loaded against the media. The track number
from the first encountered ID Field is compared
against the contents of the Track Register. If the
track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify
operation is complete. 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.

TABLE 1
STEPPING RATES
CLK | 2MHz | 1MHz | 1MHz [1/2MHz| 2MHz | 1MHz
DDEN|__ 0 0

1 1
R1RO[TEST =1|TEST = 1|TEST =1|TEST=1|TEST=0|TEST=0

00 3ms 3ms 6 ms 6ms |Approx. |Approx.

0 1 6 ms 6ms | 12ms | 12ms | 400us | 800us
1 0| 10ms 10ms | 20ms | 20ms
1 11 20ms | 20ms | 40ms | 40ms

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, and remains activated until the 15th index
pulse following the last operation which uses the
read/write head. Reading or Writing does not occur
untii @ minimum of 15 msec delay after the HDL
signal is made active. If executing the type 2 com-
mands with the E flag off, there is no 15 msec delay
and the head is assumed to be engaged. The delay is
determined by sampling of the Head Load Timing
(HLT) input every 15 msec. A high logic state input,
generated from the Head Load output transition and
delayed externally, identifies engagement of the head
against the disk. In 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 loaded after stepping to the
destination track on the disk whenever the h bit is a
logic zero.

DISK READ OPERATION

The normal sector length for Read or Write opera-
tions with the IBM 3740 format is 128 bytes. This




format or binary multiples of 128 bytes will be
adopted by setting a iogic 1 in Bit 3 of the Read Track
and Write Track 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 0 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 inter-
preted as 256 sixteen byte groups.

DISK WRITE OPERATION

When writing is to take place on the diskette the
Write Gate (WG) output is activated, allowing current
to flow into the Read/Write head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the FD1781 before the Write Gate signal can be
activated.

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is
immediately terminated, an interrupt is generated
and the Write Protect status bit is set. The Write Fault
input, when activated, signifies a writing fault con-
dition detected in disk drive electronics such as
failure to detect write current flow when the Write
Gate is activated. On detection of this fault the
FD1781 terminates the current command, and sets
the Write Fault bit (bit 5) in the Status Word. The
Write Fauit input should be made inactive when the
Write Gate output becomes inactive.

Whenever a Read or Write command is received the
FD1781 samples the Ready input. If this input is logic
low the command is not executed and an interrupt is
generated. The Seek or Step commands are per-
formed regardless of the state of the Ready input.

COMMAND DESCRIPTION

The FD1781 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 com-
mand 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 discussion,
commands are divided into four types. Commands
and types are summarized in Table 2.

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-In, and Step-Out commands. Each of the
Type | Commands contain a rate field (rgr1), which
determines the stepping motor rate as defined in
Table 1, page six.

TABLE 2
COMMAND SUMMARY
BITS

TYPE COMMAND 76 543210
I Restore 0 00O0hVnrrn
I Seek 0001 hVrnrrn
I Step 0 01 uhVrrn
I Step In 01 0uhVrrn
| Step Out 011 uhVrnl
H ReadCommand 1 0 O m b E 0 O
I WriteCommand 1 0 1 m b E X ap
Il Read Address 11000100
Il Read Track t 110010 S
Il Write Track 11110100
IV Force Interrupt 110 1131214 g
X = Don’t care

TABLE 3

FLAG SUMMARY

TYPE |

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
riro = 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 4
FLAG SUMMARY

TYPE |l

m = Muitiple Record flag (Bit 4)

m = 0, Single Record

m = 1, Multiple Records
b = Block length flag (Bit 3)

b = 1, IBM format (128 to 1024 bytes)

b = 0, Non-IBm format (16 to 4096 bytes)
ag = Data Address Mark (Bit 0)

ag = 0, FB (Data Mark)
ap = 1, F8 (Deleted Data Mark)

10-1821a4/1821a4
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TABLE 5
FLAG SUMMARY ENTER

TYPE Il
s = Synchronize flag (Bit 0)

§ = 0, Synchronize to AM
§ = 1, Do Not Synchronize to AM

¢

HAS
ATYPEI

COMMAND BEEN
RECEIVED
?

TYPE IV

li = Interrupt Condition flags (Bits 3-0)
I0 = 1, Not Ready to Ready Transition
11 = 1, Ready to Not Ready Transition e Ao
I2 = 1, Index Pulse SEEK ERROR, DRQ, INTRQ
I3 = 1, Immediate interrupt

E = Enable HLD and 10 msec Delay

E = 1, Enable HLD, HLT and 15 msec Delay
E = 0, Head is assumed Engaged and there is no|
15 msec Delay NO

I

YES Y

The Type | Commands contain a head load flag (h)
which determines if the head is to be loaded at the
beginning of the command. if h = 1, the head is - ]
loaded at the beginning of the command (HLD output )
is made active). If h = 0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
until the FD1781 receives a command that specif-
ically disengages the head. If the FD1781 does not
receive any commands after two revolutions of the
disk, the head will be automatically disengaged (HLD
made inactive). The Head Load Timing Input is
sampled after a 15 ms delay, when reading or writing
on the disk is to occur.

SETHLD RESET HLD

1S
COMMAND SET _
DIRECTION

A
STEPIN
?

1S
- COMMAND RESET

DIRECTION

A
STEP OUT
?

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

performed. s
COM?\AAND YES

STEP
?

During verification, the head is loaded and after an
internal 15 ms delay, the HLT input is sampled. When
HLT is active (logic true), the first encountered ID
field is read 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 verification is
complete, an interrupt is generated and the Busy
status bit is reset. If there is not a match but there is
valid ID CRC, an interrupt is generated, 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 FFTO TR

encountered ID field is read from the disk for the |s\
verification operation. If an ID field with a valid CRC *
cannot be found after four revolutions of the disk, the 0TODR
FD1781 terminates the operation and sends an in-
terrupt, (INTRQ).

/ \
The Step, Step-In, and Step-Out commands contain @ @
an Update flag (U). When U = 1, the track register is
updated by one for each step. When U = 0, the track
register is not updated.

1S
COMMAND
A
SEEK
?

~RESTORE

NO

Figure4. TYPE 1 COMMAND FLOW
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RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TR0O)
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
generated. If TROO is not active low, stepping pulses
(pins 15 to 16) at a rate specified by the rqrgr field are
issued untii the TROO input is activated. At this time
the TR is loaded with zeroes and an interrupt is
generated. If the TROO input does not go active low
after 255 stepping pulses, the FD1781 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 Register
contains the track number of the current position of
the Read-Write head and the Data Register contains
the desired track number. The FD1781 will update the
Track register and issue stepping pulses in the ap-
propriate 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 command. An
interrupt is generated at the completion of the
command.

STEP

Upon receipt of this command, the FD1781 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 the rqrg 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.

STEP-IN

Upon receipt of this command, the FD1781 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 rqrq 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.

STEP-OUT

Upon receipt of this command, the FD1781 issues
one stepping puise in the direction towards track 0. If

159
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|
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]

1S
HEAD AT
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DIRECTION
=0
?

YES

ISSUE
ONE STEP PULSE

\

DELAY ACCORDING
TO Rt, RO FIELD

1S
COMMAND
A STEP, STEPIN,

OR STEP-OUT
?

0TOTR

Figure5. TYPE | COMMAND FLOW
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the u flag is on, the TR is decremented by one. Aftera
delay determined by the rqrg 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.

NO

TYPE Il COMMANDS >->< INTRQ RESET BUSY )
The Type Il Commands include the Read Sector (s)
and Write Sector (s) commands. Prior to loading the
Type H Command into the Command Register, the
computer must load the Sector Register with the SETHLD
desired sector number. Upon receipt of the Type Il
Command, the busy status Bit is set. If the E flag = 1 Y
(this is the normal case) HLD is made active and HLT
is sampled after a 15 msec delay. If the E flag is 0, the
head is assumed to be engaged and there is no 15
msec delay. The ID field and Data Field format are
shown on page 11.

YES

HAS
15MS
EXPIRED

When an ID field is located on the disk, the FD1781
compares the Track Number of the ID field with the
Track Register. If there is not a match, the next en-
countered ID field is read and a comparison is again
made. If there was a match, the Sector Number of the
ID field is compared with the Sector Register. if there
is not a Sector match, the next encountered ID field
is read off the disk and comparisons again made. If
the ID field CRC is correct, the data field is then
located and will be either written into, or read from
depending upon the command. The FD1781 must
find an ID field with a Track number, Sector number,
and CRC within four revolutions of the disk; other-
wise, the Record not found status bit is set (Status bit
3) and the command is terminated with an interrupt. NO

HAVE
5 INDEX
HOLES

PASSED
?

INTRQ, RESET BUSY
SET SEEK ERROR

HAS
ID AM BEEN

DETECTED
?

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.

IS

THEREA

CRC ERROR
?

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

Forb =1
DOES
Sector Length Number of Bytes ADDRESE oS > NO

__Field (hex) in Sector (decimal). FIELD
00 128 '
01 256
02 512 v
03 1024 INTRQ,

RESET BUSY
When the b flag equals zero, the sector length field

< INTRQ. RESET BUSY
SET SEEK ERROR >
(n) multiplied by 16 determines the number of bytes —_—

NOTE: IF TEST-0, THERE IS NO 15MS DELAY.

in the sector or data field as shown on page 11. |F TEST-1 ANC CLK-1 MHz. THERE IS 30MS DELAY.

Figure6. TYPE | COMMAND FLOW
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Forb =0
Sector Length Number of Bytes
Field (hex) in Sector (decimal)

01 16
02 32
03 48
04 64
o [ ]

® e

FF 4080
00 4096

Each of the Type Il Commands also contain a (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 in-
terrupt is generated at the completion of the com-
mand. If m = 1, multiple records are read or written
with the sector register internally updated so that an
address verification can occur on the next record.
The FD1781 will continue to read or write multiple
records and update the sector register until the
sector register exceeds the number of sectors on the
track or until the Force Interrupt command is loaded
into the Command Register, which terminated the
command and generates an interrupt.

READ COMMAND

Upon receipt of the Read command, the head is
loaded, the Busy status bit set, and when an ID field
is encountered that has the correct track number,
correct sector number, and correct CRC, the data
field is presented to the computer. The Data Address
Mark of the data field must be found within 30 bytes
in single density and 43 bytes in double density of
the last ID field CRC byte; if not, the Record Not
Found status bit is set and the operation is ter-
minated.

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

At the end of the Read operation, the type of Data
Address Mark encountered in the data field is
recorded in the Status Register (Bits 5) as shown
below:

STATUS
BITS5 DATA 1 DATA 2 DATA3
1 0 0 0
0 0 1 1
WRITE COMMAND

Upon receipt of the Write command, the head is
loaded (HLD active) and the Busy status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, and correct
CRC, a DRQ is generated. The FD1781 counts off 11
bytes in single density and 22 bytes in double density
from the CRC field and the Write Gate (WG) output is
made active if the DRQ is serviced (i.e., the DR has
been loaded by the computer). If DRQ has not been
serviced, the command is terminated and the Lost
Data status bit is set. If the DRQ has been serviced,
the WG is made active and six bytes of zeros in
single density and 12 bytes in double density are
then written on the disk. At this time the Data Ad-
dress Mark is then written on the disk as determined
by the a’ field of the command as shown below:

a° DATA 1 DATA 2 DATA 3
1 0 0 0
0 0 1 1

The FD1781 then writes the data field and generates
DRQ'’s to the computer. if the DRQ is not serviced in
time for continuous writing the Lost Data Status Bit
is set and a byte of zeros is written on the disk. The
command is not terminated. After the last data byte
has been written on the disk, the two-byte CRC is
computed internally and written on the disk followed
by one byte gap of logic ones. The WG output is then
deactivated.

ID | TRACK SECTOR | SECTOR [ CRC|CRC DATA
GAP | AM| NUMBER | ZEROS |NUMBER [ LENGTH| 1 | 2 | GAP| AM | DATAFIELD | 1 | 2
ID FIELD DATA FIELD
IDAM IDAddressMark — DATA = (FE),,CLK = (C7),

DataAM = DataAddress Mark — DATA = (F8or FB), CLK = (C7)
.
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ENTER

1S
TYPE I
COMMAND
RECEIVED
?

SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND &
STATUS BITS 5&6, INTRQ.

INTRQ
RESET BUSY

SETHLD

*SEENOTE
HAS

15 MS
EXPIRED
?

YES

YES

SET
TG43

YES
4
NO

RESET TG43

1S
WRITE
PROTECT
ON
?

INTRQ RESET BUSY
SET WRITE PROTECT

*NOTE: IF TEST-0, THERE IS NO 15M8 DELAY,
IF TEST-1 AND CLK-1 MHz. THIS IS A 30MS DELAY.

Figure7. TYPE I COMMAND

HAVE INTRQ. RESET BUS}
S5 INDEXHOLES SET RECORD S
PASSED NOT-FOUND

?

HAS

ID AM

BEEN

DETECTED
?

NO

DOES
TR = TRACK
ADDRESS OF ID

FIELD
?

DOES

SR = SECTOR

ADDRESS OF iD

FIELD
?

NO

YES

BRING IN SECTOR LENGTH FIELD
COMPUTE LENGTH FROM B FLAG
STORE LENGTH IN INTERNAL REGISTER

1S

THERE A

CRC ERROR
?

SETCRC
STATUS ERROR

IS
COMMAND
A
WRITE
?

~READ

Figure 8. TYPE Il COMMAND

162



HAS

?

STATUS REG. BITS

HAS
FIRST BYTE
BEEN ASSEMBLED

INDSR
?

NO

-1 YES

SETDRQ

DATA AM INTRQ. RESET BUSY
OCCURRED SET RECORD
IN TIME NOT FOUND

HAS
NEXT BYTE
BEEN ASSEMBLED
INDSR
2

HAS

DH BEEN
READ BY SET DATA
COMPUTER LOST

(DRQ0)
?

HAVE

ALL BYTES

BEEN INPUTTED
?

NO

SET CRC ERROR
B —

<1NTRO. RESET BUSY

INTRQ. RESET BUSY

+1TO
SECTOR REG

O

Figure9. TYPE Il COMMAND
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DELAY 2 BYTES OF GAP

Y

SETDRQ

!

DELAY 8 BYTES OF GAP

HAS

DR BEEN

LOADED BY

COMPUTER

(DRQ = 0)
?

YES

INTRQ. RESET BUSY

DELAY 1 BYTE OF GAP

TURN ON WG & WRITE
6 BYTES OF ZEROS

!

WRITE DATA AM
ACCORDING TO A0 FIELD
OF WRITE COMMAND

——

DR TO DSR, SET DRQ

SET DATA

NO

YES

DELAY 11 BYTES

!

TURN ON WG & WRITE
12 BYTES OF ZEROS

|
Y

WRITE BYTE TO DISK

HAVE
ALL BYTES

SET DATA
LOST
WRITEBYTE
OF ZEROS

YES

BEEN WRITTEN
?

'

WRITE CRC

!

WRITE 1 BYTE OF ONES

'

TURN OFF WG

Figure 10. TYPE Il COMMAND
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INTRQ

INTRQ, RESET BUSY
SETWPRT

RESET BUSY

1S

THIS A

WRITE TRACK
?

SET BUSY, RESET DRQ,
LOST DATA STATUS
BITS 4,546

SET HLD

HAS

15 MS
EXPIRED
?

TG43 UPDATE

SETDRQ

PHYS
INDEX MARK
?

NO

HAS
DR BEEN

LOADED
?

PHYS
INDEX MARK
?

HAS
DR BEEN YES
LOADED

s

INTRQ
SET DATA LOST

NOTE: IF TEST-0, THERE IS NO 15MS DELAY,
\F TEST-1 AND CLK-1 MHz. THIS IS A 30MS DELAY.

Figure 11. TYPE lll COMMAND WRITE TRACK

TYPE {lil COMMANDS
READ ADDRESS

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

TRACK SECTOR | SECTOR |CRC|CRC
ADDR | ZEROS | ADDRESS | LENGTH| 1 | 2
1 2 3 4 5 | 6

Although the CRGC characters are transferred to the
computer, the FD1781 checks for validity and the
CRC error status bit is set if there is a CRC error. The
Track Address of the ID field is written into the sector
register. At the end of the operation an interrupt is
generated and the Busy Status is reset.

READ TRACK

Upon receipt of the Read Track command, the heac
is loaded and the Busy Status bit is set. Reading
starts with the leading edge of the first encounterec
index mark and continues until the next index pulse.
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As each byte is assembled it is transferred to the
Data Register and the Data Request is generated for
each byte. No CRC checking is performed. Gaps are
included in the input data stream. If bit O (S) of the
command is a 0, the accumulation of bytes is syn-
chronized to each Address Mark encountered. Upon
completion of the command, the interrupt is ac-
tivated.

WRITE TRACK

Upon receipt of the Write Track command, the head
is loaded and the Busy Status bit is set. Writing starts
with the leading edge of the first encountered index
pulse and continues until the next index pulse, at
which time the interrupt is activated. The Data
Request is activated immediately upon receiving the
command, but writing will not start until after the first
byte has been loaded into the Data Register. If the DR
has not been loaded by the time the index pulse is
encountered the operation is terminated making the
device Not Busy, the Lost Data Status Bit is set, and
the Interrupt is activated. If a byte is not present in
the DR when needed, a byte of zeros is substituted.
Address marks and CRC characters are written on
the disk 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 F8 to FE is about to be transferred from the DR
to the DSR.

CONTROL BYTES FOR INITIALIZATION

DATA
PATTERN INTERPRETATION CLOCK MARK*
(HEX) (HEX)
F7 Write CRC Char. FF
F8 Deleted Data Addr. Mark (074
FB Data Addr. Mark C7
FC Index Addr. Mark D7
FD  Spare
FE ID Addr. Mark C7
*Single density only
DATA DATA DATA TYPE OF
1 2 3 ADDRESS MARK
0 0 0 Deleted Data Mark
0 1 1  DataMark
1 0 0 Index Address Mark
1 0 1 Undefined
1 1 0 ID Address Mark
1 1 1 Undefined
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INTRQ RESET BUSY

YES

DRTODSR
SETDRQ

WRITE DISK
CLK = FF

Figure 12. TYPE Ill COMMAND WRITE TRACK

|

WRITE 2 CRC %
CHARS. CLK FF
WRITE FC
CLK = D7
WRITE FD, FE OR ~
F8-FB,CLK = C7

PHYS
INDEX MARK
?

HAS NO
DR BEEN

LOADED?

WRITE BYTE OF
ZERQOS SET DATA
LOST
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TYPE IV COMMAND

FORCE INTERRUPT

STATUS DESCRIPTION

Upon receipt of any command, except the Force
Interrupt command, the Busy-Status bit is set and the

This command can be loaded into the command
register 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 lg through I3 field
is detected. The interrupt conditions are shown
below:

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

10-1821A4/1821Ad

lop = Not-Ready-To-Ready Transition
I4 = Ready-To-Not-Ready Transition
lo = Every index Pulse

I3 = Immediate Interrupt

NOTE: If Ip-l3 = 0, there is no interrupt generated
but the current command is terminated and

busy is reset.

reset and the rest of the status bits are updated or
cleared. In this case, Status reflects the Type |
commands.

The format of the Status Register is shown below:

7 6 5 4 3 2 1 0
S7 | S6 | S5 | S4 | 83 | 82 | & S0

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

TABLE 6
STATUS REGISTER SUMMARY
ALLTYPEI READ READ WRITE
BIT| COMMANDS ADDRESS READ TRACK WRITE 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 0 RECORD TYPE 0 WRITE FAULT WRITE FAULT
ENGAGED
S4 | SEEK ERROR [ID NOT FOUND | RECORD NOT 0 RECORD NOT 0]
FOUND FOUND
S3| CRC ERROR |CRC ERROR CRC ERROR 0 CRC ERROR 0
S2| TRACKO LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S1]| INDEX DRQ DRQ DRQ DRQ DRQ
S0 | BUSY BUSY BUSY BUSY BUSY BUSY
STATUS FOR TYPE | COMMANDS
BIT NAME MEANING
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 When set, there was one or more CRC errors encountered on an unsuccessful track
verification operation. This bit is reset to 0 when updated.
S2 TRACK Q0 When set, indicates Read Write head is positioned to Track 0. This bit is an inverted
copy of the TRO0 input.
S1INDEX 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.

O s S A S
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STATUS BITS FOR TYPE Il AND TYPE ill COMMANDS

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

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write

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

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

If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data

BIT NAME MEANING
S7 NOT READY
and Il Commands will not execute unless the drive is ready.
S8 WRITE PROTECT
Protect. This bit is reset when updated.
S5 RECORD TYPE/
WRITE FAULT
updated.
S4 RECORD NOT
FOUND when updated.
S3 CRC ERROR
field. This bit is reset when updated.
S2 LOST DATA

S1 DATA REQUEST

S0 BUSY

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

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

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

FORMATTING THE DISK

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

Formatting the disk is a relatively simple task when.

operating programmed /O or when operating under
DMA control with a large amount 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.

Formatting the disk is accomplished by positioning
the RW head over the desired track number and
issuing the Write Track command. Upon receipt of
the Write Track command, the FD1781 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 to the next
index mark. Normally, whatever data pattern appears
in the data register is written on the disk with a clock
mark of (FF)1g. However, if the FD1781 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 ID 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 ID fields. Also,
CRC’s must be generated by a F7 pattern.

Disks may be formatted in IBM 3740 formats with
sector lengths of 128, 256, 512, or 1024 bytes, or may
be formatted in non-IBM 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 deals with the 1BM
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
| 6 00
1 FE (ID Address Mark)
1 Track Number
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 E5)
1 F7 (2 CRC’s written)
| 27 00 or FF
247" 00 or FF

*Write bracketed field 26 times
**Continue writing until FD1781
Approx. 247 bytes.

interrupts out.

55—
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PHYSICAL I I

INDEX
46 BYTES /— INDEX ADDRESS MARK
| / | |
CAP 4 GAP 1 GAP2 GAP3
S PRE INDEX POST | 1D D |DATAFIELD | Data ) DATAFIELD ID DATA FIELD 1D DATA FIELD| GAP 4
RECORD 420 BYTES INDEX | RECORD | GAP | RECORD | 'aap | RECORD | GAP2 | RECORD | GAP3 |RECORD | GAP2 | RECORD RECORD | GAP2 | RECORD
2 NOMINAL 32 NO1 17 NO2  |aspyres| NO2 NO2 NO3 NO1 NO 26 NO26
BYTES
1 / L
BYTE
1 2 3 1 2129 130 131
DATA OR
ID TRACK SECTOR crRc | cRe DELETED
ADDRESS | ADDRESS| ZEROES |ADDRESS | ZEROES | BYTE1 | BYTE2 DATA 128 BYTES OF USER vl
MARK ADDRESS ' '
MARK
T 1]
1 ]
1 i
GAP 2 ! '
I !
I )
1 1
l 11BYTES l } 32 BYTES

WRITE GATE TURN ON FOR UPDATE
OF NEXT DATA FIELD

FD1781/FD1781-01

Figure 13.

6 BYTES—-D' —>| 1BYTE

\—WRITE TURN OFF FOR UPDATE
OF PREVIOUS DATA FIELD

IBM 3740 TRACK FORMAT
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NON-IBM FORMATS

Non-IBM formats are very similar to the IBM formats
except a different algorithm is used to ascertain the
sector length from the sector length byte in the ID
field. This permits a wide range of sector lengths
from 16 to 4096 bytes. Refer to Section V, Type Ii
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 FD1781, only two requirements
regarding GAP sizes must be met. GAP 2 (i.e., the gap

The FD1781 does not require the index address mark
(i.e.,, DATA = FC, CLK = D7) and it need not be
present.

REFERENCES:

1. IBM Diskettie OEM Information GA21-9190-1
2. SA900 IBM Compatibility Reference Manual —
Shugart Associates.

ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS

between the ID field and data field) must be 17 bytes Vpp With Respect to Vgg (Ground) .. +15to — 0.3V
of which the last 6 bytes must be zeros in single Max. Voltage to Any Input With
density mode, and 34 bytes of which the last 12 bytes RespecttovVss ................ +15to - 0.3V
must be zeros in double density mode. For the Operating Temperature . ............. 0°Cto70°C
FD1781-01, these byte counts for GAP2 are doubled. Storage Temperature .. ........ —-55°Cto +125°C
OPERATING CHARACTERISTICS (DC)
Ta =0°Cto70°G,Vpp = +12.0V +.6V,Vsg = OV,VCC = +5V +.25V
Vpp = 10 ma Nominal, Vg = 30 ma Nominal
DC characteristics TA = 0°C t050°C; Vpp = 12V +£.6V,Vsg = 0V, Vog = 5V +.25V
SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
ILl Input Leakage 10 uA VIN = VDD
ILO Output Leakage 10 pA VouT = VDD
VIH Input High Voltage 26 \'
VIL Input Low Voltage (All Inputs) 0.8 \Y
VOH Output High Voltage 28 \ 10 = — 100uA
V*OL Output Low Voltage 0.45 \ 10 = 1.6 MA

NOTE: Vol < .4V when interfacing with low Power Schottky parts (19 < 1 ma)

*except WG, where VoL < .5 volts.

TIMING CHARACTERISTICS

TA = 0°Cto50°C,Vpp = +12V +.6V,Vsg = 0V,VGoC = +5V +£.25V

NOTE: Timings are given for 2 MHz Clock. For those timings noted, values will double when chip is
operated at 1 MHz.

READ OPERATIONS
SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
TSET Setup ADDR & CS to RE 100 nsec
THLD Hold ADDR & CS from RE 10 nsec
TRE RE Pulse Width _ 500 nsec CL = 25pf
TDRR DRQ Reset from RE__ 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec
TDACC Data Access from RE 350 nsec CL = 25pf
TDOH Data Hold From RE 50 150 nsec CL = 25pf
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READ ENABLE TIMING
-t 216;452* r -
= }4— TDRR
) —— VOLT
DRQ VOL ——
<~—T|RR'A——>{
INTRQ ¢
vOL
T
HLD
1 .
AO, A1,CS VIL
ﬂ——TRE e —
RE VIH
— | TSET [
DATA VALID (DAL)
READ DATA
(BUFFERS TRI-STATED) — < —
Tpacc TDOH
NOTE: 1. CS MAY BE PERMANENTLY TIED LOW IF DESIRED.
2. FOR READ TRACK COMMAND. THIS TIME MAY BE
6*TO 16* USECWHENS = 0.
*TIME DOUBLES WHEN CLK-1 MHz.
WRITE OPERATIONS
SYMBOL CHARACTERI_STIC: MIN TYP MAX UNITS CONDITIONS
TSET Setup ADDR & CS to WE _ 100 nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Puise Width 350 nsec
TDRR DRQ Reset from WE 500 nsec
TIRR INTRQ Reset from WE 500 3000 nsec See Note
TDS Data Setup to WE 250 nsec
TDH Data Hold from WE 20 nsec
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WRITE ENABLE TIMING

= ~16 us2" ————
- |«TDRR
DRQ VOL —r‘_ l I—
{«——TIRR" —»l
INTRQ ¢} |
THLD VOL
. _
1 l
A0, A1, CS VIL
. t— T\WE —»
WE VIH
[—
TSET
DATAVALID PAL I__L
WRITE DATA
————»[TDS - L
NOTE: 1. C5 MAY BE PERMANENTLY TIED LOW IF DESIRED. —'r -
2. WHEN WRITING DATA INTO SECTOR, TRACK, OR DH
DATA REGISTER, USER CANNOT READ THIS
REGISTER UNTIL AT LEAST 8 uSEC AFTER THE
RISING EDGE OF WE. WHEN WRITING INTO THE
COMMAND REGISTER STATUS IS NOT VALID
UNTIL SOME 12 uSEC LATER. THESE TIMES ARE
DOUBLED WHEN CLK = 1 MHz.
*TIME DOUBLES WHEN CLOCK = 1 MHz.
INPUT DATA TIMING DEFINESTYPE  BEGINNING OF ID FIELD
OF ADDRESS MARK OR DATA FIELD
- -

low  500ns = 50 ns NOTE: INSTR MUST BE FREE RUNNING AS INDICATED BY THE tp,
tg >100 ns SPECIFICATION. ALSO, THERE MUST BE AT LEAST 2
th > 300 ns INSTR PULSES DURING MASTER RESET.

12us<tp<¥2ms
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BYTE BOUNDARY —
OUTPUT DATA TIMING DEFINES TYPE BEGINNING OF ID FIELD
OF ADDRESS MARK OR DATA FIELD

—_—

—»| A _>‘tC<
OTDATA VoL —L- XTXZX 3 X_ XX
_>|tA'.<_
orstR vo— LU UL LML
M

AMOT C7 CLOCK —1 VoL
D7 CLOCK (WRITETRACKONLY) (] [ VoL
DDEN 1 DoeEN o | NOTE —
WHENEVER DDEN 0. OTSTR IS FREE RUNNING AS SHOWN
tA SEE NOTE 2us ABOVE.
tg 1us WHENDDEN 1&WG 0,OTSTRIS A SERIES OF FM CLOCK
tc 1us PULSES.

CLK_2mHz WHENDDEN 1&WG 1,0TSTR BECOMES WD AS IN THE
FD1771 (i.e. CONTAINS FM CLOCK & DATA PULSES).

MISCELLANEOUS TIMING:

SYMBOL CHARACTERISTIC MIN [ TYP | MAX | UNITS CONDITIONS
TCD1 Clock Duty 175 nsec | 2MHz + 1% See Note
TCD2 Clock Duty 210 nsec
TSTP Step Pulse Output 2000 nsec
TDIR Dir Setup to Step 12 usec .

TMR Master Reset Pulse Width 5 usec T?]%Sneémeidf L,:Ab,Lezd
TIP index Pulse Width 5 usec ||V =
TWF Write Fault Pulse Width 5 usec
MISCELLANEOUS TIMING
[ I I
l—Tip—»]
WF }——i—J———Jle
[a—TwF -]
M—ﬁ}—————l—J—]VIH
|-TMR
TCcye
|
CLK

Tco'™ "‘H—TCD

{

7
IRC Vou__|STEPIN | STEP OUT
DIRC vo TDIR TsTP TsTP

Tpir TSTP TSTP
l<— l<——>;

N, 1,

VoL

{(
27

See page 725 for ordering information.
.. |
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WESTERIV DIGITAL

FD179X 02
Floppy Disk Formatter/Controller Family

c P

7

/

o N

FEATURES

TWO VFO CONTROL SIGNALS — RG & VFOE
SOFT SECTOR FORMAT COMPATIBILITY
AUTOMATIC TRACK SEEK WITH VERIFICATION
ACCOMMODATES SINGLE AND DOUBLE DENSITY
FORMATS

IBM 3740 Single Density (FM)

IBM System 34 Double Density (MFM)

Non IBM Format for Increased Capacity
READ MODE
Single/Mulitiple Sector Read with Automatic Search or

¢ PROGRAMMABLE CONTROLS
Selectable Track to Track Stepping Time

Side Select Compare

¢ INTERFACES TOWD1691 DATA SEPARATOR
¢ WINDOW EXTENSION
¢ INCORPORATES ENCODING/DECODING AND

ADDRESS MARK CIRCUITRY
e FD1792/41S SINGLE DENSITY ONLY
¢ FD1795/7 HAS A SIDE SELECT OUTPUT

179X-02 FAMILY CHARACTERISTICS

Entire Track Read FEATURES 1791 | 1792 | 1793 | 1794 | 1795 | 1797
Selectable 128, 256, 512 or 1024 Byte Sector Lengths Single Density (FM) X | X | X | X | X X ]
* WRITE MODE o , Double Density (MFM)| X X X | X
Single/Multiple Sector Write with Automatic Sector True Data Bus X X X
Search
Entire Track Write for Diskette Formatting Invrarted Data Bus X | X X
e SYSTEM COMPATIBILITY Write Precomp X X X X X X
Double Buffering of Data 8 Bit Bi-Directional Bus for Side Selection Output X X
Data, Control and Status
DMA or Programmed Data Transfers APPLICATIONS
Allinputs and Qutputs are TTL Compatible 8" FLOPPY AND 5% " MINI FLOPPY CONTROLLER
On-Chip Track and Sector Registers/Comprehensive SINGLE OR DOUBLE DENSITY
Status Information CONTROLLER/FORMATTER
- RAW READ
<__ORTA® > rok |
NC (] 1 - wh VDD 1+ 12V} RCLK |
WE (] 2 39[7 INTRQ A0 ___.R_G/_SSQ,
&G 38[) DRO c A1 LATE
RE (] o 37[) DDEN* o Gs EARLY E
Ap (] 5 367 WPRT M AE wD ~ 0
Ay (] 6 381 P P o +5 gl P
R (R U WE P
paLo [ 7 347 TROO T — Y
DALT [} 8 33[ | WF/VFOE E MR 179X %“‘K
patz d o 327 READY R FLOPPY DISK d WrIVFoE °
GAL3 1o 3tfr wo | ORMATTER WPRT S
DAL4 (1 30f] WG N WG K
DALS []12 29[ TG43 T +5v ‘T—’ [
ACS (13 281 HLD E — ¥
——— | R TROO
DAL7 ({14 2771 RAW READ £ 10K E
sTeP (] 15 2617 RCLK A 10K READY R
DIRC é 16 5[] » (o] TG43 A
EARLY []17 241 CLk E DRQ STEP g
LATE (j 18 23[) HLT INTRQ DIRC
MR ] 19 22 TEST CLK
(GND)Vgs (] 20 211 Vee (+5V) hal
RG 850 *5."\— RO >
17913 = 1795/7 =
.. S ONE SHOT
T N BYS I_. ODEN |vgs vop  vee HLT (IF USED)
PIN CONNECTIONS = l W ?
+5V
T 412 48

FD179X SYSTEM BLOCK DIAGRAM
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PIN OUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION
1 NO CONNECTION NC Pin 1 is internally connected to a back bias generator and
must be left open by the user.

19 MASTER RESET MR A logic low (50 microseconds min.) on this input resets the
device and loads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE. When MR is
brought to a logic high a RESTORE Command is executed,
regardless of the state of the Ready signal from the drive.
Also, HEX 01 is loaded into sector register.

20 POWER SUPPLIES Vss Ground

21 Vee +5V £5%

. 40 Voo +12V 5%
COMPUTER INTERFACE: ‘
2 WRITE ENABLE WE A logic low on this input gates data on the DAL into the !
selected register when CS is low.
3 CHIP SELECT cs A logic low on this input selects the chip and enables
computer communication with the device.
4 READ ENABLE RE A logic low on this input controls the placement of data from a
selected register on the DAL when CS is low.

5,6 REGISTER SELECT LINES | A0, A1 These inputs select the register to receive/transfer data on the

DAL lines under RE and WE control:
CS A1 A0 RE WE
0 0] 0 Status-Reg Command Reg
0] 0 1 Track Reg Track Reg
0 1 0 Sector Reg Sector Reg
0 1 1 Data Reg Data Reg

714 DATA ACCESS LINES DALO-DAL7 Eight bit Bidirectional bus used for transfer of data, control,
and status. This bus is receiver enabled by WE or transmitter
enabled by RE. Each line will drive 1 standard TTL load.

24 CLOCK CLK This input requires a free-running 50% duty cycle square wave
clock for internal timing reference, 2 MHz = 1% for 8” drives,
1 MHz + 1% for mini-floppies.

38 DATA REQUEST DRQ This open drain output indicates that the DR contains
assembled data in Read operations, or the DR is empty in
Write operations. This signal is reset when serviced by the
computer through reading or loading the DR in Read or Write
operations, respectively. Use 10K pull-up resistor to + 5.

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

FLOPPY DISK INTERFACE:

15 STEP STEPRP The step output contains a pulse for each step.

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

17 EARLY EARLY Indicates that the WRITE DATA pulse occuring while Early is
active (high) should be shifted early for write precom-
pensation.

18 LATE LATE Indicates that the write data pulse occurring while Late is

active (high) should be shifted late for write precompensation.
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

22

23

25

25

27

28

31

32

TEST

HEAD LOAD TIMING

READ GATE
(1791, 1792, 1793, 1794)

SIDE SELECT OUTPUT
(1795, 1797)

READ CLOCK

RAW READ
HEAD LOAD

TRACK GREATER THAN 43

WRITE GATE

WRITE DATA

READY

WRITE FAULT
VFO ENABLE

TRACK 00

TEST

HLT

RG

88O

RCLK

RAW READ
HLD

TG43

WG

WD

READY

WF/VFOE

TROO

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

When a logic high is found on the HLT input the head is
assumed to be engaged. It is typically derived from a 1 shot
triggered by HLD.

This output is used for synchronization of external data
separators. The output goes high after two Bytes of zeros in
single density, or 4 Bytes of either zeros or ones in double
density operation.

The logic level of the Side Select Output is directly controlled
by the ‘S’ flag in Type Il or lli commands. When U = 1,SSO is
set to a logic 1. When U = 0, SSO is set to a logic 0. The SSO
is compared with the side information in the Sector 1.D. Field.
If they do not compare Status Bit 4 (RNF) is set. The Side
Select Output is only updated at the beginning of a Type |l or
Il command. it is forced to a logic 0 upon a MASTER RESET
condition.

A nominal square-wave clock signal derived from the data
stream must be provided to this input. Phasing (i.e. RCLK
transitions) relative to RAW READ is important but polarity
(RCLK high or low) is not.

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

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

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

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

A 200 ns (MFM) or 500 ns (FM) output pulse per flux transition.
WD contains the unique Address marks as well as data and
clock in both FM and MFM formats.

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

This is a bi-directional signal used to signify writing faults at
the drive, and to enable the external PLO data separator. When
WG = 1, Pin 33 functions as a WF input. If WF = 0, any write
command will immediately be terminated. When WG = 0, Pin
33 functions as a VFOE output. VFOE will go low during a read
operation after the head has loaded and settled (HLT = 1). On
the 1795/7, it will remain low until the last bit of the second
CRC byte in the ID field. VFOE will then go high until 8 bytes
(MFM) or 4 bytes (FM) before the Address Mark. It will then go
active until the last bit of the second CRC byte of the Data
Field. On the 1791/3, VFOE will remain low until the end of the
Data Field. This pin has an internal 100K Ohm putl-up resistor.

This input informs the FD179X that the Read/Write head is
positioned over Track 00.
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PIN NUMBER PIN NAME SYMBOL FUNCTION

35 INDEX PULSE P This input informs the FD179X when the index hole is en-
countered on the diskette.

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

37 DOUBLE DENSITY DDEN This input pin selects either single or double density
operation. When DDEN = 0, double density is selected. When
DDEN = 1, single density is selected. This line must be left
open on the 1792/4.

GENERAL DESCRIPTION

The FD179X are N-Channel Silicon Gate MOS LS|
devices which perform the functions of a Floppy Disk
Formatter/Controller in a single chip implementation.
The FD179X, which can be considered the end result
of both the FD1771 and FD1781 designs, is IBM 3740
compatible in single density mode (FM) and System 34
compatible in Double Density Mode (MFM). The
FD179X contains all the features of its predecessor the
FD1771, plus the added features necessary to
read/write and format a double density diskette. These
include address mark detection, FM and MFM encode
and decode logic, window extension, and write precom-
pensation. In order to maintain compatibility, the
FD1771, FD1781, and FD179X designs were made as
close as possible with the computer interface, instruc-
tion set, and VO registers being identical. Also, head
load control is identical. In each case, the actual pin
assignments vary by only a few pins from any one to
another.

The processor interface consists of an 8bit bi-direc-
tional bus for data, status, and control word transfers.
The FD179X is set up to operate on a multiplexed bus
with other bus-oriented devices.

The FD179X is TTL compatible on all inputs and
outputs. The outputs will drive ONE TTL load or three
LS loads. The 1793 is identical to the 1791 except the
DAL lines are TRUE for systems that utilize true data
busses.

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

ORGANIZATION

The Floppy Disk Formatter block diagram is illustrated
on page 5. 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 (RAW READ)
during Read operations and transfers serial data to the
Write Data output during Write operations.

Data Register — This 8bit register is used as a
holding register during Disk Read and Write operations.
In Disk Read operations the assembled data byte is
transferred in parallel to the Data Register from the
Data Shift Register. In Disk Write operations in-
formation is transferred in parallel 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 is loaded from the DAL and gated onto the
DAL under processor control.

Track Reglster — This 8-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
(towards track 76) and decremented by one when the
head is stepped out (towards track 00). The contents of
the register are compared with the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register should
not be loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the address
of the desired sector position. The contents of the register
are compared with the recorded sector number in the ID
field during disk Read or Write 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
command presently being executed. This register should
not be loaded when the device is busy unless the new
command is a force interrupt. The command register can
be loaded from the DAL, but not read onto the DAL.

Status Register (STR) — This B-bit register holds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed. This
register can be read onto the DAL, but not loaded from the
DAL.

CRC Logic — This logic is used to check or to generate the
16-bit Cyclic Redundancy Check (CRC). The polynomial is:
G(X) = X" + X2 4+ x>+ 1.

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

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

Timing and Control — All computer and Floppy Disk In-
terface controls are generated through this logic. The in-
ternal device timing is generated from an external crystal
clock.

The FD179X has two different modes of operation ac-
cording to the state of DDEN. When DDEN = 0 double
density (MFM) is assumed. When DDEN = 1, single
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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 FD179X. The DAL are three
state buffers that are enabled as output drivers when Chip
Select (CS) and Read Enable (RE) are active (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 address bits A1 and A0,
combined with the signals RE during a Read operation or
WE during a Write operation are interpreted as selecting
the following registers:

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

On Disk Read operations the Data Request is activated (set
high) when an assembled serial input byte is transferred in
parallel to the Data Register. This bit is cleared when the
Data Register is read by the processor. If the Data Register
is read after one or more characters are lost, by having new
data transferred into the register prior to processor readout,
the Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

On Disk Write operations the data Request is activated
when the Data Register transfers its contents to the Data
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Shift Register, and requires a new data byte. It is reset
when the Data Register is loaded with new data by the
processor. If new data is not loaded at the time the next
serial byte is required by the Floppy Disk, a byte of zeroes
is written on the diskette and the Lost Data bit is set in the
Status Register.

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

The 179X has two modes of operation according to the
state of DDEN (Pin 37). When DDEN = 1, single density is
selected. In either case, the CLK input (Pin 24) is at 2 MHz.
However, when interfacing with the mini-floppy, the CLK
input is set at 1 MHz for both single density and double
density.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable in
either FM or MFM formats. For FM, DDEN should be
placed to logical “1.” For MFM formats, DDEN should be
placed to a logical “0.” Sector lengths are determined at
format time by the fourth byte in the “ID” field.

Sector Length Table*
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
o1 256
02 512
03 1024

*1795/97 may vary — see command summary.

The number of sectors per track as far as the FD179X is
concerned can be from 1 to 255 sectors. The number of
tracks as far as the FD179X is concerned is from 0 to 255
tracks. For IBM 3740 compatibility, sector lengths are 128
bytes with 26 sectors per track. For System 34 com-
patibility (MFM), sector lengths are 256 bytes/sector with 26
sectors/track; or lengths of 1024 bytes/sector with 8
sectors/track. (See Sector Length Table)

For read operations in 8" double density the FD179X
requires RAW READ Data (Pin 27) signal which is a 200 ns
pulse per flux transition and a Read clock (RCLK) signal to
indicate flux transition spacings. The RCLK (Pin 26) signal
is provided by some drives but if not it may be derived
externally by Phase lock loops, one shots, or counter
techniques. In addition, a Read Gate Signal is provided as
an output (Pin 25) on 1791/92/93/94 which can be used to
inform phase lock loops when to acquire synchronization.
When reading from the media in FM. RG is made true when
2 bytes of zeroes are detected. The FD179X rnust find an
address mark within the next 10 bytes; otherwide RG is
reset and the search for 2 bytes of zeroes begins all over
again. If an address mark is found within 10 bytes, RG
remains true as long as the FD179X is deriving any useful
information from the data stream. Similarly for MFM, RG is
made active when 4 bytes of “00” or “FF” are detected. The
FD179X must find an address mark within the next 16
bytes, otherwise RG is reset and search resumes.

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

a) Both HLT and HLD are True
b) Settling Time, if programmed, has expired
c¢) The 179X is inspecting data off the disk

If WF/VFOE is not used, leave open or tie to a 10K resistor
to +5.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write Gate
(WG) output is activated, allowing current to flow into the
Read/Write head. As a precaution to erroneous writing the
first data byte must be loaded into the Data Register in
response to a Data Request from the FD179X before the
Write Gate signal can be activated.

Writing is inhibited when the Write Protect input is a logic
low, in which case any Write command is immediately
terminated, an interrupt is generated and the Write Protect
status bit is set. The Write Fault input, when activated,
signifies a writing fault condition detected in disk drive
electronics such as failure to detest write current flow
when the Write Gate is activated. On detection of this fault
the FD179X terminates the current command, and sets the
Write Fault bit (bit 5) in the Status Word. The Write Fault
input should be made inactive when the Write Gate output
becomes inactive.

For write operations, the FD179X provides Write Gate (Pin
30) and Write Data (Pin 31) outputs. Write data consists of a
series of 500 ns pulses in FM (DDEN = 1) and 200 ns
puises in MFM (DDEN = 0). Write Data provides the unique
address marks in both formats.

Also during write, two additional signals are provided for
write precompensation. These are EARLY (Pin 17) and
LATE (Pin 18). EARLY is active true when the WD pulse
appearing on (Pin 30) is to be written EARLY. LATE is active
true when the WD pulse is to be written LATE. If both
EARLY and LATE are low when the WD pulse is present,
the WD pulse is to be written at nominal. Since write
precompensation values vary from disk manufacturer to
disk manufacturer, the actual value is determined by
several one shots or delay lines which are located external
to the FD179X. The write precompensation signals EARLY
and LATE are valid for the duration of WD in both FM and
MFM formats.

READY

Whenever a Read or Write command (Type Il or lll) is
received the FD179X samples the Ready input. If this input
is logic low the command is not executed and an interrupt
is generated. All Type | commands are performed re-
gardiess of the state of the Ready input. Also, whenever a
Type Il or ill command is received, the TG43 signal output
is updated.

COMMAND DESCRIPTION

The: FD179X will accept eleven commands. Commancl
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 discussion,
commands are divided into four types. Commands and
types are summarized in Table 1.
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TABLE1. COMMAND SUMMARY
A. Commands for Models: 1791, 1792, 1793, 1794 B. Commands for Models: 17951797
Bits Bits
Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
| Restore 0 0 0 0 h v n | o 0 0 0 h v N n
| Seek 0 0 0 1 h v n ni}| o 0 0 1 h Vv r o
| Step 0 0 1 T h \ r 0 0 0 1 T h \ r 0
| Step-in 0 1 0 T h \Y M ] 0 1 0 T h vV n 0]
| Step-qut 0 1 1 T h Vv " 0 0 1 1 T h Vv r 0
Il Read Sector 1 0 0 m S E C 0 1 0 0 m L E U (V)
I Write Sector 1 0 1 m S E C _a | 1 0 i m L E U &
M Read Address T 1 U 0 0 E 0 0 1 1 0 0 0 E U 0
Il Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E U 0
I Write Track 1 1 1 i 0 E 0 0 1 1 1 1 0 E U Q
IV Force Interrupt T 1 0 T 1B 2 h o1 1 0 1 T8 2 1 lo
FLAG SUMMARY TABLE 2. FLAG SUMMARY
Command Bit
Type No(s) Description
{ 0,1 M 10 = Stepping Motor Rate
See Table 3 for Rate Summary
| 2 V = Track Number Verify Flag|V = 0, No verify
V = 1, Verify on destination track
| 3 h = Head Load Flag h = 1, Load head at beginning
h = 0, Unload head at beginning
| 4 T = Track Update Flag T = 0, Noupdate
T = 1, Update track register
1l 0 80 = Data Address Mark ap= 0,FB(DAM)
a0 = 1, F8 (deleted DAM)
] 1 C = Side Compare Flag C = 0, Disable side compare
C = 1, Enable side compare
&l 1 U = Update SSO U = 0,Update SSOto 0
U = 1,Update SSOto 1
& 2 E = 15 MS Delay E = 0,No 15 MS delay
E = 1,15 MS delay
] 3 S = Side Compare Flag S = 0, Compare for side 0
S = 1, Compare for side 1
_ LSB’s Sector Length in ID Field
Il 3 L = Sector Length Flag 00 01 10 11
L =0. 256 512 1024 128
L =1 128 256 512 1024
] 4 m = Multiple Record Flag = 0, Single record
= 1, Multiple records
v 03 Ix = Interrupt Condition Flags —
lo = 1 Not Ready To Ready Transition
I = 1 Ready To Not Ready Transition
2 = 1Index Pulse
13 = 1 Immediate Interrupt, Requires A Reset
130 = 0 Terminate With No Interrupt INTRQ)

*NOTE: See Type IV Command Description for further information.

“
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TYPE | COMMANDS

The Type | Commands include the Restore, Seek, Step,
Step-In, and Step-Out commands. Each of the Type |
Commands contains a rate field (0 1), which determines
the stepping motor rate as defined in Table 3.

A 2 us (MFM) or 4 us (FM) pulse is provided as an output to
the drive. For every step pulse issued, the drive moves one
track location in a direction determined by the direction
output. The chip will step the drive in the same direction it
last stepped unless the command changes the direction.

The Direction signal is active high when stepping in and
low when stepping out. The Direction signal is valid 12 us
before the first stepping pulse is generated.

The rates (shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

CLK 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz
DDEN 0 1 0 1 X X
R1RO TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0
00 3 ms 3 ms 6 ms 6 ms 184ps  368us
0 1 6 ms 6 ms 12 ms 12 ms 190us 380us
10 10 ms 10 ms 20 ms 20 ms 198us  396us
11 15 ms 15 ms 30 ms 30 ms 208us 416us

After the last directional step an additional 15 milliseconds
of head settling time takes place if the Verify flag is set in
Type | commands. Note that this time doubles to 30 ms for
a 1 MHz clock. If TEST = 0, there is zero settling time.
There is also a 15 ms head settling time if the E fiag is set in
any Type ll or lll command.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by settling bit 2 (V = 1) in the command word to
a logic 1. The verification operation begins at the end of the
15 millisecond settling time after the head is loaded against
the media. The track number from the first encountered ID
Field is compared against the contents of the Track
Register. If the track numbers compare and the ID Field
Cyclic Redundancy Check (CRC) is correct, the verify
operation is complete and an INTRQ is generated with no
errors, If there is a match but not a valid CRC, the CRC error
status bit is set (Status bit 3), and the next encountered ID
field is read from the disk for the verification operation.

The EQ t fi i ithc track number

correct withi i of the media;
otherwise the seek erroris set.and an INTRQ is generated.
IfV = 0, no verification is performed.

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

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

HLD f——
}e——50 70 100mS —

-

]

1

[ i

HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FD179X will then
read from or write to the media. The “and” of HLD and HLT
appears as status Bit5in Type | status.

In summary for the Type | commands: ifh = QandV = 0,
HLD is reset. If h = 1 and V = 0, HLD is set at the
beginning of the command and HLT is not sampled nor is
there an internal 15 ms delay. If h = 0and V = 1, HLD is
set near the end of the command, an internal 15 ms occurs,
and the FD179X waits for HLT tobe true. If h = 1tand V =
1, HLD is set at the beginning of the command. Near the
end of the command, after all the steps have been issued,
an internal 15 ms delay occurs and the FD179X then waits
for HLT to occur.

For Type 1l and Il commands with E flag off, HLD is made
active and HLT is sampled until true. With E flag on, HLD is
made active, an internal 15 ms delay occurs and then HLT
is sampled until true.

RESTORE (SEEK TRACK 0)

Upon receipto___f_lhis 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 generated. If TROO is not
active low, stepping pulses (pins 15 to 16) at a rate specified
by the 1 10 field are issued until the TR0O input is activated.
At this time the Track Register is loaded with zeroes and an
interrupt is generated. If the TROO input does not go active
low after 255 stepping pulses, the FD179X terminates
operation, interrupts, and sets the Seek error status bit,
providing the V flag is set. A verification operation also
takes place if the V flag is set. The h bit allows the head to
be loaded at the start of command. Note that the Restore
command is executed when MR goes from an active to an
inactive state and that the DRQ pin stays low.

SEEK

This command assumes that the Track Register contains
the track number of the current position of the Read-Write
head and the Data Register contains the desired track
number. The FD179X will update the Track register and
issue stepping pulses in the appropriate direction untii the
contents of the Track register are equal to the contents of
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TYPE | COMMAND FLOW

the Data Register (the desired track location). A verification
operation takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An interrupt
is generated at the completion of the command. Note:
When using multiple drives, the track register must be
updated for the drive selected before seeks are issued.

STEP

Upon receipt of this command, the FD179X issues one
stepping pulse to the disk drive. The stepping motor
direction is the same as in the previous step command.
After a delay determined by the M0 field, a verification
takes place if the V flag is on. If the U flag is on, the Track
Register is updated. The h bit allows the head to be loaded
at the start of the command. An interrupt is generated at
the completion of the command.

STEP-IN

Upon receipt of this command, the FD179X issues one
stepping pulse in the direction towards track 76. If the U

TYPE | COMMAND FLOW

flag is on, the Track Register is incremented by one. After a
delay determined by the M0 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 FD179X issues one
stepping pulse in the direction towards track 0. If the U flag
is on, the Track Register is decremented by one. After a
delay determined by the 10 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.

EXCEPTIONS

On the 1795/7 devices, the SSO output is not affected
during Type 1 commands, and an internal side compare
does not take place when the (V) Verify Flag is on.
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VERIFY
SEQUENCE

INTRQ RESET BURY ’

INTRQ. RESET BUSY
SET SEEK ERAOR

NO

HAS
1D AM BEEN
DETECTED
2

DOES

TR= TRACK

ADDRESS OF (D
FIELD

NO

13

THERE A

CRC ERROR
7

RESET
CRC
INTRQ
RESET BUSY B —

NOTE: [B = 0, THERE IS NO 15MS DELAY
i = 1AND CLK = 1 MHz, THERE IS A 30MS DELAY

then located and will be either written into, or read from
depending upon the command. The FD179X must find an
ID field with a Track number, Sector number, side number,
and CRC within four revolutions of the disk; otherwise, the
Record not found status bit is set (Status bit 3) and the
command is terminated with an interrupt.

TYPE | COMMAND FLOW

TYPE li COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior to loading the Type || 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 normal case) HLD is made active
and HLT is sampled after a 15 msec delay. If the E flag is 0,
the head is loaded and HLT sampled with no 15 msec
delay. The ID field and Data Field format are shown on page
13.

When an ID field is located on the disk, the FD179X
compares the Track Number on the ID field with the Track
Register. If there is not a match, the next encountered ID
field is read and a comparison is again made. If there was a
match, the Sector Number of the ID field is compared with
the Sector Register. If there is not a Sector match, the next
encountered ID field is read off the disk and comparisons
again made. If the ID field CRC is correct, the data field is

o

1S

TYPE Il

COMMAND

RECEIVED
7

YES

SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND. &
STATUS BITS § & 6 INTRQ

INTRQ
RESET BUSY

COPY 'S’ FLAG TO
$80 LINE (1785/7 ONLY)

SET HLD

YES

—»

*SEE NOTE
N @
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NO

IS HLT =17

YES

s YES SET
TR >43 TG43
?
NO
| RESET TG43
[ s

WRITE
PROTECT
ON

INTRQ. RESET BUSY
SET WRITE PROTECT

*NOTE: ].-ET = 0, THERE IS NO 15M5 DELAY
IFT = 1 AND CLK = 1 MHz, THERE IS 30MS DELAY

?

TYPE Il COMMAND
Each of the Type Il Commands contains an (m) flag which
determines if multiple records (sectors) are to be read or
written, depending upon the command. If m = 0, a single
sector is read or written and an interrupt is generated at the
completion of the command. If m = 1, multiple records are
read or written with the sector register internally updated
so that an address verification can occur on the next



record. The FD179X will continue to read or write multiple
records and update the sector register in numerical
ascending sequence until the sector register exceeds the
number of sectors on the track or until the Force Interrupt
command is loaded into the Command Register, which
terminates the command and generates an interrupt.

For example: If the FD179X is instructed to read sector 27
and there are only 26 on the track, the sector register ex-
ceeds the number available. The FD179X will search for 5
disk revolutions, interrupt out, reset busy, and set the
record not found status bit.

The Type Il commands for 1791-94 also contain side select
compare flags. When C = 0 (Bit 1) no side comparison is
made. When C = 1, the LSB of the side number is read off
the ID Field of the disk and compared with the contents of
the (S) flag (Bit 3). If the S flag compares with the side
number recorded in the ID field, the FD179X continues with
the ID search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

INTRQ. RESET BUSY

HAVE
HOLES
5 ‘“2,5’5‘ 58" SET RECORD-NOT FOUND

TR = TRACK

e ADDRESS OF ID
FIELD
DOES
NO SR = SECTOR
e ADDRESS OF 1D
NO
BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
1
SET CRC YES THERE A
STATUS ERROR CRC ERROA

~ READ

9

TYPE Il COMMAND
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The Type Il and il commands for the 1795-97 contain a side
select flag (Bit 1). When U = 0, SSO is updated to 0.
Similarly, U = 1 updates SSO to 1. The chip compares the
SSO to the ID field. If they do not compare within 5
revolutions the interrupt line is made active and the RNF
status bit is set.

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

READ SECTOR

Upon receipt of the Read Sector command, the head is
loaded, the Busy status bit set, and when an ID field is
encountered that has the correct track number, correct
sector number, correct side number, and correct CRC, the
data field is presented to the computer. The Data Address

READ SECTOR
SEQUENCE

PUT RECORD TYPE IN
STATUS REG BIT 5 !

I ves

HAS

FIRST BYTE

BEEN ASSEMBLED

IN DSR
2

N
READ BY °©

COMPUTER
DRAQ = @,
2

SET DATA
LOST

ALL BYTES
BEEN INPUTTED
2

YES

<170
SECTOR REG

t

INTRQ. RESET BUSY
SET CRC ERROR -
U ‘ INTRQ RESET BUSY )

TYPE It COMMAND
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WRITE SECTOR
SEQUENCE
DELAY 2 BYTES OF GAP
Y
I SET ORQ J
¥

[ DELAY 8 BYTES OF GAP J

NO INTRQ. RESET BUSY
SET LOST DATA

A
DA BEEN
LOADEOD BY
COMPUTER
(ORQ = 0]
?

[ DELAY 1 BYTE OF GAP

TURN ON WG & WRITE
8 BYTES OF ZEROS

DELAY 11 BYTES

i '

WRITE DATA AM
ACCORDING TO A0 FIELD
OF WRITE COMMAND

|

DR TO DSR. SET ORQ

l

WRITE BYTE TO DISK

TURN ON WG & WRITE
12 BYTES OF ZEROS

SET DATA
LOST
WRITE EYTE
OF ZEROS

DR BEEN NO

HAVE

ALL BYTES

BEEN WRITTEN
?

ES
——r WRITE CRC

[ WRITE 1 BYTE OF FF

| TURN OFF WG

I N N B O e B

TYPE | COMMAND

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 Addréss 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 transferred
that character is lost and the Lost Data Status bit is set.
This sequence continues 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 Address
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 head is
loaded (HLD active) and the Busy status bit is set. When an
ID field is encountered that has the correct track number,
correct sector number, correct side number, and correct
CRC, a DRQ is generated. The FD179X counts off 11 bytes
in single density and 22 bytes in double density from the
CRC field and the Write Gate (WG) output is made active if
the DRQ is serviced (i.e., the DR has been loaded by the
computer). If DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
zeroes in single density and 12 bytes in double density are
then written on the disk. At this time the Data Address
Mark is then written on the disk as determined by the &()
field of the command as shown below:

ag Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The FD179X then writes the data field and generates DRQ's
to the computer. If the DRQ is not serviced in time for
continuous writing the Lost Data Status Bit is set and a
byte of zeroes 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 writter
on the disk followed by one byte of logic ones in FM or in
MFM. The WG output is then deactivated. For a 2 MHz
clock the INTRQ will set 8 to 12 usec after the last CRC byte:
is written. For partial sector writing, the proper method is to
write the data and fill the balance with zeroes. By letting the:
chip fill the zeroes, errors may be masked by the lost data
status and improper CRC Bytes.

TYPE lil COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the head
is loaded and the Busy Status Bit is set. The nexi
encountered ID field is then read in from the disk, and
the six data bytes of the ID field are assembled and
transferred to the DR, and a DRQ is generated for each
byte. The six bytes of the ID 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 FD179X checks for validity and the CRC
error status bit is set if there is a CRC error. The Track
Address of the ID field is written into the sector
register so that a comparison can be made by the
user. 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 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 ac-
cumulation 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: the Read Gate

is not activated during the command; no CRC checking is
performed; gap information is included in the data stream;
the internal side compare is not performed; and the ad-
dress mark detector is on for the duration of the command.
Because the A.M. detector is always on, write splices or
noise may cause the chip to look for an A.M. If an address
mark does not appear on schedule the Lost Data status flag
is set.

The ID A.M,, ID field, ID CRC bytes, DAM, Data, and Data
CRC Bytes for each sector will be correct. The Gap Bytes
may be read incorrectly during write-splice time because of
synchronization.

THIS A
WRITE TRACK
2

SET BUSY. RESET DRQ.
LOST DATA. STATUS
BITS 4. 5

INTRQ
RESET BUSY

COPY 'S’ FLAG TO
SO0 LINE (1795/7 ONLY)

HAS

15 MS

EXPIRED
2

HAS
INDEX
PULSE

OCCURED

NO

INTRQ RESET
BUSY SET WPRT

DELAY 3 BYTE
TIMES

SET INTRQ NO
LOST DATA
RESET BUSY

HAS
DRQ BEEN
SERVICE

*30 MS IF CLOCK
= 1 MHz

YES

YES (MFM)

WRITE 2 CRC
CHARS. CLK = FF

WRITE FC
CLK = D7

WRITE FD, FE OR
F8.F8, CLK = C7
INITIALIZE CRC

WRITE DSA
CLK = FF

Test

INTRQ RESET BUSY

PHYS
INDEX MARK
?

HAS WRITE
YES NO YTE OF ZER
DR BEEN gETED(IJ\TAZ Eog? "
LOADED?
WRITE A1* IN MFM
WITH GLOCK
INITIALIZE CRC
WRITE G2* IN MFM
WITH MISSING CLOCK
WRITE 2 CRC
WRITE DSR o

IN MFM

TYPE lli COMMAND WRITE TRACK

TYPE It COMMAND WRITE TRACK
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Y A P
CONTROL BYTES FOR INITIALIZATION

DATA PATTERN

FD179X INTERPRETATION

FD1791/3 INTERPRETATION

F8 thru FB
FC Write FC with Clk = D7

IN 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, Preset CRC
F6 Not Allowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

Write F8 thru FB, Clk = C7, Preset CRC

FD Write FD with Clk = 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

Write F8 thru FB, in MFM
Write FC in MFM

*Missing clock transition between bits 4 and 5

WRITE TRACK FORMATTING THE DISK
(Refer to section on Type Hll 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 interface. Formatting the
disk is accomplished by positioning the R'W head over the
desired track number and issuing the Write Track com-
mand.

Upon receipt of the Write Track command, the head is
loaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse, at which time the
interrupt is activated. The Data 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. If the DR has not been loaded by the time the
index pulse is encountered the operation is terminated
making the device Not Busy, the Lost Data Status Bit is set,
and the Interrupt is activated. If a byte is not present in the
DR when needed, a byte of zeroes is substituted.

This sequence 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 normal 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.

The CRC generator is initialized when any data byte from
F8 to FE is about to be transferred from the DR to the DSR
in FM or by receipt of F5 in MFM. An F7 pattern will
generate two CRC characters in FM or MFM. As a con-
sequence, 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 pattern.

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

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-
minate a multiple sector read or write command or to in-

**Missing clock transition between bits 3 & 4

sure 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 execution (busy status bit set)
the command will be terminated and the busy status bit
reset.

The lower four bits of the command determine the con-
ditional interrupt as follows:

I0 = Not-Ready to Ready Transition
= Ready to Not-Ready Transition
12 = Every Index Pulse

I3 = Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (I3 - 10) are set to
a 1. Then, when the condition for interrupt is met, the IN-
TRAQ line will go high signifying that the condition specified
has occurred. If 13 - 10 are all set to zero (HEX D0), no in-
terrupt will occur but any command presently under
execution will be immediately terminated. When using the
immediate interrupt condition (I3 = 1) an interrupt will be
immediately generated and the current command ter-
minated. 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 immediate
interrupt (HEX D8) to clear on a subsequent load command
register or read status register operation. Follow a HEX D8
with DO command.

Wait 8 micro sec (double density) or 16 micro sec (single
density before issuing a new command after issuing a
forced interrupt (times double when clock = 1 MH2).
Loading a new command sooner than this will nullify the
forced interrupt.

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

More "than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (1 = 1)
and the Every Index Pulse (12 = 1) are both set, the
resultant command would be HEX “DA”. The “OR” func-
tion is performed so that either a READY TO NOT- READY
or the next Index Pulse will cause an interrupt condition.
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C =

l

SET BUSY
RESET 8TATUS
BITS 2, 4,5

NO
YES

INTRQ
RESET BUSY

)

COPY'S FLAG
TO SSO LINE
(1795/7 ONLY)

SET HLD

NO
YES

DELAY 156MS*

e L
- |
HLT=1 NO
?
YES

TG43
UPDATE

It TEST= ¢, NO DELAY
It TEST=1 and CLK=1 MHZ, 30 MS DELAY

READ
ADDRESS

Y

READ TRACK
SEQUENCE

SHIFT ONE BIT
INTO DSR

NO

ADDRESS

HAVE 8
BITS BEEN
ASSEMBLED

MARK DETECTED
?

SET INTRQ
RESET BUSY

)

YES

SET LOST
DATA BIT

TRANSFER
DSR TO DR

SET
DRQ

TYPE Il COMMAND

Read Track/Address
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READ ADDRESS
SEQUENCE

HAVE 6
INDEX HOLES

PASSED
?

SET INTRQ
SET RNF

RESET BUSY

D)

HAS

IDAM BEEN

DETECTED
?

YES

Y

SHIFT 1 BYTE
INTO DSR

Y

TRANSFER
BYTE TO DR

SET DRQ

HAVE 6
BYTES BEEN
READ
?

TRANSFER TRACK
NUMBER TO SECTOR
REGISTOR

CRC YES

SET CRC
ERROR BIT

ERROR
?

NO

C

SET INTRQ
RESET BUSY

TYPE Il COMMAND
Read Track/Address

188

STATUS REGISTER

Upon receipt of any command, except the Force Interrupt
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 | 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 complete, 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 54 83 82 St S0

Status varies according to the type of command executec
as shown in Table 4.

Because of internal sync cycles, certain time delays must.
be observed when operating under programmed 1/O. They
are: (times double when clock = 1 MHz2)

Delay Req'd.
Operation Next Operation FM | MFM
Write to Read Busy Bit 12us | 6ps
Command Reg. | (Status Bit0) !
Write to Read Status 28us : 14us
Command Reg. | Bits 1-7 1
Write Any Read From Diff. 0 : 0
Register Register |

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.



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)
r__ 2 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)
11 FF (or 00)!
6 00
1 FB (Data Address Mark)
128 Data (IBM uses Eb)
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.

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 (Writes C2)
1 FC (Index Mark)
* 50 4E
12 00
3 F5 (Writes A1)
| FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 Sector Number (1 thru 1A)
1 01 (Sector Length)
1 F7 (2 CRCs written)
22 4E
12 00
3 F5 (Writes A1)
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.

PHYSICAL INDEX
45 BYTES FM
92 BYTES MFM
/—— INDEX ADDRESS MARK

cz** A1 QAP 2 DATA
PRE INDEX 3BYIES POST INDEX 3BYTES
320 BYTE FM MFH 32 BYTE FM MFM
744 BYTES MFM ONLY
NOMINAL

D
"ﬁ%‘)ﬁ" 17 BYTEQ EM RECORD 33 BYTE FM
62 BYTES MFM | onuy 34 BYTE MFM NO. 1 8 BYTE MFM

10 DATA [ DATA FIELD [
RECORC QAP2 | RECORD aar3 | aeconp § aar2 | RECORD AECORD faaP2
NO.2 NO.2 NO.3 NO. 28

DATA FIELD
RECORD
NO.3 NO.2¢

GAP 4l

T~

T

—

‘gess TRACK SIOE BECTOR SECTOR CRC
A wumBeR | numBer | NumeeA | LenaTH | BYYE!

DATA OR
OELETED

OATA UBER DATA ogy e
ADDRESS

MARK

N MEM ONLY, IDAM AND DATA AM

ARE PRECEDED BY THREE BYTES OF
Al WITH CLOCK TRANSITION BETWEEN
BITS 4 AND 5 MISSING.

o

-

aap2

#*MISSING CLOCK TRANSITION

a1 A

BETWEEN BITS 3 AND 4
FM 11 BYTES & BYTES —@w 0 ety 1BYTE L.——— 32 8YTES 0
MFM 22BYTES / 12 BYTES 3 1evie |\ 3
WRITE GATE TURN ON FOR UPDATE WRITE TUAN OFF FOR UPDATE
OF NEXT DATA FIELD OR PREVIOUS DATA FIELD
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1. NON-IBM FORMATS
Varlations in the IBM formats are possible to a limited L ‘
extent if the following requirements are met: | P 16 OR 32 uS ‘_.1
1) Sector size must be 128,256, 512 or 1024 bytes. l—l——-—-l ]Tm
2) Gap 2 cannot be varied from the IBM format. ona d
3) 3bytes of A1 must be used in MFM. . i - TR e
In addition, the Index Address Mark is not required for ° *l ISERVICE et |
operation by the FD179X. Gap 1, 3, and 4 lengths can be as THLD vor
short as 2 bytes for FD179X operation, however PLL lock up e
time, motor speed variation, write-splice area, etc. will add l I
more bytes to each gap to achieve proper operation. It is A0.41.63 viL
recommended that the IBM format be used for highest ~e—TRe —e=]
system reliability. 3 Vi
FM MFM teer e
Gap | 16 bytes FF 32 bytes 4E —e{ TDACC |
Gapl 11 bytes FF 22 bytes 4E wie |
* 6 bytes 00 12 bytes 00 Y i
' 3 bytes A1 NOTE 1 & MAY BE PERMANENTLY TIEC LOW IF DESIRED
Gap ll** 10 bytes FF 24 bytes 4E TIME DOUBLES WHEN CLOGK e
4 bytes 00 8 bytes 00 T
3 bytes A1 DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED
Gap IV 16 bytes FF 16 bytes 4E D7 NG E0GE ICATS 120 T D TEn ks ek
INTRQ FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS READ.
*Byte counts must be exact.
**Byte counts are minimum, except exactly 3 bytes of A1 READ ENABLE TIMING
must be written.
TIMING CHARACTERISTICS
Ta= 09C to 70°C, Voo = + 12V = .6V, Vss = 0V, Voc =+5V =+ .25V
READ ENABLE TIMING (See Note 6, Page 21)
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 CL = 50 pf
TDRR DRQ Reset from RE__ 400 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec See Note 5
TDACC Data Access from RE 350 nsec C. = 50 pf
TDOH Data Hold From RE 50 150 nsec CuL = 50 pf
WRITE ENABLE TIMING (See Note 6, Page 21)
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 WI 500 3000 nsec See Note 5
TDS Data Setup to WE _ 250 nsec
TDH Data Hold from WE 70 nsec

N 0 A S
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T N R—
DRQ ———!—‘_ ——|~ 4[;1_ B . |pw4-_| |‘,
i . B RAW READ 1 I—-
INTRO & '| - -—' Ll
{SERVICE——sed, I-———-—— vor _.1 ha b:Tm——’{
S N
ACLK =]
AD AV (;? u | viL | o ok
—— TWE “"\ I<—-—* - T¢ — —-'I
Tser [
BAL D:‘KMUST
[ Bewa NOMINAL
Rl ng DISKETTE | MODE |DDEN | ok | T. | T, | T
8" MFM 0 2MHz |1 us | 1 us | 2 us
T L O R % MO | 2MHz 2 s 2us ] dus
AT CEAST 4 -SEC N Wi AFTER THE AISING EDGE OF WE 5" MFM 0 TMHz | 2us | 2us |4 us
{ SERVICE (WORST CASE)  15'KOT'VALID UNTIL SOME 23 wSEC.IN FM. 14 ABEC IN-ATFM 5" FM 1 TMHz [4 us | 4 pus | 8 us
“MEM 31 guS . LATER. THESE TIMES ARE DOUBLED WHEN CLK 1 MHz
TIME DOUBLES WHEN CLOCK ~ 1MHz
DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER IS EMPTY lNPUT DATA TIMlNG
DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER 1S LOADED
:gT\;F\‘l?“T:'gkL%G ED‘GE: INDICATES THAT THE COMMAND REGISTER
WRITE ENABLE TIMING
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 2000 nsec | 1800 ns @ 70°C
Tc RCLK Cycle Time 1500 2000 nsec (1800 ns @ 70°C
Txi RCLK hold to Raw Read 40 nsec | See Note 1
Txz Raw Read hold to RCLK 40 nsec | See Note 1
WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz) (See Note 6, Page 21)
SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS{ CONDITIONS
Twp Write Data Pulse Width 500 650 nsec FM
200 350 nsec MFM
Twg Write Gate to Write Data 2 usec FM
1 usec MFM
Tbe Write data cycle Time 2,3,0r4 usec +CLK Error
Ts Early (Late) to Write Data 125 nsec MFM
Th Early (Late) From 125 nsec MFM
Write Data
Twf 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
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|t 250 NS ———

CLK
(2MHZ)

DDEN =1

- 7////£/>! WA

Te—125 o’ 125—
CLK ,
(2MHZ) \

(DDEN = 0)

. 7 V7

WD MUST HAVE RISING EDGE IN FIRST SHADED AREA AND TRAILING
EDGE IN SECOND SHADED AREA.

WRITE DATA/CLOCK RELATIONSHIP

WRITE DATA TIMING

MISCELLANEOUS TIMING: (Times Doublie When Clock = 1 MH2) (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. | TYP. MAX. UNITS | CONDITIONS

TCDy Clock Duty (low) 230 250 | 20000 nsec

TCD:2 Clock Duty (high) 200 250 | 20000 nsec

TSTP Step Pulse Output 20r4 : usec

TDIR Dir Setupto Step 12 jsec iSCeLeK"é‘:gggR
TMR Master Reset Pulse Width 50 usec

TIP Index Pulse Width 10 usec

TWF Write Fault Pulse Width 10 usec See Note 5
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DIRC

STEP

5l

<

I
w

-

€D,

STEP iN
VOH

vOL —— R{RQD* —m=

‘-‘ TDIR .l@'rpl-————'fmp |-——

[ P

i I

|~TD|R -—{ Tgrp lq—-

a

o O

NOTES:

P }—————L——_—'—-J ik 1.

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 pulse width must be less than 300 ns
for MFM at CLK = 2 MHz and 600 ns for FM at 2
MHz. Times double for 1 MHz.

A PPL Data Separator is recommended for 8" MFM.

. tbc should be 2 us, nominal in MFM and 4 us nominal

in FM. Times double when CLK = 1 MHz.
RCLK may be high or low during RAW READ (Polarity
is unimportant).

. Times double when clock = 1 MHz.

Output timing readings are at VoL = 0.8vand Vou =
2.0v.

MISCELLANEOUS TIMING

*FROM STEP RATE TABLE

Table 4. 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 |CRCERROR |CRC ERROR | CRC ERROR 0 CRC ERROR 0

S2 |TRACK 0 LOST DATA LOST DATA LOST DATA |LOST DATA  [LOST DATA

S1 |INDEX PULSE |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
input.

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

S5 HEAD LOADED
HLD and HLT signals.

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

54 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.
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D s A SO
STATUS FOR TYPE Il AND Il COMMANDS

BIT NAME

MEANING

S§7 NOT READY

This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type II
and 11l Commands will not execute uniess 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, commarid is under execution. When reset, no command is under execution.

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings
Voo with repect to Vss (ground): + 15 to — 0.3V
Voltage to any input with respecttoVss = +15to — 0.3V
lcc = 60 MA (35 MA nominal)

Cin & Cout = 15 pF max with all pins grounded except
one under test.

Operating temperature = 0°C to 70°C

Storage temperature = —55°Cto +125°C

lop = 15 MA (10 MA nominal)

OPERATING CHARACTERISTICS (DC)
TA = 0°Cto70°C, Voo = + 12V x .6V, Vss = OV, Vcc = + 5V = .26V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
I Input Leakage 10 uA Vin = Voo™*
lou Output Leakage 10 uA Vour = Voo
ViH Input High Voltage 26 \

Vi Input Low Voltage 0.8 \"

Vo Output High Voltage 28 v lo= —100uA
VoL Output Low Voltage 0.45 \" lo = 1.6 mA*
Po Power Dissipation 0.6 W

*1792and 179410 = 1.0 mA
**Leakage conditions are for input pins without internal pull-up resistors. Pins 22, 23, 33, 36, and 37 have pull-up resistors.

See Tech Memo #115 for testing procedures.

See page 725 for ordering information.
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FD179X Application Notes

INTRODUCTION

Over the past several years, the Floppy Disk Drive has
become the most popular on-line storage device for
mini and microcomputer systems. 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 assembiling this
data in parallel form must be accomplished. Data is
stored on individual Tracks of the media, requiring con-
trol of a stepper motor to move the Read/Write head
to a predetermined Track. Byte sychronization must
also be accomplished to insure that the parallel data
is properly assembled. After all the design considera-
tions are met, the final controller can consist of 40 or
more TTL packages.

To alleviate the burden of Floppy Disk Controller de-
sign, Western Digital has developed a Family of LSI
Floppy Disk controller devices. Through its own set of
macro commands, the FD179X 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 both 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, pulses can occur 2, 3 or 4 microseconds
apart. The bit cell time is now 2 microseconds; twice
as much data can be recorded without increasing the
Frequency rate due to this encoding scheme.

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

PROCESSOR INTERFACE

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

Shown below are the registers and their addresses:

PIN 3 |PIN 6 [PIN 5 PIN 4 PIN2

CS A, Ao RE=#0 WE =&

0 0 0 |STATUS REG | COMMAND

0 0 1 |TRACK REG |REG

0 1 0 |[SECTOR REG| TRACK REG
0 1 1 |DATA REG SECTOR REG
1 X X [H1-Z DATA REG

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.

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 respond
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 1/O. The worst case delays are:

|[oPERATION | NEXT DELAY REQ'D

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%4" drive)

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

The MR or Master Reset Line should be strobed a
minimum of 50 microseconds upon each power-on
condition. This 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.




FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three
sections: Motor Control, Write Signals and Read Sig-
nals. All of these lines are capable of driving one TTL
load and not compatible for direct connection to the
drive. Most drives require an open-collector TTL inter-
face with high current drive capability. This must be
done on all outputs from the 179X. Inputs to the 179X
may be buffered or tied to the Drives outputs, providing
the appropriate resistor termination networks are used.
Undershoot should not exceed —0.3 volts, while integ-
rity of Vi, 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 Control 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 regardiess 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 rmust 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. If not required on
the drive, TG43 may be left open.

WRITE PRECOMPENSATION

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

For double density use, Write Precompensation is a
function of the drive. Some manufacturers recommend
Precompensating the 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, Write 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-
lowing 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 element.
The WD pulse from the 179X creates a strobe to the
2143, causing subsequent output pulses on the 1,62
and 03 signals. The 5K Precomp adjust sets the de-
sired Precomp value. Depending upon the condition of
EARLY and LATE, 91 will be used for EARLY, @2 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 pulse 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 Q; 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 pulse should be sent directly
to the drive.

(S
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DATA SEPARATION

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

Motor Speed Variation, Bit shifts and read amplifier
recovery circuits all cause the RAW READ puises to
drift away from their nominal positions. As this occurs,
the RAW READ puises 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, untii a RAW READ pulse
occurs. The Separator then denotes the position of the
pulse with respect to RCLK (by the counter value), and
counts down to increase or decrease the current RCLK
window. The next RCLK window will occur at a nominal
rate and will continue to run at this frequency until an-
other RAW READ pulse adjusts RCLK, but only the
present window is adjusted.

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

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

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

Shown in Figure 11 is a 2%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-lL.oop data recovery
circuit. The phase detector (U2, Figure 2) compares
the phase of the SHAPED DATA pulse to the phase
of VFO CLK + 2. If VFO CLK =+ 2 is lagging the
SHAPED DATA pulse an output pulse on #9, U2 is
generated. The filter/amplifier converts this pulse into
a DC signal which increases the frequency of the VCO.

If, correspondingly, CLK + 2 is leading the SHAPED
DATA pulse, an output pulse on #5, U2 is generated.
This pulse is converted into a DC signal which de-
creases the frequency of the VCO. These two actions
cause the VCO to track the frequency of the incoming
READ DATA pulses. This correction process to keep
the two signals in phase is constantly occurring because
of spindle speed variation and circuit parameter
variations.

The operating specifications for this circuit are as
follows:

2MHz

+ 15%

50 microsec. “1111" or
“0000” Pattern

100 Microsec “1010” Pat-
tern

Free Running Frequency
Capture Range
Lock Up Time

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

Figure 14 illustrates a PPL data recovery circuit using
the Western Digital 1691 Floppy Support device. Both
data recovery and Write Precomp Logic is contained
within the 1691, allowing low chip count and PLL re-
liability. The 745124 supplies the free-running VCO
output. The PUMP UP and PUMP DOWN signals from
the 1691 are used to control the 74S124's frequency.



COMMAND USAGE

Whenever a command is successfully or unsuccess-
fully completed, 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
oceurring.

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 all 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 ID
mark will ‘not be valid. READ GATE (RG) is not ac-
tuated during this command.

READ ADDRESS COMMAND

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

TRACK SIDE

SECTOR CRS QRC CRC

LENGTH | 1 | 2

The READ ADDRESS command as well as all other
Type Il and Type Il commands will not execute if the
READY line is inactive (READY = 0). Instead, an in-
terrupt will be generated and the NOT READY status
bit will be set to 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:

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

IMMEDIATE INTERRUPT

T T T

Regardless of the conditional interrupt set, any com-
mand that is currently being executed when the Forced
Interrupt command is loaded will immediately be ter-
minated and the busy bit will be reset indicating an idie
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 l; —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 clear the interrupt; another forced
interrupt command with I; —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 X

FIGURE 2. STORAGE CAPACITIES
UNFORMATTED BV TE FORMATTED
CAPACITY
CAPACITY (NOMINAL) | _BYTE

SIZE DENSITY SIDES |PER TRACK| PER DISK TIME  |peR TRACK| PER DISK
514" SINGLE 1 3125 109,375 64us 2304** 80,640
514" DOUBLE 1 6250 218,750 32us 4608*** 161,280
514" SINGLE 2 3125 218,750 64us 2304 161,280
514" DOUBLE 2 6250 437.500 32us 4608 322 560
8" SINGLE 1 5208 401,016 32us 3328 256,256
g’ 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

- 7 TIME
NOMINAL TRANSFER WORST-CASE 179X SERVICE TI
SIZE DENSITY TIME READ WRITE
Y/% SINGLE 64us 55.0us 47.0us
SY/7% 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
l BIT O l BIT 1 ‘ BIT 2 l BIT 3 } BIT 4 l BIT 5 BIT6 BIT 7 '
HEX 1 1 0 1 0 0 1 0
‘D2
|o| IDI |c| IDI IEI Icl lDI [E] E] c|l Io c
RULE: »
1) WRITE DATA BITS AT CENTER
OF BIT CELL IF A “1"
2) WRITE CLOCK BITS AT LEADING
EDGE OF THE BIT CELL
FIGURE 4B. MFM RECORDING
2us
BITO BIT1 BIT 2 BIT3 | BIT 4 | BITS I BIT6 BIT7

1 1 0 1

e ol fol 1ol

RULE:

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

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

A) NO DATA BIT HAS BEEN WRITTEN LAST

B) NO DATA BIT WILL BE WRITTEN NEXT

201
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FIGURE 5. WF/VFOE DEMULTIPLEXING CIRCUITRY

+5

10K

33 VFOE
170X
74LS04

PIN 33 USED AS A VFOE SIGNAL ONLY

a3

+5

10K 741501

= (WG TO DRIVE)

179X

—< (WF FROM DRIVE)

WG
~(_J

30

74,502

—» VFOE

* PIN 33 USED AS VFOE AND WF SIGINALS

+5
10K 741501
33 }———  wF (FROM DRIVE)
" WG
179% F""'|
30 &——3m WG (TO DRIVE)
-
* FIN 33 USED AS A WF SIGNAL ONLY
+5
- 10K
7438
7ALSI75 C-EARLY .
9 WD TO
WD ok 30| 2 [ DRIVE
1Q
5120 7 C-LATE |
2Q ]
4] 1D 15 C-NOMINAL f
aQ
EARLY +
) 18] 4p o A2} 1°
LATE } Y
74L802 P
FD179X
WD2143
11 8
IN of
7y
4
28
S——— 1
l 1 5K . 4
+12 - APW
PRECOMP.
ADJUST
FIGURE 6. 179X WRITE PRE-COMP
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[—— 2,3, 4ps, = CLK TOL

2,4us8 * CLKTOL ——jd
_..‘ ‘.._200NSI50 |<—500Ns:50

WD —-II rl WD r_l
I EARLY I ! I_.

EARLY { ] OR LATE
OR LATE
DOUBLE TIMES FOR 5" (MINI-FLOPPY) f

250 NS MIN.

450 NS MIN.
125 NS MIN. VALID
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 0 l BIT CELL 1 l BIT CELL 2 I BIT CELL 3 I BIT CELL 4 I BIT CELL 5 l BITCELL6 | BITCELL7 l BIT CELL 8 | BIT CELL 9
A I 4 4 1 1 4 4 A .4

£
| ‘4— 200 NS

wrg __I:] ];‘ > 125 NS = > ,;1 m Ja &
EARLY [_-L r—L r—-l_
L

e M I
cLaTe [L 1

P N s B n_n n_n_n
s n/n T n n__ . n
o1l J’IJ\ n g - n_n__n
AUV U U (v U U
i H’LU S 5 —"

FIGURE 8. PRECOMP TIMING FOR CIRCUIT IN FIGURE 6
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500ns 500ns
CLK
@1MHz
YW/
wo /// 7
(DDEN = 0) l
AW
/ AN
=100ns =100ns
CLK 250ns 250ns
@2MHz
125ns
_

(DDEN = Q)
=50ns =30ns
FIGURE 9. WD/CLK RELATIONSHIP FOR WRITE PRECOMP USE
L] 2MHz
{TO 1791)
7415195
8 MHz CLK
CIR
J GD
) ®
(FROM 1791) o
SHFTID
LATE
(FROM 1781) A
TG43 (EN PRECOMP) 8
c
EARLY
(FAOM 1791)

FIGURE 10. DIGITAL WRITE PRECOMP CIRCUIT

(PROVIDED COURTESY OF MPI, OKLAHOMA CITY, OK 73112
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+5
R R, C = 150 NS + 50
c
14 15
74123 )
RAW READ  >—2 27|
FROM DRIVE . , - 4 o] RAWREAD
1791/1793
5
LD 2lp Q RCLK
15| A
+5 3 —
1ls Qo 7 c Q 6 N.U. RG
10 c
9 : R
D 74L574 DDEN
I o ES >
T _4Jeo ol
74L5193
CRYCLK
TYPE l DDEN I CRYCLK
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 01 RETARD BY 1 COUNT
02 02
03 03

04 03 RETARD BY 2 COUNTS
05 04

06 05

07 06

08 08 ADVANCE BY 2 COUNTS
09 oD

0A oC

08 OE

ocC OF

oD 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 o8

18 oC

1C oD

1D 0E

1E OoF

1F 00

+5

1K

READ DATA 1
FROM
DRIVE

7414

+5
10
K
2 133
74804
16 MH.
cLoc 74508
+5 ; \ 3 27
I,; 74 ’
b a scﬂl_mu 745288 10
14 15, c§:r—:] 12
|6 13| -° G 12 1 D Q
C QF Dq Qs 144A -
11 a 10 13 |A, D14 11 8 26
T D. Q= c T
6 D. Q. 12]A;, D] 3
210
741574 — 5 11}A, D)2 13 | 74LS74
3 2 10 |A, D,]1
. Q
1Y :l +5
+5

FIGURE 12. 179X DATA SEPARATOR

(PROVIDED COURTESY OF ANDROMEDA SYSTEMS, PANORAMA CITY, CA 91402)

VFOEWE

FAW FEAD

RCLK

179X-01

FD179X
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202

-12 ©

AAA

vy

R17

TG43

VR1 > R16
+5 R11 6.2v GD 51K S 10KQ
1400 5% R25
T 1% _ 02 1600
I bj 2N2222 172w
3 R18 2 +120——AWy
< R14 <
% 2o 2700 2 ce R21
E. /2 W o Pris 1300uF S10KQ CR3 D\ VA2
! ____I “ e 2% T 1% IN914 3 ) sev
— N |
— A —4 L R12 = I {—— 5%
[ R15 R1Z oy Seosn o | R T
¢ro sAKQ  10Kq  2NES07A T 1% % $1.10k0 css s -
150uF A 1% 110pF .001uF
READ DATA : O 1pi a1e R20 +12 2%
! . I 7400 4 e 2.2KQ 3.48K0 P CR2
N 3|> 748112]5 1% ] IN914 j
s [ 1 ook 7 7 =(1:8: 3l |1 [a
Ayl
C'-:RU ’ 2] O STEERING 1 2 s 4
K MC4024
Bip w2 +5 741C 1o 1.2K0
10} vy 2 6 2MHZ
Ty R33 3 us VCO
SHAPED DATA 13} o1k R32 3.48K0 u3 CR1 i; R2a
2] . 2.2k o ” IN914 T ®e ST
i4 ) b |
R VFO CLK
b STEERING 2 g3 ¢72 1
R29 26502 Pyt AuF 3
047u
5 a BI5TR @ |8 180 NSEC it ——}—
+5 ©- VWA ,,__O P2 i} 1
21, v c82 _[ R35 | R34 © <
) 1300pF 2 1.10KQ 10kq ~12
14 |15 2% | T 1% 1%
W ! b ¢
R30 c89
S1Ka 82uF FAW READ
—_— VFO CLK <2 OR 4 ﬁ’@ 1
d @ = VFO CLK OUT
4 10 +5 O— VW~ ; s g EN RCLK
- 1KQ
3 i 48112 TS 7asti2 31° 7als7a
Yok af® Bok  ap ! ﬁ
2 12| 1o s ) RCLK O .
+5 O—=AV———d R L 12 Q
e 11]0 74L504 74L508
13 g'—K _Is
7400 Q|
@_ -_-l
e h U ———
DDEN
1(8r 7400 74,508

1

Y
L/

FIGURE 13. PLL DATA RECOVERY CIRCUIT

(PROVIDED COURTESY OF MP!, OKLAHOMA CITY, OK 73112)
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—» <« 200NS *+ 25

— —

LOCK-UP TIME: 25usec
(ALL ONE’S PATTERN, MFM)

PRECOMP ADJ

RAW DATA 27
FROM DRIVE L +5
SINGLE
. -6 DENSITY
* <o DOUBLE
DENSITY
+5V =
Y .5
11|15 16l 20
c1 vCC 6
WDOUT
14 I po 47 4.0MHZ 16 DDEN |2
c2 iﬂ\is‘;h ' —fvoo e
F2 7 RDD 7
745124 | , ! wo1e91 W=
EC AAN—ANAA—L +5Y WDIN
47K 100K 17
EARLY
RNG BIAS VOLTAGE _131py 18
£ ADJ LATE
=Ts 4} 50 TGa3 |2
j—l—-J (33uF —— 51t VFOE -2
10
. 47K Vss |
N 04 03 02 01 l
NOTE 3{ 330 191324 ___TO ]
na 1] 3 DRIVE
- oa 03 02 01 y |18 <
STBIN cc
17 WD2143-03 9 16
BPW Vss -
+12v
= 15
1) ALL RESISTORS %W * 5% = <]
2. SPECIFICATIONS = 2K
CAPTURE RANGE: +20%
10K [~ <J—

3) FOR 51/4" 8
68uf .33uf
680 330

FIGURE 14. 8" SINGLE/DOUBLE DENSITY SYSTEM

RAW READ

FD179X

DDEN
RCLK

WG

WD
EARLY
LATE
TG43
VFOE/WF

WPRT
P
TROO

DIRC

STEP  READY

DAL. DRQ.
INTRQ, Ao, A,

WE, RE, CS
CLK, MR

=1 35 G

| 32 &

CcPU
INTERFACE

FROM
DRIVE

FD179X
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Refer to 179X-02 Floppy Disk Formatter/Controller
Family Data Sheet for Command, Timing and Status
Information.

See page 725 for ordering information.
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Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no resjonsibility is assumed by Western Digital
Corporation for its use; nor for 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

specifications at anytime without notice.
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WD279X-02 Floppy Disk Formatter/Controller Family

FEATURES

¢ ON-CHIP PLL DATA SEPARATOR

* ON-CHIP WRITE PRECOMPENSATION LOGIC
¢ SINGLE +5V SUPPLY

¢ ACCOMMODATES SINGLE AND DOUBLE DENSITY
FORMATS
IBM 3740 (FM)
IBM 34 (MFM)

¢ AUTOMATIC SEEK WITH VERIFY
¢ MULTIPLE SECTOR READ/WRITE
e TTL COMPATIBLE

¢ PROGRAMMABLE CONTROL

The WD279X Family are MOS/LSI devices which perform
the functions of a Floppy Disk Controller/Formatter. Soft-
ware compatible with its predecessor, the FD179X, the
device also contains a high performance Phase-Lock-Loop
Data Separator as well as Write Precompensation Logic.

When operating in Double Density mode, Write Precom-
pensation is automatically engaged to a value programmed
via an external potentiometer. An on-chip VCO and phase
comparator allows adjustable frequency range for 5% " or
8" Floppy Disk interfacing.

The WD279X is fabricated in NMOS silicon gate technology
and available in a 40 pin dual-in-line ceramic or plastic
package.

SELECTABLE TRACK-TO-TRACK ACCESS ( =\
HEAD LOAD TIMING FEATURES 2791 | 2793 | 2795 \2797/
¢ SOFTWARE COMPATIBLE WITH THE FD179X SERIES Single Density (FM) X X X X
* SOFT SECTOR FORMAT COMPATIBILITY Double Density (MFM) | X | X | X | X
True Data Bus X X
Inverted Data Bus X X

APPLICATIONS Side Select Out X X
8" FLOPPY AND 5" MINI FLOPPY CONTROLLER Internal CLK Divide X X
SINGLE OR DOUBLE DENSITY

CONTROLLER/FORMATTER

ENP [] 1 N o HT & o d ,

WE[ 2 397 INTRQ > . >

s 3 s8] DRQ HOST oo TR e

Fed] « [ BoEN FROGESSOR e o

— DALY WPRT DISK

A0 [] s 36| ] WPRT onie ® DRIVE

l\1 E 6 35 :’ ﬁ > EN—MF _—‘ INTEGRATOR
paLo [ 7 a4 TROO > mw cmmli_w]:_
DAL1 ] 8 ] wpw oRa b
DAL2[] @ 32[7 READY - e ] =
DAL3 [] 10 a1 wo I PR v
DAL4 [] 11 0[] WG ———1- v
DALS [: 12 29 j TG43 —] RPW
DAL6 (] 13 28 ] HLD e =
DAL7 (] 14 277 RAWRD o
STEP (] 15 267 vco I -
DIRC [ 16 25 [J SSO/ENMF . "o >

518 []17 24[] CLK vov —] vee HLT ane

RPW [] 18 23 ] PUMP - -

WiR [ 10 22 [ TEST L™

GND [ 20 21 [ Ve

Figure 1.
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PIN OUTS

PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

1

19

20
21

2

5,6

7-14

24

39

15
16

17

18

ENABLE PRECOMP

MASTER RESET

POWER SUPPLIES

COMPUTER INTERFACE:

WRITE ENABLE
CHIP SELECT

READ ENABLE

REGISTER SELECT LINES

DATA ACCESS LINES

CLOCK

DATA REQUEST

INTERRUPT REQUEST

FLOPPY DISK INTERFACE:

STEP
DIRECTION

5" 8" SELECT

READ PULSE WIDTH

ENP

VR

Vss
Vce

AQ, At

DALO-DAL?

CLK

DRQ

INTRQ \/

STEP N

DIRC 1 @
¢

5/8

RPW

A Logic high on this input enables write precompen-
sation to be performed on the Write Data output.

A logic low (50 microseconds min.) on this input
resets the device and loads HEX 03 into the com-
mand 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. Also,
HEX 01 is loaded into sector register.

Ground
+5V £5%

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

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

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

These inputs select the register tciLeceive/transfer
data on the DAL lines under RE and WE control:

CS At A0 RE WE
0O 0 o0
0o 0 1

0 1 0
0 1 1

Eight bit bi-directional bus used for transfer of com-
mands, status, and data. These lines are inverted
(active low) on WD2791 and WD2795.

This input requires a free-running 50% duty cycle
square wave clock for internal timing reference, 2
MHz + 1% for 8" drives, 1 MHz += 1% for mini-
floppies.

Status Reg
Track Reg
Sector Reg
Data Reg

Command Reg
Track Reg
Sector Reg
Data Reg

This output indicates that the Data Register contains
assembled data in Read operations, or the DR is
empty in Write operations. This signal is reset when
serviced by the computer through reading or loading
the DR.

This output is set at the completion of any command
and is reset when the Status register is read or the
Command register is written to.

The step output contains a pulse for each step.

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

This input selects the internal VCO frequency for use
with 5%4 " drives or 8" drives.

An external potentiometer tied to this input controls
the phase comparator within the data separator.
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

22

23

25

25

26

27

28

29

30

31

32

33

35

TEST

PUMP

ENABLE MINI-FLOPPY
(2791, 2793)

SIDE SELECT OUTPUT
(2795, 2797)

VOLTAGE-CONTROLLED
OSCILLATOR

RAW READ
HEAD LOAD

TRACK GREATER
THAN 43

WRITE GATE

WRITE DATA

READY

WRITE PRECOMP
WIDTH

TRACK 00

INDEX PULSE

8§80

VvCO

RAW READ

HLD

TG43 /N

WG

WD

READY

WPW

TROO

A logic low on this input allows adjustment of exter-
nal resistors by enabling internal signals to appear on
selected pins.

High-Impedance output signal which is forced high
or low to increase/decrease the VCO frequency.

A logic low on this input enables an internal +2 of
the Master Clock when 5/8 is also at a logic 0. This
allows both 54" and 8" drive operation with a single
2 MHz clock. For a 1 MHz clock on Pin 24, this line
must be left open or tied to a Logic 1.

The logic level of the Side Select Output is directly
controlled by the ‘S’ flag in Type Il or ill commands.
When U = 1, SSO is set to a logic 1. When U = 0,
SS0 Is set to a logic 0. The SSO is compared with the
side information in the Sector 1.D. Field. If they do not
compare Status Bit 4 (RNF) is set. The Side Select
Output is only updated at the beginning of a Type Il or
It command. It is forced to a logic 0 upon a MASTER
RESET condition.

An external capacitor tied to this pin adjusts the VCO
center frequency.

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

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

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

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

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

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

An external potentiometer tied to this input controls
the amount of delay in Write precompensation mode.

This input informs the WD279X that the Read/Write
head is positioned over Track 00.

This input informs the WD279X when the index hole
is encountered on the diskette.
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PIN NUMBER PIN NAME

SYMBOL

FUNCTION

36 WRITE PROTECT WPRT

37 DOUBLE DENSITY

40 HEAD LOAD TIMING HLT

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

This input pin selects either single or double density
operation. When DDEN = 0, double density is
selected. When DDEN = 1, single density is
selected.

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

a1 shot triggered by HLD.

GENERAL DESCRIPTION

The WD279X are N-Channel Silicon Gate MOS LSI devices
which perform the functions of a Floppy Disk For-
matter/Controller in a single chip implementation. The
WD279X, which can be considered the end result of both
the FD1771 and FD179X designs, is IBM 3740 compatible in
single density mode (FM) and System. 34 compatible in
Double Density Mode (MFM). The WD279X contains all the
features of its predecessor the FD179X plus a high per-
formance Phase-Lock-Loop Data Separator as well as Write
Precompensation Logic. in Double Density mode, Write
Precompensation is automatically engaged to a value
programmed via an external potentiometer. In order to
maintain compatibility, the FD1771, FD179X and WD279X
designs were made as close as possible with the computer
interface, instruction set, and I/O registers being identical.
Also, head load control is identical. in each case, the actual
pin assignments vary by only a few pins from any one to
another.

The processor interface consists of an 8-bit bi-directional
bus for data, status, and control word transfers. The
WD279X is set up to operate on a multiplexed bus with
other bus-oriented devices.

The WD279X is TTL compatible on all inputs and outputs.
The outputs will drive one TTL load or three LS loads. The
2793 is identical to the 2791 except the DAL lines are TRUE
for systems that utilize true data busses.

The 2795/7 has a side select output for controlling double
sided drives.

ORGANIZATION

The Floppy Disk Formatter block diagram is illustrated on
page 5. 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 (RAW READ) during Read
operations and transfers serial data to the Write Data
output during Write operations.

Data Register — This 8-bit register is used as a holding
register during Disk Read and Write operations in Disk
Read operations the assembled data byte is transferred in
parallel to the Data Register from the Data Shift Register. In
Disk Write operations information is transferred in parallel
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 is loaded from the DAL and gated onto the DAL
under processor control.

Track Register — This 8-bit register holds the track number
of the current Read/Write head position. It is incrementec|
by one every time the head is stepped in (towards track 76)
and decremented by one when the head is stepped ouf.
(towards track 00). The contents of the register are com-
pared with the recorded track number in the ID field during
disk Read, Write and Verify operations. The Track Register
can be loaded from or transferred to the DAL. This Register
should not be loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the address
of the desired sector position. The contents of the register
are compared with the recorded sector number in the ID
field during disk Read or Write 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
command presently being executed. This register should
not be loaded when the device is busy unless the new
command is a force interrupt. The command register can
be loaded from the DAL, but not read onto the DAL.

Status Register (STR) — This 8-bit register holds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed. This
register can be read onto the DAL, but not loaded from the
DAL.

CRC Logic — This logic is used to check or to generate the
16-bit Cyclic Redundancy Check (CRC). The polynomial is:
G(¥) = x16 + x12 4+ x5 + 1.

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

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

Timing and Control — All computer and Floppy Disk in-
terface controls are generated through this logic. The in-
ternal device timing is generated from an external crystal
clock.

AM Detector — The address mark detector-detects ID, data
and index address marks during read and write operations.
Write Precompensation — enables write precompensation
to be performed on the Write Data output.
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WD279X BLOCK DIAGRAM

Data Separator — a high performance Phase-Lock-Loop
Data Separator with on-chip VCO and phase comparator
allows adjustable frequency range for 5v4" or 8" Floppy
Disk interfacing.

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 WD279X. The DAL. are
three state buffers that are enabled as output drivers when
Chip Select (CS) and Read Enable (RE) ) are active (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 address bits A1 and AQ,
combined with the signals RE during a Read operation or
WE during a Write operation are interpreted as selecting
the following registers:

A1 - A0 READ (RE) WRITE (WE)

0 0 Status Register Command Register
0 1 Track Register Track Register

1 0 Sector Register Sector Register

1 1, Data Register Data Register

During Direct Memory Access (DMA) types of data trans-
fers between the Data Register of the WD279X and the
processor, the Data Request (DRQ) output is used in Data
Transfer control. This signal also appears as status bit 1

during Read and Write operations.

On Disk Read operations the Data Request is activated (set
high) when an assembled serial input byte is transferred in
parallel to the Data Register. This bit is cleared when the
Data Register is read by the processor. If the Data Register
is read after one or more characters are lost, by having new
data transferred into the register prior to processor readout,
the Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

On Disk Write operations the data Request is activated
when the Data Register transfers its contents to the Data
Shift Register, and requires a new data byte. It is reset when
the Data Register is loaded with new data by the processor.
If new data is not loaded at the time the next serial byte is
required by the Floppy Disk, a byte of zeroes is written on
the diskette and the Lost Data bit is set in the Status
Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the status
register or by loading the command register with a new
command. in addition, INTRQ is generated if a Force in-
terrupt command condition is met.
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The 279X has two modes of operation according to the
state of DDEN (Pin 37). When DDEN = 1, Single Density
(FM) is selected. When DDEN = 0, Double Density (MFM)
is selected. In either case, the CLK input (Pin 24) is set at 2
MMz for 8" drives or 1 MHz for 54 " drives.

On the 2791/2793, the ENMF input (Pin 25) can be used for
controlling both 5% " and 8" drives with a single 2 MHz
clock. When ENMF = 0, an internal + 2 of the CLK is
performed. When ENMF = 1, no divide takes place. This
allows the use of a 2 MHz clock for both 514" and 8”
configurations,

The internal VCO frequency must also be set to the proper
value. The 5/8 input (Pin 17) is used to select data separator
operation by internally dividing the Read Clock. When 5/8
= 0, 54" data separation is selected; when 5/8 = 1, 8"
drive data separation is selected.

CLOCK (24) | ENMF (25) 5/8(17) DRIVE
2MHz 1 1 8"
2MHz 0 0 5% "
1MHz 1 0 514"

Note: All other conditions invalid.

FUNCTIONAL DESCRIPTION

The WD279X-02 is software compatible with the FD179X-02
series of Floppy Disk Controllers. Commands, status, and
data transfers are performed in the same way. Software
generated for the 179X can be transferred to a 279X system
without modification.

In addition to the 179X, the 279X contains an internal Data
Separator and Write precompensation circuit. The TEST
(Pin 22) line is used to adjust both data separator and pre-

compensation. When TEST = 0, the WD (Pin 31) line is

internally connected to the output { of the write ‘precomp.

one-shot. n © in 33 line ¢an then be
accomplished. A second one-shot tracks the precomp set-

ting_at approxiriately 3:1 to insure adequate Write Data
ulse widths to meet drive speci icatiorLs

Similarly, Data geparation is also adjusted with TEST = 0.
The TG43 (P line is internally connected to the output
of the read data one-shot, which is adjusted via the PW

(Pin 18) line. The DIRC (Pin n 16) line contains the Bead Clock.
output (5 MHz for 8" drives). The VCO Trimming cathor

{Pin 26) s adjusted for center frequency.

Internal timing signals are used to generate puises during
the adjustment mode so that these adjustments can be
made while the device is in-circuit. The TEST line also
contains a pull-up resistor, so adjustments can be per-
formed simply by grounding the TEST pin, overriding the
pull-up. The TEST pin cannot be used to disable stepping
rates during operation as its function is quite different from
the 179X.

Other pins on the device also include pull-up resistors and
may be left open to satisfy a Logic 1 condition. These are:
ENP, 5/8, ENMF, WPRT, and DDEN.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable in
either FM or MFM formats. For FM, DDEN should be
placed to iogical “1.” For MFM formats, DDEN should be

Sector Length Table*
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
01 256
02 512
03 1024

* 2795/97 may vary — see command summary.

placed to a logical “0.” Sector lengths are determined at
format time by the fourth byte in the “ID” field.

The number of sectors per track as far as the 279X is con-
cerned can be from 1 to 255 sectors. The number of tracks
as far as the 279X is concerned is from 0 to 255 tracks. For
IBM 3740 compatibility, sector lengths are 128 bytes with 26
sectors per track. For System 34 compatibility (MFM),
sector lengths are 256 bytes/sector with 26 sectors/track; or
lengths of 1024 bytes/sector with 8 sectors/track.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write Gaté*
(WG) output is activated, allowing current to flow into the
Read/Write head. As a precaution to erroneous writing the
first data byte must be loaded into the Data Register in
response to a Data Request from the 279X before the Write
Gate signal can be activated.

Writing is inhibited when the Write Protect input is a logic
low, in which case any Write command is immediately
terminated, an interrupt is generated and the Write Protect
status bit is set.

For write operations, the 279X provides Write Gate (Pin 30)
and Write Data (Pin 31) outputs. Write data consists of a
series of pulses set to a width approximately three times
greater than the precomp adjustment. Write Data provides
the unique address marks in both forrnats.

READY

Whenever a Read or Write command (Type Il or ) is
received the 297X samples the Ready input. If this input is
logic low the command is not executed and an interrupt is
generated. All Type | commands are performed regardless
of the state of the Ready input. Also, whenever a Type Il or
Il command is received, the TG43 signal output is updated.
TG43 may be tied to ENP to enable write precompensation
on tracks 44-76.

COMMAND DESCRIPTION

The WD279X will accept eleven commands. Command
words should only be loaded in the Command Register
when the Busy status bit is off (Status bit Q). The one ex-
ception 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 in-
dicates whether the completed command encountered an
error or was fault free. For ease of discussion, commands
are divided into four types. Commands and types are
summarized in Table 1.




TABLE1. COMMAND SUMMARY
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A. Commands for Models: 2791, 2793 B. Commands for Models: 2795, 2797
Bits Bits .
Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
| Restore 0 0 0 0 ¢ h v n m]| o 0 0 0 h vV " 0
I Seek 0 0 0 1 i h v n m| o0 0 0 1 h \ " 0
| Step 0 0 1 T . h v ™" 1m0} 0 o 1 T h v "1 1
I Step-in 0 1 0 T 'h v n | 0 1 0 @ v "1 .
| Stenqut 0 1 1 T 'h v n | o 1 1 T y n 0
Il Read Sector ! o0 11 B E C 0 1 0 0 mp L E u o
Il Write Sector 1 0 1 m S§ E C @d|1 0 1 m L E U @
T T Read Auaress 1 1 0 0 U0 E®E U 0] 1 . 0 0O 0O E U o0
Il Read Track 1 1 1 0 o0 E O o0y 1 1 1 0O 0 E U o0
(Wi il 1 1 0o E_ 0 011 4 4 4 0 E UL O
iV Force Interrupt 1 1.0 1 1B 12 1l lo| 1 1 0 1 I3 12 1t o
FLAG SUMMARY TABLE 2. FLAG SUMMARY
Command Bit
Type No(s) Description
| . 0,1 0 = Stepping Motor Rate
See Table 3 for Rate Summary
| 2 V = Track Number Verify Flag|V = 0, No verify
V = 1, Verify on destination track
| 3 h = Head Load Flag h = 0, Unload head at beginning
h = 1, Load head at beginning ii¢¢
| 4 T = Track Update Flag T = 0, Noupdate
P Sy S —— T = 1, Update track register
&1 0 a0 = DataAddress Mark {80 = 0, FB (DAM)
a0 = 1, F8(deleted DAM)
] 1 C = Side Compare Flag C = 0, Disable side compare
C = 1, Enable side compare
&t 1 U = Update SSO U = 0,Update SSOt00
U = 1,Update SSOto 1
&l 2 E = 15 MS Delay E = 0, No. 15 MS delay
E = 1,15 MS delay (30 MS for 1 MHz)
1l 3 S = Side Compare Flag S = 0, Compare for side 0
S = 1, Compare for side 1
o LSB’s Sector Length in ID Field
1] 3 L = Sector Length Flag 00. o1 10 11
L =0 256 512 1024 128
L =1 128 256 512 1024
l 4 m = Multipie Record Flag m = 0, Single record
: m = 1, Multiple records
v 03 Ix = Interrupt Condition Flags
lo = 1 Not Ready To Ready Transition
I = 1 Ready To Not Ready Transition
12 = 1Index Pulse
I3 = 1 Immediate Interrupt, Requires A Reset*
I3l = 0Terminate With No Interrupt ({NTRQ)

*NOTE: See Type IV Command Description for further information.
- - ']
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Write Precompensation

When operating in Double Density mode (DDEN = 0), the
279X has the capability of providing a user-defined
precompensation value for Write Data. An external
potentiometer (10K) tied to the WPW signal (Pin 33) allows a
setting of 100 to 300 ns from nominal.

Setting the Write precomp value is accomplished by for-
cing the TEST line (Pin 22) to a Logic 0. A strearn of pulses
can then be seen on the Write Data (Pin 31) line. Adjust the
WPW Potentiometer for the desired pulse width. This
adjustment may be performed in-circuit since Write Gate
(Pin 30) is inactive while TEST = 0.

Data Separation
The 279X can operate with either an external data separator

or its own internal recovery circuits. Qa_can.dmgﬂ_gj..tbe.
TEST line (Pin 22) in conjunction with MR (Pin 19) will select

;(:mternal or external mode

To program the 279X for external VCO, a MR pulse must be
applied while TEST = 0. A clock equivalent to eight times
the data rate (e.g., 4.0 MHz for 8” Double Density) is applied
to the VCO input (Pin 26). The feedback reference voltage is
available on the Pump output (Pin 23) for external in-
tegration to control the VCO. TEST is returned to a Logic 1
for normal operation. N,th.a_g_mmtaln this mode, TEST

must be held Jow whenever MR is applied,

4Rl MCO aperation,-the-FEST-4ine-must be high,
guu'ug the MR pulse, then set to a Logic 0 for the ad-
jﬁt_menmrocedure.

A 50K Potentiometer tied to the RPW input (Pin 18) is used
to set the internal Read Data pulse for proper phasing. With
a scope on Pin 29 (TG43), adjust the RPW puise for 1/8 of
the data rate (250 ns for 8” Double Density). An external
variable capacitor of 5-60 pf is tied to the VCO input (Pin 26)
for adjusting center frequency. With a frequency counter
on Pin 16 (DIRC) adjust the trimmer cap to yield the ap-
propriate Data Rate (500 KHz for 8” Double Density). The
DDEN line must be low while the 5/8 line is held high orthe
adjustment times above will be doubled

After adjustments have been made the TEST pin is
returned to a Logic 1 and the device is ready for operation.
Adjustments may be made in-circuit since the DIRC and
TG43 lines may toggle without affecting the drive.

The PUMP output (Pin 23) consists of positive and negative
pulses, which their duration is equivalent to the phase
difference of incoming Data vs. VCO frequency. This signal
is internally connected to the VCO input, but a Filter is
needed to connect these pulses to a slow moving DC
voltage.

The internal phase-detector is unsymmetrical for a random
distribution of data pulses by a factor of two, in favor of a
PUMP UP condition. Therefore, it is desirable to have a
PUMP DOWN twice as responsive to preveni run-away
during a lock attempt.

A first order lag-lead filter can be used at the PUMP output
(Pin 23). This filter controls the instantaneous response of
the VCO to bit-shifted data (jitter) as well as the response to
normal frequency shift, i.e., the lock-up time. A balance
must be accomplished between the two conditions to

inhibit over-responsiveness to jitter and to prevent an
extremely wide lock-up response, leading to PUMP run-
away. The filter affects these two reactions in mutually
opposite directions.

The Source Impedance for a PUMP UP/DOWN condition is

600/120 ohms, respectively, therefore the change in bias
voltage for each pump can be approximated:

dtav dt = 250 ns. (set by RPW)
= RC C = 0.1uf
R=Rgs+R
AV = 26V for PUMP UP
Lo 0.9V for PUMP DOWN

took-up response (T() is the transient time for the Loop to
lock from center frequency (FQ) to maximum lock range:
TL = 10% FLxKoxAP
Where:
Ko = VCO Conversion Gain = 3.7KHz/mV
FL = Lock Range = 4.00 MHz
AP = Change in Bias for each Pump = 4 mV/PUMP

400 KHz x 3.7 KHz x4 mV = 27 pumps
27 pumps = 54 usec = 3.4 Byte times (8" Double Density)

The following Filter Circuit is recommended for 8"

FM/MFM:
PUMP é———j
(PIN 23)
1KQ IN914
Since 54" Dri ate at e one- ta rate
250 K i led to .2 or
22uf.

TYPE | COMMANDS

The Type | Commands include the Restore, Seek, Step,
Step-in, and Step-Out commands. Each of the Type |
Commands contains a rate field (rg r1), which determines
the stepping motor rate as defined in Table 3.

A 2us (MFM) or 4 us (FM) pulse is provided as an output to
the drive. For every step pulse issued, the drive moves one
track location in a direction determined by the direction
output. The chip will step the drive in the same direction it
last stepped unless the command changes the direction.

The Direction signal is active high when stepping in and
low when stepping out. The Q_|Lect|on signal is valid 12 us

gefore the first steggln pulse is generated.

The rates (shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

CLK 2 MHz 1MHz
R1 RO TEST = 1 TE—ST =1
0 0 3ms T ems™
0 1 6ms 12 ms
1 0 10 ms 20ms
1 1 15 ms 30ms )

After the last directional step an gdditignal 15 milliseconds
of head settling time takes place if the Verify flag is set in
Type | commands. Note that this time doubles to 30 ms for
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a 1 MHz clock. There is also a 15 ms head settling time if
the E flag is set in any Type Il or lli command.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by setting bit 2 (V = 1) in the command word to
alogic 1. The verification operation begins at the end of the
15 millisecond settling time after the head is loaded against
the media. The track number from the first encountered ID
Field is compared against the contents of the Track
Register. If the track numbers compare and the ID Field
Cyclic Redundancy Check (CRC) is correct, the verify
operation is complete and an INTRQ is generated with no
errors. If there is a match but not a valid CRC, the CRC error
status bit is set (Status bit 3), and the next encountered ID
field is read from the disk for the verification operation.

The WD279X must find an ID field with correct track
number and correct CRC within 5 revolutions of the media;
otherwise the seek error is set and an INTRQ is generated.
IfV = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the
read/write head against the media. HLD is activated at the
beginning of a Type | command if the h flag is set(h = 1), at
the end of the Type | command if the verify flag (V = 1), or
upon receipt of any Type II or Il command. Once HLD is
active it remains active until either a Type | command is
received with (h = 0 and V = 0); or if the 279X is in an idle
state (non-busy) and 15 index pulses have occurred,

Head Load timing (HLT) is an input to the 279X which is
used for the head engage time. When HLT = 1, the 279X
assumes the head is completely engaged. The head
engage time is typically 30 to 100 ms depending on drive.
The low to high transition on HLD is typically used to fire a
one shot. The output of the one shot is then used for HLT
and supplied as an input to the 279X.

HLD J

|e——50 10 100ms ——={

A [

—
HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the 279X will then read
from or write to the media. The “and” of HLD and HLT ap-
pears as status Bit 5 in Type | status.

In summary for the Type | commands: if h = Oand V = 0,
HLD is reset. If h = 1 and V = 0, HLD is set at the
beginning of the command and HLT is not sampled nor is
there an internal 15 ms delay. If h = OandV = 1, HLD is set
near the end of the command, an internal 15 ms occurs,
and the 279X waits for HLT to be true. If h = 1and V = 1,
HLD is set at the beginning of the command. Near the end
of the command, after all the steps have been issued, an
internal 15 ms delay occurs and the 279X then waits for HLT
to occur.

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

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 generated. If TROO is not
active low, stepping pulses (pins 15 to 16) at a rate specified
by the F110 field are issued until the TROO input is activated.
At this time the Track Register is loaded with zeroes and an
interrupt is generated. If the TROO input does not go active
low after 255 stepping pulses, the 279X terminates
operation, interrupts, and sets the Seek error status bit. A
verification operation takes place if the V flag is set. The h
bit allows the head to be loaded at the start of command.
Note that the Restore command is executed when MR
goes from an active to an inactive state.

SEEK

This command assumes that the Track Register contains
the track number of the current position of the Read-Write
head and the Data Register contains the desired track
number. The WD279X will update the Track register and
issue stepping pulses in the appropriate direction until the

ENTER

HAS
A TYPE |
COMMAND BEEN
RECEIVED

SET BUSY. RESET CRC,
SEEK ERROR. DRQ. INTRQ

YES

SET HLD

AESET HLD

SET
DIRECTION

RESET
DIRECTION

1S
COMMAND
A
STEP-OUT
2
NO
S

|
COMMAND
A

STEP
2

NO
1S
COMMAND
A
SEEK
2

NO

‘4 RESTORE

FF,TOTR

!

0TO DR

=

TYPE | COMMAND FLOW
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{/

r DR TO DSR ]

SET DIRECTION

T

8

HEAD AT

TRACK 0 AND

DIRECTION
=0

ISSUE
ONE STEP PULSE

1

DELAY ACCORDING
TO R1. RO FIELD

COMMAND

A STEP, STEP-IN,

OR STEP-QUT,
£l

YES

VERIFY
SEQUENCE
YES
NO 15 M8
EXPIRED
”
NO
e
HAVE s
ng&s; INTRQ. RESET BUSY
PASSEL SET SEEK ERROR
2
HAS
e — 1D AM BEEN

DETECTED
2

DOES

NO TR: TRACK
ADDRESS OF 1D >
FIELD
2
YES

1S
THERE A
CRC ERROR
”

INTRQ
RESET BUSY -

NOTE 1 MHz THERE 1S A 10MS DELAY

TYPE | COMMAND FLOW

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 command. An interrupt
is generated at the completion of the command. Note:
When using multiple drives, the track register must be
updated for the drive selected before seeks are issued.
STEP

Upon receipt of this command, the 279X 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 the M0 field, a verification
takes place if the V flag is on. If the T flag is on, the Track
Register is updated. The h bit allows the head to be loaded
at the start of the command. An interrupt is generated at
the completion of the command.

STEP-IN

Upon receipt of this command, the 279X issues one
stepping pulse in the direction towards track 76. if the T
flag is on, the Track Register is incremented by one. After a

TYPE | COMMAND FLOW

delay determined by the 110 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 279X issues one
stepping puise in the direction towards track 0. If the T flag
is on, the Track Register is decremented by one. After a
delay determined by the M0 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.

EXCEPTIONS

On the 2795/7 devices, the SSO output is not affected
during Type | commands, and an internal side compare
does not take place when the (V) Verify Flag is on.

TYPE Il COMMANDS

The Type lI Commands are the Read Sector and Write

Sector commands. Prior to loading the Type Il Command
into the Command Register, the computer must load the



that character is lost and the Lost Data Status bit is set.
This sequence continues 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 sector
command).

At the end of the Read operation, the type of Data Address
Mark encountered in the data field is recorded in the Status
Register (Bit5) as shown:

STATUS
BIT5
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the head is
loaded (HLD active) and the Busy status bit is set. When an
ID field is encountered that has the correct track number,
correct sector number, correct side number, and correct
CRC, a DRQ is generated. The 279X counts off 11 bytes in
single density and 22 bytes in double density from the CRC
field and the Write Gate (WG) output is made active if the
DRQ is serviced (i.e.,, the DR has been loaded by the
computen. If DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
zeroes in single density and 12 bytes in double density are
then written on the disk. At this time the Data Address
Mark is then written on the disk as determined by the @0
field of the command as shown below:

ap Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The 279X then writes the data field and generates DRQ’s to
the computer. If the DRQ is not serviced in time for con-
tinuous writing the Lost Data Status Bit is set and a byte of
zeroes is written on the disk. The command is not ter-
minated. 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 bye of FE in FM or in MFM. The
WG output is then deactivated. For a 2 MHz clock the
INTRQ will set 8 to 12 usec after the last CRC byte is
written. For partial sector writing, the proper method is to
write the data and fill the balance with zeroes. By letting the
chip fill the zeroes, errors§ may be masked by the lost data
status and improper CRC Bytes.

TYPES lll COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the head is
loaded and the Busy Status Bit is set. The next en-
countered ID field is then read in from the disk, and the six
data bytes of the ID field are assembled and transferred to
the DR, and a DRQ is generated for each byte. The six bytes
of the ID field are shown below:

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

Although the CRC characters are transferred to the

ENTER

I8
THIS A
WRITE TRACK
?
YES

SET BUSY, RESET DRQ,
LOST DATA, STATUS
BITS 4,5

INTRQ
RESET BUSY

COPY 'S’ FLAQ TO
880 LINE (1785/7 ONLY)

HAS HAS

15 MS

EXPIRED
?

OCCURED

DR TO DSR

SET DRQ

INTRO RESET
BUSY SET WPRT

NO
SET DRQ

DELAY 3 BYTE
TIMES

SET INTRQ NO
LOST DATA
RESET BUSY

HAS

DRQ BEEN

SERVICE *30 MS IF CLOCK
= 1MHz

TYPE Il COMMAND WRITE TRACK

computer, the 279X 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 host. 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 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 ac-
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YES (MFM)

—

WRITE 2 CRC

CHARS CLK FF

WRITE FC

CLK D7

§ NOFM)
DOES YES
DSR  F7 )
2
NO
DOES YES
DSR FC —
a
NO
DOES YES
DSR FD FE.
OR F8-FB
2

WRITE DSR
CLK FF

HAS
DR BEEN
LOADED?

WRITE OSR
IN MFM

WRITE £D. FI: OR
F8-FB. CLK C7

INITIALIZE CRC

WRITE
BYTE OF ZEROS
SET DATA L.OST

WRITE A1‘ IN MFM

WITH CLOCK

INITIALIZE CRC

WRITE C2° IN MFM
WITH MISSING CLOCK|

WRITE 2 CRC

CHARS

TYPE lil COMMAND WRITE TRACK
CONTROL BYTES FOR INITIALIZATION

cumulation 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 included in the
data stream; the internal side compare is not performed;
and the address mark detector is on for the duration of the
command. Because the A.M. detector is always on, write
splices or noise may cause the chip to look foran AM. If an
address mark does not appear on schedule with the Lost
Data status flag being set.

The ID A.M., ID field, ID CRC bytes, DAM, Data and Data
CRC Bytes for each sector will be correct. The Gap Bytes
may be read incorrectly during write-splice time because of
synchronization.

WRITE TRACK FORMATTING THE DISK
(Refer to section on Type Ill commands for flow diagrams.)

Formatting the disk is a relatively simple task when operat-
ing programmed /O or when operating under DMA with a
large amount of memory. Data and gap information must be
provided at the computer interface. Formatting the disk is
accomplished by positioning the R/W head over the de-
sired track number and issuing the Write Track command.

Upon receipt of the Write Track command, the head is
loaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse, at which time the
interrupt is activated. The Data 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. If the DR has not been loaded by the time the
index pulse is encountered the operation is terminated
making the device Not Busy, the Lost Data Status Bit is set,
and the interrupt is activated. If a byte is not present in the
DR when needed, a byte of zeroes is substituted.

This sequence 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 normal clock
pattern. However, if the 279X detects a data pattern of F5
thru FE in the data register, this is interpreted as data ad-
dress marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from
F8 to FE is about to be transferred from the DR to the DSR

DATA PATTERN WD279X INTERPRETATION WD279X INTERPRETATION
IN 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, Preset CRC

F6 Not Aliowed Write C2** in MFM

F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in MFM

FC Write FC with Clk = D7 Write FC in MFM

FD Write FD with Clk = FF Write FD in MFM

FE Write FE, Clk == C7, Preset CRC Write FE in MFM

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
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or by receipt of F5 in MFM. 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
pattern.

Disks may be formatted in 1BM 3740 or System 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-
minate a multiple sector read or write command or to in-
sure 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 execution (busy status bit set)
the command will be terminated and the busy status bit

reset.

The lower four bits of the command determine the condi-
tional interrupt as follows:

10 = Not-Ready to Ready Transition
I4 = Ready to Not-Ready Transition
I2 = Every Index Pulse

I3 = Immediate Interrupt

The conditional interrupt is enabled when the correspond-
ing bit positions of the command (I3 - 10) are set to a 1.
Then, when the condition for interrupt is met, the INTRQ
line will go high signifying that the condition specified has
occurred. If 13 - 10 are all set to zero (HEX DO0), no interrupt
will occur but any command presently under execution will
be immediately terminated. When using the immediate

SET BUSY
RESET STATUS
BITS 2, 4,5

INTRQ

RESET BUSY

COPY'S FLAG
TO SSO LINE
(1795/7 ONLY)

SET HLD

NO
YES

DELAY 15MS

-
g
NO
YES *

TGA3
UPDATE

READ
TRACK
?
YES

READ
ADDRESS

A READ TRACK
SEQUENCE
INDEX
No PULSE
?
YES
SHIFT ONE BIT
INTO DSR
INDEX YES SET INTRQ
PULSE RESET BUSY
NO
ADDRESS YES
MARK DETECTEC
?
NO
NO HAVE 8
BITS BEEN
ASSEMBLED
?
YES
—
1S DR NO SET LOST
EMPTY DATA BIT
?

YES

TRANSFER
DSR TO DR

SET

DRQ

TYPE Ul COMMAND

Read Track/Address
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interrupt condition 13 = 1), an interrupt will be immediately
generated and the current command terminated. Reading
the status or writing to the command register will not auto-
matically clear the interrupt. The HEX DO is the only com-
mand that will enable the immediate interrupt (HEX D8) to
clear on a subsequent load command register or read sta-
tus register operation. Foliow a HEX D8 with DO command.

Wait 8 micro sec (double density) or 16 micro sec (single
density) before issuing a new command after issuing a
forced interrupt (times double when clock = 1 MH2).
Loading a new command sooner than this will nullify the
forced interrupt.

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

More than one condition may be set at a time. if for
example, the READY TO NOT-READY condition (1 = 1)
and the Every Index Pulse (2 = 1) are both set, the
resultant command would be HEX “DA” The “OR" func-
tion is performed so that either a READY TO NOT-READY
or the next index Pulse will cause an interrupt condition.

READ ADDFRESS
SEQUENCE

RESET BUSY
SET INTRQ
SET ANF

SHIFT 1 BYTE
INTQ DBR

!

TRANSFER
BYTE TO DR

I

SET DRQ

HAVE 6
BYTES BEEN
READ
3

YES

TRANSFER TRACK
NUMBER TO SECTOR
REGISTOR

CRC YES SET CAC
ERROR ERROR BIT

TYPE lll COMMAND
Read Track/Address

STATUS REGISTER

Upon receipt of any command, except the Force Interrupt:
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 | 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 complete, 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

7 56 S5 54 S3 82 S1 S0

Status varies according to the type of command executed|
as shown in Table 4.

Because of internal sync cycles, certain time delays must
be observed when operating under programmed I/O. They
are: (times double when clock = 1 MH2)

P
]
i
A

Delay Req'd.

Operation Next Operation FM i MFM
Write to Read Busy Bit 12us | 6us
Command Reg. | (Status Bit 0) P
Write to Read Status 28us : 14us
Command Reg. | Bits 1-7 !
Write Any Read From Diff. o , o
Register Register !

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 BYTﬁWRITTEN
40 FF(or00)3 v
6. 00/ .
'\‘a 1. / FC (Index Mark)
| 126 FF (or 00)
6 OO l;
1 {_FE(ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 5 Sector Number (1 thru 1A)
<L 1 . i@Sector Length)
Yt -1 ' °F7@CRCswritten) —
11 v;'i’(::f FF (or 00)
6.y H00
1 %~  FB(Data Address Mark)
128 Data (IBM uses E5)
1 F7(2 CRC’s written) —
I 14 FF (or 00)
2 2472 FF (or 00)

1. Write bracketed field 26 times

2. Continue writing until 279X interrupts out.
Approx. 247 bytes.

3. A ‘00’ option is allowed on 2795/7 only.

IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256

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 (Writes C2)
1 FC (Index Mark)
(<> 50 4E
12 00
3 F5 (Writes A1)
1 FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 #. Side Number(Qor1)
1 Sector Number (1 thru 1A)
1. 01 (Sector Length)
1 -' F7(2CRCs written)
22 7 4E
12 ' 00
3 <./ F5(Writes A1)
20| 1. ° FB(DataAddress Mark)
~ (256 " '~ DATA
% 1. 5. F7(2CRCswritten)
[ 54 07, 4E e
598**.- |  4E

* Write braicketed field 26 times
** Continue writing until 279X interrupts out.

bytes/sector. In order for format a diskette the user must Approx. 598 bytes.
PHYSICAL INDEX J l
48 BYTES FM H
02 BYTES MFM
/——. INDEX ADDRESS MARK
1
aap cz QAP 1 At GAP 2 DATA aar
D 0 OATA 1o DATA FIELO D DATA FIELD
250 BYTE M R eviern | Cems AECORD A - L A RECORD | aap2 { NECORD | GAR3 ! RECORD | GAP2 | RECORD RECORD [GAP2] RECORD §aaP4
744 BYTES MFM ONLY 62 BYTES MFM ONLY NO-1 34 BYTE MEM 0.1 00 BYTE MFM 0.2 NO.2 NO.3 NO.3 NO. 28
HOMINAL
LI
SeiEre
o TRACK SiDE secton | secron CRG CRC CRC CRC
Aopress | numpen | wumeen | numeer | enatw | evier | evrez A‘o’?ﬁ%s USER DATA BYTE 1 BVTE2

IN MFM ONLY. IDAM AND DATA AM

ARE PRECEDED BY THREE BYTES OF
AY WITH CLOGK TRANSITION BETWEEN
BiTS 4 AND 5 MISSING.

//\

GAR2

T
|
|
|

**MISSING CLOCK TRANSITION
BETWEEN BITS 3 AND 4

At 3

M 118vTES

MFM 22 8vTES

WRITE GATE TURN ON FOR UPDATE ;/
OF NEXT DATA FIELD

8 BYTES  —omd

12 BYTES

18Y7E | 328v7ES ————=f O

[ .-.*
3 1BYTE W\ 3
WRITE TURN OFF FOR UPOATE

OR PREVIOUS DATA FIELD

IBM TRACK FORMAT
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1. NON-IBM FORMATS

Variations in the IBM formats are possible to a limited ex-
tent if the following requirements are met:

1) Sector size must be 128, 256, 512 of 1024 bytes.
2) Gap 2 cannot be varied from the IBM format.
3) 3bytes of A1 must be used in MFM.

In addition, the Index Address Mark is not required for
operation by the 279X. Gap 1, 3, and 4 lengths can be as
short as 2 bytes for 279X operation, however PLL lock up
time, motor speed variation, write splice area, etc. will add
more bytes to each gap 10 achieve proper operation. It is
recommended that the IBM format be used for highest
system reliability.

ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings

Voltage to any input with
respect to Vsg = +15t0 — 0.3V

CIN & CouT = 15 pF max with all pins grounded except
one under test.

Operating temperature = 0°Cto 70°C

Storage temperature = —55°Cto +125°C

OPERATING CHARACTERISTICS (DC)
Ta = 0°Ct070°C, Vss = OV, VoG = +5M = .25V

FM MFM

Gap| 16 bytes FF 32 bytes 4E
Gapll 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes 00

* 3 bytes A1
Gap ll** 10 bytes FF 24 bytes 4E

4 bytes 00 8 bytes 00

3 bytes A1
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.

NOTE: Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits is not
intended and should be limited to those conditions
specified in the DC Electrical characteristics.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
L Input Leakage 10 uA VIN = VcCe
loL Output Leakage 10 uA VouT = Vce
VIH Input High Voltage 20 Vv
VIL Input Low Voltage 0.8 \Y
VOH Output High Voltage 24 \ lo = —100uA
VoL Output Low Voltage 0.45 Vv o =16mA
VOHP Output High PUMP 22 \' lop = —1.0mA
VoLp Output Low PUMP 0.2 ' lop = +1.0mA
PD Power Dissipation .75 w All Outputs Open
Rpy Internal Pull-up* 100 1700 uA VIN = 0V
Icc Supply Current 70 150 mA All Outputs Open

*Internal Pull-up resistors on PINS 1, 17, 22, 25, 37, and 40.
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TIMING CHARACTERISTICS

Ta = 0°Cto70°C,Vgg = OV, Voo = +5V = .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 200 nsec CL = 50 pf
TDRR DRQ Reset from RE 100 200 nsec

TIRR INTRQ Reset from RE 500 3000 nsec See Note
TDACC Data Valid from RE 100 200 nsec CL = 50 pf
TDOH Data Hold From RE 20 150 nsec CL = 50 pf

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 200 nsec

TDRR DRQ Reset from WE 100 200 nsec

TIRR INTRQ Reset from WE 500 3000 nsec See Note
DS Data Setup to WE _ 150 nsec

TDH Data Hold from WE 50 nsec

- 16" OR32° 1S
——{ " -ToRR

| 16" OR32 US ——

| = = om ["————I

DRQ 1 VOL|
l [ToH ! .
DRQ \ lew——— - - TiRA* 7“_._—‘
]

INTRQ &

Tmn'-———»—l ‘
'SERVICE ———sem] vor
——| 'SERVICE |wm— I
—— VOL — ]

THLD

|-
- = =0 | L .
A0. A1 é-s®__J 1 viL / W —e—] v

ot —

T
e

Toacc

BE VALID

D.
{OADY VALID j

| -—! Tos
—o=| ToH
DOH

TseT r
[ToaTA MusT]

NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED

NOTE 1 TS MAY BE PERMANENTLY TIED LOW IF DESIRED gggfg%gﬂgg‘nﬁcaﬂ' »?o'?%% Eg%?ggg‘ag';gﬁu?ﬁ:
*TIME DOUBLES WHEN CLOCK - 1MHZ ATiEASTd “sgc WM AFTER THE RISI":SGEEF[IXS;'EA(%TJ‘SNE
WHEN WRITING INTO THE COMMAND REGIST

{ SERVICE (WORST CASE) 1 SERVICE IWORST GASE) IS NOT VALID UNTIL SOME 28 uSEC IN FM, 14 4SEC IN MFM
‘FM 275 uS RHNEEAS LATER. THESE TIMES ARE DO UBLEO WHEN CLK = 1 MHz
‘MFM 135 uS . o *TIME DOUBLES WHEN CLOCK - 1MH
DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED DHQ FISING EDGE. INDICATES THAT THE DATA REGISTER IS EMPTY

- DRO FALLING EDGE: INDICATES THAT THE DATA REGISTER IS LOADED
DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER WAS READ INTRQ RISING EDGE: INDICATE THE END OF A COMMAND
INTRQ RISING EDGE: OCCURS AT END OF COMMAND INTRQ FALLING EDGE: INDIGATES THAT THE COMMAND REGISTER

INTRQ FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS READ. 1S WRITTEN TO

READ ENABLE TIMING WRITE ENABLE TIMING
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INPUT DATA TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Tpw Raw Read Pulse Width 100 200 nsec
TBC Raw Read Cycle Time 1500 2000 nsec
WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MH2)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Twp Write Data Pulse Width 400 500 600 nsec FM
240 1000 nsec MFM
TWG Write Gata to Write Data 2 usec FM
1 usec MFM
TWF Write Gate off from WD 2 usec FM
1 usec MFM
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCDy Clock Duty (low) 230 250 20000 nsec
TCDz Clock Duty (high) 230 250 20000 nsec
TsTP Step Pulse Output 2o0r4 usec See Note
TDIR Dir Setup to Step 12 usec + CLKERROR
TMR Master Reset Pulse Width 50 usec
Tip Index Pulse Width 10 usec See Note
RPW Read Window Pulse Width Input 0-5V
120 700 nsec MFM
240 1400 nsec FM + 15%
WPW Write Data Pulse Width Input 0-5V
300 1000 nsec MFM
500 nsec FM
Precomp Adjust. 100 250 nsec MFM
RPW Read Window Pulse Width Input 0-5V
120 700 nsec MFM
240 1400 nsec FM x 15%
WPW Write Data Pulse Width Input 0-5V
300 1000 nsec MFM
500 nsec FM
Precomp Adjust. 100 250 nsec MFM
vCO Free Run Voltage Controlled 6.0 MHz Ext.C=0
Oscillator. Adjustable by ext. 4.0 MHz Ext. C = 35 pf
capacitor on Pin 26
Pump Up + 25% 5.0 MHz PU = 2.2V Cext
’ Pump Down —25% 3.0 MHz D = 0.2V Cext
= 35 pf
VCO 5% Change VcC 3.8 4.2 MHz Cext = 35 pf
! Ta = 75°C 3.5 MHz Cext = 35 pf
Cext Necessary external capacitor 10 35 80 pf VCO = 4.0MHz
nom
RCLK Derived read clock VCO = 4.0MHz
= VCO =+ 8,16,32
500 KHz DDEN = 0
5/8 == 1
250 KHz DDEN =0
5/8 =
250 KHz DDEN = 1
‘58 = 1
125 KHz DDEN =1
5/8 = 0
PU/DON PU/PD time on 250 ns MFM
(pulse width) 500 ns FM
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WD1691 Floppy Support Logic (F.S.L.)

FEATURES

DIRECT INTERFACE TO THE FD179X

ELIMINATES EXTERNAL FDC LOGIC

DATA SEPARATION/RCLK GENERATION

WRITE PRECOMPENSATION SIGNALS

VFOE/WF DEMULTIPLEXING

PROGRAMMABLE DENSITY

8" OR 5.25" DRIVE COMPATIBLE

ALL INPUTS AND OUTPUTS TTL COMPATIBLE

SINGLE +5V SUPPLY

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_adjustment puise (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.

VFOE/WF [:
Taas |
vss[ |

*1

WD1691

20

19

17

16

15

13

12

11

"Figure 1 WD1691 PIN CONNECTIONS

[ ROLK
veo —4—m  .N
PHASE
K COMPARE > PU
L » PO
DDEN
'RDD
> «———— TG43
&1
Vror VFOE .
NooE et DEMUX PRECOMP 62
LOGIC
- p——————— (/3
J E fe————— 04
WG [_ N
EARLY LATCH T WDIN
Lare DECODE
T
3= WDOUT
sT8

Figure 2 WD1691 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 @2 & 61 o 4 Phase inputs to generate a desired Write Precompensation
2,314 delay. These signals tie directly to the WD2143 Clock
Generator.
5 STROBE STB 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 Vgsg Vgs Ground
11 READ DATA RDD Composite clock and data stream input from the drive.
12 READ CLOCK RCLK RCLK signal generated by the WD1691, o 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 VvCO 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 Vee Vee + 5V = 10% power supply

Table 1 PIN DEFINITIONS
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i ; 7 WG VFOE/WF RDD PU+PD
|
ROLK : : : PU E) .
P 1 X X HI-Z
- T l HI-Z HI-Z 0 1 X HI-Z
U U : 0 0 1 HI-Z
: U 0 0 0 Enable
A5 Vo ; ; l 1 HI-Z
[
u | : : Figure 4 DATA RECOVERY LOGIC
ROD :—‘ l T HI-Z 0
almm
EnlE
— Lo 1 HI-Z
il
[
| |
| I. Pl

Figure 3 PUMP SIGNAL TIMING DIAGRAM

DEVICE DESCRIPTION Low, the PU or PD signals will become active. See Figure
4. If the RDD line has made its transition in the beginning of
The WD1691 is divided into two sections: the RCLK window, PU will go from a HI-Z state to a Logic

I, requesting an increase 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,

1) Data Recovery Circuit
2) Write precompensation Circuit

The Data Separator or Recovery Circuit has four inputs: requesting a decrease in VCO frequency. When the leading
DDEN, VCO, RDD, and VFOE/WF; and three outputs: PU, edge of RDD occurs in the center of the RCLK window, both
PD and RCLK. The VFOE/WF input is used in conjunction PU and PD will remain tri-stated, indicating that no adjust-
with the Write Gate signal to enable the Data recovery circuit. ment of the VCO frequency is needed. See Figure 3. The
When Write Gate is high, a write operation is taking place, RCLK signal is a divide-by-16 (DDEN=1) or a divide-by-8
and the data recovery circuits are disabled, regardless of the {DDEN=0) of the VCO frequency.

state on any other inputs.

The Write Precompensation circuit has been designed to
be used with the WD2143-03 clock generator. When the
WD1691 is operated in a “single density only” mode, write
precompensation as well as the WD2143-03 is not needed.
In this case, &1, $2, $3, 4, and STB should be tied together,
DDEN left open, and TG43, WDIN, Early, and Late tied to
ground.

In the double-density mode (DDEN=0), the signals Early
and Late are used to select a phase input (¢1 — ¢4) on the

The minimum Voh level on PU is specified at 2.4V, sourc-
ing 200ua. During PUMP UP time, this output will go 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 decrease
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 tristate 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.

leading edge of WDIN. The STB line is latched high when Both PU and PD signals are affected by the width of the
this occurs, causmg the WD2143-03 to start its pulse gen- RAW READ (RDD) pUlse- The wider the RAW READ pUlSG,
eration. 2 is used as the write data pulse on nominal the longer the PU or PD signal (depending upon the phase
(Early=Late=¢), 1 is used for early, and ¢3 is used for late. relationship to RCLK) will remain active. If the RAW READ
The leading edge of ‘&4 resets the STB line in anticipation pulse exceeds 250ns, (VCO = 4MHz, DDEN = 0) or 500ns.
of the next write data pulse When TG43=0 or DDEN= 1, (VCO - 2MHZ, DDEN = 1),then both a PU and PD will occur

Precompensation 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 puII-up
will force a Logic I) while DDEN=0.

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.

The signals, DDEN, TG43, and RDD have internal pull-up Evgentually, the PUMP signals will have corrected the VCO
resistors and may be left open if a logic | is desired on any of input to exactly the same frequency multiple as the RAW
these lines. READ signal. The leading edge of the RAW READ pulse will

When VFOE/WF and WRITE GATE are low, the data re- then occur in the exact center of the RCLK window, an ideal
covery circuit is enabled. When the RDD line goes Active condition for the FD179X internal recovery circuits.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature under Bias ........... —-25° to 70°C
Voltage on any pin with respect

toGround (VSS) ............. i -0.2to +7V
Power Dissipation .............ccoviiiiiiiiiiiin. 1w

DC ELECTRICAL CHARACTERISTICS
Ta = 0to 70°C; Vo = 5.0V = 10%; Vgg = OV

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

NOTE: Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits is not in-
tended and should be limited to those conditions specified in
the DC Electrical characteristics.

SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Vi Input Low Voltage -0.2 +0.8 \Y%
ViH Input High Voltage 2.0 \
VoL Output Low Voltage +0.45 \Y loL=3.2MA
VoH High Level Output Voltage 24 \ loH=—200ua
Vee Supply Voltage 45 5.0 5.5 \
lce Supply Current 40 100 MA All outputs open

NOTE: For AC and functional testing purposes, a Logic ‘0’ is measured at 0.8V, and a Logic ‘1’ at 2.0V.

AC ELECTRICAL CHARACTERISTICS
Ta = 0°t0o 70°C; Vo = 5V = 10%; Vgg = OV

SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
FIN VCO Input Frequency 5 4 6 MHz DDEN=0
5 2 6 MHz DDEN=1
Row RDD Pulse Width 100 200 ns.
We| EARLY (LATE) to WDIN 100 ns.
Pon PUMP UP/DN Time 0 250 ns.
Wpi WDIN to WDOUT 80 ns. DDEN=1
Inr Internal Pull-up Resistor 4.0 6.5 10 KQ
! |
bY le— FIN —
C v | | |
ce VCO
—< PINS
—_— ¢ 8,9, 11,15
vV RDD
only L_J I I
— : : «— Rpw
D! |
( RCLK I | | ‘

-t ——— Vo + 16—

Figure 5 INTERNAL PULL-UP RESISTOR

Figure 6 RDD AND RCLK PULSE DIAGRAMS
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EARLY

LATE

o —\ \ b

[ [T T

NOM EARLY LATE NOM

TG43 ="1"
DDEN = "0"
Figure 7 WRITE DATA TIMING (MFM)
— <«— Wpw
WDIN |
| I
| |
WDOUT 7
: } —Dl :4—— Wpi
TG43 = "0"
DDEN = “t"

Figure 8 WRITE DATA TIMING (FM)
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17 18 8

DATA [ 1771-01
25 | ——
F XTDS
RDD
74L.508
RCLK 12 | \ 27
} FDDATA
74LS04
}— 26 FDCLOCK
DDEN
15 N
EARLY LATE YFOE

Figure 9 WD1691 to FD1771-01 INTERFACE

TYPICAL APPLICATIONS

Figure 9 illustrates the 1691 to FD1771-01 floppy disk con-
trolier. The RCLK signal is used to gate the RAW data puises
which are inverted by the 74LS04 inverter. Since RCLK will
be high during data and low during clock a 74L508 is used
to switch the proper clock or data pulse to the FD1771.

Shown in Figure 10 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 745124 VCO device.
The 4.0MHZ nominal output of the VCO then feeds back to
the WD1691 completing the loop. The WD2143-03 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.

ALIGNMENT

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 (g1) will be the desired pre-
comp 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.

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 1osing 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 aiternative 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 pulses to the varying DC voitage
signal required by the VCO, achieving an optimum condition
between lock-up time and high frequency rejection.
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DM1883A/B Direct Memory Access Controller

FEATURES

e AUTOMATIC DAISY CHAINING OF BUS AND

INTERRUPT ACKNOWLEDGE SIGNALS
AUTO LOAD OPTION
SINGLE +5 VDC POWER SUPPLY

8 BIT BI-DIRECTIONAL DATA BUS
TRUE OR COMPLEMENT DATA BUS
8 CPU ADDRESSABLE DMAC REGISTERS

8 CPU ADDRESSABLE DEVICE REGISTERS
AUTOMATIC GENERATION OF DEVICE CS

DURING DMA AND CPU DEVICE ACCESSES

256K MEMORY ADDRESSING

64K PROGRAMMABLE PAGE PROTECTION
BYTE OR WORD DMA TRANSFERS
INTERRUPT AND BUS REQUEST CAPABILITIES
END-OF-BLOCK SHUT OFF BY DMAC
TIME-OUT INTERRUPT CAPABILITY
SINGLE CLOCK INPUT
CS, RE, WE, A0-A3 ADDRESSING
STOP REQUEST INPUT TO DELAY INTER-
RUPT OR BUS REQUESTS

¢ COMPATIBLE WITH OUR FLOPPY DISC

CONTROLLERS

e 8BIT PROGRAMMABLE INTERRUPT

GENERAL DESCRIPTION

The DM1883 Direct Memory Access Controller
(DMAC) is packaged in a 40 pin standard dual in-
line package. The chip requires a single +5 power
supply input and a single clock input. The device
contains 8 CPU addressable registers, and allows
for up to 8 CPU addressable device registers if the
automatic device chip select feature is used. Byte or
word transfers can be programmed, and all memory
DMA operations are handshaked for compatibility
with a variety of bus structures. Up to 256K bytes of
memory can be accessed directly with 64K page
protection and nonexistent memory interrupt as
options. Bus and Interrupt Acknowledge signais are
internally daisy chained, and a STOP REQUEST
input prevents new requests while a current request
is active. Device accesses are not handshaked, and
a BUS HOLD feature is present for high speed
devices. Device interrupt input, end-of-biock
output, and I/O read/write output pins simplify
hardware interfacing to the device and the CPU bus.
The AUTO LOAD feature allows automatic boot-
loading of up to 64K bytes or words into memory
starting at location zero. An 8 bitinterruptID code is

ID CODE also provided.
AES8 DAL? DALB DALS DAL4 DAL3 DAL2 DAL1 DALO
vss 1 N/ wfg R ron A
DRQ 2 39— DINTR l
REPLY 3 38 EOB s s 8 s s s 2 8
BACKI ] 4 37 AUTLD
A3 o 36 BOW
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BUSR g %[ DALO SoNtRoL | mathIve, COUNTLOW | COUNT TiaH | ADDRESS LOW|ADDRESS HIGH| EXTENBION
&E 7 34/ DALY REGISTER REGISTER REGISTER REGISTER REGISTER REGISTER
1000 1001 1010 1011 1100 1101 1110 LARAl
BACKO ] 8 33j DAL2 .
oesy ¢ 32[7 DAL3 T | I L I I I ?
RE[] 10 31| DAL4 . A
weg] | P8 [ . 19 paws — s
MEMR ] 12 29[} DALB AF ] P A e aE
MEMW ] 13 28 DAL7 FEMW +~— oty le— wE
MR 14 27| AE8 BOW - b o] le— 40
15 MSYNC <] DMA e A1
WCLK 16 2 : 08 RE «—| INTERFACE H le—— A2
MY —l: 25 At WE <—| CONTROL l COMPUTER |o— A3
ME 17 243 A0 OINTR —+] WA INTERFACE |+ (ACKI
[ 23] A2 DRQ —| AUTLD CONTROL | . (&GRD
STOPRI] 19 201 1ACKO BCS ~— l— BACKI
Tacki ] 20 21|23 vec(+5) REPLY — L~ 8ACKO
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l«— §TOPR
— CAL
PIN CONNECTIONS A— [
+5——— e INTR
GND ———»
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S S
INTERFACE SIGNALS DESCRIPTIONS

PIN
NUMBER SIGNAL NAME SYMBOL FUNCTION

1 GROUND VS$S Ground

2 DATA REQUEST DRQ Data service request input from the peripheral device. A
DMA transfer is initiated when this signal goes high.

3 REPLY REPLY Active low bi-directional handshake signal for both CPU
and DMA transfers.

4 BACK IN BACKI Bus acknowledge in. An active low input signal from the

CPU or a previous device in the BACK daisy chain. When
low this signal will initiate a DMA transfer if the DMAC was
requesting a DMA cycle.

5, 23, 24, 25|REGISTER SELECTS | AD-A3 These inputs select one of eight DMAC registers or one of
eight device registers. When A3 is high the DMAC is
selected. When A3 is low the DMAC is deselected and
DCS is made low by the DMAC to activate device trans-
fers. CS input to the DMAC must be made low before
either the DMAC or the device may be selected by the CPU.

6 BUS REQUEST BUSR Active low output signal to initiate a CPU bus requestand
to latch A8-A15, A17 of the 18 bit DMA transfer address
from DALO-DAL7, AE8 into an external register.

7 CHIP SELECT CS Active low chip select input signal for CPU controlled
operations.
8 BACK OUT BACKO Bus acknowledge out. An active low output signal used to

pass BACKI along the daisy chain when the DMAC is not
requesting a DMA cycle. This output is not affected by

STOPR.
9 DEVICE SELECT DCS Active low device chip select output signal for CPU and
DMAC controlled operations.
10 READ ENABLE RE Active low bi-directional read enable for the DMAC and
the device.
11 WRITE ENABLE WE Active low bi-directional write enable for the DMAC and

the device. RE and WE are inputs during CPU controlled
operations, and outputs to the device during DMAC con-
trolled operations.

12 MEMORY READ MEMR Active low output to initiate a memory read during DMA
transfers to the peripheral device.

13 MEMORY WRITE MEMW Active low output to initiate a memory write during DMA
transfers from the peripheral device.

14 MASTER RESET MR Active low master reset signal to initialize the DMAC.

15 CLOCK CLK Clock input

16 MEMORY SYNC MSYNC Active low memory sync output to initiate a memory
access during DMA transfers.

17 READ/WRITE R/W This output indicates the direction of transfer for the

peripheral device. High for device-to-memory transfers
(READ), and low for memory to device transfers (WRITE).
Tied directly to Control Register bit 4.

18 LOAD ADDRESS LOW | LAL Active low output signal to latch A0-A7, A16 of the 18-bit
DMA transfer address from DALO-DAL7, AE8 into an ex-
ternal register. BUSR and LAL are compatible with INTEL
8212 devices.
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PIN
NUMBER SIGNAL NAME SYMBOL FUNCTION
19 STOP REQUEST STOPR Active low input that prevents INTR and BUSR from going

low even if a request becomes active. An active INTR or
BUSR request will not be affected by this input going low.
This signal is used to speed up daisy chaining of bus and
interrupt acknowledge inputs, and to prevent new requests
while some other request is in the process of being serviced.

20 IACK IN IACKI Interrupt acknowledge in. An active low input signal from
the CPU or a previous device in the IACK daisy chain. The
DMAC is selected when INTR is low and this signal goes
low. If RE also goes low while the DMAC is selected via this
signal then the interrupt ID code is gated onto DALO-DAL?7.

21 POWER SUPPLY Vee +5 VDC power supply input

22 IACK OUT IACKO Interrupt acknowledge out. An active low output signal
used to pass |ACKIl along the daisy chain when the DMAC
is not requesting an interrupt. This output is not affected
by STOPR.

26 TRUE DATA BUS TDB This input selects a true data bus on the DAL lines when
high or open, and a complemented data bus on the DAL
lines when low.

27 ADDRESS EXTENSION| AE8 Address extension bit output. Used during DMA opera-
tions to extend the address to 18 bits. This bitis true if TDB
is high and complemented if TDB is low.

28-35 |DATA ACCESS LINES |DALO-DALT7| An 8-bit bi-directional three-state bus for CPU and DMAC
controlled transfers to and from the DMAC. These signals
remain in a three-state mode if the peripheral device is
selected via A3 instead of the DMAC.

36 BYTE OR WORD BOW Byte or word DMA transfer mode input. When high mem-
ory addresses are incremented by one after every DMA
transfer. When low memory addresses are incremented
by two after every DMA transfer and the LSB of the memory
address is forced to zero.

37 AUTO LOAD AUTLD Active high input to initiate a non-programmed 64K device
to memory data transfer.

38 END OF BLOCK EOB Active high output to shut off the peripheral device when
the transfer count goes to zero.

39 DEVICE INTERRUPT DINTR Interrupt service request input from the peripheral device.

An interrupt request is generated by the DMAC if this in-
put is high and the device interrupt enable bit in the com-
mand register is also set.

40 INTERRUPT REQUEST | INTR Active low interrupt service request output. This output
goes low if: 1) Any one of the three interrupt conditions is
active, and 2) The STOPR inputis high, and 3) The corres-
ponding interrupt enable bit for the interrupting condition
is set.

NOTE: The following pins fioat when not active low and require an external pull-up resistor of 10 KQ (or greater) to +5 VDC:

INTR, REPLY, RE, WE, MEMR, MEMW, MSYNC
The following pins have internal 10 KQ puli-up resistors to +5 VDC:

TBD, DRQ, DINTR

e
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WIRE-ORABLE SIGNALS
The following output signals can be wired together

with a single common pull-up resistor if multiple
DMAC chips exist on the same board:

MSYNC, MEMR, MEMW, INTR

REGISTER SELECTION

A 4-bit address input (AO, A1, A2, A3) is used to
select one of 8 internal DMAC registers or to gener-
ate a device chip select (DCS) output signal for
selection of up to 8 peripheral device registers. The
following table details the selection process.

INPUTS OUTPUT SELECTED
CS| A3 | A2 (At {A0| DCS REGISTER
& X X X L One of 8 peripheral
device registers
L] H L LjL H DMAC control regis-
ter (0)
H L H H DMAC status register (1)
H H | L H DMAC TC tow register
(2)
L] H L {HI]H H DMAC TC high regis-
ter (3)
L H H L L H DMAC MA low regis-
ter (4)
L|H H|LI|H H DMAC MA high regis-
ter (5)
L | H H [H]L H DMAC MA ext. regis-
ter (6)
L H HIlHJ|H H DMAC ID code regis-
ter (7)

NOTE: L = Low voltage level, H = High voltage level, X = don't
care.

TRANSFER COUNT REGISTER (TCR)

A 16-bit counter register that holds the two's com-
plement of the transfer count (words or bytes) for
DMA transferoperations. The low order 8 bits are in
TC low, and the high order 8 bitsare in TC high. The
count is incremented by one after every DMA
transfer. When the count reaches zero.bit 3 of the
Status Register is set to a one. If bit 3 in the Com-
mand Register is also a one then INTR will go low
(providing STOPR is also high). TCRis setto aone
on a MASTER RESET to allow a 64K transfer count
during auto load.

MEMORY ADDRESS REGISTER (MAR)

An 18-bit counter register that occupies 3 DMA
registers. Bits 0-7 are in MA iow, bits 8-15 are in MA
high, and bits 16-17 are in MA ext. The carry from bit
15 to 16 is enabled if and only if bit 6 of the Com-
mand Register is setto aone. Ifthe BOW inputpinis
high then the MAR is incremented by one after every
DMA transfer. If the BOW input pin is low then the
MAR is incremented by two after every transfer and
bit 0 is forced to a zero. This register is cleared to all
zeros on a MASTER RESET.

During a DMA operation the DMA address is gated
onto the DAL lines in two 9-bit bytes. The first byte
out contains MAR 8-15 on DAL 0-7 and MAR 17 or
AEB8. The second byte out contains MAR 0-7 on DAL
0-7 and MAR 16 on AES8. The first byte is valid on the
trailing edge of BUSR, and the second byte is valid
on the trailing edge of LAL. Note that the address
can easily be extended to 24 bits by decoding the
address of the 2-bit extension register externally
and gating the 6 unused bits into an external latch.
This would give the system 16 Mbytes of addressing
with either 65K or 256K bytes of paging.

REGISTER DEFINITIONS

DMAC CONTROL REGISTER (CR)

7 6 5 4 3 2 1 0
NA | aEce | HBus oM | TCIE TOIE DIE RUN |
BIT | SYMBOL FUNCTION
0 RUN Run/stop bit. A 1 places the DMAC in the run mode. A 0 terminates DMAC operation.
DIE Device interrupt enable. A 1 allows a high input on DINTR to set the INTR output low.

2 TOIE Time-out interruptenable. A 1allows the time-out one-shot to setthe INTR output low.
The time-out interrupt is set during a DMA transfer if REPLY does not go low within
5 usec of MSYNC going low.

3 TCIE Transfer count zero interrupt enable. A 1 allows a zero in the transfer count register to
set the INTR output low.

4 1I0M Input or output mode. A 1 sets READ mode (from the peripheral device to memory),
and a 0 sets WRITE mode (from memory to the peripheral device). This bit also appears
as an ungated output on the R/W pin.

5 HBUS | Hold bus. A 1 informs the DMAC to hold onto the bus for the entire block instead of
releasing the bus after each byte or word transfer.
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BIT| SYMBOL FUNCTION
6 AECE | Address extension carry enable. A 1 allows a carry from DMA address bit 15 to propo-
gate into bit 16.
7 N/A Not used.

NOTE: Bits 1, 2, 3 set INTR low on an active condition if and only if the STOPR input is high.

DMAC STATUS REGISTER (SR)

7 6 5 4 3 2 1 0
BUSY AECE HBUS IOM TCZI TOI DINT BOW
BIT | SYMBOL FUNCTION

0 BOW Byte or word data channel. A read only bit that indicates the status of the BOW input
pin. A 1 bit indicates byte mode, and the DMA memory address is incremented by one
after each DMA transfer. A 0 bitindicates word mode, and the DMA memory address is
incremented by two (bit 0 is forced to a 0) after every DMA transfer.

1 DINT If set adeviceinterrupt has occurred. Thisis aread/write bit. Resetting this bittoazero
will reset INTR.

2 TOI If set a time-out interrupt has occurred. This is a read/write bit. Resetting this bitto a
zero will reset INTR.

3 "TCZI If set a transfer count equals zero interrupt has occurred. A read only bit. Sets EOB
output when set.

4 IOM Input-output mode. This bit reflects the status of bit 4in the Command Register. A read
only bit.

5 HBUS | Hold bus. This bit reflects the status of bit 5 in the Command Register. Aread only bit.

6 AECE | Address extension carry enable. This bit reflects the status of bit 6 in the Command
Register. A read only bit.

7 BUSY | Busy (data transfer not completed). A read only bit that reflects the status of bit 0 (RUN)
in the Command Register.

NOTE: Bits 1, 2, 3 are set if the corresponding condition occurs. The enable bits in the CR affect only the INTR output, and not the

Status Register.
ID CODE REGISTER (IDR)

An 8-bit programmable interrupt 1D code register
that gives the system an efficient way to establish a
jump or vector address during a DMAC interrupt.
The register is cleared to all zeros during a MASTER
RESET, and must be loaded by the program during
system initialization. If INTR is low, and IACKI and
RE go low then the contents of thjs register are
gated onto DAL 0-7. IACKI and CS must not be
allowed to be low at the same time.

MASTER RESET

All register bits are reset to a zero duringa MASTER
RESET except the following which are set to ones:
TCR bit 0, CR4, CR5, CR6, SR4, SR5, and SR6. This
sets up the DMAC for a 64K transfer from the per-
ipheral device to memory starting at address 0. The
hold bus mode is also enabled. Execution of an Auto
Load will begin DMA transfers under the above
conditions.

AUTO LOAD

If the AUTLD input is made active after a MASTER
RESET then bits CR3, CR1, and CRO are also set.
This places the DMAC in run mode, and enables two
of the interrupt conditions. The DMAC will initiate
data transfers, and will continue until either the
transfer count reaches zero or a device interrupt
occurs. Either event will terminate transfers and
generate an interrupt.

WRITE PROTECT FEATURE

During CPU controlled transfers to the DMAC, if the
RUN bit is set then any attempt to write into any of
the Memory Address or Transfer Count registers
will result in a NOP. REPLY will be made low in any
case.

CPU CONTROLLED DATA TRANSFERS

During a CPU controlied transfer the CPU must
have control of the system bus. When a CPU cycleis
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initiated the system decodes the address on the bus.
If the DMAC or its associated peripheral device is
selected then TS to the DMAC is made low. The
DMAC looks at the A3 input._If A3 is low the per-
ipheral device is selected, and DCSis made low. The
DMAC will not respond to an active RE or WE if A3 is
low, and the DAL bus will stay in a high impedance
state. This allows the DMAC DAL bus and the device
DAL bus to be tied together if the device DAL bus is
also in a high impedence state when the device is
not selected.

If A3 is high when CS is low then the DMAC is selec-
ted and will respond to an active low RE or WE. AO-
A2 selects the DMAC as described under the
REGISTER SELECTION section. If RE goes low the
DMAC places the contents of the selected register
on the DAL bus and activates REPLY to inform the
CPU that valid data is on the bus. If WE goes low the
DMAC gates the contents of the DAL bus into the
selected register and activates REPLY to inform the
CPU that data has been accepted.

If the peripheral device has more than 8 registers, or
the device has fewer than 8 registers and there are
one or more auxiliary registers external to the
device, then it may be easier for the user to separate
DMAC and device chip selects. In this mode CS to
the DMAC is activated if and only if the DMAC is
selected and A3 is tied to +5 VDC. The chip select to
the device from a CPU controlled data transfer is
ORed with DCS out of the DMAC. In this mode DCS
will go low if and only if a DMA transfer is in effect
and can be used by the controller as a “DMA ACTIVE”
signal. Note that in any case actual data transfers to
and from the CPU and the peripheral device are done
by way of the device's DAL bus, notthe DMAC’s DAL
bus.

DMAC CONTROLLED DATA TRANSFERS

When the DMAC is in RUN mode (CR0=1) it waits
for a Data Request (DRQ) input from the peripheral
device. When DRQ becomes active the DMAC
requests the bus from the CPU by activating BUSR.
If STOPR was active when DRQ went activethen the
DMAC would wait until STOPR went high before
activating BUSR. When BACKI| goes low in
response to an active BUSR the request has been
granted and the DMAC controls data transfers
between the peripheral device and memory. The
direction of the transfer is determined by the status
of the READ/WRITE (R/W) output pin. Note that
R/W is tied directly to CR4.

1.) DEVICE-TO-MEMORY DMA TRANSFERS
(CR4=1)

Once the DMAC has been granted the bus the
following occurs:

A.) The DMAC places the high byte of the mem-
ory address onthe DAL lines, activates DCS,
and then raises BUSR. The trailing edge of

BUSR can be used to latch the address intc
an external buffer.

B.) The DMAC places the low byte of the mem-
ory address on the DAL lines while activating
AL, and then activates MSYNC. The trailing
edge of LAL can be used to latch the address
into an external buffer

C.) The DAL lines are placed into a high
impedence state in anticipation of a data
transfer across the bus.

D.) The DMAC activates RE and then activates
MEMW.

E.) The DMAC waits for REPLY to go low. When
REPLY is active the DMAC deactivates MEMW
and then deactivates RE.

F.) 1f the DMAC is not in hold bus mode (CR5=1)
then the DMAC deactivates DCS and gives
up control of the bus. If the DMAC is in hold
bus mode then DCS remains low until after
the completion of the final data transfer.
Note that BUSR still cycles for every
transfer.

G.) After the completion of every data transfer
the memory address register is incremented
by one in byte mode or two in word mode.

H.) After the completion of every data transfer
the transfer count is incremented by one.
Transfers are considered to be completed
when the transfer count equals zero.

2.) MEMORY-TO-DEVICE DMA TRANSFERS
(CR4=0)
Once the DMAC has been granted the bus it
goes through the same steps as in the DEVICE-

TO-MEMORY mode with the exception of steps
“D” and “E” which are as follows:

D.) The DMAC activates MEMR and then acti-
vates WE.

E.) The DMAC waits for REPLY togo low. When
REPLY is active the DMAC deactivates WE
and then deactivates MEMR.

In either mode BACKI will be gated out to BACKO
as soon as the DMAC deactivates DCS. This allows
other devices in the chain to gain access to the bus
immediately.

INTERRUPTS

There are three individually enabled interrupt condi-
tions. If any of the conditions occurs it will setits cor-
responding bit in the Status Register. If the



appropriate enable bit in the Command Register is DMAC can be selected by an active IACKI instead of

set then INTR is also activated. Note that these are an active CS. CS and IACKI must not both be active
independent functions. When INTR is active then the at the same time.
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Once an interrupt condition sets its corresponding
bit in the status register the bit stays set untila CPU
write to the status register occurs with a zero in the
bit position.” If any one (or more) of the three inter-
rupt condition bits in the Status Register is set then
IACKI will not be gated out to IACKO even if the
interrupt is not enabled.

NOTE: For atransfer-count-equals-zero interrupt condition to be

cleared the Transfer Count Register must be loaded with
a non-zero count.

The three interrupt conditions are as follows:

1.) DEVICE INTERRUPT (DINT)

A device interrupt condition occurs when the
DINTR input is made high. This sets SR1 and, if
CR1is set, it activates INTR. The RUN bitis also
reset thus terminating all subsequent DMA
transfers. A device interrupt could be generated
by a number of causes, and the program will
have to test the device's Status Register to deter-
mine the cause of the interrupt. The DINT status
bitin the DMAC Status Register must be cleared
by the program as a part of the interrupt service
routine.

2.) TRANSFER COUNT EQUALS ZEROC
INTERRUPT (TCZI)

When the TCR is incremented to zero after a
DMA transfer the TCZI status bit (SR3) is setand
the RUN bit (CRO) is reset. This terminates all
DMA operations and, if CR3 is set, activates
INTR. SR3 can be cleared only by loading anon-
zero value into the TCR. The EOB output pinis
high whenever SR3 is set.

3.) TIME-OUT INTERRUPT (TOI)

During any DMA transfer the leading edge of
MSYNC triggers an internal time delay of
approximately 5 microseconds. |f the DMAC
does not receive an active low REPLY input
within that time delay then the DMA operationis
terminated, the RUN bit is reset, and the TOI
status bit (SR2) is set. If CR2 is setthen INTR is
activated. SR2 can only be cleared by writing a
zero into that position of the Status Register.

INTERRUPT OPERATION

When the DMAC activates INTR the CPU responds
by activating IACKI. This signal can be daisy
chained through all devices. The first device in the
chain that has any bit in SR1-SR3 set will block the
gating of IACKI outto IACKO. In addition, if INTR is
active an IACKI will select the DMAC. An active RE
after an IACKI select will gate the contents of the
interrupt ID code register onto the DAL lines. The ID
code stays active on the DAL lines as long as IACKI
and RE are active. This code, which is cleared to zero

by a MASTER RESET and loaded by the program
during system initialization, can be used by the
system to create a JUMP or VECTOR address for the
device interrupt routine. Note that an active C$
during a DMAC select via an active IACKI will cause
unspecified results. Note also that no condition can
activate INTR unless its corresponding enable bit i
set and STOPR is high. If STOPR is active when the
interrupt condition occurs then the DMAC will hold
INTR inactive until STOPR goes inactive. At that
time the DMAC will activate INTR automatically.

DMA PRIORITY SYSTEMS
Fixed Priority

A fixed priority can be established in two ways:
through a parallel request-grant system or through
a CPU controlled daisy chain system. A typical
asynchronous parallel DMA priority system is
shown. In this system any request generates an
active STOPR, which is gated to all devices, and an
active DMA request to the CPU. The CPU DMA
grant generates a grant to the requesting device
with the highest priority. If more than one request is
received at the same time then the grants are
honored from the highest to the lowest priority. In
most cases, however, grants are not received simul-
taneously. The highest priority devices, therefore,
will receive most of the immediate grants with the
others being delayed by an active STOPR.

5V DMA REQUEST (TO CPU)
REQUEST 16
INPUTS
14 =5
NO o STOPR
m‘) 74148 h’ b’ (TO ALL DMACs)
DMAR1 = 5 GRANT
DMAR? " OUTPUTS
J— 6 7
DMAR3 — 7
13| 7 2| 74138 [g DMAGO
OMARA = F BRG
DMARS ] = L 0 SMAG2
— 1] 6.16 '
OMARS sv 2 1 5MAGs
DMAR? = I~ DMAG4
OMA GRANT 4 |13
58  (FROM CPU) DMAGS
a8 58 DMAGS
] — DMAG?

ASYNCHRONOUS PARALLEL
DMA PRIORITY SYSTEM

Establishing a fixed priority system through a daisy
chain approach requires the CPU monitor a “DMA
IN PROGRESS" signal on the bus. This signal can
be generated from DCS during a DMA transfer er(ie,

DCS:CS). In this mode the CPU activates BACKI
and ST STOPR in response to some bus request.
STOPR is tied to all DMA controllers to prevent new
bus requests while BACKI is propagating through
all non-requesting DMAC devices. When the
requesting DMAC gains control over the bus and
activates DCS the CPU drops BACKI*. When DCSis
deactivated the CPU deactivates STOPR to allow
new requests. In this manner the device physically




closest to the CPU on the daisy chain has highest
priority for all request cycles.
NOTE: BACKland STOPR can be dropped at the same time with

no effect on the priority scheme, but the CPU may have
to capture new requests until DCS goes high.

Rotating Priority

This is a daisy chain approach that prevents one
device from getting most of the bus grantsif multiple
devices are active at the same time. In this mode any
device requesting the bus causes the CPU to activate
BACKI. This signal is tied to the BACKI and STOPR
inputs of the first DMAC. The BACKO output of the
first DMAC goes to the BACK! and STOPR inputs of
the second DMAC, and so on. The BACKO output of

Absolute Maximum Ratings

Ambient Temperature Under Bias...0°C to +70°C
Voltage on Any Pin with Respect

to Ground ....... . ool -0.5V to +7V
Power Dissipation ...................... 0.6 Watt

DC Electrical Characteristics
Ta = 0°C to +70°C; Voo = 5.0V £5%; GND =0V

SPECIFICATIONS

the last DMAC in the chain goes back to the CPU to
reset its BACKI output. In this mode the first device
cannot request again until all other requesting
devices in the chain have also been serviced.

In any case, if the CPU has to have the DMA request
held active throughout the DMA cycle then the user
will have to create this signal on the controlier thusly:
DMAREQ = BUSR + (DCS-CS). If the device and
DMAC chip selects are generated on the controller
separately then the CS can be eliminated from the
equation. Itis needed only to distinguish a CPU chip
select from a DMA cycle chip select. Note that in
either case the second term in the equationisequiva-
lent to “DMA CYCLE IN PROGRESS" (DMAIP).

NOTE: Maximum ratings indicate limits beyond which perma-
nent damage may occur. Continuous operation at these
limits is not intended and should be limited to those con-
ditions specified under dc electrical characteristics.

SYMBOL PARAMETER MIN. | TYP.| MAX. | UNIT| TEST CONDITIONS

ViL | Input Low Voltage -0.5 0.8 \%

ViH | Input High Voltage 2.4 Vee \
VoL | Output Low Voltage 0.45 V o (lgL= 16 mA
VonH | Output High Voitage 2.4 V lloH = -100 uA

ipL | Data Bus Leakage -50 | WA |V = 045V

10 UA VIN = VCC
L Input Leakage 10 LA [ViNT Voo
lcc | Power Supply Current 45 90 mA

NOTE: VOL 0.4V when interfacing with low power Schottky parts (IgL <1 mA).

Capacitance
Ta =25°C; Vo = GND = 0V

SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT|TEST CONDITIONS
CiN |Input Capacitance 10 pF |fc = 1 MHz
Ci/0 |V/O Capacitance 20 pF [Unmeasured pins

returned to GND.

System Clock (CLK) Characteristics

2.0 MHz
250 ns
50% of duty cycle

Maximum Frequency
Minimum Pulse Width
Maximum Pulse Width

Il
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NOTES: 1. BUSR | FOLLOWS SECOND CLK . AFTER DRZ 1.
2. a. CYCLE 2 1S SKIPPED FOR ALL SUBSEQUENT TRANSFERS WHEN IN THE HOLD MODE, IE., DCS
REMAINS LOW FOR ENTIRE BLOCK OF TRANSFERS.
b. FOLLOWING BUSR ¢ WITH DCS HIGH (L.E., REQUESTING BUS CONTROL), THE DMA WILL ADD WAIT
CYCLES BETWEEN CYCLES 2 AND 3 UNTIL BACK1 ¢ IS RECEIVED.

3. CYCLE 7 WILL BE REPEATED FOR EACH ADDITIONAL PERIOD THAT REPLY + IS DELAYED TO THE DMA.
CYCLE 7 WILL BE SKIPPED (I.E., MEMW (WE) PULSE WIDTH = 1/2 CLK PERIOD) IF REPLY IS MADE LOW
PRIOR TO CLK + OF CYCLE 8 (E.G., REPLY TIED TO GND DURING DMA TRANSFER).

4. EOB IS ACTIVATED ONLY FOR THE TRANSFER WHERE TCR INCREMENTS FROM 11... 1 TO 00 ... 0 (LE.,
END OF BLOCK).

5. TO INSURE PROPER LOADING OF DAL BUS CONTENTS INTO THE CONTROLLER REGISTERS, THE WE
PULSE WIDTH MUST BE GREATER THAN OR EQUAL TO ONE CLK PERIOD. THIS REQUIREMENT CAN ALSO
BE SOLVED OFF CHIP BY TRIGGERING WE t (TRAILING EDGE) WITH CLK 4.

DMA CONTROLLED TRANSFER TIMING
o S S S
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AC Electrical Characteristics
Ta = 0°Cto +70°C: Vo = 5.0V +5%; GND OV

SYMBOL DESCRIPTION MIN MAX. UNIT COND
CPU CONTROLLED TRANSFER TIMING - READ
TAR Address Valid to RE ¥ 80 ns
TCR CS tto RE Y 0 ns
TRE RE Pulse Width 300 ns
TRDV RE ¥ to Data Valid 375 ns CL =50 pF
TRR REYWto REPLY Y 50 350 ns CL - 50 pF
TRA Address Hold from RE 4 30 ns
TRC CS Hold from RE 4 0 ns
TRDF | Data Float from RE4 200 ns
CPU CONTROLLED TRANSFER TIMING - WRITE o o
TAW Address Valid to WE ¥ 80 ns #
TCcwW CS ¥ to WEY 0 ns
TDW Data Valid to WE 4 300 ns CL - 50 pF
TWE WE Pulse Width 300 ns
TWR | WEVYWto REPLYT® 50 350 ns CL = 50 pF
TWA Address Hold from WE A 30 ns
TWe CS Hold from WE 4 0 ns
TWD Data Hold from WE 4 30 ns
SYMBOL| ~ ~ DESCRIPTION | MIN | TYP | MAX. |UNIT | _COND |
DMA CONTROLLED TRANSFER TIMING
Tcsvt |Indicated CLK Edge to Indicate Signal Valid 150 250 ns CL = 50 pF
Tcsv? | indicated CLK Edge to Indicated Signal Valid 250 400 ns CL = 50 pF
TAS DAL Set Up to BUSR 4 or LAL YW 80 ns CL = 50 pF
TAH DAL Hold from BUSR 4 or LALY®W 50 ns CL = 50 pF
TLDF |LAL 4 to DAL Float 250 ns CL = 50 pF
TSET Indicated Signal Setup to Indicated CLK Edge 80 ns
MISCELLANEOUS TIMING ( T 1 CLOCK PERIOD)
CSY i To DCS ¥ WPropogation Delay
(for A3 low) 150 250 ns CL = 50 pF
IACKI ¥ # to IACKO ¥ h Propogation Delay
when Not Reqguesting Interrupt 150 250 ns CL = 50 pF
BACKIY ® to BACKOY ® Propogation Delay
when Not Requesting Bus 150 250 ns CL = 50 pF
MR Pulse Width 21
DINTR, AUTLD, DRQ, REPLY Pulse Width 1T
BOWY ® or TDBY ) Set Up 500 ns
Waiting INTR ¥ or BUSR ¥ from STOPR A 1T+400 | ns CL = 50 pF
INTR ¥ from DINTR 4 1.51+400] ns CL - 50 pF

NOTE: A 1 TTL load is assumed on all output signals
See page 725 for ordering information.
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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 for 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
specifications at anytime without notice.
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WD2143-03 Four Phase Clock Generator

FEATURES GENERAL DESCRIPTION
e IMPROVED VERSION OF WD2143-01 The WD2143-03 Four-Phase Clock Generator is a MOS/
e TRUE AND INVERTED OUTPUTS LS! device capable of generating four phase clocks. The out-
o SINGLE 5 VOLT SUPPLY put puise widths are controlied by tying an external resistor
e TTL COMPATABLE to the proper control inputs. All pulse widths may be set to
e ON CHIP OSCILLATOR the same width by tying the ¢PW line through an external re-
e TTL CLOCK INPUT sistor. Each pulse width can also be individually pro-
e TTL CLOCK OUTPUTS grammed by tying a resistor through the appropriate ¢1PW—
¢ PROGRAMMABLE PULSE WIDTHS $»4PW control inputs.
e PROGRAMMABLE PHASE WIDTHS
o NO EXTERNAL CAPACITOR
®1PW
Y
\
STBIN )- T Q - P1
— MWV A
_ v osc T x| T
¢4 ] 1 18 7] Vee o} Y]
o4 [] 2 17 [ ¢PW
&; 13 16 [ ] ¢paPW T Q 2
$3 ] 4 15 [] ¢3PW $2PW >__f —AMA
e ] (Z
%2 ]s 14 [7] ¢p2PW | S T | _ _
0216 13 ] ¢1PW Q ¢2
o1 7 12 [T NG
¢15 8 11 [ ] sTBIN P3PW ) T Q > 93
GND[] 9 10 [INC 4’_—:]__—'\/\/\ 1+ o [
L a ?3
\ {
PIN CONNECTIONS P4PW ) T Qf—f ¢4
-V P4
\ T = “'
PPW )= T a » $4

Figure 1 WD2143-03 PIN CONNECTIONS AND BLOCK DIAGRAM

DEVICE OPERATION

Each of the phase outputs can be controlled individually by
typing an external resistor from ¢1PW-¢p4PW to a +5V sup-
ply. When it is desired to have ¢1 through ¢4 outputs the
same width, the ¢1PW-¢p4PW inputs should be left open and
an external resistor tied from the $PW (Pin 17) input to
+12V.

STROBE IN (pin 11) is driven by a TTL square wave. Each of
the four phase outputs provide both true and inverted
signals, capable of driving 1 TTL load each.

| |

253

€0-evicam



€0-Ericdm

PIN NUMBER SYMBOL DESCRIPTION
1,857 P1—p4 Four phase clock outputs. These outputs are inverted (active low).
2,4,6,8 b1-p4 Four Phase clock outputs. These outputs are true (active high).
9 GND Ground
10 NC No connection
11 STB IN Input signal to initiate four-phase clock outputs.
12 NC No connection
13-16 b 1PW-p4PW External resistor inputs to control the individual pulse widths of each output.
These pins can be left open if $PW is used.
17 HPW External resistor input to control all phase outputs to the same pulse widths.
18 Vee +5V * 5% power supply input

TYPICAL APPLICATIONS

Table 1 PIN DESCRIPTIONS

.l e 7[5 l

=2 3

[ & 3 ]1&

o 18 1 E

WD1691
5 N .
ST8 STBIN
7
ZPW
— X ¥ o
+12 )—’VV‘—'VWVVVV‘—ly
10K

WD2143-03

7400

11

STB IN

~

WD2143-03

~

Figure 2 WRITE PRECOMP OPERATION WITH F.S.L.

Figure 3 TTL SQUARE WAVE OPERATION

WD1691
N S
O - L ¥ |
4 1
13 STBIN | 8
oK 11 ! 21PW B o &1
sTBIN | g ¢
wD2143-03 b1 prm—m— 1 14 6
6 3/\’— @2PW $2 g H2
17 D2 g 2
10K | 6PW 4 1 WD2143-03
$3 g  $H3 15 4
2 [ BIPW h3 [ 53
b4 - 4 )
16 2
3&— BAPW DY g h4

10K

Figure 4 EQUAL PULSE WIDTH OUTPUTS
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Figure 5 INDIVIDUAL PULSE WIDTH OUTPUTS
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EARLY
WD CLk 1Q

EARLY 10 Q

7418175

NOMINAL

LATE 20 20 | ATE

3 5
179X D 40
Fo CLR
18
n

GONTROLLER

Voo
sie i ot

2K

— WD2143-03

Pre Comp
Adyuist

4 oPw 10K

] tPD

Figure 6 WRITE PRECOMP FOR FLOPPY DISK

SPECIFICATIONS

Absolute Maximum Ratings

Operating Temperature 0°to +70° C

Voltage on any pin with -051t0 +7V
respect to Ground* ‘

Power Dissipation 1 Watt

Storage Temperature plastic -~55°to +125° C

ceramic —65° to +150°C

DC ELECTRICAL CHARACTERISTICS
Voo = 5V £5%, GND = OV, T, = 0° to 70°C.

- tpw

~—

Figure 7 WD2143-03 TIMING DIAGRAM

Note: Maximum ratings indicate limits beyond which perma-
nent damage may occur. Continuous operation at these limits
is not intended and shouid be limited to the DC electrical char-
acteristics specified.

*Pin 17 = -0.5V to +12V. Increasing voltage on Pin 17 will
decrease Tpy.

y Ia=
SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS
VoL TTL low level output 04 \ ioL = 1.6 mA
VOH TTL high level output 20 Vv iOH = —100uA
ViL STB in low voltage 0.8 \
ViH STB in high voltage 24 v
icc Supply Current 80 mA All outputs open

Table 2 DC ELECTRICAL CHARACTERISTICS
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SWITCHING CHARACTERISTICS

Ve =5V + 5%, GND = OV TA=0°t070° C

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS
tPD STB IN to @1 140 ns
tow Pulse Width (any output) 100 300 ns CL = 30pf
tPR Rise Time (any output) 30 ns CL = 30pf
tPF Fall Time (any output) 25 ns CL = 30pf
fs STROBE PULSE WIDTH 1.0 us combined tpw = 400 ns
tDPW Pulse Width Differential +10 % Referenced to @1, 100-300 ns.

NOTE: Tpywy measured at 50% VOH Point; VoL = 0.8V, VoH = 2.0V.

Table 3

See page 725 for ordering information.

SWITCHING CHARACTERISTICS

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 for 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
specifications at anytime without notice.
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WD921 6-OOIWD921 6-01
Floppy Disk Data Separator — FDDS

FEATURES

PERFORMS COMPLETE DATA SEPARATION
FUNCTION FOR FLOPPY DISK DRIVES

SEPARATES FM OR MFM ENCODED DATA
FROM ANY MAGNETIC MEDIA

ELIMINATES SEVERAL SSI AND MSI DEVICES
NORMALLY USED FOR DATA SEPARATION

NO CRITICAL ADJUSTMENTS REQUIRED

COMPATIBLE WITH WESTERN DIGITAL 179X,
176X AND OTHER FLOPPY DISK
CONTROLLERS

SMALL 8-PIN DUAL-IN-LINE PACKAGE
+5 VOLT ONLY POWER SUPPLY
TTL COMPATIBLE INPUTS AND OUTPUTS

/ o wN

GENERAL DESCRIPTION

The Floppy Disk Data Separator provides a low cost
solution to the problem of converting a single stream
of pulses from a floppy disk drive into separate Clock
and Data inputs for a Floppy Disk Controlier.

The FDDS consists primarily of a clock divider, a
long-term timing corrector, a short-term timing
corrector, and reclocking circuitry. Supplied in an 8-
pin Dual-In-Line package to save board real estate,
the FDDS operates on + 5 volts only and is TTL com-
patible on alf inputs and outputs.

The WD9216 is available in two versions; the
WD9216-00, which is intended for 514" disks and the
WD9216-01 for 514" and 8" disks.

U/
DSKD [_] 1 8] vec
SEPCLK [: 2 7 :| SEPD
REFCLK [] 38 6 [] oo
GND [ 4 5[] cpo
PIN CONFIGURATION
REFCLK —|
CLOCK — +5V
CDO —» DIVIDER — GND
CD1 =i
I |
DATA/CLOCK | > PULSE —» SEPCLK
SEPARATION REGENERATION
> LOGIC LOGIC —» SEPD
) -
J— EDGE
DSKD—»| DETECTION
LOGIC

10-9126AM/00-91L26aM

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM
S
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ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS*

Operating Temperature Range. ...... 0°Cto +70°C

Storage Temperature Range. . .. ... -55°Ct0125°C

Positive Voltage on any Pin,
withrespecttoground................. + 8.0V

Negative Voltage on any Pin,
withrespecttoground................. -0.3V

* Stresses above those listed may cause permanent
damage to the device. This is a stress rating only
and functional operation of the device at these or at
any other condition above those indicated in the
operational sections of this specification is not
implied.

NOTE: When powering this device from laboratory or
system power supplies, it is important that the
Absolute Maximum Ratings not be exceeded or
device failure can result. Some power supplies
exhibit voltage spikes or “glitches” on their outputs
when the AC power is switched on and off. In ad-
dition, voltage transients on the AC power line may
appear on the DC output. If this possibility exists it is
suggested that a clamp circuit be used.

OPERATING CHARACTERISTICS (TA = 0°Ct070°C, Ve = +5V = 5%, unless otherwise noted)

PARAMETER MIN. TYP. MAX. UNITS COMMENTS
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level V|L 0.8 \Y
High Level V|H 20 \'
OUTPUT VOLTAGE LEVELS
Low Level VoL 0.4 \ loL = 1.6mA
High Level VOH 24 \Y IoH = —100uA
INPUT CURRENT
Leakage lj_ 10 pA O0<VINLVDD
INPUT CAPACITANCE
All Inputs 10 pF
POWER SUPPLY CURRENT
IDD 50 mA
A.C. CHARACTERISTICS
Symbol
fcy REFCLK Frequency 0.2 4.3 MHz WD 9216-00
fcy REFCLK Frequency 0.2 8.3 MHz WD 9216-01
tCKH REFCLK High Time 50 2500 ns
tCKL REFCLK Low Time 50 2500 ns
tspON REFCLK to SEPD “ON” Delay 100 ns
tsDOFF REFCLK to SEPD “OFF” Delay 100 ns
tspck  REFCLK to SEPCLK Delay 100 ns
toLL DSKD Active Low Time 0.1 100 us
tDLH DSKD Active High Time 0.2 100 us
REFCLK )
tSDOFF
SEPD
/ tSPCK
SEPCLK
tow —
DSKD /

Figure 3. AC CHARACTERISTICS
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DESCRIPTION OF PIN FUNCTIONS

PIN
NUMBER PIN NAME SYMBOL FUNCTION
1 Disk Data DSKD Data input signal direct from disk drive. Con-
tains combined clock and data waveform.
2 Separated Clock SEPCLK Clock signal output from the FDDS derived
from floppy disk drive serial bit stream.
3 Reference Clock REFCLK Reference clock input.
4 Ground GND Ground.
5,6 Clock Divisor CDo, CD1 CDO and CD1 control the internal clock divider
circuit. The internal clock is a submultiple of the
REFCLK according to the following table:
CD1 CDO Divisor
0 0 1
0 1 2
1 0 4
1 1 8
7 Separated Data SEPD SEPD is the data output of the FDDS
8 Power Supply vVco + 5 volt power supply
4 MHz CRYSTAL
OSCILLATOR
1MHz
> +4
/ ]
REFCLK | REGENERATED DATA | ———— CLK
SEPD » |RAW READ
FLOPPY DISK DATA WD179X, 176X or Equiv.
DISK »|DSKD FLOPPY DISK
DRIVE WD9216-00, 01 DERIVED GLOGK CONTROLLER
SEPCLK »| RCLK
CDO CD1
GND GND
Figure 1.
TYPICAL SYSTEM CONFIGURATION
(5'a" Drive, Double Density)
OPERATION Separate short and long term timing correctors

A reference clock (REFCLK) of between 2 and 8 MHz
is divided by the FDDS to provide an internal clock.
The division ratio is selected by inputs CD0O and CD1.
The reference clock and division ratio should be
chosen per table 1.

The FDDS detects the leading edges of the disk data
pulses and adjusts the phase of the internal clock to
provide the SEPARATED CLOCK output.

assure accurate clock separation.

The internal clock frequency is nominally 16 times
the SEPCLK frequency. Depending on the internal
timing correction, the internal clock may be a
minimum of 12 times to a maximum of 22 times the
SEPCLK frequency.

The reference clock (REFCLK) is divided to provide
the internal clock according to pins CD0O and CD1.

10-9126AM/00-91L26AM
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TABLE 1:
CLOCK DIVIDER SELECTION TABLE
DRIVE DENSITY REFCLK
(8" or5%") (DD or SD) MHz CD1 CDo REMARKS
8 DD 8 0 0
8 sD 8 0 1 Select either one
8 sD 4 0 0
54 DD 8 0 1 .
54 DD 4 0 0 } Select either one
5V SD 8 1 0
5V SD 4 0 1 } Select any one
54 SD 2 0 0
INTCLK (g ipipipipinipEp i ipipigipipipSnipipipipipgipiy
SEPCLK e 11 J 1
SEPD l_{ ’ 'l L]
,‘_»i
always two Internal clock cycles
Figure 2.

See page 725 for ordering information.

Information furnished by Western Digital Corporation is helieved to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may resutt 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
specifications at anytime without notice.

L ..~ -~~~ . ][
260 Printed in U.S.A



	WD Catalog 1983.1
	013_WD1000
	014_WD1000
	015_WD1000
	016_WD1000
	017_WD1000
	018_WD1000
	019_WD1000
	020_WD1000
	021_WD1001
	022_WD1001
	023_WD1001
	024_WD1001
	025_WD1001
	026_WD1001
	027_WD1001
	028_WD1001
	029_WD1001
	030_WD1001
	031_WD1002
	032_WD1002
	033_WD1100
	034_WD1100
	035_WD1100
	036_WD1100
	037_WD1100
	038_WD1100
	039_WD1100
	040_WD1100
	041_WD1100
	042_WD1100
	043_WD1100
	044_WD1100
	045_WD1100
	046_WD1100
	047_WD1100
	048_WD1100
	049_WD1100
	050_WD1100
	051_WD1100
	052_WD1100
	053_WD1100
	054_WD1100
	055_WD1100
	056_WD1100
	057_WD1100
	058_WD1100
	059_WD1100
	060_WD1100
	061_WD1100
	062_WD1100
	063_WD1100
	064_WD1100
	065_WD1100
	066_WD1100
	067_WD1100
	068_WD1100
	069_WD1100
	070_WD1100
	071_WD1100
	072_WD1100
	073_WD1100
	074_WD1100
	075_WD1100
	076_WD1100
	077_WD1010
	078_WD1010
	079_WD1010
	080_WD1010
	081_WD1010
	082_WD1010
	083_WD1011
	084_WD1011
	085_WD1012
	086_WD1012
	087_WD1014
	088_WD1014
	089_WD1014
	090_WD1014
	091_WD1014
	092_WD1014
	093_WD1050
	094_WD1050
	095_WD1050
	096_WD1050
	097_WD1050
	098_WD1050

	WD Catalog 1983.2
	099_FD176X
	100_FD176X
	101_FD176X
	102_FD176X
	103_FD176X
	104_FD176X
	105_FD176X
	106_FD176X
	107_FD176X
	108_FD176X
	109_FD176X
	110_FD176X
	111_FD176X
	112_FD176X
	113_FD176X
	114_FD176X
	115_FD176X
	116_FD176X
	117_FD176X
	118_FD176X
	119_FD176X
	120_FD176X
	121_FD176X
	122_FD176X
	123_FD1771
	124_FD1771
	125_FD1771
	126_FD1771
	127_FD1771
	128_FD1771
	129_FD1771
	130_FD1771
	131_FD1771
	132_FD1771
	133_FD1771
	134_FD1771
	135_FD1771
	136_FD1771
	137_FD1771
	138_FD1771
	139_FD1771
	140_FD1771
	141_FD1771
	142_FD1771
	143_FD1771_AP
	144_FD1771_AP
	145_FD1771_AP
	146_FD1771_AP
	147_FD1771_AP
	148_FD1771_AP
	149_FD1771_AP
	150_FD1771_AP
	151_FD1781
	152_FD1781
	153_FD1781
	154_FD1781
	155_FD1781
	156_FD1781
	157_FD1781
	158_FD1781
	159_FD1781
	160_FD1781
	161_FD1781
	162_FD1781
	163_FD1781
	164_FD1781
	165_FD1781
	166_FD1781
	167_FD1781
	168_FD1781
	169_FD1781
	170_FD1781
	171_FD1781
	172_FD1781
	173_FD179X
	174_FD179X
	175_FD179X
	176_FD179X
	177_FD179X
	178_FD179X
	179_FD179X
	180_FD179X
	181_FD179X
	182_FD179X
	183_FD179X
	184_FD179X
	185_FD179X
	186_FD179X
	187_FD179X
	188_FD179X
	189_FD179X
	190_FD179X
	191_FD179X
	192_FD179X
	193_FD179X
	194_FD179X
	195_FD179X_AP
	196_FD179X_AP
	197_FD179X_AP
	198_FD179X_AP
	199_FD179X_AP
	200_FD179X_AP
	201_FD179X_AP
	202_FD179X_AP
	203_FD179X_AP
	204_FD179X_AP
	205_FD179X_AP
	206_FD179X_AP
	207_FD179X_AP
	208_FD179X_AP
	209_FD179X_AP
	210_FD179X_AP
	211_FD279X
	212_FD279X
	213_FD279X
	214_FD279X
	215_FD279X
	216_FD279X
	217_FD279X
	218_FD279X
	219_FD279X
	220_FD279X
	223_FD279X
	224_FD279X
	225_FD279X
	226_FD279X
	227_FD279X
	228_FD279X
	229_FD279X
	230_FD279X
	233_WD1691
	234_WD1691
	235_WD1691
	236_WD1691
	237_WD1691
	238_WD1691
	239_WD1691
	240_WD1691
	241_DM1883
	242_DM1883
	243_DM1883
	244_DM1883
	245_DM1883
	246_DM1883
	247_DM1883
	248_DM1883
	249_DM1883
	250_DM1883
	251_DM1883
	252_DM1883
	253_WD2143
	254_WD2143
	255_WD2143
	256_WD2143
	257_WD9216
	258_WD9216
	259_WD9216
	260_WD9216


