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WD177X-00 Floppy Disk Formatter/Controller

FEATURES

e 28 PIN DiP

= SINGLE 5V SUPPLY

e BUILTAN DIGITAL DATA SEPARATOR

« BUILTIN WRITE PRECOMPENSATION

¢ SINGLE (FM)} AND DOUBLE (MFM) DENSITY
e MOTOR CONTROL (WD1770 AND WD1772)
e 128, 258, 512 OR 1024 SECTOR LENGTHS

« TTL COMPATIBLE

o B8I7 BIDIRECTIONAL DATA BUS

e TWO VERSIONS AVAILABLE
WD1770/WD1773 = STANDARD 179X §STEP
RATES
WD1772 = FASTER STEP RATES

e« THE WD1773 HAS 100% COMPATIBLE SOFT-
WARE WITH THE WD1783

GENERAL DESCRIPTION

The WD177X-00 is a MOS/LSI device which perforns
the functions of a Floppy Disk Formatter/Controtier.
It is similar {o its predecessor, the FD179X, but aiso
contains & digital data separator and write
precompensation circuitry. The drive side of the inter-
face needs no additional logic except for buf-
fers/receivers. It is designed for single (FM) or double

(MFM) density operation.

The WD177X-00 is implementad in NMOS silicon gate
technoiogy and is availabie in a 28-pin duakindine as
wel! as in quad pack.

Three versions of the WD177X0C are availabie. The
wWD1770, WD1772 and tha WD1773.

With the exception of the enable precomp/ready line,
the WD1773 is identical to the WD1770 controlier. It
is fully software compatible with the WD1793. The
WD1770-00 and WD177300 are compatible with the
FD179X stepping rates, while the WD177200 offers
stepping rates of 2, 3, 8, and 12 msec.

The WD177X-00 devices ail contain a buiit-in digital
data separator which virtually eliminates all axtemal
componants and adjustments associated with data
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DIP PIN DESIGNATION

recovery in previous designs. A single read line (RD,
Pin 19 is the only input required to recover serial FM
or MFM data from the disk drive. The device is design-
ed for controi of floppy disk drives with data rates
of 125 KBits/Sec (single density} and 250 KBits/Sec
(double density). in addition, write precompensation
of 125 nsec from nominal is enabled at any point
through simple software commands. Another pro-
grammable feature on the WD1770/WD1772 is Motor
On, which enabies the spindie motor automatically
prnor 1o operating a selected drive.

The processor interface consists of an B8-bit bi-
direCtional bus for transfer of status, data. and com-
mands. All Hest communication with the drive occurs
through these lines. They are capabie of driving one
standard TTL locad or three LS loads.
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PIN
NUMBER ] MNEMONIC SIGNAL NAME I/Oﬂ FUNCTION B

1 CS CHIP SELECT | | A logic low on this input selects the chip and enables
Host communication with the device,

2 R/W READ/WRITE | | A logic high on this input controls the placement of
data on the DQ-D7 lines from a selected register, while
a logic low causes a write operation to a selected
register.

3,4 AQ,A1 ADDRESS 0,1 | | These two inputs select a reqister 10 Read/Write data:

CS A1 A0 RIW = 1 RIW = 0

0 0 o Status Reg Commad Reg

0O 0 1 Track Reg Track Reg

0 1 0 Sector Reg Sector Reg

0 1 1 Data Reg Data Reg

512 DALO-DALY DATA ACCESS 1710 | Eight-bit bi-directional bus used for transfer_of data, |

LINES control, or status. This bus is enabled by CS and
0 THROUGH 7 R/W. Each fine will drive one TTL load.

13 MR MASTER RESET | | A logic low pulse on this line resets the device and |
initializes the Status Register (internal pull-up).

14 GND GROUND Ground.

15 Vee POWER SUPPLY | | +5V 5% power supply input.

16 STEP STEP O | The Step output contains a pulse for each step of the
drive's R/W head. The WD1770-00 and WD1772-00 offer
different step rates.

17 DIRC DIRECTION O | The Direction output is high when stepping in towards

: the center of the diskette, and low when stepping out.

18 CLK CLOCK | | This input requires a free-running 50% duty cycle clock |
(for internal timing) at 8 MHz +0.1%.

19 RD READ DATA | t This active low input is the raw data line containing
both clock and data pulses from the drive.

20 RDY/ENP READY/ENABLE I Serves as a READY input from the drive during

PRECOMP READ/STEP operations and as a Write Precomp enable
(WD1773) during Write operations. The state of READY is latched
upon WG true, and this dual input is used for

| precompensation enable,

20 MO MOTOR ON O | Active high output used to enable the spindle motor

(WD1770 or prior to read, write or stepping operations. (WD1770,
WD-1772) WD1772 only)

21 WG WRITE GATE O | This output is made valid prior to writing on the
diskette.

22 WD WRITE DATA O | FM or MFM clock and data pulses are placed on this

| line to be written on the diskette.

23 TROO TRACK 00 | | This active_low input informs the WD1770-00 that the
drive's R/W heads are positioned over Track zero.

24 P MNOEX PULSE | | This active low input informs the WD1770-00 when the
physical index hole has been encountered on the

N diskette.

25 WPRT WRITE PROTECT| | | This Input is sampled whenever a Write Command is |
received. A logic low on this line will prevent any Write
Command from executing (internal pull-up).

-
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FUNCTION

This input pin selects either single (FM) or double
(MFM) density. When DDEN = 0, double density is
selected (internal pull-up).

This active high output indicates that the Data Register
is full (on a Read) or empty {on a Write operation).

This active high output is set at the completion of any
command, is reset by a read of the Status Register.

- PIN - T R |
NUMB_EH! MNEMONIC | SIGNAL NAME | 1/0 |
26 | DDEN DOUBLE
DENSITY
| ENABLE
27 | DRQ DATA REQUEST | O
28 | INTRQ INTERRUPT o
| REQUEST
-ttt I

wD1773-02 ONLY

ENPY
ROY

-+ O X

WD 177X

mO»MNMIOm-4Z—

WD177X-02 SYSTEM BLOCK DIAGRAM

ARCHITECTURE
The primary sections of the Floppy Disk Formatter are

the Parallel Processor Interface and the Floppy Disk
Interface.

Data Shift Register — This 8-bit register assembles
serfal data from the Read Data input (RD} during
Read operations and transfers serial data to the Write
Data output during Write operations,

Data Reglster - 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 paralle! to the Data Register from the
Data Shift Register. In Disk Write operations, infor-
mation is transferred In parallel from the Data
Reglster to the Data Shift Register.

When executing the Seek Command, the Data
Register holds the address of the desired Track posi-
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tion. 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 and decremented by one when the head is step-
ped 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 is not 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 sec-
tor number in the 1D field during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL This register
is not loaded when the device is busy.

Command Register (CR) - This 8bit register holds the
command presently being executed. This register is
not loaded when the device is busy unless the new
cornmand is a force interrupt. The Command Register
is loaded from the DAL, but not read onto the DAL.

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

CRC Logic - This togic is used to check or to generate
the 16-bit Cyclic Redundancy Check {CRC). The
polynomial is:

Gx) = x'® + x' 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/L.ogic Unit (ALU) - The ALU is a serial com-
parator, incrementer, and decrementer and is used
for register modification and comparisons with the
disk recorded (D field.

13—
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Timing and Control - All computer and Floppy Disk
interface controls are generated through this logic.
The internal device timing is generated from an exter-
nal crystal clock. The WD177X-00 has two different
modes of operation according to the state of
DDEN.

When DRDEN = 0, double density (MFM) is enabled.
When DDEN = 1, single density is enabled.

AM Detectoi -~ The address mark detector detects 1D,
data and index addrass marks during read and write
operations,

Data Separator - A digital data separator consisting
of a ring shift register and data window detection
logic provides read data and a recovery clock to the
AM detector.

DATA ——— ¢{ RO
REG —
ALU
A R Y e W
AM DETECTOR DATA
SEPARATOR
l
PRECOMP
CRC LOGIC WD
_%— e wg
INTRO PR
Cs » e
R/W Iiiou_ —
»|{ COMPUTER CONTROL PLA CONTROL DISK
| INTERFACE CONTROL |at————o | INTERFACE
R0 1 CONTROL 1240 X 19) CONTROL STEP
A DIRC
—_ T
RDY
CLK (8 MH2) (MOTOR ONj
e —rptperre i
ODEN
el

FIGURE 1, WD177X-00 BLOCK DIAGRAM

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 WD177X-00. The DAL are three state butfers
that are enabled as output drivers when CS  and
R/W = 1 are active or act as input receivers when CS
and R'W = Q 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 signal R'W during a
Read operation or Write operation are interpreted as
selecting the following registers:

T TR
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Floppy Disk Controller Devices



et et ——

A1 - AO| READ (R/W = 1)

0 0} Status Register Command Reglster
0 1§ Track Register Track Register
1 0
1 1

: WRITE (R'W = 0) |

Sector Register Sector Register

| Data Register Data Register

After any register is written to, the same register can.
not be read from until 16 usec In MFM or 32 usec in
FM have elapsed.

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the WD177X-00
and the processor, the Data Request (DRQ) output
iIs 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 bit 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 transfer-
red into the register prior {0 processor readout, the
l.ost Data bit is set in the Status Register. The Read
operations continue until the end of sector is reached.

On Disk Write operations the Data Request bit is
activated when the Data Register transfers its con-
tents to the Data Shift Register, and requires a new
data byte. [t 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 seriai 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 elther 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 WD177X-00 has two modes ¢of gperation accor-
ding to the state DDEN. When DDEN = 1, single
densily is selected. In either case, the CLK input |s
at 8 MHz.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats., For FM, DDEN
is placed to logical 1. For MFM formats, DDEN s
placed to a logical 0. Sector lengths are determined
at format time by the fourth byte in the D field.

~ "SECTOR LENGTH TABLE |

SECTOR LENGTH NUMBER OF BYTES
FIELD (HEX) IN SECTOR (DECIMAL) |
00 128
01 256
02 512
03 1024

The number of sectors per track for the WD177a
are from 1 to 240. The number of tracks for the
WOD177X00 are 0 to 240.

GENERAL DISK WRITE OPERATION

When writing on the diskette the WG output is
activated, allowing current to flow into the Read/Write
head. As a precaution to erroneous writing the first
data byte Is loaded into the Data Reqister in response
{0 a Data Request from the device before the WG is
activated.

Writing Is inhibited when the WPRT input is asser-
ted, 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 WD177X-00 provides WG to
enable a Write condition, and WD which consists of
a series of active high pulses. These pulses contain
both Clock and Data information in FM and MFM, WD
provides the unique missing clock patterns for recor-
ding Address Marks.

The WD1773-00 enables wrile precompensation when
RDY/ENP Is asserted. When WG is asserted the
READY status has been latched. WG is then used to
demultiplex drive Ready Status from Host supplied
enable for write precompensation at desired tracks.

On the WD1770-02 or WD1772-00, the Precomp Enable
bit in Write Commands allows automatic Write
precompensation to take place. The outgoing Write
Data stream is delayed or advanced from nominal by
125 nsec according to the following table:

PATTERN MEM FM __'_____
X11]1]0 Early N/A
X100 | 1 1 Late N/A
010 |01 Early N/A
1]1olo]o

Current Bit sending
Previous Bits sent

Late : NIA
‘—|:‘ | L Next Bit to be sent

Precompensation is typically enabled on the inner-
most tracks where bit shifts usually occur and bit
density Is at its maximum. READY is true for
read/write operations {(all Type Il and Il Command
executions).

COMMAND DESCRIPTION

The WD177X00 accepts 11 commands. Command
words are only loaded in the Command Register when
the Busy Status bit is off (Status bit 0). The one ex-
ception is the Force Interrupt Command. Whenever
a command is being executed, the Busy Status bit
s set. When a command is completed, an interrupt
s generated and the Busy Status bit is reset, The
Status Register indicates whether the completed
command encountered an error or was fault free,
Commands are divided into four types and are sum-
marized in the following pages.

Floppy Disk Controller Devices
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COMMAND SUMMARY

J' BITS
" TYPE COMMAND 7 6 5 4 3 2 1 0
y 0 h V r, 1t
- | Restore 0 0 O N r' rﬂ
| Seek c 0 O t To
| Siep 0 0 1t u h V i, fo
SIEP‘GU[ 0O ] 1 U h V r fo
Read Sector 1 0 0O m his E QO/C 0
Write Sector 1 0 1 m his E P/IC a
[t Read |
Address T 1t 0 0 hlo E 0 ¢
Il Read Track 1T 1+ 1 0 ho E 0 0
11l Write Track 1 1 %+ 1 hio E PIO O
IV Force
Interrupf | 11 0 1 13 1, 1, 1

FLAG SUMMARY

TYPE | COMMANDS

]

I H

h

h

h

Vv

\ 0, No Verify
V

c
I

= Motor On Flag (Bit 3) (1770/2).

0, Enable Spin-up Sequence
1, Disable Spin-up Sequence

Verily Flag (Bit 2) (1770/2/3)

1, Verify on Destination Track
fy. fo = Stepping Rate (Bits 1,0)

WD1770-00
fy  Iq W01773-00  WD1772-00
0 0 6 ms 6 ms
0 1 12 ms 12 ms
1 0 20 ms 2 ms
1 1 30 ms 3 ms

Update Flag (Bit 4) (177012!?)

0, No Update

o C

= 1, Update Track Register

TYPE Il & Il COMMANDS

____

H

m
m 0, Single Sector
m

{3

Multipte Sector Flag (Bit 4} (1 ?_'70!213)

1, Multiple Sector I
H = Motor on Flag (Bt J) (1770/2)

all Type lil commands bit 3 must be- 0.

_MJ

g i

H = 0, Enable Spin-up Sequence

H = 1, Disable Spin-up Sequence

S = Side Compare Flag (Bit 3) (1773 only)
S = 0, Compare for side 0

S = 1, Compare :for side 1

For

8, = Data Addrass Ma_rk (81t 0) (1770/213)
ag = 0, Write Normal

dg = 1, Write Deleted

Da?a Mark

Data Mark l

TYPE I & It COMMANDS (Continued)

E = 30ms Settling Delay (Bit 2) (1770/2/3)

E = 0, No Delay

E = 1, Add 30ms Delay (1772 Add 15ms Delay
C =

Side Compare Flag (Bit 1) (1773 only)

C = 0, Disable Side Compare
C = 1, Enable Side Compare
For all Type Il commands bit 1 must be 0.

P = Write Precompensation (Bit 1) (1770/213)

P = 0,Enable Write Precomp
{ P = 1Disable Write Precomp

nhielesp—

L]
L
T
ol
A

TYPE IV COMMANDS
l3-lg Interrupt Condition (Bits 3-0)
— e

lo = Not Used (WD1770-00, WD 1772-00)
. Not Ready to Ready Transition (WD1773-00)
ly = Not Used (WD1770-00, WD1772-00)
l Ready to Not Ready Transition (WD1773-00)
I, = Interrupt on Index Pulse

I3 = immediate Interrupt
I3lo = Terminate without interrupt '

e — . A

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 (ro.f1), which
determines the stepping motor rate.

A 4 usec (MFM) or 8 usec (FM) pulse is provided as
an output to the drive. For every step pulse issued,
the drive moves one track location in a direction deter-
mined by the direction output. The chip steps the drive
in the same direction it last stepped unless the com-
mand changes the direction.

The Direction signal is active high when stepping in
and low when stepping out. The Direction signal is
valid 24 upsec before the first stepping pulse is
generated.

After the last directional step an additional *30 msec
of head settling time takes place if the Verify flag is
set in Type | Commands. There is also a *30 msec
head settling time if the E flag is set in any Type |
or Il 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 com:-
mand word to a logic 1. The verification operation
begins al the end of the *30 msec settling time after
the head is loaded against the media. The track
number from the first encountered 1D Field is com.
pared against the contents of the Track Register. [f
the track numbers compare and the 1D Field CRC is
correct, the verify operation is complete and an INTRQ
IS generated with no errors. if there is a match but not

1
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a valid CRC, the CRC error status bit is set (Status
Bit 3), and the next encountered 1D Field is read from
the disk for the verification operation.

The WD177X-00 finds an 1D Field with correct track
number and correct CRC within 5 revolutions of the
media, or the seek error is sel and an INTRQ s
gencrated. If V = 0, no verification is performed.

On the WD1770-00 and WD1772.00 only, all com-
mands, except the Force Interrupt Command, are pro-

YES
SET BUSY, RESET CRC,
SEEK EAROR, DRQ, INTAD
YES

SET MO
WAIT 6 INDEX PULSES

YES SET
DIRECTION
]
VES AESET ,
DIRECTION

YES
E‘
|

RESTORE

FFy TO TR
i
0 TO DR

oy

TYPE | COMMAND FLOW

Floppy Disk Controller Devices

grammed via the h Flag to delay for spindle molor
start up time. If the h Flag is not set and the MO
signal is low when a command is received, the
WD1770/2-00 forces MO to a logic 1 and waits 6
revolutions before executing the command. Al 300

RPM, this guarantees a one:second spindle stan up

time. If after finishing the command, the device
remains idle for 9 revolutions, the MO signal goes
back to a logic 0. If a command is issued while MO

DA TO DSA

DOES ES
TR = DSR e e

Y
- NO
!
I YES
1
NO
RESET OIRECTION SETDIRECTION

1S
DIRECTION
=

| NO
U ~1TOTR
I .

HEAD AT
TRACK 0 AND

[ -1TO TR \
DIRECTION

YES
0

NO
1ISSUE
ONE STEP PULSE
DELAY ACCORDING
TQ thﬂ FIELD

NO

ASTEP, STEP.UN
ORSTEP.QUT

ol il il ekl

TYPE | COMMAND FLOW
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IS high, the command execules immediately,
defeating the 6 revolution stant up. This feature allows
consecutive Read or Write commands without waiting
for motor start up each time; the WD1770/2-00
assumes the spindle motor is up to speed.

RESTORE (SEEXK TRACK 0)

Upon receipt ol this command, the Track 00
(TROQ) input Is sampled. I TROO is aclive low
indicating the Read/Wrile head is positioned over
track O, the Track Register is [paded with zeroes and
an interrup! is generated. Il TROO is not active low,
stepping pulses at a_rate specitied by the ry,r, field
are issued until the TROO input is activated.

Al this lime, the Track Register is loaded with zeroes
and an interrupt is generated. {f the TROO Input
does not go aclive iow after 255 stepping pulses, the
WD177XL00 terminales operation, interrupts, and sets
the Seek Error status bit, providing the V flag is set.

w

VERIFY
SEQUENCE

G INDEX
HOLES
PASSED

HAS
10 AM BEEN
DETECTED

NO
i
[rm———
SET
-~ CRAC

CRC ERARON

INTRQ
RESET BUSY et

TYPE | COMMAND FLOW

ERAORA

A verilication operalion also lakes place il the V [lag
is set. The h bit allows the Motor On option at the
start of a command.

SEEK

This command assumes tha! the Track Register con-
tains the track number of the current position of the
Road/Write head and the Data Rogister contains tho
deslred track number. Tho WD177X-00 updales tho
Track Register and issues stepping pulses in the
appropriate direction until the contents of the Track
Register are equal to the contenis of the Dala
Register (the desired track location). A verification
operation takes place If the V flag is on. The h bit
allows the Motor On option at the stant of the com-
mand. An interrupt is generated at the completion of
the command, Note: When using multiple drives, the
Track Register Is updated for the drive selected before
seeks are issued.

STEP

Upon receipt of this command, the WD177X-00 issues
one Stepplng Pulse 10 the disk drive. The stepping
motor direction Is the same as In the previous step
command. After a delay determined by the ry,r, 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 Motor On optlon at the start of the com-
mand. An Interrupt is generated at the completion of
the command.

STEP-IN

Upon recelpt of this command, the WD177X-00 issues
one Stepping Pulse in the direction towards track 76.
it the U flag Is on, the Track Register is incremented
by one, After a delay determined by the ry,rp field, a
veritication takes place if the V flag is on, The h bit
allows the Motor On option at the start of the com-
mand. An interrupt |s generated at the completion of
the command.

STEP-QUT

Upon receipt of this command, the WD 177X-00 Issues
one stepping pulse in the direction towards track 0.
If the U flag Is on, the Track Reglster s decremented
by one. After delay determined by the ry,rp field, a
verificatlion takes place Iif the V flag Is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated al the completlion of
the command. |

TYPE Il COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior {0 Ioading the Type Il Com-
mand Into the Command Reglster, the computer
loads 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 the command
executes after a 30 msec delay.

When an D lield is located on the disk, the
WD177X00 compares the Track Number on the ID
field with the Track Register, If there is not a match,
the noxt encountered 1D fleld is read and &8 com:-
parlson Is again made. lf there Is a match, the Sec.

1-8
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TYPE tI
COMMAND
NCCECIVID

NO

YES
SET BUSY RESET DRO. LOST

| DATA, RECORD NOT FOUND. 8
STATUS BITS 5 8 6 INTRQ

. o
YES

SETMO
WAIT

6 INDEX PULSES

HAS
JOMS
EXPIRED

NO

1S 13

YES WRITE YES COMMAND
! PROTECT A
ON WRITE

NOQ

NO
SETYWRITE PROTECT

TYPE | COMMAND

tor Number of the 1D field is compared with the
Sector Register. If there is no Sector match, the next
encountered 1D field is read oft the disk and com.
parisons again madae. {f the 1D field CRC is correct,
{he data field is located and is either written Into, or
read from, depending upon the command. The
WD177X-00 finds an (D fleld with a Track number, Sec-
tor number, ang CRC within four revolutions of the
disk, or, the Record Not Found Status bit is set (Status
Bit 4) and the command is terminated with an INTRQ.

.

Each of the Type ii Commands conlains an m lag
which dotermings ii multiplo records {seclors) are road
or written, depending upon the command. i m = 0,
a single seclor Is read or written and an Interrupt Is
generated at the completion of the command, I m
= 1, mulliple retords are read or written wilh the Sec.
tor Register Internally updafed so that an address
vari{lcation occurs on tho noxt record. Tho WD177X00
continues 1o road or wrlto multiplo rocords and
updates the Sector Register in numerical ascending
sequence until the Sector Register exceeds the
number of sectors on the track or until the Force Inter.
rupt Command is loaded into the Command Register,
which terminates the command and generates an
interrupt.

For example: [I*'tite WD177X-00 is instructed to read
sector 27 and there are only 26 on the irack, the Sec:
tor Reglster exceeds the number available. The
WD177X-00 searches for 5 disk revolutions, interrupts
out, resets Busy, and sets the Record Not Found
Status Bit,

READ SECTOR

Upon receipt of the Read Sector Command, the Busy
Status Bit Is set, then when an 1D 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 dala
fleld Is found with 30 byies in single density and 43
bytes in double density of the last 1D field CRC byle.
It not, the 1D field is searched for and verilied again
followed by the Data Address Mark search. If, after
five revelutions the DAM is not found, the Record Not
Found Status Bit is set and the cgeration is ter-
minated. When the first character or byte of the data
fleld is 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 tha cormputer has
not read the previous content!s oi the DR belcre a new
characler is transferred that character Is lost and the
Lost Data Status Bit Is set. This sequence continues
until the complete data field is inputted to the com.
puter. I there is a CRC error at the end of the data
field, the CRC Error Status bit is set, and the com-
mand is terminated (even if it Is a multiple record
command).

Al the end of the Read operation, the type of Data
Address Mark encountered In the data field s
recorded in the Status Register (Bil 5) as shown:

STATUS BIT §

i Feieted'oata_ﬂark
0 Data Mark _

WRITE SECTOR

Upon recelpt of the Write Sector-Command, the Busy
Status Bit is set. When an [D field Is encountered that
has the correct track number, correct sector number,
and correct CRC, a DRQ is generated. The WD177X00
counts off 11 bytes in single density and 22 bytes in
double denslty from the CRC field and the WG

Py

Floppy Disk Cohtraﬂer, Devices
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MAVE

PASSED

NO

NO

YES

DOES

NO TR = TRACK

FIELD

NO

IS
THERE A
CRC ERROR

YES
SET CAC
STATUS ERROR

IS
COMMAND
A
WRITE

HINDEX HOLES

ADDRESS Of 1D

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
AEGISTER

NO

READ

TYPE Il COMMAND

output is made active If the DRQ is serviced (i.e., the
DR is loaded by the computen). If DRQ is not serviced,
the command is terminated and the Lost Data Status

"~ DATA ADDRESS MARK (BIT 0) _

“Deleted Data Mark
LData Mark

-
1
9

Bit is set. If the DRQ is serviced, the WG is made
active and six bytes of zeroes in single density and
12 bytes in double density are written on the disk. The
Data Address Mark is then written on the disk as de-
termined by the a, field of the command as shown:

The WD177X-00 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

1-10
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READ SECTOR
SEQUENCE

HAS
DATA AM
OCCURED
IN TEME

NO

YES

PUT RECORD TYPE IN
STATUS REG 8IT 5

YES

HAS
FIRST BYTE
BEEN ASSEMBLEQ
IN DSAH

YES

SET DRQ

HAS
NEXT BYTE
AEEN ASSEMBLE(]
IN DSR

NO

YES

HAS
OR BEEN
READ BY COMPUTER
(DRQ = 0}

NO

SET DATA evererrm
LOGT

YES ]

HAVE
ALL BYTES
BEEN INPUTTED

NO

YES

YES CRC NO
ERROR

INTRQ, RESET BUSY
SET CRC ERROR

TYPE Il COMMAND

Floppy Disk Contrt:ﬂer Devices
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l DELAY 2 BYTES OF GAP

SET DRO

e

DLLAY 9 BYTES OF GAP

HAS
DR BEEN
LOADED BY COMPUTER
(DROQ = O

NO

YES

DELAY 1 BYTE OF GAP

TURN ON WG 8 WRITE
6 BYTES OF ZERDES

WRITE DATA AM
ACCORDING TQO Ag FIELD
OF WRITE COMMAND

WRITE BYTE TQO DiSK

DR 7O DSR. SET DRQ

HAS
DR BEEN
LOADED

(DRQ = Oy

NO

YES

MAVE

ALL BYTES
BEEN WRITTEN

NO YES

1-12

SEQUENCE

INTRQ, RESET BUSY |
SET LOST DATA
YES
DELAY 11 BYTES
TURN ON WG & WRITE
12 BYTES OF ZEROQES

SET DATA LOST
WRITE BYTE
OF ZEROES

WRITE CRC

WRITE 1 BYTE OF FF

TURN OFF WG

TYPE It COMMAND

Floppy Disk Controller Devices
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8it is set and a byte of zeroes is written on the disk.
The command is not terminated. After the last data
byte is written on the disk, the two-byte CRC is com-
puted internally and written on the disk followed by
one bylte of logic ones in FM or in MFM. The WG out-
put is then deactivated. INTRQ sets 24 usec (MFM)
after the last CRC byte is written. For partial sector
writing, the proper method is to write data and fill the

balance with zeroes.
TYPE Il COMMANDS

Read Address
Upon receipt of the Read Address Command, the

Busy Status Bit is set. The next encountered |D field
is then read in from the disk, and six data bytes of
the 1D field are assembled and transferred to the DR,
and a DRQ is generated for each byte. The six bytes
of the 1D field are shown:

SECTOR [SECTOR[ CRC | CRC
ADDR |LENGTH| 1 2

Although the CRC characters are transferred to the
computer, the WD177X-00 checks {or validity and the
CRC error status bit is set if there is a CRC error. The
Track Address of the D field is written into the sec-
tor reqister 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 [eading edge of the first encountered
index pulse and continues until the next index puise,
All Gap, Header, and data bytes are assembled and
transferred to the data register and DRQ's are
generated for each byte. The accumulation of bytes
is synchronized to each address mark encountered.
An interrupt is generated at the completion of the
command.

This command has several characteristics which
make it suitable for diagnostic purposes. They are:
no CRC checking is performed; gap information is

included in the data siream: and the Address Mark
Detector is on for the duration of the command.
Because the AM detectot is always on, write splices
or noise may cause the chip to look for an AM.

The 1D AM, 1D field, ID CRC bytes, DAM, Data, and
Data CRC Bytes for each sector are 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 How
diagrams.}

Data and gap information are provided at the com-
puter 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 Busy
Status Bit is set. Writing starts with the leading edge
of the first encountered Index Pulse and continues
until the next Index Puise, at which time the interrupt
is activated. The Data Request is activated
immediately upon receiving the command, but writing
does not start until after the first byte is loaded into
the Data Register. If the DR is not joaded within three
byte times, the operation is terminated making the
device Not Busy, the Lost Data Status Bit is set, and
the interrupt is activated. it a byte is not present in
the DR when needed, a byte of zeroes is substituted.

This sequence continues from one Index Pulse to the
next. Normally whatever data pattern appears in the
Data Register is written on the disk with a normal
clock pattern. However, if the WD177X-00 detects a
data pattern of F5 through FE in the Data Register,
this is interpreted as Data Address Marks with miss-
ing clocks or CRC generation.

The CRC generator is initialized when any data byte
from F8 to FE is transferred from the DR to the DSR
In FM or by receipt of F5 in MFM. An F7 pattern
generates two CRC characters in FM or MFM. As a
consequence, the patterns F5 through FE do not
appear in the gaps, data tield, or 1D fields. Also, CRC's
are generated by an F7 pattern.

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

DATA PATTERN

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, Present CRC
F6 Not Allowed Write C2** in MFM
F7 t 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.

| |
1-13
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1-14

SET INTRQ
LOST DATA
RESEY BUSY

SET BUSY, RESET DRQ,
LOST DATA STATUS
BITS 4.5

b

o -
YES |

DELAY 6 ‘
INDEX PULSES

YES

HAS
J0 MS
EXPIRED

YES

1
4
YES
INTRQ RESETY
BUSY SET WPRT
NO

SET DROQ |
DELAY 3 BYTE
TIMES ]

HAS
DRQ BEEN
SERVICE

NO

YES

TYPE Il COMMAND WRITE TRACK

Floppy Disk Controller Devices



YES (MFM)

NO (FM)

YES WRITE 2 CRC
CHARS CLK = FF

DOES YES WRITE FC
DSR = FC CLK = 07
I "
DOES WRITE FO. FE OR
DSR = FD. FE. YES | Fa.Fo. CLK = C7

OR F8.FB INITIALIZE CRC

WRITE DSR
CLK = FF

PHYS
INDEX MARK

INTRO RESET YES
BUSY

YES

NO

WRITE
NO 1 ayTE OF ZEROES |
SET DATA LOST

HAS
DR BEEN
LOADED

YES WRITE At IN MFM
| DOES
DSHO= F5 WITH MISSING
CLOCK INITIALIZE
CRC
NOQ
WRITE C2 IN MFM
DS%OESFﬁ YES WITH MISSING
- CLOCK
NQ
DOES YES WRITE 2 CRC
NO
WRITE DSR
IN MFM

ik F—

TYPE lIl COMMAND WRITE TRACK

Floppy Disk Controller Devices
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(200

TYPE IV COMMANDS

The Forced Interrupt Command is used {0 terminate
a multipie sector read or write command or to insure
Type | status in the Status Register. This command
is loaded into the Command Register at any time. [f
there is a current command under excecution (Busy
Status Bitl set) the command is terminated and the
Busy Status Bit resel,

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

Iy = Notused (W01770-00, WD1772-00), Not Ready
To Ready Transition (WD1773-00)

Not Used (WD1770-00, WD1772-00), Ready To
Not Ready Transition (WD1773-00)

[y Every Index Pulse

ty Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (l3-1,) are
set to a 1. When the condition for interrupt is met the
INTRQ line goes high signifying that the condition
specified has occurred. if 15-l5 are all set to zero (Hex
DO), no interrupt occurs but any command presently
under execution is immediately terminated. When us-
ing the immediate interrupt condition {I; = 1) an in-
terrupt is immediately generated and the current
command terminated. Reading the status or writing
to the Command Register does not automatically
clear the interrupt. The Hex DO is the only command
that enabtes 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 usec (double density) or 32 usec (single den-
sity) before issuing a new command after issuing a
forced interrupt. Loading a new command sooner
than this nullifies the forced interrupt.

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

Status Register

Upon receipt of any command, except the Force Inter-
rupt 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 notl a current command
under execution, the Busy Status 8it 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 Reqister
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.

s

FI ]!

1-16

The Busy Bit in the status may be monitored with a
user program to determine when a command is com-
plete, in lieu of using the INTRQ line. When using the
INTRQ, a Busy Status check is not recommended
because a read of the Status Register to determine
the condition of busy resets the INTRQ line,

The format of the Status Register is shown below:

bl il

(BITS) _
7 [ 6 ] 543 [2]1]0
S7 196 | S5 1S4 | 831821 S1 | S0

Because of internal sync cycles, certain time delays
are observed when operating under programmed |/O,
as shown,

Hf}elay Req’d.
Operation | Next Operation FM MFM
Write to Read Busy Bit | 48usec| 24usec

Command Reg. | (Status Bit Q)

4

Write to Read Status B4usec| 32usec
Command Reg. | Bits 1-7 _

Write Read Same 32usec| 16usec
Register ; Register

—_&

RECOMMENDED - 128 BYTES/SECTOR

The recommended single-density format with 128
bytes/sector is shown. In order to format a diskette,
the user issues the Write Track Command, and loads
the Data Register with the following values. For every
byte to be written, there is one Data Request.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
40 FF (or 00) '
6 00
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number {1 thru 10)
1 00 (Sector Length)
1 F7 (2 CRC's wrltten)
11 FFE {or 00)
6 00
1 FB (Data Address Mark)
128 Data (IBM uses ES)
‘_1 F7 (2 CRC's written)
10 FF (or 0O)
. 369*° FF (or 00)

*Write bracketed field 16 times.
**Continue writing until WD177X-00 interrupts out.
Approx. 369 byltes.

Floppy Disk Controller Devices
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256 BYTESISECTOR

Shown below is the recommended dual-density for-
mat with 256 bytes/sector. In order to format a
diskette the user issues the Write Track Command
and loads the Data Register with the following values.
For every byte to be written, there is one data request.

*Write bracketed field 16 times.
**continue Writing until WD177X-00 interrupts out.
Approx. 668 bytes.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
60 AE
12 00
3 FS (Writes A1)
1 FE (ID Address Mark)
1 Track Number (O thru 4C)
1 Side Number (0 or 1)
1 Sector Number (1 thru 10)
1 01 (Sector Length)
1 F7 {2 CRC's written)
22 4E
12 00
3 S (Writes A1)
1 FB (Data Address Mark)
256 DATA
1 F7 (Data Address Mark)
24 4k
668 * 4E

1. Non-Standard Formats

Variations in the recommended formats are possible

{0 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 WD177X-00. Gap 1, 3 and 4
lengths are as short as 2 bytes for WD177X-00 opera-
tion, however PLL [ock up time, motor speed varia-
tion, write-splice area, etc. adds more bytes to each
gap to achieve proper operation. For highest system
reliability use the recommended format.

l’ FM MFM |
Gap | 16 bytes FF 32 bytes 4E
| Gap Il 11 bytes FF 22 bytes 4E
| ‘ 6 bytes 00 12 bytes 00
. . 3 bytes A1
Gap (It** 10 bytes FF 24 bytes 4E
4 bytes 00 8 bytes 00
3 bytes A1
GaplV. 16 bytes FF 16 bytes 4E

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

STATUS REGISTER DESCRIPTION (WD1770-00 and WD1772-00 only)

ol S enberrainiieik

BIT NAME MEANING

| =

S7 MOTOR ON

: ThlS bxt reflects the status of the Motor On output

S6 WRITE PROTECT

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

il

S5 RECORD
TYPE/SPIN-UP

'S4 RECORD NOT
FOUND (RNF)

33 CRC ERROR

When set, thus bit mdlcates that the Motor Spin-Up sequence has completed
(6 revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates
record Type. 0 = Data Mark. 1

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

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

= Deleted Data Mark.

S2 LOST DATA/
BYTE
| status of the TROO signal.

When set, it indicates the computer did not respond to DRQ in one byte'timé.
This bit is reset to zero when updated. On Type | commands, this bit reflects the

L(S‘I DATA REQUEST
INDEX

signal.

- i

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 emply on a Write operatlon This bit is reset to zero
when updated. On Type 1 commands, this bit indicates the status of the IP

P,

SO BUSY

execution.

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

1-18
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STATUS REGISTER SUMMARY (WD1773-00 only)

. B

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 ANF 0
S3 |[CRC ERROR |CRC ERROR |[CRC ERROR 0 CRC ERROR 0
s2 |TRACK 0 LOST DATA |[LOST DATA |LOST DATA |LOST DATA |LOST DATA
S1 |INDEX PULSE {DRQ DRQ DRQ | DRQ DRQ
SO |BUSY BUSY  |BUSY BUSY | BUSY | BUSY

STATUS FOR TYPE | COMMANDS (WD1773-00 oniy)

BIT NAME MEANING N
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 l_-i_LT signals.
S4 SEEK ERROR When set, the desired track was not verified. This bit is reset to 0 when updated.
1 53 CRC ERROR CRC encountered in ID field.
S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the TROO input.
S1 INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of
the IP input.
S0 BUSY When set, command is in progress. When reset no command is in progress.

STATUS FOR TYPE 1l AND [il COMMANDS (WD1773-00 ONLY)

BIT NAME [ meaniNng | |

37 NOT READY This I;»it"wﬁen—set indicates the drive is noT?Eady. 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 ill Commands will not execute unless the drive is ready:.

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

S5 RECORD TYPE On Read Record: It indicates the record-type code from data field address mark. |
| 1 = Deleted Data Mark. 0 = Data Mark. On any Write: Forced to a Zero.

'S4 RECORD NOT When set,-E indicates that the desire track, sector, or side were not found. This bit
FOUND (RNF) I_i_s_ reset when updated.

S3 CRC ERROR Iif S4 is se;t. 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 fuli on a Read
. 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.

l . _ b — alfeliliar kil

S0 BUSY
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DC ELECTRICAL CHARACTERISTICS NOTE

MAXIMUM RATINGS Maximum limits indicate where permanent device
damage occurs. Continuous operation at these {imits

Storage Temperature ............. 55°C (67°F) to _ * 7
+ 1925..;,(3 (;570,:) (67°F) is not intended and should be limited to those con-
Operating Temperature 0°C (32°F) to ditions specified in the DC Operating Characteristics.

70°C (158°F) Ambient
Maximum Voltage to Any Inpul
with RespecttoVgg. .. ........... .. + 7V 10 0.5V

DC OPERATING CHARACTERISTICS
TA = 0°C(329F) to 70°C (158°F), Vgs = OV, Vge = +5V + .25V

SYMBOL CHARACTERISTIC MIN MAX | UNITS CONDITIONS

L Input Leakage 10 KA Vin = Vee
IOL OUtpUt Leakage 10 }JA VOUT = VCC
Vg Input High Voltage 2.0 V
Vin Input t.ow Voltage 0.8 V
Vou Output High Voltage 2.4 Vv lg = -100 pA
Vo Output Low Voltage 040 | \ g = 1.6 mA
Po Power Dissipation 75 W
RPU Internal PU“'UD 100 1700 jJA VIN = 0V
lcc Supply Current 75(Typ) 150 mA

AC TIMING CHARACTERISTICS

TA = 0°C (32°F) to 70°C (158°F), YSS = QV, VCC = +5V % .25V

- A — i —— — —y

D e v

DALS

0.7 >< VALID x

orRQ — “"—_—_—____\_

READ ENABLE TIMING

READ ENABLE TIMING - RE such that: R’W = 1, CS = 0.

[ symsoL CHARACTERISTIC MIN | TYP | MAX [ UNITS CONDITIONS
tae RE Pulse Width of CS 200 nsec C, = 80 pf
lorR DRQ Reset from _RE 200 300 nsec
lov Data Vatid from RE 100 200 nsec Cy = 50 pf
looH Data Hold from RE___ 20 150 nsec C.= 50 pf

L INTRQ Reset from RE B usec |

Note: DRQ and INTRQ reset are from rising edge (lagging) of RE, whereas resets
(leading) of WE. Worst case service time for DRQ is 23.5 usec for MFM and 47.5 usec for FM.

are from falling edge

1-20
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DALS
Q.7

ISET —»- el el |-<—— tHLD
— &
AW \ /
|AS ——eied ————— F- Y p—-" o M.

DRO
| -t [DRW

WRITE ENABLE TIMING

WRITE ENABLE TIMING - WE such that: R’'W = 0, CS = 0.

SYMBOL |  CHARACTERISTIC MN | TYP | MAX | UNITS |  CONDITIONS

tas Setup ADDR to C CS 50 nsec

tser Setup RW to CS 0 nsec

tan Hold ADDR from CS 10 nsec

tHLD t’_?_‘d RW from CS 0 nsec

| twe | WE Puise Width _ 200 | nsec
i loaw DRQ Reset from WE 100 200 nsec
tos Data Setup to WE | 150 nsec

ton Data Hold from WE 0 nsec
INTRQ Reset from WE | | 8 usec

READ DATA TIMING:

[ CHARACTERISTIC MIN TYP MAX UNITS COPSDITIONS

i

l Raw Read Pulse Width 200 3 usec MFM
. | 400 3 M
Raw Read Cycle Time | 3 usec

Floppy Disk Controller Devices | 1-21
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_ _
WRITE DATA TIMING:

SYMBOL CHARACTERISTIC | MIN TYP MAX UNITS _ CONDITIONS
Write Gate to Write Data 4 nsec FM
2 nsec MFM
Write Data Cycle Time 46,8 nsec
Write Gate off from WD 4 nsSec FM
2 usec MFM
twe Write Data Pulse Width 820 nsec Early MFM
630 nsec Nomina! MFM |
570 nsec Late MFM
1.38 nsSec FM
B - o )

1

- i l
L L L

f.._ O 2\
i

EARLY two

>
>
>
>

NOMINAL tywp

4112 CLKS “———I \

- P e U —

LATE hyp

WRITE DATA TIMING

o
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e

MISCELLANEOUS TIMING:

STEP IN |
wtllfpwe—n H1H0‘ e

Im— '0IR ->| IsTP I-—-' IsTP I--—— l«— t01A —»l 'sPT l-—

MISCELLANEOUS TIMING

w

CONDITIONS

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS
NSRS VE—=—— +
tens Clock Duty (low) 50 67 nsec
tcoz ClLock Duty (high) 50 67 nsec
tste Step Pulse Output 4 usec
8
tor Dir Setup to Step 24 usec
48
tuA Master Reset Pulse Width 50 usec
tip Index Pulse Width 20 usec

MEM
FM
MFM
M
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