















































































































































































































































































































































Read cnable (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 inter-
preted as selecting the following registers:

A1-AQ READ (RE) WRITE (WE)
0 0 Status Register Command Register
0o 1 Track Register Track Register
10 Sector Register Sector Register
11 Data Register Data Register

During Direct Memory Access (DMA) types of data
transtfers between the Data Register of the FD179X
and the processor, the Data Request (DRQ) output is
used in Data Transfer control. This signal also ap-
pears as status bit 1 during Read and Write opera-
tions.

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
nto the register prior to processor readout, the Lost
Data bit is set in the Status Register. The Read op-
eration 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
io 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 Re-
gister.

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 gener-
ated if a Forcé Interrupt command condition is met.

FLOPPY DiSK INTERFACE

The 1791 and 1793 have two modes of operation ac-
cording 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 singlé density and double density.
When the clock is at 2 MHz, the stepping rates of 3,
6, 10, and 15 ms are obtainable. When CLK equals 1
MHz these times are doubled. The 1792/4 operates
in the single density mode only, with Pin 37 left open
by the user.

HEAD POSITIONING

Five 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 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
flag is set in any Type Il or lli command.

The 1ates (shown in Table 1) can be applied to a
Step-Direction Motor through the device interface.

Step—A 2 us (MFM) or 4 us (FM) pulse is provided
as an output to the drive. For every step pulse is-
sued, the drive moves one track location in a direc-
tion determined by the direction output.

Direction (DIRC)—The Direction signal is active high
when stepping in and low when stepping out. The Di-
rection 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 (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
numter from the first encountered ID Field is com-
parec against the contents of the Track Register. If
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify oper-
ation is complete and an INTRQ is generated with no
errors. The FD179X 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.

Table 1. STEPPING RATES

CLK 2MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz
DDEN 0 1 0 1 X X

R1 RO TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0

00 3 ms 3ms 6 ms 6 ms 200 us 400 us
01 6 ms 6 ms 12 ms 12 ms 200 us 400 us
1 0 10 ms 10 ms 20 ms 20 ms 200 us 400 us
11 15 ms 15 ms 30 ms 30 ms 200 pus 400 us

The Head Load (HLD) output controls the movement
of the read/write head against the media. HLD is ac-
tivated 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 ac-
tive until either a Type | command is received with
(h = 0and V = 0); or if the FD179X is in an idle state
(non-busy) and 15 index pulses have occurred.
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Head Load Timing (HLT) is an input to the FD179X
which isused for the head engage time. When
HLT =1, the FD179X assumes the head is com-
pletely 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}‘—_'———'—'
fe——50 TO 100m$ ——=]
’— — o —

]
i

{
7
: 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 a status bit in Type |
status.

In summary for the Type | commands: if h = 0 and
V =0,HLDisreset. Ifh = 1andV = 0, HLD is set at the
beginning of the command and HLT is not sampled nor
is there an internal 15 ms delay. f h=0and V =1,
HLD is set near the end of the command, an internal
15 ms occurs, and the FD179X waits for HLT to be
true. Ifh = 1 and 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
occeur.

For Type Il and lil commands with E flag off, HLD is
made active and HLT is sampled until true. With E
flag on, HLD is made aciive, an internai 15 ms delay
occurs and then HLT is sampled until true.

UISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtaina-
ble 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 a speciat
byte in the “ID" field. If this Sector length byte in the
ID field is zero, then the sector length is 128 bytes. If
01 then 256 byies. If 02, then 512 bytes. If 03, then
the sector length is 1024 bytes. The number of sec-
tors 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, the FD179X requires RAW
READ Data (Pin 27) signal which is a 250 ns pulse
per flux transmon 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) which can be used
to inform phase lock loops when to acquire syn-
chronization. When reading from the media in FM. RG
is made true when 2 bytes of zeroes are detected.
The FD179X 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. If an ad-
dress mark is found within 10 bytes, RG remains true
as long as the FD179X is deriving any useful informa-
tion from the data stream. Similarly for MFM, RG is
made active when 4 bytes of “00" or “FF" are de-
tected. 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 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 WIF/VFOE is not used, leave open or tie to a 10K
resistor to +5.

DISK WRITE GPERATION

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 im-
mediately terminated, an interrupt is generated and
the Write Protect status bit is set. The Write Fault in-
put, when activated, signifies a writing fauit condition
detected in disk drive electronics such as failure to
detect write current flow when the Write Gate is acti-
vated. On detection of this fault the FD179X termi-
nates the current command, and sets the Write Fauit
bit (tit 5) in the Status Word. The Write Fault input
shou d be made inactive when the Write Gate output
beco nes 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 250 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 puise 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.
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Whenever a Read or Write command (Type |l or liI)
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 regardless of the state of the Ready
input. Also, whenever a Type |l or Ill command is re-
ceived, the TG43 signal output is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Com-
mand 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 Interrrupt 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 re-
set. The Status Register indicates whether the com-
pleted command encountered an error or was fault
free. For ease of discussion, commands are divided
into four types. Commands and types are sum-
marized in Table 2.

Table 2. COMMAND SUMMARY

BITS
TYPE COMMAND 765 43210
| Restore 0000 hVTHT
} Seek 000 1hVnr
| Step 001uhVnrn
! Step In 01 0uhVnr
| Step Out 01 1uhVnn
i Read Sector 100mSECO
i Write Sector 101mSECa
i Read Address 11000EOQ00O0
] Read Track 11100EO00O0
i Write Track 11110EO00
v Force interrrupt 1101 6Lk L Y

Note: Bits shown in TRUE form.

Table 3. FLAG SUMMARY

TYPE | COMMANDS
h = Head Load Flag (Bit 3)

h = 1, Load head at beginning
h =0, Unload head at beginning

V = Verify flag (Bit 2)

V = 1, Verify on destination track
V = 0, No verify

rro = 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

Tabie 4. FLAG SUMMARY
TYPE Il & Il COMMANDS
m = Multiple Record flag (Bit 4)

m = 0, Single Record
m = 1, Multiple Records

a, = Data Address Mark (Bit 0)

ao = 0, FB (Data Mark)
a = 1, F8 (Deieted .Data Mark)

E = 15 ms Delay (2MHz)
E =1, 15 ms delay
E =0, no 15 ms delay
S = Side Select Flag

S = 0, Compare for Side 0
S = 1, Compare for Side 1

C = Side Cornpare Flag

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

Table 5. FLAG SUMMARY
TYPE IV COMMAND

li = Interrupt Condition flags (Bits 3-0)

10 = 1, Not-Ready to Ready Transition
11 = 1, Ready to Not-Ready Transition
12 = 1, Index Pulse

I3 = 1, Immediate interrupt

13‘-|'0; = 0, Terminate with no Interrupt

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-in, and Step-Out commands. Each of the
Type | Comrnands contains a rate field (ror), which

determines the stepping motor rate as defined in
Table 1.

The Type | Commands contain a head load flag (h)
whick determines if the head is to be loaded at the
begirning of the command. If h = 1, the head is
loaded at the beginning of the command (HLD output
is mede active). If h = 0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
until the FD179X receives a command that specifi-
cally disengages the head. If the FD179X is idle
(busy = 0) for 15 revolutions of the disk, the head will
be automatically disengaged (HLD made inactive).

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 verifi-
cation is performed, if V = 0, no verification is per-
formed.

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
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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, and Seek
Error Status bit (Status bit 4) is set and the Busy
status bit is reset. If there is a match but not a valid
CRC, the CRC error status bit is set (Status bit 3),
and the next encountered ID field is read from the
disk for the verification operation. If an ID field with a
valid CRC cannot be found after four revolutions of
the disk, the FD179X terminates the operation and
sends an interrupt, (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.

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 i5 to 16) at a rate specified by the riro field are
issued until the TROO input is activated. At this time the
Track Register is loaded with zeroes and an interrupt is
genelated. If the TROO input does not go active low
after 255 stepping pulses, the FD179X terminates op-
eration, 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 inac-
tive state.

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 FD179X will update the
Track register and issue stepping puises in the ap-
propriate direction until the contents of the Track re-
gister are equal to the contents of the Data Register
(the desired track location). A verification operation

HAS

A TYPE |

COUMMAND BEEN

RECEIVED
2

SET BUSY. RESET CRC.
SEEK ERROR. DRQ. INTRQ

SET
DIRECTION

RESEY
DIRECTION

NO . RESTORE

FF,TOTR

\/

r DR TO DSR x

SET DIRECTION

T

TRACK 0 AND
DIRECTION
=0

ISSUE
ONE STEP PULSE

1

DELAY ACCORDING
TO R1. RO FIELD

COMMAND

A STEP, STEP-IN.

OR STEP-OUT,
?

YES

TYPE | COMMAND FLOW

TYPE | OTMMAND FLOW
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takes place if the Vflag 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 com-
mand.

STEP

Upon receipt of this command, the FD179X issues
one stepping puise to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by therio 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 flag is on, the Track Register is incremented
by one. After a delay determined by the riro field, a

INTRQ RESET BUSY

No

INTRQ, RESET BUSY
SET SEEK ERROR

HASG

10 AM BEEN

DETECTED
2

1S

THERE A

CRC ERROR
?

DOES
TR: TRACK

b e o e ADDRESS OF 1D
FIELD
A .
YES -
ANTRQ
RESET BUSY
NOTE 1FTEST 0 THERE 15 NO 15MS DELAY

¥ IEST  TAND GUK 3 MMz THERE 1S A 30MS DELAY

TYPE | COMMAND FLOW

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 FD179X issues
one s.epping 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 niro field, a ver-
ification takes place if the V flag is on. The h bit al-
lows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Il COMMANDS

The Type || Commands are the Read Sector and
Write Sector commands. Prior to loading the Type |l
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 sam-
pled after a 15 msec delay. If the E flag is O, the
head is loaded and HLT sampied with no 15 msec
delay. The ID field and Data Field format are shown
on page 12.

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 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 D
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 FD179X
must find an ID field with a Track numkber, 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.

Sector Length Table

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 inter-
rupt 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 until the sector regis-



ter 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.

If the Sector Register exceeds the number of sectors

on the track, the Record-Not-Found status bit will be’

set.

The Type Il commands also contain side select com-
pare flags. When C = 0, 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. If the S flag compares with the side number
recorded in the ID field, the 179X 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.

1S
TYPE I
COMMAND
RECEIVED
?

SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND. &
STATUS BITS 5 & 6 INTRQ

INTRQ
RESEY BUSY

NO
IS HLY «1?

YES

1S YES

TR>43 94
?

TG43

NO

RESET TG43

INTRQ, RESET BUSY
SET WRITE PROTECT

#NOTE: 1F TEST + 0. THERE IS NO 15MS DELAY
1F TEST = 1 AND CLK » 1 MHz, THERE 1S 30MS DELAY

TYPE If 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
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 reed the previous contents of the DR before a
new character is transferred that character is lost and

INTRQ. RESET BUSY
SET RECORD-NOT FOUND,

y
HAVE
S5INDEX HOLES
PASSED
?
NO

HAS
10AM

NO

BEEN
DETECTED
?

DOES
TR = TRACK

ADDRESS OF 1D
\me;o
2

NO

DOES
SR - SECTOR
ADDRESS OF ID

NO

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

THERE A

SEY CRC
SYATUS ERROR CRC E"RNOR

TYPE Il COMMAND



SECTOR|SECTOR

_ CRC|CRC|GAP |D
‘NUMBER LENGTH 1

|

In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5

missing.

INTRQ. RESET BUSY
SET RECORD-NOT FOUND

PUT RECORD TYPE IN
STATUS REG 8IT 5

e ] ves

HAS

FIRSY BYTE

BEEN ASSEMBLED
IN OSR

HAS
NEXT BYTE

BEEN ASSEMBLED
IN DSH

HAS'

On NEFN

READ BY

COMPUTER
.

p— SEY DATA
LOST

SECTOR REG

INTRO, RESET BUSY ‘
SET CHC ERAOR
4 ‘ INTRQ RESET BUSY ,

N

{ OELAY 2 BYTES OF GAP

Y

[ SEY DRQ ]

1

F DELAY 8 BYTES OF GAP ]

A

DR BEEN

LOADED BY

COMPUTER

(DRQ : 0]
5

INTRQ. RESEY BUSY
ETLOST DATA

>
s

[ DELAY 1 BYTE OF GAP

TURN ON WG 8 WRITE
6 BYTES OF ZEROS DELAY 11 BYTES

1 !

WRITE DATA AM
ACCORDING TO AQ FIELD
OFf WRITE COMMAND

|
1

f OR TO DSR SEY DRQ l

!

[ WRITE BYTE TO DISK —!

TURN ON WG & WRITE
12 BYTES OF ZEROS

SET DATA
I3l

LOS
WRITE BYTE
OF 2EROS

HAVE

NO ALL BYTES
BEEN WRITTEN WRITE CRC
’ )
[ WRITE 1 BYTE OF FF 1
I TURN OFF WG ]

O

TYPE Il COMMAND

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 lt is a multiple record
command).

At the end of the Read operatnon the type of Data
Address Mark encountered in the data field is re-
corded in the Status Register (Bit 5) as shown below:

STATUS
BIT S5
1 Deleted Data Mark
0 Data Mark

TYPE Il COMMAND
WRTE 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 num-
ber, 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 ser-
viced, the WG is made active and six bytes of zeros
in single density and 12 bytes in double density are
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then written on the disk. At this time the Data Ad-
dress Mark is then written on the disk as determined
by the ao field of the command as shown below:

ao Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

ENTER

NO

Ot

YES

- SEV BUSY, RESET DRQ,
LOST DATA, STATUS
4,

;1) s
) NO INTRQ
RESET BUSY
YES
SET HLD

HAS

15 MS

EXPIRED
?

Y%

NO

Yes OR TO DSR

TG43 UPDATE

NO
SET DRQ

DELAY 3 BYTE
TIMES

HAS
ORQ BEEN
SERVICE
' YES

TYPE Il COMMAND WRITE TRACK

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 Dgta 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 of logic ones in FM or in MFM. The WG
output is then deactivated. '

TYPE lil COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the
head is loaded and the Busy Status Bit is set. The

SET DRQ

TG HESET
HBUSY B WIRT

SET INTAQ
LOST DATA
RESET BUSY

YES  (MFM)

WRITE 2 CRC
CHARS CLK « FF

WRITE FC
CLK » D7 bl

WRITE FD, FE OR
| FeFB.CLK:CY
INITIALIZE CRC

WRITE DSR

CLK « FF
T-
PHYS
INTRQ RESET BUSY INDEX MARK
2
NO

WRITE
BYTE OF ZEROS
SET DATA LOST

HAS
DR BEEN
LOADED”?

WRITE A" IN MFM
WITH MISSING CLOCK
INITIALIZE CRC

WRITE C2° IN MFM
WITH MISSING CLOCK|

WRITE 2 CRC
CHARS

WRITE OSR
IN MFM

TYPE |l COMMAND WRITE TRACK

next encountered ID field is then read in from the
disk, and the six data bytes of the ID field are as-
sembled 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:|.GRC | CRC
ADDR. | NUMBER | ADDRESS |'LENGTH | 1 | 2
T B R e ;5 6

Aithough 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. At the end of the operation an inter-
rupt is generated and the Busy Status is reset.
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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.
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. The accumulation
of bytes is synchronized to each Address Mark en-
countered. Upon completion of the command, the in-
terrupl is activated. RG is not activaled during the
Read Track command.

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 Re-
quest 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
DK 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 substi-
tuted. Address Marks and CRC characters are writ-
ten o0 the disk by detecting certain data byte pat-
terns 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 transfer-
red from the DR to the DSR in FM or by receipt of
F5 in MFM.

CONTROL BYTES FOR INITIALIZATION

DATA PATTERN FD179X INTERPRETATION FD1791/3 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 Cik = 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 & 4

TYPE IV COMMAND

FORCE INTERRUPT

This command can be loaded into the command re-
gister at any time. If there is a current command
under execution (Busy Status Bit set), the command
will be terminated and an interrupt will be generated
when the condition specified in the.lo through Is field

is detected. The interrupt conditions are shown be-
low:

lo = Not-Ready-To-Ready Transition

I = Ready-To-Not-Ready Transition

Iz = Every Index Puise

Is = Immediate Interrupt (requires reset, see
Note) .

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

STATUS DESCRIPTION

Upon receipt of any command, except the Force In-
terrupt command, the Busy Status bit is set and the

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

The format of the Status Register is shown below:

(BITS)
7 (3] 5 4 3 2 1 0
S7 | S6 | S5 1 S4 | 83 | s2 | 81 | SO

Status varies according to the type of command exe-
cuted as shown in Table 6.
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Table 6. STATUS REGISTER SUMMARY

ALL TYPE | READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 |NOT READY |NOT READY NOT READY NOT READY |NOT READY | NOT READY
S6 |WRITE 0 0 0 WRITE WRITE

PROTECT PROTECT PROTECT
S5 |HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT | WRITE FAULT
S4 |SEEK ERROR |RNF RNF 0 RNF 0
S3 |CRC ERROR |CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 |TRACK 0 LOST DATA LOST DATA LOST DATA |[LOST DATA |LOST DATA
S1 |INDEX DRQ DRQ DRQ IDRQ DRQ
S0 |BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | COMMANDS

BIiT 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 ‘orecd’ with MR.

56 PROTECTED
»

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

S5 HEAD LOADED

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

S4 SEEK ERROR

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

S3 CRC ERROR

CRC encountered in ID fieid. -

52 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
IP input.

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

STATUS BITS FOR TYPE Il AND Il COMMANDS

BiT NAME

MEANING

57 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 mput and ‘ored’ with MR. The Type il
and Il 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. s

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 ﬂelds, otherwase 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.

51 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 whep up-

dated.

$0 BUSY

When set, command is under execution. When reset, no command is under execution.
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FORMATTING THE DISK

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

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 compu-
ter interface.

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

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

IBM 3740 FORMAT—128 BYTES/SECTOR

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

*Write bracketed field 26 times
**Continue writing until FD1791 interrupts out.
Approx. 247 bytes.

PHYSICAL INDEX

WRYTES IMm
92 BYTLS MIM

/—— INDEX ADDRESS MARK

GAIL S e .
o GAP Y A GAP 2 DATA
DATA PRE INDLX IEYIES POST INDEX | 3 BYTES i 10 GAP FIE 0 DATA 0 0ATA FIELD) DATA FIEL D 0
L0 DATA GAP
HELD "mas:x: ) MFM 26YIEFM | MEm wi‘coo?ﬂ 1TBYIES ¢M | RECORD | 33 BYTE fas | RECORD | 3AP 2 | RECORD | Gap 3 | RECORD | Gap 2 | AECOHD u:gonu Gaw 2| AFCORD oo,
4BVIES MEM | oniy 62 BYTES MFM| ONLY 34 BYTE MFM wo 1 |66 BYTE MF NO 2 NO 7 NO ) NO 3 » NO 2
NOMINAL 0 MEM

anoness | TAacx | sioe | secron fsecron
ARk | NUMBER | NUMBLR | NUMBER | LENGTH

DATA OR
DELETED CRC CRC
ATA

o USER 0ATA BYlEr | Bvie?
ADORESS
MARK

\

H i
. 1 |
“MISSING CLOGK 1o SITION AP | . | .
BETWEEN BITS « ANL & - GAP2 a ar
**MISSING CLOCx 'llNﬁl'lON I I
BETWEEN BITS 3 AND ¢
1
o 1 8YIES 6BYTES ~emd 0 rvavie 28vIES 0
MFM 22 8Y1ES / 12 BYTES 3 1Y \ 3
WRITE GATL TURN ON FOR UPDATE . N wen WHITE TURN OFF TOR UPDATE
OF NEXT DATAFOLD OF PREVIOUS DATA NELD
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IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

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

NON-IBM FORMATS

Variations in the IBM format are possible to a limited
extent if the following requirements are met: sector
size must be a choice of 128, 512 or 1024 bytes; gap
size must be according to the following table. Note
that the Index Mark is not required by the FD179X.
All gap sizes shown are the minimum values required
by the 179X.

FM MFM
Gap |- 16 bytes FF .| 16 bytes 4E
Gapll' |11 bytes FF: . |22 bytes 4E
. 6 bytes OO M2 bytes 00
SR | 3bytes'Ar -
- Gap Hl - 10 bytes FF~ - /|16 bytes 4E . |
"% | 4bytes00 - ' | 8bytes00 "
Gap IV 16 bytes:FF ... |16 bytes 4E- -

NUMBER HEX VALUE OF .
QE BYTES BYTE WRITTEN .
80 4E ‘ S
12 00
3 F6
1 FC (Index Mark)
50" 4E
12 00
3 F5.
1 FE (ID Address Mark): - ..
1 Track Number (0 thru: 40)
1 Side Number (0 or 1) .
1 Sector Number (1 thru 1A)
1 ()]
1 F7 (2 CRCs wntten)
22 4E
12 00
3 F5
1 FB (Data Address Mark) -
256 DATA
1 F7 (2 CRCs written)
54 4E
598** 4E

* Write bracketed field 26 times
**Continue writing until FD179X interrupts out.
Approx. 598 bytes.

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

ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS
Voo With Respect to Vss (Ground) =15 to - 0.3V

Max. Voitage to Any Input With =15to 0.3V
Respect to Vss
Operating Temperature 0°C to 70°C

Storage Temperature -55°C to +125°C

OPERATING CHARACTERISTICS (DC)
Ta = 0°C to 70°C, Voo = +12.0V %.6V,
Vss = OV, Vcc =+5V +.25V
Voo = 10 ma Nominal, Vec = 35 ma Nominal

SYMBOL CHARACTERISTIC MIN. TYPE. MAX. UNITS | CONDITIONS
I Input Leakage 10 MA Vin = Voo
lou Output Leakage 10 MA Vour = Voo
Vin Input High Voltage 2.6 Vv
Vi Input Low Voltage 0.8 Vv
Von Output High Voltage 2.8 \Y lo = 100 A
Vou Output Low Voltage 0.45 \ lo = 1.6 mA
Po .| Power Dissipation 0.5 w
TIMING CHARACTERISTICS
Ta = 0°C to 70°C, Voo = + 12V * .6V, Vss = OV, Vec =+5V = .25V
READ ENABLE TIMING ’
SYMBOL CHARACTERISTIC MIN. . TYP. MAX. UNITS | CONDITIONS
TSET Setup ADDR& CStoRE | 0 nsec
THLD Hold ADDR & CS from RE| ~ 10 nsec
TRE RE Pulse Width 400 nsec C. = 50 pf
TDRR DRQ Reset from RE__ 400 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec See Note 6
TDACC Data Access from RE : 300 nsec CL = 50 pt
TDOH Data Hold From RE 50 150 | nsec Cu. = 50 pf
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' ALID

OH|

;b

NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED
*TIME DOUBLES WHEN CLOCK * 1MH2

' \EIWI(‘E (WORSY CASE)
27

lv(n

NOTE 1 TS MAY BE PERMANENTLY TIED LOW IF DESIRED
2 WHEN WRITING DATA INTO SECTOR TRACK ORDATA
REGISTER USER CANNOT READ THIS REGISTER UNTIL
ATLEAST4 LSEC INMFMAFTER THE RISING EDGE OF WE
WHEN WRITING INTO THE COMMAND REGISTER STATUS

t SERVICE (WORST CASE)
“FM 235 0S8 1S NOT VALID UNTIL SOME 12 uSEC INFM 6 ,SEC INMFM

—=] Tos

e

—e{ TON

[ERS— 16" OR 32° uS e
IO I
| - ~ 16" OR 32" u$ —.
I -] !—~~ ToRR I l
‘) (AT
DHO 1 i YRk .'{
[ INTRQ g
H ¢
H e TiAR® — —-{ l
INTAQ Qe Hhvict = T o "
_..' GEUVICL  fram— l
,"LD vOL A— l‘
e o [ |
A0 AY (S
I §
A0 A1 CS G___I l it l W e
T .
g TRE wT
RE VIH
TSET -
‘..{ Toacc I-‘ . r [CATA M
o PRy 4 BE VA LID l
{ORTT vaint l

MrM ias uS “MEM - 11 508 LATER THESE TIMES ARE DOUBLED WHEN CLK 1 Mz
*TIME DOUBLES WHEN CLOCK * TMM2
READ ENABLE TIMING WRITE ENABLE TIMING
WRITE ENABLE TIMING
SYMBOL CHARACTERISTIC MIN TYP. MAX. UNITS | CONDITIONS

- TSET
| THLD.
- TDRR
TIRR
- TDS
TDH

.| 'Setup ADDR & CS 1o WE
-] Hold ADDR & CS:from. WE.
'l WE Pulse Width -
DRQ Reset from. WE
INTRQ Reset from W_
" Data Setup o, WE
- Data Hold from WE .

| 500
1 3000

INPUT DATA TIMING:

SYMBOL CHARACTERISTIC

CONDITIONS

| Raw. Read Pulse Width.
|- ‘Raw Read Cycle Tim

1~ RCLK Duty:(High) -
RCLK Duty:(Low)
RpLK Cycle Time. .
"RCLK hold 1o Faw’ ﬁead

. Raw Read hold to RCLK"

MAX.

See Note 1 2

WRITE
GATE

J

WRITE
DATA *

TBC ——-—lmp l-.-—-

A EARLY

OR r
LATE

IF ON
Ts“l -

I"“‘TH

WRITE DATA TIMING



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

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS | CONDITIONS
Twp Write Data PulseWidth | 450 | 500 | 550 nsec.
P © 180 1 200 ). 250 |. nsec
- Twg Write Gate to Write Data - . o1 2 b | wusec
, 1 1 B M1SeC ;
The Write data cycle Time : ‘ 23,0r4 ' msec . '_:;“ +CLK Error
Ts Early (Late) toWrite Data | 125 _ nsec’ | 7 MFM
Th Early (Late) From R R -1 ‘ nsec | MFM
_ Write Data RN R N R e 3 1.
Twi Write Gate offfromWD -] ° | usec | T FM
| | msee | MM
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCDs Clock Duty (low) : 230 | 250 | 20000 - nsec . |1
TCD2 Clock Duty (high) : 200 250 | 20000 nsec | - .
TSTP Step Puise Output | 2or4 usec .|
TDIR Dir Setup to Step S 12 : msec Seeﬂoteﬁ
TMR Master Reset Pulse Width 50 usec
TIP " Index Pulse Width A 10 A ’ usec :
TWF | Write Fault Pulse Width 10 usec See Ngte 6 .

[ W___i " )———l-—[————;

¢ READ - ..l |< I‘n—m " -l
L L S "
—-| o t_—_-—____‘ [t ]
l__._..__. Ta —.,.’i_..._,. W - ﬁ I‘—_ Tt __,__{
I_,__ e € - e e __1 l,—'cv(.—{

- —Lﬂ_—

_..’yw,
!- -Tco

P NOMINAL I pr— ”—1
DISKETTE |MODE {DDEN | Clk | T. | T | T RN
8" MFM 0 2MHz {1 us | 1 us | 2 pus [—-‘om o"svvl-—oisti—— |~'0'R -1'919}——
8" FM 1 2MHz |2 us | 2us | 4us l'_]
5" MFM 0 TMHz | 2us | 2us | 4 ps sTeEP i_\._“ j_]--
5" FM 1 TMHz |4 us | 4 us | 8 us o
INPUT DATA TlMlNG . MISCELLANEOQOUS TIMING
NOTES:

1. Pulse width on RAW READ (Pm 27) is normally

100-300 ns. However, pulse may be any width if in FM. Times double when CLK = 1 MHz. _

puise is entirely within window. If pulse occurs in both RCLK may be high or low during RAW READ (Polarity

3. tbc should be 2 us, nominal in MFM and 4 us nominal

4.
windows, then pulse width must be less than 300 ns is unimportant).

5.

6

for MFM at CLK ='2 MHz and 600 ns for FM at 2 RCLK should be forced low when VFOE - 1 and
MHz. Times double for 1 MHz. free-running when VFOE = 0.

2. 100 ns. pulses are recommended for 8" MFM. . Times double when clock = 1 MHz.
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179X-01 Application Notes

INTRODUCTION

The FD179X Floppy Disk Formatter/Controller per-
forms all the functions necessary to read or write
data to any type of floppy disk drive. Both 8" and 5"
{mini-floppy) drives with single or double density
storage capabilities are supported. These MOS/LSI
devices will replace a large amount of discrete logic
required for interfacing a host processor to a floppy
disk. The FD179X is ideally suited for microproces-
sor interfacing, either in a stand-alone computer
system, or as a slave processor for mini-computer
applications. The chip has been designed to be
compatible with the IBM 3740 (FM) data format, or
IBM System 34 (MFM). Provisions for non-star.uard
variable length sectors have been included to pro-
vide more data storage capability per track. Pro-
grammable stepping rates via a 2-bit setting in the
Command Register allows for interfacing to disk
drives with different track-to-track access times.
Requiring standard +5V, +12V power supplies, the
FD179X is available in a standard 40-pin dual-in-line
package.

When DDEN - 1, the FD1791/3 reads and writes data
in a frequency-modulated format. Both clock and
data are recorded serially on each track of the disk.
A data pulse or flux transition recorded between two
clock pulses indicates a Logic “17; the absence of a
pulse between clocks indicates a Logic “0".
Recorded on each track are unique combinations of
data and clock bits called Address Marks. These
address marks do not appear elsewhere on the disk
and are used for synchronization. Four distinct
address marks used are:

Description Data Clock
Index Address Mark FC D7
ID Address Mark FE c7
Data Address Mark FB C7
Deleted Address Mark F8 Cc7

Figure 1A illustrates a typical recording in FM for-
mat. Note that a clock bitis always written before the
data bit, regardless if the data writtepisa 1 or0. The
1792 and 1794 have been designed for single den-
sity applications. Pin 37 “must be left open by the
user for proper operation.

When the Double Density Enable (DDEN) pin of the
1791/3 is brought low, MFM recording is enabled.

This modified-frequency-modulated technique
uses a self-clocking feature to allow for recording at
higher densities. Figure 1B illustrates this format. A
clock pulse is written to the disk only if the preced-
ing and present data bit written is zero. Without the
use of this encoding scheme, recording densities at
this higher speed would not be possible.

PRO:CESSOR INTERFACE

The FI)179X contains five internal registers that can
read or be written to. These registers are used to
write commands, read status, and read and write
data to and from the floppy disk. They are selected
by a proper binary code on the A0, A1 lines in con-
junction with the RE and WE lines when the device s
selected. The registers and their addresses are:

CS| A |A, RE=0 WE : 0

0 0 | 0 | STATUS REG | COMMAND REG
0 0| 1 |TRACKREG |TRACK REG

0 1| 0 |.SECTOR REG | SECTOR REG

0 111 | DATA REG DATA REG

1 X | X | Deselected Deselected

X = don't care

REGISTER ACCESS

Because of internal clock synchronization, certain
delays are required when accessing registers in
read and write conditions. These time delays are:

OPERATION NEXT QPERATION TIME DELAY REQD
Write to Commanag Read from Status |MFM =4 us FM = 8 us
Register Register Before Status is Valid
Write t¢ Command Read Busy Bit in MFM = 6 us
Register Status Register FM =12 us
Writa to any Read from a Different { No Delay Req'd.
Register Register

Note: All time delays double for mini-floppy
(CLK = 1MHz) operation.

MASTER RESET

The MR line of the FD179X is used during a power-
up condition when processor initialization is to take
place. During the trailing edge of MR, a RESTORE
command (HEX 03) is jammed into the command
register and executed at the slowest stepping rate. If
a faster stepping rate is desired, this can be loaded




into the command register during the RESTORE, in
which case the remainder of the steps will occur at
the new selected rate until Track 00 is sensed. The
minimum pulse width of MR is 50 us.

DATA REQUEST

The Data Request line (pin 38) and the Data Request
bit of the status register indicate valid data transfers.
When performing any read command, it indicates
that valid data is contained in the data register and
the host processor may read this byte. In any write
command, it indicates that the data register is empty
and may be loaded by the host processor with a new
data byte. If it is desired to have separate DRQ’s to
indicate “read” and “write” mode, the circuit of fig-
ure 2 may be used. Whenever RGis true, DRQ will be
caused by a read operation. When false, DRQ must
have been caused by a write operation.

DRQ is always reset when the Data Register is read
or written to. DRQ is also reset when the Command
Register is ioaded with a new command, providing
the FD179X is IDLE (Busy = 0).

HEAD LOAD TIMING

The Head Load Output (HLD) controls the move-
ment of the R/W head against the media. When HLD
= 1, the head is to be loaded against the disk. An
internal 15 ms. delay allows for the head to fully
engage. If the drive used requires more head load
time, an external circuit must be used to increase
this time delay. Figure 3 illustrates the use of a one-
shot to perform this function. When the E flag of any
Type tl or lll command is reset (E =0), the internal 15
ms. delay is disabled and the HLT line is sampied
immediately. The duration of the one-shot pulse
width set by the Resistor/Capacitor combination
selected will prevent a Logic 1" from appearing on
HLT until the preset time has expired. The “AND"”
tunction of HLT and HLD &ppears in the status reg-
ister as BIT 5 and may be used to avoid another time
delay by informing the host processor that the R/W
head is already engaged. This will speed up access
when doing 2 consecutive READ SECTOR com-
mands, for example. Regardless of the head load
configuration Gsed, HLT is always sampled for a
Logic “1" before the current command is continued.

TEST INPUT

The TEST input of the FD179X is used when inter-
facing to voice-coil activated motors. in most appli-
cations, it may be tied high or simply left open by the
user. When TEST = 0, the internal stépping rates are
decreased to about 400, microseconds, the HLT
internal 15 ms. delay is disabled, and acts as if the E
flag was reset. Figure 4 shows a typical implementa-
tion of TEST when used with a voice-coil activated
drive.

DDEN INPUT (1791 and 1793 only)

The Double Density Enable (DDEN) pin is used to
select single and double density operation. When
DDEN =1, single density is selected; when DDEN =
0, double density is selected. This line can be
switched from 0 to 1 or from 1to 0 at any time except
when WRITE GATE (WG) is activated. IBM double
density diskettes have TRACK 00 side O recorded in
single density instead of double density. The “AND-
ING” of the TROO and a side 0 signal can be used to
force DDEN to a Logic “1”" when on TRACK 00. The
DDEN (pin 37) of the 1792 and 1794 must be left
open for proper operation.

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
termination may be detected either way. The INTRQ
can be tied to the host processor's interrupt line,
causing a system interrupt with an appropriate ser-
vice routine to terminate commands. The busy bit
may be monitored with a user program and will
achieve the same results through software. Per-
forming both an INTRQ and a busy bit check is not
recommended because a read of the status register
to determine the condition of the busy bit will reset
the INTRQ line. This can cause an INTRQ from not
occurring.

RESTORE COMMAND

On some disk drives, it is possible to position the
R/W head outward past Track 00 and prevent the
TROO line from going low unless a STEP N 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 1 commands will execute even
though the READY bit indicates the drive in not
ready (NOT READY =1).

READ TRACK COMMAND

The READ TRACK command can be used to manu-
ally 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 synchron-
ize clock and data until the Index Address Mark is
detected, data previous to this ID mark will not be
valid. READ GATE (RQG) is not actuated 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
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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.

-1 crc | GRC -
o1 2

The READ ADDRESS command as well as all other
Type |l and Type Il commands will not execute if
the READY line is inactive (READY =0). Instead, an
interrupt will be generated and the NOT READY sta-
tus bit will be setto a 1.

FORCED INTERRUPT COMMAND

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

o = NOT-READY TO READY TRANSITION
READY TO NOT-READY TRANSITION
EVERY INDEX PULSE
I, = IMMEDIATE INTERRUPT

Regardless of the conditional interrupt set, any
command that is currently being executed when the
Forced Interrupt command is loaded will imme-
diately be terminated and the busy bit will be reset
indicating an idle condition. Then, when the condi-
tion for interrupt is met, the INTRQ line will go high
signifying that the condition specified has occurred.

The conditional interrupt is enabled when the cor-
responding bit positions of the command (I; -1,) are
setto a 1. If I, -1, are all set to zero, no interrupt will
occur, but any command presently under execution
will be immediately terminated upon receipt of the
Force Interrupt command (HEX DO0).

As usual, to clear the interrupt a read of the status
register or a write to the command register is
required. The exception is when using the imme-
diate interrupt condition (I;= 1). If this command is
loaded into the command register, an interrupt will
be immediately generated and the current com-
mand terminated. Reading the status or writing to
tne command register will not automatically clear
the interrupt; another forced interrupt command
with I3 -1, = 0 must be loaded into the command reg-
ister 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 (!,
= 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.

FLOPPY DISK INTERFACE

READ GATE

The Read Gate output from the FD179X is used to
inform the external data separator circuitry that a

i

|
h
12

)

on

field of ones or zeros has been read off the disk. in
FM mode, the RG signal will go high only after the
following conditions are met:

1. The Head is loaded

2. HLT is at a Logic “1"

3. Settling time, if programmed, has elapsed
4. A field of zeros has been read off the disk

RG will be reset back to a zero upon a Master Reset
(MR) or upon receipt of any command including the
Force Interrupt command when BUSY =0,orupona
Force Interrupt command when terminating a muiti-
ple sector Read/Write command. For double den-
sity operation (MFM), the RG characteristics are as
follows: Assume the FD1791/3 issearching foran ID
field. When 4 consecutive bytes of zeros are
detected, RG will be made active. RG will be reset
upon any one of the following conditions:

1. 3 A1's with missing clocks not found within
16 bytes

2. HEX "FE"” not found within the next byte

3. One byte after CRC

4. Invalid TRACK/SECTOR Address (only
during a READ/WRITE sector command)

If the ID search was unsuccessful, the FD1791/3 wili
then continue the search for the specified ID field.
When the correct ID field is encountered and if the
currert command was a WRITE SECTOR, RG will
remain at a Logic “0". If the current command was a
READ SECTOR, the FD1791/3 will then look for 4
consecutive bytes of zeros. If 4 bytes of zeros were
not found, the FD1791/3 will do an internalretry. If 4
bytes are found within the next 33 bytes, RG will
then be set to a Logic “1".

RG is now deactivated (RG = Q) upon one of the fol-
lowing conditions:

1. 3 A1’s with missing clocks found within 16

bytes

2. HEX"FB" or “F8" not found within the next
byte

3. After the CRC is read (successful
completion)

Items 1 and 2 will resultin an internal retry. RG is not
activated during the Read Track command.

VFOE/WF

The 179X provides an additional signal that can be
used to control the external data separator,
VFOE/WF (pin 33) is an input/output pin that func-
tions as a VFO enable and a write fault signal.

When Write Gate (WG) = 1, pin 33 functions as an
input to detect write fault conditions at the drive. If
pin 33 is brought low when WG = 1, the current Write
commzand is terminated and the INTRQ is activated.
The write fault status bit is then set indicating a fail-
ure in drive electronics.

A-61



When WG = 0, pin 33 functions as an output, pin 33
will go active (Logic “0") when the following condi-
tions are met:

1. Head is loaded
2. Settling time, if programmed, has elapsed
3. Data is being inspected off the disk

The VFOE signal can be used to control RCLK.
When VFOE = 0, RCLK should be allowed to free
run; when VFOE = 1, RCLK should be forced low.
The following circuits can be used to separate
VFOE/WF signals.

10K

33 VFOE
179X

-01 74L504

t———— WF (FROM DRIVE)
33 WG
179X
-M
30 o——~ WG (TO DRIVE)

PIN 33 USED AS A WF SIGNAL ONLY

+5

% 10K 741801
WG
33 - WE

179X :

-01
30

# (WG TO DRIVE)
< (WF FROM DRIVE)

VFOE

741502
PIN 33 USED AS A VFOE AND WF SIGNALS

RAW READ

The RAW READ input should be supplied a negative
going pulse for every clock or data bit recorded on

the media. The normal pulse width is 100 to 200 ns.
but may be any pulse width providing the pulse
occurs entirely in the read clock window.

When flux reversals are totally non-existant (i.e.,
head is disengaged), the external separator should
ensure that the RAW READ is held at a Logic “1".

RCLK

The READ CLOCK signal must be supplied from an
external data separator and is used to “frame’” each
RAW READ transition. The FD179X will determine
whether the RAW READ pulse is clock or data, so
the active state of RCLK is unimportant (i.e., highor
low during RAW READ). RCLK transitions must be
phased with RAW READ either by acounter/separa-
tor, or phase lock loop configuration.

For proper operation, RCLK must be a minimum of
800 ns. high and 800 ns. low. For 8" MFM, this
requires a 50-50 RCLK window. VFQO's that operate
in the 8-16 MHz range are recommended. When
switching RCLK from one source to another, great
care must be exercised to ensure this 800 ns. mar-
gin. Figure 5 shows the RAW READ and RCLK tim-
ing relationships. When VFOE = 1 RCLK should be
forced low, and free-running when VFOE = 0.

WRITE PRECOMPENSATION

Write precompensation is a technique where the
WRITE DATA (both clock and data) is written in a
direction opposite of the anticipated bit shift. it is
generally required for 8" MFM recording and is usu-
ally not used for FM single density. Write precom-
pensation may be obtained by the use of external
circuitry in conjunction with WD, EARLY and LATE.
The algorithm for write precompensation is shown
in figure 6. The external logic required is in the form
of delay circuits or one shots. As a general rule,
write precompensation is done only on Tracks 44-
77, but may be required on all tracks if specified by
the dr.ve manufacturer.

Figure 8 illustrates a precomp circuit using the
Western Digital 2143 4-phase clock generator. The
timing relationships are shown in figure 9. The early,
late or nominal condition is latched into the
74LS175 on the rising edge of WD. This fires the
2143 via its OSC in (pin 11) line and starts the 4-
phase generation. Depending upon the condition,
the resultant WD is generated by 92 on nominal, §1
on early, or 3 on late. The @4 output resets the latch
in anticipation of the next WD pulse. The 7438 is an
open collector device and requires a pull-up resistor
if not supplied at the drive. A 5K potentiometer is
used to adjust the desired pulse width.

DATA SEPARATION

The FD179X requires an external data separator.
Data separators range from the counter/one-shot
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technique to phase lock loops. The choice of separ-
ator design is dependent upon data reliability and
system cost.

The FD179X requires a RAW READ signal whichis a
negative going pulse for every flux reversal, and a
Read Clock (RCLK) signal to indicate flux reversal
spacing. RAW READ must be a minimum of 100 ns.
and RCLK (high or low) at 800 ns. Because of high
flux reversal rates, Write Precompensation with a
Phase Lock Loop separator is recommended for 8"
MFM applications.

Figure 10illustrates a counter separator. This circuit
uses a crystal clock and Read Gate (RG) is not used.
Figure 11 shows the timing of the circuit. Any nega-
tive RAW READ transition loads the counter with a
“5". When the counter counts down to zero, the
RCLK flip-flop (74LS74) toggles, producing a
RCLK. If the next data bit is zero (no RAW READ
pulse), the counter continually counts down until
another RAW READ puilse occurs. Then it is loaded
again and the process repeats. Many users are using
this circuit and are achieving error rates better than
10-8, even for 8" MFM with write precompensation.
This circuit may also be used for the 5" mini-floppy.

Figure 12 illustrates a phase lock loop method of

data separation. The advantage of this scheme over
ccunter/separators is its excellent data recovery
and high reliability. The RCLK “tracks” the RAW
READ transitions, allowing for greater flexibility in
bit shifts and overall system margins. Although the
PPL arrangement is preferred, its added component
count generally limits its use to 8" MFM and FM
applications.

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 RN 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
destroying portions or tracks of the diskette.

e A1 e

BIT 2

BIT 0 l BIT 1

HE X 1 1 0

_ALF_RAA A

BIT3

AL A R

BIT 4 BIT 5 BIT 6

BIT 7 t

o] 0 1 0

ALA_RA

RULE:

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

2) WRITE CLOCK BITS AT LEADING
EDGE OF THE 8IT CELL

FIGURE 1A. FM RECORDING

e 2 U5

-~ BITO 8IT 1 BIT 2

1 1 0 1
HEX

“_ Bl F Bl

8IT 3

BIT 4 BITS B8IT 6 BIT 7

RULE:

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

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

-
A) NO DATA BIT'HAS BEEN WRITTEN LAST
-~ AND -

8) NO DATA BITWILL BE WRITTEN NEXT

FIGURE 1B. MFM RECORDING
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FIGURE 2. FORMING SEPARATE READ AND
WRITE MODE SIGNALS FROM DRQ
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Q
9602
HLT
o e ke
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FIGURE 3. CONTROLLING HEAD LOAD TIMING
741L.504
:-<} SEER COMPLETE
741508
FD179X
HLT
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FIGURE 4. INTERFACING TO VOICE-COIL ACTIVATED DRIVES
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100 NS. H (FM) !

d 3 ] ] \f
!—-2;1; NOM.—I:-.;) u,NoM._! __{ ::)l':«s}

Tow NOMINAL

MINIMUM | . ‘-._— 2 OR 4 us ___..4
oy L
1]

RAW READ

T =

SR e IR gy IS e NS e SN

' MINIMUM :
1.6 MICROSECONDS
Tcye

NOTES.

1) Tcyc SHOULD NEVER FALL BELOW
1.6 MICROSECONDS (50-50 DUTY CYCLE)

2) RCLK MUST BE FREE RUNNING WHEN VFOE = 0

3) Tow MAY OVERLAP IN BOTH WINDOWS IF Tpw < 300 NS.
(MFM) OR Tpw <600 NS. (FM)

FIGURE 5. READ DATA TIMING

Ageady Sending Ts"er?f MEM M
X 1 1 0 Precomp Early Precomp Early !
X 0 1 1 Precomp Late Precomp Late!
o | o | o | 1 | e ]
T o [ o | o | el

X = Don't Care

N/A = Not Applicable .
1 = Inhibited during missing clocks
2 = With missing clock transitions

(Address marks)

FIGURE 6A. INTERNAL WRITE PRE-COMP

ALGORITHM
Early Late Precomp Required
1 0 Do not Delay WD
0 0 Delay WD By &
0 1 Delay WD by 2 A

Notes:

All other Early/Late conditions areillegal. & =100 —
150 ns. depending upon drive manufacturar. See
figure 7 for timing with Early/Late.

FIGURE 6B. PRE-COMP CIRCUIT REQUIREMENTS
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FOR DURATION OF

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

T3
"
(IF REQ'D)
10K
7438
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10]
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250 15 C-NOMINAL ]
l 4Q J
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o I AN l;l va 51 A [ [, JoL

EARLY l""] l_'l r—l

ceanLy - 1 1

C-LATE r_l l"—"l

CNOMINAL | r_'—‘
¢ I [ I Tl 11 11 [

02 M [ I I 1 [l I M
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FIGURE 9. WRITE PRE-COMP TIMING
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FIGURE 10. COUNTER/SEPARATOR
A-67




“MISSING” DATA PULSE

RAW READ lt)l H EDE lﬁl M

Qn

OB

Gy
COUNT

CRYCLK

RCLK

XXX 654321015 8 (L Y 8 0% 8 Q 15

ML - -
I | [ |

FIGURE 11. COUNTER/SEPARATOR TIMING (8" FM SHOWN)
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FIGURE 12. ANALOG PLL (FM & MFM) FOR 1791-01 OR 1793-01
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