VL1772-02

51/4 - INCH FLOPPY DISK CONTROLLER/FORMATTER

FEATURES
» Built-in data separator

Tha drive side of the interiaca needs no
additonal logic excapt lor

Built-in write p p

5 1/4-inch single and double density
+ Motor control

128, 256, 512, or 1024 sector lengths
TTL compatibla

« 8-bit bidirectional data bus

Fast step ratas

3 dforS 1/4-
inch single-or double-density i

drives with data rates of 125K bits/s
{singla density) and 250K bits/s (double
density). In addition, it can write a

ion that is 125 ns from

the device contains a programmable
Motor On signal.

The VL1772-02 is implementad in NMOS
silicon gate technology and is available
in a 28-pin dual-in-line package. ktis a
fow-cost version of the WD 179X Floppy
Disk Controller/Formatier and is

pr

nominal, and can be enabled at any
point through simple software
commands. Another programmabie
{eature, Motor On, has been
incorparaied to automaticaily enable
the spindle motor prior 1o operating a
selected drive. The VL1772-02 offars

Td

- 28-pin DIP compatible with generic 173X types. I stepping rates of 2, 3,6, and 12 ms.
« Single 5V power supply aiso has a buit-in digitai data separaior The processor interace consists of an
and write precompensation circuits. A 8-bit badirectianal bus for transier of
DESCRIPTION single read line (RD, pin 19) is the only status, daza._and t_:omrnant_'l& All host
The VL1772-02 is a MOSALSI device input required fo recover serial FM or with the ¢
that oerforms the functions of a 5 1/4- MFM data trom the disk drive. The through (hestl! data fines, They are
inch Floppy Disk Controiler/Formatter. It devics has been specifically designed ble of driving one standard TTL load
replaces the older 1770-type davica. {or controi of 5 1/4-inch flappy disk or three LS bbads.
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ORDER INFORMATION
Part
Number Package
VL1772-02PC Plastic DIP
VL1772-02QC Plastic Leaded Chip Camer
VvL1772-02CC Caramic DIP
Note:
Operating temperature range: 0°C o +70°C
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SIGNAL
DESCRIPTIONS
Signai Pin Slgnal
Nama Number Description
c3 1 Chip Salect - A logic low on this input salects the chip and snables host communication
with the device.
RW 2 Read/Write - A logic high on this input controls the placament of data on the D0-D7 lines
from a selected register, whila a logic low causes a write operation o a selscted register.
AQ, A1 3,4 Address 0. 1 - Thess two inputs salect a register ta read or write data:
| |
oS A | 20 | R I 8«0
Q Q | Status Reqister | Command ister
| 0 1 Track Reqister | Track Regisier
1 ] a Sactor Requmter Sectar Aegsiar
1 1 1 | Data Ragister | Cata Register
DALO - DAL7 5-12 Data Access Lines O through 7 - Eight-bit bidiractional bus used lor transler of data,
control, or status. This bus is enabied by CS and R'W. Each line drives one TTL load.
MR 13 Master Raset - A logic low pulse on this line reseta the device and initiaiizes the status
registar {internal pull-up).
GND 14 Ground - Ground
VCC 15 Power Supply - +5 V $5% power supply input.
STEP 16 Step - The Step oulput contains a pulse for aach step of the drive’s YW head. This is a
puise to the disk drive.
DIRC 17 Direction - The Direction output is high when stepping in towards the canter of the
disketts, and low when stepping out.
CLK 18 Clock - This input requires a free-running 50% duty cycla clock {for intemal timing) at 8
MHz £1%.
RD 19 Read Data - This active-low inout is the raw data line conlaining both clock and data
pulses from the drive.
MO 20 Motor On - Active high output used ta enable the spindle motor prior to read, writs. or
stepping operations
WG 21 Write Gate - This output is made valid prior to writing on the disketta.
wD 22 Write Data - FM or MFM clack and data puises are placed on this line to be written on the
diskatte.
TROO 23 Track 00 - This active-low input informs the VL1772-02 that the drive’s R/W heads are
positioned over Track zero (internal puli-up).
P 24 Iindex Pulss - This active-low input informs the VL1772-02 when the physical index hola
has been encountarad on the diskatte (internal pull-up).
WPRT Write Protect - This input is a Writa C d is d. Alogic low
on ths line any Writa C: frem cuting (intemal puli-ugn),
DOEN 26 Dauble Densry Enable - This input pin saiscts aithar singin (FM) or double (MFM) density.
‘Whan OOEN = 0, double density is selected (intemal puil-ua),
DRQ 27 Data Request - This active-high outout indicates that tha Data Register is fuil (on a Read)
or empty (on a Writa) operation,
INTRQ 28

Interruot Request - This active-high output is set at the completion of any command or a
read of the Status Register.
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ARCHITECTURE
TheVL1772-02 Flopey Disk
o M i

lock is
iflusirated on tha front pags. The
primary seclians include the parailel
procsssor interlaca and the floppy disk
interfacs.
Dara Shi#t Register - This 8-bit register
assambles sarial data from the Read
Data input {RA) during read i

track numbaer in the iD fiald during disk
t8ad, wrte, and verty operatinns. The
Track Register can ba loadsd from or
transierred ta the DAL This register
shouid not be loaded when the devics is
busy.

Sactor Register (SR) - This 8-bit registar
haids the addreass of the desired sactor

and transiers sarial data to the Write
Data output during write aperations.
Data Register - This 8-bit regiater is
Used as a halding register during disk
read and writs aparationa. In disk read
operations, the assembled data byls is
transisired in parailel to the Qata
Regisar from the Data Shitt Register. In
disk 1 operations, informatian is
transiwred in parallei from the Dala
Register 10 the Data Shift Registar.
When axecuting tha Seek command, the
Data Register holds the address of the
desirad track position. This register ia
loaded from the Data Access Lines
(DAL) and gated onto the DAL under
procassar cantrol.

Track Register - This 8-bit registar-hokds
the track number of the current
readAwrite head position. It is
inemented by one every time the head
is stepped in and decremented by one
every tima the head is stepped out

The of the register
are compared with the recorded sactor
numbar in the 1D field during disk read or
writa oparations. The Sector Register
contents can be loaded from or
transferred to the DAL This register
should not be icaded when ths davice is
busy.

Command Registar (CR) - This 8-bit
register holds the command prasently
being executed. This register shouid
not be loaded when Lhe davica is busy,
uniess the new command is a forcad
intarupt. The Command Register can
be inaded {rom the DAL but not read
anto the DAL,

Status Register (STR) - This 8-bit
register holds devics status information.
The meaning of the atatus bils is a
function of the type ol command
previously exacuted. Thia register can
be read anto the DAL bui not loaded
from the DAL

CRC Logic - Thia logic is used ta check

"

polynomial is:
G(x} = X164 X124 x54 1

The CAC includes all Information starting
with the address mark and up to tha CRC
characters. The CAC register is presat
to anes prior to data being shifted
through the circuit.

Arithmetic/Logic Unit (ALU) - The ALU is
a serial comparatar, incrementer, and
decrementer and is used for registar
modfication and camparisonas with the
disk-recardad ID field,

Timing and Cantrol - All computer and
lloppy disk intarface controls are
generated through this logic. The
internal device timing is genarated from
an extarnal crystal clock. The VL1772-
02 has two ditfarent modes of aperation
according to tha state of DDEN: Whan
DOEN = 0, double density (MFM) is
enabled. When DDEN = 1, single
density is enabled,

Address Mark Datector - The AM
datector datects |0, data. and Index
address marks during read and wrte
operalions,

Data Separalar - A digtal data
saparator, consisting ol a ring shift

.. fegister and data window dataction

logic. provides raad data and a recovery

(tawards Track 00).  The contents of the of 1o generala the 16-bit cycic clock 1o the AM datactor.
regisier are d with the ded d y check (CAC). The
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FUNCTIONAL

DESCRIPTION

PROCESSOR INTERFACE

The intarface to the processar is
accomplished through the eight data
accass lines (DALs) and associatad
comrol signals. Tha DALs are usad to
transfer data, status, and control words
outaf, orinio the VL1772-02. The DALs
ara three-state butfers that are enabled
as output drivers when Chip Select (CS)
= 0and R/W = 1 are active, or act as
input recsivers whan C3 and A/W = 0 are
active.

When transtar of data with tha Floppy
Disk Contrailer is requirad by the host
processar, 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 or write

sactor is reached.

On disk write operations, the Data
Requast is activated when the Data
Register transfers s contants to the
Data Shift Register, and requires a naw
data byte. Itisresel when the Dala
Register is loaded with new data by the
processor, \f new dara is not loaded at
the tima the next sarial byta is requirad
by the floppy disk, a byta of zeros 18
written on the diskatta and Lhe Lost Data
bit is set in the Status Register.

Atthe i 1 of avery d an

There are {rom 0 to 244 sectors per
track for the VL1772-02, and from Q to
244 tracks.

GENERAL DISK WRITE
OPERATION

Whaa writing is (0 take place on the disk
the Write Gate (WG) output is

activated, ailowing current ta fiow into
the read/write head. As a precaution lo
arronecus wring, the lirst data tyte
must be ioaded into the Data Regstar In
r to a Data Request from the

INTRQ is generated; it is resat by either
raading the status register o by icading
the cammand ragister with a new
command. In addition, INTRQ is
genaratad i a Forca Intarrupt command
conditian is met.

. are (<] as
the lollowing registers:

A1 - A0| READ AW = 1) | WRITE@RW = o
1] 0| Starus Aeqister Commang Ragister
1] 1| Track Register Track Register

1 0| Secror Register Sector Regiater

1 11 Data ater Data Register

After any registar is written to, the same
register cannot be read lrom unti 16 us.
in MFM ar 32 ps in FM have slapsed.

Dunng direct memary access (DMA)
types af data transters between the
Data Register of the VL1772-02 and the
processar, the Data Raquast (DRQ)
oulput is used in data transier control.
This signal also appears as status bit 1
during read and writa aparacons.

On disk read operations, the Data
Request is activated {set high) when an
assambled serial input byta is
transterrad in parailei to the Data
Register. This bitis claared whan the

The VL1772-02 has two madas of
operation, acenrding (o the stata of

. W‘I‘unm:gﬁ- 1, singie density
is selected. In either cass, the CLK
input is a1 8 MHz,
GENERAL DISK READ
OPERATIONS
Sector langths of 128, 256, 512, or 1024
bytes are obtainable in either FM or MFM

device belors the Write Gate signal can
be actvated.
Writing is inhibited when the Writs
Protect input Is a logic low, in which
casa any Write command is immediataly
tarminated, an intermupt is generated,
and the Writa Pratect status bit is set.
For write aperations, the VL1772-02
provides Write Gate to enable a write
condition, and Writa Data which
consists of a series of active-high
puisea_ Thesa puises contain both
clock and data information in FM and
MPFM. Witte Data provides the unique
missing clock patarns for recording
address marks.
The Precompensation Enabla bit in Write
ailow ic wiite
precampensation to take places. Tha
outgoing write data stream is delayed or
advanced from nominal by 187ng

Data Register is read by the A
Itthe Data Register is raad anar one ar
more characters are last, by having naw
data transfecred inta the register prior to
pracessar readout, the Last Databit is
satintha Status Ragister. The read
operation continues until the end of

formats. For FM, DDEN shouid be accarding (o the lollowing table:
laced 1o logical *1°. For MFM formats,
should ba placed to a logical “0°. PATTERM L. )
Sector tengths are determined at format ; l; } ? EL:TZ w:
tima by the fourth byte in the “1D" lieid. olaololn Earty NIA
110|0|0 Late A
SECTOR LENGTH TABLE T -
SECTOR LENGTH NUMBER OF BYTES HI l— - g:"_"‘.:‘“ﬁ‘lf: be 57:";
FIELD (HEX) IN SECTOR {DECIMAL) " Bl(“: 'mn(
00 128
256 0 )
g; 512 Pr P ion is typicaily enabled on
o 1024 the innermost tracks whara bit shitts
usually occur and bt densty is at its
maximum.
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COMMANDS

The VL1772-02 accapts sleven
commands. Command words should
only be loaded in the Command Register
when the Busy Status Bi is oft {Status
Bit 0). The one exception is the Forcs
Interrupt command. Whanever a
command is being axecuted, the Busy
Status Bit is set. When a command is

an ptis g d and
1he Busy status bil is reseL. The Status
Register indicates whothar the

completed command encountsred an
arror or was fault-free. For sase of
discussion, commands are dividad into
four types and are summarized in
Table 1.

The Typs | Commands (see Figure 2)
include ihe Restora, Seek, Step, Step-
in, and Step-out commands. Each of
the Type | Commands contains a rate
field (r0, r1), which determines the
stepping molor rate.

A 4 ps (MFM) of 8 us (FM) puise is
provided as an output lo the driva. For
svery slep puise issued. the drive

moves one track location in a dil
determined by the direction output. The
chip will step the drve in the same
direction it last stepped uniess the

d changes thae direction.
The Direction signal is active-high when
stepping in and low when stepping out
The Direction signal is valid 24 us befors
the first stepping pulse is genarated.

After the last directional stap, an
additional 30 ms of head settling tims
takes place if the Verity flag is set in
Type i commands. There is aiso a 30 ms
head settling time if tha E flag is set in
any Typa llor il command.
‘When a Seek. Step, or Rasiare
d is d, an opt
verification of read/write head position
can be parformad by setting bit 2 (V = 1)
in the command word to logic 1. The
verification operation begins at the end
of the 30 ms settiing time afier the head
is loaded against tha media. The track
number from the first encountered 1D

b pare and the ID Fieid cyclic
redundancy check (CRC) is commect, the
verify operation is complets and an
INTRQ is ganarated with no errors. If
thers 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 tor the verilication
aperation.

The VL1772-02 must find an ID field with
corract frack number and corect CRC
within five revolutions of the media,
olherwise, the seak error is set and an
INTRQ is genaratad. ¥V =0, no
verification is performed.

All commands, excent the Force
Interrupt d, may be prog

via the h Flag 1o delay for spindie molor
start up time. H the h Flag is not set and
the Motor On line is low when a
command is recaived, the V177202
will fores Motar On to a logic 1 and waits
six revolutions befare executing the
command. At 300 RPM, this guarantees

Field is compared against the
of the Track Reqgister. Hihe track

aol d spindle start-up lime. If,
after finishing the command, the device

TABLE 1. COMMAND SUMMARY

TYPE COMMAND T # § 4 1 2 1 0 TYPE Il & Il COMMANOS
| Restorm 000 0N ¥ oo m = Multipie Sector Flag (BIt 4)
| Seek 606 0 1t AV oo
| Step 00 t uh Voron m = 0, Single Sector
| Stepdn Q1 0 u h ¥V o1, fge— 9° m 1, Multiple Sector
| Step-out 0 VvV 1 u h ¥V r H = Motor On Flag (BH J)
Il FAeadSector * O 0 m A E 0 O H = 0, Enable Spin U
3 p Sequence
I:Ir Wrle Sector 1 0 1 m h E P 3 H = 1, Disable Spin Up Sequence
Addsmas T 100 n E OGO ay Data Address Mark (Bit 0)
Il Fead Track 11 19 h E 0D ag = Write Normal Data Mark
n \:Mfl Track 1 1 1 8 EP.OD E™ 1, Write Deieted Data Mark
W Force
Intarrupt 11 0 1 Ly kg E 15ms Settiing Delay (Bt 3)
E 0. No Dslay
E 1, Add 15ms Delay
e w2 P = Write Presompensation (BIt 1)
P = 0,Enable Write Precomp
TYPE | COMMANDS P = 1.Disable Writs Precomp
h = Motor On Flag Bk 3)
h = 0, Enable Spin-up Sequencs
h = 1, Disable Spinup Sequence
¥V = Verity Flag (Bt 2) TYPE [V COMMANDS
V = G, No Verty 134, Interrupt Condition (Bits 3-0)
V = 1, Verity on Destination Track
Iy fo = Stepping Rats (Bita 1,0} lo = 1. Not Used
P i 177202 Is = 1. Not Used
) 2 B ms I, = 1, Interrupt on Index Puise
0 1 12 ms I3 = 1, Inmediate Interruot
o0 2ms Iyly = 0, Terminale without Interrupt
1 1 Ims

= Update Flag B 4)
w = 0, No Updale
= 1, Updale Track Register

m V0L1772-02

idle for ten futh the
Motor On line goes back 1o a logic 0. fa
command is issusd while Motor On is
high, the command executes
immediately, defeat-ing the ex-
revolution start up. This feature allows
consecutive read or write

RESTORE (SEEK TRACK 0)

Upan recsipt of this command,

00 (TR0O) input is sampled. § TROO s
active-low indicating the readAwrite head
is positioned aver Track 00, the Track
Fouinufn loaded with zeros and an

without waitlng lor each motor atart-up;
the V1.1772-02 assumas the spindle
motor Is up to speed.

Pt is g d. f TROO is not
active-low, stepping pulsas (pin 16) ata
rate specitied by the r1, rQ field are
isaued until the TROO input is activated.

At this time, the Track Register is loaded
with zamos and an nterrupt is genarated,
¥ the THGG input does not go active-iow
aftar 255 stepping puises, the VL1772-
02 terminatea cperation, interrupts, and
sots the Seek Error Status Bit, providing
the Vilag is set. A verification operation
also takes place if the V flag is sat,

The h bit allows the Motor On option at
the star of command.

FIGURE 2 TYPE | COMMAND FLOWCHART
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FIGURE 2. TYPE | COMMAND FLOWCHART {Cant)

VERIFY
SEQUENCE 1

INTRQ RESET AusY

¥

INTRO, RESET BUSY
SET SEEX ERAOA

MAS
10 AM BEEN

RESET
CRC

FIGURE 3. TYPE Il COMMAND FLOWCHART

¢ YES

DATA AECTAD NOT FOUND, &

L SET BUSY. AESET OAD, LOST
STATUS BITS 3 & 8INTRO

SET MO

WAIT
8INDEX PULSES

INTRQ, AESET BUSY
SET WRITE PROTECT

4=17
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SEEK

This command assumea that the Track
Ragister contains Lhe track number of
the current pasition of the readiwrde

TYPE Il COMMANDS

The Type Il Commands (sae Figure 3)
are the Read Sectar and Write Sactar
commands. Prior to loading lho Type ]
C. into the

head and the Data Regter he
dasired track number, The VL1772-02
will update the Track Aegister and issus
stepping puises in the appropriate
direcon untl the contents of the Track
Hegister are equal to the contents of the
Data Register (the desired track

takes

place i the V flag is on. The h bit allows

the Motor On option anhc mnonho
Ani

the computer must load the Smr
Register with the desired sector number.
Upaa recaipt of the Typa il command,
the ousy status bitis set. [{the Eflag =
1, the command executes aftera 15

ma deiay.

When an ID field is located on the disk,
the VL1772-02 comparas the track
numbar an the ID liekd with the Track

dat
the completion of the mmmand { Note:
When using muilipie drives, tha track
register must be updated for the drive
saler*~d balore sesks are issued.)

118

Upon receigt of this command, the
V0L1772-02 issues ona stepping pulss o
the disk drive. Thae stepping motor
direction ia the samse as in the pravious
stepcommand. After adelay
determined by the r1, 10 lield, a
verilication takes place il the V llag is
on. If the U flag is on, the Track
Registar is updated. The h bit aliows the
Motor On opmn s the slan ol the

dat
the cnmpmlon ofthe mmmand.
STEP-N
Upon recsipt of this command, the
VL1772-02 issuas ane siepping pulse in
the diraction lowards track 76. lf the U
llag is on, the Track Register is
incramented by one. After a delay is
determined by tha r1, O fleid, a
verdication takas place il the Vilag is
on. The h bit ailowa the Motor On option
atthe sun of the command. An

d atthe

of lh‘ mmmand.
STFR-QUT
17 aceipt of this command, the
VL1/72-02 issues one stapping pulse in
the direction towards track 0. i the U
flag is on, the Track Register ix
decremanted by one. Altera dalay
delermined by the r1, r0 fieid, a
verficanon takes place f the Vilag &
on. The h bit rilows the Motor On option
:x the stast of the command An

ot is d atthe b
of the mmmlnd.

a.

Rag: . if there is not a match, the
next cna.)unl.rod iD fieid is read and a
comparison is again mads. {f thare was
a match, the sector number of tha iD
field is compared with the Sector
Registar. |l thore & not a secior maich,
the next sncountered D fisld s read off
the disk and comparsons again made.
if the ID field CRC is comrect, the data
fiald is then locaied and is either writtan
into or read (rom depanding upan the
command. The V11772-02 must tind an
1D fleld with a track number, sector
numbar, and CAC within four revoiutions
of he disk; otharwise, the Record Not
Found Status Bit is sel (Status Bit 4)
and the command i3 (arminated with an
interrupt (INTRQ).
Each of the Typs || Commands contains
an m flag that delermines if multiple
records (sectors) are Lo ba read or
written, d ing upan the d
If m = 0, a single sectar is read ar written
and an inteupt is generaled at the
eompiation of the command. fm =1,
muttiple records are read or writian wilh
the sector register internally updated so
that an address verffication can occur
on the next recard. Tha VL1772-02
cantinues to raad or writa multiple
records and updalo lh- sactor register
in untl
the sector register excndl the number
of sectars on the track of until the Force
lmurrup( aommlnd ia loaded into the
Roegi which
|hn command and ganerates an
Interrupt.
For exampis: if the VL1772-02is
instructed to read sactor 27 and there
ara only 26 sectars on the track, the
30CI01 [9gister exceeds the numbaer
avaiable. The VIL1772-02 will saarch lor
five disk revoiutions, interrupt out, raset
busy, and set the Record Not Found
Slatus Bit.

READ SECTOR
Upan receipt of the Read Sector
command, the Busy status bit is sat,
and when an iD field is encounterad that
has tha correct track numbaer, coract
sactor numbar, and correct CRC, ths
datalield is prasented to the computer.
The data address mark (DAM) of the
data (ield must be lound within 30 bytes
in singie densy and 43 bytes in double
dansity of the last ID fiekd CRC byte; if
not the ID field is searched for and
varitisd again followed by the data
address mark search. If, after five
revolutions the DAM canaot be lound,
the Record Not Found Slarws8it is set
and the operation is lesminated. When
the first character or byte of the data
fisld has been shifted through the DSR,
itis ranslemed to the OR, and DRQ is
genarated. f the computer has not read
the previous contenta of tha DR belore a
new character is iranstamed, that
character is lost and the Lost Data
Slatus bitis set. This saquenca
continues until the compiete data lield
has been input ta the computer. Ul thara
is a CRC arror at the end of the data
fleld, the CRC Error Status Bit is sat,
and the command |s terminated (sven il
it is a multiple record command).
Al the end of tha read operation, tha
“lype of data addrass mark sncountscsd
in the data lieid ls recorded in the Status
Register (Bit S) as shown:

STATUS BIT 5§

1 Deisted Data Mark
Q Dats Mark

WRITE SECTOR

Upon receipt of the Wrile Sector
command, the Busy status bit is sel.
Whan an ID fiaid is encountered that has
lhe correct track numbar, comea sector
number, and correct CRC, aDRQ la
generated. The VL1772-02 counts off
11 bytes in single danaity and 22 bytes
in double dansity from the CRC fisid and
the Write Gate (WG) output is made
active # the DRQ [s sarviced (Le., the
DR has besn loadad by the computar).
If DRQ has not baen serviced, the
command is teminated and the Lost
Data statys bit ls set. i the DRQ has
bean sarvicad, the WG is made actve
and six bytes of zeras in single density
and 12 bytes in double density are then
written an the disk. Al this lime, the

-1
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AGURE 1. TYPE I COMMAND FLOWCHART (Cant)
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FIGURE 1 TYPE Il COMMAND FLOWCHART {ConL)

READ SECTOR
SEQUENCE

PUT RECOAD TYPE IN
STATUS AEG AIT §

SET DATA
Last

HAVE
ALL BYTES
BEEN INPUTTED,

INTRQ, RESET BUSY
SET CAC ERAROR
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FIGURE 3. TYPE il COMMAND FLOWCHART (ConL)

DELAY 2 BYTES OF GAP

DELAY @ BYTES OF GAP

LOADED BY COMPUTER

YES
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8 BYTES OF 2EROES

INTRQ. RESET BUSY
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SEQUENCE

DELAY 11 BYTES

T
1

i

WRITE DATA AM

ACCORDING TO Ag FIELD
OF WRITE COMMANO

TUAN ON WG 4 WRITE
12 BYTES OF ZEROES

OR TO DSA, SET ORQ

SET DATA LOST

WRITE 8YTE
QF IERQES

WRITE CAC
WRITE 1 BYTE OF FF

TUAN OFF WG .
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data address mark is then writtan on the
disk as datermtned by tha a0 fiaid of the

command as shown Seiow:
g OATA ADDRESS MARK (BIT 0)
1 Delated Data Mark
9 Data Mark

The VL1772-02 then writes the data field
and generates DRQs lo the computer. If
the DAQ is nat servicad in time for
continuous writing, tha Lost Data Status
8it is set and a byte of zaros is writtan

on the disk. The cammand is not
terminated. After the last data byte has
been writtan on the disk, the twa-byte
CRC is computed internally and

writtan on the disk lollowad by ane byte
of logic anas in FM or in FMF, The WG
autput is then deactivated. INTRQ wil
s61 24 ps (MFM) after the last CRC byte
iswrittan. For pamal sectar wrting. the
piopar method & 10 wiite data and hill the
balance with zerms.

TYPE Il COMMANDS

Read Address - Upon raceipt of the
Read Address command, the Busy
Status Bit is set. The next-encountered
ID field is then read in from the disk, and
six data bytes of the ID fieid are
assambled and transfacrad to the OR,
and a2 DRQ is genaratad for sach byte.
The six bytes of the ID fisld are shown
below: !

comparnson can ba mada by the user.
Atthe and of the operation an interrupt
is generated and the Busy status is
resat.

Read Track - Upon receipt of the READ
lrack command, the head is ioaded and
the Busy status bil is sat. Reading
stans with the isading adge of tha first
ancountarad index pulse and continues
until the next index pulse. All gap,
header, and data bytes are bled

disk s azcomplished by positioning the
R/W nead over the desired Irack number
and issuing the Write Track command.
Upan recerpt of the Write Track
command, the Busy Stalus Bit is set.
Writing stans with the ieading eage of
the lirst encauntered index pulse and
continues untl the next index puise, at
which tima the interrupt is activated.

The Data Request is activated

and translarred to the Data Register and
DRQs are generated for each byts. The
accumuiation of bytes is synchronized
to each address mark encountered. An

y upan receiving the
command, but writing will not start until
after thae lirst byts nas been loaded into
the Data Ragister. It the DA has not
baen loaded within three byte times, the

intarrupt is g d at the k

of the command.

This command has several
charactenstics that maka it suitable for
diagnostic purposes. They are: na CRC
checking s performed; gap information
13 InCiudad in the data stream; and the
address mark delector is on for tha
duration of the B the
AM delector is always on, write splices
or noisa may causa tha chip 1o loak lor
an AM.

The ID AM, ID Field, ID CRC Bytes,
DAM, Data and Data CRC Bytes for sach
sactor will be correct. The Gap Bytes
may be read incorractly during write-
splica time bacauss of synchronization.

TRACK | SIDE ssc*ron!sscron CAC | CRC
ADDR | ADOf 1 2

LENGTH

L 2 | 3 4 | 5

Although the CRC characters are
transierrad ta the computer, the VL1772-
02 chacks for validity and the CRC Ermror
Status Bit is set if there 1s a CRC arror.
The track address of the 1D fieid is
written into the Sector Registar sa thata

WRITE TRACK FORMATTING

THE DISK

Data and gap information ara provided at
tha computer interface. Formaning the

s d, making the
devica Not Busy, the Lost Data Status
Bit is set, and the intarrupt is activared.

Hf a byta is nat prasent in the DA when
nesded, a byte of zeros is substiuted.
This sequencs continuas from ane index
mark to the next index mark. Normaily,
whatever data patiern appears in the
data registar is writtan an tha disk with a
normail clock panern. Howevar, if the
VL1772-02 detects a data pattern of FS
through FE in the data ragister, this is
inarpeeted as 3 0ala aadrass mark wilh
miss:ng ciocks of CRC generation.

The CAC generator is initialized when
any daia byte from F8 o FE is aboutto
be transtarred from the DR to the DSRin
FM or by racaipt of FS in MFM. An F7
partem generales two CRC characters
in FM ar MFM. As a consequence, the
parterns F5 through FE must not appear
in the gaps, data fieids, or ID fields.
Also, CRCa must be generated by an F7
pattem.

Diska may be formarted in IBM 3740 or
Systam 34 formats with sectar lsngths
of 128, 256, 512, or 1024 bytes.

TABLE 2. DATA PATTERN DECODE

DATA PATTEAN |

N OR (HEX] | iN FM (DODEN = 1) IN MFM (DOEN = &)

00 thru Fdé | Write 00 thru F4 with CLK = FF Write 00 thru F4, In MFM
F5 | Not Allowed Writa A1* In MFM, Prasent CRC
F8 | Not Ailowed Writs C2°° in MFM
F7 | Genecats 2 CRC bytes Genevats 2 CRC bytes

F9 thru FB Write FB thru FB, CLK = C7, Praset

CRC Writa F8 thru F8, 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 Writa FE in MFM
FF | write FF with CLK = FF | ‘Writa FF in MFM

*MISING CleCK transilion batwsen DS 4 ana 5
“*Misaing clock transition berween bits 3 and 4.

22
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TYPE IV COMMANDS

Tha Forced Intarrupt Command is
generalty used to terminate a multiple
secior raad or wime command or 1o
ensure Type | stalus in the status
register. This command can be loaded
into the command register at any time.
It thare is a current command undar
axecution (Busy Status Bit set) the
command is larminated and the Busy
Status Bit reseL

The lower four bits of the command

d the condi as
follows:

10 = Don't Care

11 = Dont Care

|2 « Evary Indax Puise

13 = iImmediate interrupt

Tha conditional inarrupt is enabled
when the cormesponding ba pasitions of
tha command (13-10) are setto a 1.
Than, when the condition lor interrupt is
met, the INTRQ line goes high signitying
that the condition specdied has
occurred. If t3-10 are all set to zero
(HEX DO), no interrupt occurs but any

current command under execution, the
Busy stalus bit s reset, and the rest of

NUMBER
OF BYTES  HEX VALUE OF BYTE WRITTEN

) FF (or OO}

the siatus bits are unchanged. it the | & 00

Force interrupt command is receved | 3 FE (1D Acdrass Mark)
when Nece s ot  culrent command } ;mkN':"r‘“"‘;:'(m or 09)
under execution, the Busy Status Bitis 1 Sector Number (1 thru 1A}
raser and the rest of the status bits are 1 00 (Sector Length}
updaled or cleared. in this case, Stalus 1 F7 (2 CRC's written)
reflects the Type | commands. 1; SDF tor 00

The usar has the option of reading the 1 FB (Data Address Mari}
stalus register through program control 128 Data (iBM uses E5)

or using the DRQ line with OMA or 11 ’;‘2 CAC’s written)
interrupt methods. When the Data —QE s ,‘;@

Registar 1s read the DRQ bit in the

Siatus Registar and the DRQ line are
automatically reset. A wrne to the Data
Register aiso causes both DRQ's o
rasst
Tha Busy Bit in the status may be
monitored with a usar program to
dsiermine whan a command is completa,
in lieu of using the INTRQ line. When
using the INTRQ, a Busy status check
is not recammanaged because a read of
the Status Register 1o detarmine the

dition of busy resaets the INTRQ lins.

ly undar ion is

there 1s one Data Request.

**Conlinue writing until VL1772-02
interrupts out. Approximately 369 bytes

256 BYTES/SECTOR

Shown balaw is tha recommended dual
density format with 256 bytes/sector. in
order to format a diskette. the usar must
issue the Writa Track command and load
the Data Register with the following
values. For every byte 1o be wrtten,

Vi vL1772-02

In addition, the index Addrass Mark is ] EM

not required for aperation by the VL1772- Gap | 16 bytes FF 22 bytes 4E
02.Gap 1,3, and 4 can be as Gap it 11 bytes FE 22 bytes 4E
short as lwo bytes (or VL1772-02 . Slbyissis ‘szbm‘:ﬂ)
operation; howevar, PLL lock-up time, Gap " 10 bytea FF 24 bylea 4E
motor speed variation, write-splice area, 4 bytea 00 8 bytas 00
etc., add more bytas 10 each gap to 3 bytsa A1
achiave proper oparation. For highest Gap IV 18 bytas FF 18 bytes 4E

system meliability, uss the recommended *Byla counts must be exact

format **Byle counts ane minkmum, excepl exactly 3 bytas
al A1 must ba written.

TABLE 3. STATUS REGISTER

BIT NAME MEANING
S7 MOTOR ON This bit ratiacts tha status of tha Moter On ocutput

. /RITE PROTECT | On Read Record: Not Used. On Read Track: Not Used. On any Wirite: It incicates
a Write Protect. This bit is reset when updated.

S5 RECORD Whan sel, this bit Indlcates that the Motor Spin-Up sequenca has completed

TYPE/SPIN-UP (5 revolutions) on Typa | Type24&3 1ds, this bit indi record
Type. 0 = Data Mark. 1 = Dalated Data Mark.

S4 RECORD NOT ! When set, it indlcates that the desired track, sector, or side wera not found. This

FOUND {RNF) bit is reset when updated.

S3 CRC ERROR It 54 ig set, an error is found in one or more ID fields; otherwise it indlcates

error data field. This bit is reset when updaied.

When set, it indicates the computer did not respond to DAQ In one byte time.
This bit Is reset 1o zero when updated. On Type | 1ds, this bit the
status of the TROO signai.

S1 DATA REQUEST This bit Is a copy of the DRQ output When set, it"Indicates the DR s full on a
INDEX .* | Read Operatlon or tha DR is empty on a Write operation. This bit is reset to zero
when updated. On Type 1 commands, this blt indicates the status of the IP
signal.

S0 ausy Whan set, command is under execution. When reset, no command is under
axecution.

S2 LOST DATA/
BYTE

3 o . N i d;
immedialely terminated. Whaen using the therelisone Cata reqUast
immediate interrupt condition (13 = 1) an The lormat of the Slatus Ragister is
i i diately is g d and shown below: NUMBER
[T — OF BYTES HEX VALUE OF BYTE WRITTEN
) " N BITs) aE
Reading the Status or writing 10 the 7 s T 5T 41312 1 7 53 o0
Command Register does not 57 | % | 55| 54| 3 52|51 | % 3 F5(Writes A1)
automatically clear the intecrupt. The 1 FE (ID Address Mark)
HEX DO is the only command that Becausae of internal synchronizalion | 1 Track Number {0 thru 4C)
i i i in ti 1 Side Number (0 or 1)

enabies tha immediate imerrupt (HEX cycles, cenain time de!ays are f Sentor Number (1 thiu 14)
D8) to clear on a subsaquent load obsarved when aperating under program h 07 (Sactor Length)
command regisier or read stalus VO as shown. 1 F7 (2 CRC's written)
register aparation. Follow a HEX D8 with r3 AE
DO command. 12 00

; 3 F5 (Writes A1)
Wait 16 us (double density) or 32 us T Detay Ao d. 1 FB (Data Address Mark)
(single dansity) before issUINg aNeW  Goaration | Next Operstion | FM  MFWM |25 DATA
command after issuing a forced Write o TRead Busy Bil | 4Gusec 24usac o .Fé (Dala Addreas Mask)
e ‘-D":'“g 3 new oo c Status Bit 0 : e dE
is:l:;‘r:’pt. an this nullifies Write to Read Status | 64“9«1 J2usec
Forca | Command - ol : = ** Continua writing until VL 177202

orce Interrupt Command stops any Wit Read Same vod 1 ; ntinue writing unti

command at the end of an internal micro Ml.lllf R:;mor l 32 | intarrupts out Approximalaly 668 bytes.

instruction and generales INTRQ when
the specifiad conditon is met. Force
Interrupt waits until ALU operations in
progress are compiela {CRC
calculations, compares, eic.).

Status Regisier - Upon recaipt of any
command, axcepl the Force intermupt
command, the Busy Status Bitis set
and the rest of the s1alus bas are
updated or cleared for the new
command. If the Force interrupt

0 Command is recaived when there is a

~)

Shown beiow s the recommended single-
density format with 128 byles/sector. In
order 1o lormat a disketne, the user must
issue the Write Track command, and

load the data register with the lollowing
values. For evary byle 10 be written,

Non-Siandard Formats - Vanations in

the recommended tormats are possible

10 a himited extent, i the lollowing

requirements are met:

1) Sector size mustbe 128, 256, 512,
or 1024 byles

2) Gap 2 cannol be varied trom the
recommended format.

3) Threse bytes of Al must be used in
MFM
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FIGURE ¢ TYPE Il COMMANO WRITE TRACK FLOWCHART

SET BUSY. AESET ORQ,
LOST DATA STATUS
875 ¢ 4

DELAY J BYTE
TIMES

SET INTRO
LOST Data
RESET Busy

DA TO DSA
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FIGURE 4. TYPE Il COMMAND WRITE TRACK FLOWCHART (Cont)

YES (MFM}

HATE 2 CAC
= 5. CLK = FF
WRITE FC
CLK = 07

DOES
O5R = F0. FE
OR F&FB

MITIALIZE CAC

INTRQ RESET
Susy

WRITE
BYTE OF 2EROES
SET DATA LOST

nas
OR BEEN
LOADED

DOES
OSR = F5
NO
00ES TES
0SR = F8
NO
@ =

Ll
'WRITE DSR
IN MFM

WRITE A1 IN MFM

WITH MISSING =@

CLOCK INITIALIZE
CRC

WRITE T IN MFW
WiTh MiSSING
LOCK

WRITE 2 CRC
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BLE 4. READ DATA TIMING

CHARACTERISTIC MIN | TYP MAX UNITS CONDITIONS
‘m Read Puise Width 200 3 usec MFM
.400 3 M
“1¥ Read Cycle Tima 3 usec
IABLE 5. READ ENABLE TIMING
EAD ENABLE TIMING - AE such that: AfW = 1, CS = 0,
SYMBOL CHARACTERISTIC J MIN TYP MAX UNITS CONDITIONS
loe RE Pulse Width of CS 200 nsac C.= 50 pf
DRQ Resat from RE 200 300 nsec
loy Data Vaild trom RE 100 200 nsec C_= 50 pt
toon Data Hold from RE__ 20 150 nsec C, = 50pf
INTRQ Resel from RE 8 usec

“Jie: Worst casa service time for ORQ is 23.5 usec for MFM and 47.5 usec for FM.

TUE & READ ENABLE TIMING

=

w

6d
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TABLE 6. WRITE ENABLE TIMING

WRITE ENABLE TIMING - WE such that: RW = 0, CS = 0.
SYMBOL CHARACTERISTIC MIN TYP MAX | UNITS CONDITIONS
tas Setup ADDR lo_& 50 nsec
tser Setup AW to CS __ 0 nsec
tan Hold ADDR from CS 10 nsec
tuwo Hold RW from CS 0 nsec
twe WE Pulse Width 200 nsec
toaw DRQ Resat from WE 100 200 nsec
tos Data Setup to WE 150 nsec
ton Data Hold from WE 0 nsec
INTRQ Reset fram WE 8 usec
FIGURE 8. WRITE ENABLE TIMING
Y= X
— T ———— e
Ts I\ 'WE V
‘_‘ L)

H]
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TABLE 7. WRITE DATA TIMING

SYMBOL CHARACTERISTIC MIN TYp MAX UNITS CONDITIONS
Writa Gate to Write Data 4 usec FM
2 uSBC MFM
Write Data Cycle Time 468 usec
Write Gate off from WD 4 usec FM
2 usec MFM
twp Write Data Pulse Width 820 nsec Earty MFM
690 nsec Nominai MFM
570 nsec Late MFM
1.38 Hsec M

FIGURE 7. WRITE DATA TIMING

otd

1 1 | |
b |
ETM/L'I % II 7CUS | \_

|
‘| | 11 FOR Fi \_
NOMINAL byyp: |
WIE /‘l e i\_
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TABLE 8. MISCELLANCUS TIMING

SYMBOL CHARACTERISTIC | wmin | Tvp | max [ units | cONDITIONS
teor Clock Duty (low) 50 67 nsec
teoz Clock Duty thigh) 50 67 nsac
terp Step Puise Output 4 nsec MFM
8 FM
to Dir Setup to Step 24 usac MFM
48 FM
twa Master Reset Puise Width S0 usec
tp Index Puise Width 20 usec
FIGURE 8. MISCELLANOUS TIMING
- 3 { vin
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FIGURE 9. FORMATS
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DOUBLE DENSITY FORMAT

ABSOLUTE MAXIMUM RATINGS

Ambient Operating Stresses abava Ihasa listed under oparational sections af this
Temperature -10°Clo +80°C “Absolute Maximum Ratings® may cause speciicanon is not Implied and
Storage Temperature  -65°C 10 +140°C permanant damage (o the device. Thesa ep 1o absol rating
Supply Voltage 1 ars aursss mings on?y‘ Functionai cunditions lor extended pariods may
Ground Potantial 0.5Vio+7.0V oparation of this davice at thess 7 other attect devics rellabilty.
Aoplled Outut anove ihcae inthe
Voltage 05Vio+7.0V
Applied Input
Volage Q5Vio+7.0V
Pawer Dissipation 800mW
DC CHARACTERISTICS TA = 0°C to 70°C, VCC = 5 v + 5%
Syn Paramatsr Min Typ Max Uait Condltions
VOH QOutput High Voitage 2.4 v 10 = -100 pA
voL Output Low Voltage 0.4 v 10~ 1.6mA
VIH Input High voitage 20 v
viL Input Low Voitage 0.8 v
. input Leakags Cument 10 pA VIN = VCC
oL Output Leakaga Current 10 LA VOUT = VCC
RPU Intarnal Pull-up 100 1700 wA VIN=OV
ICC Opaerating Supply Current 75 150 mA
PD Powaer Dlssipation 780 mwW

-3
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APPLICATION INFORMATION

VL1772-02: AN
IMPROVED VERSION

OF THE 1770-00
The 177X family of flaxible disk
controllars has aftracted a graat deal ot
interest from system designers.
Allowing compactness and supenor
periormanca, this family of advancad
ICs has provan to be a success in the
marketpiace. The onginai 1770-00 won
much approval with its 28-pin package.
Its digital data separator allowed

istent op over temp. e,
but more was required. The arror rate of
this data recovery circuit was toa high,
and a reliable data separator with lower
AITOr ralas was saen as an impomant
need for computer systems of all typas.

In addition, a small change of stap rate
selections could ansure faster
throughput, while maintaining
compaubility with existing designs.

Thus began the design of a new concept
in ftexble disk controllers. An important
nead was lo maintain compatibility weh
axisting designs using the 1770-00,
while extanding the capabilties of the
177X tamily to include higher-
parfarmance drives. Thesa crneria have
been satisfied with the VL1772-02.

IMPROVING THE DATA
SEPARATOR

The improvermnant of the data separalor,
or data recovery circuit, as itis caued, is
an imporiani enhancamant to the

FIGURE 10. WINDOWING READ DATA

Clock

Data
\nﬁnuav_vb\ Clack

TABLE 9. STEP RATE SELECTION: 1770-00

AND VL1772-02

reliability of tha VL1772-02. The
operaton af this part of the aircutt,
aithough crmical to system reliability, is
simpis 1o undaerstand. Figure 10 shows

a lratn of read data puises coming (rom a
floppy drive. Tha clock and data puises
are bath in this skynal, combined in a
simple encoding lormat. In each bit cail,
o daia separalor cROOSESs A umae

pariad within which pulses ars
recognized as data puises. The berer
the resolution for detining this window

for the data puises, the greater the jitter

in the signal can ba balore ones and
zeros are incorrectly recognized. This
incorrect recognition, and the resultant
solt errors, are the basic limiting facor

in floppy drive error rates. The VL1772-
02, with a wider data window, has a lower
chance of incorrect recognition,

resulling in lower aror ratas. This affect
will be particularty avident as the user's
media degrades with use and jiter
. " Thisi d raliability
tha V1177202 can result in fawer
returns and greater user saustaction.

STEP RATES

With a diffarent seiection of step ratas
than the 1770-00 (sae labla ), 1he
VL1772-02 allows the usa of drivas with
minimum sattle times up to 12 ms. At
tha same tima, performance 18
anhancsd ta lake advantage of tloppy
drivas that require onty 2 or 3 ms of
delay. It a design (s currantly using
head sara times of 6 or 12 ms (as most
ara), no modifications ara required to
usa the VL1772-02 in the 1770-00
socket. !f tha current choice of 11 and
10 calls for 20 or 30 ms of dalay, usae of
tha VL1772-02 requires:

— the salection of drives that have
head settle time under 12 ms, and
modiied saftwars (o allow carect 1, 10

of

n choics, of
Step Rate Select Bils Step Rate (ms) — impl of head settie timaiin
rt (0] 1770-00 vL1772-02 hardware, wih an external interrupt
Fe y. almost all modarn fiexible
0 0 6 B disk drves Nave nead sadle nmes well
under 12 ms, and current 1770
apgplications have taken this into
0 1 12 12 accaunt, using 6 or 12 ms as the head
satlle time. Whera this change is
1 Q 20 2 raquired, it will mean less waiting for the
drives to finish @ach seek. This will
1 1 30 3 csr;amly produce higher usar
satisiaczion with the system, as wail as
appreciably higher per against
most banchmarks.
-2



