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WD177011772 5% " Floppy Disk Controller/Formatter

FEATURES

* 28 PN DIP

= SINGLE 5v SUPPLY

¢ BUILTIN DATA SEPARATOR

e BUILT N WRITE PRECOMPENSATION
s §% " SINGLE AND DOUBLE DENSITY
+ MOTOR CONTROL

s 128 256 £12 OR 024 SECTCR LENGTHS
* TTL COMPATIBLE

* 8 BIT BICIRECTIONAL DATA BUS

* TWO VERSICNS AvAILABLE

WD1T70 = STANCARD 179X STEP RATES
WD1772 = FASTER STEP RATES

DESCRIPTION

The WD177C :s a MOS/LS! device which pertorms the
tunctiors o 35" Floppy Drsk ControllerF ormatiet
it 13 sirmlar 0 115 Drececessor. the WDI179X, byt alse
containg a hQital data separator anc wnte precom-
pensation crcuitry. The drive side of the interface
needs no adgitional logic except for butters
receivers Designed for §'4° single or double density
Operation, 'he dewvice conlans a programmabile
Motor On signal.

The WD177C 15 implementsd 1n NMOS sihcon gate
technology and 18 available in a 28 pin dualin-hine.

The WDI770 is & low cost versioh of the FD178X
Fioppy Disx ControlienFormartec it 13 compatible
with the 179X. but has a built-1n Aigital data separator
and wnte crecompensation Lircuits. A sngle read
line {RD, Pin 19y 18 the only indut required 1¢ reCover

IcC] - A F ] NTRG
w2 r ong
s » bt~
At I s weat
Ls.0 E $ u s
N s ngE e
R N I 2 wo
L T 3 e I » wa
cas T8 x wo
cas v L ==l
tat CM A] e
car v ) pine
i 1 ) sTee
pri ] " 'i: Ucc
PIN DESIGNATION

senal FM or MFM data from the disk drive. The
device has Desn spacically designed for controt of
5'u* foppy disk drives with data rates of 128

" KBits/Sec isingle density) and 250 XBits/Sec (double

densityl In addition, wnte precompensation of 129
Nsac from nominal can be enabled at any point
though simple softwars commands. Another pro-
grammabie testure, Motor On. has been incorporated
to enabie the spindie motor automaticalty pnor to
operating 3 selected dnve.

Two versions of the WD1770 are availabig. The stan
dard version '3 compatible with the 179X stepping
rates. while the WD1772 otfers stepping rates of 2. 3.
5 and & msec.

The processcor interface consists of an B-bit bidirec-
tional bus for trangter of status, data. and commands.
All host communication with the drive occurs
through thesa datas lines. They are capable of dnving
one standard TTL load or thres “LS" loads.
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PIN *
NUMBER PIN NAME . SYMBOL FUNCTION
1 CHIP SELECY . &5 A logic 10w On this Mpul SElects the chip and
! snable Host cOMMUNICation with the device.
{ 2 READANTHTE " AW A logic high on this inpul controls the
| : i placement of cata on the D307 ines trom a
; | smiecied register whie a ‘0gic low causes a
H I ANig OOETATION 10 A SElECIed regIsIer
a4 ADORESS 0.1 © AQ, A1 | These two inputs select a register to Read/Vnte
. } data
| : ' 8 a o AWt A =0 _
| I ; 0 0 0 StatusReg CommandReg !
i ! ! , 0 0 1 TackRep Track Reg
1 : : i 0 ' O SectorReg Sector Reg
! i ‘ .00 1 DataReg Data Reg
i $12  : DATAACCESSLINES | DALDDAL7 ! Eight bt brdirectionat bus used for transter of
' . OTHROUGH 7 data control, or status. This bus 1s enabled by
| " ! CS and RAW Each line will dnve one TTL load.
' 1 . MAS ES WA A 16 1C 'ow Dulse ON this ing resets the device
i ang .~tialzes the slatus register . ntemal pyult-upi
! " GROUND GND ' Ground.
1% POWER SUPPLY . Voo i « 5V = 5% power supply input.
X 18 STEP STEP | The Step oulpul CONtaNS a pulse for each step
; : { of the anve's RW head. The WDI770 and.
: ; : } WDATT2 offer aitferent step rates.
{ 17 " DIRECTION . DIRC | ™ e Direction output s Migh when stepping in
H . : i ! towards ihe center of the diskeite, and low
' : | ahensiepping out.
"’ ! CLoCx cLx i This mput requires a free-running 50% duty
! i | cycle clock (for intemal imming) at 8 MHZ = 1%
19 | AEADOATA At i This active low input is the -aw daia 'ine
! . i containing both cloch and data pu'ses from the
' : ‘ | dnve.
2 | MOTORON . MO | Active fugh Output used 10 enabie the spindie
] ) I motor pnor to read, wnte of Stepping opers
i : | tons
n | WRITE GATE L WG ! This outpul 18 made valid pror to witing on the
' ; ! ciskatts.
2 l WRITE DATA ! WD FM or MFM clock and data pulses are placed on
i i ! this Iine 10 be wntlen on the diskette.
23 ' TRACKOD | TR0 This active low :npul informs the WD1770 that
i ihe anve's AW reats are posimoned over Track
| ' ; 2et0 briemal putkup).
i 24 ! INDEX PULSE iP | This active low input informs the WD 1770 when
! . | the physical ingex hole has been encountered
. . I onthe giskette cnlemal pull-up).
; 2 . WRITE P WPART i Tms :nput 18 sampled whenever a Write
: ? | Command is receved. A logic low on this
' | | "ne wii prevert any Wnte Command from
! | i executing pntemal pull-up)
' %  DOUBLECENS™Y SCEN TTms rout o i ecls ather sogie MO
ENABLE s MFM. te-cty When DDEN =~ Joubie
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This active ™gh output indicates that the Data
Register 1s tull (on & Read) or empty (on & Wnite
operation).

This act:ve gh outpul :s set at the completion
of any command or reset a read of the Status
Register
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PN
NUMBER 4 PiN NAME SYMBOL
N T H
27  DATAREQUEST . DRQ
! .
2 INTERRUPT REGUEST INTRQ
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WD1T70 SYSTEM BLOCK DIAGRAM

ARCHITECTURE

The Fioppy Disk Formatter Slock diagram 18
lustrated on Zage 4 The pnmary secticns nclude
the parallel processor ntertace and the Fioopy Disk
interface.

Deota Shift Register — This B-tit *egister assembies
serial data from the Read Data input (RD) cunng Read
operations and transters senat data 1o the vWnte Data
output dunng Write cperations.

Osts Registr — This B-bit reg:ster 18 uS8d as a
hoicing register dunng Disk Reao and Yinte opera
t.ons. In Dsx Read operations, 1he assembled data
byte i1$ trarstereg in parallel to the Data Regrster
‘ram the Data Sttt Register In Disk Write sperations.
tormation 18 transferred in carael from the Data
Seg.ster (o the Data Shuit Register

When executing the Seek commandg. the Data Regis
ter hoIds the 3acress of the desired Track position

This regrsier :3 ioaded from the DAL and gated onto
the DAL unger DrOCESSOr CONTOL.

Track Register — This 8-it register hoids the track
number of the current ReagWinte head position. 1t s
IrCremented Oy one every Lime the head 13 stepped in
and decremented by one ahen the head s stepped
out (towarcs ‘rack OOV The contents of the register
are compared with the recorded track number in the
1D telg dunng disk Read. Write. ang Venty opera
rcns The ™ach Register can be lcaded from or
transferred 0 *he DAL This Register shoud not be
3000 when the Gevice 18 Dusy.

Sectar Register (SR} — This B register holds the
aadress of *he Jesired sector posiion. The contents
of the regisier are compared with the recorded sector
number n the 1D field dunng disk Read or Wnte
operations The Secior Regisier contents can De
oaced from or transfemed 10 the DAL This register
should not be oaded when the device 1S Dusy.

Command Register (CR) — This it register hoids
the commang resantly being executed. This register
should not be ‘caded when the device 1S Dusy uniess
the new COMMand 18 a lorce interrypt. The command
reqister can de lcaced from the DAL dut not read
onto the DAL

Status Ragister (STI) ~— This BDit regisier hoigs
device Status information. The meaning of the Status
tis 13 & function of the type of command previously
executed. This register can be read onto the DAL, but
not 'oaded from the DAL

CRC Logic — This logic is used o Check or to
generate the 16-bit Cyche Redundancy Check (CRC).
The potynormuat 13

Giny = x18 4 x12 4 x4 1.

The CRC inc'udes all information starting with the
acdress mark and up 10 the CRC characters. The
CRC register 13 preset 10 ones pnor 1o data being
stuited through the circuit.

ArithmeticAl.agic Unit (ALU) = The ALY s a senal
comparator, ‘ncrementer, and decrementer anc 13
used for reqister modification and compansons with
the disk recorded 1D ek
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Twming and Contral — All computer and Floppy Disk PROCESSON INTERFACE

interface controls are generated through this 10gic.
The intemal device Lming is generated Irom an exter
nal crysial clock, The FDIT770 has two different
mooes of tion according 10 the state of BDEN.
When GUEQS«: 0. double density (MFM) 13 enabiad.
whaen GDEN = 1. single density 13 enabled.

AM Dewcior — The address mark detector detects
1D, data and ndex aiireas marks dunng read and
wntg operations,

Dats Separsior — A cigital data s8parator consisting
of a ring shift register and data window detection
logic provides read aasta and & recovery clock 10 the
AM detectot

The interface 10 the processor is accomplished
through the eight Data Access Lines (DAL) and
asscciated control signals. The DAL are vsed 1o
transier Data. Status. and Control words out of, or in-
1o the WD1T770. The DAL are three state Duffers gt
& enabled as output dnvers when Chip Select (CS)
and FYW = 1 are active O ACT 38 iNpUL recEivers whan
CS anc RAW =0 are active.

When transter of data with the Floppy Disk Controlier
18 required by the host processor, the device address
is decoded and CS is made low. The address bits A1
and AD. combined with the signal RW during 3 Read
operahion of Wrile operalion are interprated a3 select-
AQ the following eqQisiers:




M

Al-AD | READ(WW=1) | WRITE(RW=0)
0 0 Status Register | Command Register
o Track Register | - Track Register
1 0 Sector Register | Sector Register
1 1 | DataRegister Data Reg:ster

Dunng Direct Memory Access (DMA) types of data
transiers between the Data Register of the WDITT0
and the processot tne Data Request (DRQ) output
1 used in Data Transter control This signal aiso
aLpcass as status Dt 1 du.. g Read and Wnie
Deralons.

Or nsx Read operations the Data Request 1s act-
2°0d (30t Migh) when an assembied senal (nput byte
15 ‘rans fermec in paraliel 10 the Data Registec This bt
s cladred when the Data Register 18 read by !he pro-
sessor If the Data Reg:ster 13 read afier one of more
chara 1675 are 1051, Ty having new data transfermed in
16 the register pnor 10 Processor readout. the Los!
Dats Dit 18 sat in the Status Registec The Read opers
tions continuea until the end of sector 1 eached. .

On Dish Wnie operations the Data Request :s ac.
tivaled when the Data Register transters its contents
to the Data St Register, and requires a rew dala
Dyls. It 13 reset when the Data Regisier 13 i0a0ed with
new data by the processor H new data 18 not icaoed
at the 1vmg the next sanai byle 3 required by the
Floppy Disk, a byte of rerces :s writien on the
diskgtte and the Lost Data 13 set mn ihe Status
Regiatet

At the completion of svery command an INTRQ s
generated. INTRQ s reset by either reading the
status register of by loding the command regisier
with 2 new command. in adoition, INTRO & gen
aratad if a Force Interrupt command condition 1§ Met

The WD1770 has ‘w0 modes of coeration acsoraing
10 the state COEN (Pin 261 When DDEN = 1. single
Gensity 1s selecied. In ether case, ‘he CLK input (Pin
18) is at 8 MHZ.

GENERAL DISK READ OPERATIONS

Sector lengths of 128 2568 512 or 1024 are obtanable
in either FM or MFM tormats. For FM, DOEN should
be placed 10 logical "1 For MFM formats. DDER
should be placed 10 a logical 0! Sector lengths are
determined at format tima Dy the fourth byte in the
"I0" tiekd.

SECTOR LENGTH TABLE i
SECTOR LENGTH NUMBER OF 8YTES |
FIELD {HEX) IN SECTOR (DECIMAL) |
o0 128 '

o 256 ;

02 512 i

l14] 1024 j

The number of SeCtors per trac! as fas as the WD1770
s concermed can be from 1 10 255 secicrs The

number of tracks as far as the WD1T70 18 concamed
is from 0 to 255 tracks.

GENERAL DiSK WRITE OPERATION

When writing is to \ake piace on the disketie the
wnta Gate (WG) output is activated, allowing current
to tiow into the Read/WWrits head. As 3 precaution to
sroneous writing the first data byle must be loaded
into the Data Register in rasponse 10 a Data Request
from the gevice before the Wnte Gate signal can be
activated.

Wnting i8 inhibited when the Wiite Protect input iz &
10gIC oW, 1n which Case any Write command is im
mediately terminated. an intertupt is generated and
the Wnte Protect status bDit 13 set.

For Wnte operations, the WD1770 proviies Wrile
Gate (Pin 21} 10 enabie a Write CONMhON, ang Wite
Cata iPin 22 which consisis of a senes of active high
puises. These pulses contan both Clock ang Data in
tormation in FM angd MFM. Wnte Data provndes the
unKue Missing ¢lock patterns for reconding Address
Marks.

The Precomp Ehabls bit n Wnte commands allow
automatic Wnie precompensanon 10 lake place. The
outgong Wnte Data stream i3 delayed or advanced
trom nomunal by 125 nanoseconds according to the
following table:

PATTERN | MFM FM
X 1 1 0 Earty N/A
X0 1 t Late NA
0| 0| 0]} Earty N/A
t10(0}]0 Late N/A
s L—-—Nnt Bit to be sent
Current Bit sending
Previous Bits sent

Precompensation is typically snabied on the inner-
most tracks where il shifts usually occur and bit
density 13 at 113 Maximun

COMMAND DESCRIFTION

The WO1I770 will accept sleven commands. Com
mand words should only be loaded in the Command
Register when the Busy status bit is ott (Status bit O
The one exception is the Force interrupt comrhand.
Whenever a command is being executed. the Busy
status bit 13 set When a command is completed, an
interrupt is generatéd and the Busy status Dit
raset. The Status Register indicates whether the
compleied cCOMmMAand encountered an eror of Was
fauit free. For sase o' disCussion, commands are
cwided into four types. Commands and types am
summanzed in Table 1.

“
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COMMAND SUMMARY

@

TYPE _COMMAND

-

Restore

Seek

Step

Step-in

Step-out

# Read Sector

it Write Sector

0l Read
Address

it Read Track

11 wnte Track

v Force

Interrupt 1
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TYPE | COMMANDS

h = Motor On Flag (Bt %

h = 0, Enable SpinUp Sequence
h = 1. Disable SpinUp Sequence

V = Verity Flag (81 2)

Vv = 0. No Venty .
V = 1, Venty on Destination Track

11, ) = Swepping Aate Bits 1.0)

woirn woiTT2

-
-l

G ms 2ms
12ms Ims
20ms Sms
0 ms éms

u = Update Fleg (Bit §

- wt )
-0 -0old

u = 0, No Update
u = 1. Update Track Register

TYPE # & N COMMANDS

m = Multiple Secior Flag (Bh §

m = 0. Single Sector
m = 1. Multiple Sector

ag = Deta Address Mark (Bit O

ap = 0.Wnie Normal Data Mark
a3 = 1, Wnis Deleted Data Mark

E = 30w Settling Delay (Bit 2

€ = 0. NoDelay
1. Aod 30ms Delay

P = Write Precompensation Bit1)
P = 0 £rable wnre Precomp
P = 1 C:sabie write Precomp

TYPE IV COMMANDS

iy4g interrupt Conclition (Bits 30
0 = 1. Don't Care i
11 = 1.Don’t Care ‘,
I2 = 1.Interrupt on indax Puise

13 = %, immediate intermupt

1319 = 0. Terminate withoul Interrupt

TYPE | COMMANDS

The Type | Commands inciude Ihe Restors, Seek,
Step. Stepin, and Step-Oul commands. Each of the
Type | Commands contans a rale field (m.ri) which
determines the stepping Motor rate.

A 48 (MFW) or 8 8 i(FW) pulse 13 pronded as an out-
put to the dnve. For every s1ep pulse 153ued, the dnve
moves one 1rack location 1n 3 direction determuned
by the direcion output The chip walt step the dnve in
the same dection it last stepped uniess the com-
mand changes tha direction.

The Dwrection signal 15 actve Migh when stepping
and iow when stepping out. The Direction signal 1S
vahd 24us Defors the first stepping pulse 1S
generated

After the last directional step an addihonal X0
milliseconds of haad settling lime takes place if the
Venty flag s sat in Type | commands. There 13 alsc a
30 ms head sattling tima if the E flag is set in any
Type i or 11 command.

When 3 Sesk, Step or Restorg command is executed
an optional venhicaton of Reag/¥Wnte hesd posiion
can ba performed by setting bit 2 (V = 1) in the com
mand word 10 a iogec 1. The venfication operation
begins at the end of the 30 milisecond safthing trne
atter the head is loaded against the media. The track
number trom the hirst encountersd 10 Fiusid is com
pared aganst the contents of the Track Registec i
the track numbers compare and the D Fiela Cychc
Redundancy Check (CRC) is commect. the venty opers
4on 18 complete and an INTRQ is generated with no
errors. Il there is & match bul not a vaid CRC, the
CRC emmor status bi s set (Status Bit J), anc the nex!
encounterad 1D heid '3 read from the disk for the
venfication operation

The WD1770 must hind an 1D tiskd with comect track
number and correct CRC within 5 revolutions of the
media. oiherwise the seek efror is set and an INTRO
s generated If V = 0, no venfication 1s pertorme.

ANl commands. except the Force Intermupt command.
may be programmed via the h Flag 1o delay for spin
dle motor start up ime. If the h Flag is set and the
Motor On hne (Pin 20) s low when a command 8
received. the WD1770 ailt torce Motor On 10 a logic 1
and it 6 revoluhons belore executing the cor
mand At J00 BPM, 13 guarantees a one sec

scindle start up hme H attes fimsming the command.
he device remans die ‘or 10 revoiLtions. the Motof




On line wikt go back 10 & logic 0. If & command is
issusd whiie Motor On is hugh, the command will ax-
ecuM (mmadistely. deteating the § revolution stat
up. This festure aliows consecutive Pead or Write
commands without waiting for moior stan up esch
tima; the WD1770 assumes the spindie motor is up to

Upon receipt of this command. the Track 00 (TFROD) in-
put is sampied, if THAD is active low indicating the
Read/VWrite head ie positioned over track 0, the Track
Register is with 2omee and an imtemrmupt ia
generated. # is not active low. Stepping pulses
(Pin 18) st a rte specified by the ¢4, field are issued
until the input i3 activated.

SET BuUST SESET CAC
SEEA ERROA DG NTERG

<> -

hg 1)

€T M0
HAIT T EE MULSES

SEY
- HAECTHON

- OMuA £ RESETY

SHRELTION

4O sgsroRE

DELAY ACCORD NG
TN, R FIELD

TYPE | COMMAND FLOW

TYPE | COMMAND FLOW
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At this tima, the Track Register is with zerces
and an interrupt & generated. If the input dose
not Qo active low alter 255 stepping puises, the
WDI1770 terminates operation, intemupts, and sets
the Seek ermor status bit, providing the V flag is set A
verification operation also takes place if the V flag is
set. The h it allows the Motor On option at the start
of command.

This command sssumes that the Track Register con-
tains the track number of the current position of the
ReadMWnite haad and the Data Register contains the
desind track numbet The WD1TT0 will update the
Track Register and 153ue stepping puises in the ap-
propnate direction until the contents of Ihe Track
Regisier are equal 10 the contents ol the Data
Register (the desired track location). A ventication

VERIFY
SEQUENCE
~0
ves (.o.rno RESET mv’
wavE
& 1INDEX vES
wOLES
PasSED
* | ]
s ~ . AESET BUSY
SET SEER EMAOA
"ag
NG 0 au BEEN
OETECTED
*
YES
DOES
" 3 THAC
aDDRESS OF
fELD
k]
vYES
15
|..4 _52: vES THERE & wO | mgser
£GMOR CRC e:um o
TR
RESET BUSY

TYPE | COMMAND FLOW

i
i
it
i
I

3§

receipt of tus command, the WD1770 1ssues
stepping pulse to the disk drive. The stepping
motor diraction 13 tThe SaMe 23 in the previous step
command. After 8 deiay determined by the rq,m field,
& verification tahes piace if the V flag is on. It the U
flag is on, the Track Register is updatec. The h bit
allows the Motor On option &t the stan of the com-
mand. An interrupt is genarated at the compietion of
the command.

STEPN

Upon recewpt of ihis command. the WD1770 issuss
one slepping pulae n The ciection towards irack 78.
i tha {) flag 13 on, the Track Register 3 incremented
Dy one. Alter a delay determined ty the 1. figid 2
venfication takes place if the V tiag is on. The h bit
allows the Motor On option &t the start of the com-
mand. An interrupt is generated at the compietion of
the command.

STEP-OUT :

Upon receipt of this command, the WD1770

one stepping pulee in the direcison towards track 0. If
tha U flag is on, the Track Register is decremented by
ona. Atter delsy determined by the rq,m feld &
werification takes place if the V fiag is on. The h bit
allows the Motor On option at the start of the com-
mand. An intemupt is generated at the compistion of
the command.

TYPE § COMMANDS

T™e Typs 1l Commands ars the Read Sector and Write
Sector commands. Prior to loading the Typs It Com
mend into the Command Register the compuier
must lond the Sector Regrater with the desined secior
numbec Upon receipt of the Type § command, the
Dbusy status bit is set. i the € fiag = 1 the cormmand
will gxacute siter 3 30 meec delay.

Whan an 1D Held is located on the disk, the WD1T10
compares the Track Number on the ID field with the
Track Registe If there is Not & Match, the next en
countensd 1D tigld is read and & COMPArison it agaIN
made. I thers was a match, the Sector Number of the
10 figld i3 comparad with the Sector Registex if there
is not 8 Sector match, the next encountered ID teld
s read off the disk and comparisons again made. if
the 1D Nield CAC is comect, the data field is then
located and witt be either written into, or read trom
depending upon the tommand. The WD1770 must
ting an 10 tield with a Track number, Sector numbec
and CRC withun four revoiutions of the disk, other-




SET AUSY RESET DAQ LOST
DATA RECORD wOT FOUND &
STATUS TS S R 6 INTRG

E

SE* WO
Wit
& INDEX AL SES

SEs

vES

WD RESET BUSY
SET A TE PROTECT

TYPE N COMMAND

wise, the Record not found status bit 19 set (Status
BH & and the command is terminated with an inter-
fupt (INTRO)

Each of the Type | Commands contains an (m) fiag
which determines if muitiple records (sactors) amne 10
be read or wntien, depending upon the command. If
m = 0. 8 single sector 13 read or wniten and an inter-
rupt is generated at the compietion of the command.
m = 1 mumiple records are read or wnitten with

in the Status Register (Bit 5) as shown:
STATUS T S
1 Deleted Data Mark
L] Data Mak
WRITE SECTOR

Upon receipt of the Write Sector command, the Busy
status bit is set. When an ID fisid is encountered that
NS the comect track NUMbSL, COMICT SECIOr NUMbeX,
and corect CRC, & DRQ is generated. The WD1THO
counts off 11 bytes in singie density and 22 bytes in
double density from tha CRC fisid and the Wite Gate
(WG) output is made attive if the DRQ is aerviced
(1.¢.. the DR has been loaded by the computen. !f DRQ
has not besn serviced, the command is terminated

TLLIROLLIOM
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TG RESET SUSY
SET RECORD wOT FOUND

MG ™ SECTON LENG T FIELD
STORE LENGTw i1 INTERNAL
AEGISTER
_ SET CAC 'es bd RESET
STATLS ERROR caC
~0
res0

TE3

TYPE § COMMAND

and the Lost Data status tet is set H the DRAQ has
been serviced, the WG is mace active and six Dyles
of zeroes in single density and 12 bytes in double
density are then wniten on the disk. At thes time, the
Data Address Mark 13 then wniten on the disk as
Jetermmuned by the ag teig of the command as shown
below:

®w __ DATA ADDRESS MARK (81T O)

1 Deleted Data Mark
0 Data Mk

The WOD1770 then wnies the dala held and generales
ORQ's 10 the computec if the DRQ is not serviced in
hme tor conhinuous wnting the Lost Data Status Bit

" gyt .
o~ N,




READ SECTOR
SEQUENCE

Ut AECOND TV N
STaTys MEG T & ]

vis

HAS
Y AYY

EEN ASSEWBLE
IN O5A

»

YES

NOD

L
READ BY COMMUTER SET JaTa

SEY D0

“AS
“EET BYTE

EEN A5SEMBLE
‘N DSR

4

vES

Al
OR BEEN

DA = Oy LOST
]

vE3

170
SECTOR &EG

( NTRO SESET BUSY
LEY CRC ERROR

wTRQ SESET BUSY

TYPE H COMMAND

TULHOLLLOM
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hwwamdmummmmaﬁ.m
command is not terminated. After the last data byte
hes basn written on the disk, the twobyte CRC
computed intemaiy and watten on the disk followed
wmmdloocmmFMormMFu.mwﬁ
outpant is then deactrvated, INTRO will set 2dusec
mmmmcncm-ummramu
m-ﬁummmmmummmm
#ill the talance with 2eroes.

TYPE B COMMANDS

Upon receipt of the Resd Address command, the
Busy Status Bit s set. The next encountered 1D tield
hmwmmmamwmmmuo«m
mwmwmtmstmmmmm
2 DA 13 generated for each byte. Tha six bytes of the
1D tieid are shown Delow:

ADOR ' NUMBER [ADDRESS/LENGTH| 1
Yy, 2 E] 4 5

TRACK | SIDE | SECTOR [SECTOR CRCICRC
2
8

the CRC characters ae transterred o the
computer, the WOD1T70 checks for vahdity and the
CRC ermor status tit 13 set it there is a CRC srmoc The
Track Address of the ID tiekd is wntien into the Secior
misursotrmacompmmchumwm
lnAtMMMth!opﬂllmmmtmp!s
mmlmau:ysw“um

mmmdmnﬂnlwmmm
i loaded and the Busy Status but i set Reading
starts with the jsacing edge of the first encountersd
index puise and tontinues until the next ngdex pulse
ANl Gap, Headet anc data Dytes ane assembied and
warslorred 1o the data register and DRAQ's are
genevatec for sach byts The accumutation of bytes

The 1D AM, 1D fieid. 1D CRC bytes, DAM, Data, and
mcncmm-cnmummwnctm
Gag Bytes mary be read incormectly during write-splice
twne because of i

WRITE TRACK FORMATTING THE DISK

1M«mmlhoanypolucmmmm
Giagrama.)

zmmmmmnwmmmamw
and issuing the Wime Track commend.

UmmmdmmuTﬂw.mauw
Siatus Dit is sat. wnting stants with the leading o008
of the first encountersd index pulse and continues
until the next indax puise. at which time the interrupt
s aclivated. The Data Request 18 activated im-
medialely upon reCVIng the command, but writing
mllnoll!l‘untllmmmslmmmm
mtotmoaanmtumh-bﬂmnotbunw
within 3 byte times. the operation is termunated
mmmmmmmmmnswu
-sutwmmmptnmmuumnm
mmmoﬂmmamdmh
substituted

msmmhmmimnmwtm
next index mark. Normadly, whatever dats pattem ap-
miﬂlm&uwn«iswﬁnmommmwm‘mn
normal clock pattern. However, if the WD 1770 detects
a data patiem of FS through FE i the data registec
this is interpreted as Ota address marks with

is synciwonized 10 sach address mark encountersd. miasing clocks or CAC generation.
An interrupt is Qenerated at the compietion of the
command.
DATA PATTERN
M DR (HEX) 1N_FM (DOEN = 1) e uru (DBDEN = &
00 thru F4 Write 00 thry FA with CLK = FF winte 00 thwu Fd, in MFM
F% Not Allowed ! wWnte A1° in MFM, Present CRC
F6 Not Allowed ! Wne G2 in MFM
F7 Generate 2 CAC bytes ‘ Genrerate 2 CRC bytes
FathuFB Wte F8 thru FB. CLK = C7.PesetCRC | Wnte F8 thry FB. in MFM
FC Write FC withCLK = O7 t wnte FC in MFM
FD write FD withCLK = FF wnte FD in MFM
FE VWrite FE.CLK = C7. Preset CRC write FE in MFM
FF Write FF withCLK = FF wnite FF in MFM

.-Miasing clock fransition between tits 4 and §.
Missing clock Iransilion between bits 3and 4.
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The CRC generator is initialized when any data byte
from FB to FE is about o be Iransferred from the DR
10 the DSR in £M or by receipt at F5 in MFM._An F7
patiemn will generate two CRC characters in FM or
MFM. As a consequence, the patterns FS through FE
must not appear in the gaps, data fields, or 1D teids.
Also. CRC's must be generated by an FT pattem.

Disks may be formatted in IBM 3740 or System 3 for-
mats with sector lengths of 128, 256, 512 or 1024
bytea.

TYPE W COMMANDS

The Forced interrupt cormmand is peneraily used 10
termimate a Mulliple sector read or write command of
to insure Type | status in the status registec This
command can be loaded into the cormand register
a1 any time. if there 13 a cument COMMANG under ex-
ecution (busy status bit 381} the command will be ter-
minated and the busy status bit reset

The lower four tits of the command delermine the
congitional interrupt as foliows

10 = Don't Care

Iy = Don't Care

I2 = Every Incex Pulse

I3 = immediate Intemupt

The conditional interrupt 13 enabled when the cor-
responding it positions of the command (I are
set 10 a 1. Then, when the condhhon for intermupt 13
met, the INTRQ line will go high sigrifying that the
conditron specified has occurmed. I i3Iy are all set to
2or0 (HEX DO), no interrupt will oCour but any com-
mand presently under gxecution will be smmechalely
temnated. Whan using the immediate tntemupl con
gtion (13 = 1) an interrupt will be iImmedately
generaied and the cument command lenmunated.
Rexting the status or wnting t0 the command
register will net automatically clasr the intemupt. The
HEX DO is the only command that will snable the 1m-
mediate interrupt (HEX D) 1o clear on a subsequent
load command register Or rTead status reQisier opers
tion. Foliow a MEX D8 with DO command.

Wait 18 micro sec (double density) or 32 micro 3ec
{s/ngle density) belfons issuIng & new command aiter
rssuing a forced interupt Loading a new command
S00ner than this wil nullity the forced intermupt

Forced :ntemrupt stops any commarnd a1 the end of an
nternal  micronstruction and generates INTRQ
when the specified condition 1 met. Forced intemupt
will wait until ALU operations in progress are com-
piete (CRC calculations, compares. etic).

Staws Reglster

Upon receipt of any command, except the Force in-
termupt command, the Busy Status bit 1s set and Ihe
rest of the status Dits are updated or cleared ot the
new command I the Force Interupt Command 1
receved when 1here 18 a Curtent command under ex
ecution, the Busy status Dl 18 resat. and 1he test of
the status bits are unchanged. If the Force Intermupt

m

command is received when them 13 not & current
command under execution, the Busy Status it 18
reset and the rest of the status bits & updated
or Claared. In thus case, Status refiects the Type |
commands.

The user has the option of reading 1he Status register
through program control or using the DRG ling with
DMA or interrupt methods. When the Data register 13
mad the DRQ brt i the status register and the DRQ
line are automatically reset A write to the Deta
register aiso causes both DRQI's t0 reset.

The busy bit in the status may be Monitored with a
USer PrOGRAM 10 determung when a COMMaNd is com-
piete. in lieu of ysing the INTRQ Iine. When using the
INTRQ, a busy status check is not recommended
becausa & read of the status register {0 determine the
condition of busy will reset the INTRQ ling.

The tormat of the Status Register is shown beiow.

{8178
T 6] 8§71 413021110
I S§7 1 S8 ! S5 :S4[S)]|S2]S1|S0

RECOMMENDED — 128 BYTES/SECTOR

Shown below 13 the recommended single-density for-
mat with 128 Dytes/sectoc In ordes 10 format a disk:
ette, the user myust :ssue the YWnte Track command,
ang load 1he data register with the foliowing values.
For every Dyle 10 De wntien, therm is one Data
Request

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
) FF (or Oy
§ [+ 1)
1 FE (ID Address Mark)
1 Track Number
1 Side Number 00 or 01
1 Sactor Number (1 thru 1A)
| 00 (Sector Length}
1 F7(2CRC’'s wntten}
1"t FF (or OO
] @
1 FB (Data Addreas Mark)
13 Data (IBM uses ES
1 F7 (2 CRC's writieny
10 FF (or OOV
B FF(or OOy

“Wrile bracketed tigid 16 times.
**Continue wnting untl WDIT70 interrupts out
Approx. J85 Dytes.

258 BYTES/SECTOR

Shown beiow 13 the recommenced dual-density for-
mat with 258 Dytewsector In omder to format a
ciskette the user must 1ssye the Wnie Track com-
mand and toad the data regisier with tha foliowing
values For every Dyte 10 D8 wntten. 1ram i3 one Jata
requesL
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NUMBER
OF BYTES MWEX VALUE OF BYTE WRITTEN |
% 4E
1 1 1]
3 F5 (Writas A1)
] FE (1D Address Mark)
1 Track Number (0 thry 40)
b ] Sute Number (0 or 1)
1 Sector Number (1 thry 1A)
1 01.-Sector Length)
1 F7i2 CRC's written)
= 4E
12 oD
3 F5iWrites A1)
] FB Data Address Mark}
p-.. ] DATA
1 £72 CRC’s written)
]! 4E
668°° 4&F

*Write bracketad "eid 18 himes.
**Cominue wnuing untd WOD1TT0 interrupts out
Approx. 668 Dytes.

1. Nor-Swendard Formats

Vanations n the recommended formats ane possibie
10 a imuted extemt f the lollowing requirements are
mat

STATUS REGISTER DESCRIFTION

1) Sacior sizw must be 128, 256, 512 of 1024 bytes.

2 Gap 2 cannot be varied from the recommended
format

3 3oytes of A must be used vt MFM.

in adgition, the index Address Mark is not required
for oparation by the WONT70 Gap 1, 3, and 4 lengths
can be as short a8 2 bytes for WD1TTD operation,
however PLL lock up time, motor spesd vanation,
white-splice area. #iC. will 800 morg bytes (0 sach gap
10 achigve [rOper operation. It is recommended that
the recommended format be used for highes! system
reliabeity.

M MFM
Gapl 16 bytes FF 2 oytes dE
Gapll 11 bytes FF 2bytes 4E
. G bytes 00 12 bytes 00
. - 3bytes Al
Gapi** 10 bytes FF 24 bytes 4
4 bytes 0D S bytes 00
Ibytes Al
Gaplv 16 bytes FF 16 bytes 4E

* Byle COunts Must De exacl

**Byle COUNtS M8 MMM, except exactly 3 bytes
of A1 must be wntten.

BIT NAME MEANING

S? MOTOR ON This Dit retiects the status of the Motor On output.

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Writer it inchcates a
Wit Protect. This bit i3 reset when updated.

S5 RECORD When set. this it indicates that the Motor SpinUp sequence has compleied [ -]

TYPESPAIN-UP revolutions) on Typa | commands. Type 2 & 3 commands, thes it indicates record

; Type.0 = DataMark t = Deleted Data Mark.

S4 RECORD NOT When et it \ncicates 1hat The desired track, sectot of side were not found. This bil

FOUND (RNF) 13 resat when updated.

S3 CAC ERROR 1t 54 13 341, &N STOr 18 found i one of More 1D fieids: otherwss i indicates emor in
data field. This bit s reset when updated.

$2 LOST DATAY VWhen set. it indicates the computer did not respond ta DRQ m one byte time. This

TRACK Q0 1 18 reset 10 2010 when update. On Type | commands, this bit reflects the status of
the TRACK 00 Pin.

$1 DATA REQUEST/ Thus bit is 8 copy of the DRG oulput. When set. it wndicates the DR« full on 2 Read

INDEX Operation or the DR 1s empty on 2 Wnte operahon. This Drt 15 reset 10 2erc when
updated On Type | commands. this bit indicates the status of the Index Pin,

SO BUSY VWhen Set COmMand 18 unoer axecution. When resst. NG command 13 unde

. execution, '

DC ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

Storage Temperature . .
Operating Temperature

. ~5%‘Cto +125°C
. 0*C to 70*C Ambient

Maximum Voltage to Any Input
with Respect to Vg o =1510 -03V)

M




This document describes the method of interfacing to the 1772
through the DMA CHANNEL on the ATARI ST.

Before any data transfers can begin to or from the floppy, the
DMA fifo must be cleared and the DMA address must be set up. To
clear the fifo write a 190 to 18606 followed by 90 to {{8606. Next set up
the DMA address as follows:

11860d is the least significant 8 bits of the address
860D is the middie 8 bits of the address
#8609 is the most significant 8 bits of the address

Addressing the 1772
The 1772 requires two writes to access the registers. The first

write (to #8608) selects the 1772 register. The second access is to the
1772 regisier.

The addresses for the registers are (in hex ):

1. 80 - This selects the command/status register.
2. 82 - This selects the track register.

3. 84 - This selects the sector register.

4. 86 - This selects the data register.

Each of the above values must be or-ed with 100 (hex) if the
direction of transfer is from memory to floppy disk. Also a value of ff
must be written to 43e to prevent the TOS from changing the value in
#18606. ( If f is in 43e this prevents TOS from modifying the value in
118606. THIS BYTE MUST BE SET BACK TO 00 AS SOON AS THE
DISK OPERATION IS COMPLETED!)

Seeks

To seek {o a track the 1772 first receives the destination track in
the data register ( 86 ) and then is issued the command seek command

(17).
For Example:

move.w *$86 1{{B606 select the data register

move.w *$4f 118604 write destination track (last track on drive)

move.w *$80.i{if8606 select command register

nop

nop
:delay because of the 3usec cycle time of
‘the 1772 regisier access

move.w *$17 1ft{8604 :this is a seek with verify with the correct
;step rate




The 1772 will generate an interrupt when it has finished the seek.
The interrup! can also be polled at fffal 1 bit 5. If this bit is a zero then
the 1772 is finished. To check for errors read from {8604 . this will clear
the interrupt bit.

Transferring Data

To write to the diskette, first set up the DMA address. Next clear
the DMA fifo then write 190 to {8606 followed by 1 to 1#18604. The 1
sets an upper limit of 512 byles that can be transferred. (The maximum
512 byte blocks that can be transferred is ff.) Write the sector ( 1-9)
number in the sector register. For a wrile in tracks 00-27 use ab for the
write command, and a4 for tracks 28-4f. Use 84 (hex) for the read
command. Do not use any of the read/write multiple sectors commands

since these requir~ a Force Interrupt command which performs much
slower than re-executing the read or write command.

Eormat Track Command

The write track command ( 16 for tracks 00 - 27 and {4 for tracks
28 - 4f ) writes data to the drive beginning with the index pulse and
ending with the index pulse. This requires about 1a00 bytes to fill a
drive running at 3%. By using the existing format command each track
will have 9 sectors of 512 bytes per sector. The fourth byle of the Id-
Field is used by the 1772 to count the number of bytes to transfer and
to determine where the CRC is in the data field. Changing a parameter
in the Id-Field can be incompatible with the TOS. Valid track numbers
are 0-41, valid sector numbers are 1-9. The side number is ignored.
(The side number can be read by issuing the READ ADDRESS
comman)d 3 times without clearing the DMA fifo or changing the DMA
pointer. :

The entire track can be written as one long sector and then read
back using the read track command. (Using this method does not
allow any use of the 1772 error checking capability.) When doing this,
the first bytes to written after the index pulse should be 00. Allow at
least 12 bytes of 00 for lock on time and 3 bytes of {5's for byte
synchronization. ( The 15's generate a1’s with a missing clock pulse to
allow the bytes to be aligned. )










