
ST0068 12/8-3 

/1 J Jao,~ ,_ ,. 

WESTERN DIGITAL 
CORP 0 RAT I ON. 

FILE 
WD1003-WA2 

WINCHESTER DISK/FLOPPY DISKETTE 

CONTROLLER 

PRELIMINARY OEM MANUAL 

3/06/86 

/ 
I 

I 



, , 
} ; l '•• '. 

WD1003-WA2 
Features 

IBM® 1001\o PC AT Com
patible Winchester and 
Floppy Controller 

Controls 1 or 2 5 V4" 
Winchester Drives 
(ST506/ST-l 12) 

Controls 1 or 2 Floppy 
Drives at Four Data Rates 

Based on Industry Standard 
WD2010B-10 Winchester 
Controller Chip 

Self-Adjusting Data 
Separator, \\DlOCZO 

On-Board Diagnostics 

16-Bit Dara Bus 

Concurrent 1ransfers on a 
Floppy and a Winchester 
Drive 

Certified to Comply with 
the Limits for a Class B 
Computing Device 
Pursuant to Subpart J of 
Part 15 of F.C.C. Rules 

Description 

The WD 1003-WA2 is a 
storage controller that inter
faces up to two rigid 
Winchester disk drives and 
up to two floppy disk drives 
to the IBM Personal 
Computer, model AT 
and compatibles. 

The controller is based on 
Western Digital's industry 
standard Winchester con
troller device, the WD2010B-10, 
and on a self-adjusting Data 
Separ:itor device, the 
WDlOCZOA-05. In addition, 
three other proprietary 
Western Digital devices are 
incorporated on the board, 
including WDllCOOC-22 
(Buffer Manager & Con
troller). WD16C92 (Floppy 
Read-Write Support Device) 
and \\DlOlS-3 7 A (Processor). 

The \VD1003-WA2 controls 
one or nrn ST506/ST412 
Winchester disk drives and 
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Winchester/Floppy Disk Controller 

one or two floppy disk drives. 
The Winchester interface 
accepts a 5 megabit per 
second data rate. The con
troller board supports drives 
with up to 16 read/write 
heads and 2048 cylinders. 

The data rate for the 
floppy disk interface is 

programmable between 
1251\:bps, 250Kbps, 300Kbps, 
and SOOKbps. 

The WD1003-W.t\2 contains 
all of the logic required for 
Winchester/floppy drive 
control, the Host interface, 
32-bit error correction, data 

separation, and write 
precompensation. 

A total storage solution for 
PC-Kr compatibles is offered 
by Western Digital in this 
single board controller. 
Advanced LSI devices are 
used to achieve low cost/high 
performance storage control. 

WD1003-WA2 is a trademark of Western Digital Corporation. IBM is a registered trademark 
and IBM PC, PC XT, and PC AT are trademarks of International Business Machines Corporation. 
Product specifications subject to change ,,·ithout notice. 

Copyright © 1987 Western Digital Corporation. All rights reserved. 

Western Digital 
2445 McCabe Way 
Irvine, California 92714 
1-800-84 7-6181 
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~.c.c. CERTIFICATION 

This Western Diaital oroduct has been certified to comolv with 
the limits -f rj1- a Cl ass [: cc<111out i r10 device ou1· suant to Subpar· t ,J 
of Part 15 of F.C.C. Rules. lhis does not ouarantee that 
interference will not occur in individual installations. Western 
Diqital is not resoonsible far any telc~vision. radio, or· cit.her 
interfer·ence cau=.:-ed bv un.::sutho1-i:.-::ed niodificc:;tions o·f thj:; 
product. 

1 f i nte1-f e1""E•nc e preib 1 E"m!:' de:• occur • p J ec:•.<:::.e con :::.ult 
eoui omE·nt ottmer- 's rnanL1<:\l for SL1aqest i ans. :3om(~ 

suqqest i ans include rel c•cati <:•n c.1f the- computer svstem 
the television or radio or placinq the computer 
connection on another circuit or cutlet. 

the 
o-f 

a1-1av 
AC 

;: V :;. t Pfll 

these 
-fr· om 

Power-

Thi~ product was tested and certified 
interconnectino cable(s). Th~refore. 

required to be used with this product. 

\.'Ii th e::tei~n~d shielded 
shieJed cable(s) JS(are> 

IBM Personal Computer AT is a reqistered traclem2.rl< 
International Business Machines Corporation. 

c 
COPYRIGHT 1986 WESTERN DIGITAL CORP. 

ALL RIGHTS RESERVED 

This document· is 01-ot.ected bv cc•r:>vri qht. and contains inf onnat i Lll""1 

proprietary to Western Dioital Corp. Any cooyinq. adaptation. 
distribution, publ~ic 0~21-·fnrm2,nc:e. 01- nu.blic display o-f this 
document \I-Ji th out the e:·: or-e:.s \•Ji'. it ten consent. o 1: l&Jestern Di o it al 
Corp. is strictly prohibited. lhe rec~ipt or possession o{ this 
document does not convey any riohts to reproduce or distribute 
its contents. or to manufacture. use or sell anvthino that may 
deEcribe. in whole or in part. without the specific written 
consent of Western Dioital Corp. 
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1 . 1 DDCUl·1ENT !3Cl!F'E 

'.31.:.C \ lUi J 1 
ILIJT:rmuc·r IC.ill 

This c1ocum<?.nt pr·ei'·1icl1?s t.hE? u:e·r 1-Jitti lhe:.:- infc·i-mation rec1ui1-erj to 
de!:O.i on 1~e1 ated so+twa1~·e dr· i ve1-·s and i nterf ac:e connect i ans f 01-
ef f i c i ent use oi the WD1003-WA2 Winchester/Flocpv Controller 
Bor.u·d. It is to tt"t1-: L1ser · s advantaqe to become f ami l i a1~ with the 
followinq related documents: 

WD11COOA-22 IBM PC-AT Interface Controller Device 
\.LJD 1 OC20 I/Ji nchester· Data Se par a tor· and t.ih· i t.e 
Precompensation Device 
WD2010-05 Winchester Disk Controller 
WD1015 Buffer M~nao~r Control Processor 
L1F'D"l65A Sinole/Double Density Floppv Disk Contn"Jller· 
NEC Electronics U.S.A. Inc. 
Micraccmouter Division 
Natick. Massachusetts 
ST-·506 Micro Winchester Disk Interface -

Seaqate Technoloqv 
Scotts VAllev. Cali{ornia 

l. 2 DE Ser;: I PT I CIM 

Data Shee:~t 

De<.t a £,:heet 
Data '.3ht-:;·c~t 

D.:d a ShE·et 
Da.ta Sheet 

1·he WD1003-WA2 is an IBM Personal Computer Al bus compatible 
Winchester/Floppy disk controller desioned to interface up to two 
Winchester and up to two floppv disk drjves. 1he board permits 
the concuri~ent oi::•er-c.<.tion of one flapo·.; and one fi::-:ed disk dr·i·•<~. 

The Winchester drive interface is compatible to the Co2uale 
T£~c:hnol,:1qv ST506/ST-412 ·:;t.,:tr·;ds.t-d inl:E·1···face for- 5 11b~'5 h.:~;-·d disk 
drives. ThP ~loppy disk drive interface supports 1.2 MG. 360 RPM 
drives as well as 360 kD ~SA450) drives. The WD1003 ·WA2 

-· includes all necessary receivers and drivers to allow direc~ 

connection to the drive Cs). 

. -·-·-·-----



1.3 FEATURES 
o IBM PERSONAL COMPUTER AT COMPAlIDLE WINCt1ESTER AND FLOPPY CONTROLLER 

o CONTROLS UP TO TWO WINCHESTER DRIVES <ST506/S1412. 16 R1W 
HEADS EACH. 2048 CYLINDERS> 

o CONTROLS UP TO TWO FLOPPY DISK DRIVES 
DOUBLE--=:; I DED 
DOUDLE DENS I TY C~0 bO k[;. :.;;·:10 l~b 5. 1"1Fl'i) 
DUAD DENSITY <1.2 MD. 500 kbs. t·IFM) 
FULJR DATA R1'.4TES (50!) l::bs. :;oo kbs, z_·;o kbs. and l25 kb:;) 
SUPPORTS 360 AND 300 RPM SPINDLE SPEED 

0 8--B IT. DI - DI F:ECT I ONAL BUS HOST I l·n Ef.:FHCE FOF( cmn RUL ~11JD 

STATUS TRANSFERS 

o HIGH-SPEED. 16-BIT PIO DATA TnANSFERS 

o 32-DIT ECC fOR WINCHESTER ERROR DETECTION AND CORRECTIOIJ. CRC FOR 
ID FIELDS 

0 DI AGl"·.IO~n I[: l"IODE F[IR Ent=mR Cl IE:Ct:'. I NG 

o WD10C20 DATA SEPARATOR AND WRITE PRECOMPENSATION DEVICE 

o WD11COOA-22 IDM PC-AT INTERFACE CONTROLLER AND WD16C92-00 
FLOPPY DISK READ/WRITE CONTROLLER (FRWC) REDUCE 
PmJEF\ crn .. 1rn ... 11·n Im~ i-11'-JD CC11'1F'OtlE.tH C[IUIH 

0 ALLOWS. cm.JCUF:HEl'JT OF'EF:AT I ON OF ONE FLOFF''r AND ot-JE vH 1-JCI iES-1 ER 
DF\I\-'E 

1. 4 ARCHITECTUF:E~ 

The liJD1(H):5--vJA2 is. be:ised c•n the l'JD11COOA·22 lBM F'C-Al Inle1-{ace 
Controller device. WD2010A-05 Winchester Disk Controller. WD1015-
37 Buffer Manaoer Control Processor WDlOC~O Winchester Data 
Sepa."1-atm- and vlr i te Precompensc:;t ion Device. 1 K :-: 8 static Ht-11-1 
devices as a Sector Buffer, WD16C92·-00 Floppy Disk Read;Write 
Cont1-ol ler. and an NEC uf-'D765{; Floppv Disk Ccntrolle1-. r:iqL•.1-e 1-·· 
1 is a functional block diaqram of the WD1003-WA2. 

1.4.1 WDllCOOA-22 
The WDllCOOA-22 incorporates several functions in a sinqle 
packaqe. Implementation of these functions occurs by combininq 
random loqic and specialized circuits. The WUllCOOA-22 performs 
the followinq functions: 

NOT RELEASED 7 J~nuarv 1986 -~ 



Host hardware interface 
Sector Buffer addressinq and control 
H";;Q qene1-at ion 
Winchester head selection 
WD1015-37 Wakeup 
Controls Wjnchester activity LED 
Addresses WD2010A-05 Task Files 
Fiecei ves command and error i n·foi-r11ati on from l>JD1015-37 

1.4.2 WD2010A-05 WINCHESTER DISK CONTROLLER 
The WD2010A-05 controls all d2ta transfers between the Sector 
Buffer and the drives. The WD2010A-05 performs multiple sector 
Read/~'Jri te. lmpl i ed and Buffered Seek commands. lhE· l>JDLOJ.O~i- 05 
also executes p~oqrammable format and error recovery alaorithms. 
All Winchester commands are executed throuqh the seven l~sk Files 
of the WD~201 OA-05 after· 1 i mi ted i nte1,··..,·Emt ion by the l>JU 1015·· :::;; . 

1.4.3 WD1015-37 BUFFER MANAGER CONTROL PROCESSOR 
The WD1015-37 is an 8-bit microprocessor that controls and 
coordinates the activity of the Winchester disk drives and 
WD2010A-05. The WD1015-37 receives and sends command or status 
information over the internal WD1003-WA2 multiplexed address/data 
bus. HDO throuoh HD7. Contr·ol l i nq f i rrm\la1~e 1~esi des in the 
~JD 1Ol5-~7 · s '.21< i nte1-nal ROl'I. 

1.4.4 WD10C20 WINCHESTER DATA SEPARATOR AND WRITE PRECOMPENSAllON DEVICE 
The l•JD10C20 pet-for·ms phase-locked loop dc.<.to.":\ svnchroni::::ation on 
read data from the Winchester or1ves. lhis device also 
conditions write data to be recorded on the disk. The WD10C20 
includes both frequency and chase detection. Zero phase error 
start-up circuitry eliminates oroblems due to asymmetry. The 
l·JD10C20 requjres no adjL\stments and contains all data sep.;.i-.::1tion 
circuitry in a sinole device. 

1.4.5 SECTOR BUFFER RAM 
The Sector Buffer is a 1K x 8 RAM ysed for storinq data between 
transfer ooerations. Since the WD2010A-05 and WD1015-37 are 8-
bi t devices. the WD11COOA-22 separates each 16· bit word from the 
Host into two 8-b it bvtes. The ~JD 11 C00·-22 contt-al s the p 1 acement 
of each 8-bit bvte jn the Sector Buffer. For data transfers to 
the ~~ost. the WDllC00-22 assembles 8-bit bytes into 16-bit words. 
The Sector Buffer never contains more than 512 bytes. 



1. 4. 6 WD 16C<7'2-00 
The WD16C92 is a sinole chip support device for the NEC uPD765A. 
Control of the floppy disk data transfer rates is one of the 
functions of the WD16C92. Data transfer rates controlled by the 
WD16C92 are 500 kbs <MFMJ. 300 kbs <MFM>. 250 kbs CMFM>. and 125 
kbs <FM>. Other support functions p1~ovi ded by the l.>J016C92 include 
phase detection. pulse shapinq. and clock qeneration for read 
data and write precompensation C+ 1~5 nsec write precompensatiDn 
for all data rates except 300 kbs. 208.3 nsec write 
precompensation for 300 kbs.>. write data clock. INTERRUPl 
REQUEST 6 <IRQ6) and DMA REQUESl 2 CDRQ2) qeneration. 
Specialized support functions fund shed bv the l.>JD16C92 ar·e pha:.e 
locked loop qain selection and DRQ pulse delay. (Pulse delay i3 
necessa1-y to cor11ply 1-1ith AT timi11c1 ccm:ti-aints.> rhe onlv 
e:·:te1-nal circuitry required by the l>ID16C'=.?2 i·::; a 24 t-lliz crv:tF.•l. 
error amplifier, and dual volt~qe controlled oscillators CVCOs). 
Dual VCOs are necessary because the 300 kbs data rate is not a 
multiple of the 125 kbs data rate. VCO selection is performed bv 
the WD16C92. 

1.4.7 uPD765A SINGLE/DOUBLE DENSITY FLOPPY DISK CONl'ROLLER 
The NEC uPD765A is a floppy disk .controller. I-lost control over 
the NEC uPD765A is complete. No on··ba~rd processor controls the 
floppv controller. Floppy tt-an:::fc~;-s ar·e made in DMP1 mode. All 
floppy commands are supported. 

NOTE 
Refer to the NEC Microcomputer Division Cataloq for more detailed 
information on this device. Where differences exist. the values 
and descriotions in this data sheet take precerlence over· the NEC 
docurm;?nti:.'l.tion. For e::ampl.e. the sector· s).ze is set c:d::. ~i12 bvte:; 
per sector by the AT BIOS even thouqh the NEC controller allow:; 
proqrammable sector sizes. 

FI GUl:;:E 1 -1 • 
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2.1 GENERAL 

SECT l lJl'J ::· 
SPEC lf- l CA I l Qt.JS 

This s:.ection contains tl1e c:•ve.n:dl. :::ot=-cificaljcins. ·fc•r the WDl(H)5 
WA2 Winchester/Floppy Disk Controller. 

2. 2 ELECTFdCAL 

2. 2. 1 I IDSl nn ERFACE 
Tvpe 
Ma:·: Cable Lena th 

2.2.2 DRIVE Il~lERFACE 

T\1pe 

Max Cable Lenqth: 
Contr·ol (Tot.al 
Daisv Chajn) 
Data <Radial-each) 
Si qnal (fl at or 
Twi st.ed Pair --
Tot al Daisy Chain) 

IDJ·f f'f:-;-:::onn.;.J LC•fl1c1ute1- AT 
Connects directlv to Host motherboard 
1rJith 62 pin and 36 i;::iin c:ar·d edc1e conner.:tor·s 

~·J:l nchestE?r· Di !:I~ Floppy Liisk 
ST50b/ST41.:;;· con1oati bl e SA450 01- Tear.: 

55F iG-·-crnm:iat i b 1 e 

3 meters (10 feet) 
3 meters (10 feet) 

6 meler·s (~0 feet> 

2.2.2.1 F:ecordinq Speci-fi1:ation:o 

Encodino Method 
Data F:ate 

Format 

SectorinQ 

Cvl i nde1-s 
Head:; 
D1-i VES 

Soft Erra1~ F:a.te 

Seek Ert-·01~ F:ate 

t-1FM 
5t1bs 

IBM AT compatible 

Soft. 512 byte 
by 17 per track 
<Numbered 1 
thrGuqh 1/) 
~048 

16 ma~: 

1 in l OE 1 (l 
bits read 
1 in 10E12 
bits read 
1 in 10E6 
seeks. 

NOT RELEASED 7 Januararv 2-1 

FM and MFl1 
125kb;. 25i)kb:;. 
3•.)0kbs. 500kbs 
IBM AT compatible 

So-ft. up to 
15 bv 512 bvte 
sectc•rs per 
track 
j 60 ma:·: 
2 ma:·: 
2 
1 in 10E09 
bit:; l""E'C:\d 
1 in HiE12 
bits 1- ead 
1 in 10E.6 
see.•ks 



-. 

2.2.2.1 Recordinq Specifications CCDNT"D. > 
Winchester Disk 

+/·- 12 nsec. 
si nol e-1 eve! 
l"IFM 

Floppy Disk 
F'recompensation 

Interleave Factor 
CF:C F'ol vnc•mi al 
ECC Folvnomial 

ECC Folvnornial 
F.:eci procal 

Record lenqth Cr) 
Correction span Cb) 
Sinole burst detection 
span 

b = 0 
b = 5 

Double burst detection 
span 

b == 0 
b = 5 

2 to 1 min 
:·:··'· 16+;:····· 12·i }: .·-.5+ 1 
xA32+xA28·~xA26~xA19~ 

:-: .··· 1 l·i :·: ··· 1 (H }( ..... 6+:·: .···2+ 1 

H .····32+:·: .····3(>·+·:·~ ·····26+:·: .···22-1 
:~····15+}:"'·13+:{·" .. 6+x···"4+ 1 
516 x 8 bits max 
5 bits 

r = 516 ~: 8 
32 bit:; . 
19 bits 

r = 516 :·: 8 
> 3 bits 
3 bits 

+/ ··· 125 nsec 
w1-ite pr·e··· 
compensation 
for al 1 data 
rates e>:ceot 
300 kbs. 208.3 
nsec for 300 
kbs 

Non-detection probability 2.3 <E-10). r = 516 x 8. 
b = 5 

Miscorrection probability 1.57 CE-5>. r = 516 x B. 
b = 5 

ID Field Cr:<C 
Polynomial 

Data Field CHC 
Pol vnomi al 

NOT RELEASED 7 Januar-arv .-, ... ,. 
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2.2.2.2 Read/Write Control Specifications 

Winchester Disk 
WD10C20 

F!ooov Disk 
Type 

Features 

AcqL1isition 
Time 

Captut-e 

self-adjustinq VCO 
re·fer·ence clock, 
0 phci.se sta1-tup. 
read pulse extension. 
DRUN qeneration, 
write precompen
sation 

12 usec at 5.0 Mb~ 

Ranoe +3% min 
Bit Jitter Tolerance ± 34 nsec 
Jitter Rejection >35 db at 2.5 t·IH:: 

>40 db when trackinq 
Bit Error Rate <10CE10) 
W/C Asvmmetrv Maroin ± 20 nsec 
kd-Pump Output 4/2 mA at pump pin 
ko-VCO Gain 5% per volt 
F'hase 
Error 
2.3 F'OWEH 

Looic Supply 

Supply Hipple 
Analoq Supply 1 
Supply Hipple 
i~naloq Supply 2 
Supply Ripple 

2.4 PHYSICAL 

~5V+5%. 1.2 A m~x 

+ 1 OOmV • p-· p 

+12V+10/.. 0. (12 A ma:-: 

+100 rnv. o·-p 
-12V+10%, 0.01 A max 
+ / ·-1 00 m'./ • p · · p 

Leno th 33. 3 centl meter·:. ( 13. 1 inches:.) 

Width 
Heioht 1.90 centimeters 
2.5 ENVIRONMENTAL • 

2.5.1 TEMPERATURE 

< 4. f:Kl i nc:he;;) 
t0.75 inc:he:) 

' C" ., 
.;J....J J• 

t. .. (> :-: 

?'\naloo 1.>Jith 

dual R-C VCO 
adjustmEmt fr·ee 
vco 

E: bvte·s 111a:·: 
for MFM 
4 bvtes 111a:-: ·ior 
Fl"'I 

min 
mi ri 

:/ .. ·10 deq 

Operatinq 10 C to 50 C (50 F to 122 r> 
o a a a 

Nc·n-· op er at i no -40oC to 60oC (-40oF to 140oF> 

NOT RELEASED 7 Januarary 2-3 



AIR FLOW 

100 LFM min con:::.tant unidirectional. rnE·asur ed on .:'\ plane 1/4 in. 

equidistant frCJm FCB sur-f.:•ce. 
2.5.3 HUMIDITY 

Oper-ati nq 

Non-ope1- at i nq 5~: to S'5i'~ non--condens i nq 
2.5. 4 ALTilUDE 

Ope1-· at]. nq 0 to ::.ooo meter-s ( 0 l ci 1UOOU 

Non--opio~r- C:'I ti nq 0 to 50(10 mete1-s ( (l ta 16000 
'""' c: c: 
.L. • ....) • -· 

1.J l £·<Farr 1 rnJ 

6 to 600 H::: at 1 • U G 

feet) 

feet) 

2.6 MEAN TIME BETWEEN FAILURE <MTBF> AND MEAN TIME TO REPAIR <MTTR> 

MTBF 100.000 F'OH 

MTTR 30 
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SECllDN 3 
INTERFACE CONNtCTIDNS 

3.1 ORGANIZATION 
The WD 100~.S- WA2 has seven interface connectors for user 
application. 

Pl Host interface: 62 pin card edqe connector 
Component side Pins Al throuoh A31 
Cc:inductor side -- Fins E:l t~ir-ouoh 831 

P2 Host interface: 36 pin card edqe connector 
Component side - Pins Cl throuqh ClB 
Conductor side - Pins Dl throuqh D18 

J5 Winchester drive control: 34 pin dual row connector 
daisy chained to two drives. lhe control siqnals at the 
second dr~ive from the t•JDl003-~'JA:~ (no mor·e th~n a total 
lenqth of 3 meters or 10 feet) are terminated with a 220 
ohm resistor to 45V and a 330 .ohm resistor to qround. 

J4. J3 Winchester drive data: 20 pin dual row header connectors. 
radially connected to the drives. 

Jl Floppy control and data: 34 pin cable connector. 

J6 t•Jinche:ter activit\1 LED ccinnE·cteir: A 4 pin header that 
connects via cable to the Winchester front panel. lhe 
WD1003-WA2 liqhts the LED when the Winchester drive is 
busy or the Host asserts RESEl. 

3.2 HOST INTERFACE 
Pl, side A. pluqs into the lcivie1- half (~\DI thru SDOl c-.f the 1t.. 
bit Host data bus CSD15 thn.1 SDO) af)d the Host addr-ess bu5. SD7 
thr-u E:DO t1-ansmit data e:md stc.:<.tus infor-mat.ion. r-·2. side c. pluqs 
into the upper hci 1 f < SD8 thn.1 SD 15) o+ th~-= 1 ~s--b it Host data bus 
<SD15 thru 500). SD8 thru SD15 transmit data only. Pl. side 8, 
and F'2, side D. pl uq into the Host svstem cont1-ol bu:;. Tab 1 e :::.:-1 
describes Pl pin assiqnments in detail. lable 3-2 describes P2 
pin assiqnments in detail. 
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H~BLE 3--1 HOST INTERFACE CotJNECTOR 0:- 1) r=· H~ DESC::U PT I IJN 

PIN 
NUMBER 

A1.A10. 
A12 
th1-u 
A21 

A2 
thru 
A9 

Al 1 

thr·u 
A31 

B1.D10 
K~;1 

B:2 

fJ,~ 

B7 

MNEMONIC: SIGNAL NAME: I/O 

NC 

SD7 
th1-u 
EDD 

AEN 

A9 
tht-u 
f'.10 

Gl•JD 

F:ST 

-1-:'.:i')DC 

-12\.'DC 

+12\'DC 

:NOT CONNECTED 

DATA BUS 
BITS 7 
thru 0 

ADimESS 
El"·Ji'.:;[{ LE 

I . , 

ADDHE!:_\S BLJ~;: 

BIT'.-3 ·7 thn_i: 
0 

L:iFiOUIH> 

l:;:ESEl 

;~5\/I:ic:. 

: DMr4 nEQUE~;; I 
: C~·-IPcl'·Jf"-.JEL 2 

-·-12VDC 

+12'-iDC 

J/O 

I 

J 

I 

FUNCTION 

Di-directional. lower 8-bit 
data bus for data and status 
communication between the 
controller and the Host. 

l>Jhen AEllJ is asse1··ted. the Dlh-i 
controller assumes control of 
the Host adc:Jr··ess bus. ccint1-ol 
bu:: • and d at a bus. . 1 / 0 p rn· t 
adrE·sses a1-e no l onqet · c1ener· a - : 
t e cl f rn- I / U po r t C:\ c c e = =· • 1 n 
this mode. the l/U port is :e 
lected bv assertinq D~CK~-. 

A 10 bit addre:::s bus ~ur l/O 
~)or· t ~d di-es= i nq bv· the :-fo: t.. 

l>Jhen ,:;·:sr21··ted. F:S I -lm·ces the 
t;J D l 0 U ::;; - WA 2 b o a,- d i n i. Ct t h e i ri i -
tial power-uo state. 

·I 5\![iC.: 

Df~:C!2 i :; 
di::"lt.a is 
be·tw(~en 

cont1-ol. 

~s::.c?r-ted "'Jhenever· 
available for transfer 
the l\JD 1 uo::::···W{l2 ur·1det- DM{~: 

Applies to Floppy 
control I e1~ on l ·/. 

···:t'.2VDC 

-~· 12\.'GC 



TABLE 3··-1 HOST I NTEF\FACE COl-ll·JECTOH ( F' 1 :· F' l l'J DESCF l F'T I OIJ ( crnn . IJ. ) 

PIN 
NUMBER 

B4.B5. 
BB.Bl!. 
B12 

B13 

D14 

B15 
thru 

B21 

B22 

:B23. E:24 
B25 

B26 

B27 

B28 

B29 

B30 

I 

MNEMCiN IC SIGNAL NAME: I/ 0 

NC 

IOl>J ·· 

IOR-

NC 

NC 

WJT COl\ll~ECTED 

1/0 l.Jf~I IE· 

l/D HEAD-

, NOT ClJNl-JEC I ED 

I NTEEi<UF'l 
REDUEST 6 

NOT cmmECTED 

DACl<2·- DMA·-

T/C 

f4LE 

+~:;·..; 

NC 

' ACf<Nm·JLEDGE·--: 
: CHAt-JNEL 2··· 

I TEf~:r-11 Nf:1L • 
:CUUNT 

:i4DDRESE:i 
:LATCH El\l~18LE 

I +5\ .. ~ I 

:NCJT COhll\JECTEl) 

I 

I 

u 

0 

I 

1 

hlOT f\ELEASED ·~-- -:~ 
·-· •-l 

FUl·JCTIOl"-1 

IOV.I··· is as:oe1-·l:ed ,,.1hen l!)e IJMA 
controller or· Host writes a 
data. statue, or control byte 
to the WD1003-WA2. 

IDR-- i = as:::e1-ted Hhen the DI-IA 
controller or Hcst reads data 
from th8 WD1003· WA2. 

IRQ6 is asserted ta interruot 
the Host upon completion of a 
command. Applies to floppy 
contr·oller onlv. 

DACK2- is asserted in resoonse 
t. o DtlA 1- eoue:.t ch C:\rmel :.:; • 

: Indic:ates sc~ndina or- the 
:1c::1.:;'l. bv·te ir1 C( i"l.oopv disk tr·a11:.·f-er. 

:Indic~tes bc~rd address 
:is a ... .,·ailable. 



lABLE 3--2 HUST I NT EJ-;:F ACE COl-Jt.Jl::.C-1 Ut\ ( r·2) Fl tJ DESCn I r-·1 I UN 

PIN 
NUMB EH MNEl·lCJl"-J IC: SI GIJAL Nf"-11·1E: I/ 0 

Cl 
thrLl 

ClO 

Cl 1 
thru 
C18 

Dl 

D·-:· ..:.. 

D3 
th1-u 
[>.:'.;:. 

D7 

DB 
thr·u 
D15. D17 

D16 

D18 

SDB 
th1ru 
f.m15 

l\IC 

I /0 CS·--
16--

NC 

+5VDC 

Glm 

3.3 DRIVE INTERFACE 

: DATA 811 8 
thn.1 

:DA1A 8IT 15 

: !'JOT COl'Jt•lEC.: ll=:D 

1/0 lfr--DIT··! 
Cf-I IF'-
SELECT--

: N(]T cm'H lECTED 

: I NTEER\.JF" l 
: f-~EC!UEE::J 14 

:NOT CONNECTED 

GF<DUllD 

3. :; • 1 l>J I NCHESTEF-: DI:;: I ')E cmn1:;:CJL 

1/0 

I 

FUNCTION 

Bi directional. upper 8-bit 
data bus for- d;:..t ~ ti-ans+ et-:; 

onlv between the controller 
and the Host. 

I/O CS 16 siqnc<.ls the :vstern 
board that the current data 
transfer is a 1 wait-state. 
16-bit liO cvcle. derived from: 
an address decode. 

IRQ14 sianals the Host that 
the LiJi11che:.ter· contt-olle1r r-i:?2ds 
attention. IF:l.1 i·:: oener·ated 
when the IRQ line qoes from 
low to hiqh. 

·I 5'../DC 

Control sionals are common to all drives and are daisy-chained to 
the drives from a sinale connector. J5. lo terminate the control 
si qnal s on the t'JD1(H):_:'.,··l>JA2 prope1·-1 v, the l .=i.s:t dt-i ve on the da.i sv 
chain mLtst h<01ve a 220/T'.:.O ohrn re:;i:=oto1r pac:k in5tal led. Table :J--.:~; 

describes J5 pin assiqnments in det~il. 



TABLE 3-:3 liJlNCHESTER DRlVE crnnRUL Cm·Jl·JECTCJf~ (J5) PIN DESCHif-'"1 IDIJ 

·--·----- ·-·-··-.. -- ... -......... -----·-.. --·-:·· ____ .,. __ .......... -·-- -· --·----- .. -- -- ................ ····-. ··----···· _ .. _ .... --···- ........ -·--·-·-- ·--··- ............ --- -···. ··- .......... ·--··· 
S I G N A L 

:----------·------------------ ·---: l!O : FUNCTION 
:GND 'PIN : MNEMONIC: NAME 
'---- ·--·-···-: ---------·--···--: --·-·----·-·-- ..... ··•···-:-·····--·: ......... -- -··-·- .............. --····· ·-····--·----·-----·- .................... - ....... ·········- ..... .. 

1 

-.: ·-· 

5 

-~· 
I 

0 , 

11 

2 : HS3--·/r;:tiJC- HEAD-· 

4 

6 t;.JG··· 

8 SC--· 

10 ·r1=::000-

12 l>JF ·-

SELECl :-:.····/ 
· F:EDUCE·-
1-iJRITE·
cur.:r-;:ENT- . 

l-IEAD
SELEC T 2·--

wr;:I IE··· 
GATE-

SEEi<··· 
COl1r'LETE-· 

TRACl<OOO-· 

l-'Jf.: i ·r E •· 
FAUL. l ··· 
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0 

Cl 

I 

.. 
' 

I he l.<JD100::;--l!JA2 u·::es HS~.·· la· 
select one of 16 R/W he2d:. 
RWC- is not used bv drives with 
lb he:\d dr·ive::. f.:l'.IC·· is u:ro-d 
bv drives with 8 R1W heads. 
RWC reduces the write current: 
on the inner cylinder5. lhis 
le~sens the bit shift caused 
by qreater bit density an 
these cvJ j nde:·r·s. 

~152- i: one C•f the head !Eel E'ct 
sionals decoded bv the drive 
to :elect one of eioht (or ll) 
R/l>J heads. 

WG-· is asserted when valid 
data is to be written on disk. 
The l1JDl.003-··1.1-JA2 
de- as:erts WG- when WF-
i s detected. Soecial 
circuitrv is included to en
sure the system output is 
fr·ee of olitches durinq 
oower···on. 

SC··· inf onns t.J-ic~ l>JD 1 (;<):.:;; ·l•JA:::.:'. 
that the head of a selected 
dri~e has reached the deeired 
cvlinder and has stabilized 

n:::ooo- i = as::er·te:·d ~-Jhf:"ll the 
R/W heads are oo:itioned over 
the outermost cvlinder. 

l>JF···· is as:er··t.ed bv the SE·l ect.ed 
drive when a write error occurs 
l.iJhi 1 e this =:i c111cil is bei no 
asse1~ted. the command in 
proqres~ aborts and no other 
-disk command can be executed. 



TABLE 3· :::;; 1.iJHJCHE.SlEF\ DRIVE CUJHF\UL CUIJl.JECIOF\ tJ!::i) PlN UESl.~RlF'fllllJ 1Cl1N-I ·D.) 

--·------- --- --.. ·-- -- ___ .. -- -···· - ··- -- ---··- ----·- ·-·-- -·- ----
I 
I s 1 G l'J A L 
: - -- --·- -- - ·----- -- --- .... - --·- .. -···- --- ·- -- ..... - -·- - ·- .... --· : 
: G '"JD I F' 1 N 111 .. JEMDN IC : 1·.JAME 
:---- ...... ·-- -- ...... : - -- -··-· ·- -· ..... -·· .... : -- ·- - ··-· -- -- -- ...... -·- ...... 

1 ""!' -· 

15-t< 

17 

1 '.;> 

21 

.····-=-..,:.:. . ..:· 

,-,= ..::..J 

..-,-7 
-"- , 

29. 
::::: 1 . 

""=!'~ ·-··-' 

14 

lt. 

18 

20 

::'.2 

24 

26 

28 

3(>., 

HSO-

MC 

HSl-

INDEX-· 

Uf:DY-

STEP-

Df.'.:0--

DS 1-· 

hND 

NC 

DIFnt+ 

HEAD-... 

SELEC'lO 

: NOT CUl ... fl'·IECTED 

I IE?iD-· 
SEl_ECT 1· · 

INDEX
F'UL;:::E·-

:DF\l'/E h:EADY·· 

STEF' r·uL~:E-

DF:I'/E-
03ELEc:·1 l. --

DF< I '.;E. ... 
SELELT'.2-

: NU r C!Jhll lEC'l EI.1 

L> I m:TT 1 m-1 
I I·~-· 

I /0 

0 

u 

I 

I 

D 

[I 

(J 

[) 

FUNC l IOI~ 

........ ---- - ... : 
HSO·.. j s one of the t1ee:;.d SE·l ect 
sicnals decoded bv the drive 
lo =elect one of eioht tor 16> 
FU l>J heads. 

1151 ... i_ one of the hea.d ::elect 
s i qnal s dee: oded bv the dt- i ve to 
:::.el~ct onE· C•-f eioht tor· ll.) 
Rd•J hc-:ads. 

INDEX- indic~tes the start cf 
a track. Used as a 
synchronization point durinc 
forrnattinq and as a time-out 
mechanism tor ret~1es. Pulses: 
orice each di::k revolution. 

DRDY- informs the controller 
that the drive motor is uo to 
= p !?€'ti • 

STEP·-. with UIRIN- positions 
the heads to ~he desired 
cvl i nder-. SI EF" pul Sf?::: once io1-
each str~o. 01:·;:11·~ · dete; .. mines 
the step direction. 

DS 1-- i ~ . u:: ed to sel ect dr· i ve 

DS2·- i :::> US€-?d to select dt'" i ·v·e 

(l. 

1 . 

DHUI+ df?termi nes the di1-ecti on 
in which the R/W heads move 
when the steo line is pulsed. 
De ·as ser-ted=out; «OIS sErtc-:d==i n. 

~Pin 15 s 1·eser··.,..ed to Dolar·i::e trH2 corH11?.ct.o;-. 



3.4 Winches~er Drive Data Connector~ 
The data lines between the~ l>JDl(l(1.:::; ·l>JA:;:: and the tl-JO Wi nc:heste;- disk 
drives are connected to J4 and J3. A~ the data lines are not 
identical. J4 must be connected to th~ cable from Winche5t~r 
d1-ive 1 and ._13, to the cable f1~c0m Winche::tc>1-· d1-ive 2. Eaclt dri' .. e 
is radially connected with a maximum cable lenoth of 3 meters <10 
feet>. Each data connector is a 20--pjn vertical header on 0.25 
mm C0.01 fnch) center. Data connector pin de5criptions and 
sionals are listed in Table 3-4. 

TABLE :3:·--4 WINCHESTER DRIVE DIHA C01"JNECTOE3 CJ:~;. J4) PIN DESGUF'l'IIJM 

SIGl'M·iL 
--- -·· -···--. 
GND:PIN l!O SIGl'·lAL NAME 

I 
1-

1 NC 
2 Ul·JD 

3 NC 
4 Gl\ID 

<:" 
,J NC 

6 GND 
7 rJC 

B*: 
9 MC 

10 UC 
11 mm 
1 ·-· ..::. mm 

13 0 +t1FMD ~·J1- i te Data 
14 0 ·-1"1Fl .. 1U vJt- it e Oat.:<. 

15 GND 
16 GI.JD 

17 I +MFt1HD F:e::1d Date;. 
: 18 I ·-·MFMRD F:e=-d Data 

1 '7' GND 
20 bl.JD 

*Pin 8 is re~erved to polarize 
the connectcw 
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3.3~3 Floopy Drive Control and Dst8 Connector· 
Ttd.1-tv foLU- pins comprii:.e this cc1nnector. 1111 C:•t1d numbered pins 
~re oround. Pin 5 is reserved to polarize the connector. Table 
3-5 describes Jl pin assionments and functions in detail. 



TP1DLE 3· ·5 FL.OPPY mU\.'E CUl·ll f;:[.iL ~11.Jl..i Dn I A CUJJIJEClOR (Ju f·'HJ D!:~scro , .. I JOH 

SJGMAL 

GND F'IN tHJEMOl'JlC 

1 2 WCCN TRL··· 

' 4 NC ...... 

c: 
...J 

6 NC 
7 8 INDEX .. 

0 10 t·10JEN1· , 

15 16 Mo-tEN2-

1 1 12 DS2·-· 

13 14 DS1-

17 18 DIR--

1'7' 20 SlEF'-

21 22 l1JF:T D(.)l A-

• 
,., .':! ...:.,._. 24 l>JF:T EN·· 

I I/IJ: ' 
l"lf.il'1E 

l>HU TE·- () 

L:UflF~E J·J 1 -· 
CONTHClL·-

NOT COJJHECTED 

J·mT COi-Ji ff'Ll ED 
INDEX .[ 

1·101 or~ · 0 
EN?YDLE l:· 
J·"JOTUR·- [I 

EN1;BL.E:2 -· 

FUNCTION 

Inverted form of SDO for 
read data. Selection uf 
300kbs data rate asserts 
l.iJCCl•fl RL-··. 

F'i n 5 is 1-es(,;r·ved tc:i 
oolar·ize the c:onnecto1-. 

As~ertion indicates etart of 
a t1-ack. 

110TEN1· tMDTEN2 ) tu1-ns cm ttie. 
floppy disk drive soindle. 
MDTENl Ct10 IEM2-) and tt.e 
appropriate drive select sicnal 
mu=:.t be osse1-ted at the s.::c.roe: 
tiine. 

DRIVE- 0 Assertion selects drive 2. 
SELECr2· MDfEN2·- must be as~erted at 

the same ti me as Df1:2 . 
DRIVE· • 0 • Assertion selects drive 1. 
SELECl 1-- MOTEN1-- must be a.sserted at 

the same time as DSl- • 

: DIF.:ECTlON . 0 

STEP-- 0 
PULSE··· 

liJf·.: 11 E · u 
Df-Ht'4-

l>Jfl I TE - 0 
ENABLE· 

Assertion moves the selected 
read/write head inward. 
De-assertion moves the 
selected read/write head 
outward. 

As.sertion moves t.lie 
1-eacl /1r1r i te he<.id one track at 
C'l. time. Hie he2d if1D\/eS in 
direction dete1~mined bv the 
Dlf~ ·· si qnal . 
MF-=11 dot a. 

1:;:se1'-.t ion enables th•:? trll'" i ti no 
of data on an uno1-ot.ected 
disl:ette. 
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TABLE 3--5 FLOF'F'Y DF: I '-.'E CON HWL AND DPi f A COtJIJECTOf;: (J 1) p 11~ 

DESCRIPTION CCUNT'D.> 

SIGNAL 

GND F' IN MNH101JIC 

25 26 Tnl<O--

,...,., 28 ..:... I liJF:T F'r:OT-: 

29 3(> READ-
DATA·-· 

"':~ 1 -:r'I ·-· ~·k. HSl·-

-:!'-~" 54 ·-··-· DISl<ETTE-: 
CHG-· 

NAl'IE 

l•JF: I TE--
PF-:UTECT--

HEAD-· 
DATA-

l-1Er4D··· 

DISf:::ETTE-··: 
CHAl"JC;E-

: :uo: FIJIJCT ION 

I Assertion indicates that the: 

I 

I 

(] 

I 

read i1·ff i te head i =· over· the 
outermost track. 

Assertion indicates a write 
protected di5kette. 

t·1rM nead Data. 

Assertion selects head 1. 

Assertion indicates drive 
is not t-ei?.dv i.e .• drj ve 
darn .... OP€~n. no dish:~tte in 
drive. or imoroper as~ertion: 
of motor enable or drive 
:elect ::i or1al s. 

3. 6 WI NCI-IE STER LED CCiNt.JTECTClFi 

The front panel LED connector is a 4 pin header that connects via 
reversible cable to the Winchester front panel. The WD1003-WA2 
l i qhts the LED 11Jhen the l•Ji nche:::te1- d1-i ve is busv or- the Host 
asserts RESET. Table 3-6 describes J6 pin assiqnments and 
functions. 

TABLE 3-6 WINCHESTER LED CONNECTOR CJ6) PIN DESCRIPTION 

SIGNAL F' I J-.J 

1.4 LED+ 

LED-

DESCRIF'TIOt-J 

Connects to LED anode. Ti e:-d to +!:// 
lfJi th a 2-40 ohm pul 1 uo r·esistrn··-

Connects to LED cathode. 
LED-- l i qhts the LED. 

Assertion o-f 
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SECT 1 DI~ I 'v' 

INTERFACE llHING 
-- .. ·--------- .. ···-··-·--·----··--- -··- ··-- .. ···--,,----··-···· -------·-···--···· ···--· - .. -- . --··--··-· --·-· ... --- ·····- - - - --··-······. -

l B'.:i 
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5.1 GENERAL 

SECTIOM \I 
COl111AHDS DESCF-: I PT I DN 

The WD 1003--·11J{i2 supports t "'JC' com1nc:i.nd SE't =: the l1Ji ncheste1- command 
set and the NEC uPD765A Floppv command set. Section 5.2 
describes each Winchester command in det~il. Section 5.3 
describes each Floppy command in detail. Section 6. lheorv of 
Operation. describes l.>Jinchester and FlDPPV command e:-:ecution e<c: 

well as the WD1003-·l.<JA2 reqi ster strL1ctu1-e. 

5. 2 l'-JlNCHESlEF;: Clli'11'1AND SET 

The l.>JDlOO:~;- l•JA2 l>Ji nchester command set cc.r1tai ns ei oht comr11ands. 
Five commands (F:estore. Seek. Head Secto1-. V.J1-i te Sector. and 
Format Tr·ack) c:i.re e:-:ecuted throuoh the "1JD:!01 OA· 05 command 
reaister. <A sixth WD2010A-05 command. Scan ID is not directlv 
available to the Host. Scan ID mav be executed by the WD1015-37 
transparently to the Host.) The three remaininq commands <Read 
Verifv. Diaqnose. and Set Parameters) are executed throuqh the 
WD1015-37. Table 5-1 describes the eiqht WD1003-WA2 Winchester 
commands. and thei t- bit ass.i qriment;: .. 
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TABLE 5-1 • ~J 1 NU-IESTEF~ cut-11·11.;1,ms AMD Cll1'1M?~ND CODES 

COMMAND BITS 

Restor·e 0 (l i) 1 R:. R'"• ..::. Rl RO 

Seek (I 1 1 1 R3 R'-' FU F:O I 

F<ead Sector 0 0 1 • 0 (I 0 L .. , 

trJr· i te Secto1- 0 (i 1 1 0 (i L l 

Fn1-rnat Track 0 1 0 1 0 0 0 0 

F:ead Veri fv (I 1 0 (i (l 0 0 T 

Diaanose 1 0 0 1 0 0 (I 0 

Set F'a1-ameters 1 (i 0 1 (l 0 0 1 

LEGEND 

R..,. _, throuoh RO Step rate selection !Jits. Refer to Table 5·-2 
for more detailed information. 

L Read or l'Jri te Leino bit. Set to 1 enables 
Read or Write Lonq mode. 

T Retry bit. Set to 1 disables retries. 

The steppinq rates for the commands that perform implied seeks 
are set in the leas~ sionifjcant nibble of the last executed 
RESTORE or SEEK command. Table 5-2 lists the Winchester step 
rates. 
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lABLE 5-2. STEPPING RATES 

STEPPING SlEF·P !MG 
F\3 F\2 F\ 1 no RATE F\3 R~' ..:.. Rl F\O f.:ATE 

(I (I (I (I 35 usec 1 0 (I 0 4.0 msec 
0 0 0 1 0. 5 rusec 1 (> (> 1 4.5 msec 
(I (I 1 0 1. 0 msec 1 (> 1 (I 5.0 msec 
0 (I 1 1 1 c· • ..J m:ec 1 0 l 1 5.5 ms:.ec 
(I 1 (I (I 2. () msec 1 1 (I 0 6. (I msec 
(l 1 (I 1 2.5 msec 1 1 0 l 6.5 msec 
(I 1 1 (• ::\. (I msec 1 1 1 (I .... ') ._ .... ...:... usec 
0 1 1 1 3. =~ msec 1 1 1 1 16 USEC 

l\lote: Pif ter Diaonose 01- 1-·eset. :.teooino rate 
de·f aul ts to ' C" o . ...J msec 

5. 2. 1 HESTOF~E 

The Restore command is used to move the R/W heads to the Track 
000 position. The controller issues step oulses to the drive 
until the !rack 000 indicator from the drive is asserted. lf 
Track 000 is not asserted within 2047 steps. the Error bit in the 
Status Reoister is set and and a Track 000 error is posted in the 
Error Recister. The implied seek step rate may be set up 
accordinq to Table 5-2 by the Restore command. The restore steo 
rate is established by the SEEK COMPLETE- siqnal from the drive. 
i.e. each steo pulse is issued only after SEEK COMPLE1E- i~ 

aEserted by the drive from the previous step. If the DRIVE 
READY- sional is de-asserted or WRilE FAULT·- is asserted. this 
command terminates with the err~r bit set in the status reqister 
and the error reoister reports an aboried command. 

SEEi< 

This co111mand mc•ves the R/1-<J heads to the cvl i nder specified in the 
task file cylinder hioh and low reoisters. The implied seek steo 
rate is also s~t by this command. The lower order four bits o{ 
the command are used to select one of 16 available step rates. 
Pin inter-rupt is qener-ated at the cc•mpletion c:•f the ceimniand. l·f 
the DRIVE READY- sional is de-asserted or WRITE FAULT- is 
asserted. this command i =· tenr.i n.:..ted ~·'i th the er1-c1r bit set in 
the status reoi st er and the erroi- reqi ster t-e1:::ior-t:; an abo1-ted 
command. 

5.2.3 READ SECTOR 

A number of sectors C1 - 256) can be read from the selected drive 
with this command.~ The sector count recister in the task file 
determines the number cf sectors to be transferred. Multicle 
sector reads may cross head and cylinder boundaries. 
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If the Read command is issued prior to initializinq a step rate, 
~he default value of 6.5 msec is selected and a Recalibrate is 
performed prior to the Read. 

If the R/W heads are not positioned over the taroet track. the 
controller performs an implied seek to the proper cylinder. The 
steppino rate used durinq the implied seek is the value specified 
durinq the previous Seek or Restore command. 

The optional lonq bit <L :et to 1 enable: Read Lonq.) informs the 
WD1003-WA2 whether or not to include the four ECC bytes. These 
four ECC bytes are transferred as individual bytes, not words. ~s 

is the data field information. The data request bit in the 
status reoister must be valid before each byte transferred and ~t 
least 2 usec will pass between each byte transferred. 

Data errors up to 5 bits in lenqth will be a0tomaticallv 
corrected on normal Read commands. If an uncorrectable error 
occurs. the data transfer will still take place. a multi-sector 
read. however. will terminate after the sector in error is read 
by the system. 

The optional retry bit CT set to 1 disabJes retries.) disables or 
enables retries. The WD2010A-05 automatically retries for ten 
disk revolutions when the retry bit is enabled. lhe WD2010A-05 
properly sets the error and status recistere if the retries are 
unsuccessful. Disablinq retries allows only two disk revolutions 
for automatic retries before the WD2010A-05 sets the error and 
status reqisters. 

For ECC errors. eiqht Read retr·ies are made at readinq before a 
soft uncorrectable error is reported. A Read retry results in 
the rei ssui nq of the - t.iJD20 lOA--05 f::ead Sector command. The 
WD2010A-05 Read Sector command attempts to verify the sector far 
ten disk revolutions. if Tis set to 1, before returninq an 
error. ECC correctable data errqrs are corrected after two 
consecutive matchinq ECC syndromes are detected. If the error is 
an uncorrectable error or an error is reported by the WD2010A-05. 
the command terminates. 

Interrupts occur as each sector is ready to be read by the system. 
No interrupt is qenerated at the end of the command. If the 
DRIVE READY- siqnal is de-asserted or WRITE FAULT- asserted. this 
command terminates with the error bit set in the status reqister 
and the error reqister reports an aborted command. 

5.2.4 WRITE SECTOR 

A number of sectors (1 - 256) can be written to tha selected 
drive. The sector count recister in the task file determines 
the number of sectors to be transferred. Multiple sector writes 
may cross head and cylinder boundaries. 
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If the Write command is issued prior to initializinq a step rate. 
the default value of 6.5 msec is selected and a Recalibrate is 
derformed prior to the Write. 

If the heads are not positioned at the cylinder specified in the 
cylinder hiqh and low reqisters. the controller performs an 
implied seek. The step rate used is determined by the step rate 
field of the mast recently executed Restore or Seek command. 

The optional lonq bit CL set to 1 enables Write Lonq.) in{orms 
the WD1003-WA2 whether or not to append the Host supplied ECC 
bytes. These f ou1~ bvtes are tt-an:.f erred as i ndi vi dual bytes.. not 
words. as is data field information. 1·he data request bit in the 
status reqister must be valid before each byte transferred and at 
1 east 2 Lisee wi 11 pass betw€'2en each byte t;-ans·f ei-red. 

The optional retry bit CT set to 1 disables retries.) disables er 
enables retries. The WD2010A-··05 automaticallv retries fo1- ten 
disk revolutions when the retry bit is enabled. lhe WD2010A-05 
properly sets the error and status reqister~ if the retrie5 are 
unsuccessful. Disablinq retries allows only two disk revolutions 
before the WD2010A-05 sets the error and status reqisters. 

The WD1003-WA2 interrupt is qenerated ~s the d~ta for each sector 
is required to be transferred into the Sector Buffer <except the 
first sector) and at the end of the command. The first sector 
may be written to the buffer immediately after the command has 
been sent~ and the data r eque::t st at us is. :.et. l f the DFU './E 
READY-· siqnal is de·-asser-ted 01·- l•mITE r=HULl-·· is as::erted. thi:; 
command terminates with the error bit set in the status r~qister 
and the error reqister reports an aborted comm~nd. 

5.2.5 FORMAl TRACK 

The track specified bv the task file is form~tted with ID and 
data fields accardinq to the interleave table transferred to the 
buffer. The interleave table. co~~ists of two bytes per sector 
as foll.c:iws:: 

00 PHYSICAL SECTOF.: 1 
00 PHYSICr~L SECTClH :2 
00 PHYSICAL SECTOR -::-

~· 

00 PHYSICAL SEClOR 17 
The data transfer must be 512 bytes even thouoh the table may be 
only 34 bytes. The sector count reoister must be loaded with the 
number of sectors per track before each Format lrack command. 
The Format Track command supports no error reportinq. A bad 
block may be specified by replacinq a 00 table ent~y with an 80 
hex. When switchinq between drives. a Restore command must be 
executed prior to attemptinq a format. Command completion will 
leave all data fields initialized to zeroes. The completion 
interrupt is qenerated after each track has been formatted. 
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5.2.6 READ VERIFY 

This command functions similarlv to a normal Read command except 
that data is not output to the Hast. One to 256 secto1~s mav be 
verified at one time. The qenerated ECC bytes are compared with 
the recorded ECC bytes for data verification. A sinqle interrupt 
is oenerated upon completion of the command or in the event of ~n 

error. 

If the Read Verify command is issued prior to initializinq a step 
rate. the default value of 6.5 msec is selected and a recalibrate 
is performed prior to the Read Verify. 

For ECC errors. eioht Read retries are made at readinq before a 
soft uncorrectable error is reported. A Read retry results in 
the reissuinq of the WD2010A-05 Read Sector command. The 
WD2010A-05 Read Sector command attempts to verify the sector each 
disk revolution for ten disk revolutions. if T is set to 1. 
before returninq an error. ECC correctable data errors are 
corrected after two consecutive matchinq ECC svndromes are 
detected. If the error is an uncorrectable error or an error is 
reported by the WD2010A-05. the command terminates. The WRITE 
FAULT- and DRIVE READY- inputs are checked throuqhout tt1e 
command's execution. 

5. 2. 7 DIAG~JOSE 

The Diaonose command causes the Controller to perform an on
board diaonostic and to report the result in the Error Reqister. 
An interrupt is performed upon completion of the command. 

The Diaqnose command performs tests on the WD1015-37's internal 
ROM and RAM. the WDllCOOA-22. WD2010A-05. and the Sector Buffer. 
If any component fails. the appropriate error code is loaded into 
the error reqister. Error codes are as follows: 

01 No errors 
02 WD2010A-05 reqister access error· 
03 Sector Buffer RAM data error 
04 WD1015-37 to WD11COOA-22 data path error 
05 WD1015-37 ROM checksum or RAM data error 
00. 06-FF Not used. Undefined. 

In addition, the Diaqnose command sets the write pre-comp task 
file reoister to 32. This causes write pre-compensation to beqin 
at cylinder 128 since the write pre-comp reaister holds the 
desired value divided by four. The sector count reqister is 
reset to one while the cylinder hioh. cylinder low. and SDH 
reqisters are all set to zero. 
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5. 2·. 8 SET PARAMETEF:S 

i"t--.is cc•mmand sets LIP the d1-ive paran1eters rt-oardinq the ma:dmum 
number of heads and sectors per track. The WD1003-WA2 uses these 
two parameters when oerforminq multiple sector operations. The 
SDH task file redister specifies the drive affected. The sector 
count and SDH reqisters must be set up before this command is 
issued. An interrupt is set at the completion of the command. 

This command must be issued before anv multiple sector operations 
are undertaken. Bv settino the SDH reoister for each of the two 
possible drives. this command allows the WD1003-WA2 to support 
two drives with different characteristics. 

5.3 FLOPPY COMMANDS 

The WD1003-WA2 supports all NEC uPD765A command~. Table 5-3 lists 
the NEC uPD765A commands and command codes. l'his section fully 
describes the NEC floppy disk controller commands. Section b 

describes command floppy protocols and command sequence. 

TABLE 5-3. COMMAND CODE SUMMAR'{ 

COMMAND CDMl'1At·JD CODES 
SDB7 SDB6 SDB5 SDB4 SDB3 SDB2 SD131 SDBO 

READ DATA·IE' MT MF SI< (l 0 1 1 (I 

READ M"T MF SI< (I 1 1 (i (I 

DELETED DATA·~:· 

:WRITE DATA-11·: MT MF (> 0 0 1 0 1 

WRITE MT MF 0 0 1 0 (I 1 
DELETED DATA* 

READ n;:ACK* 0 MF SK (I (I 0 1 (I 

READ I D-11· 0 t1F 0 (I 1 0 1 (i 

FOHMAT (I MF (j 0 1 ]. 0 l 
TRACK·li 

SCAtJ EDUAL+:· MT MF SI< 1 0 0 (l 1 

SCAN LOW MT MF SJ~: 1 1 0 0 1 
OR EQU{~1L* 

SCAN HIGH MT MF SI< 1 1 1 (I 1 
OR EQUAL* 

SENSE 0 0 I) 0 0 1 0 (> 

DF\IVE STATUS* 
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TABLE 5-2. COMMAND CODE DESCRIPTION (CONT'D.) 

COMMAND COtlM?-)t..JD CODES 
SDB7 SDB6 I SDB5 SDB4 SDB3 SDB2 SDB1 SDl~(I 

SEEi<* <) 0 (I 0 1 1 1 1 

REC AL I Bl~ATE ** I (I (I (I (l 0 1 1 1 

SENSE (I (I 0 0 1 0 (l (I 

INTERRUPT STATUS 

SPECIFY (> (l 0 (I I) 0 1 
Sf\T HUf 

HLl l'JD 
Il\IVAL ID Invalid command codes: No operation -- floppv 

controller enters standbv state. 

*Second bvte of command cede for the~e commands is as fallows: 

5087 throuqh SD83: Set to zero. SDD2: HD. SDB1: 0. SDBO: 0 

**·Secc•nd bvte of command code fo1- RecC\libr.:.te is as fc.•llc•lo'Js: 

SDB7 throuqh SDDO: Set to zero. 

LEGE MD 

MT 1"1ul ti -·-tr· ac k 

MF FM/MFM mode 
SK Skip 
HD Head 

SHT E;teo F\ate 
Time 

HUT Head Unload 
Time 

HLT Head Load lime 
ND Non--DMA Mode 

Set to one fo1- multi·-t1-ack oper·at.ic•n. lf 
set to one after execution of Read/Write 
operation on side o. floppy controller 
automatically seaches for sector 1. side 1. 
Set to zero for FM. Set to one for MFH. 
Set to one to skip deleted data address mark. 
Set to one for head 1. 
head (I. 

Set to :::et-o for 

1 to 16 msec in 1 ~sec increments <Ohex = 
16 msec. !hex= 15 msec •.• Ehex = 2 msec. 
Fhex = 1 msec. Step rates apply to both 
d1-ives. 
16 to 240 msec in 16 msec increments. 

2 to 254 msec in 2 msec i nc1-en1t?nt s. 
Set to one for non-DMA mode. 

NOTE 

-
Each Floppy command description contains information from the NEC 
uPD765A data sheet. Reprinted with permission of and licensed bv 
NEC Electronics Inc. c 1985 NEC Electronics Inc. 
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5. 3. 1 READ DATA 

Phase 

Command 

E:-:ecut ion 

F\esult 

FUvJ 

w 
w 

uPD765A Data Bus 
:01 :06 :ns :04 :03 :02 :01 :no 

'MT 
x 

:MF 
x 

:SK 
x 

(l 

x 
(I 1 
X :HD 

1 : 0 :Command codes. 
:us1:uso:x =don't care. 

:usually set to zero. 
:us1 and USO set to zero. 
:Unit selec:tion oerfo1··med 
:bv Floppy Input Reoister. 

W <-····- -------····-- C -··---·······-······-·-···--·----·>:Sec: tor ID inf or·m.:d: ion 
W <---···--------- H ------·-·---------->:pi-- i ctJ- to c ommci.nd e:-: e- : 

< ·------------··· -- R - ·· ·-···-· --·-······ --···--··· --···· > : cut ion. ·r h 1-= +our· bvt es 
W <----------- N ---------------->:are commanrled aqainst 
W , <----·------·--·-···EOT····--··· -·--·-·--·-·-···-->:header· on ·f 1 OPPV disk. : 
W : < - --------·- ---··-GF'L - - -- ------· - --··· ·--· > : 
w 

R 
R 
H 
R 
R 
F: 
n 

: < ---·-·--···-·--·-·-··-OTL----·--···--········--··-·-· ··->: 
:Data transfer between 
:floppv d1-ive and Host.: 

: <----------- -- -Sl 0-·-·-·· -·-- ------- --·-·- >: bt at us inf 01- ma.t ). on 
:<-----------511--------------->:a+ter command execution. 
: ·<-···---··---.. -·----·-·El1·2- .. _-·----- .. .... ----------·--·-·· ::::- : 
:<----------- C ---------------->:Sector ID information 
:<----------- H --------------->:after command execution. 
:<----------- R ----·----------->: 
: <--------·--- - N -- ---·---- ·---- -·-··· >: 

c (Cylinder number) desionates the current (selected) cylinder (track) 
numbers 0 throuoh 76 of the medium. 
H (Head address> is the head number. 0 or 1. as specified in the ID 
field. 
R (Record) indicates the sector number which will be read or written. 
N <Number> represents the number of data bvtes written in a sector. 
EDT <End of Track) denotes the final sector number on a cylinder. 
Durinq Read or Write operations, the uPD765A will stop data transfer 
after a sector number equal to EDT •. 
GPL <Gap Lenqth) contains the lenqth of qap 3. Durinq Read/Write 
commands. this value determines the number of bytes that VCO SYNC will 
stay de-asserted after two CRC bytes. Durinq the Format. GPL detern1ines 
Gap 3's size. 
DTL <Data Lenqth) When N is defined as 00, DTL represents the d~ta 

1 enqth \•Jhi ch the Hos:.t is qoi no to rei:\d out 01· w1--i te into the secto1~. 

STO throuoh ST:3 (Status 0 throuqh Status :::D desc1-ibe:; the~ foLir- 1-eqiste1-s 
which store the status information after a command has been executed. 
This information is available durinq the result phase ~fter command 
execution. These recisters should not be confused with the Main 
Status Reoister (selected by de-assertion of SAOB>. STO throuoh 
ST3 may be read only after a command has been executed and 
contains information relevant to that particular command. 
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A ·set c•-f nine bvtes (illustt-ated above) are requi1-ed to place the 
~PD765A into the Read Data mode. After the Read Data command has been 
issued the uPD765A loads the head (if the head is in the unloaded 
state). waits the specified head 5ettlinc time (defined in the Soecify 
Command>. and beoins readinq ID Address Marks and ID fields. vJttE=.-n the 
current sector number CR) stored in the ID reqister CIDR> comoares with 
the sector number read off the diskette. then the uPD765A outputs data 
(from the data field} byte-to-byte to the Host via the data bus. 

After comp let i an c•f the r·ead orJe1- ati on f 1-c:om t. he cu1-r ent :ecto1-. the 
Sector Number is incremented by one, and the data from the next sector 
is read and output on the data bus. This continuous read function is 
called a multi-sector read operation. The Read Data command may be 
terminated by assertion of the TERMINAL COUNT (T/C) siqnal. 1/C should 
be issued at the same time that DACK2- for the last byte of data is 
sent. Upon receipt of this siqnal, the uPD765A stops outputt1nq data to 
the Host. but continues to read data from the current sector. check CRC 
bytes. and then at the end o+ the sector terminate the f<ead Data 
command. The amount ot data which c:.oin be handled with a si nal e comm<:~nd 

to the uPD765A depends upon Ml (multitrack), MF <MFM/FM>, 2nd N (number 
of bytes/sector. set by the Host BIOS). 

The multjtrack {unction <MT> allows the uPD765A to read data from both 
sides of the diskette. For a particular cylinder. data will be 
transferred startinq at sector 1. side 0 and completinq at sector L. 
side 1 (sector L =last sector on the side). Note. this function pertains 
to only one cylinder (the same tr~ck> on each side of the diskette. 

Since N is non-zero (set to 02 on WD1003-WA2>. D1L has no meaninq dnd is 
:.et to FF he::. 

At the completion of the Read Data command. the head is 
until after the Head Unlo.:..d time inte1-vc:<:l (specifi(·~d i.n 
Command) has elapsed. If the Host issues anDther command 

ncit unlo.::..ded 
the Eipec: i ·f v 

bc:·i m-e the 
head unloads then the head settlinq time may be saved between subsequent 
reads. This time out is particularly valuable wh~n a diskette is copied 
from one dr· i ve to anothe1-. 

If the uf'D765A dE:-tect;:. thE· inde:< hc;Je bJicP ~"1ithout -findinq the rioht 
S:-<·?cto;~. indicc..t2d with n, then the uF'D76!:)A 5(?.ts the ND (No D.:.t,:;.) flaq in 
STl to one. and terminates the R~ad Data command. (Status Reqister 0 
also has bits se~en and six set to 0 and 1 respectively.) 

After readino the ID and data fields in each sector. the uPD765A checks 
the CRC bytes. lf a read error is detected (incorrect CRC in ID field). 
the uPD765A asserts <sets to 1) the data error flaq in Status Reqister 1. 
and if a CRC error occurs in the data field the uPD765A also asserts 
the data error in data field flao in Status Reqister 2, and terminates 
the Read Data command. {Status Reqister 0 also has bits seven and si~ 

set to 0 and 1 respectively.) 
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If the uPD765A reads a deleted address mark off the diskette. and the SK 
.bit (bit D5 in the -fi1-·st comm.:.nd wor-d) is de··as•:;er·ted. then the LtPD765A 
asserts the CM <Control Mark) flaq in Status Reqister 2. and terminates 
the Read Data commC1nd. after read i no all the data in the sector. If SI:: 
is asserted. the uPD765A skips the sector with the deleted address mark 
and reads the ne~t sector. The CRC bits in the deleted data field are 
not checked when SK is asserted. 

Durinq disk data tr-ansfers between the uPD765A and Host. via the 
System Data Bus. the uPD765A must be serviced by the Host every 
27 usec in the FM mode. and every 13 usec in the MFM mode. or the 
uPD765A asserts the OR <Overrun) flaq in St~tus Reqister 1. and 
terminates the Read Data command. 

If the Host terminates a read (or write) operation in the uPD7~5A. then 
the ID information in the Result phase is dependent upon the state of 
the MT bit and EDT byte. 
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5.3.2 READ 
Phase 

Command 

DELETED DATA 
FUW uPD765A 

07 :D6 :D5 :D4 :o~; 

w MT : 1'1F :sK 0 1 
w x I x I x x x I I 

Data E<LlS 

:02 :01 :no 

1 I 0 t 0 I I 

lHD : US1: USO 

Remar·k5. 

Command codes. 
.>: =don't care. 
Usually set ta zero. 
USl and USO set to zero. 
Unit selection oerfarmed 
bv Floppy Input Reqister. 

W <-----·-··----·-····---· C ---------·-··--···-··-·---···----> Sector ID i.nfor-mation : 
W <-----·------- H -·--·--·--·-····---·----·--;· pricir to command e:-:e-
W <----------- R ---------------> cution. The four bvtes 
W <----------- N ------·---------> are commanded aqainst 
W <-----------·---EDT·-·--·------·-----·----··········> header on floppv disk. 
w I <---------·---GPL------··----------·--> 
W <--·--·--·---·-·--··--OT L--·--·------·····-·---·-·-···· > 

Execution :Data transfer between 
:floppy drive and Host. 

Result H 
R 
R 

<-----------·STO---·-------------->: Status inf c•rmat ion 
<-----------ST1--------------->:after command execution. 
<-----------ST2--------------->: 

R <----------- C --------------->:Sector ID information : 
R <----------- H ----·----------->:after command e:-:ecution. 
R < ------------ R ------·-·---·---------·- ·--· >: 
R (~ -·---.. -----.. -- N - ----·--~---·------· >: 

C (Cylinder number) desiqnates the current <selected) cylinder (track> 
numbers 0 throuqh 76 of the medium. 
H <Head address) is the head number. Ci or 1 • as 5pecjfied in the ID 
field. 
R <Record) indicates the sector number which will be read or written. 
N <Number> represents the number of data bytes written in ·a sector. 
EOT <End of Track> denotes the final sector number on a cvlinder. 
Durinq Read or Write operatiohs. the uPD765A will stop data transfer 
after a sector number equal ta EDT. 
GPL <Gao Lenqth> contains the lenqth of qap 3. Durinq Read/Write 
commands. this value determines the number of bytes that VCO SYNC will 
stay de-asserted after two CRC bytes. Durinq the Format. GPL determines 
Gao 3's size. 
DTL <Data Lenqth> When N is defined as uu. DTL represents the data 
lenqth which the Host is qoinq to read cut or write into the sector. 
STO throuqh ST3 lStatus 0 throuoh Status 3> describes the four reqisters 
which sto1-e the status in-formation after· a command has been e:·:<~cuted. 

This information is available durinq the result phase after cc•mn1and 
execution. These reaisters should not be confused with the Main Status 
Reqister (selected by de-assertion of SAOB>. STO throuqh ST3 may be 
read only after a command has been executed and contains information 
relevant to that particular command. 

The Read Deleted Data command is identical to Read Data command except 
that when the uPD765A detects a data address mark at the beoinnina of a 
data field CSK de-asserted). the uPD765A reads all the data in the 
sector and asserts the CM flaq in Status Reqister 2. and terminates the 
command. If SK is asserted. then the uPD765A skips the sector with the 
data address mark and reads the next sector. 

NOT RELEASED 7 January 1986 5-12 



~.3.3 WRITE DATA 
Pha:;e 

Command 

E::ecuti on 

Result 

FUW 

w 
w 

uF'Dl 65A Data Bus 
lD7 lD6 :D5 :D4 :D3 :02 :01 :no 

MT lMF 0 0 0 1 I 0 1 I 

r:eme:irks 

:command codes. 
x x x x x :HD :us1:uso:x = don't care. 

:usually set to = e1-o. 
:us1 and USO set to zero. 
:Unit selection oer·fa1~m~d 
:by Floppy Input Reqister. 

W < ----------------··- C - --··----------------------->:Sector ID inf ar-rr1at ion 
W '<------·----- H --------------->prior to command exe-
~·J <·--·--·-·----·--····Ii-·--······ .. --.. ·--- .. ------------·> cution. The foi_w bvtes 
W <----------- N ----·-----------> are commanded aoainst 
W < _._ .... ____ .. ____ ,,_····EDT·-------.. ··- .. ··-·-·--·-··----·> header on f 1 01:ipv dis I::. : 
W <-----------GPL--------· ------) 
W < --·-· --- -- ·-·--·- .... D TL·- - -- ... -- .. -......... -· -· .... _ ·-- -- > 

R 
F: 

: D.:<.ta t1-c.m=fer beb·1een 
:Host and floppv drive.: 

< ------------- -· STO-··--·-·- ----···· -- --·- - - >:St at us inf or mci. ti on 
<--.. -------------ST 1-·-····--·--···-·---·-··------>: afte1- commc.nd e>: ec:ut ion. 

H < --- - ---·· ---- --ST2·-:--·--· ··--- - -- -- - >: 
H , < -·----- .. ·--·---- .. ··- C ··-· ..... ·-------· ·-- .. -·-------.. -· > : Sec to1- ID i n·f m· ma lion 
F\ :<--... -·-·----·--- 1-1 -----------·--··------->:aftet- command e::ecuticm. 
H :<---.. --... --.-· .. -·-·-- R .. --····-·---.. ·-·····--· ·· ··· ·:;: 
F\ :<···-----·-·-·--·- 1-~ ..................... -·-·-->: 

C (Cylinder number) desi qr.ates the cu1'Tent <selected) cvl i nd.::::·1· 
numbers 0 throuqh 76 of the medium. 

( t1 ... ac:k) 

H \Head address) is the head number. as specified in the 
field. 
R (F\ecord) indicates the sector number which will be read or written. 
~ <Number) represents the number of data bytes written in a sector. 

ID 

EDT (End of Track) denotes the final sector number on a cvlinder. 
Durinq Read or Write operations. the uPD765A will stop data transfer 
afte1- a sector number· equal to EOl. -· 
GF'L (Gap Lenoth) contains the lenoth C•f qap 3. Dur·inq F.:ead/Write 
commands. this value determines the number of bytes that VCO SYNC will 
stay de-asserted after two CRC bvtes. Durir1q the Format. GPL determines 
Gap :::;; · s s i = e. 
DTL <Data Lenqth) When N is defined as uu. DTL represents the data 
lenqth which the Host is qoinq to read out or write into the sector. 
STO throuqh ST3 <Status 0 throuqh Status 3) deac~ibe~ the four reoisters 
which store the status information after a command has been executed. 
This information is available durinq the result phase after command 
execution. These reqisters should not be confused with the Main Status 
Reqi ster (selected by de·-a!::.serti on of SAOB>. STO th1-ouqh ST::; mt:<.V be 
read only after a command has been e~ecuted and contains information 
relevant to that particular command. 
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A set of nine bytes is required to set the uPD765A into the Write Data 
mode. After the Write Data command has been issued. the uPD765A loads 
the head (if the head is in the unloaded state>. waits the specified head 
settlinq time (defined in the Specify command>. and beains readinq ID 
fields. l>Jhen all four bvtes lc:1aded du1-inq the ceimn1and cc. H. H. t.J> 
match the four bvtes of the ID field from the diskette. the uPD765A 
takes data from the Host byte-by-byte via the d~ta bus and outputs the 
data to the uPD765A. 

After writinq data into the current sector, the sector number in R is 
incremented by one. and the next data field is written into. The 
uPD765A continues thi~ multisector write operation until the ~ssertion 
of T/C. If the TIC sianal is asserted. the uPD765A continues writinq 
into the curr·ent sector to complete the data field. If the 1/C siqn2! 
is asserted while a data field is beinq written. then the remainder of 
the data field is filled with z~roes. 

The uPD765A reads the ID field of each sector and checks the CRC bytes. 
If the uPD7b5A d~tects a read error (CRC error) in one o{ the ID fjelds. 
the controller asserts the_ data error flaq of Statu5 Reqister 1 and 
termi nc.~tes tl1e l'Jri te Data commar1d. (Status F\F~qi !:,ter U ~l so has bit:. 
seven and six set to 0 and 1 respectively.) 

The l>J1-i te coo1mand oper·at.es in much the s.:..me n1anner· as the F->:ead 
The followinq items are the same. Refer to the Read Data 
(Section 5.3.1> fo1- details. 

Transfer capacity 
End of cylinder flaq 
t··.lo data f 1 aq 
HEad uload time inte1-v.:1l 
ID information when the Host terminates command 
DTL 

command. 
command 

In the l>Jri te Data mode. data t:rans-fet-s bet1-ieE·n the Ho:;t and 
uPD765A. via the System Data Bus. m~st occur every 27 usec in the 
FM mode and every 13 usec in the MFM mode. 1-f the time interval 
between data transfers is lonqer than this. then the uPD765A 
asserts the overrun fl .;i_q in Status f\eqi st er 1 and terminates the 
Write Data command. <Status Recister 0 also has bits seven and 
six set to 0 and 1 respectively.) 
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5. 3 ~ 4. wraTE DELETED DAlA 
Phase R/vJ uPD7b5A Dal a Bus Rema1-ks 

Command 

:D7 :06 :05 :04 

~·J :MT :MF (I 0 
w x I x x v 

I " 

:03 :02 

1 I (I I 

x lHD 

:01 :DO 

I 0 1 I 

:us1:uso 
Command codes. 
X =don't care. 
Usually set to zero. 
US1 and USO set lo =~ro. 
Unit selection performed 
b~ Floppy Input Reqister. 

W :<----------- C ------·---------> Sector ID information : 
W '<----------- H -----·--------- -··- )· pi- i 01- to command e:: e- : 
W < ----·----------- R -·--·-··-·-·---···-····-···--·- > CLl ti on. The four bvte s 
vJ <--·-----·----· N --- ----·---·-.. ---.. ···--> are comr11anded aoainst 
W < ·-·-----·-·---·- -·-EO r--·- --·-·····-·--·--··--·--- > header on + 1 appv disk. 
W <-----------GPL---------------> 
W <-----------Dl'L---------------> 

Execution :Data transfer between 
lfloppv drive and Host. 

fo?sult <-----·-··-·-·--- STO·---·-- ----···-·------>:Status i nfc•rmati on 
<··--·--·--·-·-··---·ST 1 ·-·-···-··---··-··--·--····-·---·-··->:after command e}: ecut ion. 
<-----------ST2----~---------->: 

R <-·-------------··-·- C ···:-·--·--··-----·---····-··->:Sector ID infonnation : 
R <----------- H --------------->:after command execution. 
R < -----·--·-----·- R ····- .. ---··-···---··----- .. -··----- > : 
R <-·--------·---- N --·-· -·-·--·- ·--·· ·-··-· ....... _ >: 

c <Cvl i nde1- number) desi qnate=: the CLlrn;mt (selected> cvl i nder <track) 
numbers 0 throuqh 76 of the medium. 
H <Head address) is the head number. 0 or 1, 
fiE•ld. 

as specified in the ID 

R CF\eco1-d) indicates the sector nLw1be1- whjch 1-Jill be· 1-ead or ~·J1-itten. 

N <Number> represents the number of data bytes written in a sector. 
EOT <End of Track) denotes the final sector number on a cvlinder. 
Durinq Read or Write operations. the uPD765A will stop data transfer 
after a sector number equal to EOT. 
GPL (Gap Lenqth> contains the lenqth of qap 3. Durinq Read/Write 
commands. this value determines the number of bytes that VLO SYNC will 
stav de-asserted after two CRC bvtes. Durino the Format. GPL determines 
Gao 3 ' =· :. i :: e. 
DTL (Data Lenqth> When N is defined as uu. DTL represents the data 
1 enoth which the 1105.t is qcci no to read out c•r "'rite into the sectc•r. 
STO throuqh ST3 <Status 0 throuoh Status 3) describes the four reoisters 
which stare the status information after a command has been executed. 
This information is available durino the result phase after command 
execution. These reqisters should not be confused with the Main Status 
Reqister (selected by de-assertion of SAOB>. STO throuoh ST3 may be 
read only after a command has been executed and contains information 
relevant to that par~icular command. 

Write Deleted Data is identical to the Write Data command except 
a deleted data address mark is written at the beqinnino of the 
data field instead of the normal data address mark. 
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5.3.5 READ TRACK 

Phase 

Command 

E:-: ecut ion 

F:esult 

F\/\.IJ 

w 
w 

uF'D7b5A Data Bus 
:D7 :06 :D5 :D4 :03 :02 :Dl :DO 

Remarks 

0 : MF : SI:~ 
x x x 

0 
x 

0 : 0 1 : 0 :command codes. 
X :HD :us1 :uEo:.x =don't cc:i.r·e. 

:usually set to zei--o. 
:us1 and USO set to zero. 
:Unit selection performed 
:bv Floppy Input Reqister. 

W :<--·--···--·------- C -····----··-·--······---·--·------>:Sector ID infrJ;·mation 
vJ :<------------ H ---------··------------->:p1-ior· to command e::e··-
W : <---·---·---------- R ----····--····-·--·------·--···> cution. lhe four bvtes 
w 
vJ 
w 
w 

f~: 

R 
R 
R 

: < ·----··- --------·- N --··-·--····-·---- -------- > a1-e ceimrnandc:-d aoai ns t 
:<-----------·-EDT--·-------------> header an floppy disk. 
: <-------------GF'L------ ·-- --- - ------ > 
: < - ----·-·- - ---··--· DTL---·----·-········-··---·-·- ·-- > 

Data transfer between 
fl OPP'! cir· i ve and I-lost. 
Floppy drive reads all 
data fields from index: 
hole to EOT. : · 

<-----------STO---------------> Status infa~mation 
<-------------·ST 1-- ----·-------------- > aft er c cimm<'l.nd e:< ecut i 011. 

·:~ -·------------··-·-ST2- --------- - ---·--··----- > 
< --- - --------·- C --------·-- -··----- --- > Sect 01- ID inf ei1- m2 ti on 

R <----------- H ---------·------>:after command execution. 
F\ <------------ R -- --------·-----·- >: 
F: : <----·- ----·-- -- N --···--·-·-·---------···-- ->: 

C (Cylinder number) desiqnates the current (selected> cylinder Ctrack) 
numbers 0 throuoh 76 of the medium. 
H <H(:=ad addr-ess) is the head nwnbe1·-. 0 or 1. as sp(.;:ci·fi12d in the ID 
field. 
R (Record) indicates the sector number which will be read or written. 
N <Number) represents the number eif data bytes written in a secteir. 
EDT <End c•f Track) dermtes the final s.ector nun1ber on a C\'linde1-. 
Durinq Read or Write operations. the uPD765A will stop data transfer 
after a sector number equal to EDT. 
GF'L <Gap Lenqth> ccintains the !enc.1th of qap :.. DLu-inq f\E·ad/VJi-ite 
commands. this value determines the number of bvtes th~t VCO SYNC will 
stay de-asserted after two CEC bytes. Dur i nq the Format. CiF'L det~~;-mi nes 
G2.p ::::; ' s 5 i z e. 
DTL <Data Lenqth) When N is defined as 00. DTL represents the data 
l enoth l•Jhi ch the Host is qoi no tc• rPad out c·r· 1·wi te i ntei the ::;F::·cto1-. 
STO throuqh ST3 (Status 0 tt11-auoh Stcitus 3) describes the ·fou1- rc?.qi =:te1·::: 
~.•hi ch sto1~e the status inf or mat ion af tet- a command has been e::ec:uted. 
This information js available durinq the result phase after command 
execution. These reqister should not be confused with the Main Statua 
Reqister- <=elected by de·-a=:sertion of SJ'.:108)-. ETO throuqh ST::::; mav be 
read only after a command has been executed and contains information 
relevant to that particular command. 



The Read Track command is similar to the Read Data command except th~t 
this is a continuous Read operation where the entire data field from 
each of the sectors is read. Immediately after sensinq the index hole. 
the uPD765A starts readinq all data fields on the track as continuous 
blocks of data. If the uPD765A finds an error in the ID or data LRC 
check bytes. the floppy controller continues to read data from the 
track. The uPD765A compares the ID information read from ea~h sectcr 
with the value stared in the IDR and asserts the no data f laq of Status 
Reoister 1 if there is no comparison. l•lul.titrack or skip operation:. a 1-e 
not allowed with this command. 

This command terminates "Jhen the number- of sector·s read is ec:!uc:<.l to EDT. 
If the uPD765A does not find an ID address mark on the diskette after it 
senses the index hole for the second time. the floppy controller asserts 
the missinq address mark flaq in Status Reqister 1 and terminates the 
command. <Status Reqister 0 has bits 7 and 6 set to O ~nd 1 
respectively.) 
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5.3.6 READ ID 
Phase 

Command 

E>:ecuti on 

Result 

R/W 

w 
w 

R 

urD765A Data Dus 
:01 :06 :05 :n4 :03 :n2 :01 :co 

0 : 11F 
x : x 

(I 

x 
0 
x 

1 : 0 l : 0 Command codes. 
X :HD :us1 :uso X = don't care. 

Usually set to zero. 
l.151 and USO set to zero. 

:us1 and USO set to zero. 
:Unit selection performed 
:bv Floppy Input Reqister. 
:The first correct JD 
!information on the 
: cvl i nder is sto1-ed in 
: Fl om:iv Data Heq i stet·. 

<---·--·---·-·-·-··- STO- -···--- -··- -· ---··---··---·>:St at u::. inf c·r· r11a ti 011 
R <-----------STl---------·------->:after command execution. 
F.: <--------- ··----·--··ST2--- ---· ·-- ··--·-·-···---·-·- >: 
R <·------·--·-·-·---- C -···-·-···-···-··~·······--··--·->!Sector ID info1-m<..1tion : 
R <---·------------- 1-1 -----····-···--··------·-·->:read dLll-ino E:-:ecution 
R < ··--· ----··--- -·-· --·--· R -·-········--·-·----··-···---··-···· > : phase fr am f l c::ip p v di s k : 
R <-·-··---- .. -·----... N -----···-·-···-·-·-·-·······-->: 

c <Cvl i nder number) desi on ates the cur-;-ent <selected) cvl i nder· 
numbers 0 throuoh 76 of the medium. 
H <Head address) is the head number. 
field. 

0 or 1 • as =:.pe::-c:i{ied in tt.e lD 

R CF:eco1-d) indicates the sector number lo'Jhich "''ill be r·ead 01~ lo'ffitten. 
N <Number) represents the number of data bytes written in a sector. 
EDT <End of Track) denotes the {inal sector number on a cylinder. 
Durinq Read or Write operations, the uPD765A will stop data transfer 
after a sector number equal to EDT. 
GPL (Gap Lenoth> contains the lenoth of qap 3. Durinq Read/Write 
commands, this value determines the number of bytes that VCO SYNC will 
stay de-asserted after two CRO bytes. Durinq the Format. GPL determines 
Gap 3 · s :.i z e. 
DTL <Data Lenqth) When N is defin~d as 00, DTL represents the data 
lenoth which the Host is qoinq to read out or write into the sector. 
STO throuqh ST3 <Status 0 throuoh Status 3) describes the fcur reqisters 
which stare the status information after a command has been executed. 
This information is available durinq the result phase after command 
execution. These reqisters should net be confused with the Main Status 
Reoiste~ (selected by de-assertion of SAOB>. STO thrcuqh ST3 may be 
read only after a command has been executed and contains information 
relevant to that particular command. 

The Read ID command is used to qive the present position of the 
recordinq head. The uPD765A stores the values from the first ID field 
the controller is able to read. If no proper ID address mark is found 
on the diskette before the index hole is encountered for the second 
time. then th~ missinq address mark +lac in Status Reqister 1 is 
asserted~ and if no data is found then the no data flaq is also asserted 
in Status Reqister 1. The command is then terminated with bits seven 
and six in Status Reqister 0 set to 0 and 1 respectively. Durinq this 
command. there is no data tran::f er betv..•een the uPD765l~ and the Hc:ist 
except durinq the result phase. 
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5.3.7 FOF.:MAT TRAC" 

Phase 

Command 

E:·: ecL1ti on' 

Result 

R/W uPD765A 
07 !06 lD5 !D4· lD3 

w 0 ll-IF 0 0 1 
1->J x I x x x x I 

D.:1ta Dus 
:02 lDl :oo 

1 I 0 1 I 

lHD :us1:uso 

Eemarks 

Command codes. 
X =don't care. 
Usually set ta zero. 
US1 and USO set to zero. 
Unit selection pe1-formed 
by Floppy Input Reoister. 

W <-·--·--··-·-----··- 1\1 --·-·--·-··-· .. ···-··-·----·> Bvtes/sec:tm-
W <-····-----··----- SC------- .. ·--·----·-···> Sector·s/ti-ack 
W < ·-·-·--· ·-·-·- ....... ·- .. -GF'L ···-·-·-··-··-·-···-····--··- .... _ > Gap ~; 

W <------·-- ---·---- D -·--··---... _ .. ____ ,, __ . __ -· ,.,. Fi 11 er byte 

uPD765A formats entire 
track. 

R 
R 
R 
R 
H 

<-··---···-·-----STO-··-----·-· .. ·--·-·-·----·-> Statu:; inf onnat ion 
'~···------------·ST 1------- ----.. ------·- > a-F ter comma.nd e}: ecut i cm. 
·=:: ---··-- ... ·--------s·1·2 .. -·-·-·---···-·--·····--····· ·-··· :::-
<--- .. -------- C --····-·-··----- .. --···-..=· In this case. ID 
< ·-·-·---·-·-···-.. --. H ------·-·--····-··--·--···· > inf or· mat ion has no 

F\ , <-···----·- -·-.. ·-·- F\ -o····--.. ···--·- --·--.. ·----· > meani no. 
R : < .. ----·------·---·-- N ·--· ---·-·---·-······----·- >, 

• .. 

C (C-..,.dinder numbe1-) de~:.iqnc<.tes the current (selected) cvlinder (track) 
numbers 0 throuqh 76 of the medium. 
H <Head address) is the head number. 0 or 1. as soecified in the ID 
field. 
R <Record) indicates the sector number which will be read or written. 
N <Number> represents the number o{ d~ta bvtes written in a sector. 
EDT (End of Track) denotes the {inal sector number on a cylinder. 
Durinq Read or Write operations. the uPD765A will stop data transf&r 
after a sector number-equal ta EDT. 
GPL CGap Lenqth) contains the lenoth o{ oap 3. Durino Read/Write 
commands. this value determines the number of bytes that VCO SYNC will 
st av de-asserted af te1- two Cf\C bvtes. Dur i nc1 the Format. GPL detc~1~mi ne:; 
Gap 3's size. 
DTL (Data LenotH> When N is defined as 00. DTL represents the data 
lenqth which the Host is ooino to read out or write into the sector. 
STO throuqh ST3 (Status 0 throuqh Status 3) describes the four reqisters 
which store the status information after a command has been executed. 
This information is available durino the result phase .::dte1~ command 
execution. These reqisters should not be confused with the Main Status 
Reqister (selected by de-assertion of SAOD>. STO throuah ST3 may be 
read only after a command has been executed and contains information 
relevant to that particular command. 
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The Format Track command allows an entire track to be formatted. After 
.the index hole is detected. data is written on the diskette= qaps. 
address marks. ID fields. and data fields. The format is controlled by 
the values proq1·-ammed into N. SC. GPL. and D (data pat tl~r·n) 1-;,1h i ch .:u-e 
suppliE·d by the Host du1-inq the Cc0mmand phase. The data field i::: filled 
with the byte of data stored in D. The ID field for each sector is 
supplied by the Host= that is. four data requests/sector are made by the 
uF'D765A for C. H. H. and N. This allows the diskette to be fo1-matted 
with nonsequential sector numbers. if desired. 

The Host must send new values for C, H. R, and N to the uPD765A far each 
sector on the track. The uPD765A issues four DMA requests per sector. 
The contents of the R reqister are incremented by one after each 
is for-matted= thus. the R r·eqi:.ter contains C<. ·v.::..lue of n Hhen it 

secta1~ 

i = i-i:i:·cid 
dl.lrinq the Result pha:;e. This inci-env:?rd:inq and l'rn·-mattinq conl:inue:; fo1-
the \·\lhole tr-ack until the uf-'D7b::·A detects the inde:-: hole ieor the second 
ti me. \"lie1·-eupon it te1-mi nates tht:,"! comir1F.t11cl. 

I+ fault siqnal is 1-ecei\·ed from tt.e floppv dt-ive at the end of 
write operation, 
Status F\e>qi ster 
and six of Status 
a HEADY siqnci.l 
causes bits seven 
1 respectively. 

then the uPD765A asserts the equipment check f laq of 
0 and terminates the command after settinq bits seven 
Reoister 0 to 0 and 1 respectively. Also the loss of 
at the beqinninq of a command execution phase 
and six of Status Reoister 0 to be set to 0 and 
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5.3.8 SCAN 

Phase 

Command 

E:-: ecut ion 

Result 

COMMANDS 

FU\IJ uf.,D/l..5A Data Bus F\emar·ks 
07 lD6 lD5 lD4 : D:!. :02 lDl :DO 

11-J MT :MF : SI< 1 0 0 (I 1 Command code fo1- Scan 
Equal. 

l;J 11T lMF : SI< 1 1 (I (I 1 Command code fo1~ Scan 
Low or Equal. 

w 'MT :11F : SI< 1 1 1 (I 1 Command code +rn~ Scan 
Hiqh or Equal. 

w x I x x x x lHD : USl: USO Ix = don't care. I 

:Usually set to zer·o. 
:us1 and USO set to ::ero. 
lUnit selection performed 
:by Floppy Input Recister. 

\IJ <----------···--· C --·-···-·------------->:~3ectm- ID in-formation 
W '<--··-----·------ H --·-··-·-·-·---·---·-··------->'prior to command e>:e··- : 
W <----------- R ---------------·> cution. The four bvteE 
W <------------- N --··--··-----------·---··---·-> are commanded aoainst 
W <-----------EDT---------------> header on floppy disk. 
W < ------·---·-··- -GF'L ---··--·-----··-- ·-·····-··· > 
W <---·-- ·-·--·---·-Dl L·· - -·- -·- -· -···· - -···- -··-··· > 

Data compared between 
floppy drive and Host. 

R <---·---·---·-·-·--STO----·-·-·-···---··-· -----··-·-> Status i n·f oi-rnat ion 
R :<------------·ST1---·---·-----·---·--> after command e:-:ecution. 
R : -=~ --·-·-·------···-··ST2·---·-----.. ---··----··-·--··· :)· 

R :<---·-------- C ----------·-------··> Secto1- ID information 
F: : <-·---------···- H ·--------------·-······>,after command e:-:ecution. 
R :<----------- R ----·----------->: 
R :<----------- N --------------->: 

C (Cylinder number> desiqnates the current (selected) cylinder <track> 
numbers 0 throuqh 76 of the medium. 
H <Head address) is the head number. 0 or 1. as specified in the ID 
field. 
R <F:eco1-d > i ndi cat es the =:ector number l-ltli ch \.'1i 11 be read or 1-'u-i tten. 
N (Number) represents the number of data bytes written in a sector. 
EDT <End of Track) denotes the final sector number ·on a cvlinder. 
Durinq Read or Write operations. the uPD765A will stop data transfer 
after a sector number equal to EDT. 
GPL <Gao Lenqth> contains the lenqth of qap 3. Durinq Read/Write 
commands. this value determines the number of bytes that VCO SYNC will 
stay de-asserted after two CRC bytes. Durinq the Format, GPL determines 
Gap 3's size. 
DTL <Data Lenqth> When N is defined as 00. DTL represents the data 
lenqth which the Host is ooino to read out or write into the sector. 
STO throuqh ST3 <Status 0 throuoh Status 3) describes the four reqisterE 
which store the status information after a command has been executed. 
This information is available durinq the result phase ci.fter con1mand 
execution. These reqisters should not be confused with the Main Status 
Reoister (selected by de-assertion of SA08). STO throuqh ST3 may be 
read only after a command has been executed and contains information 
relevant to that particular command. 

NOT RELEASED 7 January 1986 . 5-21 



. The Scan Commands allow data which is beinq read from the floppy 
.disk to be compared aoainst data which is beinq supplied from the 
Host. The uPD765A compares the data on a byte-by-byte basis and 
searches for a sector of data that meets the conditions of 
DuF'D765A = DHDST. DuPD765A <= DHOST. or- DuF'D765A >= 
DHOST. The hexidecimal byte of FF either from memory or from the 
floppy drive can be used as a mask byte because it always meets 
the condition of the comparison. One's complement arithmetic is 
used for comparison CFF = larqest number. 00 =smallest number). 
After a whole sector of data is compared. if the conditions are 
not met. the sector number is incremented CR+ STP --> R>. and 
the scan operation is continued. The scan oper-ation continues 

until one of the followinq conditions occur: 
1. Conditicins for scan a1-e met (equal, low, or hiqh). 
2. Last sector on track is reached. 

3. Assertion of TIC. 
If the conditions for scan are met. then the uPD765A asserts the 
Scan Hit <SH) flaq of Status Heqister- 2 and terminates the Scan 
command. If the conditions for scan are not met between the 
startinq sector Cas specified by RJ and the last sector on the 
cylinder. then the uPD765A asserts Scan Not Satisfied CSN> flaq 
of Status Reqister 2 and terminates the Scan command. The 
receipt of a 1/C sional from the Host or OMA controller durinq 
the scan operation will cause the uPD765A to complete the 
comparison of the particular byte which is in process and then to 

terminate the command. 
If the uPD765A encounters a Deleted D~ta Address mark on one of 
the sectors Cand SK= 0). then the controller reqards the sector 
as the last sector on the cylinder. asserts the Control Mark CCM> 
flaq of Status Reqister 2 and terminates the command. If SK = 1. 
the uPD765A skips the sector with the Deleted Address mark and 
reads the next sector. In the second case <SK 
asserts the CM flaq of Status Reqjster 2 to 

deleted sector had been encountered. 

= 1). the uPD765A 
indicate that a 

When either the STP (contiquous sectors = 01, or alternate 
sectors = 02) sectors are read or the MT is proqrammed. it is 
necessary to remember that the last sector on the track must be 
read. For example. if STP = 02, MT = o. the sectors are numbered 
sequential 1 y 1 throuqh 26 and the Scan cornniand is 5.t.ar·te·d ci.t 
sector 21, then sectors 21. 22. 23. and 25 will be read. Sector 
26 will be skipped. lhe index hole will be encountered before EDT 
value of 26 can be read. This result5 in an abnormal termination 
cf the command. If the EDT had been set at 25 or the scanninq 
started at sector 20, then the Scan command would be completed in 

a normal manner. 
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Durinq the Scan command. data is supplied by either the Host or 
·DMA controller for comparison aqainst the data read from the 
floppy disk. To avoid havinq the Overrun <DR> flaq Eet in Status 
Reqister 1. it is necessary to have the data available in less 
than 27 usec <FM mode) or 13 usec <MFM mode>. If an Overrun 
occurs. the uPD765A ends the command with bits seven and six of 

Status Reqister 0 de-asserted and asserted. respectively. 
5.3.9 SEEi< 

Phase 

Command 

R/W 

w 
w 

uF'D765A Data BLt::. 
:D7 lD6 :D5 :D4 :D3 ID2 lD1 lDO 

Remci.rk::. 

(I 

x 
0 
x 

0 
x 

0 
x 

1 1 
X :HD 

1 1 Command code 
:us1:uso X =don't care. 

Usually set to zero . 
• US! ~nd USO set to zero. 
lUnit selection performed 
:by Floppy Input Reqister. 

llJ : < ·--------------- NCN ····- --·-·--·-···--·---·····-·-··>:New cv 1 i nder nLtmber 

E:-:ecuti on :Head is moves to praoer 
I cylinder. 

The read/write head within the floppy drive is moved from 
cylinder to cylinder under control of the Seek command. The Host 
uses two of the uPD765A's four independent Present Cylinder 
reqistei-s. <One reoister for each drive SLlPPDt-ted. Note that thE• 
WD1003-WA2 supports only two floppy drives.) These reqisters are 
cleared only after the Recalibrate command. The uPD765A compares 
the Present Cylinder Number <PCNJ which is the current head 
position with the New Cylinder Number CNCN>. and if there is a 

difference. performs the followinq operations: 
PCN < NCN: Asserts the DIRECTION <DIR> sional <A oate 

inverts this siqnal to DIR- for the drive.). and 
issues STEP IN pulses to the drive. 

PCN > NCN: De-asserts the DIR siqnal and issues STEP OUl 

pulses to the drive. 
The rate at which step pulses are issued is controlled by 
Steppinq Rate Time CSTR> bits in the Specify command. After each 
step pulse issued. NCN is compared aqainst PCN. and when NCN = 
PCN. the Seek End <SE) flaq is asserted in Status Reqiste~ o. and 
the command is terminated. At this point. the FLOPPY INTERRUPT 
<FINT> is asserted. The four LSBs in the Main Status Reoister 
are asserted durinq the Seek operation and are cleared by the 

Sense Interrupt Status command. 
DurinQ the command phase of the Seek operation. the uPD765A is in 
the Busy state, but durinq the execution phase the flooov 
controller is in the nonBusv state. While the uPD765A is in the 
nonBusy state, c.nother Seek cc0n1mand may be i :.!:'ued. Thi=· all 01-.1s 

parallel simultaneous Seek operations for both drives. No other 

command can be issued while the uPD765A is st~ppinq the drive. 
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If the selected floppy drive is Not Ready at the start of the 
~ommand execution phase or durinq the Seek operation. the Not 
Ready CNR> flao is asserted in Status Reoister 0 and the comm2nd 
is terminated after bits seven and six of Status Reqister 0 are 

de-asserted and asserted respectively. 
If the time to write three bytes of Seek command exceeds 150 usec. 
the timinq between the first two step pulses may be shorter than 

set in the Specify command bv as much as 1 msec. 
5.3.10 RECALIBRATE 

F'hase 

Commc.-md 

E:-:ecuti on 

R/W uPD765A Data Dus 
:D7 :06 :D5 :D4 :D3 :D2 :Dl :DO 

(l 

x 
0 
x 

(l 

x 
0 
x 

(l 

x 
1 1 1 :command code 
O :us1:uso:x =don't care. 

lUsuallv set to zero. 
:us1 and USO set to zero. 
:Unit selection performed 
lby Floppy Input Reqister. 

:Head is retracted to 

:Track 0. 
The function of this command is to retract the read/write head in 
the floppy drive to the track 0 position. The uPD765A clears the 
contents of the PCN counter and checks the status of the TRACK 0-
5i qnal from the floppy drive. While the drive asserts TRACK O-. 
the DIR- remain:: asset-ted and steps pulses ar·e i:: suEd. l'-Jhen th12 
drive de-asserts TRACK 0-. the uPD765A asserts the SE f laq in 
Status Reqister zero and the command terminates. If lRACK 0- is 
asserted after 77 step pulses h<:Pie been issued. the uF'D765A 
asserts the SE and Equipment Check <EC> flaqs of Status Reqister 
0. The command terminates after bits seven and six are de-

asserted and asserted respectively. 
Overlappinq of Recalibrate commands to multiple floppy drives and 
the 1 oss of the READY. as described in the SE·E·k ceimmar1d. al so 
applies to the Recalibrate command. If the diskette has more 
than 77 tracks. then the Recalibrate command should be issued 

twice to position the read/write head to track 0. 
5.3.11 SENSE INTERRUPT STATUS 

Phase FUW 

Command w 

Result R 

uF'D7b5A Data Dus 
:01 :D6 :D5 :D4 :D3 :02 :01 :no 

:o:o:o:o 1 : 0 : (l : 0 :command code 

:<-----------·--- STO ---------->:Status information 
: <---------·-·----· PCN ----·--- ... ---···->:about the uPD765A at the 

:end of a Seek operation. 
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An interrupt sional <FINT is driven to the Hast as I F-:C!6) is 

qenerated by the uPD765A for one of the followinq reasons: 
1. Upon enter i nq the Result phase of c:~nv command f?}: cept 

Sense Drive Status. Invalid. or Sense Interrupt Status 
commands. 

2. F~EADV si qnal chanqes slate. 

3. End of Seek or Recalibrate command. 
Interrupts caused by reason one occurs durinq normal command 
operations and are easily discernible by the Hast. Reason one 
does not require issuance of a Sense Interrupt Status command. 
The interrupt is cleared by readinq/writinq to the uPD765A. 
Interrupts caused by reasons two and three may be uniquely 
identified with the aid of the Sense Interrupt Status command. 
This command when issued re=:.E·ts the inte1~r·upt siqnal and via bit=: 
five. six. and seven of Status Reqister 0 identifies the cause 

of the interrrupt as illustrate below. 
SEEK END INTERRUPT CODE CAUSE 
Bit 5 Bit 6 Bit. 7 

0 1 1 READY chanqed state. 
1 0 0 . Normi?.l te1-mination c:;f Eeek C•r 

Recal ib1~ate command. 
1 1 0 Abnormci.l te1-mi nation of [.eek or 

Recalibrate command. 
The Sense Interrupt Status command is used with the Seek and 
Recalibrate commands which have no result phase. When the floppy 
drive has reached the desired head position. the uPD765A asserts 
FINT. The Host must then issue a Sense Interrupt Status command 
to determine the actual cause of the interrupt which could be 

Seek End or a chanqe in ready status from one of the drives. 
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5.3.'12 

Phase 

Command 

Result 

SPECIFY 

l R/W 

w 

w 

uPD765A Data Bus 
'07 :06 :05 :D4 :D3 :02 :01 :DO 

(l : (l 0 : (l : 0 : 0 1 1 

<---·- sr~T ·---- -· >: <-··--- --· 11UT 

Command code 

> Steo Rate Time <SRT>. 
.One to sixteen msec 
one msec i~tervals. 
F16 = 1 msec. 
E16 = 2 msec. etc.: 

. I in, 

Head Un l Dad Ti me <HUT) • 
Head unload time after: 
occurence of a Read or: 
Write operation (16 to: 

1240 msec in 16 msec 
: i n t er- v a l s ) • 

l!J :<--------·-·- HLT ---------·----->: ND I Head Load Time (!·Ill). 
:Two to 254 msec in 2 
:msec increments. Not 
:used since the HEAD; 
:LOAD siqnal pin on the: 

w 

IWD1003-WA2's uPD765A is 
:not connected. 
:Non-DMA <ND>. Selects: 
:OMA or non-·DMA mode. 
:Remains de-asserted far 
: ~1JD 1 003--vJ?i2. Thi s bi t 

:is never asserted. 
The Specify command sets the initial values for each of the three 
internal timers. The HGT defines the time from the end of the 
execution phase of one of the read/write commands to the head 
unload state. This timer is proqrammable from 16 to 240 msec in 
increments of 16 msec (0116 = 16 msec. 0216 = 32 msec •... OF16 = 
240 msec.). SRT defines the time interval between adjacent stec 
pulses. This timer is prcqrammable from 1 to 16 msec in 
increments of 1 msec <F16 = 1 msec, E16 = 2 msec. etc.). HLT is 

not used since the HEAD LOAD siqnal pin is not connected. 
The time intervals mentioned above are a direct function of the 
clock <CLK or FREP from the WD16C92). Times indicated above are 
fo1- an 8MH:.: clock; if the clock runs at 411H:.:. then all time 

intervals are increased by a factor of 2. 
The ND bit in this CC)mmand is set to :.:erCJ since l>JD1003-·WA2 

operates in the DMA mode only. 
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5.3.13 SENSE DRIVE STATUS 

Phase 

Command 

Result 

R/W 

w 
w 

uF'D765{~ Data Dus 
:07 :D6 :D5 :D4 :03 :02 :01 :DO 

Remar-ks 

0 
x 

0 
x 

0 
x 

0 
x 

0 1 
X :HD 

: 0 : 0 Command code 
:us1:uso X =don't care. 

Usually set to zero. 
US1 and USO set to zero. 
Unit selection oerformed 
by Floppy Input Reqister. 

<----------- ST3 -------------> Status Reqister 3 <net 
to be confused with the 

.Main Status Reqister) 
:contains status infor-: 
:mation about the floppy 
:drive after command 

: e:-: ecut. ion. 
This command mav be used bv the Host to obtain the status of the 
floppy drive. Status Reoister 3 contains the drive status 

information stored internally in- the uPD765A reoisters. 
5.3.14 INVALID 

Phase : F\/vJ 

Cc•mmand (l.J 

Result R 

uPD765A Data Bus 
D7 :D6 :D5 :D4 :03 :02 :01 :DO 

Remarks 

<------ INVALID CODES -------->:Invalid command code 
: CNo Operation: uPD765A: 
:enters Standby state.): 

<----------- 510 ------------->:Status Reoister 0 = 
16 

:ao 
If an Invalid command is sent to the floppy controller Ca command 
not previously defined). then the uPD765A terminates the command 
after bits seven and six of Status Reqister 0 are asserted and 
de-asserted respectively. No interrupt is oenerated by the 
uPD765A durinq this condition. Bits six and seven CDIO and RQM) 
in the Main Status Reoister are both asserted. indicatinq to the 
Host that the uPD765A is in the Result phase and the content~ of 
Status Reoister 0 must be read. When the Host reads Status 
Reqister 0, the Host finds an 80 hex. indicatino an Invalid 

command was received. 
A Sense Inter·rupt Status commar1d must be E-ent after a Seek or· 
Recalibrate interrupt. otherwise the uPD765A will consider the 

next command invalid. 
In some applications. the user n1av utjli:::e this command as a No 
Op command to place the floppy controller in a standby <Na 

Operation> state. 
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6.1 GENERAL 

SECTION Vlii 
TASK FILES 

This Section briefly describes the WD1003-WA2's. 
reqister structure. and command execution. 

bus protocol. 

NOTE 
Certain descriptions. e.q. the number of drives supported and 
floppy controller non-DMA mode. in this manual differ sliohtly 
from the NEC uPD765A documentation. Where differences exist. the 
values and descriptions in this manual take precedence over the 
NEC uPD765A documentation. 

6.2 BUS PROTOCOL 
6.2.1 WINCHESTER CONTROLLER 

The Host directly loads all WD2010A-05 task file reoisters except 
the WD2010A-05 command reqister. The WD1015-37 loads the command 
reqister. Assertion of IRQl4 by the WD1003-WA2 indicates either 
command completion or the start of a data transfer. Completion 
of a data transfer occurs when the WD1003-WA2 de-asserts the BUSY 
flaq in the status reqister. Therefore. the WD1003-WA2 
Winchester disk controller does NOT use bus protocols or phases. 

6.2.2 FLOPPY CONTROLLER 

The NEC uPD765A command structure is fundamentally different from 
the Western Dioital command structure. Each floppy command is 
initiated by a multibyte transfer from the Host. and the result 
after execution of the command may also be a multibyte transfer 
back to the Hast. Because of this IDultibyte interchanqe of 
information between the uPb765A and the Host. it is convenient to 
consider each command as consistinq of three phases: 

Command 
Ph.:i.se: 

E::ecution 
Phase: 

Result F'hase: 

The uPD765A receives all 
to perform a.particular 
Host. 

information required 
operation from the 

The uPD765A performs the operation it was 
instructed ta do. 

After completion of the operation. status and 
other hausekeepinq information are made avail
able to the Host. 

Most commands require nine command bytes and return seven bytes 
durinq the Result phase. No foreshorteninq of the Command or 
Result phases is allowed. Section 5 describes the required 
preset parameters and results for each command. 

ir:·F'ort i ans c•f 
data sheet. 

this Section contain excerpts of the NEC 
Reprinted with permission of and licensed 

Electronics Inc. c 1985 NEC Electronic Inc. 
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6.3 REGISTER ADDRESS MAP 

The WD1003--vJA2 contains seven Ree:"\d/Write Task File Reciisters in 
the WD2010A-05. a 16-bit Data Reoister. a Fixed Disk Reqister. 
Alternate Fixed Disk Status Reqister. a Dioital Output Reqister. 
and a Diqital Input Reqister. The WD16C92 contains a 2-bit Floppy 
Control Reqister. Main Floppy Status and Data Reqisters are in 
the NEC uPD765A. These reqisters are mapped into either a 
primary or secondary I/O address. All Winchester data. control. 
and status information pass between the Task Files or Data 
Reqister and the Host. The Host controls and communicates with 
the uPD765A directly. No on-board microprocessor controls the NEC 
LtPD765A. The1-efo1-e. all floppy data. cc•ntrol. and status 
information pass between the floppy reqi ste1-s and the Host. All 
tiJinchester data ti-ansfe1-s bet\.'Jeen the WD1003-·WPsH and Host are 
word transfers except ECC bytes in Read Lonqs and Write Lonqs. 
These ECC bytes are transferred in byte mode. Control and status 
bytes are also transferred between the Host and WD1003-WA2 in 
byte mode. The Task File Reqisters are multiplexed with IOR- and 
IOW- to qive 14 possible ports. Five of the Task File Reqisters 
are bi-directional. Two of the Task File Reqisters have 
different definitions for read and write operation. Jumpers 
select the p1-i marv and seconda1-y add1-ess. This all C•WS two 
controllers in the same Host system. However. secondary ports on 
the WD1003-WA2 are NOT supported by any version of IBM DOS as of 
this publication date. Other operatinq systems are available 
that support this feature. 

Table 6-1 summarizes the WD1003-WA2 I/O port address map. Fiqure 
6-1 summarizes the WD2010A-05 Task File Reaisters bit 
assiqnments. Fiqure 6-2 summarizes the other 1/0 reaister$ bit 
assiqnments for the WD1003-WA2. Bit assionments are with respect 
to the Host lower byte bus terms. SD7 throuqh SDO. The fixed 
Size/Drive/Head CSDH> and Status Reoisters in the WD2010A-05 
sliohtlv differ from the standard descriptions in the WD2010-05 
data sheet. Please note that the SQH Reqister is set for the ECC 
option mode and 512 bytes per sector. The SDH Reaister also 
limits the number of drives to two and the number of heads to 16. 
Bit 2 of the WD2010A-05 Status Reaister is desiqnated as the 
Corrected Data bit. Assertion <settinq to 1) of this bit 
indicates the sector read from the drive resulted in a 
correctable ECC error. Soft errors do not end multiple sector 
transfers. Bit 1 of the WD2010A-05 Status Reqister is desiqnated 
as the Index bit. Assertion of this bit occurs each revolution 
of the currently selected drive. Refer to the WD2010-05 data 
sheet for a complete description of all other WD2010A-05 bit 
assiqnments. Table 6-2 describes the bit assiqnments for the 
other WD1003-WA2 control and status reoisters. 

NOTE 
Where differences exist. the values and descriptions for Fiqure 
6-1 take precedence over the WD2010-05 data sheet. 
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The uPD765A contains two reqisters which may be accessed by the 
:iost: the Main Floppy Status R~qister and the Floppy Data 
Reqister. The 8-bit Main Floppy Status Reqister contains the 
status information of the uPD765A. and may be accessed at any 
time. The 8-bit Floppy Data Reqister (which actually consists cf 
several reqisters in a stack with only one reqister presented to 
the data bus at a time>. stores data, command. parameters, and 
floppy drive status information. Data bytes are read out of. or 
written into. the Floppy Data Reqister in order to proqram or 
obtain the results after a particular command. Only the t·Jain 
Floppy Status Reqister may be read and used to facilitate the 
transfer of data between the Host and uPD765A. 
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• I 

TABLE 6-1. WD1003-WA2 REGISTER ADDRESS MAP 

I/O ADDRESS 
f\EAD tiJRITE 

PRIMARY :SECONDARY: 

1FO 

1F1 

1F2 

1F3 

1F5 

1F6 

1F7 

3F2 

3F4 

3F5 

3F6 

3F7 

1 7(1 

DATA F:EGISTER 

DATA F:EGISTER 
C16 bits> 

DA"TA REGISTER 
Cl6 bits> 

WD2010A-05 TASK FILE REGISTERS 

171 ERFmF.: REGlSTER L•JRITE F'RE-CDl'IP 

172 SECT OF.: COUMT SECTDF~ COUl'H 

173 SECTOR l·JUME:ER SEClDH i-.JUMBER 

174 C\'LlNDER 1·JUME:ER CYLINDEH NUME:ER 
Clow b\tte) Clow bvtei 

175 CYLINDER NUMBER CYLINDEH NUMB EH 
(hiqh byte) Chicth byte) 

176 SDH F\EGISTEF\ SDH f<EGISTER 

177 s·1 Al US F:EGlSTER SfA.IUS REGISTEF\ 

CONlROL AND STATUS REGISl.ERS 

374 

376 

377 

DIGITAL OUTPUT 
F:EGISTER 

: MAIN FLOPPY STATUS : Mr:'.ilhl FLOPPY STATUS 
lREGISTER CuPDZ65A> :REGISTER CuPD765AJ 

FLDPF'Y DATA 
REGISTEH 
<uF'D765A> 

ALTERNATE FIXED 
DISK STATUS 
REGISTER 

DIG I T AL I Nf'UT 
HEGISTEn 

I 

- ' 

FLDPF'Y DATA 
REGISTEF"< 
( uf'D7 65?~1) 

ALTEF\l'•JATE FIXED 
DISK STATUS 
f"\EGISTER 

FLOF'F'Y CDNTFmL 
REOISTEH 
CWD1t.C92) 

NOTE: All addresseE. in Table 6· 1 are in he:c A Read or Write tc• 
I/O address lFO hex <170 hex) is a Read or Write for the Sector 
Buffer. Therefore. the hardware for the 16-bit data reqister is 
the Sector Buffer. The WDllCOOA-22 also duplicates the WD2010A-
05 Command and Error reoisters fer control purposes. Error codes 
for the Host are actually stored in the WD11COOA-22. 
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• I R!;GISTER 

WRITE F'RE-·COl'1P 
ERROR 
SECTOR COUNT 
SECTOR NUMDER 
CYLINDER NO. 
CYLINDER NO. 
SDH 
COMMAND 
STATUS 

7 

BB 

(> 

1 

BSY 

( 

BUS DIT POSITION 
6 5 4 3 1 (I 

CYLINDER NUMBER DIVIDED BV 4 
ECC I 0 : ID 0 : AC Tl< DM 

NUMBER OF SECTORS 
SECTOR 1·~u1-mER 

CYLINDER NUMBER <LOW BYTE) 
I) (> 0 (> (l :CYL. NO. MSB 
(I 1 DS 1-133 HS2 HS1 HSO 
COMMAND 

EDY I l>JF SC DHQ Cf.:D IDX ERf~: 

FIGUf.:E 6··-1. WD2010A--05 TASI< FILE REG!STEF: BIT ASSIGi~l·JENT 

REGISTER 

DIGITAL OUTPUT 

MAIN FLOPPY 
STATUS (uPD765A) 

7 

x 

RQM 

ALTERNATE STATUS BSY 

FIXED DISK 0 

DIGITAL ll\IPUT DCHG 

FLOPPY CONTROL 

BUS BI ·1 F'OS IT I ON 
6 5 4 ..,.. 

·-' 2 

x MOEN2 'MOEN1 FDMAEN FRST 

DID EXM CB 0 0 

f.:DY WFT S}<C DRQ CRD 

(I (I F:ST 

l>JTG···: l-lS3-/F.;:t;JC-· I HS2-: 1131 · HSO···: 

lWO BIT REGISTERS IN WD16C92 

FIGURE 6-2. WD1003-WA2 CONTROL AND STATUS REGISTERS 

1 0 

X :FDSELI 

D1B DOB 

IDX ERli 

IEI+-·: 0 

D C~.'-. I 
~..:.... I ris 1 ·-· : 

SDB1: SDBO: 
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TABLE 6-2 WD1003-WA2 CONTROL AND STATUS REGISrER BIT DEFINllIONS , 

REGISTER 

I DIGIT1'.iL OUTF'UT 

MAIN FLOF'FY 
STATUS 

BIT Ml'JEl'lDf··J IC 

x 
MOEN2 
t10EN1 

FDMAEl'J 

FRST 

FDSEL 

)' 

F:Ol1 

DID 

EXt1 

CB 

NOT RELEASED 7 Januarv 1986 6-b 

BIT NAME 

Reserved. 
MOTOR ENADLE2 and MOTOR 
ENABLEl. Controls floppy 
drive motors. Settino this 
bit to 0 turns off the 
associated drive and drive: 
selection can not occur. 
FLOF'F'Y DI SI< I NTEF\f::UPT and 
DMA ENABLE. Settino this 
bit to 1 qates floppy disk: 
DMA and interrupt rE·r..iuest s: 
to the I/O interface. 
Settinq to 0 disables the 
OMA and interrupt request 
dr i ve1~s. 
Settino to 0 resets the 
floppy controller. Floppy: 
reset time is 3.5 usec. 
Set to 1 by Host software 
enables the floppy 
controller. 
FLOPPY DISK SELECT. Set to: 
0 selects drive A. Set ta: 
1 selects drive 8. 
Appropriate MOTOR ENABLE 
bit must be set. 

Rese1-ved. 
REQUEST FOR MASTER. Set to: 
1 to indicate that the 
floppy data reqister is 
ready for a data transfer. 
Used with DID bit. 
DATP1 Itff'llT/OUTF'UT. 
Ccmt1·01 s data transfe1~ 
dir·ection. Eet to 0 to 
indicate data transfer is 
f 1-om Host to f 1 oppy 
controller. Set to 1 to 
i ndi catP di4.ta t.t-2nsfE·t- is 
to Host f 1-orn + 1 oppv 
contr·ol l e1-. 

EXECUTION MODE. Set to 1 
only durinq the execution 
phase in non-DMA mode. 
Set to 1 to indicate a 
Read or Write command in 
pr·ocess. 



TABLE 6-2 WD 1003·-l•JA2 COl\ITHOL AND SH~TUS F:ECJ I ST Er~ BIT DEF IN IT l OIJS 
• CCDl'·Jl 'D.) 

REGISTER BIT t·ll~EMON IC 

MAIN FLOPPY DlB 
STATUS <CONT'D.) 

AL TEF:l'JATE FIXED 
DISK STATUS 

FIXED DISf::: 

DIGITAL INPUT 

DOE< 

BSY 
RDY 
WFT 

si:::c 

DRQ 
crm 

IDX 

ERR 

HS3EN 

RST 

IEN-

DCHG 

NOT F<ELEt;SED 7 J anua1-v 1 '-786 6-· 7 

BI l 1·.m1·1E 

Set tc• 1 when floppy drive: 
B is in Set-:k mode. 

Set to 1 i-1hen floppy dr·ive: 
A is in Seek mode. 

Controller Busy Flaq 
Ready from selected drive 
Write Fault f1-orn selected 
di- i ve 
Seek Complete from selected 
dr-i ve 
Data Transfer Request Flaq: 
Corrected Data Flaq from 
vm 1o15·-37 
Index pulse from selected 
drive 
Error Flaq from WD1015-37 

Set to 1: Enables HS3-. 
Set to 0: Enables RWC
Reset. Proqram controlled: 
1~es~~t to boar-d. This bit 
maintains the WD1003-WA2 
looic reset as lonq as this 
bit is on. This bit must be 
an for a minimum of 6.5 
usec. After the bit is on: 
for the minimum time. the 
bit must be turned off to : 
complete reset function. 
Interrupt Enable. Enables: 
or disables IRQ14. This 
bit does not clear the 
interrupt level in the 
disabled state. A pendino: 
interrupt would occur when: 
the interrupt is enabled 
aqain. A system master 
reset clears the intern1pt: 
but leaves the interrupt 
enabled. 

DISJ:::ETTE CHANGE. Set to 1: 
if no diskette is in the 
drive. drive door is open.: 
or the drive is not ready.: 



.. , I 1.;L:LE 6-2 L·JD1003·~·.J{L? COhJ1F•OL 141JD Slf'.HUS F~L.GISTLH f:I I DEFlllJl ICtN~. 
<CONT'D. ) 

[:IT l'll~EJ·IUIJ IC [:I"T IJA11E 

DIG I 1 AL I NF'UT 
ccmn · D. > 

~Ill G--
11s:3 ·· ( F:WC-· > 
tl·wouqh HSO--· 
DS2·-. DS1-

lrJ1· i te Ge<.te cm 
Drive head select or ~WC 
<bit 5) for drives usina RLC·· 

Di- i ve :elect 

f'LDF'P\ .. COt.ITF:UL SD[:l. f'.:;DDO Tht:..::. \•JD16C72 cor1tair1s a h-m: 
bit Floppv Control reaister. 
l hese 1-eui :.-Ce1-s cor1tr·o1 the 
data tt-ansfe1- rate b(:d:1.'>lf"..!en: 
the contr·CJl 1 ET c:1r1d drive 
and the data encadinq 
f 01-mat. n 1e Fl ODPV Lc·nt1-cd 
reaister bit definitions 
a1-e as { ol l 01-Js: 

SDE: 1 SDLiO 
0 (l SC>(; kbs MFM+: 
0 1 30(1 kbs 1·1Fl·I 
1 0 2~)(> kb::; t1FM 
1 1 1 .-,c;· 

..: .... J kbs Fl·n~·.;: 

•Default data rate aiter Reset. 
-JHO:·lnte1-nati onal e>:chanoe :tandi:"<r·d ·:·or 1/4 :i. nch -f 1 Clt::1~•V 
diskettes. 

Table 6-:. describes the t•JDh>03-t.tJA'..:: en·or· codes fo1- the vJinc.heste1-
controll e1~. 

TP1BLE 6--3 t'JDl 00~5- vJA2 EF:F:DF\ F-~ECISTER CODES 
( l;) I r-.JCHESTEJ;: CONTnOLLER (]NL 't') 

CODE 

01 No er· r· 01- s 

02 WD2010A-05 reoister access error 

03 Sector Duffer RAM data error 

04 t.oJLll015-<Yi to (.iJDl lCOOA··'..:'.2 r-eoi:=tp1-
access error or WD11COOA-22 Dvte: 
1) F'i i:>el i ne n?qi ::;:ter er-r-c::or 

05 WD10l5-37 ROM checkEum or RAM 
data £~1~;-rn-· 

(l(I. 

Of::.. 
thr-u 

r-F 

Not used. UndE2 f i rH:?d. 



•6. 4 WINCHESTER COl"IMAtJD SEQUENCE DESCHIF'TIOtJ 

This section describes a typical Winchester command e~ecution 

sequence. This desc1-i pt ion i 11 ust.rates the 1-E·l at i onshi p between 
Host and the major Winchester control components of the WD1003-
WA2 durinq Winchester command execution. 

In the idle state: the WD2010A·-05 drive control siqnals are 
off. The controller status indicates ready. Drive status 
is valid. Controller interrupt is enabled but not asserted. 
The WD1015-37 is idle amd is monitorinq the WAKEUP siqnal 
input. 

The Host outputs the command pa1-ameters to the WD2010Pi-05 
task file. the operation command <Seek. Read or Write) and 
the command attributes ILonq mode. retry control. etc.). 
For· ~·~rite ope1~at i ans. the Host al so outputs the secto1~ or· 
fot-mat data. 

The command byte is intercepted by the WD11COOA-22 and is 
held for later inte1·-pretation by the WD1015--37. 

A Read command output sets the module Wakeup latch that 
causes the controller status to indicate Busy and the 
WD1015-37 WAl<EUF' siqnal to be asse1-ted. l.sJ1-ite and For-mat 
commands first set the data request status siqnal DRQ. This 
initiates the Host data transfer. Completion of the data 
transfe1~ (512 or 
c:.nd Bus\.: status. 

516 bvtes} sets the vJD1015-·37 WAl<EUP siqnal 

The WD1015·-::;:,7 examines the command. verifies command 
parameters. and 
e:·:ecution. 

passes the command to the WD2010A-05 for 

The l•JD::o 1 OA-05 
positioninq. data 
completion status. 

executes the command providinq 
transfer control. error monitorinq 

The WD10C20 provides drive read 

drive 
and 
and 

write data control for commands that require data tran~fers. 

On command completion. the WD2010A-05 interrupts the 
WD1015-37. The WD1015-37 examines the command. status etc. 
for an\1 additional requirements. Ii" cowplE·tion i= 
indicated. the WD1015-37 sets the controller status to 
indicate t-eadv ei.nd interrupt!::. the I-lost. 

The WD 1003--WA2 retu1-ns to the idle state and the Host may 
examine drive and controller status. read input data. etc. 
as required to complete the operation. 
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6.6.5 NEC uPD765A FLOPPY DISK CONTROLLER 

The uPD765A is an LSI Floppy Disk Controller chip which contains 
the ci rcui t1~y and control f unct i ans for inter+ ac: i nq a Host 
processor to 2 floppy disk drives. There are two functional 
interfaces for the NEC uPD765A: the Host interface and drive 
interface. 

Durinq Command or Result phases the Main Status Reqister must be 
read by the Hast before each byte of information is written into 
or read from the Floppy Data Reqister. A{ter each byte of data 
read or written to the Floppy Data Reqister. the Host should wait 
for 12usec before readinq the Main Floppy Status Reqister. Bits 
6 and 7 in the Main Flopppy Status Reqister must be in a O and 1 
state. re=:.pect i vel v. bef 01· e each byte of the command wo1-d mc:-..y be:
written into the uPD765A. Many of the commands require multiple 
bytes and, as a result. the Main Floppy Status Reqister must be 
read prior to each byte transfer to the uPD765A. On the other 
hand. durinq the Result phase, bits 6 and 7 in the Main Floppy 
Status Reqister must bath be asserted <set to 1) before readino 
each byte from the Floppy Data Reqister. Note that this readinq 
of the Main Floppy Status Reqister before each byte transfer ta 
the uPD765A is required only in the Command and Result phases. 
and not durinq the E~ecution phase. 

Durinq the Execution phase, the Main Floppy Status Reqister need 
not be read. The uPD765A asserts DRQ2 when each byte of data is 
a.vai 1 able. The ~·:ost Di•IA control lei~ t-esporrds to this r·equest bv 
~.::sei-tinq DACl<2-·- and IOG:- s.iqnals. A:set-tion of Df..iCf<2·-- de
asse1-ts the conti--c•llet-'s DF\C!2. tot- vJr·ite commands, the Hu=:t 
asserts IOW- in5tead of IOR-. After the Execution phase has been 
con1pleted CT/C '3.::.set-ted) 01- the End of Track <EDT) sector· read 
(or written) then the NEC u765A asserts IRQ6. This sionifies the 
beqinninq of the Result phase. When the first byte of data is 
read du1inq the 1:;:esult phase, IF:(.Jt::., i:; de···asse;~ted. 

It is important to note that durinq the Result phase all bytes 
shown in Section 5 must be read. The Read Data command, for 
example, has seven bytes of data in the Result phase. All seven 
bytes must be reaad in order to successfully complete the Read 
Data command. The uPD765A will not accept a new command tintil 
all seven bytes have been read. Other commands may require fewer 
bytes to be read durinq the Result phase. 

The uPD765A contains five Status Reqisters. lhe Main Floppy 
Status F:eqi st er mav be read by the .Host at c{ny time. The other
four floppy controller Status Reqisters CSTO. STl, ST2. and ST3l 
are avail a.bl e only du1-i nq t1'1e Re:'sul t phase and may be read only 
after comp l. et i nq a command. The pa1-·ti cul ar command that ha::; been 
executed determines how manv of Status Reqisters will be read. 

NOT RELEASED 7 January 1986 6-10 



The DID and RQM bits in the Main Floppy Status Reoister indicate 
~hen data is ready and in which direction data will be 
transferred on the data bus. The maximum time between the last 
IOR- or IOW- durinq a Command or Result phase and DID and RQM 
qettinq set or reset is 12usec. For this reason every time the 
Main Floppy Status Reoister is read the Host should wait 12usec. 
The maximum time from the trailinq edqe of the last IOR- in the 
Result phase to when CB (floppy controller Busy - data bus bit 4) 
is de-asserted (set to 0) is 12usec. 

The bytes of data which are sent to the uPD765A to form the 
Command phase and are read out of the uPD7~5A in the Result chase 
must occur in the order shown in Section 5. That is, the Command 
Code must be sent f i r·st and the other bytes sent in the 
prescribed sequence. No foreshorteninq of the Command or Result 
phase is allowed. After the last byte of data in the Command 
phase is sent to the uPD765A. the Execution phase automatically 
starts. In a similar fashion. when the last bvte of data is read 
out in the Result phase. the command is automatically ended and 
the uPD765A is ready for a new command. 

The NEC uPD765A on the WD1003-WA2 is limited ta basic drive 
central functions such as head selection and sendinq the STEP-. 
DIR-. and WRT EN- siqnals to the floppy drives. The NEC u765A 
also receives INDEX-. WF\ F'ROT-. and TRl<O-- fo1- drive status. 
Unit selection is under direct control of the Host throuqh the 
Diqital Output reqister (external to the uPD765A). The NEC 
uPD765A does not directly drive write data or receive read data 
from the floppy drives. However. the NEC controller does produce 
write precompensation siqnals for the WD16C92. 
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-. 
7.1 GENERf~L 

SECTION VII 
INSTi~LLATION 

This Section describes the hardware and software installation of 
the WD1003-WA2 Winchester/Floopy Disk Controller. 

7.2 HARDWARE INSTALLATION 

This section briefly de·sc1-ibes installation of ttie l•JD1003··l;J(ili 
hardware. If the disk drive(s) are beinQ installed internally, 
it is best to locate the controller in the closest available 
expansion slot relative to the drive. 

CAUTION 

Handle the controller board by the ends of the board. Some of 
the chips are static sensitive and damaqe may occur if the board 
is incorrectly handled. 

Only 
the 

NOTE 

verify the jumper settinqs in Step 1. Modification of 
Standard factory jumper settinqs on any equipment described 

in this document is rarely necessary. 

1. Verify controller jumper settinqs. Refer to Table 7-1 
and Fiqure 7-1 for jumper settinq information. 

TABLE 7-1. WD1003-WA2 JUMPER SETTINGS 

PIN 
ICONNECTSl 

'E2 to E3 

E5 to E6 

El to E2 
E4 to E5 

.E7 to EB 

IEB to E9 

DESCr.IPTION 

NOTE 
DO NOT MOVE F'R I MAR'Y. ADDF\ESS J U1·1f'ERS Ul-~LESS THE 
OPERATING SYSTEM IS CONFIGURED TO ACCEPT TWO 
I IAnD DI SK COl·.JTROLLEF\S. CEF.:T A IN OPEF\A TI Nl3 SYS-
TEMS SUF'POHT n·JO COl-JTF;:OLLEf.:S IN THE SAMC:: s··/STE:M. : 
IBM DOS AND MANY ICM COMPATIDLE OPERATING SYS· 
TEMS DO NOT SUPPORT Tl IIS FEATUF:E. 
Standard facto1-y settinq. Selects pr i ma1-y add·· 
resses. 
Standar·d -factory ::.et ti nq. Selects pri ma1 .. y e<.dd-
1~esses. 

Selects seconda1-y settinq. 
Selects secondary settinq. 
Standard facteorv settinq. Supports 2:61) RF'M 
floppy disk drives. 
Jumpe1- in this position. Selects 300 FWM flooov: 
disk drives. 
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CJ 
.. 1 0 0 

E7 D B 

FIGUF\E 7- 1 WD1003-WA2 JUMPER LOCATIONS 

2. Verify termination on last drive. Verify proper set-
tinq of drive select switches on drive. i.e. set the 
drive select switches for drive select 1 or 2. Refer 
to yoLn- s.ys.ten1 01-me:-1- 's manual for in-fco1-matior1 or1 
information on proper drive termination and select 
switches. 

3. Remove the blank e::pans.i on sJ ot b1-acket. F'ut the 
br ac !::et aw av c:md save it f rn·- po:; s i b 1 e f utu1-e use. The 
screw will be used to hold the new controller board in 
place. 

4. Attach 34-pin control connector pin 1 to JS pin 1. 

5. Connect control cab 1 e to d1·-i ve. 

6. Attach 20-pi n data connectrn- to J4. 

7. Attach 20-pin data connector to J3 <drive Dor 2). 

8. Connect data cables teo dr·ives. 

9. Attach 34-pin floppy cable connector to Jl. 
cable to floppy drive. 

Connect 

10. Attach Winchester activitv LED connector to J6. 

11. Instal L the contr-ol l e1- boc:\1-d i r1to the e!-:pansi on !:=.lot. 
Make sure that the board is seated properly by press
i nq down on both ends of the board. Secure the bo2rd 
with the bracket screw. 

1':-:0 F:emc.ive or· disc:•.ble an-...· uthE.:-1 .. :Jcippv cont1-oller in VOLW 

S'y'Sb?m. 
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-· 7.3 SOFTWARE INSTALLATION 

This section contains instructions for preoarinq 
format. etc.> your operatinq system to recoqni=e 
Diqital controller. 

( 1 i::ow level 
the l>JesterT1 

1. Insert vour system Diaqnostic Diskette (or equivalent). 

2. Turn on the power. 

3. Boot Diaqnostic and ~elect setup option. 

4. Set clock etc. 

U1U r lOM 
Avoid system damaqe by consultino your Technical Reference manual 
to ensure that your drive type is supported by your Ho~t BIOS drive 
tables. Not all AT-compatibles share the same drive tables as IDM. 

5. Select proper Drive Type. Consult your Technical Reference 
Manual for further information on these parameter~. 

MOTE 
Step 6 requtre:. e:-:ecutian of lm·1 level formatttnq. Use of the IBl·I 
Advanced Di.=1qnostic (rn- simila1- p1-oqram for 1[:11·-compatible!:.) is 
necessary since the WD1002-WA2 coritains no on-board Basic 
Input/Output System <BIDS> F\01'1. 

6. Insert your .Advanced Diaqnostic diskette and execute 
low level Format. 

7. Insert System Diaqnostic Diskette (or equivalent) after 
the system ~inishes the low level Format. 

8. Lo~d and execute the FDISK and FORMAT proqrams. 

NOT RELEASED 11 APRIL '86 ·7 .... --::
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WD1002-WA2 vs WD1003-WA2 

HARDWARE DIFFERENCES 

WD1002-WA2 

1. Host interface and buffer 
management is in discrete. 

2. Uses WDlOl0-05 Winchester 
controller. 

3. Uses WD1014-0l for ECC. 

4.Floppydata separation is 
in discrete. 

5. PCB is 4-layer design. 

WD1003-WA2 

1. Uses WDllC00-22 {BMAC} or the 
WDllCOOA-22 (RMAC) for host inter
face and buffer management. 

2. Uses WD2010-05 Winchester 
controller. 

3. Uses WD2010-05 which has on-chip 
ECC. 

4. Uses WD16C92(FRWC) for integrated 
floppy data separation. 

5. PCB is 2-layer design. 



~ 

~omparison of Radiated Harmonics in IBM-AT System 
of two W.D. Controllers 

TABLE 1 

Production Board Final artwork 
Freq, Mhz 1002-WA2 1003-WA2 Limit 

40.07 49.5 58.l 
41. 45 48.5 57.8 
47.00 48.9 57.2 
60.07 42.5 55.5 
63.36 49.8 55.9 
66.08 44.9 56.1 
72.08 49.l 56.4 
75.11 43.8 56.7 
81. 32 49.7 49.3 57.0 
84.97 49 57.3 
86.7 50.4 47.5 57.3 

110.23 42.0 59.3 
115.6 43.9 58.8 
120.10 49.3 58.4 
132.1 51. 5 53.8* 57.6 
144.09 53.3 56.9 
150.0 52.3 56.4 
168.09 51.0 55.4 
204.13 50.2 55.7 
216.19 54.6 58.3 
240.17 54.2 50.0* 55.8 

*6 Mhz harmonic of IBM System Clock 

This comparison shows the FCC testing done on both the WD1002-WA2 
and the WD1003-WA2. In all cases except for those noted, HD1003-WA2 
shows improvements over the W'Dl002-WA2. 

The FCC Certificate of Approval is expected to be available by the 
end of April and can be provided at that time. 
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WD1002-WA2 vs WD1003-WA2 

FUNCTIONAL DIFFERENCES 

WD1002-WA2 

1. (Not avilable) 

2. (Not available) 

3. WD1002-WA2 Step Rates: 

"For5 MHzWCLK: 
R3-R() = 0000 - :::35 ;;s. 1100 - 6.0 ms. 

0001 - .5 ms. 1101 - 6.5 ms. 
0010-1.0ms. 1110-7.0ms. 
0011- 1.5 ms. 1111 - 7.5 ms. 
0100- 2.0 ms. 
0101 - 2.5 ms. 
0110-3.0 ms. 
0111 - 3.5 ms. 
1000- 4.0 ms. 
1001 - 4.5 ms. 
1010- 5.0 ms. 
1011 - 5.5 ms. 

4. (Not avail able) 

WD1003-WA2 

1. If Write Fault (WF) is latched, 
it can only be cleared by a reset 
(hardware/software). 

2. If WF is detected during a Write 
operation, then the Write operatic 
is retried once before reporting c 
error (if retries are enabled). 

3. WD1003-WA2 Step Rates: 

For 5 MHz WCLK: 

A3-AO = 0000 - 35;;sec 
0001 - .5msec 1100 - 6.0msec 
001 O - 1.0msec 1101 - 6.Smsec 
0011 - 1.Smsec 1110 - 3.2;;sec 
0100-2.0msec 1111-16µsec 
0101-2.Smsec 
0110- 3.0msec 
0111 - 3.5msec 
1000 - 4.0msec 
1001 - 4.Smsec 
1010-5.0msec 
1011 - 5.Smsec 

4. Faster restore operation 



W'E(f':;TERN DIGITAL 

' 
l· CORP ORA Tl ON 

The attached comparison list shows the FCC testing done on both the 
WD1002-WA2 and the WD1003-WA2. In all cases except for those noted, 
the WD1003-WA2 board shows improvements over the WD1002-WA2. 

The FCC Certidf icate of Approval is expected to be available by the 
end of April, and can be provided at that time. 
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