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WDI1003-WA2

Features

IBM® 100% PC AT Com-
patible Winchester and
Floppy Controller

Controls 1 or 2 5%"
Winchester Drives

(ST506/ST412)

Controls 1 or 2 Floppy
Drives at Four Data Rates

Based on Industry Standard
WD2010B-10 Winchester
Controller Chip
Self-Adjusting Data
Separator, WD10C20
On-Board Diagnostics
16-Bit Data Bus

Concurrent Transfers 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 WD1003-WA2 is a
storage controller that inter-
faces up to two rigid
Winchester disk drives and
up to two floppyv 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
Separator device, the
WD10C20A-05. In addition,
three other proprietary
Western Digital devices are
incorporated on the board,
including WD11C00C-22
(Buffer Manager & Con-
troller). WD16C92 (Floppy
Read-Write Support Device)
and WID1015-37A (Processor).

The WID1003-WA?2 controls
one or two ST506/ST412
Winchester disk drives and
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Winchester/Floppy Disk Controller

one or two floppy disk drives. programmable between separation, and write

The Winchester interface 125Kbps, 250Kbps, 300Kbps, precompensation.

accepts a 5 megabit per and 500Kbps. A total storage solution for

second data rate. The con- The WD1003-WA2 contains PC-AT compatibles is offered

troller board supports drives all of the logic required for by Western Digital in this

with up to 16 read/write Winchester/floppy drive single board controller.

heads and 2048 cvlinders. control, the Host interface, Advanced LSI devices are
The data rate for the 32-bit error correction, data used to achieve low cost/high

floppv disk interface is performance storage control.

WD1003-WA?2 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 without notice.

Copvright © 1987 Western Digital Corporation. All rights reserved.

Western Digital
2445 McCabe Way
Irvine, California 92714

1-800-847-6181 PESTELHN DitcITAL
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s.C.0. CERTITMICATION

Thiz WHestern Diaital croduct has been certified to comolv  wilh
thhe limits Tor & Class B computino device puwzuant to Subpar-i 4
aof Fart 15 af F.C.LC. Rulas. This does not aquairantes  that
interference will rot ccocuwr in individual installaticons. MWestern
Digital ie not rezpornsible for anmy televisicon, radioc, agr ather
inter{ference caused by unauthorized modificastions of this
croduct.

1§ interfterence problems do cccur., please consult the =vs=t
equinoment owner ‘s manual  {for  suagestions. Same  of these
sugqgestions i1include reloccation of the computer syvetem awav fr
the television o radio or placing the computer AC powerr
connection o another circult or outlet.

Thise praduct waz tested and certified with euternal sihiel ded
interconnmecting cable{s). Therefore. shieled cable(s) iz(are)
required to be used with this product.

I Bk Fereonxl Computer AT 1is a reqicstered trademark ot
International Business Machines Corporatiaon.
c

COFYRIGHT 1526 HESTERW DIGITAL CORF.
ALL RIGHTS RESERVED

Thie document is protected by copyriaht, ard containe information
proprietary to Westeirn Digital Corp. Any coovying,. adaptation.
distribution., public performance. or public display of this
document without the expre=zz witten consent of Western Diagital
Corp. ie strictly prohibited. The receipt or poesession of this
document does not conwvey any riahts to reproduce or distribute
ite contentes, or to manufacltuwe, use o sell anvything that may
dezcribe, imn whole o in part, without the specific wriltten
conzent of Western Digital Corp.
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document provides the user
desian related software drivers
efficient use of the WDIOOI-WAD
Foard. It is to the user =
following related documents:

with Lhe infocrrmation
and intertace

Winchester /Floopyv
advantage to become famil

~
a el

WD11TO0A~ IEM FC~-AT Interface Controller
WD1OCED Winchester Data Separator and Write
Frecompencsation Device : : S -
WDZO10-0% Winchesterr Disk Cantroller
HDI1G1S Buffer Manaosr Contirol bFrocesszor -
UFD765A Single/Double Dernsity Floppw Dicl Cantroller
MEC Electrormics U.S.A. Inc.
Microcomputers Divizilon
Natick., Mazsachuszeltsz
ST-5086 Hicro Winchester
Technology

Seaqgate
Seotte Valley., Lalidornia

Device

Dick Interiace

1.2 DESCHRIFTION

The WDIGOZ-WaE 1= an 1BM FPersonal Computer A7 bus
Winchester/Floppy disk contiraoller deziarned to interfa
Winche=zter and up to two fYloppy disi drives.

the concurrent coeraticn of cone floppvy and one
The Hincheszter drive intersace 1 compatible
Technology ST306:/5T412  =standar interface o
drives. The floppy digh drive interface zupports
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1.2

- =
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dirives asz  well as Zs0 R (32A450) drives. The

all NMersssary recelvers
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1.7 FEATURES
o IEM FERSON&L COMFUTER AT COMFATIGLE WINCHESTER AND FLOFFY COMTRULLER

o CONTROLS UF TO TWO WINCHESTER DRIVES (STS04L/5T412, 16 R/ W
HEADS EACH. 2048 CYLINDERSDS)

o COWNTROLS UP TO TWO FLOFFY DISE DRIVES
DOURLE-SIDED
DQUIILE DENEBITY (360 kI, &0 Ikbs, MFM)
QUAD DENSITY (1.2 MR, S00 kbs, HFM
FOUR DATA RATES (500 kbs. Z00 kbs., 200 kbhs. and 125 kbs)
SUFFORTS 2&0 AND 300 RFEM SFINDLE SFEED

o WDZO10A S WINCHESTER DISE CONTROLLER

o 8-RIT. RI-DIRECTIONAL DBUS HOST IMTERFACE FOR  COMTROL  ARD
STATUS TRANSFERS

o HIGH-SFEED., 1&-BIT PIO DATA THRANSFERS

o Z2-LIT ECC FOR WINCHESTER ERROR DETECTICON AND CORRECTICH. CRC FOR
1D FIELDS . )

c DIAGHOSTIC MODE FOR ERROR CHECKING

o WD1OC2D DATA SEFARATOR AMD WRITE FRECOMPENSATION DEVICE

o WD11CO0A-2Z2 TRH FPC-AT INTERFACE CONTROLLER ARD WD16C22- 00
FLOFFY DISK READ/WRITE CONTROLLER (ERWE) REDUCE
FOMUER COMSUMTION &HND COMFONENMT COUNT

a ALLOWS COMCURRENT OFERATION OF OWE FLOFFY AND OHE WINHCHESTER
DRIVE

1.4 ARCHITECTURE
The WDIOOZ-WAZ is based on the WD11COOA-2Z 1EM  FC-AT  Interface

Controller device, WDIG1OA-03 Winchester Dishk Controller, WLDIOL1S-
27 Euf%er Manaoer Control Froceszor HWD1OCEZO  Winchester Data
Separ-ator arnd Write Precompensation Device. 1k % 8 static RaM

devicez as a Sector Buffer. WDI1&LG2-00 Floppy Disk Read,Write
Controller. and an MEC ulFD7&SA Floppy Disk Controller. Figure 1-
1 is & functicnal block diaaram of the WDIOOI-WA2.

1.4.1 WDILI1COQOA-22
The WDII1COO&-2F incorporates several functicons 1in & =ingle

package. Implementation of these functions occcurse by combining
random logic and specialized circuits. The WDI11COOA-22 performs

the following functions:

NOT RELEASED 7 January 1984 12



Hozt hardware intertace

Sector Buffer addressing and contiol

IREG generation

Winchester head selection

WD10135-37 Wakeup

Controls Winchester activity LED

Addirresses WD2010A-05 Task Files

Receives command and error inftormation from WDI1015-37

1.4.2 WD2010A-0S WINCHESTER DISK CONTHROLLER

The WDZQ10A-0% controls all data transferese betwsen the Sector
Buffer and the drives. The WD010A-05 performs multiple sector
Read/Write. lmplied and Buffered Seek commands. The WDZO10&- OS5
aleo executes praagrammable format and errar recovery alagorithims.
All Winchester commands are executed through the seven lTask Files
of the WDZ2O1O0A-0S after limited intervention by the WD1O1S--E7.

1.34.3 WD1G15-27 BUFFER MANMAGER CONTROL FROCESS0OR

The WD1015-Z7 is an  8-bit microprocessor that controls  and
coordinates the activity of the Winchester disk drives and
WDZO10A-05, The WD1015--37 receives and sends command or status
information over the internal WD1OOZ-WAL2 multiplered addresssdata
buz, HDO  throuch HD7. Conmtrolling firmwar2s rresides in  the
WD1015-27 ' 2K intermal ROM.

1.4.4 WDIOCZO WINCHESTER DATA SEFARATOR AND WRITE PRECOMFENSATION
The WD1OC20D performz phase-locked loaop data syvnchronization on

read data Ffrom the Winchezter drives. thi=z device also
conditions write data to be recorded on the disk. The WD1DC2O
iricludes both freguency and phase detection. Zeroc phase error
=tart-up circuitry eliminates oroklems due to asvmmetry. The

HWD1OC20D requires no adjustments and contains all data separation
circuitry in a single device.

1.4.5 SECTOR EBUFFER RAM

The Sector Buffer is a 1K % 8 KAM used for =storing data between
transfer oberations. Since the WDZO1DA-0S and WDRIO1IS-Z7 are 8-
bit devices, the BDII1COOA-22 =zeparates each 1& bit word from the
Host into two 8-bit bytes. The WDRDLICOD--22 controls the placement
cf each 8-bit bvte in the Sector Buffer. For data transferes to
the Host., the WDLICIO-22 assembles 8-bit bvtes into 146-bit words.
The Sector Buffer never contains more than S12 bvytes.

MOT RELEASED 7 January 19858 13
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1.4.6 WD1&CT2-00

The WD16CS:2 is & sinale chip support device for the NEC uPD7654.
Control of the floppy disk data transfer rates is one of the
functions of the WD16CFZ. Data transfer rates controlled bv the
WD16C92 are SO0 kbs (MFM) . 200 kbs ((MFM) L, 250 kbs (MFM) ., and 125
kbs (FM). Other support functions provided by the WDI6C?2 include
phase detection, pPulse shaping, and clack generation for read
data and write precompensation (+ 125 nsec write precompensation
for all data rates except 300 kbs. 208.3 nsec write
precompensation for I00 kbs.). write data clock,. IMNTERRURY
RECUEST = & {IRGS)Y anmd DMA  REQUESH 2 (DRE) aeneration.
Specialized support functicons furnished by the WD146CY2 are phase
locked lcoop gain selection and DRE pulse delay. (Fulse delay is
necessary to comply with AT timing constraints.) The only
external circuitry required by the WDIAT9Z is a 24 iz crvystal,
error amplifier, and dusl voltzaoe controlled oscillators (VCOe).
Dual VCOs are necessary because the 300 kkbs data rate is not a
multiple of the 125 kbe data rate. VCO selection is performed bv
the WD1&CF2.

1.4.7 uFD7&5A SINGLE/DOUBLE DENSITY FLOFFY DISE COMTROLLER

The NEC uFD745A i3 a floppy disk controller. Host control over
the MEC uFD7&45S4a i= complete. Mo or-board proceszor controls the
floppy controller. Floppy tiranzfers are made in DMA mode. ALl

floppy commandszs are supported.

MOTE
Flefer to the MEC Microcompulter Division Catalog for more detailed
information on this device. khere differercez exist, the values
anod descriptions in this data sheet take precedernce over the MEC
documentation. For example. the sector size is zet at S12 byvtes
per szctor by the AT RIOQS even though the NEC controller allows
programmable sector sizes.

BLOCE DISCRAM TRE

FIGURE 1-1. WLOOZ--WAZ RLOCK DIAGRAM

NOT RELEASED 7 January 1986 1-4



SECTIUON ¥
SFECIFICATILIONS
2.1 GENERAL .
This section containe the overall specifications for the WDHIOOA
WAZ2 Winchester/Floppy Disk Controller.

2.2 ELECTRICAL

2.2.1 HOST IHNTERFACE

Tvpe I0H Perzonnal Computer AT
Max Cable l_enath Connects directly tao Host motherboard

wilh &2 pin and Z6 pin card edoe connectors

2.2.2 DRIVE THTERFARCE
Winchester Disl: Flonpy Lisk
Tvpe STO06/6T41: compatible  S$SA4%0 or Teac

SSF/Gcompatible
Fax Cable Length:
Control (Total

Daisy Chain) 3 meters (10 feet)

Data (Radial-each) 3 meters (1O feet)

Signal Flat or :

Twisted Fair -

Total Daisy Chain) & meters (20 feet)

2.2.2.1 Fecording Specifications

Encodinoc Method HFM FM and MFM
Data Rate SHbs 125kb=, Z50kbs.
S0kbs. SOOkbs
Format IBM AT compatible IEM AT compatibile
Sectorina Soft. S12 byte Soft. up to
by 17 per track 15 by 812 bvte
(Numbered 1 sectors per
through 17) track
Cvlinders 2048 160 masx
Heads 14 maxn 2 max
Drrives = =
Soft Error- FHate 1 in 10E10 1 in 10EQW?
bits read bits read
Hard BError fRate 1 i 1OELZ2 1 in 10ELZ
bits read bits read
Seek Error Rate 1 in 10ES 1 in 10ES
zeeks seeks

HOT RELEASED 7 Januaimary 21



2D.2.2. Recording Specificaticns (CUOMHT "D.)

Wi
Frecompensation

Interleave Factorr
CRC Folvnomial
ECC Folvnomial

ECC Folwvhamial
Reciprocal

Record length )
Correction =pan (b)
Single burst detection
=pan

b = 0

b =5
Double burst detection
Span

b = 0

b =25

Mon-detection probability Z.

Miscorrection probability 1.

ID Field CRC
Folvynomi al

Data Field CRC
Folynomial

HNOT RELEASED 7 Januarary

nchester Disk
t/- 12 nsec,
sinale-level
MFH

Floppv Disk
/- 125 nsec
wrrite pre-

compensation
for all data
rrates except
J00 kbs. 2208.
nsec for IdO0

LT S

B R 4

L L

2 to 1l min

Wrle+ 12415+
HUR2ER 284 T R2G

O WA BTERE QU E PR OR SYERICE 5 |
PAIRANE STRRIRINE STRRCEY S
D wh TRl BRE SYEAF R SYRayi £ 3
3185 % 8 bits maxn

S bits

I2 bits
19 bits

ro= 316 w8
> 3 bits
S bites
2.3 E-10 . or
b =25
S7 (E-5) ., v
b =&
22

kbs

1o

SRRl
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2.2.2.% FReadsWrite Control Specifications
Winchester Disk , Floppyv Disk
Tvpe WD1OC2O Analog with
eelf—-adjusting VCO dual R-C VCO
Features reference clock, adjustment free
O phase startup, VCoO

tread pulse extensian,
DRUN generation,
write precompen-—
cation
Acguisition
Time 12 usec at .0 Mbs £ bvies max
for I
4 bytez may Tor

FIrt
Capture
Ranage +3% min . L5% min
Bit Jitter loclerance 4 4 nsec LD min ol window
Jitter Relijection *Z5 db at 2.9 HHz
>40 db when trackinag

EBit Error Rate A1 (E1D)
W/C Asyvmmetrv Margin + Z0 nesec
Ed-Fump Output 4,2 mA at pump pin
Eo—-VCO Gain S per volt
Fhaze
Error {010 deaq
2.3 FOWER

Logic Eupply ASVHEL . 1.2 A max

Supply Ripple +100mY ., p-D

Analog Supply 1 +12V4E10%, 0. 02 A max

Supply Ripple +100 mVY, p-p

Analoq Supply 2 =121 0 D00l A omasd

Supply Ripple +/--1Q0 V', pp
2.4 FHYSICAL
Lenath 23.3 centimeterz (132.1 inches)
Width 12.2 centimeters (4.30 inches)
Heiaght 1.90 centimeters (0.75 inches)
2.3 ENVIROHMENTAL
2.5.1 TEMFERATURE

Operating 10 C to SO € (50 F to 122 1)

o o o o
Mon-operating -40cC to &0OcC (-40cF to 130aF)

NOT RELEASED 7 Januarary 2T




2.5.2 AlR FLOW

~

100 LFM min constant unidirectional. measwed on &« plane 1,4 in.

equidicstant from FCR surface.
2.5.3 HUMIDITY

Operatinag £ to BOM non-condensing

Non-operrating S% to P9% nan-condensing
2.5.4 ALTITUDE

Oper-ating O to J000 meters (O to 10000 feet)

Non--operating O to I000 meterrs (O tao 14090 feet)
2.9.% VIEBRATION

COperatinag & to 600 Hz at 1.0 &

2.6 MEAN TIME BETWEEN FAILURE (MTEF) aND MEAN TIME TO REFAIR (MTTR)

MTEF 100,000 FOH

MTTR 0

NOT RELEASED 7 Januarar:wy 2-4



SECTION 3
INTERFACE COMRMECTIONS

IZ.1 ORGANIZATION
The WD1003- WAZ has seven interface connectors for ueer
application.

F1 Host interface: 62 pin card edoe connector
Component side - Fins Al thirrouah AZ1
Conductor side -- Fins El1 throuoh RZ1

F2 Host interface: Z&% pin card edge connector
Component side - Fins C1 through C18&
Conductaor =zide - Fins D1 throuagh D18

Jo Winchester drive control: Z4 pin dual row connector
daisy chained to two drives. The control siagrnals at the
second drive {from the WDIOOI-WAZ (no more than a total
lerngth of 3 meters or 10 feet) are terminmnated with & 220

ohm recsistor to +8V and a 330 cohm resietor to oround.

J4, J3 Winchester dirive data: 20 pin dual row header conmnectors,
radially connected to the dirives.

J1 Floppy control and data: #4 pin cable conmector.

Winchester actiwvity LED connector: A 4 pin header that
connects via cable to the Winchester front panel. The
WDI1OOZE-WAZ lights the LED when the bWinchester drive i=s
busy aor the Host asserts RESET.

]
o

.2 HOST INTERFACE

F1. side &, plugs into the lower hald (&8D7 thru SDO) of the 1e& -
bit Host dats bus (5D1S thi~u 8D2) and the MHost addirezs bus. sSD7T
thru €D0O transmit data and =ztatus information. F2, =zide C., plug=
into the upper half (SDY thiru SD1S) of the 15-bit Hozt data bus
(SD1S thru SDO). SLE thru SDI1S transmit data crmly. F*1, =ide H,
and 2. =ide D, plug into the Host svystem control bus. Table -1
describes F1 pin aszignments in detail. Table 32 describes FZ
pin aszsigrments in detail.

HOT RELEASED 7 January 198&  Z-1
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(1) [FIM DESCRIFTION

FUNCTION

Ei~-directional . lower B-bit
data bus for data and status
communication between the
controller and the Haost.

biheri REN is aszerted. the DLHA
controller azsumes control of
the Host address bus. contiral
bus. and data bu=s. 170 port

adresses aire no longer aenera -

ted for I/0 port acce=s. In
this maode, the 70 port is =e
lected bv azzerting DalEL2-.

A 10-bit addre=z=zs bus=s +or 1/0
port sddressing by the Host.

bhen azzerted, RS0 {airrces the
WD1O003- WA boarrd 1inlto the ini -
tial poweir—-up state.

1EVOL

DROZ iz aszerted whenever

data iz available for transfer
betweern the WD1HDI-WAZ under DMA
control. tpplies to floppy
controller acnlwv.

~124DC

+12VDT
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NAT

BZX

TAELE

FIN

E4,

NUMBER

B3,

~

EB.E11,

BE12

B13

E14

B1S

thiru

E=1

B2

-
- .

JoTies
s

B2S

B27

EZ8

RELEASED

EZ4

- P e = el w eo

- 1

HOST INTERFACE

MNEFIGHNIC T SIGNAL HNAME

COMHECTED

NC {NOT
:
: :
10U - { 1/0 WRIIE- |
! :
10R- 1,0 RERD- |
: :
M NOT CONMECTED

TRES b OINTERRUFT 4
! REDUEST & !
HC PNOT CORNECTED

DACIE - DMA- i
ACENOWLEDRGE

y CHAMMNEL 2

T/C V TERMINAL H
y COUNT :

HSLE VADDRESS H
VLATCH ENGRILED

+5Y S H

WNC HOT COWMMECTED
7 Januairy 19886 3-73

COMHMNECTOR

170

(F1}

i
vOIRGES is
v the

o command.
)
1]

I DESCRIFTION (COHT "I.)

FUNCTIOHN

I0W- 135 as=zerted
controller or Host writes a
data, status, or control byte
to the WDIOOLI-UWAZ.

wilhiern the DA

IR ie aszerted when the DHA
contirallerr or Host rreads data
firom the WDI1003 WAZ.

aszserted to interi-uot
Ho=t upon completion of a
Aprlies ta floppvy

controller onlv.

1]
1
1
1
H
]
1
i DACKZ- i3 aszerted in response

v to DMA

VIn
H =)

dicates
=t

requeslt channel

0
-

Lthe

disk

csending of

bvte in « Vloopyv transt

VIndicates boanr d address

is

avalilable.

o e T de e ve T e EE e B me WE pe P wm S mm PC me T% am e ee P e W amn "= aa

.

=4
]
'
'
'
'
)
'
'
]
\
'
'
'
[
1
1



]

TAEBLE

FIRW H

NUMBER VOMRNEMONIC
Ci i NC

thru H

C10 i

spe
thru

Ci1 '
thiru H

018 GHD

H

H

|

\

:

l"

H cis cDi1sS
i H

H D1 i NC

H H

H DX t I/0 C5-
H HES WL

\ 13 v HC

H thiru !

H L& H

: D7 TOIRGLS
H H

| D8 HER & [

t thru H

H DiS, D17

: Di1s& 1 HENVDC
H

= T
P

DRIYVE IMTERFACE
I.301 WINCHESTER

Control =siagnals
the drives from &
signals
chain must
decscribes

have

MOT RELEASED 7

HOST INTERFACE CONMNECOR

{DATA EB11 8

Vothru ' data bu= for data transters
‘\DATA EBIT 15 H onlyv between the controller

! H and the Host.

TNOT CONMECTED H

V10 1610 I : I1/0 CS 146 sianals the =zvstem

v CHIF- ) H board that the currerit data

i SELECT- | : trranzfer is a 1| wait-ztate.

H H H lé-bit I/00 cvele. derived vrom
: H H an addresze decode.

1] ] ]

THOT CONMMECTED i

VINTERRUF : : IRG1I4 =ianals the Haost that
VRECLIEE] 14 : the Mincheszter controller nsed
! H \ attention. IR 1= genei-ated

H ; H vhen the IRQ line aqoces from

! H H low to high.

'MOT COMNECTED H

T 4SVLEC H H 4 SVDC

v GROUND H H

.
SR IVE

are common to all driwves
zimgle
on the MWD1IQOZA-WAR
a 22O/ TED ohm resistor
Jd5 pin assignments

Janrnuary

(FZ2) FIM DESCRIFYION

SIGHAL MNaME FUNMCTION

Pt
~~
c

Ei1 directional. upper B8-bit

COMTROL

and are daisy-chained to
Jo. To terminate the control

the last drive on the daisv
pack installed. Table -3

connectar .
properly.

in detail.

-
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TAELE -3

) .
) S
1]

[

]

]

| [OOSR IR o,

' ’

] ] ]
' i i
[ [} <) )
] 1 ' P i
] ] ]
' 1 1
[} 1] ]
. ] 1
1 1 ]
) i 1
] ] ]
) ' ]
' ' ]
) 1 1
) [ '
1 1 )
' ' '
) J )
] ] [l
1 1 3
1] : 1
' [ '
] ' ]
1 ' )
¥ - ] y ]
1 - 1 ‘q’ )
] ] )
' ) 1
1 1] 1
) ' '
] ' '
' ) 1
] 1 ]
L L} ]
] [ ] I ]
1 ) 1 (=R
1} 1 i
' ' 3
[ 1 [l
L L 1
1 1 +
) ] '
i ) 1
1} L} 1
1 1 1]
1 ) )
] ' ¢
1 1} L
[} 1 1
1 ] '
] ] ]
] ' [
] ' '
1 ’ '
] -3 1 1
i / ] g
1] . ]
' ' )
T ) 1
) ' '
1 ] 1
1 1 L}
t t '
1 [ '
1 1] P ]
) ? 1 10 )
1 + ]
) » 1
) 1 1
' ' s
' ' '
) ’ 1
1 » b 13
' 1 1 ’ ] o '
1 . 1
' ] 1
[l [ ]
t 1] '
1 ' ]
' 1 1
] ] ]
] 1] )
13 1 1
1 1 1
] ] ]
' ' 1
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I

GND IFIN 1 MHNEMONICI

HE 3~/ FIWC: -

WINCHESTER DRIVE CONTROL CORNMECTOR (J5) FIN DESCRIFTION

GNAL

1 HEAD--
i SELECTS

REDUCE-
P OWRITE-

HS2 - i HEAD-

:
H
'
WG ]
:
+
1
)
|
H
H
\
Sz H
:
H
'
THEOOO- ]
H
:
WE - H
H

7 Januarvy

WET 1z
G&TE-

SEEK.
COMFLETE-

WRITE-
FAULLT -

NAME

CURRENT--

SELECTZ

TRACE QOO

¢

e T o = me " e mm e ==

.- e T me *E em

—. T me W me W ee " e T ww P m =

o)

(W

P

- . " - e

“disk command can be executed.

FLNCTI0OM

i
i

The WDL1OOI-WAY uses HS2 - to-
select one of 146 RAW hesd=s.
FUC- 1is not uszed bv dirives wit
16 hezad drives. FLHC- 12 u=ed
bv drrives with 8 Fold heads.
FiC- reduces the wite current
an the inner cvlinders=. Thiz
leszens the bit =hi1ft caucsed
bv greater bit density on
these cvlinders.

HEZ2- i= one of the head =selesct
sianals decoded bv the drive
to =elect one of eiaoht (or 14)
R/W heads.

Wiz i3 azserted when valid
data is to be witten on disk.
The WDLI1GOI3-HA2

de- asserts WG~ when WF-

is detect=d. ZSovoecial
circuitry iz included to en-
swre the syvstem output is
free of olitches during
cowelrr—-an.

SC+ informs the WDLLOGOI WAL
that the head of a =zelected
drive has reached the desired
cvlinder and has stabilized

TEODO- 1z azzerted when the
R/W heads are pozitiorned owver
the ocutermo=zt cvlinder.

e =% e e el T ee T ed == me ®E am "% me =% me = ee e e Se ce e me == me == ae %= ae w= T e ee v ee e ae ==

WF-- iz aszerted bv the selected
dirive when a wirite error occuwrs
While thie =ignal is being
az=serted., the command in
progress aborts and no other



TABLE 33

S 16 MAL

]
]
b e e e i e i e e e e e e @ 0% e e e
L]
]
)

NAME

i SELECTO -

CORMECTED

AD-

SELLECT1-

INDEX--

LEE~

E l‘.“

IVE-

VOSELEDT L

DIRIVE -
! SELECTZ-

GND FIN + MRHEMONIC)

V13 0 14 1 HS0- i HE

: H H

H H ,

H H H H

V1S : :

H V16 4 MC PMOT

V17 ) 18 1 HS1- VHIE

H : | :

] 1] 1] :

V1?0 20 1 INDEX- !

H | H 1 FUu

: H : 1

V21 220 DRDY-

POSE 0 24 ETEP- i ST

‘ H H H

25 1 26 1 DEO- i DR

1 : : H

V27 0 28 1 D5l H

12900 i BND :

NG S : :

H \ H H

: P 30,0 NC TNOT

H G :

V330 324 1 DIRIN- '

H H ! VI

] 1 ] 1

H H H :
*Fin 1S is reserved

NOT RELEASED 7
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1966

LIRECTION

VDRIVE READY-:

MULSE-

CORMMECTE

tao oolarrize

g,

WIMCHESTER DRIVE CUOMIRUOUL

o ==

-

K

CUHHECT UR

(H]

0

(1

0

the

(33 FIN DESURIFTION «CONT D.?

]
i
1
!

FUNCTION

ze:lect
drive

1=

HSO- one of the head
sianals decoded by the

Lo =select one of eioht (or 1&)
/W heads.
HS81- iz one of the head zelect

gsigrnals decoded bwv
zelect one of eiaht
RsW heads.

the drive t
(or 1&)

IMNDEX~ indicates the
a track. Uleed as a .
zsynchronization point during
formatting and &= a time-out
mechanism for r=tiries. Fulees
ornice each dizk revolution.

start of

u

ce mm ee ) me == eo e e = en = am mm e e e == am == (= me =e e mm oo == ee e me s em =o

DRDY~- informs the controller
thalt the drive motor 1= uo to
speeaed.

STEF--. with
the heades

DIRIN-. positicne
to the desired
cvlinder. SIEF- pulzes
step. DI -
step direction.

huln ]

once
each determines

the

DO1- is uzed to =elect drive Q.
H
1
)
DE2- is used to select drive 1.

LIF1H- determines the directio

in which the R/W headszs maove
when the step line iz pulzed.
Deasserted=out: acsserted=in.

e em e ee D e me e me e me e e

connectaoir.



3.4 Winchezter Drive Data Cornectoi-z

The data lines between the WD1IDDIE WAL and the two Winchestei- disk
drives are connected to J4 and J3. Az the data lines are not
identical, J4 wmust be connected to the cable from Wincheste-
drive 1 and J3. to the cable from Winchester drive 2. Each drive
is radially connected with a masimum cable lenagth of 3 meters (10

feet). Each data connector is & £0-pin vertical header on ©O.2%
mm  (QO.01 inch) center. Data connector pin descriptions and

signals are listed in Table Z%-4.

TARBLE -4 WINCHESTER DRIVE DATA COMRMNECTORS (J2, J4) FIN DESCRIFTION

A '
PR

H GHD

[
* 1
¥Fin B i= reszerved to polarize
the cannector

i SIGHNAL i H
IGNDIFINY L0 SIGHAL NGME '
H iy H i H
| HE : +C :
HE : ) LD 1
! RS : NC H
Vo4 0 i : GHD '
: I i HC H
V6 d H GND ;
H V70 i NC :
v 8% ; : H
H 7 : M2 i
{ HE RS H HC :
11 : H G H
1z 0 H ; GHD :
: V1300 0 0 4HMFMD Wirite Data H
H 114 3 0O+ -HFHDL Write Dats H
113 ' L GidD i
Y16 0 H : GHD ;
H 117 ¢ I 3 +MFMRD FRead Date '
; 12 ¢+ 1 v -MFMRD Read Data ;
V19 : ' GND i
] 1

NOT RELEASED 7 January 1785  3-7
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T.3.3 Fleoopy Drive Contrel and Data Connector

Thirty fow  pins comprise thisz connector. 411 cdd numbered pins
‘are around. Fin 3 is reserved to polarize the connector. Table

2-% describes J1 pin assianmente and funclions in detail.

MOT RELEASED 7 January 1984 2 ¢
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TARLE 35 FLOFFY

'J

: STENAL

! BND ! FIN
; :
O T -
: ;
; ;
I T
oS
; b6
b7 18
I A
P1s 16
Porrob 1w
P13 14
b 17 118
: :
: :
P13 1 20
{21 -1 2D
; :
: :
P23 1 24

NOT RELEASED

1
1]
13
L
]
1
1
A}
1
1

- T e Y ca " ww

" e ®® e P el wm ae me e =% ao

MHEMONIC

WCCNTRL -

NC

HE
INDEX -

MOTEMNL-

MOTENZ-

DIR-

WET DATA-

WET EN -

7 January

DRINVE CORGL

1
1

VHOT

]
1
1
)

]
1

MNAME

WRITE~-
CURRENT -
CONTEOL. -

NOT CONBMEC

INDEX -

MO OR: -
EMADLEL -
MOTOR -
ENARLER -

DR [VE -
SELECTZ-

DRIVE-
SELECT 1-

{DIRECTIQN:

BIFLTE
DATA -

WRITE -
ENARLE -

1986 9

AL

_— i ==

e e T e E® e T pe " aa

_—— =~ m- =

. T __l, T e T e ==

Destds COMNECTOR (J31) FIN DESCIFTION

/0

O

ED

COMHMECTED

1

G

G

{

e e T e v

. T we = ae ==

FUNCTION :

Inverted form of SDHO  far
read data. Selection ot
3kbe data rate asserts
VICCHITRL-.

=

i S 1z treserved Lo
polarize the connector.

Assertion indicates =tart of

o BE pe =T ee =T e Em pe = e v e = me -

MOTEML- (MOTENWZ ) twns on tr

e,
{floppy disk drrive spindle. '
MOTEN {(MOVTENZ-) and the H

appiropriate drive select sianal
mu=t be aszerted at the sxuwel
timne.

mzsertion selects drive 2.
MOTEMNZ - must be acszerted at
the same time as Dol
frz==ertion selectszs drive 1.
FIOCTEM1- must be asserrted at
the =ame time as DS1-.

fiesertion moves the zelected
read/write head inward.
De-assertion moves the
zelected iead/wrrite head
outward.

fesertion moves thie
read/virite head one track at
a time. The hezd inoves in
direction determined bv the
D1k =iagnal.

MFHM data.
fizsertion enables the witin

cf data on an unprotected
dicslkette.

we = ee wm [ v em ®% ce TT ae %% ee % we SN me =T ee = ee "% ee W% ae s o = ea




TARLE 3-8 FLOFFY DRIVE CONTROL AND DATA CORNECTOR  (J1)  FIN

DESCRIFTION (CONT 'D.)

: SIGNAL H \ {
' V100 FUNCTION H
! GND VO FIN 1 MMEMOMIC | NAME H ' !
V29 126 i TREEO- i TRACEO - i I 1 Assertion indicates that the
H : H : : i read/write head is over the |
H H : ' H i outermost track. H
V27V 28 1 WRT FROT-V WRITE- i1 1 Assertion indicates a wite !
| H : \ PROTECT- v prolected diskette. H
| ! \ i : : !
29 t ZO 1 READ- i READ- i I 1 MFM Read Data. H
i H { DATA~ 1 DATA- H : |
: i H : ) ¥ :
HES | VE2 v HG1- i HEAD-- i 0 1 As=ertion selects head 1. H
H ' H H H : :
HEEA i X4 1 DISKETTE-: DISEETTE-: I 1 Asszertion indicates drive H
f H i CHG-- v CHARNGE- 3 iV i= not readv i.e.. drive '
: : i | t i door open, no dizkette in :
H ' ) ) ) V drive. or imbroper aszertion|
H H : : ! i af motor enable or drrive |
' | H i ) i\ =elect sianals. ;
1 ' ' ' ' ' '

Z.5 WINCHESTER LLED CONMTELTOR

The Front rpanel LED connector is a 4 pin header that conneclts via

revercible cable to the Winchester front panel. The WD10D3Z-WAZR
lights the L|LLED when the Winchester drive is busv or the Hast
asserts RESET. Tabhle 3-& describes J5 pin assignmernts  and

functions.
TAELE -6 WINCHESTER LED COMNECTOR (06) FIMN DESCRIFTIOHN

VO SIGNAL FIN VO S16MAL NAME | DESCRIFTION :
1] i 1] 1
H 1.4 H LED+ i Cormnects to LED anode. Tied to +5Y ;
! H Vowith a 290 ohm pull wuo resistor. H
: H ) H
b 2.3 H LED- i\ Comnects to LED cathode. Ascertion of |
H H t LED-- lights the LED. 4
H } : H

NOT RELEASED 7 January 1986 Z-10

-



NOT

RELEASED,

27

7

January

SECTION IV
INTERFACE TIMING

1B5

1926



SECTION Y
COMMAKNDS DESCHRIFTION

5.1 GENERAL

The WDIONOOZ-WA2 supports two command sets:  the Winchester command

set and the NEC uFb765A Floppy command set. Section 9.2
describes each Winchester command in detail. Section .3
describes each Floppy command in detail. Section 6, Theorv o+t

Operation. describes Winchester and Floppy command execution as
well as the WD1OOZ-WAZ reagister structure.

5.2 WINCHESTER COMMAND SET

The WD1OO3 WAZ2 Winchester command =z=et contains eioht commands.
Five commands (Restore, Seek, Read Sectaor, Write Sector. and
Format Track) are executed throuah the WDXO10&4-05 command
regicter. (A sixth WLZ2010A-05 command, Scan ID is rmniot directlw
available to the Host. Scan ID mav be executed by the WDIQIS-27
transparently to the Host.) The three remaining commands (Read
Verifv, Diaagnosze. and Set Farameters) are executed throuvah the
WD1O15-37. Table S-1 describes the eight WDI1OQOZ-WAZ Winchester
commands and their bit assianments.

NOT FRELEASED 7 January 1978& S-1



TARLE S—1. WINCHESTER COMMAMDS

] ]

1 L

: COMMAND H

: :

! :

: Restore HEN )

H H

: :

: Seek N

H H

' :

H Fread Sector NS

: H

1 )

) 1

i Write Sector 0

! H

: H

: Format Track )

H H

1] 3

1 H

H Read Yerifvy G

H H

1] )

1} 1

: Diaonose V1

\ H

d ' '
: Set Farameters S S
1 ) )
] ) 1

LEGERMD

RZ3 throuoh RO

T Retrv bit.

0

Q

ARD

e e % e T ee T em TT ee PR ae mm ee ST ew

—

COMMAND COLES

RITS
:
v RE
1]
)
]
1]
VRE
[
1
1
\]
S
1
1
]
1
HEN G}
[)
1
1
1]
V0
1)
1]
1
.
R
1]
L}
1]
]
HEEES
1]
1
)
1
T QO
1]
1]

Step rate celection bits.

e e T e T e T e " ae T e *T ce Y e *T ea U" ee T ee T e

Chg}

-

Q

-
L)

- T we T® qe "= ew

. " e v pe T ee P e v ww W= pe ==

i)
[y

o v " em W pe T e " ge T ee m® em TT ew TE we T ee ** ae T e

-

0

Refer to
for more detailed infarmation.

L Read or Write Lona bit.
Read or Write Long made.

Set to 1 di=sables retriec.

Set to 1 enables

- . BT e T e = mm T pw TT me T mm BT ce N pe " e B an P em PE ae ==

Table

[
T

The stepping rates forr the commands that perform implied seeks
are set in the leasi significant nibble of the )last erecuted

RESTORE or SEEE command.
rates.

Table

NOT RELEASED 7 January 1986 &-2
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TARELE S5-2. STEFFLING RATES

! v STERPFING v OSTEFPLNG |
! RE OR2 R1 RO 1 RATE i RZ RZ R1 RO RATE H
! H H i :
! H H : :
' O O 0O O ' IS usec \ 1 2 O 0 \ 4.0 msec
! 0o o 0 1 v 0.5 msec | 1 O 0 1 ! 4.5 msec |
! O O 1 0 | 1.0 msec 1 9 1 o | 9.0 msec
! o o0 1 1 ' 1.5 mzec | 1 (WS | 1 ' .95 meec )
! O 1 O O 1 2.0 msec i 1 1 o 0O | 6.0 msec |
! o 1 0O 1 2.5 msec | 1 1 0o 1 P b6.Y msec |
H Q1 1 0 3.0 msec 1 1 1 O H Z.2 usec |
! o 1 1 v 3.5 msec i 1 1 1 : 16 usec |
H | : : H
: Notes:s After Diaancse o reszet. z=teppirng rate H
: |

defaults to &.9 msec

5.2.1 RESTORE

The FRestore command i=s used to move the FR/W heads to the Track

QO position. The controller issues step ovulses to the drive
until the lrack OO0 indicator from the drive is asserted. 11

Track QOO i3 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 Register. The implied seek sten rate may be set up
according to Table S-2 by the Restore command. The rectore =step
rate is established by the SEEE COMEFLETE- =zigral from the drive,
i.e. each c=step pulse is iszued onmly after SEEK COMFLETE- iz
aszserted by the drive fi-rom the previcus <cstep. I{ the DRIVE
READY- =signal is de—azzerted or WRITE FAULT- is asserted. this
cemmand  terminates with the erv-or bit s=et in the =tatus register
and the error reagister reports an aboried command.

5.2.2 SEER

Thizs command moves the R/ heads to the cylinder specified in the
task file cylinder high and low registers. The implied seelk step

rate igs also et by thi= command. The lowesr order {fcur bits of
the command are used to zelect cne of 146 available step rates.
Afn interrupt is generated at the completion of the command. 1f

the DRIVE FREADY- signial is de-—-aszerted or WRITE FAULT- 1=
ascserted, thise command i= terminated with the error bit set in
the status register and the erroir reqister reports an abor-ted
command.

5.2.3 EEAD SECTOR

A number of =ectors (1 - Z56) can be read {from the selected drive
with thie command. The sector count reqister in the task Ffile
determines the number of sectors te be transferred. tMultiple

sector reads may cross head and cvlinder boundaries.

NOT RELEASED 7 January 1986 5S5-3




If the Read command is issued prior to initicaiizing a step rate,
the default value of 6.3 msec is =elected and a Recalibrate is
performed prior to the Read.

I1¥f the R/W heads are not positioned over the taraet track, the
caontroller performs an implied seek to the praoper cylinder. The
stepping rate used durina the implied seek 1= the value specified
during the previous Seek or Reztore command.

The optioral long bit (L =et to 1 enables Read Lonag.) informs the

WD1OO3-WA2 whether or not tao include the four ECC byvtes. Theze
four ECC bvtes are transferred as individual byte=., not words., as
is the data field infarmation. The data reaquest bit i the

status register must be valid before each bvte tranmsferred and at
least 2 usec will pass between each byte tiramsferrved.

Data errors up to S bite in lenoth will be auvtomatically
corrected on normal Read commands. If an uncorrectable error
occurs, the data transfer will =till take place, a multi-=z=ector
rread, however , will terminate after the sector in error is read
by the system.

The opticnal retryvy hit (T =gt to. 1 dizables retries.) disables or
enables retries. The WDZO10A-0S avtomatically retries for ten
disk revolutionz when the retry bit i= enabled. The WDIZO10A8-GS
properly cets the error and ztatus registers i1if the retrieszs are
unsuccessful. Dizsabling retries allows only two disk revolutions
for automatic retries before the WDZOIDA-IS sets the error and
status register=.

For ECC errors,. eiaht Read retries are made at readiriqa before a
saft uncorrectable ervor is reported. A Read retry results in
the reissuing of the - WDPZO10A-0S Read Sector command. The
WD2010A-0% Read Sector command attempts to wverify the sector for
ten disk revolutions, if T is set to 1. before returninag an
erior. ECC correctable data errors are corrected after two
consecutive matching ECC svndromes are detected. 1f the error ics
an uncorirectable error or an error is reported by the WD2O10A-0T,
the command terminates.

Interrupts coccocur as each sector is ready to be read by the svetem
No interrupt iz generated at the end of the command. I+f the
DRIVE READY— =signal is de—asszerted or WRITE FAULT- azeserted. this
caommand terminates with the error bit set in the status regicter
and the error reagister reporte an aborted command.

S5.2.4 WRITE SECTOR
A number of sectors (1 ~- 25&) can be witten to the =selected
drive. The sector count register in the task file determines

the number of =ectors to be transierred. Multiple sector writes
may cross head armd cvlinder boundaries.
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I+ the Write command is issued prior to imitializing & step rate.

" the default value of 6.5 mcec is selected and a Recalibrate is

performed prior to the Write.

1f the heads are not positioned at the cvyvlinder specified in the
cvlinder high and 1low reagisters, the caontroller performs an
implied seek. The =step rate used is determined by the step rate
field of the most recently executed Festaore or Seek command.

The optional long bit (L set toc 1 enables Write Long.) in{orme
the WDIOOZ-WAZ whether or not to append the Host supplied ECC
bytes. These four bytes are tranzferred as individual bytes., not
words, as is data field information. The data request bit in the
status register must be valid before each byte transferred and at
least 2 usec will paszss between each byvte tiransfer-red.

The optional retry bit (T =set to 1| disables retries.) dizables or
enables retries. The WDHZO10A-03 autamatically retries for- ten
disk revelutions when the retry bit is enabled. The WDZOLOMA-05
properly sete the erraor and status reqgisters 1f the retries are
unsuccessful. Dizabling retries allows only two disk revolutions
before the WDIZI10A-0S sets the ervror and status reqgisteirs.

The WDI1OOQE-WAZ interrupt i=s generated as the data for each sector
is required to be transferred into the Sector Buffer (except the
first zector) and at the end of the command. The first sector
may be wiritten to the buffer immediately after the command has
been sent .o and the data reqgueszt =status i= =et. 1f the DRIVE
READY - signal is de-asserted or WRITE FRULT- 1z asserted, this
command terminates with the error bit =et in the status rzgister
and the erior reqgister reparts an aborted command.

S.2.9 0 FORMAT TRACK

The track specified by the tacghk file is formatted with 1D and
data fields according to the interleave table transferred to the
buffer. The interleave table, consiste of two bvtes per sector
as follows:

o0 FHYSICAL SECTOR 1

QO FHYSICALL SECTOR 2

(#18) FHYSICAL SECTOR 2

00 FHYSICAL SECTOR 17
The data tranmnsfer must be S12 bytes even thouaoh the table may be
only 34 bvyte=s. The sector count register must be loaded with the
number of csectors per track before each Format Jdrack command.
The Format Track command supports no erraor reporting. A bad
block may be specified by replacing a 00 table entry with an &0
hex. When switching between dirives, a Restore command mu=zt be
executed pric- to attempting a format. Command completion will
leave all data fields initialized ta zeroves. The completion
interrupt is generated after each track has been formatted.
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S5.2.6 READ VEFRIFY

This command functions similarly to & normal Read command except

that data is not output to the Host. One to 25% sectorse mav be
verified at one time. The agenerated ECC bytes are compared with

the recorded ECC bytes for data verification. A single interrupt
is agenerated upon cocmpletion of the command or in the event of an
error.

If the Read Verify command ies iessued prior to initializing a step
rate, the default value af &.5 msec is selected and a recalibrate
is performed prior to the Read Verify.

For ECC errors, eight Read retries are made at reading before &
soft uncorrectable errocr is reported. & Read retry resulte in
the reissuing af the WD2010A-03 FKHead Sector command. The
WDZO10A/A-0S Read Sector command attempts to verify the sector each
disk revolution for ten disk revolutions, if T is set ta 1,
before returning an error. ECC correctable data errors are
corrected after twa consecutive matching ECC svndromes are
detected. If the error is an uncorrectable error or an error is
reported by the WDZO10A-Q5, the command terminates. The WRITE
FAULT- and DRIVE READY- inputzs are checked throughout the
command ‘s execution. '

2.2.7 DIAGNOSE

The Diaanose command caucses the Controller to perform an on-—
board diaagnostic and to trepor-rt the result in the Error Reqistser.
An interrupt is performed upon completicon of the command.

The Diaanoszse command performs tests on the WD10O15-37°'s internal
FOM and RAM. the WD11COOA-Z2Z. WDZO10A-05, and the Seclor Buffer.
If any component fails, the appropriate error code is loaded inta
the error reaister. Error codes are as followes:

01 No erraors

o2 WDZO10A-05 register access error

QX Sector Buffer FHAM data ei-rrar

G4 WD1015-27 to WD11COOA-2Z data path error
05 WD1A15-37 ROM checksum or RAM data error

00, 05-FF Not used. Undefined.

In a&addition, the Diagricse command sets the wite pre-comp task
file reqgister to 32. This cauzes write pre-compencsation te beain
at cvylinder 128 since the write pre-comp reaister holds the
desired wvalue divided by four. The zector count reqister is
reset to one while the cylinder hiagh, cylinder low, and SDH
registers are all set to zero.
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S.2.8 SET FARAMETERE

This command sets up the drive parameters reocardinag the maximum
number of heads and sectors per track. The WD1OOZ-WAZ uses these

two parameters when performing multiple sector operations. The
SDH task file register specifies the drive aftfected. The sector

count and SDH reqgisters 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 any multiple sector operations
are undertaken. By setting the SLH reqgister for each of the two
possible drives., this command allows the WDI100O3-WAZ to support
two drives with different characteristics.

5.3 FLOFFY COMMANDS

The WDIHOZ-WAZ zupports all HWEC uFD7&58 commands. Table H-3 lists=
the NEC uFD7585A cammands and command codes. This section  fully
describes the NEC floppy disk controller commandes. Cection 6@

descrribes command flappy protocols and command sequence.

TABLE S-3. COMMAND CODE SUMMARY
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i COMMAND CorMMAND CODES

i i SDhB7 | SDRS 1 SDES | SDhE4 | SDRI 1 SDB2 1 SDRE1 L SDRO
i READ DATaAxT ™MT 1+ MF 1 Sk | Q 1 O 3 1 : ]
i READ VoMT o MFE 0 s8R oo 1 i 1 i DU ]
i DELETED DATAX : : i i H H i

i i i i i i : ] :
TWRITE DATA*: NMT 1+ MF ¢ O i (R I O i 1 : O 1
i : : i i 1 i i i
VWRITE oMY v ME 0 : o 1 : O o I 1
i DELETED DATA* i : i d i i i

i i i : ' i : H :
VREAD TRACK*T O VooME b SK Q Q : D 1 : o
¢ READ IDx | QO O ME D : ao 1 i LS B 1 ; G
i ; ; i i : ; : H

i FORMAT L oME b0 : Qo 1 i 1 i 0 1
i TRACE% i } ) : i : ] i

1 SCAN EQUAL=: ™MT  F MFE Y 8l 1 ; o : o 0 1
i : i i i i : 1 i

i SCAN LOW + MT + MF 1 S8l i 1 i 1 : 0 (R 1
i OR EQUALx : i i i i : :

; i : | | ; : : H

i 8CAN HIGH + M™MT + MF 1 3K | 1 i 1 i 1 : O 1
i OR EQUAL* | : : ] H i : i

i : : : i i i i :

i SENSE R ] R Y : L 0 ] 1 : (R O
i DRIVE STATUSSH i . : i : i i
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TaBLE S-2. COMMAND CODE DESCRIFTION (CONTD.)

! COMMAND ' . CornMAND CODES !
1 ! SDR7 | SDR& 4 SDES V SDE4 1} SDBI 1 SDB2 1 SDEYL ! SDRO
' : H . H \ ' H H ' :
! SEEK% | i 0 I ¢ i 0 S | i 1 1 L [
H | : H i : H ! ! 1
{RECALIBRATE*x | O : Q \ N : O | O ; 1 ' 1 : 1 :
H 1 H : \ H ; H : '
! SENSE ' Q H Q : 0 : 9] H 1 | 6] ! 0 i 0 i
VINTERRUFT STATUS ' : : i H ! : '
H ' \ : H f ! | | H
i\ SFECIFY H Q ' Q \ () i (8] : 0 | Q ' 1 : 1 H
! ! SKRT \ HUT '
' 1 HLT i MND !
v INVALLTD | Invalid command codes: No operation - {floppwv !
H { controller enters standbv state. H
! *Second bvte of command code for these commands is as follows: H
H H
: SDE7 throuagh SDRZ: Set to zero. SDEZ: HD. SDE1: O. SDEO: O i
H . H
\ ¥%Secaond bvte of command code for Recalibrate is as fallows: !
' |
i SDE7 through SDRO: Set to zero. !
LEGERND
HMT Muwlti-—-track Set to one for multi-tirack operation. 1f
set to one after execution of Fead/Write
cperation on side 0., {floppy controller
. automatically seaches for sector 1, side .
MF FMAHMFM mode Cet to zeroc for FM. Set to one for MFH.
Sk Skip Set to one to skip deleted data address mark.
HD Head Set to one for head 1. Set to zeroc for
thead O. '
SKT Step Rate 1 to 14 m=z=ec in 1 mesec increments (Ohex =

Time

HUT Head Urnload

Fhex

di-ives.

16 msec, lhex = 15 msec ... Ehex = 2 msec,

1 msec. Step rates apply to both

16 to 240 meEec in 16 msec increments.

Tiine
HLT Head Load lime & to 254 msec in 2 msec increments.
ND Non-DHMA Mode Set to one for rnon-DMA mode.

NOTE

Each Floppy command description contains information from the HNEC

uFD765A data sheet. Reprinted
NEC Electronmics Inc. c 1985 NEC
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5.3.1 READ DATA

Fhase VOR/ZW uFD7&62A Data Bus : Flemarks !
! ‘D7 .3D& DS D4 (DX D2 I1D1 DD !
' ’ 1 0
Command | W MMT O OIMF ISk L 0 0 b L 1 Y O tCommand codes. H
VoW X X X X 8 X tHD iUsS1iUSOiX = don't care. :
! ! Usually set to zero. :
' : 1UE1 and USO =et to zero.
H H iUnit selection per formed
: : iby Floppy Input Reqgister.
W s mee— € e — e s Sector 1D information
O et H ——————————————2lpriocr toc command exe- |
; m—m—msmmmees R esssmsmseees—ndcution. . The four bvtes
W e N e e e e sirare commanded against |
W e =BT e e == S header on floppy disk. )
! W T 1= < e L T :
H W b e e = DT L e e e e T !
Executiaoni i iData transfer between |
\ H 1 floppy drive and Host. !
Result | R ld———————e—e—G] 0 s m e B atus  information ;
iR e GT L - e — el af ter command execution.
! : e el L e !
iR e C ——m———m———w—w—sl8ector 1D information !
} R R it H-—-—-—————————lafter command execution.
T e & B P !

R P ———— - ———— N - o —— - ——— _~MMwh}: ;
C (Cvlinder number) desiagrnates the current i(zelected) cvlinder (track)
numbers < throuagh 75 of the medium.

H {Head addresz) is the head number., O or 1. as =pecified in the 1D
field.

R (Recoird) indicates the sector number which will be read or written.

N (Mumber! representes the number of data bvtes written in-a sector.

EOT (End of Track) denotes the final =ector number cn a cwvlinder.
During Fead or Write operatione, the uFD7¢5A will stop data transfer
after a sector number equal to EOT. | :

GFL (Gap Length) contains the length of gap 3. During Readskirite
commands ., this value determines the number of bytes that VOO SYHNC will
stay de—-asserted after two CRC bytes. During the Format, GFL determines
Gap Z2'= =size.

DTL (Data Lerngth) When M is defined as 00, DL representzs the data
lenath which the Host is geoing to read out or write into the =sector.

STO through ST3 (Statuszs O throuagh Status E) deszcribes the fouwr reqgisters
which store the status information after a command has been executad.
This information 1is available during the resuwlt phaze after command
execution. Theze reaqisterrs should not be confused with the HMain
Status Reoicster (celected by de—assertion of SAOE). STO throuoh

STZE may be read oaonly aftfter a command has been executed and
contains infocrmation relevant to thet particular command.

MOT RELEASED 7 January 1986 §-9



A set of nine byvtes (illustrated above) are reqguired to place the
UFD765A into the Read Data mode. After the KRead Data command haz been
issued the uFD765A 1loads the head (if the head is in the unlocaded
state) , waits the specified head settlina time (defined in the Specifv
Commarnd) . and begins readina ID Address Marks and ID fieldes. When the
current sector number (R) stored in the ID reqgister (IDR) comoares with
the sector number read off the diskette, then the uFD765SA cutputs data
(from the data field) byte-to-bvte to the Host via the data bus.

After completion of the read operation from the cwrent =sector, the
Sector Number is incremented by one, and the data from the rext sector
is read and cutput on the data bus. Thi= continuous read functiocn i=
called a multi-sector read opeiration. The Head Data command may be
terminated by ascsertion of the TERMIMAL COUNT (T7/C) =iagnal. T/C should
ba iszsued at the =same time that DACKEZ- {for- the last byte of data ics
sent. Upcn receipt of this signal. the uFD745A etops ocutputting data to
the Host, but continues to read data firom the current sector. chieck CRC
bytes, and then at the end of the zectocr terminate the kead Data
command. The amount ot data which can be handled with a cinale command
to the uFD7&SA depends upon MT (multitrack) . MF (MFM/FHD) . and N (number
of bytes/sector., set by the Host RIOS).

The multitrack function (MT) allow=s the uFD7458 to read data from bofh

cides of the diskette. Forr a particular cvlinder, data will be
transferred starting at sector 1, cside O and completing at =zector L.
side 1 (sector L = last sector on the side). Mote, this function pertains

to only one cvlinder (the same track) on sach =zide of the diskstte.

Since N is norm-zero {(set to U2 on WDLIDOZ-WAZ2)Y, DTL has no meaning and is
=et to FF hex.

a4t the completion of the Read Data command, the head 1= not unloaded
until atter the Head Unload time interval (specified in the Specify
Command) haz el apsed. If the Ho=t iszues ancther command beiore the
head unloads then the head sezttling time may be saved between subsequent
reads. This time cut is particularly valuable when a dishkette is copied
from cne drive to anctheir-.

If the wFD765A detects the index hole twice without finding the right
sectoir, indicated with R, then the ulFL785484 =tz the ND (No Date) flaa in
ET1 to one. and terminates the Read Data command. (EStatus Register O
2lzo has bits zeven and six s2t ta 2 and 1 respectively.)

After readino the ID and data fields in each =sector. the uFD7&5A chiecks
the CRC bytes. 1+ & read error is detected {incoirrect CRC in ID field) .
the uFD7&5A azserts (sets to 1) the data error flag in Status Register 1.
and if a CRC error occurs in the data field the uFD783A4 also asserts
the data error in data field flag in Status Register 2, and terminates
the Read Data command.  (Status Register 0O also has bits seven and six
set to O and 1 respectivelv.)
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If the uFD765A readz & deleted address mark off{ the diskette. and the Sk
.bit (bit DS in the first command word) is de-asserted., then the ulbD7&SA
asserts the CHM (Contreol Mark) flag in Status FReagister 2, and terminates
the Fead Data command, &after readina all the data in the sector. I+ SK
is ascerted. the uFD765A zkips the sector with the deleted address mark
and reads the next sector. The CRC bits in the deleted data field are
not checked when SK is asserted.

During dicsk data transfers between the uFD7455AR and Host, via the
System Data FEus, the uFD765S& must be serviced by the Host every
27 usec in the FM mode, and every 13 uszec in the MFM mode, or the
uFD765A acserts the OR (Overrun) flaa in Status Register 1, and
terminates the Read Data command.

If the Host terminates a read (or write) operation in the uFD7454A.
the ID information in the Fesult phase i1is dependent upon the
the MT bit and EOT bvte.

then
state of
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5.3.2 READ DELETED DATA

- Fhase | R/W ! uFD765A Data Eus ! - Remar ks '
: - 4D7 DS VDT D4 DI D2 DL DO H
' : : H '
Command ¢ W IMT IMF 1Sk 0 v L 1 1 1V 9 1 0O iCommand codes. '
Wb X X 3 Xy X b X iHD 1uUsS1iUsS0Ol X = don‘t care. H
H H iUsually set tao zero. H
H ! 1US1 and US0O =set to zero.
! ! Uit selection verfaormed
' : by Floppy Input Reqister.
W e € sl Sectarr 1D information
H W |- — - H == e iprior to command exe- |
' W R ATttt S N el N L o W] I8 The four bvtes
H W Pl N ——-——=~———-——-Zlare commanded aqainst !
! W i —mm e — =B QT - m s @ ader on Floppy disk. )
VW e ——BFL - e 1 !
l. w : < -..........._..._....__..-.....-D']‘ L....-.--.—-—-—---—4-----.---4-..‘....4. ' : ‘
Execution! i iData transfer between |
H | 1floppy drive and Host. !
Result N i STO-—- == #15tatus information -
H R i —— STl-——=—mmm——e—————laftter command executian.
iR e ———— CT2— - —— P !
H [ t—————————— € —=-mmmmmm e 1 Gectar 1D information
H R Ve ————— - H--—-———————————— raftter command execution.
: R td-——————— R '
PR e N ~————— e >\ :

C (Cvlinder number) designates the cuirrrent (selected) cvlinder {track)
numbers @ through 78 of the medium.

H {Head addrecsz) is the head number., ¢ or 1, as epecified in the 1D
field. :

R (Record) indicatee the sector rnumber which will be read or writien.

N (Number) represents the number of data bytes written in & sector.

EOT (End of 7Track) denotes the {final =sector number on a cvlinder.
During Read or Write operations, the WFD7&5A will stop data transter
atfter a sector number equal to E0T.

GFL (Gap Lenath) contains the lenagth of gap 3. During FRead/Write
commands . this value determines the number of byvtes that VL0 SYyNC will
stavy de—-asserted atter twa CRC bvytes. During the Format, G*L determines
Gap Z'e size.

DTL {(Data Lenagth) When N is defined as QO, DTL r+represents the data
length which the Host is going to read out or write into the sector.

STO through ST3 (Status O throuagh Status ) describes the four iregisters
which store the status information after a command has been enecuted.
This information is available during the result phaze after command
execution. These reqgisters chould not be confused with the Main Status
Reagister (selected by de—assertion of SAOR). STO through T3 may be
read only after a command has been executed and contains infarmation
relevant toc that particul ar command.

The Read Deleted Data command is identical to Read Data command except
that when the uFD7&5A detects a data addresz mark at the beainnina of =a
data field (SK., de—asserted)., the WFD7465EA reads all the data in  the
sector and acsserts the CM flaa in Status Register 2. arnd terminatecs the
command. I+ Sk is asserted, thern the ufD78%4 skips the sector with the
data address mark and readse the next sector.
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S$.3.3  WRITE DATA

] LGN PUSURIPREY o J L0 R PSS '

Fhase VRAW uf'D765A4 Data Bus : Femarlks !
: {D7 DS DS D4 D3 D2 1Dl DO | 1
! ! 3 ;
Command | W iMT ilMF { 0 1 01 o1 1 1 0 1 1 iCommand codes. :
oW X X X X X HD 1US1US0I X = don‘t care. i
! ! yUsually set to zei-o. i
] ] 1US1 and USO set to zero.
! ! iUnit selection performed
! ! by Floppy Input Keagister.
W e € m e s s — e —— - U Gector ID information
' W d-——————— H--——————---———-3lprior to command exe- |
bW s [} —ises s e cution. The fowr bvtes
W i M —-——————————-%lare commanded againcst |
VW e EQ T e e es— - S L header on floppy diskl
bW e BFL——= o mme e 1 !
I B i B I !
Executioni ; Data transfer between |
! ! iidost and floppy drive.!
Result : R A bl STO-—mmmm e — e —— 2 Gt atus information :

A : K P e e m e = BT L e sem s e e — - B L af Len command execution.
! 3 T e = VT e !
iR e m e O s e St 1D information
H N il —mm e —m e = e = —ms == il after command execution.

]

1 F\' : ; 1]
C (Cvylinder number) desianates the curvrent (selected) cvlindsi (Lirack)
numbers O throuagh 75 of the medium.
H {Head address) i1s the head number., O or 1., as specified in the ID
field.
R {(Record) indicates the sector number which will be read or written.
N (Number) represente the number of data bytes written in a sector.
EQT (Erd of Track) denotes the final =sector number on & cvlinder.
Duw-ing Read or Write operations. the uWFD765A will stop data transfer
atter a sector number egqual to EAT. .
GFL (Gap Length) contains the length of Qap I. Lurina FRead/Write
commarids . this value determines the number of bytes that VCU SVHMC will
stay de—-asserted after two CRC bvtes. Dur-ing the Format, GFL determines
Gap 2's size.
DTL (Data Lenath) When N ie defined as 00, DTL represents the data
lerngth which the Host is going to read out or write into the sector.
STO through ST3 (Status O thirough Status 3I) desciibes the four iregisters
which staore the status information after a command has been enxecuted.
This infocrmation 1i=s available during the rezult phase after command

.;::._..__..__..._._-...,,, “ e bemr e s o oe e b e - [

execution. The=z=e reqisters should not be confused with the PMain Status
Register (selected by de—acscsertion of SAOR). STO throuah STZ may be

read only after a command has been erecuted and contains information
relevant to that particular command.
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A cset of nine bvtes is required to set the WFD74SA intoc the Write Data

mode. After the Write Data command hazs been issued., the ufFD748%54 loads
‘the head (if the head is in the unloaded state)., waits the zpecified head
settling time (defined in the Specify command), and beqgins reading 1D
fields. When &ll four bytes leouaded during the command (C. He Re

match the four bvtezs of the ID field from the diskette, the WwWD7&SA
takes data from the Host byvte-by-byte via the data bus and outputs the

data to the uFD7&54A.

After writinag deta into the cuwrrent sector, the sector number in K is
incremented by ane, and the rmext data field is written inta. The
uFD7465A continues this= multisector write operaticn until the assertion
of TsC. If the T/C sianal iz asserted, the ul'D7&5A continuezs writing
into the cuwrrent sector to complete the data field. I{ the 17/€ =ignel
is asserted while a data field is being written., then the remainder of
the data field i1is filled wilh zeroes.

The uFD7&5A reads the ID field af each sector and checks the CRC by

tes.
If the uFD7&5A detects a read error (CRC error) in ocne ol the ID fields,
the controller aszertsz the data error- flaag ol Status FRegister 1 and
terminatez the Write Data command. (Status Reogister O alsoc has  bits

ceven and six sebt to O and 1 respectively.)

The Wirrite conmmand aperates in gnuch the same manner as the Read command.
The following itens are the same. Reter to the Fead Data command
(Szction S.3%.1) {for detailes.

Tiransfer capacity

Ernd of cvlinder +flag

o data flag

Head uwload time interval

ID information when the Host termimnates command
DTL

In the Write Data mode. data transfer=z between the Host and
uFD7482A, via the System Data Bus, must cccuwr every 27 usec in the
FM mode and every 13Z usec in the MFM mode. If the time interval
between data transfers is longer than this, then the ufFD7S83A4
asserts the overrun flag in Status Register 1 and terminates the
Write Data cominand. (Status Register O also has bits seven and
six set to O and 1 rezpectively.)
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=%.%.4 WRITE DELETED DATA
Fhase RAW

uFD? 658 Data Rus

" Remar ks

| b7 D& DS iD4 1DLI D2 D1 DL )
Command | W MMT MF ¢ @ ¢V O V1 ) 0 ) 01 1 iCommand codes. H
H W VX X X b X b X tHD JUsS1iUSOI X = don't care. H
! H tUsually set to zero. H
! ! US1 and USO set to zerco.
! ! iUnit selectiaon performed
] ] by Floppy Input FReagister.
! W -»18ector ID information |
' W H -¥iprior- to command exe-— |
! W H waicution. The four bvytes
! 1 HES ~#ryare commanded against |
: W ? svheader on floppy disk.!
! i S SAURpUpRSUSREPRBPRIY - = U PR | !
H W i e e = DL = e e 2 !
Execution; i iData transfer between |
: H » vfloppy drive and lost. |
Result \ R il = ST Q- mer e e ——e = G atus inTormation :
H R Parem e m e = BT ] e e — e g L@ cOommand execution.
! R Y -y o LT Ty vy ;
! R Vs e mee € e s e e e 2V Sactor 1D information !
' R Vi i e = ] e e s 2 fter command execution.
: R ; B e e e F\‘ e me @i aon s o e = ot sm o “, : :
] = R U PRSP :

C (Cylinder number) designate= the curient (selected) cvlinder (tirack)
numbers O through 76 of the medium.

H (Head &address) 13 the head number, O or 1. as cpecified in the 1D
field.

R (Record) indicates the sector number which will be read or written.

M (Number) reprezentzs the number of data bvtes written in a sector.

EOT (End of Track) denctes the {final sector number on & cvlinder.
Duwing FRead or Write operations., the uFD7&65A will stop data transier
atter a sector number equal to EUT.

GFL (Gap Lenagth) contains the length of gap 3. Duwring Read/Write
commands . thise wvalue determines the number of bytes that VLU SYNC will
cstay de—asserted after twa CRC bytes. Dwring the Format. GFL determines
Gap Z's size. ‘

DTL {Data Length) When N i=s defined as 0O, DTL representes the data
length which the llost iz going to read out or write into the sector.

STO through ST3 (Status O thiroualy Status 3) describes the fouwr rregisters
which store the status information after a command has beern executed.
This information is available durina the result phase after command
execution. These reqgisterrs should not be confused with the Mainm Status
Reqister (szlected by de-assertion of SA0R). SETO throuah T3 may be
read only after a caommand has been executed and contains information
relevant to that particular command.

Wrrite Deleted Data is identical to the W-ite Data commandT escept

& deleted data address mark iz written at the beainninag of the
data field instead of the normal data address mark.
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. S.%3.3 READ TRACK

" Fhase ! R/W ! uwFD765A Data Bus i Remarks :
H ‘D7 D& DS D4 (DI b2 D1 DO | :
' \ g H

Command ! W } O {FMF 1S 4 O 4 O} O 1 1} © iCommand caodes. H
' W X 8 X X X X HHD TUS1IUS0IX = don‘t care. :

' ! iUsually set to zeito. \

! ! 'US1 and USO set to zero.

: ! ‘Unit selection performed

' : ibv Floppy Input KReagister.

bW o © s o= Sector 1D infoirmation
H Wl H————m e e —xiprior to command eye- |

H W R A T b EE I N e U b W] I The four bvtes
W e e N — e s — e b gt e commanded saainst )

H W o ldem———— =BT~ e — == header on floppy disk. )
VW e O e I !

: W il & B ] :
Execution: ) 1Data transfer between |
H H ifloppy drive and llaost. |
H ' iFloppy drive reads a&ll}

H H idata fields from indesx!
] ihole to EOT. :
Fesult H 12 Vo e e = QT e e e —m e S VG atus infaoirmation :

PR e STl—-———m e riafter command execution.

1R e B B P | H
VR e - LC -2 Cector ID information )

' R o ld——mm—mmes ] e e — = L af ter command execution.
T O e Bt >4 !
T B et I :

C iCylinder number) decignateszs the current (selected) cvlinder (track)

numbers O throuah 76 of the medium.

H (Head address) is the head number-, O or 1, as specified in the ID
field.

R (Record) indicates the sector number which will be read or written.

N (Number) representse the number of data byvtes written in a sector.

EOT (End of Track) denctes the final sector number on a cvlinder.
During Read or Write cperations. the uFD7&548 will stop data transfer
after a sector number equal to EOT.

GFL (Gap Lernath) contains the lenagth of agap I During FRead/ / Write
commands . this value determines the number of bwvtes that VCO SYMNC will
stay de—asserted after two CRC bvtes. During the Format, GFL detei-mines
Gap Z's =zize.

DTL (Data Lenath) When M is defined as 00O, DTL represents the datsa
length which the Host iz qoing to read owut or write into the =ector.

STO throuagh ST3 (Status O thirough Status 3) descirribes the fowr reqisters
which store the status information after a command hazs been executed.
This information iz available during the result phase after command
execution. These register should not be caonfused with the Main Status
Register (celected by de—-assertion of SAO0R). €70 through STE  may be
read only after a command has been erecuted and caontains information
relevant to that particular command.
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The FRead Track command iz similar to the Fead Data command except thet
thizs is a continuous Read operation where the entire data field frem
esch of the sectors is read. Immediately after sensina the index hole,
the wWFD745A starts readina all data fields aon the track as continuous
blocks of data. If the uFD7&65f findse an errcor in the ID or data CCRD
check bytes, the floppy controller continues to read data from the
track. The wFD763A compares the ID information read from each sectcor
with the value stored in the IDR and ascerts the nao data flag of Status
Reqgister 1 if there is no compariscn. PMultitrack or skip operaticonz are
not &allowed with this cammand.

This command terminates when the number of =ectors read is ecual to EOT.
If the uFD785A does not find an 1D address mark on the diskette after it
senses the index hcole for the =second time, the floppy controller asserts
the missing address mairk flag in Status Reaister 1 and terminatesz the
command. (Status Reqister © has bits 7 and & set to O and 1
respectivelv.)
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S.2.6 READ ID
Fhase ! R/W urD765& Data Cus

D7 D& DS D4 (D3I D2 1D1 1D

Remarks

—— " e == ma ==

: :
H '
Command | W VO OMFE Y b 0 v 0 b L 0 tCommand codes.
: W CX 0 X X 0 X v X IHD tUus1iusoix = don't care.
! ! 1Usually set to zero.
! ! 1US1 and USO set to zero.
! ! 1US1 and USD set to zero.
! ! iUnit =selection per formed
! ! 1by Floppy Input Register.
Execution) H 1The first correct 1D i
! ! vinformation on the \
! ! icvlinder i= stored in )
! H iFloppy Data Register. |
Result : N Ve e = BT - —m e mm  — e e = St atus information !
H R e m e m e =G ] m e e g P e command execution.
: F\' : ,;:.,_—..._..-.. ..._-._._-,ST'E..._ o s e e - — o —— —— ’ : :
: R Vmm im0 —emmem e e s e— e Bector 1D infoirmation )
H R Vi e e ] e s v — e~ read dwirino Execution
) R Plmmmmmime s e [} mersiem e e e — s U phiase firoim Floppy disk)
! =4 I L T T pp— | !
Cc (Cvlinder number) designates the curirent (zelected) cvlindeir (track)

numbers O through 765 of the medium.

H {lHead addrecss) is the head number. O or 1, as =pecidied in the 1D
field.

R (Record) indicates the zector number which will be read or written.

M (Mumber) represents the number of data byltes written in a =ector.

ECT (End of Track) denctes the {inal sector number on & cvlinder.
During Read or Write operations. the ul'D7&5A will stop data transfer
after a sector number egual to EAQT.

GFL (Gap Length) contains the lenath of aap 3. During Read 7Write
commands . this value determines the number of byvtes that VCO SYPNC will
=tay de—-asszerted after two CRC bytes. During the Format., GFL determines
GCap 3's =size.

DTL (Data Lenagth) When N is defined as 00, DTL represents the data
length which the Host is goinag to resd cut or write into the sector.

STO through S5T3 (Status O through Status 3) describes the fouwr registers
which <etore the =ztatus information after a command has besen executed.
This information is available during the recsult phase after command
execution. Theze reqisters should not be confused with the Main Status
Reqgister (eelected by de—aszsertion of SADOR). ST0 through ST3 may be
read ornly after a command has been executed and containms information
relevant to that particular command.

The FRead ID command 1s used to qgive the prezent peosition . of the
recordinag head. The uFD7465%A =stores the valuezs from the first ID {ield
the controller is able to read. If no proper 1D address mark is found
on the diskette before the index hole is encountered for the second
time, then the missing address mark +lag in Status Register 1 is
asserted., and if no data is found then the no data flagq is als=o asserted
in Status FRegicter 1. The command is then terminated with bitz seven
and i in Status Register O set to O and 1 respectivelvy. Durinag this
command ., there iz no data transfer between the uFD7852 and the ost
except during the result phaze.
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S5.3.7 FORMAT TRACL

Fhase

iV R/W uFD7654 Data Bus | Femarksz '
' ‘D7 iD& DS D4 DI D2 1Dl DD | !
| : i :

Command W VO IMFE v o 0 b1 L 0o 8 1 iCommand codes. i
VoW X VX X X 0 X GHD JUsSHiugsoixX = don‘t care. |
! : Usually set to zero. :
' t U1l and USO set to zero.
! H iUnit selection per-formed
i i ibyv Floppy Input Feoister.
B e 1 Bt & M98 (I =T K ~1-Tok ] ot H
W i{ermm—————— G- e Qectorsdtrack H
[ W e 1 = I I B =1 o I !
VW e e D s —ee— e = i Fi ller byvte :

Esecution) i TUFPD758A formats entiice)

H : itrack. H

Result i R e =G e e — e 2 U Gt atus inforrmation :
i R ti-mmemee e BT e St T —— siaflter command execution.
: R : o —— .....-_...._.._...-\.'3']':,7_' e e e e e el T : !
PR e c -—--—-—e—e-w=1In this case, 1D :
VR e ] e M formation has no R
I S e 2 et 1 (1= Y-Y B N 4T = I8 H
! ~ Vi m e i im e N e e e e H

C {Cyvlinder number) desiagnates the current (selected) cvlinder {track)
numbers O throuagh 7% of the medium.

H (Head addrezs) is the head number. O o~ 1, as specified in the ID
field.

R (Record) indicates the sector number which will be read o written.

N {(Mumber ) represents the number of data bvtes written in a sector.

EQT (End  of Track) denotes the {Yimnal sector number on & cvlinder.
Duwring FRead or Write operations. the ul'D765A48 will stop data transier
atter a sector number-equal to EOT.

GPL (Gap Lenagth) contains the lenath of ogap 3. During FRead/Write
commands . this value determinez the number of bytes that VCOD SVHC will
stay de—asserted after two CRC bytes. During the Format, GFL determines
Gap Z's size.

DTL {Data Lenrnagth) When N i=s defined as 00, DTL reprecentzs the data
lenagth which the Host is going to read out or write into the =zector.

STO through ST3 (Status O through Status 3) describes the fouwr registers
which store the status information after a command has been executed.
This information is available during the result phaze after command

execution. These registers should rniot be confused with the Main Status
Reqicter {selected by de—assertion of SADE) . ST throuah €73 may be

read only after a command has bezsn executed and contairns information
relevant to that particular command.
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The Format Track command allows an entire track {o be formatted. After
.the index hole is detected, data is written on the diskette: gaps.
address marks. ID field=. and data {ields. The format ie controlled by
the values proagrammed into N, SC, GFL, and D (data pattern) which are
supplied by the Host dwing the Command phase. The data field iz filled
with the byte of data stored in D. The ID field for each sector is
supplied by the Host: that is, four data reguests/csector are made by the
uFD762A for- C, H . F. and N. This allows the diskette to be formatted
with nonsequential sector numbers., if desired.

The Host must send new values for C, H, R, and N to the uFD7454 for each

sector on the track. The uFD76&A issues four DMA requests per =zector.
The cantents aof the R register are incaremented by one after each sector
is formatted: thus, the R reaizter contains a value of R when 1t i= read

during the Rezsult phase. This incremanting and formatting canlinues far
the whole track until the wD7&54 detects the index hole Tor the =econd
time, whereupon i1t terminates the command.

If & fault siarnal is received from the floppy drive at the end of &
wirite operation, then the uFD755A asserts the equipment check flag af
Status FReaister 0O and terminates the command after setting bils seven
and six aof Status Reagister O to ¢ and 1 respectively. Also the loss of
a READY siagnal at the beaginning of & command execution phase ’
causes bits zeven and =six of Status Reagister O tao be set ta O and

1 respectively.
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.8  SCAEN COMMANDS

9.3

Fhacse PRAW O uF'D745A0A Data Bus ! Remarks |
H ‘D7 1Ds DS D4 DI D2 DL DO !
' ' ' H

Command | W MMT M s 1 8 0 8 08 O3 1 (Command code faoirr Scan !
: | iEqual. !
‘ W MMT M Sy L 0 03 1 {Command code for Scarn !
' ) iLow or Eaual. :
\ W T OMF sk 1 01 1 a0 L (Command code {forr Scan !
! ! tHigh or Equal. H
VWX X X 8 X X THD TUSHIUSOIX = don't care. ;
! ! yUsually set to zero. H
' ! SiUS1 and USU set to zerc.
! ! iUnit =selection per{ormed
! : iby Flappvy Input Reqister.
H il m—m e me e D e s e e e siSector ID information |
W e e iprior to cammand exe- |
: it e S I el K L o W ] g W The four byvtes
H W P e N ———remimee =l ae commanded against |
VW - —EOT-—-———=-~————-—-lheader on floppy disk. !
; u : __ et ot e o e o i e ._GF.‘-L_ o e 1 e o e b o 11 2 o ombtnm min : :
: w : \ ________________ D" L P U : :

Executiont : iData compared between |

H H ifloppy drive and Heost. !

Result I = 1= BT ) e e eee = U Bt atus infarmation H
H R Pl — ETi—-—-—=—- ———--iafter command execution.
H R e OT2 - e e 5 H
! R T c -—-———-—-—-=—w--3lGector ID information !
R e e e af e command execution.
TR e R = N H
! =4 Pl e e ] e e e H

C (Cvlinder number) decsignates the current {(selected) cvlinder (track)
numbers 0O through 76 of the medium.

H (Head address) is the head number, < or 1, as specified in the 1D
field. -

R (FRecord) indicates the =zector 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 sectocr number on a cvlinder.
During FRead or Write operations, the uFD745A will stop data transfer
aftter a sector number equal to E0T.

GFL {Gap Lenagth) contains the lenath of aap 3. Dwing FReadsWrite
commands . thizs wvalue determines the number of bytes thalt VCO SYNC will
stay de-—asserted after two CRC bvyvtes. During the fFaormat, GFL determines
Gap 3's size. .

DTL (Data Length) When M 1= defined as 00, DTL represents the data
lenath which the Host is geoing to read cut or write into the sector.

STO through STZ (Status O through Status 3) describes the four reqisters
which store the status information afteir a command has been executed.
This information 1is available during the result phase after command
execution. These registers should not be confused with the Main Status
Register (selected by de—acscsertion of SAOR). STO through ST2 may be
read only after a command has been executed and contains information
relevant to that particular command.
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The Scan Commandese &llow data which is being read from the floppy
.disk to be compared aaainst data which is being supplied from the
Host. The uFD76SA compares the data on a byte-by-byte bazis and
eearches for & sectar aof data that meets the conditions of
DUFD7465A = DHOST. DuFD765A <= DHOST., or DuFD7&5A >=

DHOST. The hexidecimal byte of FF either from memory or from the
floppy drive can be used as & mask byte because it always meets
the condition of the comparison. One’'s complement arithmetic is
used for comparison (FF = laragest number, Q0 = smalleset number).
After a whole sector of data is compared, 14 the conditions are
not met. the sector number is incremented (R + STF --> R). a&and
the scan aperation is continued. The scan operation continues

until one of the following conditions occcur:
1. Conditions for scan are met (equal, low, or hiagh).

~

2. Last sector on track is reached.

3. Azsertion of T/C.

If the conditicons for scan are met, then the uFD7&5A aszerts the
Scan Hit (SH) flag of Status Fegister 2 and terminates the Scan
command. If the conditions for scan are ncoct met between the
starting sector (as specified by R) and the last sector on the
cylinder. then the uFD7&3A asserte Scan Not Satisfied (SH) §1lang
of Status Register 2 and terminates the Scan command. The
receipt cof a T/C signal {from the Host or DMA controller during
the scan operation will caucse the uUufFD7&EA to complete the
comparison of the particular byvte which is in process and then to

terminate the command.

I¥ the uFD7&5A encounters & Deleted Data Addrezs mark on one of
the sectors (and SK = ), then the controller reqgards the sector
as the last sector on the cylinder., asserts the Control Mark (CM)
flag of Status Reqister 2 and terminates the command. If SK = 1,
the uFD765A =kipes the sector with the Deleted Address mark and
reads the next sector. In the second case (S = 1), the uFD76SA
asserts the CM flag of Status Regicster 2 to indicate that a

deleted csector had been encountered.

When either the STP (contiquous sectors = 01, or alternate
sectors = 02) sectors are read or the MT is programmed, it is
necescsary to remember that the last sector on the track must ke
read. For example, if STF = 02, MT = 0O, the sectors are numbered
csequentially 1 through 26 and the Scan command is started at
sector 21, then sectors 21, 22, 23, and 25 will be read. Sector
28 will be skipped. The index hole will be encountered before EOT
value of 26 can be read. This results in an abnormal termination
of the command. I{ the EOT had been =set at 25 or the scanning
started at sector 20, then the Scan command would be completed in

& normal manner.
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During the Scan command., data is supplied by either the Hoszt or
‘-DMA controller- for comparison against the data i1read from the
floppy disk. To avoid having the Overrun (OR) flag =set in Status
Regqister i. it is necessary to have the data available in lecss
than 27 usec (FM mode) or 13 usec ((MFM  mode). If am Overrun
occurs, the uFD7&45A ends the command with bits seven and six of

Status Reqister O de-acserted and asserted. respectively.
5.3.9 SEEK

Execution itHead is movesz to proper

H icvlinder. H

Fhase VRAW O uFD765A Data EBus : Remarks !
H ‘D7 D& DS D4 DI D2 D1 Do | !
] ] = :
Command | W VO 0001y 1y 1 iCommand code :
1 W VX X X b X r X HD 1Us1iUS01 X = don't care. '
i | ‘Usually set to zerro. :
} H "USY and USO set to zero.
! ! iUrit selection performed
: ! iby Floppy Input Reqgister.
H W L m e RO rm e s U Naw vl inder number H
] : :
' 13
13

The read/write head within the floppy drive 1is moved from
cvlinder to cylinder under control of the Seek command. The Hoet
uses two of the uFD7585A's fowr  independent Present Cyvlinder
reagisters. (One register for each drive supported. Nocte that the
WD1ODZ-WA2 supports only two floppy difrives.) These reqgisters are
cleared only after the Recalibrate command. The WFD74SA comparecs
the Firesent Cylinder Number (FCN) which is  the current thead
position with the New Cylinder MNuwnber (HNCMN) ., and i1if there is a

difference, performs the following operations:

FC < NCN: Ascserts the DIRECTIOW (DIR) =ignal (A agate
inverts this siqnal to DIR- for the drive.),., and
iz=ues STEF IN pulses to the drive.

FCN > NCN: De-asserts the DIK siagnal and issues STERF  OUI

pulses to the drive.
The rate at which step pulses are isszued 1z contirolled by
Stepping Rate Time (STR) bits in the Specify command. After each
cstep pulee izsued, NCN is compared against FCHN, and whern NCN =
FCN., the Seek End (SE) flaq is asserted in Status Regi=ster O, and
the command is terminated. At this point, the FLOFFY INTERRUPRPT
(FINT) iz asszerted. The four LSEs in the Main Status Register
are asserted during the Seek operation and are cleared by the

Sense Interrupt Status command. B
During the command phliase of the Seel: operation, the uFD7&GA is in
the BRusy cstate. but durina the execution phase the {loppy

controller is in the nonbBusy state. hile the uPD746SA is in the
nonBucsy state,. another Seek conmand may be icszued. This &llows

parallel simultaneous Seek ope-rations for baoth drives. No other
command can be iszued while the uFD765A is =teppinag the drive.

NOT RELEASED 7 January 198& 523



If the celected floppy drive is Not Ready &t the start of the
wommand execution phase or during the Seek operation., the Hot
Feady (NR) flaag is asserted in Status Reaiszter 0 and the command
is terminated after bits seven and <ix of Status Register O  are

de—asserted and asserted respectivelvy.
If the time to write three bvytes of Seek command erceeds 150 usec.
the +timing between the first two step pulses may be shorter than

set in the Specify command by as much as 1 m=z=ec.
5.3.10 RECALIEBRATE

Uniit selection performed
by Floppy Input Reaister.

Fhase | RsW 1 uFD765A Data BEus H Femarkes ‘
: ‘D7 D& DS D4 DX D2 iDL DD ]

Command ¢+ W {+ © 1 O {7 @ ¢ O 1 01 1 11 1 1 {Command code !
VoW X 0 X X b X 0 X 10 jUs1iusoiX = don't care. !
! iUsually selt to zero. H
! tUE1l and US0 =set to zero.
] 1
1) 1

1
)
1
)

Execution: Head i=s retracted to

' H VTrack Q. H
The function of thiz command iz to retract the read/write head in
the floppy drive ta the track ¢ poszitiaon. The UuPD7853A clears the
contents of the FCN counter and checks the status of the TRACEK 0O--

zignal from the fleppy drive. While the drive asserts TRACK G-,
the DIR— remainse acscserted and stepes pulses are issued. When the
drive de—-aszerts TRACE O, the uFD7585A asserts the SE flag in
Statue Register zero and the command terminates. If TRACK O0- is

asserted after 77 step pulses have been issued, the uFD785A
assertzs the SE and Eguipment Check (EC) flags of Status Regicster
Q. The command terminates atter bits seven and six arre de-

asszerted and ascerted respectively.

Overlapping of Recalibrate commands to multiple floppy dirives and
the loss of the READY. asz decscribed in the Seelk command. also
applies to the Recalibrate ccmmand. I{ the diskette has more
than 77 tracks. then the Recalibrate command shcould be i1is=zued

twice to position the read/wite head to track Q.
S.3.11  SENSE INTERRUFT STATUS

Fhase VR/W O uF'D7&5A Data Lus H Remaril= H
H iD7 iD& DS D4 DI D2 D1 DD H
1 , t ]
1] ] 1 4
Command | W Voo 0 0 a0 0y O iCommand code H
! ! H H
Result : R | A— e e G = -— = U G gtus information H
) P e e FCN ~———-nm—=labout the wFD7654 at the

H : vend af a Seek operation.

NOT RELEASED 7 January 1986 S-24



An  interrupt sianal (FINT is driven to the Hozt asz IRQ&6) is

gererated by the uFD76548 for cne of the following reasone:

1. Upon entering the Result phase of any command except
Sense Drive Status. Invalid., or Sencse Interrupt Status
commands.

2. READY signal chanages state.

=. End of Seelk or Recalibrate command.

Interrupts caused by reason one occurs during normal command
operations and are easily discernible by the Hast. Reason ane

does not require issuance of a Sense Interrupt Statuse command.
The interrupt is cleared by readina/writing to the ufFDV7SSA.
Interrupts caused by reasons two and three may be uniguely
identified with the aid aof the Senze Interrupt Status command.
This command when isszued recsets the interrupt signal and via bits
five, six . and seven of 3Status Feqgister O iderntifies the causse

of the interrrupt as illustrate below.

SEEE END INTERRUFT CODE CAUSE
EBit 5 Bit 6 Bit 7
9) 1 1 READY changed state.
1 Q O .Mormeal termination of CSeek or
Recalibirate command.
1 1 QO Abnormal termination of Seek or

. FRecalibirate command.
The Sencse Interrupt Status command is used with the Seek and
Recalibrate commands which have no result phase. When the floppy
di-rive has reached the decired head positicn., the uFD765A ascserts

FIWNT. The Host must then issue a Sense Interrupt Status command
to determing the actual cause of the interrupt which couwld be

Seelk End or a change in ready status from one of the dirives.
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- S5.3.12 SFECIFY

Fhase i RAW
;
Command | W
[}
Result W
H
'
{
:
H b
H
:
H
;
|

The Specify command sets the initial values
internal timers.
execution phaczse

unload state.
increments of
240 mz=ec.).

pulsecs. Thies

increments of

D7 iDs DS |

a4 010

16 msec (0116

{mmmm— e HLT

uFD7&4&54 Data Bus

D4 DI
Q0

B Y

D2

D1t

0E16

DO
S|
i ND

*1Step Rate Time (SRT).

Remarl s

Command code

1One to sixteen ms=ec in
lone msec intervals.

F16 = 1 msec. H

Els = 2 mesec, etc.

tHead Unlcocad Time (HUT).
iHead unload time after:
voccurence of a Read ord
‘Wrr-ite gperatiaon (15 Lol
1240 meec in 1é& msec H
iintervals). H
Head Load Time (FLT).

. " we = em me we "

i Twao to 2894 msec in 2

ymsec increments. Not

tused since the HEAD)
LOAD signal pin on the!
VWDIOOZ-WA2 "s wFD748A is
ynot connected. i
tMNan-DMA (ND) . Selects!
iDMA or non--DMA mode. H
i Femains de-asserted for
TWD1COZ-WAZ. This bit

iz never asserted. :

for each of the three

The HUT defines the time fraom the end of the
of one of the read/write commands to the head
This timer is proarammable from
16 mesec.

14 tao 240 msec in

2 msec. ... QDF1&6 =

SRT defines the time interval between adjacent step

timer is programmable
1 msec,

1 msec (Fl& =

E

16 =

from

~
La

to 16 mz=ec in

mzsec, etc.). HILT is

not used =since the HEAD LOAD =sigrmal pin is not connected.
The time interwvals mentianed above are a direct furnction of the
Times indicated above are

clock (CLE or
for an 8MH:z

intervale are
The ND bit

FREF from the WD16CT2).
clock; if the clock

increased by &

factor of 2.
in this command is

operates in the DMA mode only.
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5.3.13 SENSE DRIVE STATUS

~

Fhase | RJW 1 uFD7&5A Data Bus : Remarks
: ‘D7 D& IDS D4 DI D2 D1 DO i
' ' : :
Command | W VOO0 0O YO 0 ) 0 iCommand code !
| W X X 3 X 8 X v X iHD 1UsEliUSOIX = don't care. ]
! ! iUsually set to zero. 1
! H iUS1 and USO set to zerco.
! ! tUnit selection perfoi-med
] ! by Floppy Input Register.
Result I S A ST ——=m=mmm—————3 1 Gtatus Register % (not
| : tto be confused with the
! ' Main Status Register) |
{ H icontaine etatus infor-
' H imation about the floppy
! ! vdrive after command |
! ' texecutian. :
This command may be used by the Host to cbtain the status of the
floppy drive. Status Reqgicster 3 contains the drive s=status

information stored internally in- the uFD7652A registers.
S.3.14  INVALID

Fhase v RAWO uFD765A Data Eus ) Remartke '
' D7 D& DS D4 DT D2 D1 DO | \
) 1 )
Command | W {im—m——— INVALID CODES ———————— *1Invalid command code f
! ! (Mo Operaticn: uFD7&5810
: ! ienters Standby state.) !
Result H R Pl ——— ST ———————————— *15tatus Register O = H
) 14
! H HE= 16 I '

If an Invalid command is sent to the floppy controller (a command
not previously defined), then the ulFD7463A terminates the command
after bits ceven and six of Status Register O are asserted and
de—ascserted respectively. Na interrupt is qenerated by the
uFD765A during this condition. Bitse =i and seven (DI0O and RGM)
in the Main Status Reqister are both asserted, indicating to the
Host that the uwFD76%5A is in the Result phase and the contents of
Status FRegister O must be rread. When the Host reads Status
Register 0. the Host find= an B0 hex., indicating an Invalid

cammand was received.
A Sence Interrupt Status command must be zent after a Seek or
Recalibrate interrupt, otherwice the uFD7859A will consider the
next command invalid.
In some applications, the user may utilize this command as a No

Op command to place the floppy controller in a standbv (No

Operation) state.
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SECTION VI
TASK FILES

&.1  GENERAL

This Section briefly describes the WDIOO3I-WAL =, bus protocol,
treqister structure, and command execution.

HNOTE
Certain descriptions, e.q. the number of drives supported and
floppy controller non-DMA mocde. in thise manual differ s=liaghtly
from the MEC uFD745A documentation. Where differences exist, the
values and descriptions in this manual take precedence over the
NEC uFD765A documentation.

.2 BUS FROTOCOL
H.2.1  HWINCHESTER COMTROLLER

The Hos=t directly loads all WDZOIOA-0OT tazk file regicsters except
the WDZ2010A8-0F% command reqgicster. The WD101S-37 loads the command
register. fesertion of IRGI4 by the WDIOOZ-WAZ indicates either
command completion or the start of a data transfer. Completian
of a data transfer cccuwrs when the WDI00OI-WAZ de-asserts the RBUSY
f1lag in the status register. Therefore, the WDL1OOIZ-WAZR
Wincheceter dicsl controller does MOT uze bus protocole or phasecs.

&.2.2 FLOFFY CONTROLLER

The NEC uFD7&5A command structure ices fundamentally different from
the Weztern Digital command stiructure. Each floppy command is
initiated by & multibyte transfer from the Host. and the result
after execution of the command may alsa be a multibyte transter
back to the Host. Because of this multibyte interchange of
information between the uFD745A and the Heost, it is convenient to
concider each command as consicsting of three phases:

Command The uPD75SA4 receives all information reguired

Fhace: to perform a.particular operation from the
Host.

Extecution The uFD746SA performs the operationm it was

Fhase: instructed ta do.

Result Fhazse: After completion of the operation, status and
other housekeeping information are made availl-
able to the Host.

Most commands require nine command byvtes and retwn seven bytes
during the FRKesult phacse. No foreshortening of the Command or
Result phases is allowed. Section 5 describes the required
preset parameters and results for each command.

*Fortions cf this Section contain excerpts of the NEC uFD765A

data sheet. Reprinted with permission of and licensed by RMNEC
Electronics Inc. c 1985 NEC Electronic Inc.
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6.3 REGISTER ADDRESS MAF

The WD1QOZ-WAZ contains seven KRead Write Tasl File Registers in
the WDZO10A-CGS, a 15-bit Data Fegister. a Fiied Disk Register.
Alternate Fixed Disk Status Reagister, a Digital Output Reqgister.
and a Digital Input Reqister. The WD14CPZ contains a 2-bit Floppy
Control Register. Main Floppy Status and Data Registers are 1in
the NEC uPD7&EA. These reqisteirs are mapped into either a
primary or secondary 1/0 address. All Winchester data. control,
and statuz information pass between the Task Files or Data
Reqgister and the Hcocet. The Host controles and communicates with
the uFD7&5A directly. No aon-—-board microproceszor controls the NEC

UFD765A. Therefore. all floppy data. control ., and status
information pass between the floppy reqgisters and the lHost. All
Winchester data transfers between the WD100Z3-WAH and Host are

vord transfers except ECC bvytes in FRead Longs and Wirite Longs.
These ECC bytes are transferred in byte mode. Control and status
bytes are also transferred between the Host and WDIDOI-WAZ2 in
byte mode. The Task File Reaisters are multiplexed with I0R- and
IOW—- to give 14 possible parts. Five of the Task File Registers
are bi-divrectional. Two of the Task File Reqgisters have
different definitions Ffor read and write operation. Jumpeirs
cselect the primary and secondary address. This allows two
controllers in the same Host system. Howevei-, secaondary poirts on
the WDI1QOZ-WAZ are NOT =upported by any version of IEM DOS as of
this publication date. Other operating systems are available
that support this feature.

Table 6-1 summarizes the WDI1OOZ-WAZ I/0 port address map. Figure
6—-1 summarizes the WDZ2010A-03 Task File Registers bit
assignments. Fiqure 6-2 summarizes the other 170 reqgisters hit
assignments for the WDI1OOI-WAZ. RBit assigrnments are with respect
to the Heost lower byte bus terms, SD7 through SDO. The fixed
Sizes/Drive/Head (SDH) arnd Status Fegisters in the WD20104A-05
sliqhtly differ frem the standard descriptions in the WDZ0O10-05
data sheet. Fleaze note that the SDH Register is set for the ECC
option mode and S12 bytes per =ector. The SDH Regqgister also
limits the number of drives to two and the number aof heads to 16.
Rit 2 of the WD201048-05 Status Regicster is designated as the
Corvrected Data bit. Aszertion (setting toc 1) cof this bit
indicates the =sector read from the drive resulted in a
correctable ECC error. Saft errors do not end multiple sector
transfers. EBit 1 of the WDZ010A-05 Status Regicster is deciagnated
as the Index bit. Assertion of this bit occurs each revolution
of the currently selected drive. Refer to the WD2010-0% data
sheet for a complete description of all other WD20108-0% bit
assiagnments. Table 6-2 describes the bit assignments for the
other WD1003Z-WAZ control and status registers.

MOTE
Where differences exist. the values and descriptions for Fiqure
&~1 take precedence over the WDZ010-05 data sheet.
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- The uFD765A contains two registers which may be accesced by the
Jlost: the Main Floppy Status Reqgister and the Floppy Data
Reqister. The 8-bit Main Floppy Status Reqgister containse the
status infarmation of the WFD7&3A4, and may be accessed at any
time. The 8-bit Floppy Data Reqister (which actually coneiste of
several reqgqisters in a stack with only one reqister presented to
the data bus at & time), stores data., command, parameters, and

floppy drive status infaormation. Data bytes are read out of, or
written into, the Floppy Data Reqgister in order to proagram or
obtain the results after a particular command. Only the Hain

Floppy Status Regiceter may be read and used to {facilitate the
transfer of data between the Host and uFD7&5A.

NOT RELEASED 7 January 19846 . 6-3



TARLE &6-1.

H 1/0 ADDRESS 1
H . i READ
i FRIMARY |SECOHDARY
H ! [
H DATA REGISTER
H | H
' 1FO : 170 \ DATA REGISTER
H : H (16 bits)
) ) [}
[} 1 1}
' WD2010A-05 TASK FILE REGI
H d :
: 1F1 H 171 : ERROR REGISTER
i : i
: 172 ! 172 H SECTOR COUNT
H 1FZ i 173 H SECTOR MUMEER
H H !
H ir4 ! 174 : CYL1MDER HUMEER
: : | (low byte)
1] 1] 1]
1] 1} ]
H 1FS : 175 H CYLINDER MUMRER
H ! H (hiah byte)
H iFs H 17¢& H SDH REGISTER
\ 1F7 1 177 ' STATUS REGISTER
H CONTROL AMD STATUS RECISTER
i H '
H IFZ2 H 72 :
: H f
H : |
: 4 ' =74 MAIN FLOPEY STATUS
H i IREGISTER (uFD7&58)
H ' :
H IFS H RYA] i FLOFFY DATA
' H H REGISTER
: : ' (uFD7&654)
: IF& i 376 ! ALTERNATE FIXED
: : H DISk STATUS
H { ' REGISTER
H IF7 H 377 H DIGITAL IWFUT
H H \ REGISTER
; : ;
NOTE: All addresses in Table &1 are in
I1/0 &ddress 1F0 hex (170 hex) is a Read

Buf fer. Therefore.
the Sector Buffer.
0S5 Command and Error

st

WD1003-WA2 REGISTER

me o e mm em e mm e e o e == mn wm mm (] e em an == en mm mn == mm == e == em == am =m an () ae == e ==

Ahex.
or Write for the
the hardware for the 1é46-bit data reaicster

ADDRESS MAF

WRITE

DATA REGISTER
(l& bits)

TERS
WRITE FRE-COMF
SECTUR COUNT
SECTOR NUMEER

CYLINDER WUMHEER
{low byte’

CYLINDER NUMRER
(thhigh byte)

SDH REGISTER

- T he T v T e T L e em TR en ™ e TT me B ee " ea BT me " e-

STATUS REGISTER

LIGITAL OUTFUT
FEGISTER B

MAIN FLOPFY
REGISTER

STATUS
(UFD7&SA)

FLOFFY DATA
REGISTER
(UFD7&56)

ALTERNATE FIXED
DISE STATUS
REGISTER

FLOFFY CONTROL
RECISTER
(WD1&C92)

- e e W® he TT me TR e T e T me R e e me W ae = e =

Write to
Sector

ie

A Read or

The WDL1ICO0OA~-22 also duplicates the WDEOLIOA-

reagisters {or

control purposecs. Error

cocdes

for

NOT RELEASED 7
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v

" REGISTER 4 EUS [1T FOSITION o

: A N - T A T - R T S T

; P ; : : : : : :

! WRITE FRE-COMF! CYLINDER NUMEER DIVIDED EY 4 :

! ERROR { EB ! ECC ! O 4 ID ! ©O ! ac ¢ TE ! DM

i SECTOR COUNT ! NUMEER OF SECTORS ;

! SECTOR NUMEGER | SECTOR WUMLER ;

i CYLINDER NO. i CYLINDER NUMEER (LOW EYTE) :

! CYLINDER NO. ¢ © + © 1 © ! 0 { O ! O ICYL. NO. MSR

! SDH b1 F @ b 11 DS HGET 3 HER 1 OHS1 | HSO |

i COMMAND : COMMAND !

! STATUS { BESY ! RDY ! WF i S5C ! DRG@ ! CRD ! IDX ! ERR !
FIGURE 6-1. WD2010A-05 TASK FILE REGISTER EIT ASSIGWHENT

! REGISTER ; EUS EIT FOSITION

: b7 6 S P4 3 0z o

: ; : : : : : :

! DIGITAL OUTFUT ¢ X ! X | MOENZ IMOENIIFDHMAEN! FRST! X

: ; : : ; : : :

i MAIN FLOFFY ! R@M ! DIO i EXM i CE ! ©O I O ! DIE

i STATUS (UFD7&5A) | : P : : : ;

] ] 1 1 1 + 1 ]

! ALTERMATE STATUS! BSY | RDY i WFT { SKC ! DK@ | CRD ! IDX

; ; : ; ; : ; :

! FIXED DISK I Q {0 IHSZEN ! RST ! IEN

; : ; : : : ! :

! DIGITAL IWFUT | DCHG! WTG-iHSZ-/RWC-! H3Z-! H51- | HSG-! DS-

i FLOFPY CONTROL ! TWO RIT REGISTERS IN WD1sCH:2 i SDEL

¥ 1 ] i 1] 1 * ) 13

1 ] ) ) 1] ] i '
FIGURE &-2. WD1UOI-WAZ CONTROL AND STATUS REGISTERS

NOT RELEASED 7 January 1986 6-5
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TAéLE 6-2 WD1OOT-WAZ CONTROL AND STATUS REGISTER BIT DEFINITIONS
s

REGISTER BIT MMEMOMIC BIT NAME

X
MOENZ2
MOEN1

Rezerwved.

MOTOR ENADRLE2 and MOTOR
EMARILEL. Controls flaoppvy
drrive motors. Settinag this
bit to 2 twmnrns off the
asszwciated drive and drive
selection can not accuwr.
FILOFFY DISK INTERRUFT and
DHM& ENMARLE. Setting this
bit to 1 gates floppy disk
DMA and interrupt reguests
to the 170 interface.
Setting to O disables the
DMA and interrupt reauest
drivers.

Settinag to © resetes the
floppy controller. Floppy
reset time is 3.5 usec.
Set tao 1| by Host software
enables the floppy
controller.

FLOFFY DISK SELECT. Set to!
0 selects drive A. Set toi
1 gselects drrive E.
Appropriate MOTOR EHABLE
bit must be =zet.

DIGITAL QUTFUT

Ul oo o= me o em o= -

FDMAREN

FRST

. mE me TE em BB e Y™ ae TS e T e " e YT e-

FLDSEL

- - e wm T ee V" e v
am TT ee " wme " ee T ea "% ce " ee TS e - -

Vv
Ko

FaM

MAIN FLOFFY
STATUS

Reserved.

REQUEST FOR MASTER. Set to
1 to indicate that the
floppv data register is
ready for a data transfer.
Used with DIO bit.

DaTaA IMNFUT/0UTFUT.
Controls data transfer
direction. Set to O to
indicate data transfer is
from Mozt to floppy
control ler. Set. ta 1 ta
indicate data transfer is
to Hast firom floppv
controller.

EXECUTION MODE. Set to 1
only during the execution
phase in non-DMA mode.
Set to 1 to indicate &
flead o Write command in
DIrOCeEss.

DIO

e he " hm T . M am P me T me e e ®® e P ee =% am =T me P ee TT ae YT e 7T es 7T ee T oo -

. . " em mm e e me = ew S aw =-

EXM

CH

- - - e - - e m- W e " oe " e
e B ew em ww e me wE wm T am mm me e wm W we M mm T mm R me UE me WY s EF mm 6 ee ST em S ee * me e" ee - -

—— T e T e mm pw MR e " me W am T em T e TP me TS e Y ae m ae ==

- P e TY he T o PP me = ew

- he W e WP e wm oo

NOT RELEASED 7 Januarvy 1586 &-&



TAEBLE &-2 WD10OOZ-WAZ CONTROL AMD STATUS REGISTER BIT DEFINITIONS
4 (COMNT "D.)

REGISTER BIT MNEMONIC EIT HAME

t
1
]
]
[}
]
[}
L

MAIN FLOPPY
STATUS (CONT 'D.)

DIR H Set to 1 when floppy drive!

: R 1s in Seek mode. :
DOR : Set to 1 when floppy drive!
A is in Seek mocde.

ESY
RDY
WFT

ALTERMNATE FIXED
DISKE STATUS

H

Controller Busy Flag :

Ready from zelected drive |

Wirite Fault firom selected !

driwve H

Seek Complete from selected

drive :

DRQ® H
CKRD :

Data Transfer FReqguest Flag
Corrected Data Flag from
WD10O15-3

Index pulse from =selected
drive

Error Flaa from WD1015-37

IDX

ERR

FIXED DISE HSZEN Set to 1: Enables HE3-.

Set to O: Enables RWC-
Reset. Frogram controlled
reset to board. This bit
maintainzs the WD1OGI-WAR
logic reset as long as this
bit is on. This bit must be
on for a minimum aof &.5
nsec. #After the bit is on
for the minimum time, the
bit must be turned off to
complete reset function.
Interrupt Enable. Enabl ec=s
or disables IRQ14. This
bit doez= not clear the
interrupt level in the
disabled state. A pendina
interrupt would occur when
the interrupt is enabled
again. A system master
reset clears the interrupt
but leaves the interrupt
enabled.

RST

1

IEN-

. " ee " e T am = e S ae =% we P me Y% ce "% ee =" e

DISEETTE CHANGE. Set to 1
if no diskette is in the

drive., drive door is open,
or the drive is naot ready.

DIGITAL INFUT DCHG

- .-
o e e Le PP pe TR ce E me e ee TP me e mem BN wm W mw W e TR mm P mm S - B ew T ww e me We me WY mE e e Se ee *T e ®F ee "% e =S e

o om T mw TP em T me Ph e TP me TP e CT mm P e B® ew e e
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TADLE &-2 WD1003-WAZ CONTROL AHD STATUS REGISTLER LIT DEFINITIONS
(CONT "D

REGISTER EIT MHEMONIC LIT HAME

WITG-—-

HEE - (FRWC-)
thirouah H30--
ps2-. DE1-

DIGITAL INFUT
(CONTY "'D.)

tirite Gate an

Drive head zelect or RUWC-
(bit 3) {for drives uzina FHC-
Drive zelect i

[
1
1
’
)
'
’
L
]
1
[
L

FLOMFPY COMTROL sSpblii. Shho The WDI&CYE containe a twol
bit Floppv Control register.
lheze reagicsters control the

data transfer rate between!

e - P~ v- T ow WY me W e *m ee " e = e " e *° ee == e == e
_—— T me TV me Y mm *Y e "% em *" ae S we e ee - - -
e " e T e v e " ew "™ em * ee VT mm " am ® e w* ee T e

the controller and orive :
and the data encoding \
format. The Floppy Lontrol
register bit definitions i
alfre as Tollows: :
SDEL SDLRo H
0 i) SO0 kbs MFME )
0 1 IO kbhe MM
| 0 250 kbs MM '
1 1 125 kbs FlrHzz )

¥Default data rate atter Recset. B
*¥International exchanoe z=tamndard 1 or S 174 anch flopoy
diskettes=s.

Table &-3 dezcribes the WDILOE-WAY ervror codes {or the Winchester
caontraoller.
TABLLE &-3 HDICOZE WAZ2 ERROR REGISTER CODES
(WINCHESTER CONTROLLLER ONLY)

DESCRIFTION

v CODE | H
1 1] 1]
1 1} 1
H 01 : No errors '
1 1 1
1 | 1]
' 2 : WDZO10A-05 reagizler accezs error
' : i
H O3 H Sector EBulier FAM data error H
H H !
H 04 ! WOIO15--27 to WDIICOOAR-22 reaolicster
) H access error or WD1ICD0A-22 lvtel
: H 0D Fipeline reqizster error )
H H H
1 05 H LIDIOIE--27 ROM checksum or RAM H
H { data eri-or H
’ [ 1
1] ] 1
H a0, 1 Not used. Unde firned. H
: D& ! H
v othrua H
{ FF H :
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*%.4 WINCHESTER COMMAND SEQUENCE DESCRIFTION

This section describes a typical Winchester command executicon
sequence. This description illustrates the relationship between
Host and the major Winchester coantrocl components of the WD1OO3-
WA2 during Winchester command execution.

“In the idle state: the WD2010&4-05 drive control sigrnals are
aff. The controller status indicates ready. Drive status
is valid. Controller interrupt is enabled but not asserted.
The WD10O15-37 is idle amd is monitaring the WAKEUF signal
input.

The Hozt outputs the command parameters to the WDZO10O6-05
task file, the operration command (Seek, Read or Write) and
the command attributez (Long mode. retry control, etc.).
For- write operations, the Host also outputs the sector or
format data.

The command byte is intercepted by the WD1I1COOQA-Z2 and is
held for later interpretation by the WD1901S5-Z7.

A Read command output setse the module bWakeup latech that
cauzes the controller status to indicate Busy amd the
WD1O15-27 WAKEUF signal to be asserted. Write and Format
commands first set the data request status sigrnal DRO. This
initiates the Host data transfer. Completion of the data
transfer (512 or 51& bvtes) sets the WDIOLS-37 WAKEUF =signal
and Busy status.

The WD1015-37 examines the command, verifies command
parameters, arnd pacsses the command to the WL2RO10&8-05 far
execution. -

The WDZO10/A-05 evecutes the command providing diive
positioning, data transfer contreol, error monitoring and
completion status. The WDI1OCZOQ provides drive read and

wirite data contirol for commands that require data transfer=s.

On coamand completicon., the WD2010A-0% interrupts the

WD10O1S-37. The WD10Q15-37 examines the command, status etc.
for any additional reguirements. Ii completion i=
indicated, the WD10135--37 csets the controller- status to

indicate ready and interrupte the Host.
The WD1OO3-WAZ2 returns to the idle state and the Host may

examine drive and controcller status. read input data, etc.
as required to complete the operation. '

NOT RELEAZED 7 Jdanuary 19846 &%



C6.46.5 NEC uFD765A FLOFPY DISE CONTROLLER

The uFD765A ie an LSI Floppy Disk Controcller chip which containz
the circuitry and control functions for interfacing a Host
processor to 2 floppy disk drives. There are two functicnal
interfaces for the NEC uFD765A: the Hazt interface and dirive
interface.

During Command or Result phases the Main Status Reagister must be
read by the Host before each bvyvte of infaormation is written into

or read from the Floppy Data Register. AT ter each byte of data
read or written to the Floppy Data Reqgister, the Host should wait
for {Zusec before reading the Main Floppy Status Reqgister. Fit=

b4 and 7 in the Main Flopppy Status FRegister must be in a O and 1
state, respectively. before each byte of the command word may be

writtern into the uFD7&TA. Many of the commands requiire multiple
bytes and, a= & result, the Main Floppy Statuz Reaister must be
read prior to each byte transfer to the uFD7&SA. Un the other

hand, duwing the Result phase, bits & and 7 in the Main Floppy
Status Reqgister must both be asserted (set to 1) before reading

each bvie from the Floppy Data Reqgister. Note that this reading
of the Main Fleoppy Status Feqgisteir before each byte tramsfer to
the uFD7&5 is reouired only in the Command and Result phases,

and not dwring the Execution phase.

Duwring the Execulion phaze. the Main Floppy Status Register need

not be iread. The ufFD7&5A asserts DROZ when each byte of data iz
available. The tost DHA controller responds to this request by
azzerting DACKZ- and I0FR- siagnal=zs. Assertion of DACKZ- de-
sas=serts  the controller ' = DREZ. For Write commands., the Hou=zt
asserts I0W—- inmztead of I0R-. Alter the Execution phase has been
completed (T/C =zerted) o the End of Track (EOT) seclor read
(or wrritten) thern the NEC u745A asserts IRAS. This siqnifie=s the
beginnirng of the Fesult phaze. When the Yirst bvte of data is

read during the FResult phaze. IERO& is de-—as=zeirted.

It iz impartant to note that during the Result phase all bytes
shown in Section 3 must be iead. The Rezxd Data command, for
example, has seven bytes of data in the FRe=zult phase. A1l seven
bytez muszt be reaad in order- to succeszsfully complete the Read
Data command. The uvFD745A will not accept & new command until
all seven bvytesz have beesn read. Other commands may require fewer

bytes to be read during the Result phaszse.

The wFD765A contains five Status FRegisters. The HMain Flogpy
Status FRegister may be read by the Host at any time. The other
four floppy controller Statuese Registers (3TD, S8ST1, ST2, and 3T3)
are available only during the Result phase and may be read only
after completing a command. The particular command that has been
executed determines how many of Status Registers will be read.

MNOT FRELEASED 7 January 1984 610



: ThelDID and ROHM bits in the Main Floppy Status Reaister indicate

when data is ready and in which direction data will be
transferred on the data bus. The maximum time between the 1ast
I0R- o I0OW- duwring a Command or Fesult phase and DIOQO and FOM
getting <cset or recset is 1Zusec. For this reazon every time the

Main Floppy Status Fegister is read the Host should wait 12usec.
The maximum time from the trailing edae of the last IOR- in the
Result phase ta when CB ({loppy controller Busy - data bus bit 4)
is de—asserted (set to ©) is 1Zusec.

The bytes of data which are sent to the uFD74SA to form the
Command phase and are read cut of the uFD765A in the Rezult phasze
must occur in the order shown in Section 3. That is. the Command
Code must be sent firset and the other bytez =zent in the
presciribed sequence. No foreshortenirng of the Command or Re=sult
phacse 1is allowed. After the last bvyvte of data in the Command
phase is sent to the uFD7&3SA, the Execution phase automatically
starts. In a similar fashion. when the last byte of data is read
out in the Result phacse. the command is automatically ended and
the uFD7654& is ready for a new command.

The NEC uFD7&65A an the WDIOOZ-WAZ2 is limited to basic dirive
control functions such as head selection and sending the STEF-,
DIR-, and WRT EN- signals to the floppy drives. The NEC uw7&5S

also receives INDEX-. WR FROT-. and TREQO- for drive status.
Unit selection is under diirect contiral of the Host throughk the
Digital Cutput register (extermal to the uFD7654). The NEC
ufFD765A does not directly drive wiite data or receive read data
from the fioppy drives. lowever, the HEC controcller doecs produce
write precompensatiaon signals for the WD1&CP2.
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SECTIOMN VII
INSTALLATION
7.1 GENERAL

This Section describes the hardware and software installation of
the WD10OZ~WA2 Winchecster/Floopy Disk Controller.

7.2 HARDWARE INSTALLATION

This secticn briefly describes installation of +the WD1OOZ-WaH
hardware. I1f +the disk drive(s) are being installed internallw,
it is best to locate the controller in the closest available
expancion slot relative to the drive.

CAUTION

Handle the corntrolle+r boarrd by the endz of the boai-d. Some of
the chips are static sensitive and damage may occur i+ the board
is incorrectly handled.

HNOTE
Only wverify the jumper settirmgs in Step 1. Modification of
the Standard factory jumper =zettingz on any equipment described

in this document is rarely necessary.

i. Verify controller iumper settings. Refer to Table 7-1
and Fiqure 7-1 for jumper setting information.

TAELE 7-1. WD1QOI-~WAZ JUMPER SETTINGS

FIN
CONMECTS

PESCRIFTICN

:
H
H NOTE
i\ DO NOT MOVE FRIMARY ADDRESS JUMPERS UKNLESS THE
! OFERATING SYSTEM IS CONFIGURED TO ACCEFT  TWO
! HARD DISE CORNTROLLERS. CERTAIN OFERATIMNG SYVS-
H TEMS SURPFORT TWO CONTROLLERS IN THE SAME SYSTEM.
i IEM DOS ARND MANY ILM CUMFATIDLE QFERATING SvS-
' TEMS DO NAOT SUFRFORT TIIIS FEATURE.
EZ to EZ! Standard fTactory =setting. Selectz primary add-
]
E :
]
]

resses.
S to Eb Standard factory =etting. Selects primary add-

resses.

El to EZ2 Selects secondary =setting.

E4 to €5 Selects secondary setting.

E7 to EB Standard factory settinag. Supports Ié&60 REM
floppy disk drives. )

EB to E9 Jumperr in this position. Selects 300 RFM floppy

disk drives.

NCT RELEASED 11 AFRIL '86 7-1
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FIGURE 7-1 WD100Z-WAZ2 JUMFER LOCATIONS

Verify termination on last dirive. Verify proper set-
tinmnag of drive select switches on drive., i.e. zet the
dr-rive select switches for drive select 1 or Z. Referr

to vyour svsetem owner ‘s manual for infocrmation orn
information on praper- drive termination and select
zwi tches.

Remove the blank expancsion =lot bracket. Fut the
bracket away and =zave it for poszible future uce. The
screw will be used to hold the new controller board in
place.

Attach Z4-pin controcl connector pin 1 to JS pin 1.
Cornnect control cable to dirrive.

Attach 20-pin data connector to J4.

Attach 20-pin data connector to J3 (drive D o ).

Cornnect data cablecs to drives.

Attach Z4-pin floppy cable connector to Jli. Conrmect
cable +to floppy drive.

Attach Winchester actiwvity LED connector to Jé&.

Install the contrcocller board intoc the edpansion slot.
Make sure that the buard is seated praoperly by press-
inag down on both ende of the board. Secw-e the board
with the bracket =crew.

Femove or disable anvy cther 1loppy controller in vour
system.

MOT RELEASED 11 AFRIL "8 72



< 7.3 SOFTWARE INSTALLATION

This cection contains instructions for preparing (low level
format, etc.) vouwr operating system to recoanize the Western
Digital controller.

1. Insert vour system Diagrnostic Dizkette (or eguivalent).

2. Turn on the power.

-r
=)

A Foot Diaqrnostic and =elect setup option.
4., Set clock etc.

Caurlon
Avoid system damage by consulting vow Technical Reference manusl
to ensure that vour drive type is =supported by vouw Host DR2I0S drive
tables. Not all AT-compatibles share the same drive tables as ILH.

=. Select proper Drive Type. Consult yow Techrnical FReference
Manual for further information on these parametersz.

HNOTE
Step & requireszs erecution of low level formatting. Use of the IRH
Advanced Diagnostic {(or similar program for IEM--compatibles=s) i=
necessary since the WDIO02-WAZ contains no on-board Rasic
Input/Cutput Evyetem (BIOS)Y ROM.

Fra lnsert vour (Advanced Dilagnostic dizkette and execute
low level Format.

7. Insert System Diagnoztic Di=skette (or equivalent) after
the svstem finishes the low level Format.

ie}

Load and execute the FDISK and FORMAT proarams.

~j
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WD1002-WA2

]

WD1003-WA2

HARDWARE DIFFERENCES

WD1002-WA2

1. Host interface and buffer
management is in discrete.

2. Uses WD1010-05 Winchester
controller,

3. Uses WD1014-01 for ECC.

4 .Floppydata separation is
in discrete.

5. PCB is 4-layer design.

WD1003-WA2

1. Uses WD11C00-22 (BMAC) or the
WD11CO00A-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.
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Comparison 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 - 58.1
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 - 49.1 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. 1In all cases except for those noted, WD1003-WAZ
shows improvements over the WD1002-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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WD1003-WA2

FUNCTIONAL DIFFERENCES

WD1002-WA2

1. (Not avilable)

2. (Not available)

3. WD1002-WA2 Step Rates:

‘For5 MHz WCLK:

R3-Rg = 0000 — =35s.
0001 — .5ms.
0010 — 1.0 ms.
0011 — 1.5ms.
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 available)

1100 — 6.0 ms.
1101 — 6.5 ms.
1110 —7.0ms.
1111 —=75ms.

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 ¢
error (if retries are enabled).

3. WD1003-WA2 Step Rates:

For 5§ MHz WCLK:

R3-R0 = 0000 — 35psec
0001 — .Smsec 1100 — 6.0msec

0010 — 1.0mssec
0011 — 1.5msec
0100 — 2.0msec

1101 — 6.5msec
1110 — 3.2usec
1111 — 16usec

0101 — 2.5msec
0110 — 3.0msec
0111 —3.5msec
1000 — 4.0msec
1001 — 4.5msec
1010 — 5.0msec
1011 —S5.5msec

4. Faster restore operation
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The attached comparison list shows the FCC testing done on both the
WD1002-WA2 and the WD1003-WA2, 1In all cases except for those noted,
the WD1003-WA2 board shows improvements over the WD1002-WA2.

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






