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PRODUCT DESCRIPTION

This document describes the hardware and software installation of
the WD1006-WAH, a 16-bit disk controller for the IBM Personal
Computer AT or AT-compatible computer. The WD1006-WAH's drive

interface conforms to ST506/ST412 specifications. An advanced
design implements the WD1006-WAH's most significant feature, 1:1
interleave. Refer to the "If You Have a Problem..." section for

further information on the importance of interleave.
There are two versions of the WD1006-WAH:

Feature 001 (F00l): Cacheing firmware, NO
wait state generator.

Feature 002 (F002): Cacheing firmware, wait
state generator.

HARDWARE INSTALLATION

This section briefly describes installation of the WD1006-WAH.
If the disk drive(s) is (are) being installed internally, it is
best to locate the controller in the closest available expansion
slot relative to the drive.

CAUTION

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

handled.

Verify the controller jumper settings. Only verify the settings.
Modification of the standard factory settings is rarely

necessary. Modify jumpers only under the direction of a
qualified individual, i.e. your dealer. Refer Table 1 for fur-
ther information on jumper settings. Figure 1 illustrates the

locations of the jumpers.
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TABLE 1.

JUMPER SETTINGS

| PIN | FEATURE | |
JUMPER | CONNECTS | NUMBER | DESCRIPTION |
| | | |
Wl | 1-2 | All |Sandard setting. Supports|
| | Features|16 heads. No REDUCED WRITE
| | | CURRENT (RWC). |
| 2-3 | | Supports 8 heads and RWC. |
| | | [
W2 | NO JUMPER | FOOl |[Not used with F00l. F001 |
| | | FOO1 does not contain the |
| | |wait state hardware. |
| 1-2 | F0O2 |[No wait states requested. |
| 3-4 | FOO2 |1 wait state requested. |
| 5-6 | Fo0O2 |2 wait states requested. |
| | I I
W3 | 1-2 | All |Standard setting. Selects|
| | Features|primary ports. |
| 2-3 | |Selects secondary ports. |
| | | NOTE |
| | | DOS supports only two |
| | | drives. Modification |
| | | of the device drivers
| | | is necessary to sup- |
| | | port more than two |
| | | drives. Contact your
| | | dealer or distributor |
| | | for information on |
| | | third party software that
| | | modifies device drivers. |
| | | ) I
W4 | JUMPERED | All | Drive LED is not latched,
| | Features| i.e. LED lights for drive
| | | selection. REMOVE W10 |
| | | IF W4 IS INSTALLED. |
| I | I
W5 | NO JUMPER | All | Reserved for WD1l0O0O6-RAH. |
through| | Features| |
" o I
WO | NO JUMPER | All | Enables cacheing for FO00l
| | Features| and F002. |
| 1-2 | FOO1, | Disables cacheing. |
| | FoOO2 | |
| I I |
Wlo | NO JUMPER | All | Factory setting. Non-
| | Features| 1latched mode. |
| 1-2 | All | Latched mode. |
| | Features| |
| | I I
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Verify termination on last drive. Verify proper setting of drive
select switches. Do NOT use the drive's radial select option.
Refer to the drive owner's manual for information about proper
drive termination and select switches.

Remove the blank expansion slot bracket. Put the bracket away
and save it for possible future use. The screw will be used to
hold the controller board in place.

Attach the 34-pin control cable connector to J4. Ensure that pin
1 on the cable and controller connector match.

Connect control connector to drive.

Attach drive 0's 20-pin data connector to J3.
Attach drive 1's 20-pin data connector to J2.
Connect the cable(s) tp the proper drive(s).

Attach the Winchester activity LED connector to Jl1. J1 is a re-
versible connector.

Install the controller board into the expansion slot. Ensure
that the board is seated properly by pressing down on both ends
of the board. Secure the board with the bracket screw.

Software Installation Instructions

This section contains instructions for preparing (low level
formatting) the drive to be recognized by the operating system.
Formatting the drive uses one of two software programs, the IBM
Advanced Diagnostics (or equivalent for AT compatibles) or
WDFMT . EXE. (Contact your dealer for a copy of WDFMT. If your
dealer's name, address, and telephone number is not written on
the back cover, make a quick note of the information yourself.
Western Digital does not distribute WDFMT to end users.)

Insert your system diagnostic diskette (or equivalent).
Turn on the system power.

Boot diagnostic and setup option.

CAUTION
Avoid system damage by consulting your Technical Reference
Manual to ensure that &our drive type is s é)ported
your host Basic Input/Ouput System (BIOS) ROM drive
tables. Not all AT-compatibles share the same drive
tables as IBM.
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Set up the system for the proper configuration of diskette and
fixed drives, base memory size, expansion memory size, and

display.

NOTE

The following step requires execution of low level for
matting. Use of Advanced Diagnostics (or similar
Wc[))gram for IBM-compatibles) is necessary since the

1006-WAH contains no on-board BIOS ROM. IBM
Advanced Diagnostics will not format a drive at 1:1
interleave, Use of WDFMT, SpeedStor from
Storage Dimensions, Disk Manger from Ontrack, or
similar software is necessary to format the drive
at 1:1 interleave. Contact your dealer for
further assistance. Finally, formatting a drive
destroys any data on the drive. If your drive
contains useful data, backup the drive before
execution of the low level format.

Insert your Advanced Diagnostics diskette (or equivalent) and ex-
ecute low level format. Follow the menu and reference manual
instructions.

Load and execute the FDISK and FORMAT programs. Follow the menu
and reference manual instructions.

If You Have a Problemn...

Listed below are some common problems.

PROBLEM:

CAUSE:

PROBLEM:

CAUSE:

PROBLEM:

CAUSE:

PROBLEM:

CAUSE:

PRELIMINARY_DOC
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"Nothing Done Exit" message appears when formatting the
drive.

"y" was not pressed. Initiate formatting procedure
again. Be sure to press '"y'".

Drive does not partition.

Check drive types. Note that the drive types for the
AT and Compaqg machines differ.

"Error Reading Fixed Disk" appears when booting from
hard drive.

DOS partition not active.
Winchester activity LED continuously 1lit.

No problem! This is normal operation for ATs.
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PROBLEM:
CAUSE:
PROBLEM:

CAUSE:

PROBLEM:
CAUSE:
PROBLEM

CAUSE:

PROBLEM:

CAUSE:

PROBLEM:

CAUSE:

PROBLEM:

CAUSE:

R S e S e el 18

Error code 1701.
Power supply is overloaded.
Error code 20.

Controller component malfunction. Controller plugged
in incorrectly. Cables reversed. For controller
failures, contact your dealer.

Error code 40.
Wrong drive type. Not enough drive power.
Error code 80.

Not enough drive power. Bad cables. Improper drive
select or termination. Bad drive.

DOS returns a seek or ID not found error.

One possible cause of this problem is a minor incom-
patibity between the WD1006-WAH and the older WD1003-
WAH. If the drive has more than eight heads, for in-
stance, a 16 head drive, the WD1l003-WAH numbers heads 8
through 15 as 0 through 7 in the media's ID fields.
Contrawise, the WD1006-WAH numbers heads 8 through 15
as 8 through 15. To solve the problem, backup and
reformat the drive. This is not manifested in drives
with less than eight heads. If this is not the cause
of the error, then you have a drive problen.

Slow and inefficient operation.

The biggest culprit for this problem is an incorrect
interleave factor. Therefore, some experimentation

with the interleave factor may be necessary. (Refer to

the format instructions for setting interleave factor.)
Interleave factors are very dependent on the host
operating system and application.

Western Digital technical support line is always busy.

Consult your dealer first. Use our technical support
only if your or the dealer's troubleshooting failed.
If the dealer's number is not written on the back
cover, make a quick note of the number yourself.
Thanks.
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1.0 SCOFE

Thie doccument describes the functicnal, electrical and lcgical design
charactericstice of the WD100&-WAH Winchester Disk Controller module. The
bcard is used tc interface two ST-412 compatible fixed dis) drives to the
PC-AT computer I/0 Channel bus structure.

The mcodule includes the WDS010 Winchester Disk Controller, the WD101S
Buffer Manager Conticl Processcr, a WD10C20 Read/Write Contraller, RAM
sector buffer memcry and asscciated contrel logic. The decsign features a
Buffer Manager and Centrcl. (AMAC) gate array for module legic reducticn
and to alleow data transfers to cccur with a 1:1 sector interleave format.

Portions of the WD101S5S control preocessor proteocel specification (firmware)
are included as a part of this document as is a description of the mcdule
self-test cperation. Software which resides in the PC processor (either
test or cperaticonal) or is installed in the module RIOS ROM is not
iricluded as a part of this document.

2.0 APFLICABLE DOCUMENTS

WD 120&-WAR BOARD DOZUMZNTS

nm
L]
[y

6£1-000148 P/L & Ascsembly

60-00011¢& FWE Fabrication

65-000138 i Artwork, PCE, 2 Lavyer
F&-000330D Test Specification

MH= UM MMNN ) Test Preocedure

68-000147 ) Schematic Diagram -

2.2 COMFONENT DOCUMENTE

WDS010 Winchester Disk Controaller
WD10CE20 Read/Write Controller

62-002030-80 WD1015-PLx%x—xx Buffer Manager Control Proccessor
FE-000034 AMAC Specification

68-000147 AMAC TTL Schematic Diagram (Reference conly)
QE-XXXXAX FAL Specification, Address Decocder (U17)

L RE-XXXXXX PAL Specificaticn, BRIOS ROM Opticn (U25)
Q6—-XXXXXX PAL Specification, Wait State Contrcl (Uls)

WD1015-PL17-02 Firmware Listing
WD100E-UAE BIOE Firmware Listivg



3.0 DESIGN OVERVIEW
3.1 HARDHARE OVERVIEW

The WDI100O6-WAH Winchestery Diei Controller (reference code name "CHEETAH’
is a PC-AT bus compatible printed-circuit mcdule that interfaces two
ST-412 type fixed disk drives toc the system processor. The module fixed
disk contrcl legic includes the WDS010 and WD1$1S Winchester disk control
componentsy a WLD10CE2D Read/Write (Data) Contrcller and twa 8192x8 static
FAM°s forr sector data buffering.

A primary feature of the module is an 84-pin (FC-AT) Buffer Management ar
Contrcl (AMAC) gate array used to minimize the module circuitry and to
allow a 1:1 sector interleave data transfer format. Figure 3-1 is a
eimplified blcck diagram of the fixed disk control legic and each major
block is briefly described below. The madule legic is fully described ir

" the referenced doccuments or in subsequent sections of this specification.

3.1.1 WDEL10 WINCHESTER DISH CONTRCOLLER

The WDEO10O Winchester Disk Controller (WDC) is an advanced design VLSI
device that provides the fixed disk drive(s) data and contrcl interface
and sector data buffer contreol logic. The major features of the device
include:

#* Multiple sector read/write commands
# Error Correction Code (ECC) generation and error correction
#* Programmable format and error recovery algoarithms

.1.2 WD1315 BUFFER MANAGER CONTRCL FROCESSO0OR

w

Trhe WD1015 Contrel Processor (CF) is an eight-bit microprocesscr (type
B8151) that cperates with the WDSG1C and the AMAC leogic arvey to aid in
praces=ing the disk commands, to provide sector data buffer mamagement,
help in ervor recovery procedures and to perform module diagnestics. The
processcr chip includes internal RAM and ROM memcry.

3.1.3 WD10C20 READ/WRITE CONTROLLER

Winchester drive read data separaticon and write data pre-compensation is
performed by the WD10C20 Read/Write Contrcller (RWC). The device contai
all of the necessary components (except for a few pass1ve external part=
for complete MFM read/write data control.

3.1.4 AMAC LOGIC ARRSY

Mcdule logic simplification and power reduction is provided by a VLSI
logic array that replaces the standard WD1014 suppcort device and several
SESI/M51 components. The internal device logic includes the dela buffer
address registers and read/write control, WDS0Q10 task file image
regieters, data buffer registers and interfaces to both the system and
module (lccal) bus structures.



3.1.5 RAM DATA BUFFER

Two B192xE static FAM memcriecs buffer- the sector data between the drivel(e)
arn? tha2 PC-AT system bus and ECC correcticn infarmation between the WDS010
diek contrelier and the WD10O1S control processcr. The seztor buffer and
the abcve contrel components allow a 1:1 sector interleave format for
optimized system performance.

3.1.6 SYSTEM BUS INTERFACE

The module interfaces to the system bus address, data and 1/0 contrcol
signals. All fixed disk read/write data transfers are 16 bits wide and
utilize the host fast I1/0 transfer protccel. Module control and status
transfers are 8 bits wide and use the lower data byte (SD07-00) only. The
controller register address map is fixed (at primary or secondary ranges)
as is the bus interrupt request.

The system interface &#lsc includes en 1/0 “wait state’ control cption fo
allow module operaticn in higher speed bus systems and & system "BI0OS® ROM
cption to suppoart future drive types or system mocdificatione.

3.1.7 WINCHESTER DRIVE INTERFACE
The co-troller interfaces tc the fixed disk drivee via one 34-pin control
cable and two 20-pin data cakles in conformance with stamderd ST-412

signal definiticns. Drive power is not furnished via the WD100&6&-WAH
module.

FAGE 3



BUS
WAIT STATE

'CONTROL  (#)
Fmm ¢

e e}

e — 4
SYSTEM
BIOS
ROM (%)
Fm———————————t

~ ~ nuny
m O 223
n.uw M| |
n [=Nale]
n—~oW I3E
il
o o U S |
[ON1)] T <
nwaldd (BRSNS
noaxgo oQoo
w Ve i I |
L <Cq -
Qb2 4t ANt ee e b
ACqoO | | [ | |
g aNans | | | | | |
| n i | | | !
ANA AN | ol | | | |
[ I | ww | [ Bt [Vl
e | WP | | | | O<T W |
| o emmm = | LW | | IS el TR |
[ I I Q| oemmmee == | O L |
(| | lalw | | | w2l
[ | | muw | | I 0 V| + o o e
(. | | @ | | | | |
[ | | | | | | |
(] | | | | | | |
|1 1 + e = - 4 | + = - -t | o}
[ | ~ | | ~ 1 (]
1| | | [ | | | Q
[ | L L i I o | <o
[ | | | | | -t
[ | | | A% | 0
(I | + e e e 4 { L AECIE SRR | = 4
[ | | | [ | | |
[ I | | [ | | - |
4 == e o= e | | me == ee | | |
[ | | o | | + e o aa
[ | | I | o |
[ | Q | o | — |
L L | g | =a == == - | (o] |
[ I | X ] ot | n |
[ | [ 8 | [ | Q |
I | | o | 3 | + ee o ae
I R A | I ==+ 1 | | | |
[ | | | [ | | o= |
[ I | | [ | | | | w
[ I EAETIELIEE N o [ + e mma- $ | Q
| NN [ o | [e
| [ [ | (R RTE
[ R A L J | - 2>
[ | | [ | | [ B WY
| | Ly w I = € -
b t ee o= ee + [ + - e ee oAz
ot | | [ | : | | [
I I | | | T I | -
[ I | | [ | | |
LRI LR I T | | [ | | t o= = -
[ | mw [ | (1] |
I I I | nwl [ | i |
| I lowa | F e = o | < |
[ O | ~NLO | [ | | - |
IR | | -0 | [ | | o |
i B R T Qw i [ | 3 B
Pt | A | | | |
I I | | [ | |
UL ] | Lo | |
/\ v /\ o + _-—_ we + < ¢<~ /\ + - m - +

e
> DRIVE CONTROL BRUS
> DRIVE DATA BUS (2)
FIGURE 3-1
DIAGRAM

SIMFLIFIED BLOCK

e
2

dm e —————— e

<_

mmm— e e
CFTION

(%}

FAGE 4



3.2 SOFTWARE OVERVIEW

~1]1 cormtrel and datz tiransfere betweenrn the hoet processcr and the fived
disl cocntreller use system programmed 1/0. All data traresfere are word
wide (16 bits) and use the system 16-kit fast 1/0 coenticel protocel. A11
control and status transactions use the lower data byte only. The medule
address range is fixed (at either of two ranges) as is the controller
pricrity interrupt level assignment. The mcdule address map ard register
definiticone are given in Secticon S.0 of this document.

3.2.1 FIXED DISK SECTION
3.2.1.1 Commend Contral Flow

The Winchester contrcocller commands and status descriptorse are well
doecumented in the referenced specificaticns; however, it is very importan:
te understand the relation between the system *haost™, the WDS010, thre
WD1015S ard the AMAC suppoirt registers. A typical command sequence is
givern below to help 1liustrate this relaticonehip.

* In the 1dle state, the WDEGI1O drive control signeals are off, the
cantroller status indicates ready, selected drive status is valid, the
controller interrupt is enabled (but not asserted), the AMAC control is i
idle with host drive selectiocn enabled and the WD101S ie in idle, waiting
for the wakeup sigrnal interivupt.

¥ The hoet procecssor cutputse the command parameters to the AMAC task file
image registers and cutputs the cperation command (seeks, read. write,
etc.) and the command attributes (long mcde, retry control. etc.). For
write cperations the system processcor alsc cutputs the sector or format
data.

* The command cutput is intercepted by the AMAC and ie registered in the
AMAC commaiid register (although to the system processor it appeared that
the commznd and command parameters were received by the WDS010).,

* A read command cutput sets the AMAC wakeup controcl latch causing the
controller status to indicate busy and the WD101S5S wakeup interrupt to be
asserted. ‘Write” and "Format®™ commands set the dats request control
latch (status signal DRCE zcscerted) to request the host data transfer.
Completion of the write data transfer (sectcr length in bytes) then sets
the WD1015 wakeup interrupt and busy status.

#* The WD1015 examines the command, verifies command parameters and passe:
the commaind to the WIZL1D for execution. The host comma-d oui, ot 2lec

removes the AMAC from the idle state and the system processor is inhibite
from altering the drive selection until the CP returns the AMAC to idle.
This feature insures that the hocst carnct change the selectec drive even

if the controller is “*net busy’ (the case during multi-sectc: transfers?.



# The WDSO10 executes the command providing drive positioning, data
transferr contrcl,s erio- monitoering and completion status. Drive
read/w-ite date cortrel is provided by the WD10C20 RWC for commande that
require data transfer. For multi-sector transfers with a 1:1 interleave
formet the WDS010 and hoest will be accessing the cector dates buffer during
the same intervals. Memeory access resclution and address contrel is
provided by the AMAC control logic.

¥ fs ezch secter cperaticon completes (move than one for multi-cector
cperaticns)s the WDSO10 interrupts the WD101S which agz2in examines the
cemmand, status, etc.s transfers the sector status teo the AMAC task file
image, sets the contrcller status to indicate *not busy’ and interrupts
the system processcr. For multi-sector cperaticons the host data transfer
will again *wakeup’ the contreller and the cperation continues.

* On command final completions the WD1015 and AMAC are returned to idle
and the host may examine final contrcaller status, select the alternate
drive, issue new commands, etc..

3.2.1.2 Standard Commands

The WDS010 allowes execution of the standard commands described in the
WDS010 specification and listed below - refer to Section S.0 feor the
WD100&-WAH command descriptiones.

Restore, Seel:s, Read Sector, Write Secter, Scan 1D, Write Format,
Compute (ECC) Correcticon and Set (Head and ECC) Parameters.

Of these, the Scan 1D, Compute Correcticn and Set (Head and ECC)
Farameters commands are nct directly available to the system prcocessor
{althcough they may be executed by the WD101S transparently to the host
processcor). a

3.2.1.3 Naen-Standard Commands

Fixed dick commande to the WD1006-WAH are intercepted by the WD1015 (with
the aid of the AMAC logic) and thus commands not specified in the WDEQ10
command list may be defined. :

¥ Set (Drive) Parameters - Non-standard commend used to communicate drive
parameters to the controller. The head, cylinder and sector definition
for each drive is set by this command. The WD1015 ucses the drive
parameters in the execution of multi-sectoer commands and in evaluating
legal contreller commands.

# Read Verify — Command uced to verify that a previous write command was
correct. Read data is not input by the host processcr. The command may
be used with multi-sector cperaticns. An error condition will abort a
multi-sector verify on the errcor sector. The retry command cperand mzy be
used with this command.

#* Diagncstic Commend — The diagnostic command causes the WD1015 to execute

an on—-bocard diagnostic program and to repocrt the test results (at the
WDS010 Ervror Re=gister Addrecss).

FAGL 6



2.2.1.4 Multi-sector Commands

Multiple sectcr read, write and verify commands of up tc 25¢ cecters are
allowed without restriction on track er cylinder bocundaries.
Norm-recoverable control errere (drive not readys, write fault, etc.) or

ncn-cerrectable read data errors will terminate a multi-sector command an
the controller expects a *new command’® teo continue operation. Corrected
read data ervors do nct terminate the commmand and the controller expects
a noirmal data tranmsfer restart and continuation. The "lang” ECC
diagnestic modes are not used in multi-secter operation. The drive
parameters are checked during the executicn of this command.

3.2.1.5 Diagnostic Commands

The contraller con-bocard diagnostic is executed on command and verifies th
. WD101S5 1local stocrage, the sector data buffer storage and the WD1015,
WDZG10 and AMAC deta pathse. Recsults are encoded and are available to. the
systemn processar via the controller errcor registeir — refer tc Section 8.0
3.2.2 EXTENDED MODE OFTIONS

3.2.2.1 Block Commands

To be esurplied

3.2.2.2 Drive Commands

Te be supplied

FAGE 7



4.0 HARDWARE INTERFACE

Thie e=2ction provides deteilsd hardware interfece informaticorm for the
centroler and includes a signal definition of the external signals used by
the module. The signale are alsc licted in the Appendir aloeng with their
coennector pin assignments. Further informaticon on each signal is providec
in the referenced literature.

4.1 SYSETEM BUS INTERFACE

The PC-AT 1/0 channel signals used by the WD1006-WAH are noted below and
require beoth the Pl and F2 system bus connectors.

SA19-SA00

System Address bus - Inpute used tc select the mcdule bus I/0 addresses
and BIOS ROM address. The module decodes the lower 1/0 address input
terme (SA09-00) tco select the task file and support registers. The upper
bite are used to select the RIOS ROM memory map addirecss.

SD15-SD00O

Syetem Data bus - Bi-directicnal signals used to transfer 16-bit fixed
disl. datas 8-bit module contrel and status informaticn and 8-bit BIOS ROM
data.

REN

Addrecs Enable — Input contrcocl signal that indicates a valid 1/0 address
is ocn the system bus. The controcller decode lagic uses this term to
qualify the 1/0 address decaoding.

EALE

Fus Addrecss Latch Enable - Input control signal used to initiate a system
bus datz transfer. The AMAC lcgic uses this input to generate the system
tuz fzet I/0 transfer contreol signal and to enable the high ordev date
byte control signeles.

-10CSst1é

I1/0 Contircl Signal 16 — Output signal used to indicate the fast 16-bit
data transfer mode. The controller asserts this signal for all fixed disk
*data’ transferes.

IOCHRDY
1/0 Channel Ready - Output =ignal used tc insert 0, 1 or 2 wait states in
the 16-bit data transfer cycle. '

IRD14

Interrupt Request Level 14 — Contreoller cutput interrupt level to the
processor requesting a data block transfer or indicating command
coempletion. The level clears on & subsequent fixed disk command to the
controllers host status input, programmed reset or a master system recset.



-I10R

1/0 Read - Input read control strcocbe ascserted by the system processor
dur-irc bus “read’ transecticons. The contrcller uses the signal (along
with the szystem addrecss bus deccding) toc enable syetem I1/0 reade of both

ye

data a-d status information.

-10uW

1/0 Write — Input contrcl strobe asserted by the system processor during
bus "write® cycles. The module usecs this stroke and the decoaded bus
addrecss to receive beth data and command informaticon.

—-SMEMR
System Memory Read — Input strobe used to enable the EIDS ROM.

SYECLHK
System Clock - System bus clock used to clock the I/0 wait state control
lcgic.

RESET

Recet — Input mcodule recset uveed to initialize the WDS010, WD1015 and AMAC
devices., clear the interrupt level and tc halt drive cperaticn. When
reset clears, the WD101S will automatically execute ocrn-bocard diagnostic
tests and load the test result status in the fixed disk error register.

4.2 FIXED DISK DRIVE INTERFACE

The Winchester drive controcl and data (ST-412) interface is well
dacumented in the referenced literature and is included here for document
completeness only. :

4.2.1 CONTROL CAELE

DSi-/c-

Drive Select - Primery cutput controel signal used to connect a drive
interface tc the contrcl signals. The WD100&6&-WAH 1= limited to drive 1 o
2. The =ignale are negated by the contrcl preocesscor following a system
master or programmed resset. The drive can only be selected by the host
and then only when the AMAC i=s in the idle state.

HS3-/0-

Head Select - Binary-coded cutput head select signals (from the WD101S
cnly) allowing drives with up to sixteen R/W heads to be attached to the
controller.

WGE—

Write Gate — Write enable cutput control level to the selected drive. Th
signal is negated by a write fault condition and by a master or programme
reset.

STEF-
Ouvtput step signal tc the selected drive for R/W head positiconing. The
step rate is programmable in the WDS010.



DIFRIN-

Directicn In - Step directicn control signal to the selected drive. When
escerted (low) th= step directiocn is *in’ or toward the center of the
diel,

SC-

Seek Complete — Contrcl signal from the selected drive asserted when the
R/w heads are stsable on the firnal track. The signal is munitored by the
vDE01D during seel and restore commande and during thz irpliel “seei” for
read/write commands.

TRKOQO-

Track 00 — Positioning signal from the drive indicating R/W head lccation
at the cutermecst data track. The signal is monitered by the WDS010Q
following drive ‘restore’” commands.

WF—
W-ite Fault — Sigral from the selected drive indicating a2 fault conditicos
at thz crive which inhibits fucrther writing (or stepping! 1o the drive.

INDEX -

Index — Positioning signal from the drive that cccurs conce per drive
revolution and used by the WDS5010 for command timeout and track
forma2tting. The index signal is availahle (nen—latched) to the heet in
the status byte.

RDY-

Drive Ready — Contral signal from the drive indicating the drive is ready
and that the I/0 contrcal signals are valid - available to WDS210 and to
host controller statue.

4.2.2 DATA (Radial) CAELES

RMFMi/2(+.-)

Read MFM — Differential read date input from each drive. The data
received from each drive is gated by tne drive select signels and is inpu
to the WD10C20 RWC foir data/clock separation.

WMFM1/2(+,-)

Write MFM — Diffeiential signal toc each drive that definee the data/ cloc
transitions toc be written on each track. The write data is
pre-cenditioned by the RWC.

NOTE: The ST-412 “drive select 3/4° control lines are not implemented;
thue, attached drives must be configured as drive unit 1 ¢~ € cnly., Tre
HS3- =ignal (head select 3) is a dual purpcese contrel line and may be
selected to reflect the state of the WDS010 ‘reduced write current?
contrel line (see logic diagram for jumper peoceiticoning).

4.3 INDICATORS
LED+/-

LED Indicator{s) - External indicator signals used to provide visual
indication of fixed disk activity.

FAFE 10



.0 SOFTWARE INTERFACE
.1 REGISTEF ADDRESS MAF

The WI1006-WARE contreoller system I/0 port address map is summarized in
Figure S5-1 and includes the WDS5010 task file area and the mcdule auxiliary
support registers.. The primary address is listed first with the secondary
address shown within parenthesis (see Section 7.0 for address selection
jumper installaticn).

+— - - ——— - +
! ADDRESS (HEX)! REGISTER | FUNCTION :
| ————————————— | ———————— j—— - -— - !
! 1FO (170) RW | HDDTR ! Hard Disk Data Register (1& bits) |
V1F1 (171) WO §  HDWPC ! Write Pre-compensation Cylinder :
! 1F1 (171) RO ¥ HDERR i Error Register :
v 1F2 (172) RW | HDSCZT i Sector Count H
i 1F3 (173) RW 1 HDESI i Starting Sector Number i
v 1F4 (174) RW | HDCLL ! Cylinder Number — Low Byte H
i 1FS (175) RW ! HDCLH i Cylinder Number - High Evyte i
i 1F6 (176) RW | HDSDH i Sector Size, Drive/Head Select :
i 1F7 (177) WG | HDCMD i Command Register H
VIF7 (177) RO Y HDETT ! Statuse Regicster !
i 3F6 (376) WO | HDFDK i Fixed Disk (Control) Regicster H
i 3F6 (376) RO 1 HDASR ! Alternate Status Register H
i 3F7 (377) RO i+ HDDIR i Digital Input Register }
A e e —————————— e e +

FIGURE S-1
REGISTER ADDRESS MAF

S.2 TASK FILE REGISTERS
S.2.1 REGISTER DESCRIFTION

Figure 5-2 summarizes the contreller task file registere (addresses
1FQ/170 through 1F7/177) and their bit assignments with respect teo the
system processor lower byte bus terms (SD0O7-00). Certain register
descripticns shown in Figure S-2 may differ slightly from the standard
descripticons contained in the referenced WDS010 deocumentation. It is ver
impertant to remember that the host access to these registers is always
via the register image contained within the AMAC array. The WD101S
cormtirel processcr has access to beth the WDT2I0 and AMATD registeres.
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! REGISTER + 7 1 &6 1+ S 1 4 1} 3 + 2 + 1 4+ 0o
\ WDWEC  :  CYLINDER NUMEER/G :
. WDERR 1 BED { ECC : O ! INF i O 1§ ACD ! TKO { DNF !
) e e e e e e e e e e e e e e e e '
; HDSCT : NUMBER OF SECTORS ;
. WDSSN :  STARTING SECTOR NUMPER :
;--;DCLZ-_—! ) CYLINDER NUMBER [;;—--_ - --;
. WDCLH : 0 : 0 f © i 0 1 O i CYL NUMBER MSR !
! HDSDH i 1 : SS1 : SSO : DSR2 ! HS3 i HS2 i HS1 ! HSO
: wocen 5 CcomAwo :
! HDSTT ¢ BSY { RDY i WFT { SKC { DRQ { CRD | IDX | ERR !
o +
FIGURE 5-2

WD=010 TASK FILE REGISTERS
S.2.2 COMMAND DESCRIFTION

The task file command registei (HDCMD) accepts the commands and command
attributes as shown in Figure S-3. Commands will nct be accepted when ths
controller 1s “busy’, and will terminate without executicn if the drive
seel: complete and ready signals are false or if a write fault condition
existe at the drive. Undefined command codes will alec terminate with the
"abcrted command’ ervor.

e —————————— +
i COMMAND P74 6 V5 V4 4 3 v 2 4+ 1 4 0 3
{ RESTORE  © O & ©O { O ! 1 i RT3 i RT2 i RT1 | RTO
¥ - _— e e e e e

; SEE! V0 v 1 vt + 1 1 RT3 ' RT2 + RT1 | RTO E
{RDSECTOR ¢ O f O § 1 ! 0 ¢ O i O iLNG ! RIY
; WRT SECTOR ¢ O ¢ O { 1 | 1 ; O §+ O | LNG | RTY ;
! FMAT TRACK § 0 : 1 1 O i 1 1 0 { 0 1 O f o 1
; RD VERI;; i 0 —;-—% a i 0 + o {+ o 1+ o —: RT;—E
I DIAGNOSE : 1 t 0 % 0 ¢ 1 i 0 t 0 i 0 i 0 i
L SET PARAM ! 1 1 © 1 0 : 1 3 0 1 0 t 0 & 1
o e e ————————————————— +

FIGURE S-3
WLSU10 CCMMAND SUMMARY
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where: RT3-0 Drive stepping rate - refer tc Figure S-4

Ncrmal modes normal ECC functions are performed
Leng medes the WDS010 is inhibited from generating
¢ checking the ECC bytes. The WDSO10 will append
the additicnal bytes supplied by the drive (read)
or system processor (write) to the normal data
fieid.

r
=
N

Won

| ol I:

hn

RTY

[l
|

@] Error retries and ECC correctiocn are enabled
1 = Retries and ECC correction are disabled.

S$.2.3 COMMAND DEFINITION

The following provides a brief overview of each command. Additicnal
infoermation is contained in the WD10O6-WAH control processcor firmware
descripticn and in the WDEN10 specification. Again, it should be
remembered that the WO1060&-UWAH does not allow all WES01G0G commands (and
comme .2 attributes) to the host - the commandz are regquired to be in the
format given in Figure 5-3.

RESTORE

A ’Scan ID® ccmmand is iscued to the WDS010 and (if good) a seek command
to cvlinder O ie issued. If the scan command errors a ‘"Restore® command
i i1cscsued to the WDSLH10. During a °“restore’s step pulees 2re issued to
the selected drive until the Track 000 position flag from the drive is
asserted. The restore step rate is governed by the drive seek complete
signal. The command will abort with the error summaticon bit set in the
status register {and a track O error set in the ervor register) if the
pesiticon flag is not asserted within 2047 step pulses.

SEEH

The seeh command positionse the drive heades over the cylinder specified in
thke task file cylinder select registers (HDCLH/L). The step rate is
specified by the RT3-0 command parameter bits (and when used for a restore
proevides a faster coperaticon). The controller pricvity interrupt is
generated on command completion. The buffered se=sk operational mode is
supported.

READ SECTOR

A number of sectors (1-256) are read from the selected disk. If the drive
ics not pesiticned at the specified cylinder an implied ®seek’ will occur.
Drive furnished ECC check bits will be used if the ‘read long® mcde is
specified. Data errors will be corrected if retries are enabled and the
long node is not selected. Uncorrectable errors will noet intitit tte
{error sector) data transfer, however multi-sector transfers will be .
terminated. The controller interrupt will occur as each sector is ready
for system input.

WRITE SECTOR

A number of sectors (1-256) are written to the selected disk with an
implied seek occurring if required. Multiple sector write (and vead)
operaticns may cross track and cylinder bocundaries. System pitccesscor
supplied ECC bytes will be appended in the “write long® mcde. The
irterrupt ic gererated as the data for each sector is required (except the
first). The first dzta buffer 1s cutput by the system processor after the
coemmand hase been issued and the data request status bit 1e on.
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FORMAT TRACFK
The track specified by the task file is formatted with identification,
date and check fielde in accordarnce with the interleave table transferred

tc the sector buffer. The sectors per track and sectocr size are specifie:
in the task file. Commanrd completicn will leave the data field
initialized to ‘zerocs’. The cempleticn interrupt is generated as each

track is formatted.

FEAT VERIFY

The read verify coemmand functicns similar to a normal read command except
that data is not input by the system preocesser. The ECC bytes are checkec
for data verification. Multiple sector operation is supported.

DIAGNOSE

The diagnose command causes the WD101S5 to execute it’s self test routines
and tc repcrt a result descriptor in the error register (HDERR). Refer t«
Secticn 8.0 for a test description.

ST FAXAMETERS

The cet (drive) parameters commamd transfers the maximum sectors per tracl
(HDSCT register) and maximum heads per drive (HDSDH register) to the
coentroller for each drive. The drive parameters are used by the WD101S Cr
during multi-sector command execution.

S.2.4 STEF RATE

[4))

The etepping rates for the encoded controcl bits (RT3-0) used with the
*restore” and “seek’ commands above are shown in Figure 5-4.

e —— e e e ———_———————— +
! RT3-0 + RATE | RT3-0 ! RATE !
‘{DECODE{(H)! (MS) | DECODE ! (M3) !
! O ! 35 us ! 8 4,00
! 1 ! 0.50 9 !4.50
] = T 1,00 A ! 5.00 )
: 3 ! 1.50 ! B ! 5.50 |}
! IA ! 2.00 ! c ! 6.00 !
! S T 2.56 ) D ! 6.50 1
! & ! 3.00 ! E ! 3.2 US !
! 7 ¢ 3.50 F ! 16 US !
+ ——— -+
FIGURE S-4

DRIVE STEFFING RATES

NOTE: Rats deccdes 0O(H)s, E(H) arnd F(H) are per the WDS5010 especification.
The step rate will default to 6.50 MS if not initialized by a previous
seek or restore command.

R
D
N
m
[y
»



5.3 WD100&6 CONTROL AND STATUS REGISTERS
=.3.1 HARD DISH ALTERNATE STATUS REGISTER (HDASR) 3F&/376 (RO)

Thie vregicster is contained within the AMAC arvey and provides fixed disk
status tc the system processor. The register contains a ‘real time?
section (bits 7, &, 3 and 1) and a ‘register’ section set by the control
processor at sector transfer time (bits S, 4, 2 and 0).

i BEZY | RDY ! WFT | SKC 4 DR { CRD 1 IDX | ERR |

A —— - —————————— e +

FIGURE S5-5
ALTERNATE STATUS REGISTER

wheEre:
BZY = Contrcocller Busy Flag
RDY = Ready from selected drive
WFT = Write Fault Flag from WD1015
SKC = Seelk Complete Flag from WD101S5
DR@ = Data Transfer Request Flag
CRD = Corrected Data Flag from WD10G1S
IDX = Index Fulse from selected drive
ERR = Errcr Flag from WD101S

This register reflects the same status as the WDSO10 status register
except for bit position 1 where the drive index eignal replaces the
coemmand in progrese (CIF) flag. It should be remembered that the index
bit is not latched and thus follows the drive contrel signal
(epproximately a 200 microcesecond pulse every 16.7 millisezonde). For
mualti—secztor resd cperstione the repovrted sector number {(flagagsd by the
cerrected data status bit) will be the ‘error secter plus one®. All othe
ervror conditions will report the ‘ervor sector’.

The register mey be interrcgated by the host processcr at any time withcu
interference with other contrcl functions.

S.3.2 HARD DISK DIAGNOSTIC INFUT REGISTER (HDDIR) 3F7/377 (RO)

The fixed disk diagnocstic input register reflects the current state of th
fixed disk drive select, head select and drive write gate signals
{(zorplimented form). The head select bits are controlled by the WDRIOLIE
and are thue valid only fcllowing a command; i.e., they do not follow the
SDH register directly.

e e e +

t 7y 6 V85 14 3 3 V2 vt oyo0 0

i ——— 1 WTG-} HS3-1 HS2-! HS1-! HS0-} DS2-! DS1-1

e e 4
FIGURE 5-6

DIAGNOETIC INFUT REGISTER
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where:
WTG- Write Gate on
HS3~ = Heed Select 3 (cr Reduced Write Current Flag)
HS2-/0- = Drive Head Select (binary)
DSe-/1- = Drive Select

5.3.3 HARD DISK AUXILIARY CONTROL REGISTER (HDFDR) 3F&/376 (W0)

The Hard Dicsk Auxiliary Control Register is contained within the AMAT and
is used to allow programable controller reset amnd to provide
enable/disable contrecl of the fixed disk pricrity interrupt.

e —————— +
v 7 v 6 VS V4 4 3 V2 V1o v 0
. e ———————— +
i 0V 0t 0t O VYV O I RST VIDSYT O
e ——— e ———— +

FIGURE 5-7
AUXILIARY CONTROL REGISTER

where:
RST
1D

Frogram controlled (master) reset
Detz Transefer Interrupt Disabkle

NOTE: The scftware controlled vreset bit (RST) will maintain the fixed
disli secticn leogic reset as long as the bit is on. The bit must be turne:
cn (for a minimum of 10.0 microseconds), then off, to complete the reset
furnction.

Additicnally, it shcould be noted that the interrupt disable control bit
does not clear the intervupt level in the disabled state. A pending
interrupt will cccur when the interrupt is agein enabled. The interrupt
iz dizzkled following & system master reset.

S.4 DATA REGISTERS
5.4.1 FIXED DISK DATA REGISTERS

The contrcller reserves system 1/0 address 1F0/170(H) for fixed disk
procgrammed 1/0 data transfers and all system bus data transactions betwee
the controller and the system processor at this address ucse the 1é6-bit
word transfer bus mode. The contreller (and AMAC arrvay) provide read and
write data “pipeline’ registers to allow the sectcr data memory to
furnction as & dual port memory to soppo-t the 1:1 interlezve formszt =r2
multi-sector cperaticnse. For write operations (system toc controller date
transfers) the most significant byte (SD15/08) is written directly to a
8-bit stcrage register,; while the LSBE (SD07/00) is written tc the AMAC
*post-write® pipeline register. The AMAC locgic then writes both
registered bytes tc RAM in the interval between 1/0 cycles.
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For read data tranmsactions, the AMAC lcgic “prefetches”

the first data

bytes to an internal AMAC register end external upper byte register.
first hoet input transfers datz from thece registerse and initiates a

prefetch of the next twc bytes.

The

Subsequent system read cperations will

transfer the MSE from the contreocller regicster and the LSE from the AMAC

The use of the
pipeline registers permits memcry access sharing between the hcost and the

register and autcmatically prefetch the next bytes.

WDSO1 0.

When the “long” read or write mode is uvsed the additicnal bytes must be

transferred to cor from the sector buffer using the system processor byte
1/0 mode. Refer to Figure S-8 and 5-9 for a diagram of the read/write
data transfer path and fixed disk data format.

SYSTEM
{mmm—— +- - - - +——— > DATA RUS
| : SDiS-8Ln0o
Fm————————————— + e, ———— +
{ CONTROLLER | H AMAC )
i PIFELINE H H FIFELINE 1
i REGS (15-08)1 i REGS (07-00)
Fm——————————— + + —+
] )
H tmm———————— e + H
H : BYTE H H
1 <=>1 TRANSFER 1<->1
H H GATE H !
- ! e —————————— + H
———————— e ——— + ———————————— +
i\ UFFPER e ! LOWER H
i (MSE) BYTE | 4 (LSE) BYTE |
H MEMORY ! H MEMORY H
e ——————— + e ——————— +
FIGURE S5-8
R/W DATA TRANSFER PATH
| ID ! WORD Q0O | WORD 00O | { WORD 255 ! WORD 255 | CHECK
i FIELDS | LSE H MSE H ' LSE H MSE i FIELDS
+__. ———— - — —— —— t— ——
FIGURE 5-9
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5.5 SYSTEM INTERRUFTS

The controller requests fived disk read/write data transfere via a system
interrupt (IRG14). The interrupt level ics set by the WDI01S and will
interrupt the system processcr when the level is enabled (bit IDS in the
auxiliary contrcl register HDFDR reset) and the contreller is not busys
i.e.y a read sector is available for host transfer or a write sector is
required. The interrupt level clears on any command from the system
proecessoirs programmed reset or master recet.

5.6 WD1015 COMMANDS

The WD1015 communicates with the AMAC suppert legic via a set of R/W
commands at pre-set addresses. The commands are used internal to the
controller cnly and are not available toc the system processor. A
descripticn of each command is given in the AMAC specification.

e +
i ADDRESS | R/7W | COMMAND |
+—————— —_— - ——————— e e e e e e e e H
! 20 i R/¢vi | Host memory address block counterd
H 21 ! R/W | WDC memcry address bleck counter |
H 22 i W 1| Ciear host memory address counter:
! 22 I R | Set =leer mode (clear busy) !
; 23 i W | Clear WDZ memory address counter |
H 23 H { | Set 7 byte ECC mcde H
H 24 i W | Set data request latch H
: 24 i R | Set interrupt i
i 29 i W | Set read mode i
i S i R | Set memoiry prefetch i
i 26 i W | Set multiple sectocr mode :
: 26 i R | Clear multiple sector made :
} c7 i W | Set sector blocck counter i
H 27 i R | Set idle mcde !
A —_—————————— +

FIGURE 5-10
CF SUPFORT COMMANDS

Addresses 0G-07(H) and 10-17(H) are recerved for CF communication with th
AMAC and WDS010 task file registers respectively. Address range 30-3F(H)
is recserved for epecial IDE and command contrel.

NOTE: The two high order address bits are not used in the AMAC address
deccde of ths WLICLIS =zugppict commands. For esanple, it "8zl Mollipie
Mode® write command (26 hex) may appear in some of the referenced
documentation as with the high order bits on (E6 hex).

©.7 BLOCK CONTROL

TO BE SUFPLIED
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6.0 LOGIC DESCRIFTION

Thice section is intended to augment the descripticne c¢f Secticns 4 and S
with a more detailed description of the contreller lcgic with reference to
the WD100& schematic diagrams. It is assumed the reader i1ec familiar with
standard TTL components and conventicnal leqic symbols. Further, it is
necessary for the reader to be familiar with the referenced VLSI
components (WDSW1G, WDi1013, AMAC and WD1OCE0).

6.1 SIGNAL CHARACTERISTICS
6.1.1 LOGICAL NOTATION
Pocsitive logic notatien is used throughout and all signale which are

active in the locw state have the negation symbol (SIGNAL-) and are
identified with the low state drawing identifier bubble; for example:

b e ———————————— e +
v FUNCTION | DEFINITICN :
: i ELECTRICAL | LOGICAL STATE H
i SIGNAL | H i 1 TRUE ! ACTIVE, ASSERTED H
! H L ! O FALSE 1| H
! EIGMNAL- | L i1 TRUE ! ACTIVE, ASSERTED !
i i H i O FALSE | :
o ————————— - - ——————————— e +

NOTE: The syste& bus sigrials which are active in the locw state are shown
with the negaticn symbcol preceding the term (-SIGNAL). The controller
legic diagrams follows this convention for system bus signals only.

&.1.2 ELECTRICAL DESCRIFTION

Signals that have the negation symbal have a lcocgical/electrical relation
that is:

0 it H= TTL HI STATE

S5.25v>H>»2.00v | 5.25v>H>2.40v
TTL LO STATE i

0.80v>L>0.50v 0.50v>L>0.00v

———— - - - —— —_—
! LOGICAL i ELECTRICAL : : !
i\ STATE | STATE ) RECEIVER i DRIVER H
b e e e e o e e e o e S ——————— —— T —— —— —{——— — _———" T —— S _— — — — — — — — — — — —— — T — S~ —————— — :

]
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and signale that do not have tre negation symbol have a lcgical/electrical
reletion that ies:

A e ———————————— e +
i LOGICAL | ELECTRICAL : i
i STATE | STATE H RECEIVER ' DRIVER H
V- - - -———1
} O i L = TTL LD STATE | 0.80v>L>0.00v | 0O.S0v>L>0.00v |
: 1 i H = TTL HI STATE | S.85viH:2.C0v | S.25v3HIg.40v |
A e +

6.2 WDS010 WINCHESTER DISK CONTROLLER

The WD5010 Winchester disk contircller device is shown on sheet 4. A
complete description of the device and it’s 1I/0 signals is contained in
the referenced documentation. It 1= important toc note that the device
deta bus (WD7-0). register file address; chip select arnd read/write .
strcbes connect directly to the AMAD where all buse switching, address
se@lection,: etc. is contralled.

The WDS010 accesses sector data memory via bus control and access
arbitration lecgic in the AMAC device. Connection to the WD1QC20
rezd/vrite zortreller i covered in the refererced WDIOCZ20 decumentation.

6.3 WD1O1S5 BUFFER MANAGER CONTROL FROCESSOR

Frimary contral is provided by the WD1015 control processor (see sheet
S). The WD101S5S can eccess registers in both the WDS010 and the AMAC arra:
and functicone primarily to aid in the executicn of hast generated
cemmandss in management of the sector data buffer addressing and in error
recaovery procedures. The controcl processor alsc performs several module
self—-testes focllowing & °‘diagnocse’ commands master reset or programmed
reset (refer to Section 8.0).

The prccessor input port (poart 3) allows firmware interrupts from the
WDS010 operaticon completion signal (INTRG) and buffer request signal
(BDRQ), the drive write fault signal and by the AMAC generated “wakeup’
signal (WAUF). The cutput port (port 2) is used toc select the drive
read/write head (HSEL3-0), tc communicate with the WDS010 (BRDY and WF),
to drive the activity indicator and to allew firmware enable/disable
control of the drive control signels.

All processor program code and program-related data is stored in internal
WDi01D ROM enc FRAaM.  The mocule RAM sector dete bBuffe, i ve:zl-icted to
disk read/ write data and the WDSO10 ECC correction processy i.e.y it is
not used to store WD1015 program variables. The firmware descriptions ar
listings are contained in separate WD1015 and firmware ‘“protocol”’
specifications.



6.4 WD10C20 READ/WRITE CONTROLLER

Feed dete/clcck seperaticn and w-ite data pre-compensation is accomplishe
by the WD1OC2D rezd/write controller. The contreller is shown on sheet 4
c¢f the lcgic diagrams. The WD10CZZ20 and all asscciated components have
their value and beocaerd pocsitioning defined by a WD standard cell (see
referenced documentation).

6.5 BUFFER MANAGER GATE ARRAY

The WD12C00-22 gate array leocgic is shown as a single lcgic block on eheet
3. The primary functicon of the AMAC lecgic is te provide host address and
command deccdings task file contrel and status image registers, data
transfer pipeline registers.: bus contrels and secter data RAM address
control (see Figure 6-1).

Cmmm—— e > SYSTEM ADDRESS BUS
L e Fom to————— s SYITEM DARTA BUS (G7-0Q0C
S e ————— V| > SYSTEM CONTROL BUS
e + + -——+ o +
! ADDRESS/ ! : CONTROL 1 : DATA :
' COMMaND ! 1 AND STATUE | 1 FIFELINE |
i DECCDING i REGIETERE | i REGISTERE |
e ——————— + o ———————— + + - +
] ? 1 [} 1 1
Fomm it R e {———1-—-—=> MODULE CONTROL SIGNALS
e B et e }———1-—-—-> MODULE CF DATA RUS
Cm— e o +--—{—-—-——> MODULE WDC DATA BUS
Cmmmm e = +--—-> MODULE MEMORY BUS
o +
i RAM :
i ADDRESS 1o > TO SECTOR DATA EUFFER RAM
i COUNTERS |
o +
FIGURE 6-1

AMAC BLOCK DIAGRAM

&.5.2 ADDRESS DECODE

The AMAC device addrese and command decoding range is externally selectec
by the decode PAL and jumper select shown on the left peortion of sheet 3.
The deccding lcgic controle the host task file and auxiliary register
address ranges (1F0-7/170-7 and 3F&6-7/37&-7). Individual recgister
deccoding is provided internal to the AMAC. )

6.5.3 TASK FILE REGISTERS

The controal and status task file regicsters within the AMAC are an image ¢
trke normal WDS010 regicsters. The host has acceses teo the AMAC registers
(cnly) while the conmtroal processor can access both the AMAC and WDSO10
register set.
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&£.5.3 DATA FIFELINE REGISTERS

The lower byte data trensfer pipeline registers for bath hoet and WDC
input prefetzh and cutput postwrite are included in the AMAC. These
regicsters (and their external upper byte eguivalent) Witk their assccieter
coentrel logic allow the medule to perform the concurrent hcst and WDC dat:
memory access necessary for multi-secter 1:1 interleave operation. This
necessity requires the AMAC to arbitrate simultanecus hest and WLC
requests and to gate the appropriete address counter to e tarral memory.
See Figure &6-2 for a simple timing and arbitraticn illustraticon.

HOST CONTROL

STROBRE I0R-/W- __(AY__ !

WDC DATA XFR i

STROEE RE-/W- 't (BRY__ !

MEMORY CONTROL L

STRORES OE-/WR- A '_(BY__!
FIGURE &-2

AMAT TIMING TLLUSTRATION

"The timing of the two AMAC generated strobes is controlled by a clocked
sequencer that recsclves pricrity (in faver of the host request) and
generates the external memocry (and byte transferr gate) contreol signals.

6.5.4 MEMORY ADDRESS COUNTERS

The RAM address counters (host and WDC) are sequential 14-bit counteres
with the multiplexed high order 13 bits addressing the two K controller
memories (the low order byte control is provided by the AMAC internal
lagic) .

6.5.5 AMAC EGUATIONS
Referr to AMAC Engineering Specification
6.6 SYSTEM RUS INTERFACE

Sheet 3 shows the system bus address, data and control interface signals.
It iz perticularly importaini 1o note thet the I/0 sdovesz lim2s (E8D7-00
and the address controal signal (AEN) connect to the addvress decode PAL fc
module selection and lines SA? and SA2-0 connect to the AMAC for
individual register addressing. The low order data byte (SD0O7-00)
cornnscts directly to the AMAC and the device provides the necessary bus
drive current. Figure 6-3 illustrates the I/0 read and write signal
relaticnship. The signal timing specificaticon is included in Section 9.
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SA00 N ¥

-10R/-10W T N 2

-1ccsie T N s IV

READ DATA  =——————————o S — x 7T R —

R S SE—
FIGURE 6-3

SYSTEM BUS SIGNALS
FROGRAMMED I/0 CONTROL

&.7 FIXgED DIS# DRIVE INTERFACE

—

Creete 4 and S show the data and controcl interface to the diseh drives.
&.7.1 CONTROL INTERFACE

The contircl input signale (sheet 4) ere terminated wiith standerd 226/330
chm line terminaters and buffered by 74LS14 Schmitt Trigger inverters.
The Index, Seek Complete, Write Fault and Drive Ready =signals connect to
the WDS010 and AMAC for control and status infermation. The drive
cylinder pasitiomning contrel signals (STEP- and DIRIN-) are cutput by the
WDZ319 and buffered by 7406 cpen—-collector drivers.

Sheet S alsc shows the dirive select, drive head select and write gate
cent-ol drivers (type 7438). It shouwld ke noted thet the contrel drivers
cein ke disabled by the contral processcor or by a module reset candition.

&.7.2 R/W DATA INTERFACE

Ul and U2 are the differential data drivers and receivers for each of two
drives and connect tc separate radial data cables - refer tc WD10C20
documentation for @ complete description of the fixed disk reed data
separation and write data precompensation control.

6.8 BUFFER MEMORY

-

The F&M date buffer mszmoiy 1€ shown orn shect =, The RAM add-ece is
provided by the multiplexed ocutput of the host and WDS010 address cocunter
from the AMAC. The RAM chip select inputs (CS1i- and CS2) are always
enabled with the RAM write and output enable signals gernerated by the AMA
legic.

&.9 CLOCE OSCILLATOR
The WD131S and WD10C20 cleck inputs are driven by a 10MHZ crystal

cecillator (refer to sheet S). The WD10C20 generates the WDSH10
controller S MHZ write clock input.
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é6.10 MODULE RESET CIRCUIT

The mcdule power on and low VCC monitor reset control circuitry is shown
on sheet 3. Resistcr Ril and Zener dicde Q3 set the low VCC trip peint at
sapprovimately 4.4 volts., The AMAC lcgic includes a cleocked delay counter
(approximately 12 milliseconds at a 10 MHZ input) to provide an adequate
power on reset interval and to insure the module clock is operative.

¢&.11 LED DRIVER

The LED (activity) indicater driver and connecter are shown on Sheet 4.
The driver is controlled by the WD1015 and indicates contreoller activity.
A current limiting resister o¢n the controller limits the indicator current
to approximately 20 milliamperes.

&.12 BIOS ROM OPTION

TG EBE SUFFLIED

6.13 WAIT STATE CONTROL OFTION

TO BE SUFFLIED
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7.0 INSTALLATION

The contrcller mcdule may be installed in any suitable FC slct that
provides both the F1 and P2 connectors.

7.1 MECHANICAL

Figure 7-1 illustrates the general mcdule IC placement and approximate
drive ccrmnector lecaticons. The module dimensicns are 12.12 by 4.2 inches
and a mounting biracket is included.

e e ——————————————— e ——————— - - -+
H '
‘ :
H H
1 H
1] []
T 1)
'= :
' !
m————————— +—————— + Fc +——+ P1 bt
o —————— 4 ———————ee e +
FIGURE 7-1

controller MODULE LAYOUT

7.2 ADDRESS SELECT JUMFERS

The module primary addrecss range (1F0-1F7 and 3F&6-3F7) is factory selecte
by circuit etch at address jumper positions W31-W32. The secondary
address range (170-177 and 376-377) is selected by cutting the circuit
etch and adding & jumper to positicns W32-W33.

7.3 MODE SELECT JUMFERS
7.3.1 DISK DRIVER CONTROL

Module jumper positicon W41-W4Z2 enables the drive contrcocl drivers only whe
the WD101S asserts the active signal or when the host reads the controlle
status or diagnostic regiceterse., Feeiticns Wa2-W43 enables the drivers i
all cases except reset.

7.3.2 DIAGNOSTIC REGISTER LATCH CONTROL

Jumper pcosition W101-W102 enables the diagnostic Digital Input Register ¢
cperate in the non-latched mcde: i.e.; the register cutpute are allowed t
follow the inputs. Fosition Wi02-W103 latches the input signals
(preventing cutput change! when the register is read.



7.3.3 WD1015 MODE CONTROL

Jumpers W71, W72, W72, W31, WB2 and ¥B3 are used toc provide two external
mcde selects to the contrel processcr. The mecdes are not currently
defined.

7.3.4 HEAD SELECT/RWC CONTROL

The heed select 3 cutput is contreolled by jumper pesition Wi1-W12 and is
required for 16 head drives. Pcosition WIE2-W13 cutputse the WDS010 reduced
write current signal on the same control connector pin. The 16 head mode
is factery selected by circuit etch at position W1ll-WiZ2.

7.3.95 1/0 Channel Wait State Contrel

Jumper positicons W21-We2, We3-We4d4 and W2S5-W26 are used to select O, 1 or ¢
bus wait states for the 16-bit 1/0 data transfers. The wait state
generator 1s timed by the system bus clock.

7.3.6 BIOS ROM TYFE SELECT

Poeition WP1-W92 is used to select BIOS ROM type 2716. Jumper W92-W93 is
factory selected by circuit etch for types 2732 and 2764. The ROM socket
ie decsigred toc accommodate any of the three types.

7.2.7 RIOS ROM ADDRESS MAF SELECT

The FOM system memcry map address is selected by jumpers WSi-W32 and
W61-Wé2 as inputs to an address deccde FAL — see referenced FAL
cspecificaticon for decocde equations. ’

7.4 MOUNTING ERACKET JUMFER

Jumper connecticn Wi11-Wi12 is provided to allow grounding of the meodule
mocunting bracket to board lecgic ground. The jumper is not installed at
the factory amd is not normally used.
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8.0 TESTING
8.1 CONTROLLER SELF TESTS

The encoded recsult desriptore for each contrcaller celf test are shown in
Figure B-1. The contrcller errcor register HDERR (hex address 1F1/171) is
used to report the test result. The tests are executed feollewing the
*diagnose’ command ©r any reset.

The tests verify the WD101S firmware checksum, the WD1015 RAM memcry, the
sector buffer RAM memcry and the WDS010 and AMAC data paths. System bus
cr hast interactive teste are not included.

20
m
()]
cC
r
-
o
m
u)
0
A
[
Y
-
-
Q
4

H 01 ! Noo Errores H
H oc i Controller Evror H
H 032 ! Sector Buffer Error '
H Q4 it AMAC Device Ervror H
H oS { Contrcl Frocessor Ertvor i
v 06-FF i Undefined H
e, e e —————————— +
. FIGURE 8-1
SELF TEST ERROR CODES
where: Oé = WD1015/WDSD10 regicster access error
03 = Sectocr buffer data error
0& = WDIC1IS/AMAT register access error

WD101S ROM checksum error
WD101S RAM data error

nn

8.2 SYSTEM TESTS

Mcdule scftware tests designed to coperate in the PC-AT system are not
covered in this document. These tests would include the WD HDT/DAD
diagncstic tests or any host test software.
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S .0 GENERAL SFECIFICATIONS
2.1 FOWER AND ENVIRONMENTAL
Z.1.1 Fower Requirements

+5 VDC +/— S.0% < 1.000 amps
+12 VDC +/- 10.0% < 0.010 amps

?.1.2 Environmental

Temperature
Operating
Non-cperating

Humidity
Operating
Non—-cperating

Shcack and Vibration
Shock:
Vibration

Altitude
Operating
Non—operating

F.2 FIXED DISK

?.2.1 RECORDING SFECIFICATIONS

Enccding Metheod
Data Rate

Sector format

Drives supported
Heads suppcorted
Tracke supported
Hard Error Rate
Scft Error Rate

Seel: Errvor Reate

FAGE 2

10 to 50 degrees celsius
-40 to &0 degrees celsius

8% to 835% non-condencsing
% to 9S4 non-condensing

35G/20MS square wave maximum
1G/0-600Hz, dwell not to exceed
30 seconde at (any) rescnance

0 to 3000 meterse merimum
0 to SO000 meters maximum

MFM

5.0 MES

512 bytes/sector, 17 sectore/tract
soft sectored format standard, 12€
2546 and 1024 bytes/sector
available ‘

2 maximum

16 maximum

32,768 maximum (2048 cylinders)
less than 1 per 10(E12) bite read
less than 1 per 10(E10) bits read

less than 1 per 10(EQGS) seeks



?.2.2 FIYED DISK READ/WRITE CONTROLLER SPECIFICATIONS
Masximum Acqueiticn time 12 usec @ S.0 mbe/sec

Jitter rejection > 35 db @ 2.5 MH:z
> 40 db when tracking

Bit Error Rate ' <10(E10)

Bit Jitter Tolerance +/— 34 nsec
W/C Asymmetry Margin +/- 20 nesec
Kd-Pump Output 4/2 ma at pump pin
Ko-VCO Gain S% per volt

7.2.3 ERROR CORRECTION SFECIFICATIONS

Method Polynomial division
Degiee ; 32
Forws-d polynamiel Y732 4+ ¥EE + XNBE 4+ X719 4+ X177 4+

X~10 + X"06 + X"02 + 1

Reciproccal polynomial X~32 + X730 + X246 + Xh22 + XS +
_ X713 + X"06 + X004 + 1
Record length (v) S16 X 8 bits standard
Caorrection sp;n (b) S bite
Single burst detection span r = 816 X 8
With b = 0 32 bits
With b = & 19 bits
Double burst detection span r =516 X 8
With b = 0 >3 bits )
With b =5 3 bits
Non-detection probability (r = 516 X B8, b = 5) = 2.3(E-10)
Miscorrection probability (r = 516 X 8, b = 9) = 1.57(E-5)
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2.3 DRIVE INTERFACE

All ccntrel and date drivere, receivere and signal terminaticns are per
the ST-412 interface specification. Drive attachment is rectricted to twc
unite. Drives with up toc sixteen heade are supported.

2.3.1 FIXED DISK DRIVE CONTROL CONNECTOR

WD Fert No. LE-820% (Berg type 65610-134), Fin 15 polarization

9.3.2 FIXED DISK DATA CONNECTORS

WD Part Nc. LE-8804 (Berg type 65610-120), Fin 8 pelarization

9.3.3 LED Connector

WD Part No. 41-001008-00 (Berg type 65S00-104)

.4 SYSTENM BUS INTERFACZE

Frogrammed I1/0 ie used for all fixed disk contreol and date transactions.
All data transfers are 16-bits and use the channel *fast I/0° protocol.
All control transfers are B-bits wide and use the lower bus data byte.
Tte module 1/0 primary and secondery addrecss ranges (1F0-1F7, 3F&-3F7 and
17G-177, 376-377) and pricrity interrupt assignment (IRC14) are fixed.
Bue lcading for &ll1 controller input signals will not exceed 2 standard
LSTTL loads in either legic sense. Madule cutput low state sink current
(Icl) at Vol = 0.4 volts is 12 ma. on all tri-state cutputs and 16 ma. on

cpen callector cutput -I0CE16.

____________ e e e -

+
i SYMECL | CHARACTERISTIC T MIK Y MAX | UNIT !
H v —I0CS146 from SAQ9-01 H i 78 1| nsec i
H t =I0OCS16 from SAOO : i 63 | nsec |
H i\ +10CS16 from +I0R/+10W H i 80 | nsec !
: i 8D1S-08 from —-I0OR H i S5 | nsec |
' ' SDO7-00 froem -I0R H i 835 | nsec !
H ' SD15-08 HIZ from +I0R ! i S5 | nsec |
H ! SDO7-00 HIZ froem +I0R H i 87 | nsec |
} ! SD15-00 setup to +I0W P60 ! nsec |
H i +I0W to SD15-00 HIZ (hold time) i S0 ) ! nsec !
' ! -IOR/-I0W pulse width (16 bit I/0) ! 160 ! ! nsec !
! !V —ICR/-I0N pule= width (8 bit I/ iS40 ! meez !

1 ! +I0OF/+10W teo -I0OR/-I0OW (16 bit I/70) §} 375 ¢ ! nsec |
Fm——— e e S e — — - +

FIGURE 9-1
SYSTEM BUS TIMING CHARACTERISTICS
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A. SYSTEM BUS CORNNECTOR F1

Fine and signale are viewed acs
mcedale component side to

RO1
BRO2
BO3
BO4
BOS
RO6
EO7
Erog
RO?
E10O
E11
k12
E1Z
Big
EiS
Eie&
B17
B18
R1Q
B
E21
B2
E23
Ec4
B=2S
B25
rRe7
EBes
EzS
B30
E31

FAGE 3=

GND
RESET
VCC

+12vVDC
GND

-SMEMR
-I10W
-I0R

0
1)}
O
r

BALE
VCC

GND

the right.

lecking down

A01
A02
A3
AL
ACS
AQL
AN7
A08
A0S
Al10
All
Ale
Al13
Als
A1S
Al6
Al17
Al18
AlQ
A20
A21
A2
A23
A4
AZS
A2&
A27
A2E
A9
A3G
A31

at the conrecteor with the

SDO7
SDo6
SDOE
SDo4
SDO2
spo2
SDO1
SDOO
1/0CHRDY
AEN
SAL1Q
SA18
SAl17
SAlé
SAl1S
SAl4
SAl13
cet1e
SAl11
SA10
SA0?
SAN8
SAL7
SA0s
SALS
SACY
SAHGS
SAO2
SA01
SADO



E. SYSTEM EBUS CONNECTOR F2

Fine and signales viewed &= lcaking down on the connector with the module
component side to

DO1
DoO2
LO3
DO&
DOS
DO&
D27
D08
DOY
D10
D1t
D12
D1z
T
D15
D1é
D17
D18

-1/0CSs16

IR014

VCC

GND

the right

co1
coe
Cos
Cog
CoS
Cos
Coz
cos
coe
Cia
Ci1
cie2
Ci3
Cia
Ci1S5
Cié
Ci17

cis.

1=yolel=]
SDo°
SC10
So11l
=353 &=
SD13
SD14
SD15S



C. FIXED DISK DRIVE CONTROL CONNECTOR JS

Drive contirol conrector

component side.

01 GND
03 GND
S  GND
07 GBGND
09 GND
11 GND
13 GND
15 KEY
17 GND
19 GND
21 GKND
22 GND
25 GND
£7 OGNI
29 GND
21 GHND
33 GND

viewed as

oe
04
Q&
0g
10
12
14
16
18
20
e
=1
26
£5
30
32
34

D, FIXED DISK DRIVE DATA CONNECTORE J4/33

lcaking at the
(LD connector type LE-B8B80%)

HS3-
HSe-

WG-

cC-
TREQQ-
WF-

HSO-
RESERVED
HS1-
INDEX-
RDY-
STEP-
DS1-
DSz~
RESERVED
RESERYVED
DIRIN-

The drive data connectocrs are shown as leoking at the connector from

mcdule component side.

01 RESERVED
G3 RESERVED
0S5 SPARE

07 RESERVED
05 NU

11 GND

13 WMFM1/2(+)
15 GND

17 RMFHM1/2(+)
19 GND

(WD connector type

o2
04
06
G8
10
12
14
16
18
20

LE-8804)

GND

GND

GND

KEY

NU

GND
WMFM1/2(-)
GND
RMFM1/2{(-)
GND

connector from module

the



E. EXTERNAL INDICATOR CONNECTOR J6
(WD connector type 41-001008-00)

o1 LED+
03 LED-

02 LED-
04 LED+





