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PREFACE 

The ‘7048 udapter hus the purpose ot interfacing the wD1000 

controller to the SPC/1. The adapter cun be used in a programmed 

mode or with the use off DNA. Other units may use the same 

DMA channel as the 7048, but they must not be enabled concurrently. 

Basis adress is O to OF hex. 

DMA channel number 1. 

Interrupt level 5. 

IN OO-O7: Is input directly from the WD1000 controller, the 

meaning of the specific adresses can be seen in 

appendix 1. 

IN O3-OF: 

D/ Do Dd b4 Do D2 D1 DO 

mx ' xX 't| X ! X ! X  ! WAIT ! DMAEN! INT. ! 

D2: Is WAIT active on the interface’ 

D1: 1s DMA enabled on the adupter? 

DO: Is an interrupt pending? 

OUT 00-07: Is output directly to the Wbi000 controller. 

OUT O3-OF: 

D/ Do D5 D4 D3 D2 D1 bo 

ro ! 0 ! O ! O  ! CDRQ ! CLEAR! DMAEN! W/k ! 

D5: Sets Dmareq to one (is used in connection with writing). 

D2: Initialize the DMA control on the adapter. 

D1: knables the DMA and interrupt logic on the adapter. 

DO: Sets the DMA logic too write or read.
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WD1000 

WINCHESTER DISK CONTROLLER 

OEM MANUAL | 

PRELIMINARY 

WESTERN DIGITAL 

2445 MCCABE WAY 
IRVINE, CALIFORNIA 92714 

(714) 557-3550 
TWX 910-595-1139 

SPEC No. 80-03 1001: 



USER COMMENTS 

FROM: NAME 

ADDRESS 

CITY 

STATE 21P 

NOTE: Use this form to communicate any errors, 

suggested changes, or general comments 

about this document. 

DOCUMENT: TITLE/NUMBER/REVISION 

COMMENTS: 

FOLD, STAPLE & MAIL 

|
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Introduction 

Section 1 

Introduction 

1.1 General Description 

The WD1000 is a stand-alone, general purpose Winchester Controller board 
designed to interface up to four Winchester disk drives to a host 
processor. The drive signals are based upon the floppy look-alike 
interface available on the Shugart Associates' SA1000, the Seagate 
Technology ST506, the Quantum Q2000, and other compatible drives. All 
necessary buffers and receivers/drivers are included on the board to 
allow direct connection to the drive. Both 34 pin (5-1/4" drive) and 
50 pin (8" drive) connectors are provided, as well as four 20 pin data 
connectors, 

Communications to and from the host computer are made via a seperate 
computer access port. This port consists mainly of an 8 bit 
bi-directional bus and appropriate control signals. All data to be 
written to or read from the disk, status information, and macro commands 
are transferred via this 8 bit bus. An on board sector buffer allows 
data transfers to the host computer independent of the actual data 
transfer rate of the drive. 

The WD1000 is based upon a propriety chip set called the WD1100, 
specifically designed for Winchester Control. 

, 
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Built-in Data Seperator 
Built-in Write Precompensation Logic 
Data rates up to 5 Mbits/sec 
Control for up to 4 drives 
Control for up to 8 R/W heads 
1024 Cylinder Addressing Range 
256 Sector Addressing Range 
CRC Generation/Verification 
Automatic Formatting 
128, 256, or 512 Bytes per sector (ROM selectable) 
Unlimited Sector Interleave Capability 
Overlap Seek capability 
Implied Seek on all commands 
Automatic Retries on all errors 
Automatic Restore and Re~seek on seek error 
8 Bit Host Interface 

WD1000 OEM Manual 
Introduction 
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Encoding method: 
Cylinders per Head: 
Sectors per Track: 
Heads: 
Drive Selects: 
Step rate: 
Data Transfer Rate: 

Write Precomp Time: 
Sectoring: 
Host Interface: 
Drive Capability: 
Drive Cable Length: 
Host Cable Length: 
Power Requirements: 

Ambient Temperature Operating: 
Relative Humidity: 
MTBF: 
MTTR: 
Length: 
Width: 
Height: 
Mounting Centers: 

MFM 
Up to 1024 

Up to 256 (512 byte sec) 
8 
4 

10 uS to 7.5 mS (0.5 mS increments) 
4.34 Mbits/sec (SA1000, Q2000) 

5.000 Mbits/sec (ST506) 
10 nanoseconds 
Soft 
8 Bit bi-directional Bus 
10 "LS" Loads 
10 ft. (3 M) max 
3 ft. (1M) max. 
+5V +-5%, 3.0A Max (2.5A typ.) 
-8 to -18V, 50 mA 
0 C to 50 C (32 F to 122 F) 
20% to 80% 
10,000 POH 

30 minutes 

9.9 in. (24.9 ecm) 
6.8 in. (17.1 em) 
0.75 in. (1.9 em) 
6.375 X 9.375 in. (16 X 23.6 om) 
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Section 2 

Interface Connectors 

2.1 Organization 

The WD1000 has eight on board connectors. These connectors consist of a 
power connector, host interface connector, two drive control 
connnectors, and four high speed data cables. 

The drive control cable is daisy-chained to each of the four drives. 
Although there are two drive control connectors, only one would normally 
be used for any particular configuration. 

The drive data connectors carry differential Signals and are radially 
connected. Up to four drives can be accomodated by the WD1000. 

The host interface connector provides interface Signals that are 
compatible with most microprocessors and many mini-computers with very 
little interfacing effort. 
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Hos nterirace onnector 

The Host Interface connector (J5) consists of an eight bit 
bi-directional bus, three bit address bus, and seven control lines. All 
commands, status, and data are transferred over this bus. The control 

signals are as follows: 

2.2.1 DALO-DAL7 
8 bit bi-directional Data Access Lines. 
These lines remain in a high-impedance state 
whenever the CS- line is inactive. 

2.2.2 CS- ; 
When Card Select- is active along with RE- 

or WE-, Data is read or written via the DAL 
bus. CS=- must make a transition for each 
byte read from or written to the task file. 

2.2.3 WE- 
When Write Enable- is active along with CS-, 

the host may write data to ae selected 
register of the WD1000. 

2.2.4 RE- 
When Read Enable- is active along with CS-, 
the host may read data from aé_e selected 
register of the WD1000. 

2.2.5 A2-A0 
These’ three Address Lines are used to 

select one of eight registers in the Task 
File. They must remain stable during all 
read and write operations. 

2.2.6 WAIT- 
Upon receipt of a CS-, the WAIT- line may go 

active. It returns to the inactive state 
when the DAL lines are valid on a read, or 
data has been accepted on a write. 

2.2.7 INTRQ 
The INTerrupt ReQuest Line is activated 
whenever a command has been completed. It is 
reset to the inactive state when the Status 
Register is read, or a new command is 
loaded via the DAL lines. 
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The Data ReQuest line is activated whenever 
the sector buffer contains data to be read 
by . the host, or is awaiting data to be 
loaded by the host. This line is reset 
whenever the Data Register is read from or 

written to. The DRQ line will continue to 
toggle until the buffer is exausted or until 
a write or read is performed on the 
Cylinder Low register. 

2.2.9 MR- 

The Master Reset line initializes all 
internal logic on the WD1000. Sector Number, 
Cylinder Number and SDH are cleared, 
stepping rate is set to 7.5 mS, Write 
Precomp is set to cylinder 128, and Sector 

Count is set to 1. The DRQ and INTRQ lines 
are undefined. 

2.2.10 -V 
Optional -V input from the host supplies -8 
to +15 to the on-board -5 volt regulator 
(VR1). This power input is also available on 
J6, pin 2. 

2.2.11 GND 
All even numberd pins on this connecter are 
to be used as signal grounds. Power grounds 

are available on J6, pin 1. 

2.2.12 +5V 
8 power pins for regulated +5 volts. This 
power input is also available on J6, pin 3. 
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2.2.13 50 Pin Host Interface Connector 

The host interface connector (J5) 
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tenth-inch centers that mates with Burndy #FRE 50 B-3. 

should be flat ribbon cable or twisted pair with a length of less than 

three feet. The connector pin-outs are as follows: 
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WAIT- 
Not Connected 

-V 
INTRQ 
DRQ 
MR- 
Not Connected 
Not Connected 
+5V 

eww ee ee een ew wee + 

is a 50 pin card edge connector on 

The cable used 
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Interface Connectors 

2.3 Drive Control Connectors 

The drive control connector is a (relatively) low speed bus that is 

daisy chain connected to each of the drives (up to four) in the system. 

To properly terminate each TTL level output signal from the WD1000, the 

last drive in the daisy chain should have a 220/330 ohm line termination 

resistor pack installed. All other drives should have no termination. 

Drive control signals are as follows: 

2.3.1 RWC- 
When the Reduce Write Current line is 

activated with write gate, a lower write 

current is used to compensate for greater bit 

packing density on the inner cylinders. The 

RWC line is activated when the cylinder 

number is greater than or equal to four times 

the contents of the Write Precomp Register. 

This output is valid only during Write and 

Format Commands. 

2.3.2 Write Gate- 
This output signal allows data to be written 

on the disk. 

2.3.3 Seek Complete- 
Informs the WD1000 that the head of the 

selected drive has reached the desired 

cylinder and has stabilized. Seek Complete is 

not checked after a SEEK command, thus 

allowing overlapped seeks. 

2.3.4 Track 000- 
Indicates that the R/W heads are positioned 

on the outermost cylinder. This line is 

sampled immediately before each step is 

issued. 

2.3.5 Write Fault- 
Informs the WD1000 that some fault has 

occured on the selected drive. The WD1000 

will not execute commands when this signal is 

true. 

2.3.6 HSO-HS2- 
Head Select lines are used by the WD1000 to 

select a specific R/W head on the _ selected 

drive. 
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2.3.7 Index- 
Is used to indicate the index point for 

synchronization during formatting and as a 

time out mechanism for retries. This signal 

should pulse once each rotation of the disk. 

Informs the WD1000 that the desired drive is 

selected and that its motor is up to speed. 

The WD1000 will not execute commands unless 

this line is true. 

2.3.9 Step- 
This line is pulsed once for each cylinder to 

be stepped. The direction of the step will be 
determined by the DIRECTION line. The step 

pulse period is determined by the internal 

stepping rate register during implied seek 

Operations or explicitly during Seek and 

Restore commands. During auto restore, the 
step pulse period is determined by the SEEK 
COMPLETE time from the drive. 

2.3.10 Direction 
Determines the direction of motion of the R/W 

head when the step line is pulsed. A high on 

this line defines the direction as out and a 

low defines direction as in. 

2.3.11 DS1-DS4- 
These four Drive Select lines are used to 

select one of four possible drives. 

2.3.12 Control Driver/Receiver 
The control lines have the following electrical specifications: 

True=0.0 V to 0.4 Vo at Ijin = 40 ma.(max) 
False=2.5 V to 5.25 V at Ijin = ~O ma.(open) 
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-RWC 
-Head Select 2 

NC 
-Seek Complete 
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NC 

-Head Select 0 
NC 

-Head Select 1 
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-Drive Select 
-Drive Select 
-Drive Select 
-Drive Select 
-Direction In 
-Step 
NC 

-Write Gate 
-TROOO 
-Write Fault 
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should be flat ribbon cable or twisted pair with a length of less than 

10 feet. The cable pin-outs are as follows: 
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2.3.14 34 Pin Drive Control Connector 

This drive control connector (J7) i 
tenth-inch centers that mates with Burndy #FRS34BS. The cable 

s 

WD1000 OEM Manual 
Interface Connectors 

a 34 pin vertical header on 
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-TROOO © 
.-Write Fault 
-Head Select 0 
“NC 
-Head Select 1 
-Index 

-Ready 
-Step 

-Drive Select 
-Drive Select 
-Drive Select 
-Drive Select 

-Direction In 
-Step 

rk
 

o
o
 

H
w
h
 

aw 

fa 

‘ 

a > ae oe 0 am dm on ae ad oe oe oe am on oe oe 

e
e
e
 
w
e
e
 

e
w
 
e
e
 
O
H
 

w
e
 
e
e
 

O
e
 
e
e
 
w
e
 
e
e
 
O
O
 
e
e
 
w
e
 
e
e
 

-—+ 



i Page 2-10 WD1000 OEM Manual 
Interface Connectors 

A three pin molex connector (J6) is provided for power input to the 

i board. The customer supplied mating connector housing is Molex 

03-09-1032. The pin-outs are as follows: 

torn cewennne ee ea + 

; Pin i Signal Name | 
tenen------- pawn new en nnn nn eo ee eee + 

i 1 H GROUND H 

i 2 H -8 to -15 V unregulated |; 
i 3 H +5 V regulated ' 
$a nee enn---- pre ewww we ee ne we ew enn ne nnn ee= + 
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3.1.2 Host Write Timing 

oh ew ne ww ee en eee ee ne ee mee met eee nee rnaae 

i SYMBOL CHARACTERISTIC MIN MAX UNITS 

hw ww ew we ww ww ee ee ws eee een ee TT ET Re 

i twe WE=- active from A0-2, CS- 0 ns 

1 twa WAIT= active from CS- 100 nS 
| tRST INTRQ, DRQ reset from WE- 100 ns 

i tps Data valid delay from WE- 100 ns 
' typ Data Hold from WE- 20 ns 

(0 otwr Wait active period 0 6 uS 
\ tHLD Hold time AO-2, CS- 

H from WE- 0 
ee ee ee ee we ww ew ww we em ee ee Sm 

AO-A2, CS x x 

—| — tWE —-| | tHLD 
—_— ' 
WE 1 

a | | 
_ lo —— tWT \ 

WAIT i]! i | 
twa—! i ips—' —-' 4% tDH 

{ 

i 

—-| |= tRST 
i i 

INTRO, DRO | 
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i ee, canna anne ennennnccenecencceencennnennccenccennmenncages . 
» SYMP LL CHARACTERISTIC MIN MAX UNITS i 

fie 
+ 

| | tweE WE- active from A0-2, CS- 0 ns 

, 1 twa WAIT- active from CS- 100 ns 

‘ ' trot INTRQ, DRQ reset from WE- 100 ns H 

A | | tng Data valid delay from WE- 100 ns 

' typ Data Hold from WE- 20 ns i 

i tyr Wait active period 0 6 us { 

| tHLED Hold time AO-2, CS- 
' 

i from WE- 0 1 

lp nn EE 
+ 

AO-A2,CS Da 

—_— 
WE ] I 

| 1 ' I 

| j——— twT ———, 
WAIT (| iy 

twA—! — '=tDs—| —-| +— {DH 
t bc Ne 

DAL TTL DATA MUST BE VALIDXY//, 
1 

—| |= tRST 
' ' 

INTRO, DRO { 

—_
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J 3.2 Drive Control Timing 

Be a a a a a a ee en ee ener + 

i; SYMBOL CHARACTERISTIC MIN MAX UNITS j 
oh a a a nw nw wr ee en en ee ee ere + 

| i two Write gate pulse width 1 sector 2 rotation i 
i tps Direction to step delay 250 ns 
i tsy Step pulse width 5 (typical) uS { 

| i tsp Programmed Step pulse period 0.01 7.5 uS i 
i tgs Step to Seek Complete false 9 us i 
i tsc¢ Last Step to Seek Complete 128 Index | 

| { times } 
he oe a ww a ew ew eee nee eeeenn + 

Notes: 

1. Write gate pulse width will vary depending on the sector size 

and the rotation rate of the disk. 

2. Step pulse period will be equal to seek complete time during 
auto restore. 

-OR SEL, HD SEL _X Xx 

- RWC | __VALIO WLLILLLLLLLLLLLLELLL LLL LLL LL 
'-— WG . 

~ WRITE GATE L j 

ps} i 
- DIRECTION 77/7/77 CO” 

] tsp ——_____+, 

~ STEP = #SW i= {-—_—— 
| LS” 

BE — so — 
~ SEEK COMPLETE I a 

i | 
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3.3 Drive data timing 

oh ww a ww we we rr enema + 

i SYMBOL CHARACTERISTIC MIN MAX UNITS | 

ope ee a ream nen + 

| ttc Timing clock period WCLK/16 (typical) H 

i twp Write data pulse width 60 120 nS ' 

1 trp Read data pulse width 25 ns 1 
pce iw en ee ee en ee ee ree ere naem + 

+ TIMING CLOCK 
1 

le— tTC —+i 
_TIMING CLOCK! 

+ MEM WRITE DATA 
‘ ‘ 

—! ~— tWD 
_ MEM WRITE DATA Pe 

+MFM READ DATA__ 
t t 

— i tRD 
-~ MFM READ DATA 1 

— 
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Host Interfacing 

Section 4 

Host Interfacing 

The WD1000 is designed to easily interface to most micro-computers and 

many mini-computers. All interfacing is done through the Host Interface 

Connector (J5). The interface is very similar to Western Digital's 

family of LSI peripheral chips. There's only one exception: the 

inclusion of a WAIT line. 

4.1 Waits 
The WAIT- control line goes true whenever either of the following are 

true; 

o The WD1000 is accessing data internally to send to the host during a 
read operation 

fe) The WD1000 has not accepted the data from the host during a write 

operation. 

The definition of the WAIT- line is very similar to the WAIT signal 

found on many Intel and Zilog products. WAIT- is also similar to the 

REPLY signal on Western Digital and DEC processors. 

Wait will not neccessarily make a transition for each access to the 

WD1000. When the WD1000 can return the requested data within 100 nS, 

there will not be any transition of the WAIT- line. This should be 

interpreted as an instant REPLY on Western Digital Processors. 

If the WD1000 cannot return the requested data within 100 nS, it will 

assert its WAIT- line. The period of the WAIT- signal will vary from 750 
nS to 6 uS with 1.25 uS being about average. The period of WAIT- only 
approaches 6 uS during a read or write which happens immediately after a 
command is written to the command register. This means that longer waits 
may be encountered during the first read or write to any WD1000 register 
if that first read or write happens within approximately 6 uS of a 

command being issued. . 

During the time that WAIT- is asserted, the host system must hold all of 
its strobe and address lines stable. On write operations, the DAL lines 
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must also be held stable. 

4.1.1 WAIT timing 
The user can modify the timing of the wait signal by selecting a jumper. 

The WD1000 is shipped with a jumper (or trace) between EN and E5. This 
enables waits as soon as the CS- signal is asserted. This timing is a 

requirement for some processors and compatible with most. If the host 

system requires the WAIT- signal to be asserted only when RE- or WE- are 

asserted in conjunction with CS-, the trace at E4 and E5 should be cut 

and a jumper should be installed between E4 and E3. 

4.2 Host interfacing example 

The example below illustrates the absolute minimum of hardware required 

to interface to a small 8085 microcomputer system. In this example, we 

are not using buffers or completely decoding the I/O. In a real system, 

the user would probably want to completely decode the I/0 to minimize 

the amount of I/O or memory space required to interface the WD1000. If 

the interface cable length is kept to a few inches, it is often 
permissible to interface it directly to a microcomputer's buffered bus. 

RESOUT | MR—- 
READ WAIT — 
WR - WE - 
RD — RE - 
A15 CS- 

-——| DAL7 
DAL6 

r DALS 

DALS —— 

AD7 8D 8Q — INTRO 
AD6 7D 70 X _ ADS | 6D 6a} — pra 
ABs ae 
AD2 3D 30/-_. A2 
AD1 2D 28 Al 
ADO Bd AO 

Lb +5 GND-V 

q J +5 \78-15V 

A0-7 
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Section § 

Task File 

5.1 Task File Basics 
The WD1000 performs all disk functions through a set of registers called 
the Task File. These registers are loaded with parameters such as 
Sector Number, Cylinder Number, etc., prior to issuing a command. 
Individual registers are selected via A0-2. The following registers are 
available: 

5.2 Register Array 

teonen tonne n treene toner en tee enn ene eee ee ee ees + 

{ CS- | A2 4} At} AO! RE- ; WE-~ 
+oe--- teennre tenene teennn tee e nee nnn nw ee eee eee peewee wen wen eww een en eee + 

> tuk «xX 4} XK 4 Deselected i Deselected H 
; O +; O | O | O 4 Data Register H Data Register H 
cr; O | O 4 O Ff 4 4 Error Register H Write Precomp H 
; oO + 0 | 4 | O $f Sector Count H Sector Count i 
cr O + O fF 4 | 4 4 Sector Number i Sector Number t 
; O | Tt ¢| O | DO 4 Cylinder Low { Cylinder Low H 
; O + 1 | O fF Ff Cylinder High H Cylinder High i 
; O | 1 | FT F O Ff Size/Drive/Head H Size/Drive/Head H 
; O ff FT | TE 4 4 Status Register H Command Register } 

teenne toeen teonee | oe re tee mn e neem eee eee eee + 

oa
t 

‘n
ai
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Jae
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H
 

HE
H 
H
H
 

HE
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E
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5.3.1 Command Register 
All commands are loaded into this register 

after the task registers have been set. 

Writing to this register will cause the 

INTRQ Line to be reset. The Command 

Register is a write-only register. 

5.3.2 Status Register 
After execution of a command, the Status 

Register is internally loaded with status 

information pertaining to the command 

executed. The Host must read this register 

to determine successful execution of the 

command. The Status Register is a 

read-only register; it cannot be written to 

by the host. If the busy bit is set, no 
other bits in this register are valid. 

Accessing this register will cause’ the 

INTRQ line to be reset. 
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Task File 

HT
 

This register contains the sector Size, 
Drive select, and Head select bits. The 
SDH register is a R/W register organized as 
follows: 

ee ere $oeceene tee enna nee + 

Bit 17:6 544 312 1 0 | 
ere toon - $ocee ene e-ee + 

Funetion 1 0 | See {| Drive } Head H 
i | Size | Select} Select | 
Det eke toecne-e tee ennene-ee + 

town eee ew ee on en eo ne ee ee + a we nw ew we eee ee ene eee + 

1 Bit Bit Sector Size } ; Bit Bit Drive Selected } 
1 6 5 1 4 3 
$e en ee ee ee eee + fee ee nn an ne ee ee eee + 

; oO 0 256 Bytes 1 1 0 0 Drive Sel 0 H 
i; oO 1 512 Bytes i H 0 1 Drive Sel 1 i 
; 4 1 128 Bytes H H 1 0 Drive Sel 2 H 
$e eee + H 1 1 Drive Sel 3 H 

hee a ew ee eee ee ee eee + 

He ee ew wn ee ee ee ence + 

i Bit Bit Bit Head Selected | 

H 2 1 0 H 
He ee we ee ee ee + 

H 0 0 0 Head 0 H 

i 0 0 1 Head 1 H 
H 0 1 0 Head 2 H 
H 0 1 1 Head 3 H 

1 1 0 0 Head 4 H 
H 1 0 1 Head 5 H 
i 1 1 0 Head 6 H 
i 1 1 1 Head 7 1 

eo ee we ww wn wn nw ee ee ee ee + 



5.3.4 Cylinder Number 
These two registers form the cylinder 
number where the head is to be positioned 
on a Seek, Read, or Write command. 
Internally, a separate set of Cylinder 
register values are maintained for each 
drive. The two least significant bits of 
the Cylinder High register form the most 
significant bits of the cylinder number as 
illustated below: 

! 

Cylinder High Cylinder Low 
Register bits: 7101514131211 H VALAEAL EE: 211104 

i i 3 10; 
:0 

‘Cylinder bits: H itt ot tAt9 T1615 14 

5.3.5 Sector number 
This register is loaded with the desired 
sector number prior to a Read or Write 
command. The Sector Number register is a 
R/W register and may be read or written to 
by the host. 

5.3.6 Sector Count 
This register is loaded with the number of 

sectors to be formatted during a Format 
command. During the Format command, this 
register is decremented to zero and must be 
re-loaded for each format operation. 

5.3.7 Error Register 
This Register contains specific fault 
information pertaining to the last command 
executed. This register is valid only if 
the Error bit in the Status register is 
set. The Error Register is read only. 
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5.3.8 Write Precomp 

5.3.9 Data Register 

The Write Precompensation Register holds 

the cylinder number where the RWC line will 

be asserted and Write Precompensation logic 

is to be turned on. This write-only 

register is loaded with the cylinder number 

divided-by-4 to achieve a range of 1024 

cylinders. For example, if write 

precompensation is desired for cylinder 128 

(80 Hex) and higher, this register must 

be loaded with 32 (20 Hex). The Write 

Pre-compensation delay is fixed at 10 

nanoseconds from nominal. 

This register is the user's window to the 

on-board full sector buffer. It contains 

the next byte of data to be written to or 

read from the internal sector buffer. The 

Data Register is accessed once for each 

byte in the sector. When the DRQ (Data 
Request) line is asserted, the sector 

buffer contains data in a read command, or 

is awaiting data to be written during a 

write command into the Data Register. If 

the WD1000 is interfaced using programmed 

I/O, data transfers to this register can be 

implemented using block moves. This 

register may not be read from or written to 

except in the context of a valid command. 
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There are two registers in the WD1000 that are used to monitor the 
execution of commands. They are the Status Register and the Error 
Register. Each bit of these registers is used to define a particular 
type of status or error condition: 

Pow woewoe Pewee wesw wm wwe eee eweoe Pewee ww ewe st ew ew wow ewe wee mem ewe + 

; Bit ¢[ Status Register H Error Register H 
tooo nn-e tow een nem w nee eee eee tom ww eee enn nee ee + 

H 7 H Busy i Bad Block Detect H 
{ 6 H Ready H CRC Error - Data Field | 
H 5 H Write Fault 1 CRC Error - ID Field } 
H 4 H Seek Complete H ID Not Found H 
i 3 H Data Request H - i 
i 2 H - H Aborted Command H 
1 1 ' - H TROOO Error H 
H 0 H Error ' DAM not found 1 
teoonr--- Powe ween ene e ween nee prem wwe mem ee me ew ee me wen ene + 

5.5 Status Register Bits 

5.5.1 Error 
When set, indicates that one or more bits 

are set in the Error Register. It provides 
an efficient means of checking for an 
error condition by the host. This bit is 
reset on receipt of a new command. 

5.5.2 Data Request 
Functions identically to the DRQ line. 
When set, it indicates that the sector 
buffer is ready to accept data or contains 
data to be read out by the host. The data 
request bit is reset when the sector buffer 

has been fully read from or written to. 
Normally, the host need not consult this 
bit to determine if a byte should be 
transferred. 

5.5.3 Seek Complete 
Indicates the condition of the seek 
complete line on the selected drive. 

5.5.4 Write Fault 
Indicates the condition of the Write Fault | 
Line on a selected drive. The WD1000 will 
not execute any command if this bit is set. 

| 
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IN
A 

5.5.5 Ready 
Indicates the condition of the READY line 
of the selected drive. The WD1000 will not 
execute any commands unless the ready bit 
is set. 

5.5.6 Busy 
After issuing a command, this bit will 
be set indicating that the WD1000 is busy 
executing a command. No other bits or 
registers are valid when this bit is set. 
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5.6 Error Register Bits 

5.6.1 DAM not found 
Will be set during a Read Sector command 

if, after successfully identifying the ID 
field, the Data Address mark was not 
detected within 16 bytes of ID field. 

5.6.2 TROOO Error 
Will be set during a Restore command if, 
after issuing 1023 stepping pulses, TRACK 
000 line was not asserted by the drive. 

5.6.3 Aborted Command 
Indicates that a valid command has been 

received that cannot be executed based on 
status information from the drive. For 
example, if a write sector command has been 
issued while the Write Fault line is set, 
the Aborted command bit will be set. 
Interrogation of the Status and/or Error 
Registers by the host must be performed to 
determine the cause of failure. 

5.6.4 ID Not Found 
When set, this bit indicates that an ID 
field containing a specified cylinder, 
head, sector number or sector size was not 
found. 

5.6.5 CRC Error ID 
Indicates that a CRC error was encountered 

in an ID field. 

5.6.6 CRC Error Data 
Indicates that a CRC error was encountered 
in a data field during a Read Sector 
Command. 

5.6.7 Bad Block Detect 
Indicates that a Bad Block mark has been 

detected in the specified ID field. If the 
command issued was a write sector command, 
no writing will be performed. If generated 
from a read sector command, the data field 
will not be read. Note that bad block will 
not be detected if the flaw is in the ID 
field. 
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Section 6 

Commands 

The WD1000 executes five easy to use macro commands. Most commands 
feature automatic '‘implied' seek, which means the host system need not 
tell the WD1000 where the R/W heads of each drive are or when to move 
them. The controller automatically performs all needed retries on all 
errors encountered including data CRC errors. If the R/W head 
mis-positions, the WD1000 will automatically perform a restore and a 
re-seek. If the error is completely unrecoverable, the WD1000 will 
simulate a normal completion to simplify the host system's software. 

Commands are executed by loading the command byte into the Command 

Register while the controller is not busy. (Controller will not be busy 
if it has completed the previous command.) The task file must be loaded 
prior to issuing a command. No command will execute if the Seek 
Complete or Ready lines are false or if the Write Fault line is true. 
Normally it is not necessary to poll these signals before issuing a 
command. If the WD1000 receives a command that is not defined in the 
following table, undefined results will occur. 
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bo. | Command osu y 

For ease of discussion, commands are divided into three types which are 
summarized in the following table: 

+o neem n ene Fame we wee ww nee ae ww ee a ee eee ee eee eee + 

i i H BITS I 
| TYPE $ COMMAND ' 7 6 5 4 3 21 0 | 

tom coon nn $e ew ee wwe nee reee poem meme we we eww een ewer == + 

, I i Restore i§ 0 0 0 1 Fr3zrory ro | 
tower e ween tow ewe mee meee ene $e wee me we wwe wee ee ne eee eee + 

i I i Seek i O 1 1 41 =Fr3 ro ry ro ' 
ton wens tower ewe reer eee Por ewr wenn wwe ew wwe weer ow we Tee + 

i I! ' Read Sector {|} 0 0 1 00D 000 ; 
$e eneornn- pawn mee meme e ee en= $e eee een en ew ew ewe wen eH + 

; III ' Write Sector! 0 0 1 1 000 0 3 
tome econ ~ poem wwe meme e wenn Ne ee + 

: It ‘ Format Track i} 0 1 010000 3 
$oownennnn tee wwe meen eeree= fee we wee eww wwe wen eee nee nn + 

6.1.1 Stepping Rates 

r3-rg Stepping Rate 
tomes ors w eet ewe mw ewes ee te www ww ene ewer meee e rrr + 

i 0000 = 10uS H 1000 = 4.0mS H 
H 0001 = O.5mS H 1001 = 4.5mS H 
H 0010 = 1.0mS H 1010 = 5.0mS 
H 0011 = 1.5mS { 1011 = 5.5mS 1 

i 0100 = 2.0mS H 1100 = 6.0mS 1 
i 0101 = 2.5mS H 1101 = 6.5mS i 
i 0110 = 3.0mS H 1110 = 7.0OmS H 

0111 = 3.5mS H 1111 = 7.5ms H 
pee we em wee eee en ee eee tae ww ee ne we ee ee ee eee + 

6.1.2 DMA Read 
D ~- DMA Read Mode 
0 = Programmed I/0 Mode 
1 = DMA Mode 

The DMA bit is used to position INTRQ in relation to DRQs during the 
read sector command. If the DMA bit is reset (D=0), the interrupt will 
occur before the first DRQ. This allows the programmed I/0 host to 
intervene and transfer the data from the sector buffer. If the DMA bit 
is set (D=1), then the interrupt will occur only after the system DMA 
controller has transferred the entire buffer of data. 
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6.2 Type I Commands 
These commands simply position the R/W heads of the selected drive. Both 

commands have explicit stepping rate fields. The lower four bits of 

these commands form the stepping rate. 

6.2.1 Restore 
The Restore command is used to calibrate the position of the R/W head on 

each drive by stepping the head outward until the TROOO line goes true. 

Upon receipt of the Restore command, the Busy bit in the Status Register 

is set. Cylinder High and Cylinder Low Registers are cleared. The lower 

four bits of the command byte are stored in the stepping rate register 

for subsequent implied seeks. The state of Seek Complete, Ready and 

Write Fault are sampled, and if an error condition exists, the Aborted 

command bit in the Error Register is set, the Error bit in the Status 

Register is set, an interrupt is generated, and the Busy bit is reset. 

If no errors are encountered thus far, the internal head position 

register for the selected drive is cleared. The TROOO line is sampled. 

If TROOO is true, an interrupt is generated and the Busy bit is reset. 

If TROOO is not true, stepping pulses at a rate determined by the 

stepping rate field are issued until the TROOO line is activated. When 

TROOO is activated, the Busy bit is reset and and interrupt is issued. 

If the TROOO line is not activated within 1023 stepping pulses, the 

TROOO Error bit in the Error Register and the Error bit in the Status 

Register are set, the Busy bit is reset, and an interrupt is issued. 

6.2.2 Seek 
The Seek command positions the R/W head to a certain cylinder. It is 

primarily used to start two or more concurrent seeks on drives that 

support buffered stepping. Upon receipt of the Seek command, the Busy 

bit in the Status Register is set. The lower four bits of the command 

byte are stored in the stepping rate register for subsequent implied 

seeks. The state of Seek Complete, Ready and Write Fault are sampled, 

and if an error condition exists, the Aborted command bit in the Error 

Register is set, the Error bit in the Status Register is set, an 

interrupt is generated, and the Busy bit is reset. 

If no errors are encountered thus far, the internal head position 

register for the selected drive is updated, the direction line is set to 

the proper direction and a step pulse is issued for each cylinder to be 

stepped. When all stepping pulses have been issued, the Busy bit is 

reset and an interrupt is issued. Note that the Seek Complete line is 

not sampled after the Seek command, allowing multiple seek operations to 
be started using drives with buffered seek capability. 
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6.3 Type II Commands 
This type of command is characterized by a transfer of a block of data 

from the WD1000 buffer to the host. This command has an implicit 

stepping rate as set by the last Restore or Seek command. 

6.3.1 Read Sector 
The Read Sector command is used to read a sector of data from the disk 

to the host computer. Upon receipt of the Read command, the Busy bit in 

the Status register is set. The state of Seek Complete, Ready and Write 

Fault are sampled, and if an error condition exists, the Aborted Command 

bit in the Error Register is set, the Error bit in the Status Register 

is set, and a normal completion is simulated. 

6.3.1.1 Implied Seek 
If no errors are encountered so far, a Seek command is executed. The 

Seek Complete line is sampled. If the Seek Complete line does not go 

true within 128 Index pulses, then the Aborted command bit in the Error 

Register is set, the Error bit in the Status Register is set, and a 
normal completion is simulated. 

6.3.1.2 Retries 
Once the head has settled over the desired cylinder, the WD1000 will 

attempt to read the sector. The WD1000 performs all retries necessary to 

recover the data during the read command. The controller attempts to 

read the desired sector up to 16 times. It will attempt a retry if it 

does not find an ID, if the ID of that sector has a bad CRC, if the Data 

Address Mark (DAM) couldn't be found, or even if the data was actually 

read from the disk but incurred a data CRC error. 

6.3.1.3 Auto Restore 
Every time the controller encounters an error, it records the occurance 

of that error in an internal register. If, after 16 retries, the 
controller was not able to get a match on the ID field, it assumes that 

the head was possibly mis-positioned and executes an auto-restore. 

During the auto-restore, the stepping rate is implied to be equal to the 

Seek Complete period. After the auto-restore has been successfully 

completed, the controller re-seeks and attempts to read the sector once 

again. An auto-restore will be performed only once per read or write 

sector command. 

6.3.1.4 Hard Errors 
If the controller encounters a non-recoverable error, the controller 
examines its internal error history register. It then sets the bit in 
the Error Register of the highest severity error incurred. If the Data 
CRC Error bit is set, the data that last produced that error will be 
available in the sector buffer. The Error bit in the Status Register is 
set and a normal completion is simulated. 
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6.3.1.5 Error Severity Levels 
Although the WD1000 might encounter any number of errors in the course 

of executing a command, it only reports the most severe error. Errors 

are ranked from most severe to least severe as follows: 

Aborted Command 

. TROOO Error 
Bad Block * 
Data CRC Error 
Data Address Mark Not Found 

ID CRC Error 
. ID Not Found “

A
M
 

f
w
 

fo
 
-
 

* -~ Bad block will only be detected if there is no ID CRC Error or ID 

Not Found Error. 

6.3.1.6 Normal Completion 
If the WD1000 encountered no errors, it is considered a _ normal 

completion. The busy bit is reset. The status of the DMA bit in the 

command byte is examined. If this bit is reset (D=0; programmed 1/0 

mode) then an interrupt is issued at this time. DRQs are then generated 

for each byte to be read from the buffer. (Note: It is recommended that 

programmed I/0 transfers should take place as a block move without 

consulting the DRQ bit in the Status Register.) After all the data has 

been moved from the buffer, the DMA bit in the command byte is consulted 

again. If this bit is set (D=1; DMA mode) then an interrupt will be 

issued. 
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6.4 Type ITI Commands 
This type of command is characterized by a transfer of a block of data 

from the host to the WD1000 buffer. These commands have implicit 

stepping rates as set by the last Restore or Seek command. 

6.4.1 Write Sector 
The Write Sector command is used to write a sector of data from the host 

computer to the disk. Upon receipt of the Write command, the controller 

generates DRQs for each byte to be written to the buffer. (Note: It is 

recommended that programmed I/O transfers should take place as a block 

move without consulting the DRQ bit in the Status Register.) 

After all data has been sent to the sector buffer, the Busy bit in the 

Status Register is set. The state of Seek Complete, Ready and Write 

Fault are sampled, and if an error condition exists, the Aborted command 

bit in the Error Register is set, the Error bit in the Status Register 

is set, an Interrupt is generated, and the Busy bit is reset. 

6.4.1.1 Implied Seek 
If no errors are encountered so far, a Seek command is executed. The 

Seek Complete line is sampled. If the Seek Complete line doesn't go true 

within 128 Index pulses, then the Aborted command bit in the Error 

Register is set, the Error bit in the Status Register is set, an 

Interrupt is generated and the Busy bit is reset. 

6.4.1.2 Retries 
Once the head has settled over the desired cylinder, it will attempt to 

read the ID of the sector. The WD1000 performs all retries necessary to 

recover the ID during the write command. The controller attempts to read 

the ID of the desired sector up to 16 times. It will attempt a retry if 

it doesn't find an ID or if the ID of that sector has a bad CRC. 

6.4.1.3 Auto Restore 
Every time the controller encounters an error, it records the occurrence 

of that error in an internal register. If, after 16 retries, the 

controller was not able to get a match on the ID field, it assumes that 

the head was possibly mis-positioned and executes an auto-restore. 

During the auto-restore, the stepping rate is implied to be equal to the 

Seek Complete period. After the auto-restore has been successfully 

completed, the controller re-seeks and attempts to write the sector once 

again. 
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6.4.1.4 Hard Errors 
If the controller encounters a non-recoverable error, the controller 
examines its internal error history register. It then sets the bit in 
the Error Register of the highest severity error incurred. The Error bit 

in the Status Register is set, an Interrupt is generated and the Busy 

bit is reset. 

If the proper sector is located, the sector buffer is written to the 
disk, an interrupt is generated and the Busy bit is reset. 
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6.4.° Format Track 

The Format command is used for initializing the ID and data fields on a 

particular disk. Upon receipt of the Format command, the controller 

generates DRQs for each byte of the interleave table to be written to 

the buffer. Information on setting up an interleave table can be found 

in Section 7. In all cases, the number of bytes transferred to the 

buffer must correspond to the current sector size. 

After all data has been sent to the buffer, the Busy bit in the Status 

Register is set. The state of Seek Complete, Ready and Write Fault lines 

are sampled. If an error condition exists, the Aborted command bit in 

the Error Register is set, the Error bit in the Status Register is set, 

an interrupt is generated and the Busy bit is reset. 

6.4.2.1 Implied Seek 
If no errors are encountered so far, a Seek command is executed. No 

verification of track positioning accuracy is performed because the 

track may not have any ID fields present. After the Seek operation has 

been performed, the Seek Complete line is sampled. If the Seek Complete 

line is not asserted within 128 Index pulses, the Aborted command bit in 

the Error Register is set, the Error bit in the Status Register is set, 

an Interrupt is generated and the Busy bit is reset. 

Once the head has settled over the desired cylinder, the controller 

starts writing a pattern of 4E's until the index is encountered. Once 

the index is found, a number of ID fields and nulled data fields are 

written to the disk. The number of sectors written is equal to the 

contents of the Sector Count Register. As each sector is written, the 

Sector Count Register is decremented, and consequently, must be updated 

before each format operation. 

After the last sector is written, the controller back-fills the track 
with 4E's. When the next index pulse after the last sector is written is 

encountered, the format operation is terminated, an Interrupt is 

generated and the Busy bit is reset. 
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6.4.2.2 Track Format 

The Format command formats the track using the following format: 

(45) (4n) (os) LOW -a- » (ae) FIELD [| -2- ms 

a 
1b vitto f —_ DATA | : 

+ + 200 nS. MIN. Index Pulse wate an——_— L_ 

\ . _) 

GaP ‘4a . 
4 GAP 3 16 prres | (aly [@ crt | SH [sec | cac [38 -sytes | (al) | (76) | Data | Cac | 3:8YTxs 

\ \ 
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NOTE: 

1) When NSB of head byte = 1, bad block is detected. 5) The 2 LeR's of the IDENT byte are used for 

2) write Gate turn-on is } bytes after the ID field's Cylinder high 
Cac bytes. These values are: 

3) write Gate turn-off is 3} bytes after the Data FE - 0 to 255 cylinders 

Field's CRC bytes. Pr - 256 to 511 cylinders 

4) 12 bytes of seross are re-written on a Data Pield PC ~ $12 to 767 cylinders 

update, FD - 768 to 1023 cylinders 

: 6) GAP 4 values are: 

Sector length Gap 3 on Sector Count) 
126 3 54 , 

256 is 382 32 

| 512 30 800 1? 

* 
’ 4 - 4 

i 
1 a 
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Section 7 

Programming 

Users familiar with floppy disk systems will find programming the WD1000 

a pleasant surprise. A substantial amount of intelligence that was 

required by the host computer has been incorporated into the WD1000. The 

WD1000 performs all needed retries, even on data CRC and_ head 

positioning errors. Most commands feature automatic 'implied' seek which 

means that seek commands need not be issued to perform basic read/write 

functions. The WD1000 keeps track of the position of up to four 

read/write head assemblies, so the host system does not have to maintain 

track tables. All transfers to and from the disk are through an on-board 

full sector buffer. This means that data transfers are fully 

interruptable and can take place at any speed that is convienent to the 

system designer. In the event of an unrecoverable error, the WD1000 

simulates a normal completion so that special error recovery software is 
not needed. 

This section assumes that the user has read sections five (Task File) 

and six (Commands). 
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| 7.1 Setting up Task Files 

Before any of the five commands may be executed, a set of parameter 

j e j e n. For most commands, this ra m He | 

should take place. For a normal read or write sector operation, e 

Sector Number, the Size/Drive/Head, Cylinder Number and Command 

registers (usually in that order) will be written. 

Note that most of these registers are readable as well as writable. 

These registers normally are not read from, but this feature is provided 

so that error reporting routines can determine physically where an error 

occurred without recalculating the sector, head and cylinder parameters. 

Since the WD1000 can recall all the Task File parameters sent to it, it 

is recommended that Task File parameters be stored in the WD1000 as they 

are calculated. This will save the programmer a few instructions and 

microseconds by not maintaining two copies of the same information. 

7.1.1 Cylinders and Tracks 

Since most hard disk drives contain more than one head per positioner, 

it is more efficient to step the R/W head assemblies of most disk drives 

by cylinders, not tracks. In other words, the disk driver software 

should be designed to read or write all data that is directly accessable 

by all the heads on a positioner before stepping to a new cylinder. The 

following example illustrates a cylinder-by-cylinder sequential file 

read on a four head, two platter disk drive: 

tee ee weer een te eee ee ee ee eee te wee wen en eenn tenon een een + 

{ Physical | Logical ; Physical | Physical | 

' Cylinder {| Head Number ; Head Side i Platter H 

tower enn renee teen me wee weer peer wee neem te eee meen een + 

H 25 1 3 H Top 1 B i 

H 26 H 0 H Bottom H A H 

26 H 1 H Top H A H 

26 H 2 Bottom 1 B } 

26 3 Top B 
i 27 i 0 H Bottom H A 1 

toe ccn wre e eee fe ee wenn ne force w enn -- ta + 

* 





7.2 Type I Command Programming 

Restore and Seek are Type I commands. These commands position the R/W 

heads of the selected drive and set the implied stepping rate register. 

No data is transferred to or from the Data Register. To execute a Type I 

command, the system software must do the following functions in this 

order: 

1. Set up Task File and issue command 
(WD1000 will attempt to execute Type I command) 

2. Wait for interrupt or for Busy bit in Status Register to be reset 

3. Check Error bit in Status Register for proper completion 

7.2.1 Use of Busy bit 

There are two different ways to sense the completion of a commmand. The 

first way, for smaller single user systems, is to poll the Busy bit of 

the Status Register. The Busy bit (bit 7) is set whenever the controller 

starts a disk operation and is reset whenever the controller is ready ta 

communicate with the host computer. 

The WD1000 busy bit is located in the same place as the sign bit of many 

computers to simplify the polling process. 

This is one way to poll this bit using 8080 code: 

WAIT: IN STATUS ;Input WD1000 Status register 

ANA A *Update 8080 sign flag 

JM WAIT ‘Wait if busy (sign) bit set 

Here's one way to poll the busy bit using PDP-11 code: 

WAIT: MOVB @#STATUS, RO ;Input status, update sign flag 

BMI WAIT ;Wait if busy (N) bit set 

7.2.2 Use of Interrupts 
Another more efficient way of notifying the CPU that the WD1000 has 

completed a command is through interrupts. The INTRQ line on the WD 1000 

makes a low to high transition whenever the disk controller requires CPU 

intervention. This allows the host CPU to run other tasks while the 

wWD1000 is reading or writing data to the disk. 

o
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7.2.3 Use of the Error bit 
Since the WD1000 simulates normal completions, it acts the same whether 
or not errors are encountered. The only way to check error status is to 
check the Error bit in the Status register. The WD1000 Error bit is 
located so that it can be easily tested by rotating it into the carry 
bit of many processors. The contents of the Error Register are not valid 
unless the Error bit is set. 

This is one way to check the Error bit using 8080 code: 

IN STATUS ;Get status (if not already in A) 
RAR ;Rotate error bit into C 
JC ERROR ;Jump if error found 

\ 

In certain hardware configurations, this can check the error bit using 

PDP-11 code: 

BIT @C#STATUS, #1 ;Bit test the error bit 
BNE ERROR ;Branch if error found 
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The Read Sector command is the only Type II command. This command is 
characterized by the transfer of a block of data from the WD1000 buffer 
to the host. This command features implied seek with an implicit 
stepping rate. To execute a Type II command in programmed I/0 mode, the 
system software must do the following functions in this order: 

1. Set up Task File and issue command with DMA bit reset 
(WD1000 will attempt to read sector) 
Wait for interrupt or for Busy bit in Status Register to be reset 

Do block move from WD1000 buffer to system memory 
Check Error bit in Status Register for proper completion d

w
 %
 

Note: Steps 3 and 4 above can be reversed. 

To execute a Type II command in DMA mode with interrupts, the system 
software does the following: 

1. Set up Task File and issue command with DMA bit set 
2. Set up DMA controller 

(WD1000 will attempt to read sector) 
(DMA controller will move data from WD1000 to memory) 

3. Wait for interrupt from WD1000 
4, Check Error bit in Status Register for proper completion 

Note: The above sequence is preferred but steps 1 and 2 above can be 
reversed. 

7.3.1 DMA Mode 
The DMA mode bit (D) in the above read sector examples is a special 
bit in the command byte that is used to optimize the WD1000's interrupts 
during programmed I/O and DMA operations. If the DMA bit is reset (D=0) 

the interrupt will come before the buffer is transferred. This allows a 

programmed 1/0 host to intervene and transfer the buffer of data. If the 

DMA bit is set (D=1) then the interrupt will happen only after the data 

has been transferred. This allows the host to go uninterrupted until the 
entire buffer has been transferred. 

7.3.2 Block Moves 
The WD1000 performs all transfers between it and the disk drive through 
an on-board full sector buffer. Once the disk has been read, the data is 
available to the host at any rate from DC to as high as a byte every 
1.75 uS. In programmed I/O applications there is no need to consult the 
DRQ bit in the status register to determine if another byte is ready to 
be processed. Once an interrupt occurs or the busy bit is reset on a 
read, the host computer should do a block move of all the bytes in the 
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sector. 

The following 8080 code demonstrates a transfer from the WD1000 to 

system memory. The transfer address is in HL and the byte count is in B: 

READIT: IN DATA ;Get data from WD1000 sector buffer 

MOV M,A ;Store it in memory 
INX H sIncrement memory pointer 
DCR B ;Decrement byte counter 

JNZ READIT ;Do it again if whole sector not xfered 

The following Z-80 instruction does it all. The transfer address is in 

HL, byte count is in B and WD1000 data register address in C: 

READIT: INIR ;Transfer buffer from WD1000 to memory 

7.3.3 Using DMA 
There are several features in the WD1000 which simplify the use of DMA. 

Of course, there's the DRQ line that makes a low to high transition for 
each byte to be transferred. As mentioned earlier, there is a special 

bit in the Read Sector command which optimizes the WD1000 interrupts for 

DMA operation. 

7.3.3.1 Partial Sector Transfers 
The WD1000 allows partial sector transfers on read operations. This 

allows the user to read the first part of a sector and then discard the 

rest. During programmed I/0, the byte counter in the block move routine 

is set to the number of bytes to be read. During DMA operations, the DMA 

controller is set with the number of bytes to be transferred. 

Normally the WD1000 will interrupt the host after the sector has been 

transferred during a DMA read operation, but if a partial sector has 

been read, the WD1000 will not know that the operation has been 
completed. For this reason, the ‘transfer complete’ interrupt must come 

from the DMA controller. There still is a problem. During write sector 

operations, the DMA controller will interrupt the system after the 

buffer has been transferred to the WD1000 but before the data has been 

written. Some systems with advanced interrupt handling capabilities can 

easily mask off the spurious DMA interrupt. For those that can't, the 
WD1000 has a provision built into its command structure to detect read 
operations. 

7.3.3.2 Interrupt Source Selection 
Bit 4 of all commands determine whether the operation will be a read 
sector operation or something else. Those commands that require the 

interrupt from the WD1000 will have this bit set to a 1. The read sector 
command (the only one that might need the DMA controller's interrupt) 
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has this bit set to a QO. 

7.3.3.3 Clearing Hardware DRQ 
During partial sector reads, the DMA controller will stop the DMA 

transfer before the WD1000 has a chance to issue its last data request. 

Because of this, the DRQ line may be set the next time transfer 

parameters are sent to the DMA controller. To avoid spurious (and often 

fatal) DRQ's, the user must do a hardware clear of the DRQ line. This is 

accomplished by reading or writing the Cylinder Low register. (This will 

only clear the DRQ line. The DRQ bit in the Status Register will be 

indeterminate.) This action is typically done before a subsequent read 

or write sector command in the normal course of updating the Task File. 

Care should be exercised to insure that the DMA controller is passed 
its parameters only after the Task File is updated. 

7.3.3.4 Interrupt Selection Circuit 
If the user is reading partial sectors with the WD1000 and wants to have 

the system automatically configure its interrupts, a circuit similar to 

the following will have to be implemented: 
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3.4 Simulated Completions 

All .WD1000 commands act in precisely the same manner whether or not an 

error was encountered. The only way to detect that an error has occurred 

is to sample the Error bit in the Status Register. Simulated Completions 

offer the system designer several tangible benfits: 

o Simplifies masking and generation of interrupts 

o Simplifies non-error handling portions of the system software 

o Eliminates the software overhead of handling different types of errors 

o Simplifies system software error handling validation (any error is 

handled the same as any other error) 

o Prevents system failure in the event of some obscure error condition 

that the systems programmer did not anticipate 



7.4 Type III Command Programming 

Write Sector and Format are Type III commands. These commands are 
characterized by the transfer of a block of data from the host to the 
WD1000 buffer. Like Type II commands, these commands feature implied 
seek with an implicit stepping rate. To execute a Type III command in 
programmed I/O mode, the system software must do the following functions 

in this order: 

1. Set up Task File and issue command 
2. Do block move from system memory to WD1000 buffer 

(WD1000 will attempt to write sector or format) 
3. Wait for interrupt or for Busy bit in Status Register to be reset 

4. Check Error bit in Status Register for proper completion 

To execute a Type III command in DMA mode with interrupts, the system 
software does the following: 

1. Set up Task File and issue command 
2. Set up DMA controller 

(DMA controller will move data from memory to WD1000) 
(WD1000 will attempt to write sector or format) 

3. Wait for interrupt from WD1000 
4, Check Error bit in Status Register for proper completion 

Note: Steps 1 and 2 above can be reversed. 

7.4.1 Formatting 
The format command is very similar to the write sector command, except 

instead of filling the sector buffer with user data, it is filled with 

interleave and bad block information. Two bytes will be written to the 
buffer for each sector to be formatted. 

The first byte will be either a 00 or an 80 in hex. If the first byte is 

a 00, the sector is marked as good. If the first byte is an 80, the 

sector will set the Bad Block bit in the Status Register if there is any 

attempt to read or write to it. Please see cautions in section on bad 

block mapping. 

The second byte is the logical sector number of the next sector to be 
formatted. This number will be recorded on the disk. 

On a 32 sector per track disk, 32 pairs of formatting information must 
be supplied to the drive during each format operation. To start the 
format operation, the buffer must be completely filled even if the 
sector table is not as long as the buffer. On a 32 sector per track 
disk, 64 bytes of formatting information are supplied. If the sector 
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Size of the disk is 2 ytes then 192 bytes of garbage must be passed 
to the controller to start the format operation. 

Since the contents of the sector buffer do not imply how many sectors 
are to be formatted, a dedicated register is provided. This Sector Count 
Register must be loaded with the number of sectors to be formatted 
before each and every format operation. 

7.4.2 Interleaving 

If we try to read physically sequential sectors on the disk, there is 
not enough time for us to set up to read or write the next sector before 
it has passed by the R/W head. This means that the disk will have to 
make a complete rotation to pick up the next sector. If we were to read 
all 32 sectors on a particular track it would take us 32 rotations, or 
about a half a second per 8K bytes. This performance can be tremendously 
improved by allowing the system to read or write more than one sector 
per rotation. This can be accomplished with interleaving. 

Suppose our system takes less than three sector times (3/32 rotational 
period) to digest the data that it has read and to set up the next read 
operation. That means that if we can arrange to have the second logical 
sector placed physically only four sectors away from the first one, the 
controller will be able to read it without much delay. This four to one 
interleave factor will allow us to potentially read the entire track in 
only four rotations. In our particular example, this will increase the 
throughput by a factor of eight. 

The simplest way to determine the optimum interleave for any particular 
System is through experimentation. If the system maintains its 
directories in a certain place on the disk, it somtimes makes sense to 
have two interleaves. One could be used for regular disk operations and 
the other for directory functions. 

To simplify driver software, the WD1000 will automatically map logical 
to physical sectors to achieve interleave. This logical to physical map 
is recorded on each track of the the disk in the ID fields of the 
sectors. This map is recorded on the disk during format operations. Here 
is an example of an interleave table for a 32 sector track with 4:1 
interleave and no bad blocks: 
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00 00 OO O08 OO 10 00 18 [00 01} 00 09 OO 11 00 19 

00 02 00 OA 00 12 00 1A O00 03 O00 OB 00 13 OO 1B 

00 O4 OO OC 00 14 O00 1C€ 00 05 00 OD 00 15 O00 1D 

00 06 O00 OE O00 16 OO 1E O00 O7 OO OF 00 17 OO IF 

Remember: The balance of the buffer must be filled with something to 

start the format operation. 

The first byte in each byte pair in the preceeding example is set to 00. 

This marks each block as a 'good' block. The second byte of each byte 

pair is the logical sector number. The first byte pair above represents 

the first logical sector of the track. The byte pair in brackets 

represents the second logical sector. 
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7.5 Bad Block. 

The Winchester and thin film technology drives that the wWD1000 

interfaces to often do not have perfect media. Imperfections in the 

media allow much more lattitude in what the media manufacturers can 

ship, significantly bringing down the cost of the media and, 

consequently, the drives. 

The user is required to map out these imperfections. There are many ways 

it can be done, some of which are highly operating system dependent. 

Here are a few ideas: 

7.5.1 Sector Pre-allocation 

If the operating system supports random sector or group allocation, the 

bad blocks can sometimes be mapped out by recording an un-deletable file 

using all the bad sectors on the disk. When the operating system tries 

to write to the bad block, it will see that the sector or group that 

contains the error has already been allocated. The operating system will 

automatically map over the bad sector. 

There are a couple of minor restrictions associated with this form of 

bad block mapping. The file that contains the bad sector must never be 

moved to another section of the disk. The bad sector file may not be 

read (for obvious reasons) and reads or writes to the disk that do not 

consult the disk allocation map (physical reads/writes) are not allowed. 

7.5.2 Alternate Tracks 
This method works on most operating systems but it requires more 

software overhead. Whenever a read or write is attempted, the track 

number (cylinder and head select) is checked against a table maintained 

by the operating system or driver. If the track number matches the 

table, the driver knows that there is a flaw somewhere on that track. 

The driver will look up the alternate track for that flawed track and 

the read or write will be performed elsewhere. 

The primary disadvantages of this type of bad block mapping is its 

rather high software overhead. When the system is brought up, the 

alternate track table has to be read from some flawless area of the 

disk. After it has been read, every read or write operation must check 

the alternate track table before performing its respective operation. 

7.5.3 Alternate Sectors 
This method is probably the simplest to implement in most systems. Its 

primary disadvantage is that at least one sector must be set aside as a 

spare for each track. During format, the physical sector that contains 

the flaw is written with some illegal sector number. The physical sector 

following it contains the real logical sector and its data. In the 

following interleave table, the user mapped out the fifth physical 

sector by telling the WD1000 to write a logical sector number of FF to 
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Interleave table with 32 sectors and 4:1 interleave with physical sector 
five mapped out: 

00 00 00 08 00 10 00 18 [00 FF] 00 01 00 09 O00 
00 19 00 O02 00 OA O00 12 00 1A OO 03 OO OB 00 
00 1B 00 O4 OO OC O00 14 00 1€ 00 05 00 OD 00 
00 1D 00 06 00 OE O00 16 00 1E 00 OF OO OF 00 db
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Please note that when formatting the disk in this manner, at least one 
sector must have an illegal sector number. Also, since we have allocated 
one sector to bad block mapping, we no longer have a sector IF. 

7.5.4 Bad Block Bit 
The WD1000 allows the user to set a marker that is recorded into the ID 
field. When the WD1000 attempts to read or write a sector with a bad 
block mark set, the operation will be aborted and the Error bit in the 
Status Register and the Bad Block bit in the Error Register will be set. 
The Size, Head, Cylinder, Sector and ID CRC fields of the selected 
sector must be correct in order to detect a bad block mark. This 
precludes the possibility of using the bad block marker to map out bad 
areas in an ID field. In the following interleave table, the user has 
marked the fifth sector (logical sector 1 as a bad block): 

Interleave table with 32 sectors and 4:1 interleave with logical sector 

one marked as a bad block: 

00 00 OO 08 oO 10 00 18 (80 01] 00 09 00 11 OO 19 
00 02 00 OA O00 12 00 1A 00 03 OO OB O00 13 OO 1B 
00 O4 00 oc 00 14 00 1€ 00 05 00 OD 00 15 O00 1D 
00 06 O00 OF OO 16 OO 1E 00 OF OO OF OO 17 OO IF 

Because the bad block bit cannot be read when there's a flaw in the ID 
field, it cannot be used as a primary method of mapping out bad blocks. 



WD1000 OEM Manual Page 8-1 
Theory of Operation 

Section 8 

Theory of Operation 

8.1 General 

The WD1000 hard disk controller is a discrete implementation of all 

functions required to control SA1000/ST506 compatible Winchester hard 

disk drives via a standard data and control bus. The controller is 

fabricated using a mix of high-speed bipolar and NMOS devices contained 
on a Single, 2-sided PC board. The design of the circuitry makes use 

of a high-speed Microcontroller, the 8X300, newly developed NMOS support 

devices, Schottky, and low power Schottky devices to achieve low 
component count and low cost while maintaining high performance and 

reliability. All I/0 connections are made using standard ribbon cable 

connectors. Standard pin-out configurations for disk interface 
connectors are provided to permit direct pin-for-pin connection to 
SA1000 compatible 8" drives and ST506 compatible 5" drives. All power 

for the board can be supplied from a single 5 Volt power supply on a 
separate connector. All host to disk data transfers are buffered by an 
onboard RAM to achieve totally asynchronous transfers to and from the 

disk by the host. 

The disk controller is built around 5 basic sections: 

Processor functions 

Serial data separation 
Data conversion and checking 
Serial data generation 
Host interface functions M
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.c Processor Functions 

All functions of the WD1000 controller are ultimately controlled by the 
onboard processor. Due to the high data rates associated with hard disk 

drives, processing of data and control of machine functions within the 

circuitry requires a processor capable of extremely fast execution 

speed. The processor used is the 8X300, a bipolar microcontroller 

particularily well suited for handling data efficiently at high rates. 

The 8X300 operates at a basic clock rate of 8 MHz and performs all 

operations within 2 clock cycles giving it a speed of 4 MIPS (Million 

Instructions Per Second) or one instruction executed every 250 nS. The 

architecture of the processor is different from most popular 

microprocesssors in that no common data or address bus is provided to be 

shared by RAM, ROM or peripheral devices. 

Instructions are fetched from ROM via a dedicated instruction address 
and data bus. The instruction address bus (IA0-IA13) is capable of 
directly accessing 8K words of program storage, however, the WD1000 uses 

only the first 10 address lines, limiting onboard program storage to 1K 

words. Program data is input to the 8X300 (U50) on the Instruction Data 
Bus (IDO-ID15) as 16 bit words which are decoded to perform the desired 
operation. All bus designations utilized by the 8X300 are reversed from 

the traditional LSB to MSB weighting, so that on the WD1000 these lines 

have all been renamed on the schematic to provide a more conventional 
designation system for the board. 

8.2.1 Fast IO Select 
An extension byte has been added onto the instruction data memory to 
provide port access decoding on an instruction-by-instruction basis. 
This "Fast IO Select" byte, is not processed by the 8X300, rather it is 

decoded by auxiliary hardware to provide 8 read strobes and 8 write 
strobes which route data to the various devices distributed along the 

interface vector bus. 

The Fast IO byte is latched into a 6-bit latch (U27) on the trailing 
edge of MCLK to ensure the data remains stable during the entire 
instruction. This data selects a read strobe and a write strobe through 
two 1-of-8 decoders (U20 and U26) which are alternately enabled by the 
-WC control strobe produced by the 8X300. To provide edges on read 

strobes during sequential read operations from various ports, the read 
strobe decoder (U20) is always disqualified at the end of instructions 
by +MCLK' which is a delayed copy of +MCLK. This delay compensates for 
timing races through the Fast IO latch (U27) and the control signals. 

Because each decoder has a unique input, it is possible to select any 
read port with any write port during each instruction. Data is 
transferred between the processor and its ports on a separate 8-bit bus 
called the "IO" bus. This bus is active low. It must be noted that this 
bus is in no way related to the instruction data bus and can be thought 
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of as simply an 8-bit bidirectional IO bus of the 
been renamed as I00-l107 to reflect this distinction. 

8.2.2 Internal Bus Control 

Several bus control signals are produced by the 8X300 to identify and 

strobe the data on the IO bus. WC (write control) is a signal which 

determines the direction of the data to and from peripherals. When WC is 

false (during the first half cycle) data is being input to the 8X300 

from the IO bus. When WC is true (during the second half cycle), data is 

being output from the 8X300 onto the IO bus. SC (select control) is a 

signal which becomes active during the second half cycle instead of WC 

if the I0 bus contains an 8-bit IO address. In the WD1000 both WC and SC 

are combined by a NOR gate (U24) to indicate all accesses to any port. 

This arrangement allows 8-bit immediate data moves from the 8X300 to any 

output port within one instruction, instead of the normal 5-bit 

immediate moves provided for by the instruction set. 

All instruction fetches occur late in the second cycle of the preceeding 

instruction. This time is marked by the generation of a 65 nS (nominal) 

active high pulse called MCLK which occurs every instruction. MCLK is 

also used to latch data prior to being input on the IO bus to insure 

stability during reads, and to disqualify read strobes which would 

otherwise remain true into the second clock cycle of any instruction 

which does not write to a port. 

Two additional bus control signals are produced by the 8X300. They are 

RIGHT BANK SELECT (-RB) and LEFT BANK SELECT (-LB), but are not used in 

the WD1000 due to the implementation of the Fast IO Select logic. 

8.2.3 Reset Circuit 
The 8X300 is held reset for approximately 40 mS after initial power on. 

This is accomplished by an RC network (R42, C68 and CR3) which drives a 

Schmitt trigger (U31) to provide a proper rise/fall time on the -RESET 

line of the 8X300. Alternate reset of the processor can be accomplished 

by dropping -MR (J5 pin 39) whenever the host wishes to reset the 

controller. A Schmitt trigger (U31) is provided with a 4.7K pull-up 

(R43) to buffer the -MR input from the host. -RESET also propagates to 

the drive control latches (U52 and U48) and their associated line 

drivers (U54-56) and host interface WAIT (U32), DRQ and INTRQ latches 

(U30), ensuring proper initialization of these functions during power up 

and subsequent resets from the host. 

8.2.4 Processor Power Suppl 
Power is supplied to the EX 300 from the +5 Volt (Vcc) power bus. Due to 

the internal operation of the 8X300 an on-chip voltage reference is 

provided to produce bias to an external pass transistor (Q4) which drops 

Voce to the 8X300 to approximately +3.0 Volts. All signals into and out 

of the 8X300 are internally level shifted to be TTL compatible. 

8.2.5 Read and Write Ports 
Throughout the circuit, output ports are formed by D type latches using 



WD1000 OEM Manual 
Theory of Operation 

to Tatch data into the ports. Reading ports is 
universally accomplished by using read strobes (RDO, RD2, RD4-6) that 
enable selected tri-state output devices on the IO bus. Additionally, 
two read strobes are used to clock the host DRQ and INTRQ latches (U30) 
and one read strobe is left unused as a "dummy" port for instructions 
not requiring data from a port. This ensures glitchless operation of 
the Fast IO port decoders. 

8.2.6 Read/Write Memory 
Since the 8X300 does not permit data to be saved or retrieved from 
dedicated program storage, RAM must be installed on the IO bus. RAM 

must, therefore, be accessed via the IO bus by I/O instructions like all 
other port accesses. To provide for addressing the RAM,’ three 
latch/counters (U40, 45 and 46) are connected to the IO bus to receive 
and store addresses required to access the RAM (U33 and U39). 

8.2.6.1 RAM Addressing 
The RAM address bus (RAO-RA9) uniquely addresses 1 of 1024 memory 
locations. As each counter chip reaches a count of 0, it will set a 
borrow condition to the next higher counter which will be decremented at 
the end of the next access to RAM. When all bits of the address have 
been reset the -ROVF bit on the last counter (U40) will be reset 
providing an overflow status which can be read by the processor on U43. 
By setting various beginning address values, -ROVF can be used to mark 
the end of any RAM access loop from 1 to 1024 bytes in length. In the 
WD1000 this function is used for setting sector buffer lengths of 128, 
256, or 512 bytes. 

8.2.6.2 Sector Buffering 
All data read from the disk or written to the disk is passed through the 

RAM to provide buffering required for asynchronous data transfer between 
the host and disk. The counters are post-decremented which means that 
effective addresses are stable to the RAM by at least the instruction 
prior to the actual access. This preselection feature effectively 
reduces RAM access time to the output enable and propagation time of the 
RAM for read operations and the width of the minimum -WR strobe pulse 
for write operations. 

8.2.6.3 RAM Accessing 
RAM access is initiated by -RCS which is the logical OR (by U25) of -RDO 
and -WRO which are generated by the Fast IO decoders (U20 and U26). Data 
to be read from RAM will be placed on the IO bus whenever -RCS is low 
and -WC is high. Data is written into a selected RAM cell on the 
trailing edge of -WC if -RCS is low. During writes, both -WC and -RCS 
wiht be low for at least 120 nS so that data setup time requirements are 
met. 

8.2.6.4 Scratchpad Operations 
Because the RAM address counters are presettable, direct reads and 
writes to a specific address are possible. This function is used for 
scratchpad storage during program execution. This mode of RAM access 
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opposed to 1 for sequential access using the post-decrement feature. 

8.2.7 MAC Control Port 
Basic control of the various functional sections of the WD1000 is 

accomplished by a dedicated 6-bit control port called MAC CNTRL (U34). 

MAC CNTRL enables the functions of the WAIT control circuitry (-WAEN), 
CRC generation (-CRCIZ), gating of read data into data separation 

circuitry (RGATE), selection of read or write functions (-WRITE), 
control of CRC check word output (-1BLA) and AM detection (SRCH). MAC 

CNTRL output states are latched into the port by a write strobe (WR7). 

Additionally, any time MAC CNTRL is loaded with a new byte, the lower 2 

data bits (100-1) are strobed into the upper 2 address counter/latch 

bits (RA&,9). 

All remaining ports are distributed among the basic functional sections 

of the WD1000 and will be described in detail within the discussion of 

those functions. 
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8.3 Serial Data Separation 

The WD1000 controller contains onboard circuitry to process incoming MFM 
data from the drive by a process called data separation. Here, some 
background information may be helpful: 

In order to provide maximum data recording density and 
therefore maximum storage efficiency, data is recorded 
on the disk using a Modified Frequency Modulation (MFM) 
technique. This technique requires clock bits to be 
recorded only when two successive data bits are 
missing in the serial data stream. This reduces the 
total number of bits required to record a given amount 
of information on the disk. This results in an 
effective doubling of the amount of data capacity, 
hence the term "double density". 

The fact that clock bits are not recorded with every data bit cell 
requires circuitry that can remain in syne with data during the absence 
of clock bits. Synchronous decoding of MFM data streams requires the 
decoder circuitry to synthesize clock bit timing when clocks are missing 
and synchronize to clock bits when they are present. This is 
accomplished by using a phase locked oscillator employing an error 
amplifier/filter to syne onto and hold a specific phase relationship to 
the data and clock bits in the data stream. The synthesized clock called 
RCLK can then be used to separate data bits from clock bits and to shift 
the resultant serial data into registers for parallelization into bytes. 

8.3.1 Incoming Data Selection 
In the WD1000, serial data is input from up to 4 radially connected 
drives via a quad RS-422 differential receiver (U15). The receiver 
converts differential input data to TTL levels for use by the 
controller. The data from the selected drive is then routed to the data 
separation circuitry by a 4-section AND/OR/INVERT gate (U23). At this 
point data and clocks are still combined and appear as 50 nS (nominal) 
active high pulses spaced at intervals of 1, 1.5 or 2 times the RCLK 
period. This data is presented to the input of another AND/OR/INVERT 
gate (U18) which will gate either MFM data or a reference clock into the 
first stage of the VCO error amplifier circuitry. 

8.3.2 Reference Clock 
The reference clock is derived from the write clock crystal oscillator 
(Q3, U17 and associated circuitry). This oscillator uses a fundamental 
crystal cut to oscillate at 4 times the RCLK frequency. The 4X output is 
then divided by U17 to produce both a 2X clock (2XDR) which is used as a 
reference and a 1X clock (WCLK) which is used to produce MFM write data 
for the disk. The crystal (Y1) frequency is 20.000 MHz for ST506 
compatible drives or 17.360 MHz for SA1000 compatible drives. 
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The gating of the reference and MFM data into the data separator is 

dependent on the condition of the read gate (RGATE) signal and the 

spacing of the data on the serial stream after RGATE is brought true. 

Due to the techniques which are employed to separate data from clocks, 

it is necessary to run the VCO at a rate twice the data clock (RCLK) 

rate. The VCO is therefore set to an open loop frequency of 2X RCLK. Any 

variations in this rate due to variations in disk rotational speed must 

be compensated for by the VCO but instantaneous shifts in data due to 

the effects of adjacent bit cells on the disk and minor noise must be 

ignored. Also, the response of the VCO must be adjusted to effectively 

ride over missing clock bits which occur as a result of the MFM 

recording technique. The resultant compromise between response and 

reject requirements of the VCO cause the VCO to have a tendency to 

become locked onto harmonics of the data rate rather easily. This is 

likely to occur if the VCO is connected to a data stream over a field of 

data which has data bits spaced at 1.5 or 2 times the actual RCLK time 

intervals. 

To provide protection against this undesirable condition, the VCO is 

always held locked onto a stable clock running at 2X RCLK frequency 

whenever the controller is not actually reading data. Furthermore, great 

care is taken to switch in read data to the VCO error detector only when 

it is known that the data stream frequency is equal to the RCLK 

frequency. This can occur only when the data is a solid stream of all 

ones or all zeros. 

8.3.4 High Frequency Detector 
The switching function is initiated immediately after the RGATE goes 

true and will only switch read data into the VCO after 16 consecutive 

ones or zeros (high frequency) are detected by a one-shot (U10) and 
counter (U12) connected directly to the raw MFM data. The one-shot is 
adjusted for a pulse width of 1.25 times the RCLK period. This is 250 

+/-10 nS for ST506 compatible drives and 287 +/-10 nS for SA1000 
compatible drives. These adjustments of the DRUN one-shot (U10) provide 

tolerence of up to 1/4 RCLK period in jitter on the MFM data bits while 

still being able to distinguish MFM zeros or ones from other data 

patterns. 

Each clock or data bit on the serial stream triggers the one-shot. If 

the time between successive triggers is less than the one-shot time 

constant, the one-shot remains retriggered. As the one-shot is triggered 

by data stream bits, so is the up/down counter (U12), whose count mode 

is controlled by the state of the one-shot outputs. While the one-shot 

is being retriggered the counter counts up. When any data bit fails to 

reach the one-shot before its time constant is over the one-shot resets 

and in turn clears the counter. Only when 16 successive retriggers occur 

can the counter reach its terminal count. At this time, the counter 

overflow goes true and sets a the -DRUN latch output (U13 pin 8) low 

which switches read data in and reference clock out. An AND/OR/INVERT 

gate (U18) performs the switching. -DRUN is read through U42 by the 
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8X300 to determine the condition of the MFM data stream. 

At this point data and clocks have finally been connected to the first 

stage of the data separator. The heart of the data separator is the VCO 

(U2 and associated circuitry) and the error amplifier and filter (U1). 

As previously stated, the VCO runs at a frequency twice that of the RCLK 

rate. 

8.3.5 VCO 
RCLK is produced by the VCO thru a divide-by-two counter (U8). The VCO 
is a discrete LC oscillator with a shunt capacitor formed by a 
hyper-abrupt tuning diode (CR1). The diode varies its capacitance as a 
function of the amount of reverse DC bias applied to its PN junction. As 
bias decreases the capacitance increases pulling the oscillator down in 
frequency and, conversely, as the bias increases, the oscillator 
frequency rises. 

The VCO performs conventionally with one interesting exception. To help 
the VCO lock onto the incoming signals more quickly, a provision has 
been made to allow an external timing signal to freeze the output of the 
VCO in the high state. This is accomplished by disqualifying U2 in the 
VCO feedback circuit and by removing bias from the transistor (Q2) which 
provides loop gain in the oscillator. -PHASEUP performs this function 
and is present just after the switch over from reference clock to MFM 

data is made. 

The width of -PHASEUP is directly related to the difference in timing 
between the positive going transition of the VCO output and the positive 
transition of the second data/clock bit of the MFM data stream. -PHASEUP 

causes the output of the VCO to rise in phase with the MFM data from the 
drive. This eliminates the need for the VCO to perform a frequency 
acquisition to lock onto the data stream, but rather only adjust its 
phase slightly to center data/clocks within the RCLK. The phase 
acquisition is much faster and easier to acheive and results in vastly 
improved performance. 

8.3.6 Error Amplifier 
Control of the VCO is accomplished by the error amplifier and filter. 
The error amplifier is a balanced differential amplifier whose output 
sources or sinks current to the filter stage. The output of the error 
amplifier is pulse width modulated by the phase detector (U6, 7). 
Whenever the VCO is running too slow, the error amplifier receives 
pulses from data bits before pulses from the VCO clock. This causes the 
error amplifier to produce pump-up pulses to the filter. The filter 

integrates these pulses producing an average increase in the voltage to 
the cathode of the hyper-abrupt tuning diode (CR1). This effectively 
increases the reverse bias on the diode which reduces its capacitance 
and therefore increases the VCO frequency slightly to match the phase of 
the incoming data. Whenever the VCO is running too fast, the error 
amplifier produces pump-down pulses to the filter. The diode then 
receives decreased reverse bias and, therefore, more capacitance and 
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The operating point of the tuning diode (CR1) is initially set for an 

open loop VCO frequency of two times RCLK by setting -OSC ADJUST and 

monitoring the VCO output. This adjustment places the initial bias 

through the bias divider (R18-20, R22 and C8-9) at approximately -2.8 V 
to -3.2 V. At this setting the most responsive region of the diode is 

being used giving higher gain in the VCO. To keep the initial bias 

voltage close to three volts with varying disk data rates, the VCO 

inductor (L1) is 3.3 uH for 5 Mhz drives and 3.9 uH for 4.34 Mhz drives. 

The VCO is forced to match the phase of the incoming data. Once the VCO 

is close to the phase of the incoming data, the pump pulses will become 

very small or missing completely. It must be noted, however, that some 
slight error will always be present because, without pumps, the filter 

will float and the VCO will drift. The overall gain of the error 

amplifier and the VCO will maintain this error very small, resulting in 
very close tracking between the VCO output phase and the incoming data 

phase. 

Previously, we said that great care is taken to insure that the VCO 
starts on the same phase as the incoming data. If this were not the 

case, the error amplifier would produce very large pumps in an attempt 

to pull the VCO onto frequency and phase. Due to the gain of the error 

amplifier and the required characteristics of the filter, the integrated 

pump pulses would overcompensate, causing the VCO to overshoot in its 

attempt to lock-on. This action would continue in a diminishing fasion 

until lock on-occurred. Unfortunately, the data syne fields it was 
trying to acquire would be over by the time the VCO finally acquired 

lock-on. -PHASEUP is, therefore, extremely important to the overall 
bility of the data separator to function reliably. 

8.3.7 Sample on Phase Detector 
The circuitry which feeds the error amplifier is called the Sample on 

Phase Detector. This circuit consists of several D latches (U7) and a 
delay line (DL1). The function of the circuit is to provide time windows 
during which the leading edges of the incoming MFM data can be compared 
to the leading edges of the VCO clock. These windows are approximately 

50 nS in length. The windows are initiated by a leading edge of any data 
bit as it enters the detector. They are terminated by that same data 

bit, edge-delayed by a net 50 nS (60 nS in the delay line minus 

approximately 10 nS in propagation delays). 

When both the delayed data bit and the nearest VCO edge arrive at the 
detector, the detector is reset until the next data bit arrives on the 
MFM data stream. The delayed data bit sets its half of the detector 
latches to produce a pump-up condition at the error amplifier. The VCO 
clock edge sets its half of the detector to produce a pump-down 
condition. When the circuit is balanced, either both pumps are on or 
both pumps are off, producing no net pump-up or down. 
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.3. Window Extension 
Once the VCO has been locked onto the phase of the incoming data, the 
actual separation of data and clocks can occur. The manner in which this 
is accomplished is by using a technique called window extention. This 
technique causes data bits to first have their leading edges shifted 
into the center of the RCLK half cycles and then to be latched or 
extended until the next rising edge of the RCLK. The shift is 
accomplished by tapping the data off the sample on phase detector delay 
line at the 60 nS tap and inverting the VCO clock to the RCLK divider 
(U8). The delayed data clocks a pair of latches (U9). The ‘data’ latch 
has its D input and CLEAR connected to +RCLK and the ‘clock' latch has 

its D input and CLEAR connected to -RCLK. 

If a MFM data bit enters the latches while +RCLK is high, it will be 
extended as a data bit. If -RCLK is high, it will be extended as a clock 
bit. Due to the this extension technique, bits can jitter approximately 
1/4 the RCLK period without being lost. The output of each latch is then 

further extended by feeding directly into another stage of latches (U3) 
and clocked on alternate edges of RCLK. The final outputs of the data 
extension/separation stage are two separate signals, one consisting 
solely of NRZ data, and the other NRZ clocks. NRZ data and clocks are 
finally in a form suitable for processing by subsequent circuitry within 
the WDi000. 

8.3.9 Clock Detection 
Due to tne nature of MFM data encoding, it is impossible to know exactly 
if MFM bits are data or clocks. This ambiguity results in having to 
create circuitry to assume that bits on -RCLK are actually data bits 
until the VCO is locked on and a unique data/clock pattern is detected. 

This is accomplished by holding the VCO to RCLK divider (U8) reset until 
it is fairly certain that bits on the data stream are actually clocks 
belonging to a field of zero data. 

Once this assessment has been made, the processor releases the AM 
detector (U14) by raising the SEARCH signal. This signal releases a 
latch (U13) which will remove -DHOLD from the RCLK divider (U8) on the 
next rising edge of a MFM data bit so that CLOCKS will be on the -RCLK 
phase and DATA will be on the +RCLK phase. The processor makes its 
assessment of the state of the data stream solely on the occurrence of a 
Significant run of zeros which are detected by the one-shot (U10) in the 
DRUN circuit. Once released, the phase of RCLK vs. data and clocks will 
remain stable throughout the read of an ID field or data field. Whenever 
SEARCH is dropped, the VCO to RCLK divider is once again reset and no 
RCLKS are produced. 
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. Data Convers 

MFM data which has been separated to form NRZ data and clocks is 
processed through specialized circuitry to prepare it for parallel 
processing by the §8X300. This processing consists of 3 functional 
circuits. 

1) AM detection (U14) 
2) Serial to parallel conversion (U29) 
3) CRC checking circuit (U19) 

Each function will be discussed separately but bear in mind that many 
interdependencies exist. 
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AM Detection 

As previously stated, it is impossible to know whether serial data bits 
are actually data or clock bits by just looking at the data stream. 
Furthermore, it is equally impossible to determine byte boundaries as 
well. This problem is solved by a uniquely recorded data/clock pattern 
called an Address Mark (AM). The AM consists of a data pattern of HEX 
‘Al’ with a missing clock pattern of HEX 'OA'. Normally a data byte of 
HEX 'Al' requires a clocking pattern of HEX ‘'OE'. In fact, due to the 
rules of MFM data encoding, an alternating clock pattern such as HEX '‘'A' 
or HEX '5' cannot exist legally. 

The AM is used to uniquely identify the start of a field of information 
(Data or ID field) within each sector. Preceeding each AM on the disk 
there is always a long run of "zero" data. Zeros have a clock bit for 
every RCLK. When attempting to read information from the disk the WD1000 
first acquires phase lock over a field of zeros. After this acquisition 

is acheived, the processor releases the AM detector (U14) by raising the 
SEARCH control line (SRCH) on the MAC CNTRL port (U34). Due to the 
circuitry associated with the VCO to RCLK divider, the -RDAT output of 
the data separator (U3 pin 8) will be high and the -CLKS output (U3 pin 
6) will be low. -RCLK will be the shifting clock for -RDAT and +RCLK 
will be the shifting clock for -CLKS. These 4 signals are routed into 
the AM detector. 

Inside the AM detector, the -RDAT is shifted into an 8-bit synchronous 
serial shift register and clocked on the falling edge of -RCLK. -CLKS 
are shifted into a similar shift register on the falling edge of +RCLK. 
The output stage of the -RDAT register is dumped into an ‘'A1' comparator 
and the output stage of the -CLKS register is dumped into a '‘'OA' 
comparator. AM detection occurs when both detectors are true, thereby 
setting the AMDET latch. At the instant AM occurs, the exact 
relationship between data and clocks is known. It is also known that 
data is being clocked by -RCLK so -CLKS can actually be discarded; their 
only purpose was in detecting AM. The -AMDET signal is used as a 
Synchronization signal to start subsequent conversion circuitry. The 
-AMDET signal remains true until the processor again de-asserts the 
SEARCH control line. 
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After an AM has been detected, the Serial to Parallel Converter (U29) 

takes over. NRZ data and -RCLK are used to shift data bits into an 8-bit 

serial to parallel shift register. As each bit is shifted, a divide-by-8 

counter circuit is incremented. After every eighth bit of data is 

shifted, the counter produces an overflow pulse, marking byte boundaries 

in the serial data stream. The oveflow bit from the counter resets the 

counter, clocks the data from the shift register into an 8-bit parallel 

latch, and sets a tri-state flag register called BDONE. The flag can be 

read by the processor to see if any converted data is ready to be read 

from the latches. 

When the processor sees BDONE in the true state, it services the device 

by gating data onto the IO bus using read strobe 4 (RD4) in conjunction 

with a tri-state buffer (U36). The act of reading the latches also 

clears off the pending BDONE flag. As successive bytes are processed, 

the BDONE is serviced by the processor as data becomes available. 

Outputs from the serial to parallel device also include -SHFTCLK and 

-DOUT. -SHFTCLK is actually -RCLK propagated through the device. -DOUT 

is the Q output of the last stage of the shift register string. -DOUT 

and -SHFTCLK are tri-stated along with BDONE, and are active only when 

-WRITE is high, indicating a read mode of operation. -DOUT and -SHFTCLK 
are routed to the CRC generator checker device. 
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CRC Checking Circuit 

Data recorded on magnetic media is prone to several types of errors 
which could render data unusable if some form of error detection were 
not employed. On the WD1000, a Cyclic Redundancy Check (CRC) is 
performed on all data transfers from the disk. The CRC is an error 
detection code consisting of 16 additional bits which are appended to 
every ID field and data field on the disk., These bits are produced by 
dividing the data stream serially with a large polynomial. This division 
produces a unique 16 bit value for any information passed through the 

CRC generator. 

As data is being read from the disk, the CRC generator re-computes the 
original CRC bits. After the last two bytes (containing the original 
recorded CRC) are read, the value in the CRC generator must always be 
zero. When this happens, the data was correctly read and the controller 
will not flag an error. If, however, the CRC .generator is not zeroed 
after it has checked all bytes of the recorded data, then the controller 
will flag the data as erroneous and enter into a retry condition. If 
after attempting to correctly read the data 16 times, the controller 
still cannot get correct data, the read is aborted and the host is 
informed that the data in the buffer is questionable. 

The WD1000 uses the same device to generate and check CRC's for data 

being written and read on the disk. The polynomial used is: 

X164x124x541 (commonly called the CRC-CCITT polynomial). 

During read operations, the processor polls the condition of the DRUN 
circuitry. When DRUN is true, it begins to search for an address mark. 
Once the AM is located, the processor will start to read parallel data 
which has been converted from NRZ data by the serial to parallel device. 
The processor will terminate this activity when it has received the 
information it is looking for or if an error is detected. 

While the processor is reading the parallel data, the CRC generator is 
reconstructing the CRC check value. The CRC generator is initialized by 
the processor setting -CRCIZ low for at least 250 nS during the search 
for the AM. -CRCIZ is originated on the MAC CNTRL port (U34). Upon 
receiving the -CRCIZ signal, the CRC generator/checker will preset all 
16 of its internal polynomial division shift registers to logic ones and 
arm an internal latch which will enable the checking function on the 
leading edge of the first non-zero data to enter the device. 

It should be remembered that prior to an AM there is always a field of 
zeros (all data bits low) so the first non-zero data bit into the device 
will always be the most significant bit of the AM (HEX A1). 

Once enabled by the first non-zero data bit, the CRC device will shift 
succeeding data bits into a feedback shift register string with 
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the feedback nodes on the firs 
twelvth and sixteenth registers. As each RCLK occurs, the registers will 

divide the incoming data and a unique pattern of ones and zeros will 

appear across the registers. 

When the last bit of an ID or DATA field is processed, the pattern in 

the registers should be equivalent to the 16 bits appended to the fields 

during original recording. The appended bits are also entered into the 

CRC device. If all of the bits in the appended field are identical to 
the bits in the registers, then the exclusive OR gates in the register 

string will have flipped all of the ones to zeros and the CRC will have 

been satisfied. 

The output of each register stage is tied to a 16 bit wide comparator 

which goes true when all of its inputs are zeros. The output of the 
comparator is retimed to remove any decoding slivers and is output as 
CRCOK. The processor can read CRCOK through U43 to see if a CRC error 

occurred. 

After the CRC bits are processed, the data stream will contain at least 
one more byte of zeros. It is the nature of the CRC polynomial that if 
no bits are set to ones in the registers none will be flipped if a 
constant input of zeros is shifted into the registers. This provides a 
convenient latching function for the CRCOK flag which will remain true 
for at least 1 byte after the last CRC check byte, giving the processor 
time to read the flag. 

The data, clock and BDONE are supplied to the CRC device on a 3-bit mini 
bus. During read operations, the Serial to Parallel device (U29) will be 
sourcing these lines because the WRITE control line from MAC CNTRL (U34) 
is low which enables tri-state drivers on these lines. The Parallel to 
Serial device (U37) will have its tri-state drivers disabled. 
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8.5 Serial Data Generation 

The WD1000 records data on the disk in MFM format. In order to produce 
the proper data format, the WD1000 uses several specialized devices to 
process the parallel data supplied by the host into a serial MFM data 
Stream. The data supplied by the host is temporarily stored in the 
buffer RAM until the correct sector is located for the data to be 
written. 

The process of writing is essentially the opposite of reading except 
that the data separator circuitry is not required and the generation of 
the MFM data stream is produced by synchronous clocking techniques. 

The functional sections of the serial data generation section are listed 
below: 

1) Parallel to Serial conversion (U37) 
2) CRC generation (U19) 
3) MFM and precompensation (U30) 
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.5.1 Parallel to Serial Conversion 

Parallel data is converted into a serial NRZ data stream by the Parallel 

to Serial device (U37). The processor enables this conversion by 

lowering the -WRITE signal on MAC CNTRL (U34). -WRITE causes the 

tri-state buffers present on the parallel to serial device to become 

active, supplying the CRC device with data, clocks, and BDONE strobes. 

The processor presents parallel data on the IO bus along with the -WR4 

write strobe which latches the data into the parallel port on the 

trailing edge of the strobe. The write strobe also resets any pending 

BDONE. Inside the parallel to serial device, the parallel latches are 

loaded into a serial shift register on every eighth WCLK transition. As 

the data is transferred to the shift registers, the BDONE status flag is 

set. The processor reads this flag through U43 to determine when to 

write the next parallel byte to the device. The timing of the parallel 

accesses is at a rate 1/8 that of the bit rate of the NRZ data stream. 

For ST506 compatible drives the byte timing is 1.6 us and for SA1000 

drives it is 1.84 us. 

The output of the last register in the shift string is brought out of 

the device as a NRZ serial data stream. The shifting clock is also 

brought out as SHFCLK to be used as the clock for the CRC device. 

Whenever it is desired to write a repetitive string of identical data 

bytes, the processor can simply ignore the BDONE flag and permit the 

device to reload the data from its latches over and over again for as 

long as required to generate the field. This feature of the device is 

used in writing certain fields used in formatting. 
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The CRC generator/checker (U19) is used to generate the CRC bits and to 
append them to the end of the data being written to the disk. This is 

the complementary function to that performed during reads. The operation 
of the polynomial generator is identical to read operations except that 
at the end of the data field, the processor sets a signal which causes 
the device to output the computed CRC after the data instead of reading 
the CRC and checking it. 

The initial state of the shift registers within the device is forced to 
all ones by the processor pulsing -CRCIZ for approximately 250 nS while 
the parallel to serial device is outputting all zeros on the NRZ data 
line. At that time, a latch is set which holds the registers at ones 
until the first non-zero data bit enters the device. The first non-zero 
bit will be the MSB of the AM (HEX Al) of the data field to be written. 
When the processor decides that enough zeros have been written to 
satisfy the syne field requirements, it will store a HEX Ai in the 
parallel to serial device. At the proper time (in syne with BDONE) the 
parallel to serial device will begin to send the MSB of the AM to the 
CRC device. This will start the CRC polynomial generator and the CRC 
will be computed. 

As the processor writes the last byte of data to the parallel to serial 

device, it will drop the -1BLA (1 Byte Look-Ahead) signal on MAC CNTRL 
port (U34). This signal will cause the CRC generator to begin dumping 
the computed CRC onto the NRZ data stream at the conclusion of the last 
data byte (synchronized with the BDONE signal). In this fashion, the 

device is able to append the proper CRC information to the end of a 
field of data. -1BLA is maintained at a low state for the duration of 
the unloading process which lasts for 16 bit times. 

During the unloading process, the CRC registers back-fill with zeros. 
This feature is handy because by leaving -1BLA low for additional time, 
zeros will always be written after the CRC which is a requirement for 
the proper operation of the CRC device during read operations. The NRZ 
data with CRC appended is then sent to the MFM generator device. 
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The conversion from NRZ write data to MFM write data takes place in the 
MFM/Precomp device. This device accepts NRZ data and a complimentary 
WCLK and produces MFM data and clocks by sending the data through 
circuitry which decides when and where to write clocks on the data 
stream under the MFM encoding rules. The proper encoding of the data 
into MFM requires the device to apply three rules to the data. 

1) If the current data cell contains a data 
bit then no clock bit will be generated. 

2) If the previous data cell contained a data 
bit then no clock bit will be generated. 

3) If the previous data cell and the present 
data cell are vacant then prc -e a clock 
bit in the current clock cell. 

The terms "data cell" and "clock cell" are defined by the state of the 

WCLK. While WCLK is low it is a data cell and while high it is a clock 
cell. It can be seen then, that both clock and data cells are 1/2 the 
period of WCLK or 100 nS for ST506 compatible drives and 115 nS for 
SA1000 drives. Also note that by the rules stated above, a clock and 
data bit can never occur within the same WCLK period and legal spacings 
for bits can be 1, 1.5, or 2 times the WCLK period only. The rules are 
implemented within the device by shift registers that hold the next two, 
last and present data bits and combinatorial logic. The state of WCLK is 
considered and the appropriate bit cells are filled and combined on the 
MFMW output line of the device. This line is subject to decoding 
Slivers, so it is run through a re-timing latch (U21) to clean it up. 

8.5.3.1 Write Precompensation 
The MFM data stream is now totally compatible with the recording rules 
and may be sent to suitable line drivers for transmission to the drive 
except for one modification. Due to the decreasing radius on _ the. 
physical surface of the disk, the inside tracks have less circumference 
and therefore exhibit a increase in recording flux density over the 
outside tracks. This increase in flux density aggravates a problem in 
magnetic recording known as 'dynamic bit shift'. 

Dynamic bit shift comes about as the result of one bit on the disk (a 
flux reversal) influencing an ajacent bit. The effect is to shift the 
ieading edge of both bits closer together or further apart than 
recorded, The net result is that enough jitter is added to the data 

recorded on the inside tracks to make them harder to recover without 
error. In any event, there is a method which can be applied to reduce 
the effect of this shift on the data called "write precompensation". 
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Precompensation is a way of predicting which direction a particular bit 
will be shifted and intentionally writing that bit out of position in 
the opposite direction to the expected shift. This is done by examining 
the next two data bits, the last and the present bits to be written and 
producing three signals depending on what these bits are. The three 
signals are EARLY, LATE and NOMINAL. They are used in conjunction with a 
delay line to cause the leading edge of a data/clock bit to be written 
early, late or on time. As with MFMW, these signals are subject to 
decoding slivers and must be retimed by Ue. 

The processor can enable or disable the generation of these signals by 
controlling the RWC (Reduce Write Current) line from the MAC CNTRL port 
(U34). When RWC is high, precomp is in effect. When RWC is low, no 
precomp is generated and the NOM output of the device is held true. 

The delay line actually performs the precomp with the help of an 
AND/OR/INVERT gate (U22). MFMW pulses are applied to the input of the 
delay line and depending on which of tie three precomp signals is 
present the AND/OR/INVERT gate selects a diifcrent tap-om-tm dele 
line. Nominal data i: actually tapped from the second tap, early da: 
from the first and lat. data from the third. From the AND/OR/"NVERT gegm 
the MFMW data is sent t. he input of an RS-H99 4~- er (NIAY ohere it is 
converted te a diferer == — .: and then is sent to the drive. The 
AND/OR/INVERT gate he. ..c¢ other function. If the controller is not 
writing, the WGI (Write Gate Internal) signal will be low. This is 
inverted by U38 and applied to the AND/OR/INVERT gate's fourth section. 
This resulting high input effectively inhibits the gate from accepting 
MFMW data. 
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All data transfers between the host and the WD1000 take place over an 

eight bit bi-directional bus (J5) consisting of eight Data Access Lines 

(DALO-7). The source or destination register inside the WD1000 is 

selected by the three address lines (A0-2). All accesses to the WD1000 

are controlled by Card Select (CS-), Read Enable (RE-) or Write Enable 

(WE-). Since the access time for any particular read or write operation 

will vary, the WD1000 provides a not ready signal (WAIT-). For systems 

using interrupts and/or DMA, the WD1000 provides INTerrupt ReQuest 

(INTRQ) and Data ReQuest (DRQ). 

Accessing the WD1000 is essentially like accessing variable speed RAM. 

The host must provide a valid address in A0O-2 along with a CS-. 

Immediately or after a short set up time, the host may assert RE- or 

WE-. If access time on the WD1000 will be over 100 nS, then WAIT- will 

be asserted. The host must keep all address lines and strobes stable 

while WAIT- is true. When the WD1000 de-asserts WAIT~, the data has been 

accepted on a write or the dat: is on the DAL bus on a read. 

8.6.1 Wait Enable 
Since most of the registers in the WD1000 are not implemented in 

hardware, it takes the 8X300 a finite amount of time to actually fetch 

the requested data on a read or store data on a write. This time varies 

depending on the amount of processing the 8X300 must do to access the 

desired register. After the data has been written or read, the WD1000 

de-asserts the WAIT- line, allowing the host to terminate the current 

bus cycle. 

The generation of the WAIT- signal is controlled by a bit in the MAC 

latch (U34) called WAit ENable (WAEN~). If the WD1000 is ready to accept 

random accesses to its task file, WAEN- will be asserted. On each bus 

access, the host must drop the Card Select (CS-) line on J5. The leading 

edge of CS- clocks the wait control latch (U32), transferring the WAEN- 

state through the latch, qualifying the wait drivers (U44,54). This 
clocking action is required to insure that WAIT- will not be asserted in 

the middle of any bus access already in progress. After the wait latch 

has been clocked, CS- [BIC or BOC in some installations] causes WAIT- to 

be asserted to the host. 

The WAIT- line is released on the trailing edge of any read or write 

strobe to the communications latch (U49). This release is caused by the 

logical OR of RD6- and WR6- on U25 which presets the wait latch (U32) to 
a non-wait request condition. The WAIT- signal is stretched to the 
trailing edge of the RD6- or WR6- by U2. 

if WAEN- is de-asserted, the WD1000 generates no waits at all. In this 
case, the host will read the dummy status written to the communications 

latch by the 8X300. This feature is used by the microcode to simulate a 
busy condition when the host reads the status register in non-interrupt 
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asserted and operations on the host interface bus will be monitored once 

again. 

8.6.2 Bus Gating 
During all accesses by the host, one of two signals will be produced to 

gate the bus. During read operations, CS- and RE- are ANDed, producing 

Bus Output Control (BOC-). This signal gates the contents of the 

communication latch (U49) onto the DAL bus. During write operations, CS- 

and WE- produce Bus Input Control (BIC). This signal latches the state 

of the DAL lines into an internal R/S latch. 

8.6.3 Register Selection 
The combination of a host read or write operation along with the WREQ- 

signal being asserted, causes a signal, Card Select ACcess (CSAC), to be 

generated. The 8X300 samples this signal at U43 every 250 ns, and if 

asserted, reads te status of AO-2 and WE- (U43). The state of AQ-2 and 

WE- determine wnich register is to be accessed (A0-2) and in what 

direction that ac- $s will take place. 

oa —— 

8.6.4 Interrupts @ —.~s 
The WD1000 produce iNTerrupt ReQuests (INTRQ) to signal the end of all 

disk operations <« 4 Data ReQuests (DRQ) to signal data ready to DMA 

controllers. INTRQ and DRQ originate on the MFM generator (U30) as an 

auxillary function of the chip. The WD1000 sets INTRQ using INTCLK- and 

sets DRQ Using DRQCLK-, both of which are produced by U20. Interrupts 

are cleared by HSAC- (Host Select ACcess) and AOQ,1 when the host reads 

the Status register, issues a command, or accesses the Sector Number 

register. DRQs are cleared when the host accesses the Data or Cylinder 

Low registers. DRQs will be re-issued for each byte to be transferred. 

HSAC- is a 200 nS version of the CSAC- signal. During Power On Reset or 

Master Reset (MR-), INTRQ is set and DRQ is reset. 
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Section 9 

Maintainence 

The WD1000 requires no scheduled preventative maintenence. There are are 
a few adjustments associated with the data seperation circuitry that may 
need to be adjusted if a drive with a different data rate is installed. 
Remember, the inductor L1 must be the proper value for the data rate 
being used and Y1 must be selected for a fundamental frequency of four 
times the data rate. 
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Data separation circuitry on the WD1000 uses a voltage controlled 

oscillator (VCO) which phaselocks onto incoming data and provides a 

clock suitable for separating data and clock bits on an MFM encoded data 
stream. The VCO must be adjusted using the following procedures: 

Ground the cathode of the tuning diode (CR1) to the closest accessable 
ground using a low inductance shorting cable. This cable should 
consist of the shortest piece of wire possible to make the connection. 

Connect a frequency counter to the VCO buffered output on TP9. 

Apply power to the board. Ensure a logic "1" exists at TP17. A logic "0" 
on TP17 will inhibit the VCO and make adjustments impossible. If a logic 
"7" is not present, verify that the DRUN circuitry (U10-U13) is 
functioning and adjusted properly. Refer to section 9.3 for adjustments 
to DRUN. 

Vary the OSC ADJ pot (R22) to verify the range of adjustment values 
listed in the follow:-g table are obtainable. After the rarcs hes been 
verified, adjust R22 t ‘*“e° final et lustig asoveu 1. +e table. 

tooo enn ee eee tome eee mene ene ne $e eee nnn eee eee $cc cen eww ee wen nnn + 

| Y1 Frequency ; Identity ; Range | Final Setting i 
$e ee wee nnn ee 2 tee wenn wn nn eee few we wee eee we ne en eee + 

i 20.000Mhz i Lis 3.3 uh | 9.0=-11.0 MHz {| 10.0 Mhz +/-1 KHz | 
$e eee een e nee ween po ee een eee n---- $e eee eee eee + 

1 17.360Mhz t Lt = 3.9 uh {| 7.5-9.5 MHz | 8.68 MHz +/-1 KHz } 
tee wwe en meee nnn ne tow ee ween foe ee ee ne ee we ee $a oo ee ee ee ee eee eee + 

Turn off power to the board. Disconnect all test jumpers and test 
equipment. 
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9.2 Error Amplifier Adjustments (Static) 

The phase detection technique used to correct the frequency and phase of 
the VCO employs a balanced sample and hold error amplifier. To ensure 
reliable operation of the data separator, the error amplifier must be 
properly balanced. The balance adjustment must be made using the 

following procedures: 

Apply power to the board. Ground TP20 or U8 pin 6 to turn off the right 
half of the error amplifier (U1). In this state current will only flow 
in the left half of the amplifier. 

Connect a 100 ohm resistor between U1 pin 8 and ground. 

Adjust the BAL pot (R1) until a reading of 0 V +/- 20 mV is observed on 

TPS. 

Remove the ground from TP20. Install a ground to the PUP1 signal line 
accessable on U7 pin 1. 

Verify a reading of 0 V +/= 50 mV on TP6. This indicates that the side 
to side balance of the error amplifier is within tolerance. 

Re-adjust R1 until the reading at TP5 is 0 V +/- 20 mV. 

Turn off power to the board. Disconnect all jumpers and test equipment. 

9.3 Error Amplifier Adjustments (Dynamic) 

After static balance adjustments are performed, the error amplifier 
should be adjusted for balanced dynamic operation. 

This adjustment requires that the controller be constantly reading data 

on the innermost cylinder of a formatted drive. While reading data, 
monitor TP9 (-OSC) with ,a frequency counter and adjust the error 
amplifier balance pot (RP) until the most stable display reading is 
obtained. This indicates that the VCO is being locked on every attempt 

to read data. 

Turn off power to the board. Disconnect all test equipment. 
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To facilitate the process of aquiring phase lock on data being read from 
a disk, a hardware detector is utilized to indicate when the read/write 
head of the drive is over a recorded field of all ones or all zeros. The 
detector depends on the timing of a one-shot (U10) which is adjustable 
by the DRUN pot (R26). R26 must be adjusted according to the following 
procedures: 

The DRUN adjustment is made with the WD1000 in an operating test 
configuration with a host, drive and power source. Once the proper setup 
is made, apply power to the WD1000 and all test equipment. 

Monitor TP14 (-DRUN) with a 10X oscilloscope probe while attempting to 
read a sector of data from the drive. The scope should be set to trigger 
on a high to low transition. While observing TP14, adjust R26. The 
period of the DRUN single shot should be adjusted to 1.25 times the 
period of RCLK. 

Turn off power to the WD1000. Disconnect all test equipment. 

C “ 2A a MD wp 
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Appendix A 

Disk Driver Examples 

Sometimes an example is worth a thousand words. Hopefully, these sample 

disk drivers will be the catalyst to get your first driver running. Note 

that even though these drivers are very simplistic, they represent 

everything needed to satisfy the WD1000's operating requirements. AS you 

might notice, there is no retry software included in these examples. 

That is because the WD1000 does all needed retries. 

Two examples are presented. The first is a programmed I/0, programmed 

status driver using the eight bit Intel 8085 microprocessor. The second 
example is programmed I/O and interrupt driven and is written for the 
sixteen bit Western Digital WD16 microprocessor.
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A.1 Polled Status Driver 

Me SEEERESLESZESZEZES ES ES ESE LES SESE SEE SELES TE SES SS 

Example for 8085 Microprocessor 
WD1000 Hard Disk Controller Driver ; 

with programmed I/O and polled status 
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Bite cee ee eReESEEZE REEL ERE SEES ERSTE SESE RTE SES EE SE 

;This driver is intended to demonstrate one simple approach to writing a 
;driver for the WD1000. It assumes that the WD1000 is interfaced using 
;programmed I/O without interrupts. 

;The specifications of the imaginary demonstration drive are: 

;Sector size: 256 bytes 
;2ectors per Track: 33 

;ourfaces per drive: 4 (two platters) 
;Cylinders per drive: 512 
;otepping rate: 2 milliseconds 

STRATE = 2 ;Define stepping rate for assembler 

;oince we're allowing the WD1000 to map around the bad blocks for us, we 
;have to sacrifice one sector per track. This brings down the logical 
;sector per track count to 32. 

;Experienced systems programmers will note that we are not making our 
;driver as flexible as it should be. Since WD1000 compatible drives will 
; be introduced in the future and present manufacturers will be 
;increasing the density of their current drives, the driver that you 
s;write should be built with plenty of equates and conditional 
;assemblies. 

;Our imaginary operating system can access up to 65536 logical records 
;0f 256 bytes each. It has three types of calls: Initialize, Read, and 
;Write. Three numerical parameters are passed in the following 
;registers: 

; Drive number C 
; Logical record number DE 
; Transfer address HL 

;Upon completion of all commands, the carry bit of the 8085 will be 
;reset if the operation terminated properly, and set if there was an 
;error. If there was an error during read or write, the error handling 
;routine will decode it and print it out on the user console.
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EE 

; Equates ; 
HERE EAE EMER EER RHEE. 

;##*® Port Definition ### 
BASADD = 0c8 
DATA = BASADD 
ERROR = BASADD+1 
WPC = BASADD+1 
SECNT Es BASADD+2 
SECNO = BASADD+3 
CYLLO = BASADD+4 
CYLHI = BASADD+5 
SDH = BASADD+6 

STATUS = BASADD+7 
COMND = BASADD+7 

; Hae Command Definition baled 
REST = 10 
READ = 20 
WRITE = 30 

A.1.1 Initialization 

RR RRHERRH ERE HE EERE RHE HH. 

; INITIALIZE ; 
HERA EERE HEHEHE EEE EE 

;This routine is called 

;Base address of WD1000 
;Data register 
;Error Register 
;Write Precomp 
ssector Count 
;Sector Number 
;Cylinder Number 
;Cylinder High 
;Size/Head/Drive 
;Status register 
;Command register 

;Restore command 
;Read command (programmed 
;Write command 

I/O mode) 

once whenever the system is powered up or reset. 
;It sets the stepping rate and restores the head on the selected drive. 

RESTOR: CALL UPTASK 
MVI A, REST+<STRATE *2> 
OUT COMND 

RSWAIT: IN STATUS 
ANA A 
JM RSWAIT 
RAR ; 
RET 

;oelect drive; don't care 

;Output command to WD1000 
;Wait 'till restore done 

;Put error bit in carry 

about record 

;Get stepping rate and restore 

;Return to operating system
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; HHHEHE RHR RERHR EEE 

; READ ; 
HE EREE EKER ER EEE H 

;This is the read routine for our imaginary operating system. 
READIT: CALL UPTASK ;Update WD1000 task file 

MVI A, READ ;Get READ command 
OUT COMND ;Output command to WD1000 

;Wait for WD1000 to read in a sector 
RWAIT: IN STATUS ;Check Busy bit 

ANA A >by updating sign flag in 8085 
JM RWAIT sand wait 'till bit 7 goes low 

;Transfer sector from WD1000 to system memory 

;(Transfer address in HL) 
MVI B,0 ;Init byte counter to 256 bytes 

READLP: IN DATA ;Get a byte of data from WD1000 
MOV M,A ;sMove it to memory 
INX H ;Increment memory pointer 
DCR B ;Decrement byte counter and continue 

JNZ REA DLP ;if we haven't transferred 256 yet 
IN STATUS ;Re-read status for errors 
JMP DONE ;Now check the completion status
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; RERHRHRERH RHR ER HER 

; WRITE ; 
HEE EEE EERE. 

;This is the write routine for the driver 
WRITIT: CALL UPTASK ;Update WD1000 task file 

MVI A,WRITE ;Get WRITE command 
OUT COMND ;Output command to WD1000 

;Transfer sector from system memory to WD1000 

;(Transfer address in HL) 
MVI B,0O ;Init byte counter to 256 bytes 

WRITLP: MOV A,M ;Get a byte of data from memory 
OUT DATA sMove it to WD1000 
INX H ;Increment memory pointer 

DCR B ;Decrement byte counter and continue 
JNZ WRITLP ;if we haven't transferred 256 yet 

;Wait for WD1000 to write the sector 
WWAIT: IN STATUS ;Check Busy bit 

ANA A sby updating sign flag in 8085 
JM WWAIT sand wait 'till bit 7 goes low 

; RHR RHARRHRHHHERER. 

; DONE ; 
HEME ERE KEE HH ER. 

;Both READ and WRITE commands finish here to check for errors 
DONE: RAR ;Rotate Error bit to carry 

RNC sand return to OS if no error 
IN ERROR ;Get WD1000 error code 

;<<< Place error reporting routine here >>> 

STC ;set carry to flag an error 
RET ;and return to OS with error 
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as ile Updating 

; RRR RENEE RRR R EHH EER HERE KEE EEE. 

; UPTASK SUBROUTINE ; 
5 Ae Ae ee EE 

;This subroutine sets up the task file registers 

;oector number 

UPTASK: MOV A,E ;Get lower 8 bits of record number 
ANI 31. ;Mask off lower 5 bits (bits 0-4) 
OUT SECNO ;and send to sector number register 

;Size/Drive/Head 
MOV A,E ;Get lower 8 bits again 
RLC ;Rotate remaining 3 bits 
RLC ;to get an effective right shift of 5 
RLC ;Mask off next two bits (5-6) 
ANI 3. ;to make head number 
MOV B,A ;and store it away momentarily 
MOV A,C ;Get drive number 
ADD A ;and left shift it by 3 
ADD A 
ADD A 
ORA B ;OR in head number and 

OUT SDH ;send it to Size/Drive/Head register 

;Cylinder low 

MOV A,E ;Get last bit of lower record number 
RAL ;and put it in carry 
MOV A,D ;Get upper half of record number 
RAL ;Left shift it and merge in carry 
OUT CYLLO ;send it to lower cylinder register 

;Cylinder high 

MVI A,0 ;Clear all bits except for the 
RAL ;the least significant and send 
OUT CYLHI ;to the upper cylinder register 
RET 
END 

fe,
 ~ 
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naterrupt Driven Driver 

REMREEEHERMRERERERHEEREREREREEEREEEEHEE HEHEHE REE. 

WD1000 Hard Disk Controller Driver 
Example for the Western Digital 

WD16 Microprocessor 
using interrupts and programmed I/0 
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-This example driver demonstrates the type of driver that one would use 

in a multitasking environment. Like the 8085 driver, it uses programmed 

1/0 for data transfers. Unlike the last driver, this one supports 

;interrupts. 

;This new driver is uses the same drive used in the 8085 example. 

;Like the last driver, this one can access up to 65536 logical records 
‘of 256 bytes each. It still has three types of calls: Initialize, Read, 

;and Write. Three numerical parameters are passed in the following 
sregisters: “ 

; Drive number R1 
; Logical record number R2 
; Transfer address R3 

;Upon completion of all commands, the carry bit of the WD16 will be 

sreset if the operation terminated properly and set if there was an 

;error. If there was an error during read or write, the error handling 
;routine will decode and print it out on the user console. 

, RHHHHEHHRHHETERE HERE EEE 

; Equates ; 
-HHREREREERERHRE REE EER. 

; eee Port Definition eS 
BASADD = OFFD8 ;Base address of WD1000 
DATA = BASADD ;Data register 
ERROR = BASADD+1 ;Error Register 
WPC = BASADD +1 ;Write Precomp 
SECNT = BASADD+2 ;sector Count 
SECNO = BASADD+3 ;Sector Number 
CYLLO = BASADD+4 ;Cylinder Number 
CYLHI = BASADD+5 ;Cylinder High 
SDH = BASADD+6 ;Size/Head/Drive 



Page A-8 WD1000 OEM Manual 
Disk Driver Examples 

==. = BASADD+T~— CS Status register — 
COMND = BASADD+7 ;Command register 

Hialiehel Command Definition lial 
REST = 10 ;Restore command 
READ = 20 ;Read command (programmed I/0 mode) 
WRITE = 30 ;Write command 

;### Drive stepping rate eee 
STRATE = 2 ;Drive stepping rate 

A.2.1 Initialization 

; PHHHHHRHR HEHEHE RHEE RHR EE 

; INITIALIZE ; 
-HRERHERERERE EAE E ERE. 

;It sets the stepping rate and restores the head on the selected drive. 

RESTOR: CALL UPTASK ;Select drive; don't care about record 

*Since we're interfacing to a multitasking computer, we want to put the 
;calling job to sleep while we do the restore. The SLEEP insruction in 
;this listing is actually a monitor call to the operating system which 
;does the dirty work. Once the WD1000 is done with the restore, it will 
sinterrupt the CPU and the interrupt service routine will wake the job. 

;Putting the job to sleep will allow other tasks to use the CPU while 
;the restore is in progress. 

LOCK ;Disable interrupts until sleep 
MOV #REST+<STRATE*2>,@#COMND ;Get stepping rate and restore 

;and output command to WD1000 
SLEEP IOWAIT ;Put job in an I/O wait state 

RSWAIT: MOVB @#STATUS, RO ;Get status register 
RORB RO ;Put error bit in carry 
RTN ;Return to operating system 

;This routine is called once whenever the system is powered up or reset. 

| 
| 
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A.2.2 Read Sector 

, RE REREER ERE REE E: 

; READ ; 
EEE: 

:This is the read routine for our imaginary operating system. 

READIT: CALL UPTASK ;Update WD1000 task file 

LOCK sDisable interrupts 'til we go to sleep 7 

MOVB #READ,@#COMND Issue READ command to WD1000 | 

;Wait for WD1000 to read in a sector 
SLEEP IOWAIT s;While waiting, go into I/O wait state 

;When we wake up, transfer sector from WD1000 to system memory 

-(Transfer address in R3, WD1000 data register address in R4) 

MOV #256.,R0 ;Init byte counter to 256 bytes 

;The following instruction, MABB (Move Address to Block of Bytes), does 

;a block move by reading the data pointed to by R4 (WD1000 data 

sregister) and puts them in a block of memory pointed to by R3. RO bytes 

sare moved. 

MABB R4,R3 ;Move data from WD1000 to memory 

BR DONE ;Now check the completion status
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A.2.3 Write Sector 

lelehehehehalalsiaisieheieieheheieiel’ 

; WRITE ; 
AEE IER 

;This is the write routine for our imaginary driver 

WRITIT: CALL UPTASK ;Update WD1000 task file 

MOVB #WRITE,@#COMND ;Issue WRITE command to WD1000 

Transfer sector from system memory to WD1000 

;(Transfer address in R3, WD1000 data register address in R4) 

MOV #256.-1.,R0 Init byte counter to 256-1 bytes 

;The following instruction, MBBA (Move Block of Bytes to Address) is the 

sconverse of the MABB insruction, above. This time the block of memory 

‘ pointed to by R3 will be moved to the WD1000 data register (pointed to 

sby R4). RO bytes will be moved. 

MBBA R3,R4 ;Move most of the data 

LOCK ;Disable ints. ‘till last byte xferred 

MOVB @R3,@R4 -Write last byte of data to WD1000 

;Wait for WD1000 to write the sector 
SLEEP IOWAIT ;Wait in I/O wait state 

ee ONE 

DONE 
AA 

;Both READ and WRITE commands finish here to check for errors 

DONE: MOVB @#STATUS, RO ;Get status byte from WD1000 

RORB RO “Rotate Error bit to carry 

BCC DONEOK : and return to OS if no error 

MOVB @#ERROR, RO ;Get WD1000 error code 

;<<< Place error reporting routine here >>> 

LCcc CARRY ;Set carry to flag an error 

DONEOK: RTN ;and return to OS with error
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ed Lk delskeleiehethalaieheieheleiehcieicieheeieieieielaiel 

; UPTASK SUBROUTINE 
ee NH RK NR EHENAAN AREER EEE O EO EEEE: 

;This subroutine sets up the task file registers 

;Sector number 
UPTASK: MOV R2, RO ;Get record number 

AND #31.,R0 ;Mask off lower 5 bits (bits 0-4) 

MOV #SECNO, R4 ;Index WD1000 sector number register 

MOVB RO, (RY )+ - and send to sector number register 
-and increment R4 to point to WD1000 
;Cylinder Low register 

;Size/Drive/Head 
-(The following instruction does a right arithmethic shift 5 times) 

SSRA R2,5 -Discard SECNO bits from record number 

MOV R2, RO Get remaining record number bits 

AND #3.,R0 ;Mask off bits 5-6 to make head number 

;(The following instruction does’ a left arithmethic shift 3 times) 

SSLA R1,3 ;Shift drive number into position 

OR R1,R0 ;OR drive number and head together 

MOVB RO,@#SDH ;send it to Size/Drive/Head register 

;Cylinder Low 
SSRA R2,2 Discard HEAD bits from record number 

MOVB R2,(R4)+ sSend Cylinder Low to WD1000 and 

‘increment R4 to point to Cylinder High 

;Cylinder High 

;(The following instruction SWAps the upper and lower Byte of a word) 

SWAB R2 ;Get upper byte of cylinder 

AND #1,R2 Mask to least significant bit 

MOVB R2,(R4) : and send it to WD1000 
MOV #DATA, R4 Index WD1000 Data Reg for R/W ops 

RTN 
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SSS —————— ——————————e ————— 

A. ce = Up Pry : outine 

; SHKEMHHEHEEEHHEHEEEHEEHERHR RRA R HERE REE. 

Interrupt Service Routine 
MUSIITITTitiiitisiitiriiriti iri tiie 

;This routine gets called whenever the WD1000 interrupts. All it does is 
;read the status register of the WD1000 to clear INTRQ and revives the 
;Original calling job. 

INTSER: PUSH RO ;oave this register 
MOVB @#STATUS, RO ;Acknowlege the interrupt to WD1000 
WAKEUP IOWAIT ;sWake up job (from I/O wait state) 
POP RO 
RTT ;Return from trap 
END 
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Appendix B 

interleave Calculating Program 

This simple BASIC. program simplifies the process of generating 

interleave tables. It is written in a fairly standard subset of the 

BASIC language and should run on many BASIC interpreters and compilers. 

Some implementations of BASIC may require the variable names to be 

converted to single letter names and the IF THEN ELSE constructs may 

have to be re-written. 

The two questions at the beginning of the program should be answered in 

decimal. The interleave table is printed in hexadecimal. 
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10 PRINT"WD1000 Interleave calculating program" 

20 PRINT 
30 INPUT"Number of sectors? ";COUNT 

INPUT" Interleave Factor? ";INTER 

DIM HEX$(16) ,SEC( COUNT ) 
FOR INDEX=1 TO 16 
READ HEX$(INDEX) 
NEXT 
FOR INDEX=1 TO COUNT 
SECC INDEX) =-1 
NEXT 
FOR INDEX=0 TO COUNT-1 
IF RES>=COUNT THEN RES=RES-COUNT 
IF SEC(RES+1)=-1 THEN SEC(RES+1)=INDEX ELSE RES=RES+1:GOTO 130 

RES=INTER+RES 
NEXT 
PRINT 
PRINT" Interleave table with";COUNT;"sectors and"; INTER;": 

FOR INDEX=1 TO COUNT 
X=INT(SEC(INDEX)/16) 
PRINT HEX$(X+1);HEX$ (SEC(INDEX)-X*16+1), 
NEXT 
PRINT 
ait 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F 

WD1000 OEM Manual 
Interleave Calculating Program 

1 interleave" 
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C.3 SDH Register Format 

I i er teone--- tee were een ne + 

Bit i 7 1 6 5 14 312 1 0 | 
i a eee teenmenee ewe een wenn e + 

Function ; O | See {| Drive } Head H 
H i Size {| Select; Select } 

j Pee eee teen encnn gown nee eee ee + 

Hae on nn a nn ee ee ee ee + fan ee en ee ee eee + 

i Bit Bit Sector Size | 1 Bit Bit Drive Selected ; 

i ; 6 5 H H 4 3 H 
poe ewer ee ee ew ewww we wwe we we eee = + wwe wwe ween ewe wee www ewe ewe e rere + 

i; oO 0 256 Bytes H H 0 0 Drive Sel 0 H 
i 1 9 1 512 Bytes | t 1 Drive Sel 1 

- i 1 1 128 Bytes H H 1 0 Drive Sel 2 { 
| $a wenn ee ne ee ee + + H 1 1 Drive Sel 3 H 
| Se er + 

$e ewww enw eee ee we ee wwe ewe w meee ee wee = + 

i Bit Bit Bit Head Selected | 

i H 2 1 0 \ 

hw ew wn ne eee ee ene + 

H 0 0 0 Head 0 i 
i 1 0 0 1 Head 1 

1 0 1 0 Head 2 } 
H 0 1 1 Head 3 H 

H 1 0 0 Head 4 1 
| i 1 0 1 Head 5 i 

H 1 1 0 Head 6 H 
H 1 1 1 Head 7 i 

| pew e eee e ee ee nnn nn ene n eens + 

i C.4 Status and Error Register Bits 

te eer enenn Hee ee ne ew eee $e ee ew oe ee eee + 

; Bit $ Status Register H Error Register H 
i teem eenne teen wee ne eee ee en enn nee Hee een ne ee ee ee eee + 

H 7 H Busy { Bad Block Detect H 
H 6 H Ready H CRC Error - Data Field |; 

| i 5 H Write Fault ' CRC Error - ID Field H 
H i) H Seek Complete H ID Not Found H 
H 3 1 Data Request H - H 

i 2 ‘ - H Aborted Command ' 
i 1 H - H TROOO Error H 
H 0 H Error ' DAM not found H 

i torre n-- $e ne eee ee ee ne ee eee $e ee ee nn nn we ee en eee eee ee + 

é : S an ar’ oes: . . 
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| C.3 SDH Register Format 

pow wpe mew ene treoewron toe eco renew er ee + 

Bit i 7 1 6 5:4 3 i 2 1 0 | 
i teen teweenen teeerccn- $e eee mown + 

Function ; 0 | Sec }; Drive | Head H 
H i Size {| Select} Select | 

i toe e fo mwoewe= $row ocoewee teres een e ee + 

terre e se tee meen ee eM Me Mee eee eee + tee wee ww meee wwe em wom ewe meer wwe me + 

; Bit Bit Sector Size | i Bit Bit Drive Selected j; 
i i 6 5 1 i 4 3 1 

He we ew er ee ee eee ee + hw ee ee ew we ene ene + 

; 0 0 256 Bytes H H 8) 0 Drive Sel 0 1 
i ; oO 1 512 Bytes H H 0 1 Drive Sel 1 H 

~ ; 1 1 128 Bytes H H 1 0 Drive Sel 2 { 
Heme enn nnn nnn nee + i 1 1 Drive Sel 3 H 

| ft eee eee eee ew ee ee een nee + 

twee ee ee mn wm nee ee emer e nem meee reece nnn + 

i Bit Bit Bit Head Selected } 
i i 2 1 0 | 

hn a er we we ee a ee we ee ee ee nen + 

H 0 0 0 Head 0 i 
i t 0 1 Head 1 

H 0 1 0 Head 2 H 
i 0 1 1 Head 3 H 

| ; 4 0 0 Head 4 
i 1 0 1 Head 5 H 

H 1 1 0 Head 6 1 
| H 1 1 1 Head 7 i 

$m ee we ee ee ee mm ee ee ee mer nne + 

i C.4 Status and Error Register Bits 

teennen- $e ew ec ee wwe ee enn een ee ew ee ee ne ee ee ee eee + 

| i; Bit | Status Register H Error Register H 
teeenen- $e ww ew nw ew wen eee n ene Hee wn ee ee ewe ewe eee ewan + 

H 7 H Busy H Bad Block Detect H 
H 6 H Ready H CRC Error - Data Field } 

| i 5 H Write Fault H CRC Error - ID Field 1 
H 4 { Seek Complete H ID Not Found { 
i 3 H Data Request H - ' 

i i 2 H - H Aborted Command H 
i 1 { - H TROOO Error ' 
H 0 H Error H DAM not found H 

| tee e nen tere ew ee eee eee ew ewe ne Dee ee + 
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MEMO # 108 

gECHNICAL MEMO Oe TLE, ne" Reviston Update 
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DATE: July 14, 1981 

Abie ot he bi Smee 

L
n
g
 

ap
e 

eyr
e 

ree
 

mae
 

YA Or - 

Tnis memo provides information for upgrading all "“E" revision WD1000 Winchester Disk 
conten ees to the latest (£4) revision level. There are four modification sets on 

e "E" board. ‘ 

Modification: &1 Applicability: All 

1. Cut etch as shown in EIA near U20 and U4]. 

2. Add jumpers at feedthroughs at ends of etch cut in sten 1 as shown im EI-A. . 

¥3. Add 470 pf capacitor between feedthrough and pin 5 of U26 as shown in E1-8. 

4. Place jumper between £7 and £2 as shown in E1-C. 

5. Cut etch on back of board at middle pin (pin 2) of J6 as shown in E1-D. 

Modification: €2 Applicability: Superceded by Mod. £3 

Modification: €3 Applicability: S/N 0081 and Jater 

1. Cut etch near U20. See E3-1. 

2. Jumper U21 pin 9 to U13 pin 3. See E3-2. 

Modification: €&4 Applicability: All 

1. Cut etch on bottom of board leading from feedthrough directly beiow C65. 

See E4-1. 

2. Jumper from same feedthrough to U44-10. 

3. Jumper from U44-9 to U37-14 on upper feedthrough directly to the right 

w 

side of chip. 

Jumper U44-8 to U19-2 on middle feedthrough to the left cf U26. 

Remove 470 pf cap for El mod. if installed. 

Cut both traces to U12 pin 4 on underside of board.. See £4-2. 

Bridge traces cut in step 6 above with short piece of #30 AWG wire (bare) ta 

cause signal to bypass Ui2 pin 4. (Scrape solder mask to facilitate solderir 

bridge wire). On top side tie U12 pin 4 to U12 pin 16 (VCC). 

Omit this steo if z4 Mod. to oe installed. 
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OEM MANUAL CORRECTIONS 

~~ Page 7-9, paragraph 7.4... Inst step 1 of the ‘second set of ‘steps delete "with 
OMA bit set". 

Page %3, paragraph 9.2, line 14, change "TP5" to "TP6". 

Page 9-3, paragraph 9.2, line 16 change "R2" to "RI" 

On schematic in all editions (60-C031001-20 Rev. C) make the following pen and ink 

changes: 

Sheet 2 - Change U33 and U39 to "2149HL". Note: This is a recommendation 
only. 

Sheet 4 - Change VRI to read "79L05" 
Change Ui2 to read "74LS193" 

On all edition schematics, cut out and correct schematics with enclosed page. 
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DEVICE: WD1000 Winchester Disk Controller 
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This memo provides information for installing the "E5" modifications on the 

"E" board. This modification requires that the "E4" modification is installed 

(see Technical Memo #108). . 

Modification: 5 Applicability: Al] 

PURPOSE: 1. Permits use of WD1100-12 MFM Generator chip. 

2. Provides improved RAM access timing (requires "-7" PROM set). 

1. Remove solder from feedthrough as shown in £5-1. 

2. Pass insulated 30 guage wire through hole and solder to pin 9 of U30. 

See E5-2. 

3. Run wire past U29 and U28. Pass wire between U20 and U21. Solder the © 

wire to feedthrough shown in £5-3. 

Cut etch at pin 8, U39 on top of board. Add wire as shown in £5-4. 

5. Remove solder at feedthrough adjacent to pin 30 of U50. Pass insulated 

30 guage wire through this hole and connect to pin 32 of USO. See £5-5. 

Connect other end to pin 8 of U39 on top of the board. 

6. Cut etch at pin 8 of U33 on bottom of the board as in £5-6. 

7. Insert new PROM set numbered “AHO472-**-7" where "**" is "FX" for U28, 

"MX" for U35 and either "LI", "L2" or "L5" for U51. 
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TWX 910-698-1139 

MEMO # 110 

DATE: August 10, 1981 
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Pl ont lensed 

mrs | ee moe . _eger ccm 

The Western Digital WD1100-12 is a new, improved version of the WD1100-02 
MFM Generator Chip. It has internal timing circuits to shape the -MFMW, 

NOM, EARLY and LATE signals by a 2X write clock input (-2XDR). This relaxes 

the timing requirements for setup and hold relationships of subsequent cir- 

cuitry by removing glitches inherent in the -02 part. The -12 retains the 

same 20 pin package as the -02 with the addition of one signal -a clock- 

which is connected to pin 9. 

Because of this addition, the -02 chip is not directly replaceable by the -12. 

Pin 9 should be connected to a clock that is equal to twice the data transfer 

rate (10 MHZ in the case of the WD1000-50). The signal used in the WD1000 is 

~2XDR. The external latch used on the output of the -02 chip is no longer 

required, although it will not affect the operation of the -12 chip. 

The -02 chip may be used in the place of the -12 chip as long as the external 

latch is provided. 
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i MEMO # 111 

DEVICE: WD1000 Winchester Disk Controller 

| TECHNICAL MEMO TITLE: "F" Revision Information 
DATE: August 10, 198) 
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This memo provides advance technical information about the Western Digital 

WO1000 Revision "F" Winchester Disk Controller. Several design improvements 

have been made as well as elimination of on board wiring. The design improve- 

ments include: 

1. Provision for using the improved MFM Generator WD1100-12. 

2. The addition of a new latch which retimes the -AMDET and RCLK 
into the WO1100-01 Serial to Parallel Converter chip. 

3. Improved RAM access timing. The RAM chip enable (-CS) is connected 
to the Right Bank (-RB) strobe on the 8X300. The microcode has 
been changed to permit this increased access speed. 

4. Drive S/N ratio is improved by pairing the drive output connectors 

rather than tying them together. Two previously unused RS-422 
drivers are used. 

The WD1000 Revision "F" is a direct replacement for any other WO1000 controller 
board. 
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