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ADVANCED DIGITAL CORP. is proud to introduce its HDC-10@1
hard disk controller beoard. The HDC-1021 is a single board
controller with ECC(error correction) and CRC all
It follows

on one  board.
the IEEE—-696 standards and will fit it to any S5-120
Motherboard.
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i. INTRODUCTTION

1,1. General Description

The HDC-1001 is an S-100 bus Winchester Controller board with error
correction (ECC) capabilities. It is designed to interface up to four
Wirnchester disk drives. There are two versions of the board, the HDC-12@1-
S/8. The HDC-1001-8 can operate 8" drives. The HDC-1201-S5 is used with
most S—-1/4" drives. ‘

The drive signals are based upon the floppy locok-alike interface available
on the Shugart Associates’ SA1000, the Seagate Technology STS@6, and other
compatible drives. All nrecessary buffers and receivers/drivers are
included on the board to allow direct cormection to the drive. Four 20 pin
radial connectors are provided for data. Either a 34 pin (5-1/4" drive) or
a 9@ pin (8" drive) cornector is provided for drive control.

All data to be written to or read from the disk, status information, and
macrs commands are transferred via the $-100 bus. An on board sector
buffer allows data transfers to the host computer independent of the actual
data trarsfer rate of the drive.

#NOTE: In this manual the S~10@ irnterface is called the “"Hogt. "
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*********************'l:‘
A

S-100 IEEE 696

Single 8V Supply

Built—-in Data Separator ;
Built—in Write Precompensation logic

Data rates up to S Mbits/sec

Control for up to 4 drives

Control for up to 8 R/W heads

1224 cylinder addressing range

256 sector addressing range

CRC generation/verification

Automatic formatting

128, 256, or 512 bytes per sector (User selectable)
Unlimited sector interleave capability
Multiple sector reads and writes

Overlap seek capability

Implied seek on all commands

Automatic retries on all errors

Automatic restore and re—-seek on seek error
Error correction on data field errors
Diagnostic reads and writes for checking error correction
Power Consumption +85V @ 2.5 amps

INTRODUCTION
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1.3,

Specifications

Encoding method:
Cylinders per Head:
Sectors per Track:
Heads:

Drive Selects:

Step rate:

Data Transfer Rate:

Write Precomp Time:
CRC FPolyromial:
ECC Polyriomial:

Reciprocal ECC Polynomial:
Miscorrection Probability:

Non—-detection Probability:
Correction Span:
Sectoring:

Host Interface:

Drive Capability:

Drive Cable Length:

Power Requirements:
fimbient Operating Temperature:
Relative Humidity:

MTEF 2

MTTR:

MFM .

Up to 1024

Up to 256 (512 byte sec)

8

4

35 uS to 7.5 mS (@.5 mS increments)
4.34 Mbits/sec (SA102Q)

S. 020 Mbits/sec (STSQ6)

12 nancseconds

X¥e1E+X %124+ X %%5+1

X##I2+X %28+ AR R26+XH %19+ X %17+ X %10+
X®#G+X%%2+1

A %N I2+XHRID+XRR2E+XURSE+X R 1S+X % %1 3+
X%+ XH%441

256 byte sector ~ (8.0 E-6

512 byte sector - (1.5 E-5

-2.3 E~-10

S bits

Soft

8 Rit bi-directional Bus

10 LS Loads

12 ft. (3 M) max.

+8V, 3.0A Max (2.5R typ.)

OC to SO C (32 F to 122 F)

20% to 89%

12, 202 POH

30 minutes
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2. INTERFACE CONNECTAORS

8:.1. Organization
The HDC-1001 has six on board connectors. These connectors consist of a
two drive control cornector, and four high speed data connectors.

The drive contrcl cable is daisy-chained to each of the four drives.

- The drive data conrectors carry differential signals and are radially
connected. Up to four drives can be accommedated by the HDC-1001.

2:28. Drive Control Signals

The Drive Contral connector (JS and J6) ie a (relatively) low speed bus
that 1is daisy chain connected to each of up to four drives in the system.

To properly terminate each TTL level cutput signal from the HDC-10@1, 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: '

2.2.1. RWC- '
Wherr 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 irmer 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.

2.28.2. Write Gate-

This output sigral allows data to be written to the
disk.

2.2.3. Seek Complete-

Informs the HDC~-12@1 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. 2- A, Tl"aC‘k m@o“'

Indicates that the R/W heads are positioned on the
outermost cylinder. This line is sampled immediately
before each step is issued. ,

2. 2.3, Write Fault-
Informs the HNC-1021 that some fault has occurred on
the slected drive. The HDC-10@1 will not execute commands

2.2.6. HS2-HS2~

Head Select lines are used by the HDC-1021 to select a
spacific R/W head on the selected drive.

£
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2' 2. 7.

2.2. 8.

E. el 9-

2.2.10.

2.2.11.

2.2.12.

Sector—v

Index—~

Ready-

Stép—

Direction

DS1-DS4-

For hard sectored drives, this line is used to indicate
the sector boundries during formatting. Note that this

line is rnot used unless special PROMs are installed to
handle hard sectored drives.

Is used to indicate the index point for synchronization
during formatting and as a time out mechanism for

retries. This sigral should pulse once each rotation
of the dishk.

Informs the HDC—i@@1 that the desired drive is selected
and that its motor is up to speed. The HDC-1@01 will
not execute commands unless this line is true. ‘

This 1line is pulsed once for each cylinder to be
stepped. The direction of the step will be determined
by the Direction In- line. The step pulse period is
determined by the internal stepping rate register
during implied seek coperations or explicitly during
Seek arnd Restore commands. During auto restore, the
step pulse period is determined by the Seek Complete-
time from the drive. v

In—
Determines the direction of motion of the R/W head when
the step lirne is pulsed. A high on this line. defines

the direction as out and a low defines direction as in.

These four Drive Select lines are used to select one of
four possible drives.
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2.2.13. Control Driver/Receiver
The contrzl lines have the following electrical specifications:

True= Q.2 V to 0.4 V at Iin = 42 ma. (max.)
False= 2.5 V to 5.85 V at Iin = -8 ma. (open)

SV

!

7438

AN

<
FJJO a

=
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2.2.14. S0 pin Drive Control Connector

This Drive Control Connector (JS) is a 5@ pin vertical header on tenth-inch
centers that mates with Burndy #FRSSQ@BS. The cable used should be flat

ribbon cable or twisted pair with a length of less than 12 feet. The cable
pin-outs are as follows:

I S e s s e o s e, e e e i S e e, e o e e — -

I Signal Ground | Signal Pin | I/0 1 Signal Name |
+— o e e e s s e e e o e e e o e +
l 1 i 2 1 0 ! RWC—~ !
| 3 t 4 1 (u} | Head Select 2- |
| S ] ) ! | NC |
| 7 i 8 1 1 [ Seek Complete- I
! 9 1 10 | ] NC l
| 11 | 12 ] { NC I
i 13 ! 14 1 0 1 Head Select 0O~ (
] 15 I 16 | 1 | Sector— i
| 17 I 18 | n] | Head Select 1- 1
! 19 ! b4 ! I ! Index~ }
i 21 | 22 1 I ! Ready~-. 1
| 23 1 24 ! | NC |
{ a9 | 26 | 0 1 Drive Select 1- |
| 27 I =8 i u] i Drive Select 2- {
| 29 1 32 | 0 i Drive Select 3- 1
! 31 I 32 | n} | Drive Select 4- |
{ 33 1 34 | 0 | Direction In- I
] 39 | 36 | O 1 Step~ 1
1 37 | 38 | i NC 1
{ 39 { 40 i 0 ! Write Gate- |
{ 41 { 4e | I ! TROAQ- 1
! 43 ! 44 i I | Write Fault- i
i 45 { 46 ] 1 NC i
| 47 | 48 | i NC |
| 4% | S50 1 | NC |
o s o o e o e e — + —— — - +
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2.2.15. 34 Pin Drive Control Connector

This Drive Control connector (J6) is a 34 pin vertical header on tenth—inch
centers that mates with Burndy #FRS34BS. The cable used should be flat
ribbon cable or twisted pair with a length of less than 10 feet. The cable
pir—outs are as follows:

o s A o e et e et ST S i s D s — ity o

| 8ignal Ground | Signal Pin | IND | Signal Name i
o e e o e e e e e e o e o e e e e e et e e +
1 1 I e | 0 1 RWC- |
! 3 | 4 ! 0 | Head Select 2-— |
1 S 1 6 { 0 I Write Gate— {
1 7 | 8 1 1 | Seek Complete-— |
1 9 1 19 ! 1 1 TRORQ-~ |
{ 11 { 12 i 1 I Write Fault- I
1 13 | 14 1 0 | Head Select O- |
1 15 | i6 i I I Sector- |
| 17 ] i8 | 0 i Head Select 1~ |
I 19 I 2a I 1 | Index-— ' !
| 21 | e | 1 |  Ready- i
| 23 ! 24 1 0 | Step- i
i 29 ! 26 ] 0 ! Drive Select 1- !
[ 27 ! 28 | 0 I Drive Select 2- 1
] &9 ] 30 | 0 | Drive Select 3- 1
i 31 | 3i | o | Drive Select 4- |
I 33 ! 34 ! 0 | Direction In— !
R —— e e e e e e e ot e o e o o e o s e e e e e s e e st e e 1 o e e +

oy oy e e e b ot oios ot SR e s e Do

The Drive Data Cormectors carry the high speed differential MFM data
betweeri the drive and the HDC-1201. Due to the loading characteristics of
these differential lires, each of the drives have their own data connector.
Drive Data Signrals are as follows:

2.3.1. Drive Selected-
This sigrnal is not used on the HDC-1201.

2.3.2. Timing Clock+
One half of the differential Timing Clock signal. This
line contains a square wave signal equal to 1/64 the
frequency of the write clock crystal.

2.3.3. Timing Clock-
This is the complimentary version of Timing Clock+.

Differential MFM data from the controller to the disk.
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e et e s et v s " o~ G e S e S eee e

2.3.5. MFM Read Data+- ,
Differential MFM data from the disk to the controller.

2. 3. 6. Drive Data Connectors

Four Data connectorsi(Jt—4) are provided for clock signals and data between

the HDC-1@@1 and each drive. All lines associated with the transfer of
data between the drive and the HDC-1001 system are differential in nature
and may not be multiplexed. The Data connectors are €@ pin vertical

headers on tenth—-inch centers that mate with Burndy #FRSzZ@BS. The cable

used should be flat ribbon cable or twisted pair with a length of less than
12 feet. The cable pirnouts are as follows:

B —— o e e e s e + + —
I Signal Ground | Signal Pin t I/0 | Signal Name 1
v o e o e o e e e e e e s e e e o e 2 o e e e e + -
| 2 ! i [ 1 | Drive Selected 1
1 4 1 3 | I NC 1
| ) | S | I | Write Protect- ]
| 8 1 7 1 I NC 1
I | 9 ! 0 I Timing Clock+ i
1 1 12 | (] I Timing Clock-— l
! il 1 1 ! GND {
} 12 | i i GND 1
| g i3 I 8} i MFM Write Data+ |
] I 14 ! 0 I MFM Write Data- 1
| 15 ! | { GND {
i 16 | f 1  GND i
i 1 17 I I | ™MFM Read Data+ ]
} [ i8 i 1 i MFM Read Data-— |
| 19 1 | I  GND |
1 2@ i 1 I GND i
RO — - o e e s e e o e e e e e e e e e e e e o e —— e e

2.3.7. Differential Data Driver/Receiver

51Q
HIGH - HIGH
TRUE 512 | © . TRUE
AMD 26L531
or 75110A = AMD 26LS32
NOTE: ANY RS 422 — —
DRIVER/RECEIVER PAIR = -

wiL ‘
L lNTERFACE_ FLAT RIBBON OR TWISTED PAIR

MAX 10 FT.

10
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3. INTERFARACE TIMING

3.1. Drive Gontrol Tiwing

S it - e —————— +
| SYMBOL CHARACTERISTIC MIN ° MAX UNITS |
g — - - —— . e . -+
I tWG Write gate pulse width 1 gector 2 rotstion ]
I tDS . Direction to step delay 52 nS {
I tSW Step pulse width S(typical’ - us 1
| tEP Programmed Step pulse period ©0.01 7.5 uS 1
{ 88 Step to Seek Complete false 4 9 us |
I ¢SC Last Step to seek Complete 128 Index |
1 times !
o e o o e e o —— —— e s s o e e e = +
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 compléte time during au.
rastore.
- DR SEL, HD SEL x . X
- RWC VALID U777 L
e WG -
- WRITE GATE L 1
i i
DS —=  \—
! | { L
~ DIRECTION 7777777777777/ l B o
' ! : tSP ———-———4
' —liswW —
- STEP ' ! § fm
. [ ! ;
tSS—*1 | -— f—ee {SC
! ! {¢
| 17
- SEEK COMPLETE I ) L

11
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1 SYMBOL CHARACTERISTIC MIN MAX UNITS i
+— - - ——— - -
1 £7C Timing clock period WCLK/16 (typical) |
I tWD Write data pulse width 62 ize nS |
1  ¢tRD Read data pulse width 23 nS |

+._.._...._ -

——

+TIMING CLOCK__|

N
lem tTC =t
- TIMING CLOCK___ \

+ MFM WRITE DATA

— WD

-— - -

- MFM WRITE DATA

+MFM READ DATA_|

A

)
- MFM READ DATA — tROD

12



4. T ASK FIULE

4.1. Task Eile Basics

The HDC-1021 performs all disk functions through a set of registers called
the Task File. These register are loaded with parameters such as Sector
Number, Cylinder Number, etc., prior to issuing a command. Individual
registers are selected via AR-2. The following registers are available: .

——t
1 C8~- 1 A2 | A1 t+ AB | RE~- I WE- !
o e e e e e e e s e e e e e e s o e e +
I 1 I X 1 X | X | Deselected ! Deselected |
! @ 1@ 8 1+ @ 1| Data Register ! Data Register |
! 8 12 @ 11 | Error Register i Write Precomp ]
i @ 1 a 1 | @ | Sector Count I Sector Count 1
I 2 12 11 11 | Sector Number | Sector Number ]
I &8 |1 1@ 1 @ | Cylinder Low I Cylinder Low i
i @& 11 1 8 11 | Cylinder High I Cylinder High I
I @2 11 I 1 i @ | Size/Drive/Head | Size/Drive/Head |
I @ 11 11 11 1 Status Register | Command Register 1
+ e e —_ i i st et e 0 s e s 8 e S e i e i e et 2 o S e e S e e s e e +

4.3.1. Command Register '
All commands are loaded into this register after the
task registers have been set. Writing to this register
will cause the INTRR Line to be reset. The Command
register is a write-only register.

4.3.2. S8Status Repgister

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, nrno
other bits in this register are valid. Accessing this
register will cause the INTRQ line to be reset.

4,.3.3. SDH Register

This register contains the ECC mode, sector Size, Drive
select, and Head select bits. The SDH register is a

13
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read/write register organized as follows:

o e e ——— —

1716 5 14 3 1 2 10

+

i

e e e e e e e - +
|

I

! E1 Sec | Drive | Head
i ! SBize | Select! Select
P, —— ————

E=0 CRC irn data field
E=1 ECC in data field

b i o e e e e et e S i st e e S et e e e + o o e s e e e e e et 2 e e e e e S +
I Bit Bit Sector Size i i Bit Bit Drive Selected |
! € S | ! 4 3 f
e et e i e e e o e o S + + _— —
i 2 @ 256 Bytes i 1 @ @ Drive Sel 1 o
1 Q@ 1 512 Bytes ! | 2 1 Drive Sel & [
! i i 128 Bytes . ! | 1 "] Drive Sel 3 1
o — —— + [ 1 1 Drive Sel 4 - 1
+—— - +

e e e e e e e +

1 Bit Bit Bit Head Selected 1

] 2 1 2 {

e e e e e e e e e Sk i i i e i e B e o e e e S 2 i e e o +

| 2 2 2 Head @ |

| 7, 2 i Head 1 [

| 2 1 2 Head 2 |

I 7] 1 1 Head 3 1

1 1 2 2 Head 4 !

| 1 U 1 Head S |

| 1 1 2 Head 6 l

{ 1 b 1 Head 7 |

o e e e e e e et e e . e i 7 St St st e e e —— —t

4.3.4. Cylinder Number

These two read/write registers form the cylinder number
where the head is to be positioned on a Seek, Read,

Write, or Format command. Irnternally, a separate set
of cylinder register values are maintairned for each
drive. The two least significant bits of the Cylinder

High register form the most significant bits of the
cylinder number as illustrated below:

Cylinder High Cylinder Low
Register bits: 1716151413121113¢% 171615141312i11Q1
T T I T

Cylinder bits: !

19iali 17161514131211101

4. 3. 5. Sector numbenr

- This register is loaded with the desired sector number

pricor to a Read or Wwrite command. The Sector Number

14



register is a read/write register and may be read or
written to by the host.

4.3.6. Sector Count

This read/write register is loaded with the number of
sectors to be processed. On Read or Write multiple
commands, the number of sectors to be transferred is
loaded into this register. During a Format command,
this register is loaded with the number of sectors to
be formatted. During the course of a command, the
Sector Count register is decremented towards zero and
should be re-loaded for each command.

4.3.7. Error Register
This register contains specific fault information per-
taining 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.

4.3.8. Write Precomp

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 1224 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 Precompensation
delay is fixed at 12 ranoseconds from nominal. On
drives that require separate write precompensation and
reduce write current cylinders, set the Write Precomp
register to the cylinder where write current reduction
is desired.

4.3.9. Data Register
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 DRI (Data ReRuest) 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 HDC~-1001 is interfaced
- using programmed I1/0, data transfers to this register
can be implemented using block moves. This register may
not be read from or written to except in the conten’ of
a valid command.

15
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4. 4. Status Repgisters

There are two registers in the HDC—-12@1 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.

e e o e e e e e i s e e e et e e e o e e e e e - — -
Bit Status Register Error Register
Busy Bad Block Detect
Ready Uncorrectable

Seek Complete ID Not Found

| !
+ +
i !
! }
| Write Fault 1 CRC Evror - ID Field
| |
1 Data Regquest |

] ]

! |

! |

Corrected Aborted Command
- TR2QQ Error
Ervror DAM Not Found

S R

o e st tae o s s oo —— s oo s — — e o — oo -

When set, indicates that a bit is 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.

4.5.2. Corrected
Indicates that there was a read error condition either
inm the data field or the ECC check bits themselves, and
that the controller was able to correct the condition.

4,5.3. Data Request

Functions almost identically to the hardware DRQR " ine.
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.

4.5.4., Seek Complete
Indicates the condition of the Seek Complete line on
the selected drive.

4.5.5. Write Fault ‘
Indicates the condition of the Write Fault line on &

16
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selected drive. The HDC-1001 will not execute any
command if this bit is set.

4,5.6. Ready

Indicates the condition of the Ready line of the
selected drive. The HDC-1081 will not execute any
commands unless this bit is set.

4.5.7. Busy

After issuing a command, this bit will be set,
indicating that the HDC-1001 is busy executing a
command. No other bits or registers are valid when

this bit is set.

Will be set during a Read Sector command if, after

successfully identifying the 1D field, the Data Address
mark was not detected within 16 bytes of ID field.

4.6.2. TROO Error
Will be set during a Restore command if, after issuing

1024 stepping pulses, the Track Q@ line was not
asserted by the drive.

4.6.3. Rborted 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 can be
performed to determine the cause of failure.

4.6.4. 1D Not Found . ‘

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

4,.6.%. CRC Error ID
Indicates that a CRC error was encountered in an 1D
field.

17
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4.6.6. Uncorrqctable

Indicates that an error was detected while reading the
data field or ECC check bits and the error was so
severe that the controller was riot able to correct the
condition.

4.6.7. Bad Block Daetect

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 nrot be
detected if the flaw is in the ID field unless multiple
ID fields were written.

18
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4. 5. 6.

4.5.7.

4.8,

4.6.1.

4.6.2.

4. 6. 3.

4. 6- 4.

4. 6- 5.

Ready

Busy

DAM Not Found

TROO2 Error

selected drive. The HDC-1001 will not execute any

command if this bit is set.

Indicates the condition of ¢the Ready line of the
selected drive. The HDC-10@1 will not execute any
commands unless this bit is set.

After issuing a command, this bit will be set,
indicating that the HDC-1001 is busy executing a
commard. No other bits or registers are valid when

this bit is set.

Error Register Bits

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.

Will be set during a Restore command if, after issuing

1024 stepping pulses, the Track @@ line was not
asserted by the drive.

Aborted Command

ID Not Found

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 can be
performed to determine the cause of failure.

When set, this bit indicates that an 1D field
cintaining a specified cylinder, head, sector number or
sector size was not found.

CRC Ervor ID

Indicates that a CRC error was encountered in an ID
field.

17
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4.6.6. Uncorrectabl.

Indicates that an error was detected while reading the
data field or ECC check bits and the error was so
severe that the controller was riot able to correct the
condition.

4.6.7. 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 rot be
detected if the flaw is in the ID field unless multiple
ID fields were written.

18
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5. COMMANDS

The HDC-1001 executes five easy to use macro commands., Most commands
feature automatic 'implied? seek, which means the host system need not tell
the HDC-1221 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 field errors. If the data field contains an
error, the controller will perform a correction, if possible. If the R/W
head mispositions, the HDC-1001 will automatically perform a restore and a
re—-seek. If the error is completely unrecoverable, the HDC-1001 will
simulate a normal completion to simplify the host system’s software. '

Commands are executed by loading a command byte into the Command register
while the controller is riot busy. (Controaller 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
lirnes are false or if the Write Fault line is true. Novrmally it is not
necessary to poll these signals before issuing a command. If the HDC-10201
receives a command that is not defined in the following table, undef ined
results will cccur.

19
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21 Command Summary
For ease of discussion, commands are divided into three types which are
summarized in the following table:

+ +
[ 1 | BITS 1
I TYPE | COMMAND N 4 6 S 4 3 2 1 2 |
+ + + —-——+
[ | I Restore 1. @ Q2 2 1 r3 r2 ri rol
1 —— - —— + - +
11 | Seek I @ 1 i 1 r3 r2 ri roi
| m— e o e e e + +
I I1 I  Read Sector I @ @ i © D M L U |
T ——— R — oo —— +
I III 1 Write Sector | © 2 S | 2 M L 2 |
| o o o e e o +
| III I Format Track | @ i e 1 " 2 "] a1
TSRS —— - - ——— —— +

L=Long Read/Write D=DMA Read Interrupt
M=Multiple Sector rX=Stepping Rate
S.1.1. Stepping Rates

e e e — ——— s &
| r3-r@ - Stepping Rate !
o oo e i s e s o e o + - - —
1 2202 = 35 usS 1 1000 = 4.0 mS |
1 Q221 = @.5 mS 1 1201 = 4.5 wS |
| 2212 = 1.2 mS | 1012 = 5.0 mS |
i aeii = 1.5 mS i 1211 = 5.5 mS [
| 2122 = 2.2 mS | 1108 = 6.0 mS |
| 2igl = 2.5 mS ! 1181 = 6.5 mS |
| 2110 = 3.2 mS 1 i11@ = 7.2 mS 1
| P11l = 3.5 mS i 1111 = 7.9 mS !
+~ e e e s e e + - -

S.1.2. DMA Read

DMA Read Mode
Programmed I/0 Mode
DMA Mode

- 3|0
Wouil

The DMA bit is used to position INTR®E in relation to
DROes 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.

20
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S5.1.3. Long Read and Write

If the Long bit is set, a special diagnostic read or

write will be performed. During normal reads or
writes, the ECC check bytes are not visible to the
user. The Long bit allows the user to read and write

these novmally invisible bytes.

During a Read Long, the HDC-1001 will return a sector
that is four bytes longer than the selected sector
size. These four bytes will be the ECC check bits as

recorded on the disk. During a Write Long, the host
give the HDC-1001 a sector that is four bytes longer
than normal. These four extra bytes are recorded in

place of the ECC bytes that are normally written after
each sector.

The Read and Néite Long option may only be used when
the HDC-10@1 is in ECC mode. ‘

These commands sinmply position the R/W heads of the selected drive. Both
commards have explicit stepping rate fields. The lower four bits of these
commands form the stepping rate which is stored for later Read, Write or
format operations.

S.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 TR@G@® 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, ard 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.

I1f no errors are encountered thus far, the internal head position register
for the selected drive is cleared. The TREQQ line is sampled. If TRORQ is
true, an interrupt is gererated and the Busy bit is reset. If TR is not
true, stepping pulses at a rate determined by the stepping rate field are
issued wuntil the TREVYQ line is activated. When TRI®® is activated, the
Busy bit is reset and an interrupt is issued. If the TROR? line is not
activated within 1224 stepping pulses, the TRO22 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.
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S.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 Repgister 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 Evror register is set, the Ervor 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
intervupt is 1ssued. 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.

S.3. Type Il Commands

This type of command is characterized by a transter of a block or data troam

the HDC—-1221 buffer to the host. This commanc has an 1mplicit stepping
rate as set by the last Restore cr Seek command.

S5.3.1. Read Sector

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

the host computer. Upon receipt of the Read command, the Busy bit in the
Status register is set. The state of Seek Camplete, 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 simnulated. )

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 Evror bit in the Status register is set, and a normal

completion is simulated.

Retries

Once the head has settled over the desired cylinder, the HDC-1001 will

attempt to read the sector. The HDC-1081 performs all retries necessarvy to
recover the data during the read command. The controller attempts ==
read the desired sector up to 1& times. It will attempt a retry if 1t -ces
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not find an ID, if the ID of that sector has a bad CRC, if the Data Rddress

Mark (DAM) couldn't be found, or even if the data was actually read from
the disk but was in error.

Ervor Correction

If an error was detected while reading the data field, the controller will
attempt to correct the error, If the error was correctable, - the Corrected
bit in the status register will be set and the command resumed. if it was
uncorrectable, the Uncorrectable Evrror bit will be set, the Error bit in
the Status register is set, and a normal completion is simulated.

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 mateh on the ID field, it assumes that the head was
possibly mis-positioned and executes an auto-restore. During theée auto-—
restore, the stepping rate is implied to be equal to the Seek Complete
period. If the TRKREGD does not go true within 1024 steps, the TRKIOG Error
bit in the Error register is set, the Error bit in the Status register is
set and a normal completion is simulated.

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.

Hard Ervors

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
Uncorrectable bit is set, the data that last produced that error will be
available in the sector buffer. The Error bit in the Status Repister is
set and a rnormal completion is simulated.
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Error Severity Levels

thhough the HDC~1001 might encounter any rumber 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:

1. Qborted Command

2. TR2QQ Error

3. Bad Bloclk#=

4. Uncorrectable

S. Data Address Mark Not Found

6. ID CRC Ervor

7. ID Not Found

*# -~ Bad Block will only be detected if there is no ID CRC Errbr or ID Not

Found Error in the sector with the Bad Block bit set.

Normal Completion

If the HDC-1801 encountered no errors, it 1is 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 interrvupt is issued at this time. DRAs are then generated for each
byte to be read from the buffer. (Note: It is recommended that programmed
1/0 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=13 DMA mode) then an interrupt will be issued.

5.3.2. Multiple Sector Reads

If the M bit irn the command byte is set, ther. the HDC-1201 will attempt to
read mnultiple sectors. After all the data has been transferred from the
sector buffer to the host on a read, the Sector Number register is
incremented, the Sectoy Count register is decremented, and if the Sector
Count reaches zero or if a fatal error is encountered, the HDC-10@1 will
stop and interrupt the host.

Wher a Correctable error is encountered during a multiple sector read, the
occcurance of the error is logged, but no interrupts are generated. After
the whole multiple transfer is complete, the host can read the Corrected
bit of the Status register to determive if any automatic corrections have
taken place.

This type of command is characterized by a transfer of a block of data from
the host to the HDC-1801 buf fer. These conmands have implicit stepping
rates as set by the last Restore or Seek command. .
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S.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 1is
recommended that programmed 1/0 transfers should take place as a block move
without congulting the DRQ bit in the Status register.)

Rfter 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 arn error condition exists, the Aborted Command bit in
the Error register is set, the Error bit in the Status register is set, an
intervupt is generated and the Busy bit is reset.

Retries

Once the head has settled over the desired cylinder, it will attempt ¢to
read the ID of the sector. The HDC-10@1 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.

S Auto Restore

Every time the controller encounters an error, it records the occurrence of
that errar in an internal register. If, after 16 retries, the controller
was rnot 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.

Hard Errors

If the contreller 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.

v
. e, Format Track

-~z  Format Command is used for initializing the ID and data fields on a
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particular disk. Upon receipt of the Format command, the controller
generates DROs for each byte of the interleave table to be written to the
buffer. Information aon setting up an interleave table can be f2urd in
Section 7. In all cases, the number oF b ,*es rrane‘erred to the buffer
must correspond to the current sector size.

- After all data has been set to the buffer, the Busy bi* in the Status
register is set. The state of Seek Completa. Ready arag Write Fault lirvies
are sampled. If an error condition exists, the Aborted Command bit .- the
Error register is set, the Error bit in the Status register is set. an
interrupt is generated and the Busy bit is reserx.

Implied Seek

If no errors are encountered so far, a Seek command is executed. No
verification of :rack positioning accuracy 1s performed because the t ck
may not have any ID fields present. After the Seek aperation has tCween
performed, the Szek Complete lirne is sampled. If the Seek Complsta  1imo
is rot asserted within 128 Index pulses, the Aborted Command bit in the
Evror 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 waits
urtil the Index line is asserted. Once the index is fourd. a number of TD

fields and nrulled data fields are written to the disk. The nrnumber of
sectors writtern is equal ‘o the contents of the Sector Cuunt Register. =1
sach sector is written tne Sector Count Register 13 cecrementec, and
scnsequently, must be updated before each format operation.

After the last sector is written, the controller back-fills the track with
4E% 3, Whern the next index pulse after the last sector 1is written 1s
encountered, the format operation is terminated, an Interrupt is gererated
and the Busy bit is reset.

Track Format

The Format command formats the track using the followirg format:

REPEATED N TIMES
' 1
T o~
GAP ' 32 CRT| 4 gyTES
A capa | 148YTES| ) hipent| CYU| sw | sec| CRC | 3Blayrest wn | 3 gﬁzg oR 3300,
P 100) Low -2- {004 (00) =t ecca
: i t b
e IDFIELD ' DATAFIELD ;
200 nS. MIN. INDEX PULSE i
! S WRITE GATE I
NOTE: 5) The 2 LS8's of tha \CENT myie are usad ‘or
Zylinder high.
1 When MSB of SH byte = 1, bad block is These values are:
detected. FE -0 255 ylincars
2)  Write Gate tum-onis 3 bytes after the 10 fieid's FF-25610 511 cyincers
CRC byte. FC - 51210 767 oylinders
3  Write Gate tumoff is 3 bytes atter the Data FD-7€£01023 cdinders
Field's chack bytes. 26 ‘
4), 12bytesolzerces arere-writtenona Data Fieid

update.
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6. PROGBGRAMMING

Users familiar with floppy disk systems will find programming the HDC-1@01
a pleasant surprise. A substantial amount of intelligence that was
required by the host computer has been incorporated into the HDC-1081i. The
HDC-1001 performs all needed retries, even on head positioning errors. if
there is an error in the data field, the HDC-1021 will attempt to correct
it. Most commands feature automatic 'implied! seek which means that seek
commands need not be issued to perform basic read/write furctions. The
HDC-1221 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 fuli sector buffer.
Thie means that data transfers are fully interruptable and can take place
at any speed that is convenient to the system designer. In the event of an
unrecaverable error, the HDC-1001 simulates a normal completion so that
special ervor recovery software is rnot needed.

This secticn assumes that the user has read sections five (Task File) and
six (Commands).
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€.1. Setting up Task Files

Before any of the five commands may be executed, a set of parameter
registers called the Task File must be set up. For most commands, this
informs the HDC-1001 of the exact location on the disk that the trarnsfer
should take place. For a normal read or write sector operation, the Sector

Number, the Size/Drive/Head, Cylinder Number and Command register (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 errcr occurred
without recalculating the sector, head and cylinder parameters.

Since the HDC-1081 can recall all the Task File parameters sent to it, it
is recommended that Task File parameters be stored in the HDC-10@1 as they
are calculated. This will save the programmer a few instructions and
microseconds by not maintaining two copies of the same information.

6.1.1. 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 accessible by all the
heads on a positiorier before stepping to a rew cylirnder., The fallowing

example illustrates a cylinder-by-cylinder sequential file read on a four
head, two platter disk drive:

A v e —— et it S o . 2 e e 2 o e o e e i s e e +

I Physical |1 Lagical I Phy=zicai | Physical |

! Cylinder ! Head Number | Hear Side | Platter !

e ———— e o e e e e o e e e o i e o o e e e o e o e e +

1 &5 ! 3 | Top { B ]

! 26 i 2 i Bottom ! A !

! 26 ! i i Top ! R }

[ 26 : 2 i Bot tam t B !

] 26 ! 3 ] Top ! B |

| 27 i th) ' Bottom ! A !

e oo e e o e e e e e e e e i o e e e e e e 2 o S o . e 1 e e e . e e e e e e +
€.2. JType 1 Command Programming
Restore and Seek are Type [ commands. These commands position the R/W
heads of the selected drive ang set ths 1mplied stepping rate register. No
data is transferred tc =+ from the Data Register. To exscute a Type 1

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

1. Set up Task File avd icse cowmmnand with stepping rate’

28



HDC-1@@1 HARD DISK CONTROLLER Technical Manual ' PROGRAMMING

(HDC-1001 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.

6.2.1. Stepping Rates

Most drives that use the HDC-1001's 35 uS stepping rate require a slower
rate (usually 3 mS or more) for Restore operations. This is why the HDC-
1221 allows you to have explicit stepping rates on both Restore ard Seek.
Upon power up, it is good practice to issue a Restore command with a slower
stepping rate +to recalibrate the head assembly. After waiting for that
operation to complete, issue a Seek command with the faster stepping rate
to set the stepping rate for subsequent implied seeks.

6.2.2. Use of Busy bit

There are two different ways to sense the completion of a command. The
first way, for smaller single user systems, is to poll the Busy bit of the
Status Register. The Bus bit (bit 7) is set whenever the controller starts

a disk operation and is reset whenever the controller is ready to
communicate with the host computer.

The HDC-12B1 busy bit is located in the same place a the sign bit of many
computers to simplify the polling process.

This is one way to poll this bit using 8082 code:

WRIT: IN STATUS j Input HDC-1201, update sign flag
ANA A , jUpdate 82802 sign flag
JM WARIT jWait if busy (sign) bit set

6.2.3. Use of Interrupts

Another more efficient way of notifying the CPU that the HDC—-1081 has
completed a command is through interrupts. The INTRG lire on the HDC-1021
makes a low to high transition whenever the disk controller requires CPU

intervention. This allows the host CPU to »run other tasks while the HDC-
1021 is reading or writing data to the disk.

6.2.4. Use of the Error bit

Since the HDC-1201 simulates rormal completions, it acts the same whether
o ot errors are encountered. The only way to check error status is to
check the Error bit in the Status register. The HDC-1001 Errcr 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 rot wvalid
urless the Error bit is set. '
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This is one way to check the Error bit using 8088 code:

IN STATUS ; : jGet status (if rot already in RA)
RAR jRotate error bit into C
JC  ERROR , jJump if error found

6.2.5. Use of the Corrected bit

Corvectable errors are usually quite benign and can almost always be

ignored. However, some systems des1gners may wigh to log their occurence.
The Corrected bit is positioned in the Status register to facilitate error
logging. Correctable and fatal errors can be detected with the following
8082 code: ‘ o ‘ '
IN STATUS ; Get HDC-lﬂml status
ANI 5 ‘ sMask of f Error and Correct bxts

JNZ SOMERR sJump if we have either a correct-—
- jable or fatal error :

6.2. Type 1l Command Programming

The Read Sector command is the only Type I1 command. This command is
characterized by the transfer of a block of data from the HDC-10@1 buffer
to the host. This command features implied seek with an implicit stepping
rate. To execute a Type 1l single sector command in programmed 1/0 mode,
the system software must do the Follow1ng functions in this order:

1. Set up Task File and issue command with DMA bit reset
(HDC—-1221 will attempt to read sector)
2. Wait for intervupt or for Busy bit in Status Register to be reset
3. Do block move from HDC-1001 buffer to system memory
4. Check Error bit in Status Register for proper completion

Noté: Steps 2 and 4 above can be reversed.

To execute a Type II single or multiple sector 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 ‘
(HDC-1221 will attempt to read single or multiple sectors)
(DMA controller will move data from HDC-1001 to memory)

3. Wait for interrupt from HDC-1001

4, Check Error bit in Status register for proper completion

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

6.3.1. DMA Mode

The DMA mode bit (D) in the above read sector examples is a special bit in
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the command byte that is used to optimize the HDC-1001's interrupts during
programmed I/0 and DMA. operatxons.“ 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 interverne 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 hogt to go uninterrupted until the
entire buffer has been transferred. »

6. 3.2. Block Moves

The HDC~-1021 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
ug. - In programmed 1/0. applications there is no need. to consult the DRQ bit -
in the status. . register: to determine if- arother 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 sector.

The followxng 808@ coda demonstrates a transfer from the HDC—IOOI to system
memory. The. transfer address. is in HL and the byte count is .in B:

READIT: . IN . -DQTR~,, S ,Get data frcm HDC-1201 sector buffer
MOV Lo MR jStore it in memory
INX H L - 3Increment memory pointer
DCR . B ‘ jDecrement byte counter
= INZ - READIT -~ 4Do it again if whole sector not xfered

The following Z-8@ instruction does it all. The transfer address is in HL,
byte count is in B and HDC-1021 data repgister address in C:

READIT:  INIR ;Transfer buffer from HDC-1201 to memory

€.3.3. Using DMA

There are several features in the HDC—-1@@1 which sihplify 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 HDC-1821 interrupts for DMRA
operatxon. ) ,

’6.3.4{_ Multipls Sector Ifansférs:{

The HDC~i2@1 can transfer more than one sector per command if interfaced
using  DMA and interrupts. . Transfers as large as an entire track can be
executed. The Sector. Count register holds the number of records to be
transferred. . (ILf . - Bector Count  is . zeroc then 2356 records will be
~transferred.) _The Sector Number register holds the starting sector of the
transfer. When  a multiple sector transfer is successfully completed, the
Sector Dount raegister will be equal to zero and the Sector Number register
will be equal to the last sector transferred plus ore.
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If a fatal error is encountered during a multxple sector transfer, the

Sector Number register will be left poxntlng to the sector that contained
~the fatal error and the Sector Count regzster will hold the number of
sectors that were not tvansferred. ' ‘

If a correctable error is encountered during a multiple sector read, the

corrected bit in the Status register will be set but the operation will not
be terminated because correctable errors are not considered fatal.

Partial Sector Transfers

The HDC-1221 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 170, the byte counter in the block move routine is
set  to the number of bytes to be read. ‘During DMA - operations, the DMA
contruller is set w1th the riumber of bytes to be transferred.

Normally the HDC-10@1 will interrupt the host after the sector. has been
transferred during a DMA read operation, but if a partial sector has been:
read, the HDC~1201 will not know that the operation has been completed.

For this reason, the ’transfer complete?’ interrupt must come from the DMA
contraller, “There is, still, a problem. During write sector cperations,

the DMA controller will irterrupt the system after the buffer has been
transferred to the HDC-1201 but before the data has been written. Some
systems 'w1th advanced'interrupt*haﬁdling capabilities can easily mask off
the spurious DMA iritervupt. For those that can't, the HDC-12@1 has a
pravxs:an bu:lt into its command structure to detect read operations.

Intervupt Snurce Selectxon

'Bit 4 of all commands determines whether the operation will be a read
sector operation or something else. Those commands - that require the
interrupt from the HDC—-1221 have this bit set to a 1. The read sector
command (the only one that m1ght rneed the DmA controller’s 1nterrupt) has
this bit set to a 0.

Clearing Hardware DRQ

During partial sector reads, the DMA controller will stop the DMA transfer
before the HDNC-1201 has a chance to issue its last data request. Because
of this, the DRQR line may be set the next time transfer parameters are sent
to the DMA controller. To avoid spuricous (and often fatal) DRA's, the user
must do a hardware clear of the DRO line. This is accomplished by reading
or writing the Cylinder Low register. (This will only clear the DRQ line.
The DRE bit in the Status Register will be indeterminate.) This action is
typically dorne 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 has passed its parameters only after the Task File
is updated. '
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6. 3.5. Sxmulated Completxons

All HDC- 1@@1 c&mmands (except multiple sector transfers) act in precisely
the same manner, whether or not an error was encountered. The only way to
detect that ar error has occurred is to sample the Error bit in the Status
Register. Simulated Completions offer the system designer several tangible
benefits: . : S « : no ' :

i) Simplifies masking and gereration of interrupts

o Simplifies ron—error handling portions of the system software

a Eliminates the software overhead of handling different types of errors

> Simplifies system software error handling validation (any error is
handled the same as any ather‘Evror) :

I prevewts system failure in the event of some obscure error condxtxon
that the system programmer did not anticipate.

& Iype 111 QQEMQDQ Erggrémm;ng

Write Bectmr and ~Formatm‘are-Type‘ IT1 commands.  These. commands are

characterized by the transfer of a block of data: from the host to the HDC-

1221 buffer. Like Type Il commands, these commands feature implied seek

with an implicit stepping rate. To execute a single sa@ctor Type III

command in programmed I/0 mode, the system software must do the following.
functionms in this order:

- Set Jp Task F11e and issue.command
Do block move from system memory to HDC—lEDi buffer
{(HDC~1221 will attempt-to write a sector or format)
- Wit Fordinterrupt ov. for Busy bit in Status Register to be reset
4, Check Ervor: tlt in Status Reglster for: proper cnmplet1on

i3 e

v

To execute a szngle o multlple sectar Type 111 command in- DMQ mode 'with
interrupts, the system suftware does the fﬁlluwlng'

1. Set up Task Fl‘e and issue command

2. Set - up DMA controller

3. Walt for interrupt from HDC-1201

G Lue:k EYPHP b1t dne Status Reglster fior proper cnmpletlon
Nt e Steps 1 and & above Tan be veversed.
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6.4.1. Formatting

The format command is very similar to the write sector command, except
instead of filling the sactor buffer with user data, it is filled with
interleave and bad block informatiorn. Two bytes will be written to the
buffer for each sector to be formatted.:

1 ) N

The first (lower) byte will be either a @2 or an 8@ in hex. i1f the lower

byte is a 80, the sector is marked as good. If the lower byte is an 80,
the sector will set the Bad Block bit in the Status Register 1f there is
any attempt to read or write to it. Please see cautions in section on bad .

bloek mapping.

The second (upper) byte is the logiéal sector number of the rnext sector to
he formatted. This number will be recorded on the disk. The Sector Number
register is not used during Format.

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 size is 256 bytes then
192 bytes of garbage must be passed to the controller to start the format
operation.

Sirice the contents of the sector buffer do rnot imply how many sectors are

tn be formatted, a dedicated register is provided. Thige Sector Count
register must be loaded with the number of sectors to be rormatted before

each and every format operation. To calculate the maximum number of
sectors per track, see Appendix C. ‘ 5

6.4.2. Interleaving

If we try to read physically sequential sectors on the disk, there 1s not
enough time for us to set up to read or write the rext sector before it has
passed by the read/write head. This means that the disk will have to make a
complete rotation to pick up the naxt sector. If we ware to read all 32
sectors on a particular track it would. take 32 rotations, or about a half a
second per B bytes. This performance can be tremendously improved by
allowing the system to read or write more than ore sector per rotation.
This can be accomplished with interleaving. :

Suppose our system takes less than three sector times (3/32 rotational
period with 256 byte sectors) to digest the data that it has read and to
set up the next read operation. That mearns 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 be a factor of eight.

The simplest way to determine the optimum interleave for any particular
system is through experimentation. If the system maintajns its directories
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or virtual memory swapping areas in a certain place on the disk, it
somet imes makes sense to have more than orie interleave.

To simplify driver software, the HDC-12@1 will autcmatically wmap logical to

physical sectors to achieve interleave. This logical to physical map is
recorded on each track of the disk in the ID fields of the sectors. This
map is recorded on the disk during the format operation. Here is an

example of an interleave table for a 32 sector track with 4:1 interleave
and no bad blocks:

Interleave table with 32 sectors and 4:1 interleave

0 Q2 02 08 ©O2 10 QP 18 Q20 @1 @0 @9 O3 11 @@ 19
Q2 02 P2 OA 02 12 @@ 1A OO @3 @0 OB OO 13 08 1B
22 24 Q0 OC 02 14 @@ 1C V@ @5 @2 @D ©V3 1S @@ 1D
220 06 Q2 OE 0@ 16 0@ 1E Q0 ©7 @O OF @@ 17 O 1F

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 preceding example is set to a0
This marks each block as a 'goed? block. The second byte of each byte pair
is the logical sector rniumber. The first byte pair above resregents *°

first logical sector of the track. The underlined byte pair represents the
second logical sector.

€.5. Bad Block Mapping

The Winchester and thin film techrnology drives that interface to the HDC-
1221 often do not have perfect media. Imperfections in the media allow much
more latitude in what the media manufacturers can sghip, 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 dorne, some of which are highly operating system dependent. Here
are a few ideas:

€.5.1. Seétor Dre—allocétion

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 ta 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 assocciated with this form of bad
black mapping. The file that contains the bad sector must never be aoved
to arnother section of the disk. The bad sectcr file wmav not ce read (for

obvious reasonms) and reads or write o the disk, that o nat consult the
disk allocation map (physical reads/writes), are ot al.owed.
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6. 5. 2. Alternate Tracks

~This method works-on most cperating systems but, it requires more software

overhead. Whenever a read or write is attempted, the track number
(cylirder 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 saftware overhead. When the system is brought up, the alternate track
table has to be read from some flawless areas of the disk. After it has
been read, every read or write operation must check the alternate track
table before performing its respective aperation.

The HDC-1001 bad block marking and detection facility is useful for
eliminating the software overhead of looking up each track number before

each write is performed. During format, all the sectors of the bad track
should be written redundantly with the bad block bit set (See section on
Bad Block bit below). When any read or write is attempted on the bad
track, the HDC-1001 will interrupt with the Ervror bit in the Status
register and the Bad Block bit in the Error register set. The driver can
then look up the alternate track in its internal table and resume the

aperation.

6.%5.3. Spare Sectors

This method is probably the simplest to implement i1n 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 contairs 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 HDC~1221 to write a logical sector number of FF to it.

Interleave table with 32 sectors and 4:1 interleave with physical sector
five mapped ocut: o

220 Q0 o2 @8 @0 1Y @@ 18 @22 FF V@ @1 Q2 V9 v 1ii
22 19 @0 B2 Q0 A @2 12 PO 1A V2 V3 QO QOB QO 13
o2 1B Q00 @24 00 QOC @2 14 @2 1C 0@ @5 @2 @D V& 15
22 1D Q@ @& Q2 RE @@ 16 V2 1E 2@ @7 Q20 wF YQ 17

Pleaée note that when formatting the disk in this marner, at least one
sector must have an illegal sector number. Rlso, since we have allocated
one sector to bad block mapping, we no longer have ¢ secto- LF.

6.5.4. Bad Block Bit
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The HDC~-1001 Allows the user to set a marker that is recorded into the ID
field. When the HDC-1001 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 fieldg of the selected sector
must be correct in order to detect the bad block mark.

To insure that the Bad Block bit can be read even though some ID fields may
be defective, the ID fields must be recorded redundantly. In order to make
this possible, the HDC~180@01 includes a special variation of the Format
command. When a Bad Block bit in the interleave table is set during
format, the HDC-1001 records only the ID field of that sector. No  data
field is recorded. This helps to make rcom for redundant ID fields.

In the following interleave table the user has marked all the sectors with
a bad block mark and recorded all sectors redundantly. The interleave is
not very important here because the driver (hopefully) will not attempt to
read bad sectors sequentially. ‘

Interleave table with_redundant gectors, ro interleave, an all sectors
marked as bad blocks: :

80 Q0 B8V V1 82 2 B8 V3 88 V4 82 B5S B8 06 82 07
8 28 80 ©9 82 OA L2 OB 8B BC 8@ OD 82 ©VE 8V OF
82 12 80 11 82 i1z B8O 13 8@ 14 82 15 80 16 8@ 17
80 18 8@ 19 82 1A 80 1B 82 IC 82 1D 82 11E 8@ |IF
60 OO0 88 WwiI 82 VB BA V3 BV V4 B8O VS 8@ V6 80 27
82 28 80 @9 6 OA 82 @B 8 @C & @D 89 O©OE 80 OF
80 120 80 11 BB 12 82 13 80 14 80 15 88 15 88 17
80 18 82 19 80 1A 82 (B 80 IC 8@ 1D 8¢ 11E 80 1IF
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7. THEORY OF OPERATION

2.1, angnsl

The HDC-1201 hard disk contkoller is a discrete ’implementation of all
functions required to control SA1900/STS@E compatible Winchester hard disk

drives via the S-10@ 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

Mierocontroller, the 8X30@, rewly 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  cormectors. Standard pin-out
configurations for disk interface connectors are provided to permit direct
pin-for-pin connection to SA100Q compatible 8" drives and STS06 compatible
S5~1/74" drives. All power for the board can be supplied from a single +8
Velt  power supply. RAll host to disk data transfers are buffered ‘by an
onboard RAM to achieve totally asynchronous transfers to and from the disk
by the host. In addition, the HDC-1@@1 has the ability to perform' error
correction (ECC) using firmware and a custom designed NMOS device.

The HDC-1001 is available in two. different formats — a 5-1/4" or 8" board.’

The dxsk controller is built around S bas;c sections:

1. Processor functions

B Serial data separation

3. Data conversion, checking and correctzng
4, Serial data generation

S. Host interface functions (S-~-100)

Z-8. Ergseaggr Eunctions

All functions of the HDC-1801 controller are ultxmately ‘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 8X3@8, a bipolar microcontroller, particularly
well suited for handling data efficiently at high rates.

The 8X30@0 is operated at a basic clock rate of 8 MHz and perforns 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
microprocessors in that no common data or address bus is provided to be
shared by RAM, ROM or peripheral devices.

Instructions ‘ahe ﬁ§£ch8 from ROM via a dedicated instruction address and.
data bus. The instrhction address bus (IA13-IRY) is capable of directly
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accessing BK words of program storage. The HDC~10@1, however, usesg only
the first 10 address lines, limiting onboard program storage to 1K words.
Program data is input to the 8X308 on the Instruction Data Bus (ID15-1D@)
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. On the HDC-1021 these lines have been renamed on the
schematiec, using traditional weighting to provide a more conventional
designation system for the board.

Data is transferred between the processor and it ports on a separate 8-bit
bus called the "I0" bus. This bus is active low. It must be noted that
this bus is in no way related to the instruction data bus and should be
thought of as simply an 8-bit bi-directional I0 bus for the 8X320. In fact,
it has been renamed as 100-107 to reflect this definition.

7.2.1. Fast 10 Select

fn extersion byte has been added onto the instruction data memory to
provide port access decoding on an instruction by instruction basis. This
"Fast 10 Select" byte is not processed by the 8X32@; rather it is decoded
by auxiliary hardware to provide -8 read strobes, . 8 write strobes, and 8
single bit ocutput ports which route data to the various devices distributed
along the I0 bus.

The write part of the Fast 10 byte is latched into a 4-bit latch and the
input of a decoder/latch on the trailing edge of MCLK. .This ensures that
data remains stable during the entire instruction. The read strobe and
write strobe are selected: thvough a pair ofil-of-8 decoders which are
alterriately - ‘enabled by the SC- control strobe produced by the 8X308.

1t also provides latch—address data to the addressable latch for drive and
ECC control signals. To provide edpes on read strobes during sequential
read operations from various ports, the read stﬁobe,decodgr>,is always
disqualified at the end of instruction by MCLK-. Because each decoder has
a unique input and the latch is directly addressable, it is possible to
select any read port with any write port, during each instruction.

7.2.2. Internal Bus Control

Several bus control signals are produced by the 8X308 to identify and

strobe the data on the IO bus.  8C- is a sigrnal which determines the
direction of the data to and from peripheralu. When $3C~ is false, (during
the first half cycle) the 8X302 inputs data from the 10 bus. When SC~ is

true (only during the second half cycle), the BX322 cutputs data to the 10
bus. The HDC-1221 allows 8-bit immediate data movas from the 8X302 to any
output port within one instruction, instead of the rcrmal 5~bit  immediate
moves provided for by the instruction set.

A1l instruction fetches occcour late in the second cycle of the preceding
instruction. This time is marked by the gereratior. of a 65 n8 (nominal)
active high pulse called MCLK, - which occcurs svery instruction. On some
ports, MCLK is also used to latch data prior to being input on the I0 bus
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to insure stability during réads, 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. :

All I/0 ports on the 8X300 are logically divided into two address spaces.
This address space is qualified with RIGHT BANK SELECT (RB-). All HDC-1001
1/0 ports, except RAM, appear in the left bank address space. The RAM is
placed in the right bank and the right bank signal is run directly to the
€8~ inputs of the RAMs to avoid the propagation delays associated with the
Fast I/0 Select logic. This allows slower RAMs to be used and : provides
better access margins on read operations.

7.2. 3. Reset Circuit

The 8X300 is held reset for approximately 40 mS after initial power-on.
This is accomplished by an RC network (R24:RS5, C24:C16 and CR1:CR1) which
drives a Schnitt trigger to provide a proper rise/fall time on the RESET-
line of the 8X300 and various port latches. Alternate reset of the HDC-
1221 can be ‘accomplished by asserting MR- whenever the host wishes to reset
the controller. A Schmitt trigger is provided with a 4.7K  pull-up to
buffer the MR~ irnput from the host. RESET~ also propagates to the drive

control latches, the host interface Support Logic Chip, and the INTRQ and
DRG latches.

7.2. 4. Procassor Power Supply

Power is supplied to the 8X32@ from the +3 Volt (Vec) power bus. Due ¢to
the internal operation of the 8X308, an on—chip voltage reference s
provided: to produce bias to an external pass transistor which drops Vee to
the 8X300 to approximately +3.0 Volts.  This supply is used internally by
the 8X300 logic and all szgnals of the: 8X300 are 1nterna11y level  shifted
.to be TTL compatxble. . , ‘

7.2.5. Read and Write Ports

Throughout the circuit,  output ports consist of D type latches using write
strobes (WR2-7) to latch data into the ports. Reading. of  ports is
. accomplished by using read strobes RD®, RD2, and RD4-6. The read strobes
individually enable selected tri-state output devices on the I0 bus.
Additionally, two read strobes are used to clock the host DRR  and - INTRQ

latches for instructions not requiring data from a port. This ensures
gl;tchless operation of the Fast 10 port decoders. : o

7.2.6. Read/Write Memory

Since the B8X300 does not permit data to be saved or retrieved from
. dedicated program storage, RAM must be installed on the I0 bus and it must
be accessed via the 10 bus by I/0 & instructions 1like all other port
accesses. To provide for addressing the RAM, three latch/counters are
cornected to the 10 bus to receive and store addresses required to access
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the RAM.

RAM Addressing

The RAM address bus (RAD-RA9) uniquely addresses 1024 memory locations. As
each counter chip reaches a count of @, it will set a borrow condition to
the next higher counter which will be decremented at the erd of the rext
access to RAM. When all bits of the address have been reset, the ROVF- bit
on the last counter will be reset, providing an overflow status which can
be read by the processor. By setting various beginning address values,
ROVF- can be used to mark the end of any RAM access loop from 1 to 1034
bytes in length. In the HDC-1001 this function is used for setting sector
buffer lengths of 128, 256 and 512 bytes in the normal mode and 132, 269,
3516 in the long mode. ‘ = e

Sector Buffering

Rll 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 so that addresses are
stable to the RAM by at least one 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 operatione and the width of
the minimum WR- strobe pulse for write operations.

RAM Accessing

RAM access is initiated by RB- which is output by the 8X300. Data to be
read’ from RAM will be placed on the I0 bus whenever RB~ is low and 8C~ is
high. Data is written into a selected RAM cell on the trailing edge of SC-
if RB~ is low. During writes, RB~ will be low for at least 180 nS so that
data setup time requirements are met. :

Scratchpad Operations

Because the RAM address counters are presettable direct reads and writes to
a specific address are possible. However, resolution of the address is
limited to the nearest fourth address location. ¢this limitation is imposed
so that a full ten bit address can be specified with a single eight bit
output. The least significant two bits are implied to be 1@ (binary).

7.2.7. Miscellaneous Control Ports : ;

Control of the varicus functional ‘sections of the HDC~-1081 is accomplished
by a dedicated 6-bit control port called the MAC CNTRL: and an addressable
latch. MAC CNTRL enables the functions of the WARIT control circuitry
(WREN-), ECC gerneration (ECCIZ-), gating of read data into data separation
circuitry (RBATE), selection of read or write functiorns (WRITE-), control
of ECC check word cutput (1BLA-), and AM detectiom (SRCH). MAC CNTRL
output states are latched into the port by a write strobe (WR7).
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The addressable latch controls drive functions and CRC/ECC selection. This
~latch enables direction of the drive (DIRIN-), stepping pulses to the drive
(STEP-), reduced write current (RWC-), write precomp (WPC-), write enable
(WRITE BGARTE-), and switching the enable between CRC and ECC (CRC-/ECC).

All remaining ports are distributed among the basic functional sections of
the HDC-1001 and will be described in detail within the discussion of those
functions. o L e : '

7.3. Serial Data Separation

The HDC-1001 controller utilizes an NMOS device (WD1100-09) especially

designed 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 storage
efficiency, data is recorded on the disk using a Modified
Frequency Modulation (MFM) technique. This technique requires
clock  bhits 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."” o ,

Because clock bits are rot recorded with every data bit cell, circuitry is
required that can remain in sync 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 ard
synchronize to clock bits when they are present. This is accomplished by
using a phase locked coscillator employing an error amplifier/filter to sync
onta  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 byte parallelization. :

7.3.1. Incoming Data Selection

In the HDC-1001, serial data is input from up to 4 radially cornnected
drives via a quad RS-422 differential receiver. The recaeiver converts
differential input data to TTL levels for use by the contrcller. The data
from the selected drive is then routed to the data separation circuitry by
a 4-section AND/OR/INVERT gate. Due to the fact that different drives
produce varying data pulse widths, the data is first routed through a one-
shot to provide a consistent data pulse width. At this point data and
clocks are still combivred and appear as 50 nS nominal active high pulses
spaced at intervals of 1, 1.5 er-2 times the RCLK period. This data - is
presented to the Data Separator chip (U6:U34) which will then gate either
MFM data or a  reference clock into the first stage of the VCO error
amplifier circuitry. e ; ;
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7.3.2. Reference Clock

The reference clock is derived from the write clock crystal oscillator (and
associated circuitry). This oscillator uses a fundamental crystal cut to
oscillate at 4 times the RCLK frequercy. The 4X output is then divided by
U4 to produce both a 2X clock (2XDR) wikich ie used as a reference and a 1X
clock (WCLK) which is used to produce NMFM write data for the disk. The

orystal (Y1) frequency is 20.0002 MHz for STS@6 compatible drives or 17.360
MHz for SR120Q@ compatible drives.

7.3.3. Clock Bating

The gating of the reference and MFM data into the data separator is
deperdent on the condition of the read gate (RGATE) signal and the spacing
of the data on the serial stream after RBATE 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 set
to a open loop frequency of 2X RCLK. Ary variations in this rate due to
variations in disk rotational speed must be compernsated 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 -
tendercy to become locked onto harmonics of the data rate rather easily.
This is 1likely 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 VCD is always
held locked onto a stable clock running at &X RCLK frequency whenever the

controller is not actually reading data. 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.

7.3.4. High Frequency Detector

The switch from reference clock to live data is initiated immediately after
the RGATE goes true and will only cccur after 16 consecutive ones or zeros
(high frequency) are detected on the raw MFM, This detection is
accomplished by a one-shot and the data separator. The one-shot is
adjusted for a pulse width of 1.25 times the RCLK period (850 +/-10 nS for
STS50&€ compatible drives and 287 +/-18 nS for SAL00Q0 compatible drives).
The adjustment of the one-shot provides tolerance 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 cother 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-shat is triggered by data
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stream bits, so is a counter in the Data Separator Device), whose reset 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 latched. DRUN~- output low, which switches read data in the

reference clock out. DRUN- is read by the 8X300 to determine the condition
of the MFM data stream.

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

stage of the data separator. The heart of the data separator is the VCO,
the error amplifier, filter and the Data Separator Support Logic Chip
(WD1122-29).

7.3.5. Sample on Phase Detection

When an input signal is applied to the system, its phase relationship is
detected within the Data Separator Device. The function of this phase
detector is to provide windows, during which the leading edge of the
incoming MFM data can be compared to the leading edges of the VCO clock.
The windows are approximately 5@ nS8 in length. The windows are initiated
by the leading edge of any data bit as it enters the detector. They are
terminated by that same data bit, edge delayed by 6@ nS or the VCO output
(0SC-). Whern both the delayed data bit (delayed by DL!1) 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 set its half of the detector to produce a pump—down
condition. Wheri the circuit is balanced, both pumps are on or off,
producing no net pump—up or pump-down.

7.3.6. Evrror Amplifier

Contral of the VCO is accomplished by the error amplifier, filter, and Data
Separator Chip. The error amplifier is a balanced current mirror, whose
output sources or sinks current to the filter stage. Wherever the VCO is
running too slow, the error amplifier receives pulses from data bits before
pulses from. the VCO clocck.  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 VCO. Whenever the VCO
is running too fast , the error amplifier produces pump—-down pulses to the
filter. 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
ot put phase and the ircoming data phase.

7.3.7. VCO

The HDC-1201 uses a single chip VCI, which simplifies circuitry and
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adjustments.  The operating point of the VCO is initially set by adjusting
the variable capacitor for a 12 Mhz (when rurming on S5 Mhz drives) output
center frequency and the frequency control voltage input to 2.5Q4 +/-@.5V.
It should be noted here that the frequency range voltage and the frequency

output are adjusted to the ?locked’! center frequency with the same variable
capacitor adjuster.

The output of the error amplifier and filter is fed to the VCO and
represents how far the VCO frequency is from that of the incoming signal.
The error signal, which is proporticnal to the difference, allows the VCO
frequency to shift from center frequency and become the same frequency as
the input signal. When the loop is in lock, the difference frequency
component (error voltage) is DC and will be passed by the low pass filter.
Thus, the lock range is limited by the range of the error vaoltage that can
be generated. The lock range is essentially a DC parameter and is not
effected by the band edge of the low pass filter. It can be defined as the
frequency range, usually centered about the VCO initial free rurming
frequency, over which the loop can track the input signal ornce lock has
been acquired. :

Frequency control is actually a matter of frequency range. The difference
component may fall outside the band edge of the low pass filter and be
removed along with the sum frequency component. If this is the case, no
information is transmitted arcund the loop and the VCO remains at its
initial free rurming frequency. As the input frequency approaches that of
the VCO, the frequency of the difference component decreases and approaches
the band edge of the low pass filter, Now, some of the difference
component is passed, which tends to drive the VCO towards the frequency of
the input sigrnal. This, in turn, decreases the frequency of the difference
component and allows more information to be transmitted through the low
pass filter to the VOD. This is essentially a positive feed-back, which
causes the VCO to snap into 'lack?! with the input signal. With this in
mind, the term ‘capture ranpge®' can be defined as the frequerncy range
centered about the VCO initial free running frequency over which the loop
can acquire lock with the input signal.

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

rate. By setting the center frequency equal to twice the data rate, the
VCO will lock to the data and give an exact synchronized clock.

7.3.8. Nindow Extension

Once the VCOD has been locked onto the phase of the incoming data, the
actual separation of data and clocks can occur using a technique called
window extension. This technique causes data bits to first have their
leading edges shifted into the center of the RCLK half cyecles and then to
be latched or extended until the rext rising edge of the RCLK. The delayed
data clocks a pair of latches. The 'data’ latch has its D input and CLEAR
cormected to +RCLK and the *clock® lateh has its D input cornnected to
RCLK-.

If an 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
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bit. Due to this extension technique, bits can jitter approximately 1/4 the
RCLK period without being lost. The output of each latch is thern further
exterded by feeding directly into another stage of latches 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 HDC-1001.

Te3.9. Clock Detection

Due to the nature of MFM data encoding, it is impossible to know exactly if
MFM bits are data or clocks. This ambiguity results in having 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 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
by raising the SEARRCH signal. This signal releases a latch which will
remove DHOLD- from the RCLK divider 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 one—shot in the DRUN circuit. Once released, the phase of
RCLK versus data arnd clocks will remain stable throughout the read of an ID
or data field. Whenever SEARCH is dropped, the VCO to RCLK divider is once
again reset and no RCLKS are produced. -

+4. Data Conversion and Checking

MFM data which has beer separated to form NRZ data and clocks are processed
through specialized circuitry to prepare it for parallel processing by - the
,8X30@. This processing consists of 3 functional circuits.

1 AM detectiom
2) ECC/CRC checking circuit
3) Serial to Parallel Conversion

Each function will be discussed_separately but bear in mind that many
interdependencies exist. ~ :

7.4.1."RM Dgtnction

As previcusly stated, it is impossible to know whether serial data bits are
actually data or clock bits by just looking at the data stream. Also, it
is equally impossible to determine byte boundaries of the data stream.
This problem is solved by a uniquely recorded data/clock pattern called an
Address Mark (AM). The AM consists of a data pattern of hexadecimal ‘A1°*
with a missing clock pattern of hex '0A'. Normally a data byte of hex 'Al?
requires a clocking pattern of hex *O0E°. ‘

The AM  is used to uniquely identify the start of a field of information
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(Data or ID field) within each sector. Preceding each AM on the disk there
is always & long run of 'zero! data. Zeros have a clock bit for every
RCLK. When attempting to read information from the disk, the HDC-1001
first acquires phase lock over a field of zeros. After this acquisition is
achieved, the processor releases the AM detector by raising the SEARCH
control line (SRCH) on the MAC CNTRL port. Due to the circuitry associated
with the VCO to RCLK divider the RDAT- output of the data separator will be
high and the CLKS- output 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 'A1l!' comparator and
the output stage of the CLKS- register is dumped into a '0R’ comparator.
AM detection occurs when both detectors are true, 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; its 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.

The AMDET- signal is processed by a D latch, located in the Support Logic
device (WD11OQ-27), to precisely time the leading edge of AMDET~ to the
rising edge of RCLK. This synchronization relaxes timing requirements
on the data and clock inputs of the serial to parallel converter. Also, a
one~-bit delay is placed in the AMDET path within the Support Logic Device
to compensate for correct timing with the ECC architecture. :

7.4.2. Error Detection and Correction

Data recorded on magnetic media is prore to several types of errors which
could render data unusable if some form of error detection were not
employed. ‘ » ‘

On  the HDC-1Q21, error detection is performed on all data transfers from
the disk. The ID fields use a 16 bit Cyclic Redundancy Check (CRC) and the
data fields use either the same CRC or a special 32 bit Error Correction

Code (ECC). The CRC and ECC fields are appended to the data field that they
are to protect. : '

The HDC-12@1 uses the same device to generate and check CRCs and ECCs.
Normally, the HDC-1@@81 uses CRCs in ID fields and ECCs in data fields.
Also, as a software selectable option, the HDC-1221 may be used in a CRC
only mode by appending CRC check bytes to both ID and Data fields.
Although either polyromial could be used for both fields, the use of the
ECC polynomial is limited to data only. On—-the-—fly correction of ID fields
cannot be dorne and CRC provides adequate checking for the ID fields. The
ECC and CRC polynomials used are as follows: ~
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ECC =  X#%31+X##28+X##26+XHH19+XX#1T+X%%1O+X##E+X6#2+1

CRC = X**16+X**12+X**5+1- (Rlso kriown as CRC-CCITT)

As data is being read from the disk, the CRC/ECC generator re—computes the
original check bits.  After all the data are read the value in the CRC/ECC

generator is exclusive ORed with the check bits recorded on the disk. The
result is called the syndrome. If the syndrome was zero, the data was
correctly . read. Otherwise, an error occured. If the field was protected

by a CRCy the data can often be recovered by a retry which the HDC-1001
performs automatically. If the field was protected by an ECC, the non-zero

syndrome is used by the on board processor to compute the displacement and
the error vector within the sector. This information is then used to

correct the data if a single burst of no more than five bits in error
occured.

The CRC/ECC generator is initialized by setting ECCIZ- low for at least 250
nS during the search for the AM. ECCIZ- is originated on the MAC CNTRL
port. Upon receiving the ECCIZ- signal, the ECC generator will preset all
32 of its internal polynomial division shift registers to logic ones and
arm an internal latch which will start the CRC/ECC generator on the leading
edge of the first non—-zero bit (hopefully an AM). to enter the device.

Once enabled by the first ron—zero data bit, the ECC device will' shift
succeeding data bits into a feedback shift register string with exclusive

DR pates tied to the feedback nodes of the repgister. As each RCLK oeccurs,
the registers will divide the incoming data and a unique pattern of ones
and zeros will appear across the registers. The ECCEN input line is set

low, indicating that the internal circuitry is ready to begin the
computation of the ECC/CRC check bytes.

Sometime before the last byte of data and after the next to the last byte
of data is transferred through the device, the DCSS lirne is set low. When
the last bit of an ID or data field is processed, the pattern in the
registers should be equivalent to the 1€ or 32 check bits appended to the
fields during original recording. - The check bits on the disk are exclusive
ORed with the check bits in the CRC/ECC device to produce the syndrome.

Data is deserialized after being processed by the ECC/CRC device and Byte-
Sync boundries are marked by byte-syrnc pulses obtained from the Data
Support logic device on the RBS input. The byte—-sync pulses are internally
ANDed with the RWCE line to insure the smooth transition of check/syndrome
bytes on the DOUT cutput line, after the last bit of data has been entered
into the device. A ore-bit time delay coccurs on the DOUT line because an
internal latch is used to deglitch the output line.

7.4.3. Serial to Parallel«Conversioh

After data has beern processed by the ECC device, the Serial to Parallel

Converter 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
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in the serial data stream. The overflow 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 I0 bus using read strobe 4 (RD4-) in conjunction with
a tri-state buffer. The act of reading the latches also clears the BDONE
flag. As successive bytes are processed, BDONE is serviced by the
processcor as data becomes available.

Z,3. §gerial Data Gensration
The HDC-1821 records data on the disk in MFM format. In order to produce
the proper data format, the HDC-1001 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 opposxte of read;ng 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 ser1a1 data generation section are listed
below:

i. Parallel to Serial conversion
2. ECC/CRC generation
3. MFM and precompensation

7.5.1. Parallel to Serial Conversion
Parallel data is cornverted into a serial NRZ data stream by the Parallel to
Serial device. ‘The processor enables this conversion by lowering the
WRITE- signal on MAC CNTRL. WRITE- causes the tri-state buffers present on
the parallel to serial device to become active, supplying the ECC device
with data, clocks, and BDONE strobes.

The processor presents parallel data on the I0 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

transferved to the shift registers, the BDONE status flag is set. The
processor reads this flag to determine when to write the rext 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 STS26 compatible drives the
byte timing is 1.6 uS and for SA1008 drives it is 1.84 uS.

The qutput of the last register in the shift string is brought out of the
device as NTZ serial data.
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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 pver again for as  long as

required to generate the field. This feature of the device is wused in
writing certain fields used in formatting.

7.5.2. CRC/ECC Beneration

The CRC/ECC gererator/checker is used to generate the CRC/ECC bits and to
append them to the end of the data being written to the disk. 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 CRE/ECC after the data instead of
producing. the syndrome. . ; '

The initial states of the shiftkrégistefs within the device are forced to
all ones by  the processor pulsing ECCIZ~ for at least 250 nS while the
parallel to serial device is cutputting all zeros on the NRZ data line. ARt

that time, a latch is set which holds the registers at ones until the firast
non—-zero data bit enters the device.

The first non-zero bit will be the MSE of the AM (hexadecimal A1) of the
data field to be written. When the processor decides that enough zeros
have beern written to satisfy the sync field requirements, it will store a
hex Al in the parallel to serial device. At the proper time (in sync with
BDONE) the parallel to serial device will begin to send the MSB of the AM
to the CRC/ECC device. This will start the CRC or ECC polynomial generator
and the ECC will be computed.

To write the ECC/CRC check bits, the processor will assert the One Byte
Look—-Ahead (1BLA-) signal on MAC CNTRL port just after the last data byte
was sent to the parallel to serial converter. The internal switch over
fram data to check bits is synchronized to the next byte time by the WCP-
signal. Once the switch takes place, the CRC/ECC. generator will begin:
dumping the computed CRC or ECC onto the NRZ data stream.  The net effect
of this is to append the proper CRC or ECC information to the end of a
field of data. 1BLA- is maintained true for the duration of the unloading
process which lasts for up to four byte times.

During the unloading process, the ECC 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 or ECC which is a requirement of the
format of the disk. The NRZ data from the CRC/ECC device is sent to the
MFM generator device. .

7.5.3. MFM Generation

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
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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 produce 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/  the
period of WCLK or 100 nS for §TS5@6 compatible drives and 115 nS for SA1200
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 & times the WCLK period ornly. 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
lirne of the device.

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 an increase in recording flux density over the outside tracks.
This increase in flux density aggravates a problem in magnetic recording
kriow as ‘'dynamic bit shift.?’

Dynamic bit shift comes about as the result of one bit on the disk (a flux
reversal) influencing an adjacent bit. The effect is to shift the leading
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. '

Write precompensatiorn is used to reduce the effect of dynamic bit shift.
It is a way of predicting which direction a particular bit will be shifted
and intenticonally writing that bit out of position in the opposite
direction to the expected shift. This 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 ERRLY:
LATE and NORMAL.  They are used in conjunction with a delay line to cause

the leading edge of a.data or clock bit to be written earlier, later or on
time.

The processor can enable or disable the generation of these signals by
controlling the Write Pre-Comp (WPC) line from the addressable latch. When
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WPC is high, precomp is in effect. When WPC is low, no precomp is
generated and the nominal output of the device is held true.

The delay line actually performs the precomp with the help of an
AND/OR/INVERT gate. MFMW pulses are applied to the input of the delay
line and depending on which of the three precomp signals is present the
AND/OR/INVERT gate selects a different tap on the delay line. Nominal data
is actually tapped from the second tap. Early data from the first and late
data from the third. From the AND/OR/INVERT gate the MFMW data is sent to
the input of an RS-422 driver where it is converted to a differential form
and then is sent to the drive.

Z:.6. Host Interface

The source or destination register inside the HDC-1001 is selected by
accessing the address of the desired register. Since the access time for
any particular read or write operation will vary, the HDC-1201 provides a
not  ready signal (WAIT--). For systems using interrupts and/or DMA, the
HDC~1201 provides INTerrupt ReQuest (INTRQ) and Data ReRQuest (DRQ).

7.6.1. Wait Enable

Since most of the registers in the HDC-1201 are not implemented in
hardware, it takes the 8X320 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 8X308 must do to access the
desired register. After the data has beer written or read, the HDC-12@1

de~asserts the WAIT- line, allowing the host to terminate the current bus
cycle.

The generation of the WRIT- signal is controlled by a bit in the MAC latch
called WAit ENable (WAEN-).. If the HDC-10@81 is ready to accept
random accesses to its task file, WREN- will be asserted. The leading edge
of CS- clocks the wait line (Support Logic Chip) transferring the WAEN-

state through the chip. This clocking action is required to insure that
WAIT~ will not be asserted in the middle of any bus access already in
progress. RAfter the wait latch has been clocked, (S~ causes WARIT- 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. This release is caused by the logical OR of

RD6- and WRE~ which presets the wait latch to a ron~wait request condition.
The WAIT- signal is stretched to the trailing edge of the RDE~ or WRE-.

If WAEN- is de-asserted, the HDC~10@1 generates rno waits at all. In this
case, the host will read the dummy status written to the communications
latch by the BX320. This feature is used by the microcode to simulate a
busy condition when the host reads the status register in non-interrupt
driven systems. Wheri the HDC-1001 becomes un-busy, the WAEN- line will be
asserted and operations on the host interface bus will be monitored once
again.
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The §-102 pin that receives the wait- line is selected by the jumper at
location B. Gi-2 is for selecting XRDY-, B2-~3 is for selecting PRDY-.

7.6.2. 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-). Thie gignal gates the contents of the communication
latch onto the DAL bus. During write operations, CS- and WE—- produce Bus

Input Control (BRIC). This signal latches the state of the DAL lines into
an internal R/S latch.

7.6.3. Register Selection

The combination of a host read or write operation along with the WAREN-
signal being asserted, causes a signal, Card Select ACcess (CSAC), to be
gererated. The 8X380 samples this signal every 2858 nS, and if asserted,
reads the status of AB-2 and WE-—. The state of AB-2 and WE- determine
which register is to be accessed (AB—-2) and in what direction that access
will take place.

7.6.4. Interrupts and DRQs

The HDC-1201 produces INTerrupt Refuests (INTRQ) to signal the end of all
disk - operations and Data ReGuests (DRQ) to signal data ready to DMA
controllers. INTRG and DRQ originate on the MFM generator as an auxiliary
function of the chip. Interrupts are cleared by HSAC- (Host Select Access)
and A, Al when the host reads the Status repgister, issues a command, or

accesses the Sector Number register. DROs are cleared when the host
accesses the Data or Cylinder Low registers. DRAs will be re—-issued for
each byte to be transferred. HSAC~- is a 22® nS version of the CSAC-

signal, which is produced by the Data Separator Support Device (WD1120-28).
During Power-0On Reset or Master Reset (MR-), INTRQ and DRQ are reset.

The destination of INTRG- is selected by jumper area H as shown in table
below:

Interrupt Line

VId VI1 VI2 VI3 VI4 VIS VI6 VI7 INT

Pogition 1 2 3 4 5 =% 7 8 9

7.6.5. Address Select

The address at which the HDC~10@1 board responds on the S5-100 bus  is

determined by the address switches (Ul6.) Switches 1 through S select the
upper S bits of the address (A7—-A3) which the HDC~10@1 acknoledges. ~#R
closed switch equals a 1 and an open switch equals a @ for that address

line.
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7.6.6. Boot Prom

The HDC-1@021 bhas provisions for a power on 2716 boot prom. This prom is
enabled on power up by jumper E2-3. If selected and jJumper F is installed
it will assert phantom to disable other memory in the system. The prom is
disabled by the first access to any HDC-1001 task register. If the prom is
not rieeded for booting jumper E should be in location E1-2. »
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8. MAINTENANCE

The HDC-i@@1 requires no scheduled preventative maintenance. There are
three adjustments associated with the data separation circuitry that may’
need to be adjusted if a drive with a different data rate is installed.

The HDC—1@21 is available in two different ways, the HDC-1001-8 for a
drives and the HDC-1201-5 for $51/4" drives. . ‘
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8.1, DRUN Adjustments

To facilitate the process of acquiring 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 (U4) which is adjustable by

the DRUN pot (Ri4). DRUN must be adjusted according to the following
procaedures:

The DRUN adjustment is made with the HDC-1021 in an operating test
configuration with a host, drive and power source.

Moriitor DRUN- (U4 pin 7:) with a 18X 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 cobserving DRUN-, adjust Ri14.
The period of the DRUN single shot should be adjusted to 1.25 times the
period of RCLK. - '

Discormect all test equipment.

i -+
| Y1:&2 Frequency ! DRUN Period | Freq. Range | Final Setting |
+ - +— o e e e +
i 20.222 Mhz 1 252 nS { 9.0~-11.@ MHz | 12.@ Mhz +/~1 KHz |
+o e e e e 2o e s o e e o e e : o e
| 17.360 Mhz | 280 nS I 7.5- 9.5 MHz | 8.68 Mhz+/-1 KHz |
o o e e e e e e ——— - —— —— -+

Data separation circuitry on the HDC-10@1 uses a voltage controlled
oscillator (VCO) which phase locks 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:

Set Balance potenticmeter R4 to 100 Ohms +/- 5 Ohms. This is a rough
balance adjustment.

Cormect a frequency counter to the VCO buffered output on U2 pin 1@.
Connect a Volt meter to the Center Frequency input of U2 pin 1.

Make all cormections to the board, including the host and drive. Adjust
the variable capacitor C23 until the frequency output locks onto the
desired ceriter frequency for the drive being used which is 10.0200 MHz for
STSO6 or 8.68 MHz for SALO2. Once this ' laocked-on? frequency is achieved,
continue the same adjustment for an input voltage of 2.5 +/-0.5 V.
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8.3. Balance Adjustment

The balance adjustment fine tunes the relationship of delayed data (DLYDART)
to read clock (RCLK).

Attach channel 1 of a dual trace oscilloscope to U6, pin 2 (RCLK). Set

scope for 20 nS/divy, with a positive slope. Attach the other channel to
Ue, pin 3 (DLYDAT).

While the controller is doirig constant reads to a single sector, adjust the
potentiometer R4 so that the edge of DLYDAT is moving to the right with

respect to RCLK, When the HDC-1001 starts encountering errors, move the
RCLK signal to the left until the HDC-1201 starts to function again. Note
the exact position of DLYDAT on the screen in nanoseconds. We will call

this the "right capture value."

/
"RCLK~-" /

*DLYDAT" /

/ | {~—Right Capture Value

1
|
1
1
/
1
|
|

Continue  moving DLYDAT to the left until the HDC-1001 faile again.  Move
DLYDAT to the right until the controller functions again. This is the left
capture value.

Right Capture Value
1

|
/- - 1 | \
"ROLK-" / | \
/ ! \
______ / | \
Left Capture Value——}|
! ——— -
1/ '
/
"DLYDAT" /1

/|
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The final adjustment for the HDC-1001 is determined usiﬁg' the following
formula: ‘

(left capture value-right capture value) X ©.7 = Final adjustment value

Adjust pot to final adjustment value.

Left Capture Value--)| | (-~Right Capture Value
/ ! | e | ==\
/ I 1 \
"RCLK" . /=== 7@% | (——= \
____________ /. | { \
| i
| |
| 1/
' | /
“DLYDAT" i /1
— — | /7 1
1

Final Adjustment

Re-adjust variable capacitor C23 until a value of 2.5 volts appears on the
voltmeter. ‘

Remove all test equipment.
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A. DISK DRIVER EXAPMLE

Somet imes an example is worth a thousand words. Hopefully, these sample
disk drivers will be the catalyst to get your first driver rurnning. Note
that even though these drivers are very simplistic, they represgent
everything needed to satisfy the HDC-1001 operating requirements. As you
might rnotice, there is no retry software included in these examples. That
is because the HDC~10901 does all needed retries. '

Two examples. are presented. The first is a programmed 1/0, programmed
status driver using the eight bit Intel 8085 microprocessor. The second
example is programmed I1/0 and interrupt driven and is written for the
sixteen bit Western Digital WD16 microprocessor.
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A.1. Polled Status Driver

§ 396963636 36 36 3 9696 3636 3 963636 36 69636909 6 903636 369 062NN G
HDC-1221 Hard Disk Controller Driver H
Example for 8085 Microprocessor H

with programmed 1/0 and polled status H

363696 6 3636 96 3 26 9 96 3 26 3 3636 96 3 I 6 396 I 336363 36 3636 I 36 36 96 96 36 36 9 3 36 96 3 96 3 §

8\ 8 as

;This driver is intended to demonstrate one simple approach to writing a

jdriver for the HDC-1001. It assumes that the HDC-1081 is interfaced using
jprogrammed 1/0 without interrupts.

;The specifications of the imaginary demonstration drive are:

;Sector size: ‘ 256 bytes

;Sector per Track: : 33

;Surfaces per drive: ” 4 (two platters)

;Cylinders per drive: 812 e

;Stepping rate: , 2 milliseconds

STRATE = 2 B ~ ;Define stepping rate for assembler

;Sineé we're allowing the HDC-1001 to map around the bad blocks for us, we
shave to sacrifice ore sector per track. ' This brings down the logical
jsector per track count to 3&.

iExperierced systems programmers will note that we are not making our
sdrive as flexible as it should be. Since HDC—-10®1 compatible drives will
sbe introduced in the future and present manufacturers will be increasing
sthe density of their current drives, the driver that you write should be
;built with plenty of equates and conditional assemblies.

s0ur  imaginary operating system can access up to 65536 logical records of
;256 bytes each. It has three types of calls: Initialize, Read and Write.
i Three numerical parameters are passed in the following registers:

H Drive number c
5 Logical record number DE
5

Transfer address HL.

sUpon  completion of all commands,' the carry bit of the 8R8S will be reset
;if the operation terminated properly, and set if there was an error. If

jthere was an error during read or write, the error handling routine will
sdecode it and print it out on the user console.
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;***********************;
H Equates H
596 3036 36369 3636 9636 36 3096 2 I M N g

j*%%  Port Definition *H %

BASADD = - oce - : 3Base address of HDC-1001
DATA = EBASADD. ~» 3Data register

-ERROR = BASADD+1 - . - jError Register

wPC = BASADD+1 . - jWrite Precomp

SECNT = BASADD+2 ;Sector Count

SECNO = BASADD+3 ; Sector. Number.

CyLLOD = BARASADD+4 o ;Cylinder Number

CYLHI = . BASADD+S - $Cylinder High

SDH = BASADD+6 - 3jSize/Head/Drive

STATUS = BASADD+7 1Status register

COMND = BASADD+7 ... sCommand register .-

§HEE Command Definition ... #*%% .. -

REST = 19 = - 3Restore command

READ - = ce ' T - 3Read command (programmed I1/0 mode)
WRITE = ‘

3% jWrite command

A.1.1. Inxtxalxzation

3 ************************* H

5 INITIRLIZATION 3
§ 9969696 36366 369 3696 3696 96 963 I 6 I K K

;This routine is called once wheriever the system is powered up or reset.
sIt sets the stepping rate and restores the head on the selected drive.

RESTOR:  CALL URPTASK ;Select drive, don't care about record

’ MVI A, REST+ (STRATE*2) ;Get stepping rate and restore
ouT COMND ;0ut put command to HDC-10@1

RSWAIT: IN STATUS ;Wait *till restore done
ANA A : ;by updating sign flag in 8085
M RSWAIT sand wait '¢ill bit 7 (Busy) goes low
RAR : sPut error bit in carry
RET sReturn to operating system
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A, 1.2, Read Sector
SR ST AT 2T YL

;o RERD 3
FEZ IR T2 22 22l L e

;This is the read routine for our imaginary operating system.

READIT: CALL UPTASK sUpdate HDC-1001 task file
' MVI A, READ ;6et READ command
QUT  COMND "~j30utput command to HDC-lGGi
“sWait for HDC-1021 to read in a° sector 53 '
RWAIT: = IN STATUS s Cheok Busy blt et
ANA fA ~ gby updating sign Flag in: BOBS
IM RWAIT 4”*;and waxt TEill bit 7 goes low

;Transfer sector from HDC~1001 to system memory
s (Tranafer address in HL)

MVI B, 0 ;Init byte counter to 256 bytes
READLP: IN - DATA - 7 3Get a byte of data from HDC-1001

MOV - My A “yMove it to memory

INX H ; Increment memory pointer

DCR B sDecrement byte counter and continue

JNZ READLP ;if we haven't transferred 256 yet

IN STATUS jRe-read status for errors . '

JmpP DONE jNow check the completion status
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A.1.3. Write Sector
3 FEIEIE I I I H I I NN

H WRITE H
§ I J6 6626203 I I NN ]

sThis is the write routine for the driver

WRITIT: cALL UPTASK jUpdate HDC-10@1 task file
MVI A, WRITE ;Get WRITE command
ouT COMND ;Output command to HDC-1021

jTransfer sector from system memory to HDC—-1001
j (Transfer address in HL)

MvI B, O 3Init byte counter to 256 bytes
WRITLP: MOV A, M ;1Get a byte of data from memory

ouT DATRA jMove it to HDC-1001 .

INX H "3 Increment memory pointer

DCR B " - jDecrement byte counter and contiriue

JNZ WRITLP $3if we haven't transferred 256 yet
sWait for HDC-12@1 to write the sector
WWARIT; IN STATUS jCheck Busy bit

ANA A sby updating sign flag in 8085

JM WWAIT jand wait 'till bit 7 goes low

§ 36369963096 3 666K I HN RS
5 DONE 3
R 2R T TR T T2 T

sBoth READ and WRITE commards Flnzsh here to check for errors

DONE : RAR sRotate Evvor bit to carry
RNC ‘ jand return to 0S8 'is rno error
IN ' ERROR - ;Get HDC-1001 error code

$({({ Place ervror reporting routine here))?}

sTC ‘ P ~38et carry to flag an error
RET % B - jand return to 0S with error
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A.1.4. Task File Updating

o5 I I I IE I I I I 2266 TE I I N N Y

H _ UPTASK SUBROUTINE H

§ 3663636 96902636 6 36 066U N NI NN NN

$This subroutine sets up the task file registers

‘jSector number

UPTASK: MOV A, E ;Get lower 7 bits of record riumber
ANI 31. jMask off lower 5 bits (bits 1-4)
ouT SECND © 3and send to sector number register

,sze/Drxve/Head e

MOV AE jGet lower 8 bits again

RLC , jRotate remaining 3 bits

RLC sto get an effective right shift of §

RLC : jMask off next two bits (5-6)

CANI B §to make head number

MOV B, A jand store it away momentarzly

MOov A, C ;Get drive rnumber

ADD A sand left shift it by 3

‘ADD A ,

ADD A

ADD A

ORA B . sOR in head rnumber and

ORI - 89 - 30R in ECC flag and size field

ouT SDH ssend it to Size/Drive/Head register
3Cylinder low ‘

Moy AyE ;bet last bit of lower record rumber

RAL jand put it in carry

MOV Ay D jGet upper half of record number

RAL gLeft shift it and merge in carry

ouT - CyLLO {Send it to lower cylinder register

sCylinger high : .

. M1 A, 0 . 3Clear all bits except for the
RAL — » sthe least significant and send
ouT .. CYLHI .. 3to the upper cylinder register
RET
END
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B. INTERLERVE CALCULATING UTILITY

This BRSIC program simplified the process of generating interleave tables.
It is written in a fairly standard subset of the BASIC language and should
run on many BRSIC 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 begirming of the program should be answered in
decimal. The interleave is printed in hexadecimal. -
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i@ PRINT"HDC~1201 Interleave calculating program"

20 PRINT

30 INPUT"Number of sectors?";COUN

42 INPUT" Interleave Factor?";INTEz

sa DIMHEX$(16), SECTOR(COUNT)

(=Y. FOR INDEX=1 TO 16 :

70 READ. HEX% ( INDEX)

8@ NEXT - ‘

9@ FOR INDEX=1 TO COUN

120 SECTOR(INDEX)=1

112 NEXT

115 RES=0

122 FOR INDEX=0 TO COUNT-1.

132 IF RES)=COUNT THEN RES=RES-COUNT ‘

142 IF SECTOR(RES+1)=—1 THEN SECTOR(RES+1)=INDEX ELSE RES=RES+1:60T0 130
152 RES=INTER+RES '

168 NEXT

17@ PRINT

182 PRINT"Interleave table with";COUNT; "sectors and"jINTER;": 1 interleave"-
19@ FOR INDEX=1 TO COUNT

220 X=INT(SECTOR(INDEX)/16)

212 PRINT HEX®(X+1) sHEX$(SECTOR(INDEX) -X#16+1),
220 NEXT -

238 PRINT

242 DRATA 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F

258 END
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C. SECTOR CALCULATING UTILITY

HDC~-10281 compatible disk drives are constantly changing. Higher bit

packing densities and higher accuracy spindle motors help to increase the
amount of data that can be put on a track. This appendix will help you to
determine the maximum rnumber of sectors that can be recorded on your disk

drive. o '

The unformatted byte capacity can be figured from this formula:
Capacity=Rits per second / Revolutions per second x (1—Erkor) / 8
We?ll take a hypothetical drive (the same one as- in the disk driver
examples) with a data rate of SM bits per second and revolution rate of
360@ RPM. Our drive has a spindle speed accuracy of 3%. These numbers

applied to our formula yield:

10, 124=5, 002, BIV/60x (1-9.@23) /8
To be on the safe side, we will always round down when we come up with a
fractional value. The unformatted capacity of this drive is 10,104 bytes.
To figure the number of sectors per some number of bytes apply this
formula.

Sectors=Capacity / (Data field size+Gap3+Check bytes+Other overhead)

Using 512 byte sectors with a Gap3 size of 30 bytes, running ECC we end up
with:

17=12, 104/ (512+30+4+41)

The BASIC program on the next page can be used to automate the sector per
track calculations presented here.
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10
20
30
40

(=37
70
8e
92
1@
11@
120
132
14@
isa
162
172
182

BASIC Sectors per Track Utiljity

PRINT "HDC-10@1 Sectors per Track Calculating Utility"
PRINT

INPUT"Data rate of drive in bits per second: " ;DATARATE
INPUT"Revolutions per minute: " ;RPM

INPUT"Rotational speed error in percent: ";RERROR
CAPACITY=INT(DATARARTE/RPM*6@* (1 -RERROR/103) /8)
PRINT"Unformat ted capacity is "CAPACITY"bytes. "

PRINT ,
INPUT"Data fleld size in bytes (128, 256, etc. :",SIZE
INPUT"Formatted with CRC or ECC: " j;ECCMODES
ECCMODESLEFT$ (USC (ECCMODES), 1)

IF ECCMODES () “E" AND ECCMODES® () “*C"- THEN . 100

IF ECCMODE#$="E" THEN CHECKBYTES=4 EIL.SE CHECKBYTES=2

IF SIZE)256 THEN GARP3=312 ELSE GAP3=139
SECTORS=INT(CAPRCITY/ (SIZE+GAP3+CHECKBYTES+41))

FRINT "Formatted capacity 15"-SECTDRS*SIZE-”bytes per track using";

FRINT SECTDRS-"sectoPs per track."
END

' 68
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D. PROGRAMMERS QUICK REFERENCE

cs- | A2 | | AR | RE- I WE- !

| e e e e o e e e e e o R R T T — +- e o ——
L 1 I ¢ I ¢ I 4 I Deselected | Deselected |
1 2 I @2 | @ I ! Data Register ! Data Register i
1 -2 4.2 I 11 | Evror Register. I Write Precomp 1
] 2 . @& T | | @ 1 . Sector Count , | Sector Count !
1 2 | @ I 1 ] 1 I Sector Number I Sector Number l
.. @ .1t 1 I @ I @ I Cylinder Low I Cylinder Low 1
| 2 S e - L1 I Cylinder High I Cylinder High |
! @ b1 1 I @& | Size/Drive/Head | 8Size/Drive/Head I
{ ] (IS | i 1 I 1 1 8Btatus Register t Command Register |
e o o e R e S —— B TSR —— +
D.2. Valid Commands

T — e e o e

i | | BITS B

I TYPRE i COMMAND I 7 & 5 4 3 & 1 B |

| — +- e e e e et e e e e e I

| I | Restore I @8 2 2 1 +3 v2 r1 rd |

| m—m e e e e . ——————— ———————

. | | Seek I @ 1 1 1 r3 r2riro |

[ o e e e B e o e o e e e - -1

I II | Read Sector | @ @2 & @ D M L 2 |

et Lt A i e o e e - - 1

1 II1 I Write Sectorl @ @ 1 1 @2 M L @ |

] e e e e s e e e e e e e o e e —— - -1

I III I Format Track! 2 1 @ 1 2 @ @ © |

o e s e v et o s et 1 o - +

L=Long Read/Write , D=DMR Read Interrupt

M=Multiple Sector . rX=Stepping Rate



HDC-1001 HARD DISK CONTROLLER Technical Manual PROGRAMMERS GUICK BEEERENCE

D.3. 8DH Repister Format

N D— ——

Bit ' 1 7 ) 6 5 I 4 3 | 2 1 @ |
_ J e e e o e e +~ + |
Function i E | Sec | Drive | Head |
‘ R | Size | Select! Select |

E=ECC Mode

o v e e e st o s e ot s + o +
I Rit Bit Sector Size I I Bi¢ Rit Drive Selected |
| ) S ' ' | I 4 3 1
J oo - , I T e ‘ (
i1 @ 2 296 Bytes I P a Q2 Drive Sel 1 |
1 @ 1 Si2 Bytes o | " i Drive Sel & |
11 1 128 Bytes ] N 1 7 Drive Sel 3 {
o e - - : + | 1 1 Drive Sel 4 |
o +

+ B - -

i Bit Bit Bit Head Selected |

1 2 i ] 1

e ot o et e s s |

| 2 2 7, Head @ |

| 2 2 1 Head 1 |

i . 1 @ Head 2 |

] @ 1 1 Head 3 1

| 1 ;) ) Head 4 1

] 1 @ 1 Head 5 1

| 1 1 @2 Head & i

1 1 1 1 Head 7 |

- et e o 2 o s S s e E— +

D.4, 8Status and Error Register Bits

——— . S e S e e

+ ————————————— o o e Seies oot o s y —— - _——+
| Bit | Status Register ! Error Register I
§ o e e e e e e st e s e e et e e s 1 e et 5 e e e e e e s e s s 2 +
| 7 1 Busy 1 Bad Block Detect !
! & ! Ready | Uncorrectable |
| 5 l Write Fault ! CRC Evror - ID Field {
| 4 1 Seek Complete | ID Not Found {
| 3 ] Data Request | - A
| 2 I Corrected i Aborted Command |
{ 1 | - 1 TR222 |
| @a ! Error I - DAM not found |
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Jumper Modifications on HDC-1001

Jumper G: It is a 3 PIN Jumper area located on the top left

corner of UlS8.

This Jumper area is designed to send a ready wait signal to

extend the processor cycle.

2 should be jumpered to 1 or 3 depending on how the master
processor is designed to look at either xrdy or prdy. If
you are using Advanced Digital's Super Quad or Super Six,

you must Jumper 2 to 1.

Jumper H: Jumper H is located on the left hand side of UlS8.
Jumper 9 will option between 9 or 8 to vectorin jumper §
through 7. Selection on Jumper will depend on master config-

uration.

Jumper A, B, C, D: These jumpers are designed to select drives
A, B, C, Dewith the new 8X305 processor on board, It is not
required to jumper these PINS, because the 8X305 will generate

Drive Select inside automatically.

SW1 (Positioning)

The SW1 on the Hard Disk Controller is to
addressing. Advanced Digital software is
port Ef which is the Hard Disk Controller
(SQHDC.MAC) So the position of the switch

1 2 3 4 5 6 7

on on on off off off off

determine the port
set up. to look at
base address.

must be:

8

1
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E. OPERATING SYSTEMS
E-1. GOperating Systewms Available

i. CP/M on 8" or 5§ 1/4" version

= Turbo-Dog on 8" or § 1/4 " version
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F. DRAWINGS

E.1. SCHEMATIC
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DIRECTION IN
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DLYDAT
DRO
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DRSI-DRS4
DRUN
HIFRQ
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INDEX
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MCLK
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MR
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SEEK COMPLETE
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STEP PULSE
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WE
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MASTER RESET

OSCILLATOR QUTPUT

RAM ADDRESS , BITS 29
READ CLOCK

RAM CHIP SELECT

READ DATA

READ CONTROL LINES

READ ENABLE .

READY STATUS FROM DRIVE.
RESET SIGNAL

READ GATE

RAM OVERFLOW

REDUCE WRITE CURRENT

- SEEXK COMPLETE STATUS FROM DRIVE

SEARCH

STEP PULSE TO ORIVE

TIME CLOCK SIGNAL FOR SAIZ08
TRACK 238 STATUS FROM DRIVE
WANT  ENABLE

MEMORY NOT READY SIGNAL
WRITE CLOCK

WRITE ENABLE

WRITE GATE INTERNAL

WRITE FAULT STATUS FROM DRIVE

"WRIATE CONTROL LINES

1-BYTE LOOK AMEAD

2 X DATA REFERENCE CLOCK
INTERNAL INDEX SYNC SIGNAL
READ BYTE SYNC

DMA SYSTEMS DRIVE STATUS SIGNAL




=

DR! DR2 OR3 DRN

X300

S-~-loo ‘

UNLESS OTHERWISE SPECIFIED

RESISTOR VALUES ARE IN DHMS,
£5%,174 W.

Y1220000 MHZ FOR STS50C DRIVE

Yi:171360 MWE FOR SA\@QR@ DRIVE

E} THRU EB (DRSI-4). FOR DMA SYSTEMS

DRIVE INTERFACE ONLY. CUT FOUR TRACE JUMPERS.
E9 THRU EN ( TIMCLK)Y. FOR DMA SYSTEMS
DRIWE INTERFACE ONLY. CUT JUMPER TRACE
BRETWEEN E9 AND EI3. PLACE JUMPER FROM
E10 TO EMN.

B> 31 70 BE USEDFOR STS50G DRIVE

J TO BE USED FOR SAI000 DRIWVE

NOTES!
(g

=
=
B>

I'T’f-

4

<

2.3 1336] NEN DED

LN

RELCASE

T me

Y .

A 1360

SRE-FPRODUC TION RELEASE ‘

—r

<
Sv T —lsasm

REv |ECC

DESCRIPTION

RANCES)

SIGNATUR
(R4 L41 -E—J
Al NCTED -

’\El’
e} 38 fres
OLES [IROA aser

nEiCK =

e t—

O‘n:%‘an N

o o a-031040

}IV |6x A’»a DATE

Auvmm DIGITAl CORP. |
— 12700-B ¥NOTTA

- =y

-

aQ

.80 wor MEC APRR
AE DWS

[

B

2

YANY

SCALE

NONE T | or §




ADVANCED DIGITAL CORP.

MADE IN US.A.
!

-]
0
., o Joras
0

°
°
[
o
(]
C3

5:]@5,..,.. e

o
@0000000O U|3.

0000000

00000000
:] io
o
o
oooooo 000000
F

¥ °

3 {0 0000000

ot

g ZIZZZZZ;JEZZZZZZZZ~°~f@EZZZZZZ}IﬁF

2_U74

~0000000

2000000~ 0
u19 o o U27

u28

0000000000
ﬂ O

o | © o oo

° .

o

4 b7 ° U'Il u29 o

oooooo] 8@5000000:

o
000000~ > !ooooooo
U30
eo»eﬂooo»a.l

lo_J
C46

~.°°°°°°°°°J
5]
o

’ 00000000001

oooooooooj
o o C48(
ooooooooeoo oooooooco

o

@00000O0CO0O

2 ue u33
@ - )030 Y o
oooooo oooooooooo P wu o°°°
o, looooooooeoo 0o °
y U5 ° °
‘-.oooooo oooooooo

° 6,

. °"""T©E"""

0® 00000 06000600

L4

BISHOP GRAPH LS 1N,

REGROER NO 030>

8



2 1

S L L _REVISIONS
ot T - VEeToN 77 5a1E_ | APPROVED
P .- e e — Jﬁ
|
4 030 \
50000 o ?-'5' .
peoc oo e, T o o °
5 0000000000000 000 0|34 ° o Q6
0000000000000 000}j33 ° ° ° o
R34 o — R o -
J6 o ° ° us1 prd
00000004 3 00000 0.% 80000
J ‘E °] j ° j o
° v2
(-] o o 0o o “f
0000007, ooooo 00000
4 u35 ° ° uds o orrill © 0.0 © B3
0000 060000 000000000 00000000 0O 05
: ] o
o 0o o ° o © © .00 °l® o ©o )
odooo 000000 060000000 Clgoo0000000
° e oo, 7 uss U2 ps 'K S
s0000 ,ooooooo of ooooooaoooooooooooSeooooo
09 ° 'S 8
° ° ° o °: 300 09 ?®
- o |- . e ?°
0oooo” 8000000 it . o o
° u3z ° N ~ o °o°
oo 00000000 °
'} % ) o} ' l
o .
c0000 0 16 e >
° o uis ° R - 00000000000 000000000000O0I
o'oooe“o 060000000 9. i '
-’ °c« ° oo-] 000000000 0_o 0000000000009,
6 ® o i J o) Tu . ]u
OQOOOJ 00 000CO Lo o ° 1 i
~ ule  °© @ 006000000 o0 ) a
0000 000000O0C us’ :
01 &]; ©00000000000 z
j_lo @0060000000007—
00000l ©000000 0 Ussy . x
ooCdB 40 R 000000000000qY
0000 eoooooooo-] o
o o ? ° 0 ° o a
00000l°-g00000060 0~ ° :
33 ° U4t I
o ©0 or900000 800000000000
o 5 uss
0o o —
B ° o ° 0000000000007
0600o000d g ®oo0o00soo0 o-]o
° L ° 442 ° 8 uge Y -
6000°c00 00 0000000000 00000000 v ° o, 4
° ’ ° o ° Q
0 ® ° ° o o JI
00000000 00000000 0- ©60o00000 800000000000
4 ° U43' ® 60 o u uss
w0 T paRt o . A ATk : T
WENTHYING Ny ) . Y RTINS o I
FARTS (151 ’ -
DVANCED DIGITAL CGRP
ADVAN O
. _4 o h:w;vAs Uovare .
. R . _'.__"MA—IU:TZ\T* —1 v mSIGN 1=l ASS EM BLY DWG
TN e .
- | = HARD DISK INTERFACE
— "+~ - 7 |
FINISH SIZE [ CODE IDENT NG |ORAWING NO
D HDC IOUL.
NEXT ASSY USED ON . g .
APPLICATION i DO NOT SCALE DRAWING scae 201 [ ) Jsneer 1 o
1 4 3 2 | 1




. HDC-1@@1 HARD DISK CONTROLLER Technical Manual R DRAWINGS

F.1.1. MICROCONTROLLER

73



- -
oy T
' S R35S
, T
(334)PUP2 .82 s o I
‘ ['3 ‘—l"a HALT 's )
' TES  CE S o ant
K122 . Ble b — 182 - 28, e TALJ
1AL Tia D2 1o} £ agpl— LAZ
Y oz b 152 20]. ¢ ey 5 iy
\_EAS _© Siay o33 103 <SSt PYY LI L1
1A4 e US4 S 104 24]p, a1l2 IAS A
L_LAS —3las oy I 10S PEY A EY 1AG A s5T
. _JAe 2|0 oehe 106 22|, gkt A7 J o
LI Har a1l ™7 21 N E YW} o
2 © IAS :
t_i—:.g__igka uge A5 A1 a1
e | L) B8x3@0/3 A2 fb————
\LAS 2 e [T} cE L I—
CE2 vee |21 +5V
Jo - L P ces
= Y2 VR | :[ Jas
5.00MHE S .
(B39 PUP2 Basieinl E———“ X2 VCR :
ety x T B
e sl a2 108 20, et 1 10!
LAl 1 N () 109 9, VEG = [
L IAZ AN o2 ! IDI@ 18} ;e ves 45
) L IA3 O [ 1041 nlie VK3
\_LAS ae oelld DR o]y VEs
\_LAS 3lag USD 1S 1D 18] p5 v
L IAG 2 " IDI4 14 vei
\_IA1 \ :.? gf,’ 1 IDIS 13 i; 1vea <
L_1A8 2 i2 sc
\_IAS 27| :: I GND v Rys™
&_[AIG 21 A®/EE = \_ 102
_ B . —I—»zz MCLK (A21,C22,A1,0200 \ igi
70 N \104
-__! » Mok ﬁ%{—— MCLK (B11,A12) 105
RESET , 106
+5v e msig/ig \ 10T
(&»PUFD—T—I W
Rzp . i1-1 18 tA
Iy
S0k CRI (ﬂ\_ﬂ__nﬁ,“ ce Ats
R32 INAIAS PR N——— Y Y
K sz e, g
_ 1A3 I el TR
(823 MR > IA4 e B2 p—
| (e ves
b RESET (B2, B19,c20,C3¢y | IAG 2| o
1A7 a1 T L
IA8 23} 0 os 5
e
" diEimne o1}~
- w

,
.
g
. [
»

| WOTRE: UMLESS OTHERWISE 5. . iFIED,




U R s _

=108 107

1037, A20) 1
. i? - 102 ]
A3 103}l 103
y A
Ay UHO
5
AG 214941 1

Al

A

WE
T\z

M,

CE
AD
a 10slt 104
A2 101 2 Los
ax 10212 I0G
i 107
Ab 103
N
AS‘\)‘-ll
Al Jan
Al
AR
Ay
WE

Taz

7
MAC CONTROL

otsiont L f, GJ-”DLN LR{JV'_m_

3 WG MO
ENGR &1 2, 7 4weue oate S| B DANIAS-28
| . e e e . oot [owenone 1D ez o s

g4
102 6ln, aell— N.c.
%—'% b V30 a, o’sﬂ—.m (€39,035)
. 4 1,71 Q2 == RGATE(C26,323}
\ﬁz___lzigsl.sn; as D%—»w_ﬂ_ﬂ(mm,csi
P —] QapE—w [BLAICIY)
./ FYY as{-2 e sRekcc9cn "’b:‘f—“ RDG (o)
W —3b s Yl b?@umcsm
I“ tAI) CLR L 24 v2pl> w RB2 (C22)
CE4 , elez VY9 vapll e RTETK (C35)
éAmﬁfﬁ >—-j (an) M — &4 [ JPT v4o:'o—>m (037,03
0@ [ ‘2 V) vsD;—sw_b'_Suzn
o1 Al . Yo Oo——» RDG (BIG, B23)
b2 P 3ia2 Vil SPARE
55 . .
oo fo o [ o {B13) MCLK 1 O
os |2 = -,“‘3?5 o 6zl
06 D@ ] e L () D-;T—..WR'D(DIB)
a1 PL L1 PN 2 i NP NC :
ETR sl Qe 2 ) 5 A vzol—-c-w_R_Z(Dm
,; (BI%) oV VEZ B i Uy
a ) C Yep——en WRE (D3G
- a3pt vspl2 . WRE (D201
© MR $138 yob2 o wRE (819,823 v
Jn LAZ} Vil WRY(BID)
REseT , LA} ) (C20) 63 orAWN[S.Y 3212 ADVANEED B"i"ﬁt CORP:
——LA At T s “Yoweex [RLS. A - 12700'8 KN 1T AVE
(2 (At - +

s_al




HDC-1221 HARD DISK CONTROLLER Technical Manual . o DRAWINGS

F.1.2. BUS INTERFACE/DRIVE CONTROL

74



>7 ,
[~ ABC3® :
aa 2 . ~ 2o vm‘: ;g:a
AL(C3E: ,M::::::Q
YR I { - AN YAz 5‘ ;g; ‘
’ ’ YA 14 104
RO - A2 4 o2 e Cam—
: YAS
W y
we k'{ wE Slos YAGi————-——[—O—@\
s csxc>———‘-;— De mg—-————l—@\
€19V FLAG >"—"'—& Ds Uq7 .
{BAS) BOONE>——i—I0G (5244
12y GovE >——1Um
~e C3(828) tez &l

) 1
2 8w N I—»Eﬁtszm u«m(elm_
_ v )| o
= g3 ol j Y2

3 L832 abcca2e :
. 271 " 1 MCLK (BID) (Al
RE 9 NBAY :

BOC BIC MOLK
ona —{! o Tvape 108
B N i b2 101
\ 2 — [ 102)
o1 vz
4
DALZ i s Bluoe  Wap 10
2 i T 105
. DALY uoa T\EM W
j Vi e 107 (&1
5 P )
DAL @ uD4
Rrid ~
DALS /| luns
oALe — U3 Duoe
P ey,
oaLt —Lt _ 8juor { 8 RPI
: ' LIS ! 2207330
MR L WR(BIS) s S OLE
(AB) WRG e :
C (810) ADG - - 7(e14]5|3|2 ‘
14 5V —’1/1 [—’ INDEX (BI9) 1BI8) LINDEX >—24 p3 Q3
. e -INDEX |20 2 B2MDNFRQ >._l_3_‘r_>¢ . Q4
9 19 (8zn BRUR >—4ng as
~TRACKDOB| 1 a2 LTS oz
9 49 - Qe
<o . -SEEK COMPLETE | & a D6 a
7k - al
3 +S . - 4
2. -WRITE FAULT |12 " DI Qg
Vce | ‘ " ;3 ¢ L<wm1't: PROTECT (A3 . sl vy
- ~READY |22 2 :
s s — 1”7 s
-3ECTOR} 16 6 - T o2
1S 1s (BI13) MCLK >———D
"I\._']_ 9 \ , ) Of
b = H (B1@) lﬁ)j_
s,
23
3
a5
"
4
NOTES: UNLESS OTHERWISE SPECIFIED. 5

b e

24 1 s P » } "o 11,



l 209 19 | T | 1
SAIGA O STSP6 N |
COMPATIBLE IFC  COMPATIBLE 1FC
) . us)
: 12 H3 3 4
100 1 P aaf Dﬁ‘% " 14 | - HEAD SELECT B
( - ‘ Q3| N.C. : —
o) Slon 9 Hi e 12 LS| 13 > >
102 T3 P QI Po - 18 18]- HEAD SELECT)
' 103 7 - p—1 |7 17
03 15 2 ) 2 vsl
104 (L] PN Qe A 4 4 |-HEAD SELECT 2
e oL S—
105 s o [bDRSI(BSG) usl I—ERSI (NS o— 3 3
r___——- A&
106 8l e a * wx. 26 26|-DRIVE SELECT |
101 3|0 I»nnsz(mm I—Bﬁ—zmm | 2s 2s
a —® ys OS5 5 4 - ig%m. 28 28]-DRIVE SELECT 2
Lsz‘g DRS3(B32) DRSI (Ai8Y ¢— 21 21
ael2 & wm = 32 33|-DRIVE SELECT 8
06 -
" 5 [ DRs+ (830) W5 roa& TS S PEN 29
WRE>—1b P a1 Py &W— 32 32|-DRIVE SELECT &
(A@) MR 486, —i )
- ]
(A14) RESET
s
[ LYY
107 B 1 WGI
——————o el B Po-2 .0 G |- WRITE GATE
LAD - AG " - CRC/ECC (C39) ,},‘f“ 2 5
(A (LAl - i Al a2 RWC ! ‘Z 2 2| -rwe
LAZ = Az Loy — 1 l
Ak ATEP 5 o
Qz l}g 3% 24]|-STEP PULSE
u3e v e W 23
L8750 12 R
Qsfm— DIRECT 2 Job 24 34|-DIRECTION IN
Qzfe———a= WPC (C35) T406 {32 33
Q7 p— FLAG (D23}
e oy
. | soe E = JIs é
(A12) LAE >——|4 e CSACIDZY
(B13) MCLK >——— Loeic v23
IWA ! P
) —— Ls 3 Bﬁ-—la WATN  coac |2 Ls"“‘ WSAC (C35)
) m. 1 nwax f‘———-»nmcu( (838
, AMOUT —é—-» AWBUT (B3M
(813) RDG >———2 WCLRY R8BS - REY (339)
(@) TG >~ WEIRE LINDEX-——= LINDEX (B21)
(A4) RESET>—-—— RESET
(S
__ _ gMises (s NGR>— 0| ineex WAt b2 4227 e U
(2 8ic o SACEN 3 29| WATY
(23 BT SACEN NG 55% LZBLSI4 w
9 24} |
U 29 (A0 WR3 >——— 2 INACLR (€ 34) DG tqbz | oRa
(A2} WC LK >—— WCLK Uz3 LSI4 s
5
5 aale 100 J ‘f’;:;)“:‘cn:)_‘., ;2‘&” (c3m TRTRGL >—3d>4 as| INTRO
v sl 10! 4 I OE— Vi3 30
5 asps loz l M WD1100-07 4/
2 Qzfe 103 =
cele 104 A = =
. o o105 37
m‘:zg m(:' J
, oghi——107 4
TA__SEPARATOR
Us. DATA__SEPARATO
. SUPPORT _LOGIC _CHIP
LS374 & ®
2 . Nt IOB-101 wD\@3-39 "
o 5RSi b2 & O——— DRSI(DIB)
jf?'i__ us BRE3 - o‘?‘w JRS2 (DIBY
SATIpS o’;c < DRS3 (DI8)
. 3 14 N R
o<l DS ORSAp———O O—— < DRSA (DIB
7406
(22
" ——j—kﬂ‘VMCW
RAWN IS Y 3y T ek 8
eHEek [ RS ;700‘R KNOTT AVE
oesan]| C.W.F. - s,'.“,."."._g?.ﬁ.".l_..w
[l CRPTY ror e W] e@- 82 a43-2a|08
OoPER V SCALE NONE D [ee 3 oS
| 29 | 19 | m l 1



HDC-10@1 HARD DISK CONTROLLER Technical Manual DRAWINGS

F.1.3. DRTA SEPERATOR

75



N 3 L 32y 29
ARSR AMPLIFIER
R3 ¥C
2K T
(8271 UP>— 1 6094 e
+8V
12 13
{Freq onT v e ' PR
RZ RNG Uz 334 H O%C J
B0 143124 L i (82N -
1S
(B27: DN - v&
CAD _ ecnp {RInSAcH >— 12
9 |8 cn '
n
o OLYDAT >——ori—
L 12 ] K (B2
T aas Ltz
(A29) PUE Db
Iy '
- h .
- MFM READ I-3 L .+
ORIVE ¢ Ad3 R34
IND o
sin se o
+MFM READ [ 17 | —& -
............. 1
./1,, 'L‘ wrop? : :_ '
. (D121 DRS 4>~ I 1ps
13 (8331 PUP3 EN] )
/L" oUTC H 3 )
[ 0 1019 DRS 3>l '
~MFM BEAD |18 2 + 3 (833) PUP3 > 18 !
DRIVE 3 %) R30 [p1}5.) [
INC ®33) pup3>—Lt | c
, 510 0 . DI ORS 2>t w2 ]
+MFM READ |11 | e . outa —i sel4 !
“’lA i D19 ORSI >——2o !
= uts ! i
T 261832 bommmmes e 4 P
B
-mFm REaD |ig Y
DRIWVE 2 R2% R28 (B34 PUPI >
NG
sin 510 . . +8V
sMFM READ |11 | —4 T -
Lrt, = PUP 4 a—p—
rle rR/3 CELY]
71 7K —
[/V - L
G ™| 3
~MFM READ |18 *~—i+ 21N
DRIVE | R22 RZ} vd
INA 3| 157
s | s ] R/9 — {
+MFM READ |1 & - 2k (724 R
._{_. 3 3 2180 | 208 \
BB L o
B Wi
MNOTES: UNLESS OTHERWISE “PECIFIED
%) | Qs ] nmy } n T



28

%

l < 27 [ 28
jomsico noj tate] v ics
GATAZ |OLK_SEPARATOR L
(834 ) P23 w0—gy
i b Pyl
120509 120s T0i2
) ut
" mé nl 814 _|g
al ADAY (c40! 1
) 1 R R v
PUP3.B3M TB J’|3
> ACLK ( D4
& RCLK (BI3,C40
EUPl e
\b ) !‘ 4
s s P10
25 - cf 2o
- vb
‘ AL -
N e ! DLYDAT-= 3 TIRS ey
!@ (B20) R .
s ]
12 9 i
o o1 G—EOLD 5V L RGATE (BID
i S 4 R
R 3.3K
Tus
—
SK
Ay ¢
c3f.2r6
7
' 2 DATA SEPARATOR
s SUPPORT LOGIC
(B34 PUP3 >—dA |y
P 7
4l 26sOZ L RS
c WD10@-89
3 y .
(8113 REATE e Y eate | '
2 UP p———s=UP (D32}
5V (C34) MFMW >———SIWOAT N %—-» DN (C32)
_ R/O (B} WRITE >————QWRITE ORUN p—e DRUN (B2il
A%t -
c’-'/ 2R 1029 O%ZL >———00%C HIFRQ HIFRQ (B21
G2e$
TE 06
15 .14 y,’ I
" "
ik vy a 12 o ; DATA 8
J2la 26802 ‘oA REF rev %
DOUT DIN “
Tl's 9 Ls
TP e
Vee
e ) : |
. A & N us3 ouTsiS DLYDAT (C29.C28)
7 Dt
.['——“GND LONS —
_de | L A = G
] S -
3 1 2y a2 f-> WCLK (D36,BIN T24 (B39)
ud u} L 712 (B3
ST _ nl LS| bl
» a * > T =& WCLK (C35) —eTE (B39
2 EXDRJ R A
! 1€3%) 13
¢ ~ 4 (B33
WR -
\TE_CLOCK onawm [SY 319.87 T Ay
CHECK| R | . < - : ' : .
W T_ ‘l‘)?(”"!. B ¢
o Ty
Enon 72 DATE Sl GO 1@48-20}08
\ oren F _eawone T} D [Fem T 3
- ) { .



HDC-1021 HARD DISK CONTROLLER Technical Manual DRAWINGS

F.1.4. SERIAL DATA INTERFACE

76



(@)

8
(D\@) 109~ 107 -——p—

(i) RO
- 19 [}
DO® s| OEA OEB |, 100
(001 G n 101
0oz 4] L‘éiﬂ e 102
o3 2] . 8 103
: TP/‘/ D04 \7 D 3 104
AM_ DETECT ¥ oS 15| 5 105
8 - D06 3 7 106
N.C, ——————CPp AMDEY AMDET 1819) DO " [ 107
Ne — e qoutph®t— e, {
(02N ACLR >— AR u32 ]
tc20) TTRS >——>2detwin WO'52 ‘ (A2
(D21 RCLK > 3lrcLk
(D) AGAT >—+-92dDIN
ENDET
[
SRCH
1) N
/PAR —
Ecc S.Eﬂ_l?. D% (B10)
BCLR ‘
, SIwoR BoUT 'ISI Bdnez  poppe—— D002
(81 WRITE > Ha/w & ! leix  pot b2 00! 4
f. wee E'C(EN-?T-—N.C. ~ noz D—-———-——J; gg:
> RDAT FBD TN.C. DO} D———/g 504
RCP EDOUT|—N.C. 004 pa—m—222
(C19 CRC/ECC >——2]sEL  TTE P2 n.c. wn2ls. pos pl— 005
(3N ETTTE >——— W ECCTE 8% P2 N.C. 2\ poepl— 006 J
(&i2) TBLA >—"1°— Bess S N.C.(UNASSIGNED) D01 p::'———-"lﬁ/
(818) RES > ABS 1
(D35) WBS >———was U3{ ST Nds  bowtp=——N.C.
woHea 94 Cegy I EN

Tns
WRITE (&)

®

£ . 2
{BIB) TnMCLx»TG‘oz—EmA OUTA+
B ettt : ING  OUTA-P
il 0 3 3
(A20) T@ >——:— | outD- =
IC341EARLY >——-'-f—|-} ] : TRz = ouTD*+
(A26) T12 > z o 2618
(CIHINOM >zt ' e U/0 .
(A34) PUPS >—4¢ 1@ I s
(A20) TZ4 >——-.‘.9_._'._ : ’ 4—Inp  OUTB4Z
{C341LATE > T : | ouTa- m
i Y : ot T
Y oute
7 LsSs | . N T
| I i £R 12 !
(A22) WRWE PROTECY <t l——
NOTES: UNLESS OTHERWISE SPEC FIEL
' Y l - ‘



36

35 l 34 33
CRG] £0 NO] DATE | DY
PAR/SER
, [ wonea-as .
242 u28
5d Di
>qoz
qo3
doe .
(_"c o8 SRCCRPA——n.C
~ DG . — MEM GEN
aq o LD P WES(B39 I
— 1 =
(AI2) WRA %—T;CSELK BOONE " (an T
(AZT) WCLR >—g—Sd WeLk «:mur;;.T
EN
vs (C19) WPC >——31awC  MFM S MFMW (B28)
(AZ8) ZXDR >——d ZKDR EARLY-l'll—-D EARLY (B4)
Bwek  LATER e LATE (B42)
:
(O2NAD >———'|:A0 NOMP-— NOM (842"
(©23) AL >——A) vzo .
(A7) WETR >———g WELk 1 2
, gNRz R4,
(810) TNTCCk>——q INTCIK _DRap——w RO 1818)
(BI8) ASAC >——-{7c X INRap2—a=TNTRG (BIB)
(Bi DRACLR >—— DRACLK
' MR
e 11
(AI4) RESET >——j
= BOONE (D23)
T 59
3 9 | + TIMCLK /- SPNDLON .
T 18}~ TIMCLK
" 3]+ MFM WRITE DATA
" 1< MFM WRITE DATA
1y 33
+
9 a
] -] PUP2
¥ : .
31 B PUP3
" " h
2 42 2 2 M PUP 4
4 3 4 4
G P ” © PUPS (B3
8 {at} 8 8
n_ (18 ] M| ‘ )
R ) 2 12 GND
15 T 15 1S
% e " 1%
e I8 Ty 19
a4 26 20 26 .
- 5 5 5 S |TwRite PRroTECT ' oRawN Sy 310 82 - e
L W W -
= V » vesioN| C WLF .
P - OWG ~O R
ENGR 1~ - (Tssueoant T | 6O-33 1 F4p:20 28]
1 OPEN scate NONE D Feeerr g of §

Nr

ar L

i ER!




HDC~-10@1 HARD DISK CONTROLLER Technical Manual

F.1.5. 8100 INTERFARCE

.77



™S m‘u@ IS mmm&'m

ANOD SHALL %

Soeen R FURTHER %-scmm 10

iy THAN. WDC  EMMOYEES
m DIGITAL CORPORATION.

ITTEN MM;AYM FROM

~*

A8
Al

AS
U3
A3
Y3
Al
AQ

SMEMR

W
vie
Vi
N4

Vi3
viZ
Vil
vio
PRDY
XROY

sout
PWR

SiMP

(.skL 23)
i 2

POBIN,

(shta_c 24 TE
~bi7 WA

(5\\1«3-b7.4{
(X"}

B-17INTRQ
Day C§-
-v

A2
Al

NOTES: UNLESS OTHERWISE SPECIFIED.
- 1

2} ANY PROM OR ROM THAT 13 LARGE ENOUGH 15 ACCEPTABLE. -
I ALL EVEN NUMBZRED PINS ON J2 ARt GROUNDED.

-V

Mk 2

Q&OQ—VM-

S-loo
)
43, ] 4] g | 4] Alo +4
k IV S .2 L33 3 . 22 14y j
84 ¢ . 7 23 A8 221 ‘
. /. /17 L
—ldm
83 hn 4L 4 —2 4ne  pelte—
" r— . |
82 ;f/‘zn 28— 3 ,_3_-15 DBt
29 n 402 2 ~ - At~ DA ;‘/
30. 2. 2K 200 /i ~ (__S_A3§ oal—3
2 2:ing " vapd € 1a28 mf—2
8l Elias A w37 7 S Y]
2
80 ; we nz—';{—\ 5
] 3 NI ]| .Y
676
I/ IIS .
s
‘}Rz‘ ey B
a7 Al
z 3
“ - o & 8
e LioY
Iz _‘1_ ol . 7“30‘
] r% \3.| RETS oy 2 H
1 1 R 1 /2] 9 e —
S > [ '
3 K 5
8 390 3 M
1 +=O 4 JINT- ]
e 23-}; b5 Naz 2fg e o212
) v
i 0 S \ 3|02 s 2 4
2 T o3 ” | N 4135 R AL id
3
. L 2t w7 =
5 —4 & \83_6lps T3f!3 ‘ /2
- | > He2 Tt suideh
n I_—PDBN L) e (] PG ]
18 é [0 pe oo iz
N o -
]
PORT ADD
ors -
+ 2[333
J1
vis” -
_I_. I4%§ +8v] | j_F
+8v| 51
/
F’ s = N0 | 50 [t
! &Nd | 100
-1V 52L -~
N
v,
J/




k|

- ‘l o
U PR B 4 s om
~2=X 27 (g | s P
i’ ——2 s ol o
DL M P
I . | ~———ih2 12 92 | D15
N SR FVEC L] S a1 | D14
”__._N - RN S (TYRR S 42 |ol3
75 ) < s
n__L__'_ ———Tdin o loms
32——«" r———”—u«z (] 7 oalori
]| pAe I " . " ? ] 1ol)
ﬁrﬂ &7 | PRANTOM
/8 -“.—NJ_
sppein
.
L
viss -
SR
e T7
, ——&o—cs- | /:f
Wan | P
__ a 4 b Li—, t T B
77 2|7 f Lq L DALS
¢ PDBIN N aT o
| N
- = DAL3
r N DALZ
P . 21 bau
]
> - L2 one
N -
ADD
! P
'GI I 8 T
a7 2 ZYQstz » o | sor
T b—’f—muwm : ol bow
—% 8_0v W 13 oo
9 23 +5
\__] + * - 1 Z“LSZ“ZA‘ ;; s |oos
b3~ T Ny o |oo>
*— — - 3 w2 W 77 ol B
0 Z Lo
4 e £ by % ool
R 26 ,
V-L 5
_u_N._

omun| sy [F cer dasme|" - 100 Hoc 1006
cMECK | - . DISK INTERFACE
: CoRPOARNTION A
s /‘b;ﬂw | o Tl
ENGR ¢ s (T sm| ©0-0%008-20- | Al
| orer SCALE_NONE Dfoess 7 o i

CHG] £.0. N0.| DATE | B¥ .
$13 0¥ la-ﬁ!& :

.



BIPOLAR LSI DIVISION

JUNE 1982

!=M’ -
T T T —————————eeee—————————— e e e e

'USERS MANUAL |

8X305

| Chapter 1
'INTRODUCTION

This manual provides the system designer with a com-
plete technical discussion of the Signetics 8X305 Bipolar
MicroController. The first two chapters address the func-
tional operation of the 8X305, Chapter 3 isa reference for
the device instruction set, Chapter 4 discusses timing
considerations, and the final two chapters deal with ap-
plication of the devuce

The 8X305 Data Sheet provides complementary data to
this manual, including detailed timing and electrical char-
acteristics. The B8X300 Family Product Capabilities
Manual discusses the 8X305 in the context of the many
compatible support devices available from Signetics.
- Together, the thrée documents provide the information
necessary to design and implement a system that takes
full advantage of the powerful features of the 8X305.

The Signetics 8X305 Bipolar MicroController provides a
real alternative to the complexity of bit-siice designs and
the relatively.slow speed of MOS microprocessors in-high
performance, cost effective contro! systems.

1.1 DEVICE DESCRIPT!ON

The 8X305 MicroController (Figure 1-1) is a monolithic
Central Processing Unit implemented in bipolar Schottky
technology. It is designed to operate at a speed of 200
nsec for each 18-bit instruction, fetched on a dedicated
bus for higher throughput. It controls a series of
peripheral devices which are attached to it by means of a
standarg B-bit bus known as the interface Vector bus and
its associated control signals. The 8X305 can be easily in-
tegrated into most support systems using 8X300 Family
support devices.

The 8X305 is upward-compatible with its predecessor, the

8X300, allowing enhancement of existing MicroController

systems. Software written for the 8X300 will function cor-
rectiy on an 8X305%, but the expansion of the instruction
set and interna! working: storage allows more flexible
manipulation of data, higher throughput, and simplifica-
tion of code. Care should be taken, however, in analyzing
signal and timing requirements.for each application

where the MicroController is to.be updated.

Figure 1-1. Archltécﬁnﬂ Overview of X305 MIcmContiolier) N

- Signetics
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“The 8X305 is desrgned to provide the optrmum combma-
tion of features for controller design:

* Powerful, simple instruction set

* Eight instruction classes

-e Single chip package

* Bipolar speed k

¢ Family of compatible peripheral devices

* Flexible bit manipulation in a single instruction
‘o ‘Single + 5 volt supply ‘ i
e TTL three-state bus operation

1.2 DEVICE ARCHITECTURE

An understanding of the internal architecture of the
8X305 is required to maximize the efficiency of a-design.
.Figure 1-1 illustrates the logical structure, but does not
-necessarily represent exact physrcal connections within
the device. ; :

The 'instruction arrives at the instruction Register from
the Instruction Bus (Ig=14s). It is interpreted on the basis of
the Op Code which defines the significance of the other
bits in the instruction. Data paths within the chip are set
up by the Decode and Control logic. External control
. signals are also generated by this logic. At a-{ater point in
the cycie, the Program Counter, Increment Logic;.and Ad-
dress Muttlplexer generate the. ‘address of the next in-
struction ' to be ‘executed and place it in the Address
Register. The address is then placed on the Instructron
- Address Bus (Ao-A12) to fetch the next mstructlo; .

- Al trmmg is generated by anon- chip oscrllator runnmg at

" twice the actual instruction cycle speed.
. Source data can be accessed from three locations: .

L] internal regtsters
"® The IV bus

. & Absolute or modlﬁed constant specmcatlons from the

current mstructron word R R

Data from external sources can be mampulated by means
- of the Rotate and Mask Logic before becoming the first
operand for .an ALU. operation. The -implied..second
. operand s the Auxrhary Regrster (AUX orRO). The result
“of the operation. is stored in_an- Internal Reguster -or
transmitted to the |V bus.. .

The srxteenf&bit registers contained in the 8X305 are
‘Timing on the bus is synchronized with the Master Clock
(MCLK) signal. Together with the other control signals, it

used as temporary storage of data-and pointers. Three of
 these registers have special applications for IV bus ad-

dress transmission and flag storage, leaving thrrteenV

available as general-purpose storage.

1.3 PIN DESCRIPTION

The 8X305 MicroController is housed in a 0.9-inch wide,

'50-pin Dual In-Line (DIP) package, with pin assignments
.and designated functions as indicated in Figure 1-2.

1.4 THE INTERFACE VECTOR BUS

The 8X305 communicates with peripheral devices by

means of a bidirectional, 8-bit TTL bus known as the Inter-
face Vector, or IV bus. Five control signals generated by

~ the 8X305 indicate the direction in which the bus is belng
“ driven and the confrguratron of the data or address on the
" ‘bus. V

Devices connected to the IV bus are commonly referied

" toas /O Ports. *Any one of up to 256 such devices can be

selected in a single cycle when the 8X305 ptaces the /O
Port’s unique address on the bus and asserts the Select
Command (SC) signal. Once selected, an /O Port normai-
ly remains selected until the SC sugnal is agam asserted
wrth a dlfferent address on the’ bus

'The direction of data flow is mdrcated by the Write Com-

mand (WC) signal. This signal'is asserted when dataiis be-
ing placed on the bus by the 8X305, and is not asserted
when data is being read from the bus. The data will nor-
maily be read from or written into whatever /O Port was
fast selected

To opttmrze the 305’s capabrlmes in data manipulation '
and devrce selectlon two controi signals known as Left -
Bank (LB) and ‘Right Bank (RB) are provided. These

~ signals- are. asserted concurrently - with other control
* signals based on the contents of the instruction word.

They.can be used-in conjunction with-the other signals to
determme”" mch 11O Port will be enabled at any given
time. They ¢ an be used in a variety of ways, but the two

. most srgmfrcant are as follows:

jum performance of the MicroControlier:can

ed by connecting the-input 110 Port to one

‘the ‘output port to the other. The two ports

*~can then be selected concurrently and data can pass

between them:in-a single. cycte, resulting in a transfer
rate of five megabytes per. second

2. Since the bank select signal (LB or RB) must be

.-asserted for a port to-be enabled, two ports may share

“the sameé address provided that they are connected to
opposite banks. This expands ‘the number of /O Ports
that can be addressed m a single cycle to 512.

enables the /O Ports to access the IV bus at the correct

‘points in the MicroController's instruction cycle.

78 - B
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PIN NO. IDENTIFIER FUNCTION
1 VCR Regulated voltage input from series-pass transistor (2N5320 or equivalent).
2-9, 45-49 Ag-Ay, Program Address Lines: These active-high outputs permit direct addressing of up to 8192 words of
program storage; A, is least significant bit.
10, 11 X1, X2 Timing generator connections for a capacitor, a series resonant crystal, or an external clock source
with complementary outputs. ’
12 GND Ground.
13-28 ig-lis Instruction Lines: These active-high input lines receive 16-bit instructions from program storage; 1,5
is least significant bit.
29 sC Select Command: When high (binary 1), an address is being output on pins VO through V7.
30 wC Write Command: When high (binary 1), data is being output on pins V0 through iV7.
31 8 Left Bank Control: When low (binary 0), devices connected to the Left Bank are accessed. (Note. |
Typically, the LB signal is tied to the ME input pin of 1/O peripherals.)
32 RB Right Bank Control: When low (binary 0), devices connected to the Right Bank are accessed (Note.
Typically, the RB signal is tied to the ME input pin of IO peripherals.)
33-36, iVO-iV7 Interface Vector (input/Output Bus) — these bidirectional active-low three-state lines communicate
38-41 data and/or addresses to I/O devices and memory locations. A low voltage level equals a binary “1";
iV7 is Least Significant Bit.
37 Vee + 5V power supply.
42 MCLK Master Clock: This active-high output signal is used for clocking /O devices and/or synchronization
of external logic. )
43 RESET When RESET input is low (binary 0), the BX305 is initialized — sets Program Counter/Address

Register to zero and inhibits MCLK. For the period of time RESET is low, the Left Bank/Right Bank
(LB/RB) signals are forced high asynchronously.

44 HALT When HALT input is low (binary 0), internal operation of the 8X305 stops at the start of next instruc-
tion; MCLK is not inhibited nor is any interna! register affected; however, both the Left Bank/ Right
Bank (LB/RB) signals are synchronously driven high during the tirst quarter of the instruction cycle
time and remain high during the time HALT is low.

50 VR Internally-generated reference output voltage for external series-pass regulator transistor.

Figure 1-2. 8X305 Pin Designations and Functions

Signetics-
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The 110 Ports must be capable of performing the address
select operation, determining the direction of the bus,
analyzing the bank control signals, and presenting or
receiving data. Signetics offers numerous circuits that
perform these functions for specific applications. Refer
to the 8X300 Family Product Capabilities Manual for in-
formation on these devices. '

1.5 SYSTEM ENVIRONMENT

A generalized system configuration consisting of. pro-
gram storage (ROM/PROM), working storage (RAM), /O

devices, and the 1V bus interface (IVO-1V7) is shown in.:
Figure 1-3. Except for the off-chip timing crystal, the -
" regulator transistor, and any user-generated _logic
associated with the HALT and RESET lines, no external”"
The TTL--
logic, and: bit-

parts are required for implementation.
compatible bus, simple interface
manipulation features optimize the 8X305 MicroCon-
trolier for aimost any system where high-speed operation,
flexibitity, and minimum board space are required.

The program storage can consist of any ROM or‘PROM
with sufficient access speed. It can be configured to the

size of program required by the application, up to a max-.
imum of 8,192 instruction words.

An Interrupt Control Coprocessor, the 8X310, is available.-
This device connects to the Instruction Bus and Instruc-
tion :Address Bus, providing a single-chip interrupt
handler and an enhanced ability for subroutine process-
ing. /

Ports on the IV bus must be tailored to the application.
Some additional high-speed working storage may also be
required. This is impiemented by assigning contiguous

‘memory locations in a small byte-wide RAM to a series of
-contiguous port addresses. It is good practice to pair
‘peripherals which transfer a good deal of data between
"each. other on opposite banks, which enables single-

instruction processing gnd transfer of data.

Since they have been designed specifically for the IV bus,
the 8X300 Family of parts provide the simplest solution to
most requirements encountered in an 8X305 system. The
family: includes an array of /O Ports, working storage
RAM; and single-chip solutions to problems such as flop-

... py.disk control and computer bus'interfacing.

78 -'D



1.0 Introduction

1.1 General Description:

The ST-506/412 disc drive is a random access storage device utilizing two non-
removable 5% inch discs as storage media. Each disc surface employs one
movable head to service 1537306 data tracks. The total formatted capacity of the
four heads and surfaces is 5/ 10 megabytes (32 sectors per track, 256 bytes 32
sector, 612/1224 -30_8.

Low cost 2& ::= relisbility are schieved through the use of a band actustor and

open loop. stepper_head positioning mechanism. The inherent simplicity of

mechanical construction and electronic controis allows maintenance free
operation throughout the life of the drive. Both elecronic PCB's are mounted
outside the :o-a disc -8.:6.5 allowing field serviceability.

Mechanice! o.l 8:83533: protection for the ..o-au -Q:Soq. -:4 discs is
provided by an impsct resistant aluminum enclosure. A self-contained recircula-
ting system supplies clean sir through a 0.3 micron filter. A second port in the
filter assambly allows pressure equalization with smbient sir without chance of
contamination. A patented spindie pump assures adequate air flow and uniform
temperature distribution throughout the head and disc ares. Thermal isolation
of the stepper #nd spindle motor assemblies from the disc enclosure results in 8
very low 33-.22:3 rise within the enclosure. This provides significantly
greater off track margin and the ability to immediately eoac:s read and write
operstions o:.: power up with no .:‘::-_ stabilization ao.o< -

The m._. 506/412 electrical interface is o.:...-q to Shugart Associates’ SA1000

..3..< of 8 inch fixed disc drives. ST-506/412 size and mounting aré identical to
“ the industry standard minifioppy disc drives, and they use the same DC voltages
and connector. No AC power is required.

Key Features:

* Storage Capacity of 6.38/1 2.76 megabytes unformatted, 5.0/10.0 mega-
bytes formatted as shipped.

* Same u:«uﬁu_ size and 50:::3 as the minifloppy.
* w-:.,o ‘DC voltages as the minifloppy.

#: Band actuator and stepper motor head positioning.
# 5.0 megabit/second transfer rate.

t w:sv.o floppy-like interface.

nw m!so track capacity as a double density 8 inch :ovg

1.2 Specification Summary:
1.2.1 Physical Specifications:

Environmental Limits:

Ambient Temperature
Operating: 40° to 122°F (4° to 50°C)
Non-Operating: —14° to 140°F {(—10° 10 60°C)

Max Temperature Gradient
Operating: 18°F/hr. (10°C)
Non-operating: Below Condensation

Relative Humidity: 8 1o 80% non-condensing

.s-x:::,,.«.,. Elevation
Operating: 10,000 f1. :
Non-operating: —1000 to 12,000 ft.

~ Shock .

Ouoi._:n ‘oo s
Non-opersting:  40G’s {on box uao :-3»2

DC Power Requirements

. +12V 5%, 1.8A typicel, 4.5A maximum (st power on)

+5V 5%,.7A typical, 1.0A maximum
1~<\¢m< Maximum z.vu_o mo:.< 1 1 .

Mechenical o::o:!o:. ) ) ‘
Height ............. SN 3.25 inches

Width............... Ll .57 inches
Depth............ A . 8.00 inches
WEIght . ..c.oiiiiiiiiiinnianens, 4.6 Ibs. (2.1 kg)
Shipping Weight ................ 7.0 Ibs. (3.2 kg)

. Heat o.uu.v-co:
25 watts 322_
29 watts meximum

1.2.2 Reliability muon.:nu:o:u

MTBF . ..oovnnnnenns 11,000 POH, typical usage
PM........ g . Not Required
MTTR ..ovveiiannennns ... 30 minutes
Oo._:vo:o:. Design Life.................. 6 years
Error ao.oo
Softread errors............. 1 per 10'° bits resd
Hard read errors® ........... 1 per 10'2 bits reed. =
Seek errors....... PO 1 per 10° seek

* Not recoverable within 16 retries
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1.2.3 Performance Specifications:

ST-508 8T-412
Capacity
Unformatted
Per Drive 6.38 Megabytes 12.76 Megabytes
Per Surface 1.59 Megabytes 3.19 Megabytes
Per Track 10416 Bytes 10416 Bytes
Formatted ’ R
Per Drive 5.0 Megabytes 10.0 Megabytes
Per Surtace " 1.25 Megabytes 2.5 Megabytes
Per Track 8192 Bytes 8192 Bytes
Per Sector 256 Bytes 256 Bytes
Sectors Per Track : 32 32
Transfer Rate 5.0 Mbits/sec 5.0Mbits/sec
Access Time
Track to Track 3ms 3ms
Average® ’ 85ms 85ms
Maximum*® 205ms 205ms
Setting Time 15ms 15ms
*using fast seek algorithm (including setting)
Average Latency 8.33ms
124 m::oao:s_ ‘Specifications: :
Rotational speed 3600 rpm 1% 3600 rpm 1%
Recording density 7690 bpi max 9074 bpi max
Flux density 78690 fci 9074 fci
Track density o 255 tpi 345 tpi
Cylinders 153 306 -
Tracks ) 612 1224
‘R/W Heads 4 SRR !

Discs 2 2

20 m::.n».o:l_ Characteristics

N.

2.2

General Ovo;:o:.

The ST-506/412 a_un drive consists of qona\i_.:c and 333. electronics, read/
write heads, track positioning actustor, media, and air filtration system. The
components perform the following functions:

1. interpret.and ,ao:oz..o control signals.

2. Position the heads over the desired track.

"3. Read and write data.

4. Provide a contamination free environment.
Read/Write and Control Electronics

Electronics are packaged on two printed circuit boards. The primary l,0ard to
which power, control and data signals are connected includes:

23

24

25

-

Index detection circuit.
Head position/actuator circuit

Read/write circuits.

Drive up to speed circuit.
Head select n:a:_.,..
<$:o~?:= detection circuit.
Step motor drive circuit.

Drive select circuit.

© P N e a e W

Track zero detector circuit.

The second PCB, mounted to the sideframe under the primary board no_._<ou its
power from the primary board and provides power and speedcontrol tothe spindie
drive motor.
Drive Mechanism )
A brushiess DC drive motor rotates the spindle at 3600 G:,_ The spindie isdriven
directly with no beit or pulley being used. The 322 is thermally isolated
from Em :wna\a.mo assembly to minimize .o.:voq!cqo rise in the sealed
chamber containing the heads and discs. The motor and spindie are dynamicsily
balanced 10 insure a low vibration level. A brake is used to quickly stop the
spindle 392 when power is_removed. The head/disc assembly is shock
30::3& to minimize :.c:u:zau.o: of <_u3~.o: through the chassis or frame.

Air m.:i:o: mﬁ.o:.. .m.o..:on 1A&18)

The discs. and, read/write heads are fully enclosed in 8 module using an
integral _dn:nc_w ion air system and absclute’ filter to maintain a ciean enviror-
ment. Integral to the’ filter is a port which also permits ambient pressure
equalization without contaminate entry.

Positioning .Son:a:_u_.: Am.a:_.o 2)

The read/write ‘heads’ &re Socz.oa on a ball bearing supported carriage
which is positioned by a band actuator connected to the stepper motor shaft.
The stepper motor is thermally isolated from the head/disc assembly to minimize

temperature rise in the sealed chamber.



1.0 INTRODUCTION

1.1 GENERAL DESCRIPTION

The Shugart Model 1000 series disk drive is a random access storagé device with one or two non-removable
8" disks as storage media. Each disk surface employs one movable head to service 256 data tracks. The
two models of the SA1000 series are the 1002 and the 1004 with single.and double platters respectively. The
SA1002 provides 5 megabytes accessed by 2 movable heads and the SA1004 provides 10 megabytes ac-
cessed by 4 movable heads.

Low cost and unit reliability are achieved through the use of a unique band actuator design. The inherent
simplicity of mechanical construction and electronic controls allows maintenance free operatlon throughout
the life of the drive.

Mechanical and contamination protéCtioh for the head, actuator and disks are provided by an impact resis-
tant plastic and aluminum enclosure. A self contained recirculating system supplies clean air through a 0.3
micron filter. Another absclute filter allows pressure equalization with ambient air.

The optional SA1200 Data Separator PCB or equivalent circuitry is necessary to provide MFM en-
coding/decoding, write precompensation, a crystal write oscillator and address mark writing and detection.
These functions are also provided by the optional SA1400 controller.

The SA1000 fixed disk drive's interface is similar* to the Shugart 8" family of floppy disk drives. The SA1000
is desngned to fit into the same physical space as the 8’ flopples

Key Features:

®  Storage Capacity of 5.33 or 10. 67megabytes

® Winchester desugn reliability.

/0 Same physical size and identical mbuhting configuration as the SA800/850 fioppies.
® Uses the same D.C. voltages as the SA800/850 floppies.

® Proprietary Fas Flex il banq actuator.:

® 434 Mbits/second transfer rate.

® Simple fioppy like interface.

*Existing floppy controllers are not compatible with the SA1000 due to differences in the data transfer rates.
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1.2 Specification Summary
1.2.1 Physical Speciﬂcations'
Environmental Limits
Ambient Temperature =
Relative Humidity =
Maximum Wet Bulb =
AC Power Requirements
50/60 Hz + 0.5Hz
100/115 VAC Installations
200/230 VAC Installations

DC Voltage Requirements

Ripple
DC Voitage MV P-P
+5 =V : 50
-5x05V 50

(—7 to — 16V optional) (N/A)
+24 =+ 36V 1000

Mechanical Dimensions

Rack Mount
Height = 4.62 in.(117.3mm)
Width = 8.55in. (217.2mm)
Depth = 14.25 in. (362.0mm)
Weight = 17 Ibs. (7.7Kg)

50° to 115°F (10° to 46°C)
8% to 80%
78° non-condensing

- =90-127V at 1.1A typical
. =180-253V at 0.6A typical

Stepping
Steady State

Stepping
Steady State

Standard Mount

4.62 in. (117.3mm)
9.50 in. (241.3mm)
14.25 in. (362.0mm)

17 Ibs. (7.7Kg)

Heat Dissipation =511 BTU/Hr. typical (150 Watts)

1.2.2 Reliability Specifications

MTBF: 8,000 POH typical usage
PM: None Regquired

MTTR: 30 minutes

Component Life: 5 years

Error Rates:
Soft Read Errors: 1 per 10'? bits read

Hard Read Errors: 1 per 10"32 bits read
Seek Errors: 1 per 10° seeks

80 - B

0 amp typical
5 amp max.
6 amp typical
1 amp max.

0 amp typical
5 amp max.

amp max.
0 amp typical

2.
2.
3.
4,
0.
0.
2.
3.
0.
0.25 amp max.

2
2
8 amp typical
3
2
2



1.2.3 Performance Specifications

Capacity
Unformatted
Per Drive
... Per-Surface -
Per Track
Formatted
Per Drive

Per Surface -

Per Track
Per Sector

Sectors/Track

Transfer Rate
Access Time

Track to Track

Average .
Maximum

Average Latency
1.2.4 Functional Specifications

Rotational Speed
Recording Density

Fiux Density
Track Density
Cylinders
Tracks

R/W Heads
Disks

SA1002

'5.33 Mbytes

2.67 Mbytes

10.4 Kbytes -

4.2 Mbytes

2.1 Mbytes

8.2 Kbytes

256 bytes
32

4.34 Mbits/sec

19 msec
70 msec
150 msec
9.6 msec

3125 rpm
6270 bpi
6270 fci
172 tpi
256
512
2
1

 SA1004
10.67 Mbytes

- 2.67 Mbytes

10.4 Kbytes

8.4 Mbytes

2.1 Mbytes

8.2 Kbytes

- 256 bytes
32

4.34 Mbits/sec

19 msec
70 msec
150 msec
9.6 msec

3125 rpm
6270 bpi
6270 fci
172 tpi
256
1024
4
2
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L QUANTUM oqrorarion

PRODUCT SPECIFICATION

-

Q2000 FIXED DISK DRIVE

The Q2000 fixed disk drive ianterface s similar to the
Shugart 8" floppy drive and a superset of Shugarct's
SA1000 series Jdisk drive in interface [he Q2000 series

disk drive is designed with the same form factor and

power supply voltage requirements as 8" floppy drives.

Key Features:

© Storage Capacity of 10, 20, 30, or 40 uegabytes
Winchester design reliability
Same physical size and mounting as 8" floppy drives

Uses the same D.C. voltages as 8" floppy.

© pProprietary, rotary, high resolution, quiet head
position actuator

© 4.34M bits/second transfer rate

o

Microprocessor controlled temperature compensation

sarvo
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Ql.lﬂm'“m CORPORATION

|__PRODUCT SPECIFICATION

Q2000 FIXED DISK DRIVE

1.2 SPECIFICATION SUMMARY

1.2.1 PHYSICAL SPECIFICATIOnS
ENVIRONMENTAL LIMITS

NON OPERATIONAL

Storage temperature 50°F to 150°F 710°C to
65.5°C)

" Shipping temperature -40°F to 150°7 /-40°C to
65.5°C)

Storage and shipping altitude = 1000 to 40,000 feec:

OPERATING
HMax Operating Altitude = 10,000 feet
Ambient temperature = 50° to 115°F (10° to 46°C)

Relacive humidity = 8% to 80%

Maximum wet bulb = 78° non-condensing
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QUﬂﬂTum CORPORATION

PRODUCT SPECIFICATION

Q2000 FIXED DISK DRIVE

AC POWER REQUIREYENTS

50/60Hz+0.5Hz
100/115VAC Installations = 90-177V at 1.0 Typical
200/230VAC Installations = 180-253V atr 0.5A Typical

DC VOLTAGE REQUIREMENTS

+24VDCiIOZ 1.254 Typical (1.5 A max)
+5VDC+5% 1.0A Typical 71.5 A max)

-5VDC+5% (~7 to -16VDC optional) 0.2A Typicai (0.25 A

max)

MECHANICAL DIMENSIONS

Height = 4.50 in. (114.3mm)

Widch

8.55 in. 7217.2mn)

14.25 in. (362.0mm)

Depth

Weight = 17 1bs. (7.742)
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Qunmum CORPGRATION

PRODUCT SPECIFICATION

02000 FIXED DISK DRIVE

VIBRATION

The 1lavel Epecified for wvibrarion
perpendicular directions. {Principla

shall ba operable during and after

in the following table.

Track 511 radius = 2.155

Shipping and landiung
nominal

the maximunm

to three mutually

axes). Equipment

vibration levels

FREQUENCY PEAK TO PEAK
AHPLITUDE
Hz In G's
Operating 5 - 25 .0014 —-——-
25 - 55 .0007 ———
55 ~ 300 -— 0.3
.Non~0perating 5 - 25 .0038 —-_———
25 - 55 .004 --=
55 - 300 -—— 2.0
TRACK GEOQMITRY
Track widtn = .00225 + inches
Track spacing = .00287 inches averag:
Track zero radius = 3.537 inches nominal,

inches noainal

zone track 2.050 inches
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Qunmum CORPORATION

PRODUCT SPECIFICATION

Q2000 FIXED DISK DRIVE

HEAT DISSIPATION

239 BTU/HR. TYP (70 Watts) Nominal

1.2.2 RELIABILITY SPECIFICATION

MTBF:8,000 POH typical usage
Pi:not required
MTTR:30 minutes

Component Life: 5 years

ERROR 'RATES
Soft read errors: 1 per 1010 pits read
Hard read errors: 1 per 1012 bies read

Seek arrors: l per 10% seeks

These error rates assume that the drive

is being operated

within 1its specified 1limicts. Errors <caused by uaedia
defects are excluded.
1.2.3 PERFORMANCE SPECIFICATIONS

Q2010 Q2020 Q2030 Q2040
Capacity ‘
Unformatted R
Per drive 10.66Mb 21.33Mb 32.004b  42.66b
Per surface 5.334b 5.331b 5.33Mb 5.33iHb
Per track 10.40Kb 10.40Kb 10.40KH 10.40%XD
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~ QUANTUM coreorarion

PRODUCT SPECIFICATION

1

Q2000 FIXED DISK DRIVE

Tormatted (A7)
Por drive

Per surface

Per track

Per sector
Sectors/TK

Transfer Rate

8.404b
4.20Hb-
8.20Kb

256 Byte

32

16.80Mb  2..20:1b 33.60ilb
4.20M%  4.20. 4.204b
8.20¢h 8.20Kb 3.20Kb
256 Bytes 256 Bytes 256 Bytes
32 32 32

4.344bits/ 4.34Mbits/ 4.34Mbits/ 4.34Mbits -

sec sec sec sec

Access Tiame {Nominal voltages, 25°C

TK to TK{max) 15 ms 15 ms 15 ms 15 ms

Average!max) 55 as 60 ms 60 ns 65 ms

Full Strokeltyp)1l5 ms 115 ms 115 ms 115 ms

Avg. Latency 10 as 10 ms 10 ns 10 ns

1.2.4 FUNCTIONAL SPECIFICATIONS M
Nom Rotational Spee& 3000 RPH 3000 RPY 3000 RP.I 3000 P
Max Rotational Speed 3083 RPM 3083 RPM 3083 uwpM 3083 RPiH
Min Rocational Speed 2904 RPH 2904 RPYM 2904 RIYH 2904 RPY
Recording Density 5600 bpi 6600 bpi 65600 »pi 6600 bpi
flux Density 6600 fci 6600 fci 5600 fei 6600 fci
Track Density 345 tpi 345 tpi 345 tpi 345 tpi
Cyiinders 512 512 512 512
Tracks 1024 2048 3072 4096
R/W Heads 2 4 5 8
Disks 1 2. 3 .4
Inlex 1 1 1 1

Quantum guarantees a track capacity of a minimum of 10102

bytes when

‘microseconds/byte,

‘written

using .

a timing of 1.84




' Qunmum CORPORATION

PRODUCT SPECIFICATION

Q2000 FIXED DISK DRIVE

2.0 FUNCTIONAL CHARACTERISTICS

2.1 GEJERAL OPERATION

The Series 2000 fixed disk drive consists of
read/write and control electronics, read/write
heads, head positioning mechanism, media, air
filtracion, and disk rotation system. /Sce fig
1-A for functional block diagram) These

components perform the following functions:

Spin the disk’s) and generate control
signals

Position the neads over the selected track
with appropriate corrections in position
to compensate for thermal effects on track
location - )

Read and write data

Provide a contamination free onvironmenrt
around tne media and heads

Perform diagnostics on t he head
puositioning and servo sys:tens ’
2.2 READ/WRITE AND CONTROL ELECTRONICS

The electronics for :the drive are packaged on two printad

circuit boards, the control PCB and the Transducer PCB.
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Qunm "m CORPDRAUON_

PRODUCT SPECIFICATION 3 ]

Q2000 FIXED DISK DRIVE

2.2.1 TRANSDUCER PCB
The Transducer PCB contains the following circuics:

Optical position encoder detector circuits
Raw track 0 detecﬁor circuit
AGC circuit for position sensors
Head seiect diode mactrix
Actuator motor cdnnectibns
Drive capacity option jumpers
2.2.2 CONTROL PCB N

The main PCB contains the following circuits:
Index detector circuit

Head positioning actuator circuits

Hicroprocessor {with ROM  Program*) for
diagnostics and head positioning concrol

Read/write amplifier/drivers

Head select circuits

Drive select circuit

Drive ready circuit

Write faulc detection circuit
Power on reset circuit

Track 0 detection circuit

2.3 DRIVE MECHANISM

The spindle rotates at 3000 rpm through a belt drive

from an AC aotor. Either 50 or 604z power 1is
accomodated by changing cthe aoror drive pulley and
belc. 220/2309AC operation can be utilized by a

A#otor change. [See Appendix C)
* © Quantum Corp. 1981
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QUMIT l.lm .CORPORATION

PRODUCT SPECIFICATION

Q2000 FIXED DISK DRIVE

2.4 READ/WRITE HEAD AND DISKS

The recording media is a lubricated thin magnetic oxide
coated on an 8 inch <200mm) diameter aluminum substrate.
This 1lubricated coating formula;ion, together with the
low 1load force/low mass Winchester type flying heads
permit reliable contact staft/stop operation. To protect
recorded data, heads are positioned in a landing zone

inside of cylinder 511 when the disks are not up to'speed-
2.5 HEAD POSITIONING SYSTEM

The head positioning system consists of three ma jor
elenents: rotary torque motor actuator, optical track

position encoder, and temperature compensation servo.
2.5.1 ROTARY TORQUE MOTOR ACTUATOR ‘7IG. 3)

The read/write heads are aountcd on counterbalanced arms
attached to the hub of the Totary torque -motor. This
configuration applies a pure torque to the rotor. The
balanced system maximizes bearing life aand leads to high

mechanical stability and maximum vibration resistance.

The motor is of simple construction consisting of a ring
magnet, two flat plate pole pieces, a 'single plane moving
coil and two bearings. This system  is faster rhan
stepper motors and its performance matches many wvolce

coil actuator systems.
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lem'llm CORPORATION

PRODUCT SPECIFICATION

Q2000 FIXED DISK DRIVE

2.5.2 OPTICAL TRACK POSITIUJ ENCODER

The optical track position encoder is a proven technologzgy
utilizing a highly reliable photo etched scale, an LED
light source and . photodiode sensors. The encoder
components are located inside the bubble with the scale

~attached to the lowermost actuator arm.

2.5.3 TEMPERATURE COWUPENSATION SERVO

The temperature compensation {fing) servo obtains
'position feedback directly from the disk surface once per
revolution. This track location coding is emvedded
between the last inter-record gap and the index pulse.
Writing is inhibited by the drive during this time but
reading is not. The 17 or 2F servo signal will appear on
the MFM read data lines. Compatibilicy 1is maincained
‘with like drives by reducing the disk rotational speed by
47 . This servo method places no restricions on format
and allows the same Jdata rate and track capacity as other

comparable competitive units.
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