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1.9 General Information

The SYS68K/WFC-1 is a high performance VMEbus interface
controller board to control 5 1/4" Floppy and Winchester drives.

The SYS68K/WFC-1 board has been developed to serve as a
controller board for high speed data transfers to and from 5 1/4"
Floppy and Winchester drives via a 1 KByte FIFO Dbuffer. The
board can communicate with a DMA controller to provide maximum
bus transfer speed and 1is able to generate interrupts for
complete operation, error operation and data request.

The VMEbus allows easy system design with extended I/0, RAM, CPU, .
ROM, and DMA cards.

This manual provides a general operating description of the
SYS68K/WFC-1 hardware. Follow manufacturer's installation
instructions for use and trouble shooting.



FIG. 1 PHOTO OF BOARD
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2.0 General Operation

The SYS68K/WFC-1 consists of a set of devices specifically
designed for control of Winchester and Floppy disk drives. The
heart of the @ control logic is the Control Processor Buffer
Manager .(WDl1@l5) that manages the on-board static RAM sector
buffer (2048-word by 8-bit). All bytes of data written to and
read from disk are first stored on this sector buffer. When the
buffer is full, the data is transferred, on command, to its
intended destination.

The WD1l@l5, Dbesides controlling the data flow between host,
sector buffer, and disk controllers, also translates the host
Winchester command format to Floppy disk format when addressing
the Floppy Disk Controller (WD2797). This permits the host to
maintain a single command format (Winchester) while in effect
controlling two different disk command formats (Winchester wvs.
Floppy) . This 1is possible, since the SDH register is used to
select either type of drive.

The WD1@1l5 maintains the current copies of necessary host command
data in the task files; a set of register physically located in
the Winchester Disk Control device (WD1l@l@) and the Error
Detection and Support logic device (WDl1l@1l4).

The WD1l@glg 1is the link between the host processor (via sector
buffer) and the Winchester disk drives. During transfer of data
from the host to the WD1l@1l@, the WD1g14 computes a 4-byte ele)
which is appended to the end of the data being transferred to the
WD1g1l@ and recorded on the disk. During data transfers from
WD1l@ld to the host (via the sector buffer), the WD1@l5 uses the
ECC syndrome to validate the data. Retries and corrections are
attempted automatically in case of corrupted data.

The WD1lgl5 performs error correction in conjunction with the
WD1g1l4 on data transferred to the ' disk. While the WD1g1l5
controls the operation of the on-board error-correction 1logic,
the WD1lg1l4 generates and checks the Error Correction Code (ECC)
if SDH bit 7 = 9. Thus the WD1@14 also provides *the WD1lgl5 with
its real-time controcl capability.

If CRC format Winchester disks are used, CRC is selected by the
WD101l0 by setting SDH7 = 2. CRC for the floppy disk is performed
by the WD2729, a device that furnishes all control functions for
floppy disk drives, including necessary data seperation and write
precompensation. SDH7 must be set to zero for floppy disk
operation.

11



2.1 Features of the SYS6SK/WFC-1

- Fully VMEbus compatible

- Jumper selectable base address with address modifier

- Generation at two different interrupts

- Jumper selectable interrupt level

- Software programmable interrupt vectors

- Three VMEbus options (A31:D16), (A23:Dl16), (Al5:D16) jumper
selectable

- User selectable 5.25" Winchester or Floppy operation

- Controls up to 3 Winchester ST586 Interface and up to 4 Floppy
drives SA450 compatible

- On-board data seperation circuitry

- On=-board write precompensation for floppy and hard disks

- On-board sector buffer supports up to 1 KByte sectors

- Programmable sector sizes - 128, 256, 512, or 1224 bytes

- Automatic track formatting on hard and floppy disks

- Multiple sector operations on all disks

- Data rates up to 5 Mbits/sec on hard disk

- Single buést error correction up to 5 bits on hard disk data

- CRC generation/verification for data and all I.D. fields

- Automatic retries on all errors with simulated completion

- ECC diagnostic commands included (READLONG & WRITELONG)

- Internal diagnostics

- 16 different stepping rates for both hard and floppy drives

12



3.0 Hardware Overview

3.1 Global Base Address Selection

The SYS68K/WFC-1l controller board contains a set of jumper fields
for the global base address selection.

This board contains also two jumper fields, BR8 and BR9, for the
VMEbus options (Al5-Dl16), (A23-D16) and (A31-D16), (see Fig. 3).

The following table shows the connection of BR8 and BR9 for these
options :

BRS8 BR9 :
CONNECTIONS : CONNECTIONS OPTIONS
1l to 2 1l to 2 Al5:Dlé6
l to 2 2 to 3 A23:D1l6
2 to 3 2 to 3 A32:D1l6 ¥
No other combination is allowed, as it may cause errors in the

system.

The address signals A31-A4 are used for the global base address
selection. Fig.3 shows the jumper location and the default
setting during manufacturing ($B@l@gg) for the A23:D16é option.
For all of these jumper fields, Jjumper in means @ for the
corresponding signal and jumper out means 1 for the corresponding
signal. Fig. 4 shows the physical location of these jumpers on
the SYS68K/WFC-1 board.

13
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3.2 Address Modifier Decoding

The address modifier (AM) signals of the VMEbus may be used for
additional decoding in parallel to the address signals.

Table 1 lists the combination of the AM signals and the relevant
functions.

The BR15 may be jumpered so that these signals are not decoded
(don't care). If BR15 pin 1 is connected to pin 2, then the AM
decoding is enabled. If BR15 pin 2 is connected to pin 3, then
the AM decoding is disabled.

The BR14 jumper field includes the AM code and Fig. 5 shows an
example for supervisor data decoding. Fig. 4 shows the physical
location of the BR14, BR15 jumper field on the SYS68K/WFC-1
board.

16
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3.3 Interrupt Jumpering

The SYS68K/WFC-1 controller board can generate two different
interrupts. The first interrupt, IR1l, is for operation complete
and error operation.

The second interrupt, IR2, is for data request by read, write and
format operations, if the controller board needs data or has to
send data.

Both interrupts can be enabled and disabled seperately and can be
jumpered on each interrupt level on the VMEbus.

IRl can be enabled via BR20 through connection pin 1 to 2 and IR2
via BR21 through connection pin 2 to 3.

If BR20 pin 2 is connected to pin 3, then the operation complete
interrupt is disabled. If BR2l pin 1 is connected to pin 2, then
the data request interrupt is disabled.

The interrupt request level can be selected via Jjumper field
BR16. .

Fig. 6 shows the jumper fields and an example for enabled
interrupts for a connection to the interrupt level 3 for IRl and
to the interrupt request level 4 for IR2. BR18 and BR19 must be
selected to the corresponding level (see Fig. 6). Fig. 7 shows
the physical location of these jumpers on the controller board.

The interrupt default setting by manufacturing is disabled and
only programmed I/0O is allowed. .

18
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ILEXADECIMAL ADDRESS MODIFIER FUNCTION DEFINED
CODE 5 4 3 2 1 0 BY
3F HHHHHH Standard Supervisory Ascending Access VMEDbus Spec.
3E HHHHHL Standard Supervisory Program Access VMEDbus Spec.
3D HHHHLH Standard Supervisory Dala Access VMEDbus Spec.
3C HHHHLL Undelined Reserved
38 HHHL HH Standard Non-Privileged Ascending Access VMEbus Spec.
3A HHHL HL Standard Non-Privileged Program Access VMEbus Spec.
39 HHHLLH Standard Non-Privileged Data Access VMEDbus Spec.
38 HHHLLL Undefined Reserved
30-37 HHL X X X Undelfined Reserved
2F HL HHHH Undelined Reserved
2E HLHHHL Undefined Reserved
2D HL HHLH Shorl Supervisory I/0 Access VMEbus Spec.
2C HLHHLL Undelined Reserved
2B HL HL HMH Undelined -Reserved
2A HLHL HL Undelined Reserved
29 HL HL L H Short Non-Privileged I/0 Access VMEDbus Spec.
28 HL HLLL Undefined - Reserved
20-27 HLL X X X Undefined Reserved
10-1F L H X X X X Undelined User
OF L LHHHH Extended Supervisory Ascending Access VMEDbus Spec.
OE L LHHHL Extended Supervisory Program Access VMEbus Spec.
oD L LHHLH Extended Supervisory Dala Access VMEbus Spec.
ocC L LHHLL- Undelined Reserved
OB L LHL HH Extended Non-Privileged Ascending Access VMEDbus Spec.
OA L LHL HL Extended Non-Privileged Program Access VMEbus Spec.
09 L LHLLH Extended Non-Privileged Dala Access VMEDbus Spec.
08 L L HLLL Undefined Reserved
00 - 07 L L L X x X Undefined Reserved
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3.4 Connectors Organisation

The SYS68K/WFC-1 has seven connectors for user applications :

- Two VMBbug connectors SX1 and SX2
- S7 Winchester drive control connector
- S8 Floppy drive control connector

- ST1, ST2, ST3 Winchester high speed data connectors
STl = LUN @

ST2

LUN 1

ST3 LUN 2

The drive control cables are daisy=chained to each of the three
Winchester drives. The three drive data connectors carry
differential signals and are radially connected.

The following diagram shows the physical 1location of the
connectors on the SYS68K/WFC-1 board.
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3.5 Winchester Drive Control Signals

The Winchester Drive Control connector S7 is a relatively low-
speed bus, daisy chained to each of the Winchester drives in the
system. To properly terminate the open collector outputs from
the SYS68K/WFC-1, the last drive in the daisy chain should have a
222/3300Hm line termination resistor pack installed. All other
drives shoud have no termination. Drive control signals are as
follows :

RWC* When the Reduce Write Current (RWC*) line is activated
with write gate, a lower write current 1is wused to
compensate for greater bit-packing density on the inner
cylinders. The RWC* line is activated when the cylinder
number 1is greater than or equal to four times the
contents of the write precomp register. This output is-
valid only during write and format commands.

WG* The Write Gate* signal enables the disk write data
circuitry. .

sc* Seek Complete* 1line informs the SYS68K/WFC-1l that the

A head of the selected drive has reached the desired
cylinder and has stabilized. Since Seek Complete* is
not checked after a seek command, overlapped seeks are
allowed.

TROOO * Track @A@* indicates that the R/W heads.- are positioned
on the outermost cylinder. This line is sampled before
each step pulse is issued.

WF* Write Fault* informs the SYS68K/WFC-1 that some fault
has occurred on the selected drive. The SYS68K/WFC-1°
will not execute commands when this signal is true.

HS2-[IS@* Head Select lines (HS2-IS@)* are used by the SYS68K/WFC-
1 to select a specific R/W head on the selected
Winchester drive.

IND* Index¥* is wused to indicate the index point for
synchronization during formatting and as a time-out
mechanism for retries. This signal ahould pulse once
every rotation of the disk.

RDY* Ready* informs the SYS68K/WFC-1 that the desired drive
is selected and that its motor is up to speed. The
SYS68K/WFC-1 will not execute commands unless this line
is true.

24



STEP*

DS1-DS3*

DIRIN®*

Step* 1is pulsed once for every cylinder to be stepped.
The direction of the step will be determined by the
direction line. The Step* pulse period is determined by
the 1internal Winchester stepping rate register during
implied seek operations, or explicitly during seek
commands. During auto-restore, the step pulse period 1is
determined by the seek complete time from the drive.

These three Drive Select* lines (DS1-DS3) are used to
select one of three possible drives.

Direction-In* determines the direction of motion of the
R/W head when the step line is pulsed. A high on this
line defines the direction as OUT, and a low defines the
direction as IN.

25



3.6 5.25" Winchester 34-=Pin Drive Control Connector

This drive control connector S7 is a 34-pin vertical header on
@.19%-inch centers. Cabling should be flat ribbon or twisted=-pair
cable 1less than 10 feet long. The cable pinouts are given 1in
Table 2.

Table 2. Winchester Drive Control Connector Pin Description

- D e D - - - - O > - D - T > - D D - T D D D D - - - - D > S - D - - — - - - T T - - ) D D D - D - -

| signal | Signal | 1/0 | Signal Name !
| Ground | Pin | |
e |
I 1 I 2 | 0 | RWC* I
% 3 : 4 } o] { Head Select 2* {
} 5 { 6 : 0 } Write Gate¥* {
‘1 7 : 8 I I { Seek Complete¥* !
} 9 } 19 { I } TROQO* }
{ 11 { 12 ! I { Write Fault* :
IA ‘13 } 14 } 0 } Head Select g* %
{ 15 } 16 { = NC E
} ‘17 } 18 { 0 } Head Select 1* |
} 19 { 29 = I } Index* }
: 21 } 22 } I : Ready¥* {
{ 23 { 24 = ‘ o] : Step* }
: 25 ; 26 } o ; Drive Select 1* }
} 27 '{ 28 } o] { Drive Select 2* }
! 29 } 39 } o : Drive Select 3* }
} 31 { 32 % { NC }
I I I I I
{ 33 : 34 { o } Direction-In* {

26



3.7 Winchester Drive Data Connector

Three data connectors (ST1-ST3) allow data to pass between the
SYS68K/WFC-1 and each Winchester disk drive. All lines
associated with the transfer of data between a drive and the
SYS68K/WFC-1 are differential in nature and may not be
multiplexed. The three Winchester drive data connectors are 20-
pin vertical headers on @.10" centers. Cabling should be either
flat ribbon or twisted-pair cables, less that 18 feet 1long.
Cable pinouts are given in Table 3.

Table 3. Winchester Drive Data Connector Pin Description

- - — - - - - - - D - - - - — ——— —-— - - - —— —— - — ———- - - o

| signal | Signal | 1/0 | Signal Name l
{ Ground | Pin | | }
| | I | |
| 2 | 1 | | NC |
| I | | |
| 4 | 3 | | NC |
| I : | | |
I 6 I 5 | | NC |
I | | | l
| 8 | 7 | | NC I
| | | | |
| | 9 | | NC |
| | | | I
| [ 10 I | NC |
| | [ I |
I 11 | | | GND |
I | | | |
I 12 I I I GND |
| | | | |
; : 13 I o) 1 MFM Write Data i
: } 14 } o) l MFM Write Data* }
| 15 | | | GND |
| | | [ |
| 16 | | | GND |
| I | | |
| : 17 } I I MFM Read Data I
I

| I 18 I I | MFM Read Data* 1
| | | |

| 19 | | | GND [
| | I | |
| 20 | | [ GND |
| I | | I
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3.8 Floppy Drive Signals

The Floppy Drive Control Connector S8 is a relatively low-speed
bus, daisy chained to each of the floppy drives in the system.
To properly terminate each TTL-level output signal from the
SYS68K/WFC-1, the last drive in the daisy chain should have line
terminations as specified by the drive manufacturer. The other
drives should not have any terminations. Drive control signals
for the floppy disks are functionally similar to those for the
hard disks, except that all data is transferred via one connector
instead of the seperate connectors used for the Winchester
drives. Floppy drive signals are as follows :

IND* The 1index* 1line contains a reference index pulse once
' every disk rotation to indicate the Dbeginning of a
track.

DS3-DS@* These four Drive Select* lines (DS3-DS@) are used to
select one of four possible drives.

MO¥* The Motor-On* line is used to directly control the dc
spindle motor of the floppy drive. If Motor-On Mode
(MOM) = @ (user selectable jumper option), then a 40

nsec delay occurs, otherwise a one-second delay occurs
after Motor-On and before any reading or writing is
attempted. If the floppy drive is not accessed for 73
seconds, the motor is turned off by the WD1g1l5. Also,
the drives supported must be configured so that the R/W
heads are loaded when the motor is turned on. This is
usually available as an option on most drives.

DIRIN* The Direction-In* line determines the direction of
motion of the R/W head when the step line is pulsed. A
high on this line defines the direction as OUT, and a
low defines the direction as IN.

STEP* The Step* line is pulsed once for each cylinder to be
stepped. The direction of the step will be determined
by the direction 1line. The step pulse period is
determined by the internal floppy stepping rate register
during implied seek operations, auto restore, or
explicitly during seek and restore commands. During any
restore operation, the stepping rate period is limited
to 8ms minimum.

WD* The Write Data* interface line provides data to be
written on the disk. This line is enabled by write gate
being active.
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WG*

TROGO *

WPp*

RD*

Ss*

The Write Gate* output signals enable disk write data
circuitry.

TROGZ* indicates that the R/W heads are positioned on
the outermost cylinder. This line is sampled before
each step is issued.

The Write Protect* interface signal provided by the
drive 1indicates to the SYS68K/WFC-1] that a write-
protected disk 1is installed. When write protect is
active, no data can be written to the disk by the
SYS68K/WFC=-1.

The Read Data* line provides the "raw data" (clock and
data together) as detected by the drive logic.

Selects Side* of floppy disk to be written or read.

3.9 5.25" Floppy 34-pin Drive Control Connector

This
header

floppy drive control connector S8 is a 34-pin vertical
on @.1%-inch centers. Cabling should be flat ribbon or

twisted-pair cable, 1less than 20 feet 1long. The cable pinouts
are given in Table 4.
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Table 4 - Floppy Drive Control Connector Pin Description

Signal Signal
Ground Pin 1/0 Signal Name
1 2 - NC
3 4 - NC
5 6 o} Drive Select @
7 8 I Index ¥
S 19 o Drive Select 1
11 12 0 Drive Select 2
13 14 0 Drive Select 3
15 16 o) Motor On *
17 18 o} Direction In *
19 20 o] Step *
21 22 o Write Data *
23 24 0 Write Gate *
25 26 ' I Track 009 *
27 ' 28 I Write Protect *
29 . 30 I Read Data *
31 32 0 Side Select *
33 34 - NC
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3.10 The Run/Local Switch

The switch on the front panel (see Fig.9) is used to set the
board into RUN or LOCAL mode. In the RUN mode normal access to
the on-board registers can be performed and the green RUN LED is
turned on.

No access to the on-board registers can be forced in LOCAL mode,

since the board is isolated from the bus. This is indicated by
the red LOCAL LED on the front panel (see Fig. 9).

3.11 The LED Indicators

The front panel of the SYS68K/WFC-1 contains two additional LEDs,
BUSY LED and ERROR LED.

The BUSY LED is turned on if the board is busy and a command is
being executed. :

The ERROR LED indicates that an error has occurred in the
execution of a command. The ERROR LED is turned off only when a
new command is being executed.
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——
SYS68K
WFC-1

LED 1 O RUN | — RUNindicator

SW 1 O RIL RUN/LOCAL switch
LED 2 O W LOCAL indicator
LED3 OERROR ERROR indicator
LED & O BUSY BUSY indicator

FORCE

FIG. 9 THE FRONT PANEL OF THE SYS68K/WFC-1
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3.12 Access Times

A Read/Write access to the SYS68K/WFC-1l can be performed uhder
the following conditions :

The SYS68K/WFC-1 contains a jumper BR17 which can specify the

speed of read and write operation to the board. The Read/Write
-access time is default 450ns and can be slowed by setting the

jumper in the second or third position. The following table
shows the three different access times : .

BR17 Connections Access Time
1l to 6 45¢ns .... default
2 to 5 65dns
3 to 4 850ns

Fig. 10 shows the detailed Read Timing Diagram and Table 5 lists
the time values.

Fig. 11 shows the detailed Write Timing Diagram and Table 6 lists
the time values.
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Table 5.

- Data Transfer Bus Read Time Values

: (Note A)
Number Parameter Min. Max. Notes
1 Axx and AMx valid and IACK* high
to AS* low 10 E
2 DTACK* low to invalid address
IACK* low ] ) D
3 AS* High 30 E
4 DTACK* low to AS* high %) D
5 AS* to DS"A"* skew -19 E
6 WRITE* valid to DS"A"* low 19 E
7 DS"B"* high to invalid WRITE¥* 1} E
8 DS"A"* to DS"A"* skew 29 E
9 DTACK* low to DS"A"* high 7] D
10 DA"A"* high 30 E
11 DS"B"* high to DS"A"* low 39 E
12 DS"B"* high 30 E
13
14 DTACK*/BERR* high to DS"A"* low ] D
15 DS"A"* low to Active data bus g C
16 Data valid to DTACK* low 4] B
17 DTACK* low to DS"B"* high 4] D
18 DS"A"* high to invalid data a c
19 Data bus released to DTACK*/BERR* Y B
high
20 DS"B"* high to DTACK*/BERR* high 4] o
21 DS"B"* low to DTACK* low 230 259 B
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Notes:

A.

All times given are in nanoseconds.

The SYS68K/WFC-1 guarantees this timing between two of its
outgoing signal transitions.

The SYS68K/WFC-1 waits for the incoming signal edge from the
MASTER before changing the level of its outgoing signal.

This 1s a guarantee that the MASTER will not change the
incoming signal until the SYS68K/WFC-1 changes its outgoing
signal.

The SYS68K/WFC-1 is guaranteed this timing between two of
its incoming signal transitions.
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Table 6.

= Data Transfer Bus Write Time Values

‘ (Note A)
Number Parameter Min. Max. Notes
1 Axx And AMx valid and IACK* high
to AS* low 19 D
2 DTACK* low to invalid address or
IACK* low %] C
3 AS* high 30 D
4 DTACK* low to AS* high o c
5 AS* to DS"A" skew =10 D
6 WRITE* valid to DS"A"* low 10 D
7 DS"B"* high to invalid WRITE* ) D
8 Data valid to DS"A"*low 10 D
9 DTACK* low to invalid data 2 c
19 DS"A"* to DS"B"* skew 20 D
11 DTACK*/BERR* low to DS"A"* high o C
12 DS"A"* high 39 D
13 DS"B"* high to DS"A"* low 39 D
14 DS"B"* high 39 D
15 DS"A"* low to "‘DTACK* low 239 250 B
16 DTACK*/BERR* low to DS"B"* high 0 c
17 DS"B"* high to DTACK*/BERR* ‘high 2 B
18 480

DS"A" to BERR* low on Parity Error 30
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Notes:

All times given are in nanoseconds.

The SYS68K/WFC-1 must wait for the incoming signal edge from
the MASTER before changing the 1level of its outgoing
signal.

This is a guarantee that the Bus MASTER will not change the
incoming signal until the SYS68K/WFC-1 changes its outgoing
signal.

The SYS68K/WFC-1 is guaranteed this timing between two of
its incoming signal transitions.

The SYS68K/WFC-1 guarantees this timing between two of its
outgoing signal transitions.
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4.0 SYS68K/WFC-1 Register Set

4.1 Register Set Basics

The SYS68K/WFC-1 performs all disk functions through a set of
registers. - The registers are loaded with parameters such as
sector number, cylinder number, etc., prior to issuing a command.
Individual registers are selected via Al-A3 for both types of
drives. There are only Read-Only/Write-Only Registers and a FIFO
Buffer for data.

4.2 SYS68K/WFC-1 Address Map

Table 7. shows the available registers and the default
SYS68K/WFC-1 Address Map.

BJl1002 Complete Interrupt
Vector Register

Bg19d1 Data Register Data Register
B@1O802 Data Reg Interrupt
Vector Register
BO1Q@23 Error Register Write Precomp*
B@21@@5 Sector Count Sector Count
BO212@7 Sector Number Sector Number
BOZ12@9° Cylinder Low:. Cylinder Low
B21PPB Cylinder High*¥* Cylinder High**
BO1992D Size/Drive/Head Size/Drive/Head
BO1O9F Status Register Command Register

* not used on floppies

** ISB of cylinder high, if set to 1 permits a 48 tpi floppy disk
to be read on a 96 tpi floppy disk system.
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4.3 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. When the DRQ (Data
Request) bit is asserted, the second buffer contains data to Dbe
read during a Type II command, or is awaiting data to be written
during a Type III command. If the SYS68K/WFC-1 is interfaced
using programmed I/0, data transfers to this register can be
implemented using programmed block moves. This register may not
be read from or written to except in the context of a valid
command .

4.4 Error Register

This register contains specific fault information pertaining to
the last command executed. This register is only valid if the
error bit in the status register is set. The error register is
read only. Table 8 shoes the error register bits.

Table 8 - Error Register Bits

- - - - - - - -

Dit Error Register _
7 Bad Block Detect
6 Uncorrectable Error
5 -
4 ID not found
3 -—
2 Aborted Command
1 TROGJ Error
%) DAM not found
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Error Register Bits Description

DAM NOT FOUND

TROGO ERROR

ABORTED COMMAND

ID NOT FOUND

UNCORRECTABLE
ERROR

BAD BLOCK DETECT

Will be set during a read sector command, if,
after successfully identifying the ID field,
the data address mafk has not been detected
within 16 bytes of ID field.

Will Dbe set during a restore command if the
track @060 line has not been asserted by the
drive, after all stepping pulses have been
issued. The Winchesters are issued a maximum
of 1023 stepping pulses and the floppies a
maximum of 256 stepping pulses.

Indicates that a valid command has been
received that cannot be executed Dbased on
status information from the drive, i.e. drive
not ready, seek complete not asserted, or
write fault. Interrogation of the status
register by the host may be performed to
determine the cause of this failure.

When set, this bit indicates that an ID field
containing a specified cvlinder, head, sector
number or sector size has not been found
after all the retries have been executed.

Indicates that an ECC or CRC error has been

-encountered in a data field during a read
sector command and the error was
uncorrectable.

Indicates that a bad block mark has been
detected in the specified ID field. If the
command issued was a write sector command,
write gate may be pulsed but the sector will
not be written If generated from a read
sector command, the data field will not be
read. Note that bad block may not be
detected if there is a flaw in the ID field.

42



4.4.1 Diagnostic Errors

On power-up, or when specifically commanded to, the SYS68K/WFC-1
will run a series of internal diagnostic tests. When an error is

encountered, the diagnostic routine is terminated. A Dbinary
error code is set in the error register without the error bit of
the status register being set. The diagnostic routines are

exercised in the following order :

Error Code Major Functional Failure
-----; --------- WD1@1l5 error ) -
4 WD1@14 or bus error
3 Sector buffer -error

2 WD1l@l@ error
1 WD2797 error
7] Pass=-board is functional

4.5 Write Precompensation Register

The write precompensation register holds the c¢ylinder number
where the RWC line will be asserted and write compensation logic
is to be turned on. This write-only register is loaded with the
cylinder number divided by 4 +to achieve a range of 1024
cylinders. For example, if write precompensation is desired for
cylinder 128 (8@ Hex) and higher, this register must be loaded
with 32 (20 Hex). The writer precompensation delay is fixed at
12 nanoseconds from nominal. '

This register is not used for floppy disk drives. Floppy disk
write precompemsation is contained in WD2797.

4.6 Sector Count

The sector count register is used in read sector, write sector,
and  format commands to implement multiple sector handling with
one command. The value of zero implies a transfer of 256 sectors

(any size). For read and write multiple sector commands, the
sector count is decremented, and the sector number is incremented
after each sector transfer to or from the buffer. During a

format command, this register is loaded with the number of
sectors to0 be formatted and decremented as each sector is
formatted until it reaches zero. During format, sector numbers
are specified using interleave tables 1loaded 1in the sector
buffer. The sector count is a Read/Write Register.
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4.7 Sector Number

This register is loaded with the desired sector number prior to a
read or write command. The sector number register may be read or
written to by the host.

4.8 Cylinder Number

These two registers form the cylinder number where the head is to
be positioned on a seek, read, or write command. The two least
significant bits of the cylider high register form the most
significant bits if the cylider number as illustrated below:

Cylinder High Cylinder Low
Register bits : 7 6 5 4 3 2 1 ¢ 7 6 5 4 3 2 1 ¢
Cylinder bits : 9 8 7 6 5 4 3 2 1 @

When bit @ of the cylinder high register (bit 8 of c¢ylinder
register) is set to a 1 during floppy operation, 48 tpi disks can
be used in 96 tpi disk drives for all commands. When this bit is
set to @, only 96 tpi disks can be used.

-4.9 SDH Register

This register contains the ECC/CRC sector size, drive select, and
head select Dbits. The SDH register is a Read/Write Register
organized as shown in Table 9.

The SDH register is used to select either the Winchester or the
floppy disk drives as implied by bits 3 and 4 shown in Table 9.
If either bit 1is set to zero, then one of the hard disks 1is
selected, and bits @, 1, and 2 are used to select one of eight
heads.

When bits 3 and 4 are both set to 1, then a floppy disk will be
selected. Bits @, 1, and 2 are used to select one of four drives
with side select @ or 1 as shown.

Whenever different drives are to be accessed, the SDH register
must be updated by the host prior to a command being issued.

The ECC/CRC bit is only supported for the Winchester Disk
Controller, therefore the host must be set to SDH bit 7 = @ for
all floppy commands. If SDH bit 7 is set to 1 by a Winchester
operation, then the Error Correction Mode is supported. If this
bit is cleared (=0), then a CRC generation and verification for
data and all I.D. fields is supported.
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Table 9.

- Size Drive Head Register

Bit

Function

| ' I | |
; 7 { 6 5 : 4 3 { 2 1 2 __}
| cre/ | Sec | Drive | Head/ |
| ECC | size | select | Drive |
| | | | select |
| I | | : |
SDH Bits 6 & 5

| | | I

| Bit | Bit | Sector Size |

| 6 | 5 | |

| I ) | o I

I | I |

| 1] | 1] I 256 Bytes I

l 4] I 1 | 512 Bytes I

| 1 l %) | 1924 Bytes |

: 1 ! 1 : 128 Bytes }

SDH Bits 2, 1 & @ Hard Disk

! | |
Bit | Bit | Bit | Head Selected
2 = 1 ; o} I Hard Disk
| T |
g | 7} | 2 | Head @
g | %) I 1 | Head 1
g | 1 I g | : Head 2
g | 1 | 1 | Head 3
1 | 7 | 4 | Head 4
1| %} | 1 | Head 5
1 ] 1 | 2 | Head 6
1 :' 1 : 1 } Head 7

D D D - D D W - D D D D . D D D —- - D D W D - D D D - > - - D D T D D T T - T
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Table 9. Size Drive Head Register

SDH Bits 4 & 3

Drive Selected
(decoded & latched)

Drive Sel 1
Drive Sel 2
Drive Sel 3
Floppy Dr Sel

SDH Bits 2, 1 & @ Floppy Disk

Bit Bit

1

Floppy Drive &
Head Select

I

|

I

|

|

| FD1
| FD1
| FD2
|

l

l

l

|

I

HSQ
HS1
HS@
HS1
HS@
HS1
HS@
HS1

FD2
FD3
FD3
FD4
FD4

HFrHRFEFFQaOQ

HFROOFHOAOO

O
LI I I |
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4.10 Status Register

After execution of a command, the status register is loaded with
status information pertaining to the command executed. The host
must read this register to ascertain successful execution of the
command. The status register is a read-only register; it cannot
be written to by the host. If the BUSY bit is set, no other bits
in this register are valid.

Status register bits are shown as follows :

Bit Status Register
7 Busy
6 ' Drive Ready
5 Write Fault
4 Seek Complete
3 Data Request
2 Corrected Data
1 Not used
(%] Error
ERROR When set, indicates that one or more bits are set in
the error register. It provides an efficient means

of <checking for an error condition by the host.
This bit is reset on receipt of a new command.

CORRECTED This bit indicates that an error correction has been

DATA successfully completed on the data field just read
from the Winchester disk. For multiple mode
operations, this bYit indicates one or more data
fields have been successfully corrected. If an
uncorrectable error occurs, the command is
terminated with the approprlate bit belng set in the
error register.
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DATA REQUEST When set, it indicates that the sector buffer 1is’
ready to accept data or contains data to be read by
the host. The data request bit is reset when the

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

SEEK COMPLETE Indicates the condition of the seek complete line
on the selected Winchester drive. For floppy
drives, this line is asserted when the SDH register
is reloaded.

WRITE FAULT/ 1Indicates the condition of the write fault line on

WRITE PROTECT a selected Winchester drive. The SYS68K/WFC=1 will
not execute any command if this bit is set. If a
write-protected disk is sensed in a selected floppy
drive during a write operation, the write fault bit
will be set. The command will then be aborted and
no writing will take place.

READY Indicates condition of ready 1line on drive.
SYS68K/WFC-1 will not execute any commands unless
the ready bit is set. Normally, +this 1line is
asserted for floppy drives when the SDH register
selects any floppy drive. A user available jumper
BR3 option can be implemented if the READY line is
available from the floppy drive.

BUSY After issuing a command, or initialising
SYS68K/WFC-1 internal diagnostics, this bit will be
set, indicating that the SYS68K/WFC-l1 1is busy
executing a command. No other bits or registers
are valid when this bit is set.

4.11 Command Register

All commands are loaded into this register after all other
registers have been set.

The command register is a Write Only Register.

4.12 Interrupt Vector Registers

The SYS68K/WFC=1 controller board contains two write only
interrupt vector registers. The first interrupt vector register
is for +the complete interrupr and the second one for the data
request interrupt. The registers are free programmable and the
address is described in the address map.
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5.0 Commands

5.1 General

The SYS68K/WFC-1 executes six, easy-to-use, macro.commands. Most
commands feature automatic "implied" seek, which means the host
system need not tell the SYS68K/WFC-1 where the R/W heads of each
drive are nor when to move them. The controller automatically
performs all retries on error encounters, including data ECC
Errors. If the R/W head mis-positions, the SYS68K/WFC-1 will
automatically perform a restore and a re-seek. If the error is
completely unrecoverable, the SYS68K/WFC-1 will simulate a normal
completion to simplify the host's software.

The commands executed by the SYS68K/WFC-1 are mapped to the
commands supported by the two disk controllers. The format of
the SYS68K/WFC-1 commands is the same as that of. the WD1lolg@
commands . The on-board WD1@1l5 buffer manager translates this
format for the WD2797, transparent to the user. Error correction
is only supported for the Winchester disk controller, therefore,
the host must set SDH bit 7 = @ for all the commands when a
floppy disk is selected.

Commands are executed by loading the command byte into the
command register while the controller is not busy. The host must
observe the following simple protocol:

- The registers must be loaded prior to issuing a command.
Only parameters that change from the previous command need
be entered.

- For any write/format operations, the sector buffer must be
filled with the appropriate data before the command can be
executed by the SYS68K/WFC-1.

No command will execute if the seek complete or ready lines are-
false, or the write fault line is true. Normally it 1is not
necessary to poll these signals before issuing a command. If a
command is received, that is not defined in Table 1@. , undefined
results will occur.

5.2 SYS68K/WFC-1 Command Summary

Commands have been divided into three types as summarized 1in
Table 149.
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Table 10 - Command Types

Bits
Type Command 7 6 5 4 3 2 1 g
I Test 1 2 g 1 ) 2 14} 2
I Restore ] %} 7} 1 r3 r2 rl 0@
I Seek ) 1 1 1 r3 r2 rl r@
II Read Sector %} g 1 1%} D M 2 1%/
III Write Sector %] 4] 1 1 ] M %) 2
IIT Format Track ] 1 1} 1 2 2 %] 2
M = Multiple Sector M = g : Single Sector
D = Read Interrupt D = 0 : Programmed I/0 Mode
M =1 : Multiple Sector
D =1 : DMA Mode
Table 1ll. r3=-rg Stepping Rate
r3-rg Winchester Disk Drives Floppy Disk Drives
- 0099 approx. 35 us approx. 15 us
29001 g.5 ms l.0 ms
29108 1.0 ms 2.0 ms
2011 1.5 ms 3.0 ms
2100 2.9 ms 4.9 ms
7191 2.5 ms 5.0 ms
2110 3.0 ms 6.0 ms
g1l1l1 3.5 ms 8.9 ms
1909 4.0 ms 19 ms
1091 4.5 ms 12 ms
1910 5.9 ms 14 ms
1011 - 5.5 ms 16 ms
11900 6.9 ms 18 ms
1191 6.5 ms 20 ms
1119 7.9 ms 25 ms
1111 7.5 ms 40 ms
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5.3 Type I Commands

Type I commands do not effect transfer of data between the host
and the SYS68K/WFC-1, but merely position the R/W heads of the
selected drive or run diagnostics. The restore and seek commands
have explicit stepping rate fields. The lower four bits of these
commands form the stepping rate for the drives.

5.3.1 Test Command

Bit code: 1 ] ] 1 2 1) 0 ]

The test command is used to run internal diagnostics for checking
SYS68K/WFC-1 board function. It is mainly employed to isolate
faults in the board logic. This command is always executed on a
RESET. Any faults are reported as error codes.

5.3.2 Restore

Bit code: @ a (%] 1 R3 R2 Rl RO

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@09
line goes true. Upon receipt of the restore command, the BUSY
bit 1in the status register is set. Cylinder High and cylinder
Low Registers are cleared. For Winchester operation, the actual
stepping rate is determined by the Seek Complete period. For
floppy operation, a minimum stepping pulse of 8 msec. is used.
However, the stepping rate field specified by the host is saved
internally for use in all future implied seeks. The state of
seek complete, ready and write fault are sampled, and if an error
condition exists, the aborted command bit in the error register
is set, the error bit in the status register is set, an interrupt
is generated, and the BUSY bit is cleared.

Regardless of errors encountered, the internal head position
register for the selected drive is cleared. The TROGY line is
sampled. If TROGY is true, an interrupt is generated and the
BUSY bit is reset. If TROGO is not true, stepping pulses at a
rate determined by the stepping rate field are issued until the
TROPY line is activated. When TRPOZ is activated, the busy bit
is reset and interrupt is issued. If the TROOY line 1is not
activated within 1024 stepping pulses, the TRO@GF 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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5.3.3 Seek
Bit code: 0 1 1 1 R3 R2 R1 RO

The seek command positions the R/W head at a certain cylinder.
It 1is primarily used to start two or more concurrent seeks on
drives that support buffered stepping. Note that the  seek
complete 1line 1is not sampled after the seek command so that
multiple seek operations may be started using drives with
buffered seek capability.

5.4 Type I1 Commands

Type II commands characteristically transfer blocks of data from
the SYS68K/WFC-1 buffer to the host. This type of command has an
implicit stepping rate as set by the last restore or seek
command .

5.4.1 Read Sector

Bit code: @ %] 1l 7] D M g 2

The read sector command is used to enable the host computer to

read a sector of data from the disk. If ECC 1is enabled, ECC
bytes are recomputed by the SYS68K/WFC-1. After the buffer is
full, the recorded ECC bytes are compared to the recomputed check
bytes to generate the syndrome bytes. If the syndrome is non-
zero, errors have occurred. Error correction is invoked by the
WD1@15 if two consecutive syndromes match, otherwise a maximum of
8 retries is attempted by the WD1lg15. If the data 1is

correctable, the WD1fl5 makes the correction and passes the data
in the buffer to the host. If, -after eight retries, the
syndromes do not match, the SYS68K/WFC-1 sends an error status to
the host along with the status from the WDl1d1l@. Multiple sector
read commands are modified to single sector commands and are
issued a multiple number of times. The status and error
registers are updated for every block of data transferred.

During a floppy read sector operation only CRC is used with the
data fields. 1If a CRC error occurs in the data field, the WD1@1l5
buffer manager attempts a maximum of 8 retries and reports the
error only if it persists. Regardless of the drive accessed
(Winchester or Floppy), CRC is used on all ID fields.
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5.4.1.1 DMA Read

D = DMA Read Mode
| |
| @ = Programmed I/0 Mode |
} 1 = DMA Mode }

The DMA bit is used to position INTRQ in relation to DRQs during
the read sector command. If the DMA bit is reset (D=6), the
interrupt will occur along with the DRQ. This allows the
programmed I/0 host to intervene and transfer the data from the
sector Dbuffer. For programmed I/0, multiple transfer is not
permitted (M=0). If the DMA bit is set (D=1l), then the interrupt
will occur only after the system DMA controller has transferred
the entire buffer of data. This mode is always used with
multiple sector transfers.

5.4.1.2. Normal Completion

A normal completion occurs when the SYS68K/WFC-1 encounters no
errors. The BUSY bit is reset.. The status of the DMA bit in the

command byte is examined. If this bit is reset (D=@; programmed
I1/0 mode), an interrupt is issued at this time. DRQ is set until
all bytes of data have been read from the buffer. (Note: It is

recommended that programmed I/0 transfers should take place as a
block move without consulting the DRQ bit in the Status
Register). After all the data have been moved from the buffer,
the DMA bit in the command byte is consulted again. If this bit
is set (D=1; DMA mode) then an interrupt will be issued.

5.5 Type I1I Commands

This type of command is characterized by a transfer of a block of
data from the host to the SYS68K/WFC-1 buffer. These commands
have 1implicit stepping rates as set by the last restore or seek
command . ’

The command will not be executed by the SYS68K/WFC-1 controller
unless the buffer has been completely filled by the host.
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5.5.1 Write Sector

Bit code: @ %] 1 1 %] M 1 ]

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 sets DRQ until the entire sector 1length
of data has been written into the Dbuffer. (Note: It 1is
recommended that programmed I1/0 transfers should take place as a
block move without consulting the DRQ bit in the Status
Register.)

5.5.2 Format Track

The format command is used for initializing the ID and data
fields on a particular disk. Upon receipt of the format command,
the controller sets the DRQ for the interleave table to be
written to the Dbuffer. In all cases, the number of bytes
transferred to the buffer must correspond to the current sector
size.

When the buffer has been completely filled, the specified number
of sectors are written and the DRQ is reset. The data field is
written with @@ for the hard disks and E5 (hex) for the floppies.
ECC or CRC bytes dre automatically computed and written.

Once the index is found, a number of ID and data fields are
written to the disk. As each sector is written, the sector count
register 1is decremented and consequently must be updated before
each format operation.
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6.0 Programming

6.1 General

Users will find programming the SYS68K/WFC-1 relatively simple as
a substantial amount of intelligence formerly required by host
computers has been incorporated into the SYS68K/WFC-1 board.

The SYS68K/WFC-1 performs all needed retries, -"even on head
positioning errors. If there is an error in the data field, the
SYS68K/WFC-1 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
functions. The SYS68K/WFC-1 keeps track of the head position up
to eight read/write head assemblies, eliminating the need for the
host system to maintain track tables.

All transfers to and from disk are through an on-board sector
buffer. This 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 unrecoverable error, the
SYS68K/WFC-1 simulates a normal completion so that special error
recovery software is not needed.

6.2 Setting Register Set

Before any of the six macro commands may be executed, a set of
parameter registers must be set up. For most commands, this
informs the controller board of the exact location on the disk
where the data involved in the transfer is located or will be
placed. For a normal read or write sector operation, the sector
number, the size/drive/head, the cylinder number, and the command
registers (usually in that order) will be written.

Note that although most of these registers are readable as well
as writeable, they normally are not read from. Read capability
for them is provided, however, so that error-reporting routines
can determine physically where an error occurred without
recalculating the sector, head, and cylinder parameters.

Since all parameters can be recalled by the SYS68K/WFC-1l, it is
recommended that task file parameters be stored in the

SYS68K/WFC-1 as they are calculated. This will save the
programmer a few instructions and microseconds by not maintaining
two copies of the same information.
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6.2.1 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 drive software should be designed to read’'or write all data
that are directly accessible by all the heads on a position
before stepping to a new cylinder. :

The following table shows an example :

| | | | |
| | Logical | I l
| Physical | Head l Physical | Physical l
{ Cylinder | Number | Head Side | Platter |
| | I |
| | | | |
} 25 = 3 } Top } B {
: 26 | %] I Bottom } A {
| |
} 26 { 1 } Top . | A |
| |
} 26 { 2 } Bottom { B {
} 26 { 3 i Top = B {
{ 27 | ) l Bottom : a =
|

6.3 Type 1 Command Programming

Test, Restore and seek are Type I commands that position the R/W
heads of the selected drive and set the implied stepping=rate
register. Mo data is transferred to or from the data register.
To execute a Type I command, the system software must perform the
following functions in the order shown:

1. Set up register set and issue command with stepping rate.

2. Wait for interrupt or for BUSY bit in status register to be
reset. .

3. Check error bit in status register for proper completion.

56



6.3.1 Use of BUSY Bit

Smaller, single-user systems can sense the completion of a
command by polling the BUSY bit of the status register. This bit
(bit 7) is set whenever the controller starts a disk operation or
internal diagnostics, and 1is reset whenever the controller is
ready to communicate with the host computer.

The BUSY bit is located in the same place as the sign bit of many
computers 'to simplify the polling process. .

One way to poll this bit using 68000 code is as follows:

WAIT: MOVE. B STATUS, DO ; Input Status Register
BTST $#7, DO Is Bit 7 Zero
BNE WAIT Wait for BUSY Bit

6.3.2 Use of Interrupts

Another, more efficient way of notifying the CPU that the

SYS68K/WFC-1 has completed a command is through interrupts. The
IR1 line on the board makes a high-to-low transition whenever
the disk controller requires CPU intervention. This allows the

host CPU to run other tasks while the SYS68K/WFC-1 is reading or
writing data to the disk. Only if this mode is used, the control
logic is able to force interrupts to the VME bus.

6.3.3 Use of the Error Bit

As the SYS68K/WFC-1 simulates normal completions when errors have
been encountered, the only way to determine error status is to
check the error bit in the status register. The error bit is so
located that it can be easily tested. The contents of the error
register are not valid unless the error bit is set.

One way to check the Error bit using 68009 code is as follows:

MOVE.B STATUS, DO ; Get Status
BTST $# 1, DO ; Is Error Bit Set
BNE ERROR ; Jump if Error Found
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6.4 Type 11 Command Progfamming

The only Type II command is the read sector command. This
command 1is characterized by the transfer of a block of data from
the SYS68K/WFC-1 Dbuffer to the host. The command features
implied seek with an implicit stepping rate. To execute a Type
II single-sector command 1in programme I/0 mode, the system
software must perform the following functions in the order shown:

1. Set up register set and issue command wiﬁh DMA bit reset.

2. Wait for interrupt or for BUSY bit in status register to be
reset.

3. Perform a block move from SYS68K/WFC-1 buffer to system
memory .

4. Check error bit in status register for proper completion.

Note: Steps 3 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 register set and issue command with DMA bit set.

2. Set up DMA controller and wait for data request (DMA
controller will move data from SYS68K/WFC-1 to memory).

3. ‘Wait for interrupt from SYS68K/WFC-1l.

4. Check error bit in status register for proper completion.

Note: The above sequence is preferred, but steps 1 and 2

above can be reversed.

6.4.1 DMA Mode

The DMA mode bit (D) in the foregoing read sector examples is a
special bit in the command byte used to optimize the SYS68K/WFC-1
interrupts during programmed I/0O and DMA operations. If the DMA
bit is reset (D=@), the interrupt will come before the buffer is
transferred. This allows a programmed I/0 host to intervene and
transfer the buffer of data. If the DMA bit is set (D=1), then
the interrupt will occur only after the data has been
transferred. This allows the host to go uninterrupted until the
entire buffer has been transferred.
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6.5 Type 111 Command Programming

Write sector and format are Type III commands. These commands
are characterized by the transfer of a block of datar from the
host to the SYS68K/WFC-1 buffer. Like the Type 1II commands,
these commands feature implied seek with an implicit stepping
rate. To execute a single sector Type III command in programmed
I/0 mode, the system software must go through the following
functions in the order indicated:

1. Set up register set and issue command.

2. Perform block move from system memory to SYS68K/WFC-1 buffer
(SYS68K/WFC-1 will attempt to write a sector or format).

3. Wait for interrupt or for BUSY bit in status register to be
reset.

4. Check error bit in status register for proper completion.

To execute a single or multiple sector Type III command in DMA

mode with interrupts, the system software goes through the

following steps:

1. Set up register set and issue command.

2. Set up DMA controller and wait for DRQ interrupt (DMA
controller will move data from memory to SYS68K/WFC-1).
SYS68K/WFC-1 will attempt to write sector or format.

3. Wait for interrupt from SYS68K/WFC-1.

4. Check error bit in status register for proper completion.

Note: Steps 1 and 2 above can be reversed.

6.5.1 Formatting

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

The first (lower) byte will be either a 9@ or an 89 in Hex. If
the lower byte is a 09, the sector is marked as good. If the
lower byte is an 80, and there is any attempt to read it or write
to 1it, the sector will set the bad block bit in the status
register.

The second (upper) byte is the logical sector number of the next

sector to be formatted. This number will be recorded on the
disk. The sector number register is not used during format.
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6.5.1 Formatting

On a 32-sector-per-track disk, 32 pairs of bytes containing
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. This means that on a 32=sector-per-track disk, with
64 bytes of formatting information supplied, if the sector size
is 256 Dbytes, then 192 bytes of garbage must be passed to the
controller to start the format operation.

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

6.5.2 Interleaving

If sequential sectors on the disk are to be read, the next sector
will pass by the read/write head before a read or write can be
set up. The disk will then have to make a complete rotation to

pick up this next sector. If an attempt is made to read all 32
sectors on a particular track, it requires 32 rotations or about
a half a second per 8K bytes. This performance can be

significantly improved by interleaving, a technique that allows
the system to read or write more than one sector per rotation.

Suppose the system takes less than three sector times (3 times 32
rotational periods with 256 byte sectors) to digest the data that
it has read and to set up the next read operation. This means
that if the second logical sector can be physically placed 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 a potential reading of the entire track in only four
rotations. In the example given, the throughput will be
increased by a factor of eight.

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

To simplify driver software, the SYS68K/WFC-1l will automatically
map logical sectors to physical sectors to achieve interleave.
This logical-to-physical map is recorded during the format
operation on each track of the disk in the ID fields of the
sectors. Table 12. 1is an example of an interleave table for a
32-sector track with 4:1 interleave and no bad blocks.
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6.5.2 Interleaving

The first byte in each byte-pair in Table 12 is set to 00. This
marks each Dblock as a "good" block. The second byte of each
byte-pair 1is the logical sector number. The first byte pair in
Table 12. represents the first logical sector of the track. The
underlined byte pair represents the second logical sector.

Table 12. Interleave Table with 32 Sectors
and 4:1 Interleave

|

29 20 [5]4) 28 20 19 09 18 I
20 g1 20 29 290 11 09 19 |
20 22 51%] oA 20 12 02 1A l
20 23 o9 2B 0o 13 ]} 1B |
24 29 @c o9 14 20 1C |

09 @5 29 gD 20 15 29 1D |
[} 26 20 gE o0 16 29 1E |
(4] 27 09 gF 1] 17 29 1F }

Q
Q

Note: The balance of the buffer must be filled with something
to start the format operation.

6.6.1 Read Sector Examples

An example to read a sector from a Winchester with the LUN 2,
track 8 and sector 1. The read data is placed at memory
location $5000.

MOVE.L #$5000, Al ;:Destination Address =Al
MOVE.L #256,D1 ;D1 Byte Counter
MOVE.B #1,$SBO10@5 ; Sector Number
MOVE.B #1,$BO1037 ;Sector Counter
MOVE.B #8, $BO1939 ;Load Cylinder Low
MOVE.B #¥0,$B0199B ;Load Cylinder High
MOVE.B #128, SBO1@OD :Load Size/Drive/Head
MOVE.B #32,$BO1OOF ;Load Read Command
WAIT: MOVE.B SBO19QF, DO ;Read Status
BTST #7,DQ :Is WFC BUSY
BNE WAIT ;Wait for BUSY Bit Reset
LOOP1l: MOVE.B SB21001, (Al)+ ;:Read Data from Buffer
SUBQ.L #1,D1 ;Decrement Byte Counter
BNE LOOP1
MOVE.B $BO10@QF, DO ;Read Status Register
BTST #0,D0 :Is Error occur
BNE ERROR ;If Error occur go Error rout.
TRAP #0 ;End with TRAP 0. Read

data are place into
memory location $5000.
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6.6.2 Write Sector Example

An example to write a sector to a Winchester with the LUN @ ,
Track 8 and sector 1. The write data are placed on memory
location $5000.

MOVE.L #$5000,A1 ;Destination Address = Al
MOVE.L #256,D1 ;D1 Byte Counter
MOVE.B #1,SBO10@35 ; Sector Number
MOVE .B #1,$BO1207 ;Sector Counter
MOVE.B #8, $BO10@9 ;Load Cylinder Low
MOVE.B #0, $BO1OGB ;Load Cylinder High.
MOVE.B $#128, SBO1@ID ;Load Size/Drive/Head
MOVE.B $#48, SBO1OQF ;Load Write Command

LooP1 MOVE.B (Al)+,SBO1001 ;:Write Data to Buffer
SUBQ.L #1,D1 ;Decrement Byte Counter
BNE LOOP1

WAIT MOVE.B SBO1OOF, DO
BTST #7.D0 :Is WFC BUSY
BNE WAIT :If WFC BUSY wait
BTST #0,D0 :Is Error occur
BNE ERROR ;:If Yes goto Error routine
TRAP #0 ;End with TRAP@. Write

;data are placed on Winch.
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APPENDIX "A"

SPECIFICATION OF THE SYS68K/WFC-1

Interfaces 4 SA450 compatible Floppy Drives
3 ST506 compatible Winchester Drives

Devices WD2797 Floppy Disk Controller
WD101l9 Winchester Disk Controller
WD1@14 Error Detection & Support Device
WD1915 Buffer Manager ECC

Control RUN/LOCAL Switch for BUS isolation
4 Status indication LED's BUSY, ERROR
RUN and LOCAL

Memory 1K-byte FIFO Buffer for Data Transfer
Serial I/0
Specials Error Correction and Detection by Disk

Operation. ,
Programmable interrupt vector registers. Two
different interrupts generation.

Bus VME bus interface including address modifier.
Power + 5V / 1608 mA (typ), 1800 mA (max)
Requirements + 12V / 200 mA (typ), 300 mA (max)

- 12v / 200 mA (typ), 300 mA (max)
Operating @ to 58 degrees Celsius
Temperature :
Relative @ - 90 % (non-condensing)
Humidity
Board 233.7 * 160.90 * 5.0 mm
Dimensions 9.2 * 6.3 * @.19 inch






APPENDIX "B"

MEMORY MAP FOR THE SYS68K/WFC-1

BOl10092 Complete Interrupt Vector Register
BOl1O@1 Data Register

BO102@2 Data Request Interrupt Vector Register
BO10@3 Error Register / Write Precomp Register
B@19@@5 Sector Count

BO12@7 Sector Number

BO1909 Cylinder Low

BO100B Cylinder High

B@1@@D Size-Drive-Head

BO1OOF Status / Command Register






APPENDIX "C"

SYS68K/WFC-1 COMPONENT PART LIST

Location Type Manufacturer Function

J1 96s@2 Fairchild IC Dual Retrig One Shot

J2,J6,J18 74574 TI, NSC, MOT DAFlip Flop

J25

J3,J16 74500 TI,NSC, MOT g Input NAND-Gates(OC)

J4,J22 74574 TI, NSC, MOT D-Flip Flop

Js TPQ 6700 Telefunken 2NPN/2NPN transistor

J7,313 74564 TI 4-2-3-2 Input and-or
invert gates

J8,J20,J48 7415688 TI 8 Bit comparator

J57,J349,

J52,355

J9,J21 PAL FORCE

Jl0 7418367 TI Hex Buffer Drivers

J1l1l,323 74LS04 TI Hex Inverters

J1l2 DDU4=-6-60 DATA DELAY 60 Ns delay line

J1l4 74504 TI Hex Inverters

J15 7415244 TI Octal Buffers/Line
Drivers

J17,319 74LS02 TI Quadruple 2 Input
positive NOR gates

J24 74LS175 TI Quad D-Type Flip Flops

J26 74LS174 TI Hex D-Type Flip Flops

J27 WD1g14 WD Error Detection &
Support Device

J28 WD2797 WD Floppy Disk Controller
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Ilc“

(cont"d)

SYS68K/WFC=1 COMPONENT PART LIST

Location Type Manufacturer Function

J29 74LS193 TI Synchronous UP/DOWN
Dual Clock Counters

J30 74196 TI1 Press Table Counter
Latches

J3l 74LS145 TI BCD to Decim.Decoder

J32 74LS393 TI Dual 4-Bit Binary
Counters

J33 748124 TI Dual voltage
controlled

, oscillator

J34 74LS132 TI Quadruple 2-Input
NAND Schmitt
Triggersr

J35 WD1g10 WD Winchester Disk
Controller

J36 WD1@15 WD Buffer Mgr ECC

J37 6116 HI 2Kx8 Byte Memofy

J38 AM26LS31 AM Quad Differential
Line Driver

J39 74805 TI Hex Inverters (0OC)

J49,J41 74LS14 TI Hex Inverters

J42,356, 74LS645- TI,MMI 8 Bit Bus

J58,J54 Transceiver

J44,J343, 74Ls373 TI,NSC,MOT Octal D-Type FF's

J50,347

J45 7406 TI Hex Inverter Buffer

J46 MC3487

J51 AM26LS32 . AM Quad Differential
Line Receiver

J53 74LS641-=1 TI OC Bus Transceiver
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(cont'd)

SYS68K/WFC=1 COMPONENT PART LIST

Location Type Manufacturer Function

R38 330R Various Resistor

R21,R29,R30 220R " "

R22,R23,R24 180R " "

R25 1K " "

R26, 28, 31 1K " "

33,34,35

1,5,6,7,8,9,

19

R27 3,3K " "

R36 200R 1% " "

R37,32 2K37 1% " "

R39 680R " "

RN1, 2, 3, 9x4, 7KO " Resistor Network

4,5,6,7,8

RN9 8x150R " " "
(5x1500R)

RN1g 220-330 " " "

R2 19K " Resistor

R3,4,11, 470R " "

12

R13 4K7 " "

R14,R16 22K " "

R15 5K6 b "

R44, 45, 46, 158R " "

47,48,49,

40,41,42,43

Pl, P2 P1@K " Potentiometer
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(cont'qd)

SYS68K/WFC=1 COMPONENT PART LIST

Location Type Manufacturer Function
Cl,Cé6 5=-60p Various Variable Capacitor
c2 2uF " Capacitor
c3,4,5, 2, 180uF " "
13,14,15 50V

C26...C79

c7 22pF " "
Cl2 68pF " "
C17 150pF " "
c16 6,8 nF " "
c1s8 338 pF " "
Cl19 22 kF " "
cl1 160 p " "
c29,21,22, 560 pF " "
c23 820 pF " "
BR8 JMP3 Jumper
BR9 JMP3 "
BR1O JMP16 "
BR1ll &MPIG "
BR12 JMP16 "
BR13 JMP12 "
BR15 JUMP3 "
BR16 JUMP9 "
BR20, 21, 22 JUMP6 "
BR17 JUMP6 "
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(cont'd)

SYS68K/WFC-1 COMPONENT PART LIST

Location Type Manufacturer Function
BR18,BR19 JUMP6 Jumper
ST1 JUMP29 Connector
ST2 JUMP20 "
ST3 JUMP20 "
s7 JMP34 "
S8 JMP34 "
Ql 20 MHZ Quarz
Ll 4.7 uH

L2 4.7 uH

DB1 1N4148 Diode
D@2 " "
D@3 " "
D4 " "
D@5 " "
D@6 " "
D@7 " "
D@8 " "
DI8 LED LED
DI9 LED LED
DIl@ LED LED
DI1ll LED LED
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(cont'd)

SYS68K/WFC-1 COMPONENT PART LIST

Location Type Manufacturer Function
BR1 JUMPS8 Jumper
BR2 JUMP4 Jumper
BR3 JUMP3 Jumper
BR4 JUMP2 Jumper
BR5 JUMP2 Jumper
BR6 JUMP3 Jumper
BR7 JUMP2 Jumper



APPENDIX "D"







L] e )
e e —

mm T — ]

nnn

_ L S S _w_ w | __:::::::_:_.n_-‘,._.HHU

B S V-
P -

-
=
3
—
71§’
—
—
-

w I \ i s r_n ———— g T L m_l,.;xm‘.w_u.‘,;.u_
n ~ =3 —11(&. * iis
- o " ___ o 1 " = HEHIFHEHHAH,
{hy mow—— 11 Ll o )
o 1— l_.“ g, . - 0w
A N j & (34 B .— — *
(4] L4} T [} = 8er ot
T 1_ W .U i ; u_ - ,—_, .“‘.,.QMHHHH -
e cer J— -
a _m : 2] S LR A ¢ - -
[11'] I
12 el _J (118 :w El“— _n.xz ver 1—_! " e w.mmmn,.“‘,_.m
w 3 .“.8 M e [13] L] I I I ,.I‘Mms‘wq
“ E mqﬂlw . otr LI “—.Hlﬂw:w
" U=, e (1) I Y N
" - L.wim i - —»l&wllnzluﬂ gron]— X “ o | 008 o
- u l_ uy . —||-S %) s
(1 A—m } o N _, L -
:_, m mB_wu i . "e 4T o L mlu :M
- m_ "1 N ¢ 1= WL o BT | i

e - o ‘~4 gm. " “ ow.mm -
10 o . N |

1_._3 (15]) n_f’ A M - A ‘
—u ,m. I ..gLrlqzl:mwmm_lﬁ nuH_, - r_ 0oy T ..&.2.. § ,I ! H_l i m.— " -_a_ __

N S 1 )] o ; - A e
v bl R bl | T r: 1 Y 2d ,_ C o 1 Jeiw GLD 0
Y o ] Y 1zve s







2 | I | 2 | 2 T < I s T I | 1 1 0 | I 1
s o8 3
" "
- oBAL _ BAL. 544 B¥3s0n m’”llm"’" )
,5.¢a>DAIABIS s
— P . Are — 1800 o> ,2.¢6
- Jhsees Jsys12? a t:!§$ 39 Jmmt:: :; - |
:;.o» e S gm ,2.03-PE8 ng ||
255 oL 04, A c383 spp-B_210n,y
c H — E; A L. A ° je.cn-E050 o
. [ A 0y —_
M- A " o n !;gg : 1 o H0LIL -
3 A - F e (111 n¢ 104 ? r2.co-E AL
. 1 A oo R I ,2.ca-1052:
| — 5] :zgﬂ 1 12.cx>E082 ] H
1] — /1. 43> 0OI0B0N-
DOVS 2.6 1 110508 :
U 0> 3. AS 108> SIEE: (
.1.82-H50L 3 P .60 'ﬁ#}. w -
DA s o3 MELL G, g, 00 f - -t
ez : i “ [[—=——Ht
) (1) 1250 KOO
1 e f 03 ——R DA ——2rk; 340 nu'm. " = [
A u i ﬁ R s TuLe ! AR o 5,04 . .
it 1 : s sipesiuger: |
— %1 D’.m ]
€ 18 5 s ULSIC . — UBEe 3, a8 1. €
|08 2,54 ____ Ml ¢.00 i iex n%. ﬁ' E:;.u XL
9,028 —§ OUIER 3. c2 uLse :x:g:
1 2.51-1MIBR ’ _'—]’_Jmk’"‘" 5 ° —
i . ¢
;35&?‘ P ’: I §T F 11" :
1983 ML= P2 e H :g
o LS J‘q e ¢ 1) 1% o
—_ te>/2.6) 3 . i i["uu ]
n% |7 | c':
0. CR>NEL— - ;8 S 4 H
/6. 0e>-180- %
= ] ]
%
860 8 ; 300 ]
AgRe I c
c €
of L ‘i NGO j 8
j2.6-Hs0 ] - {m_"l——>0$v 1 -
] S MSO.: e 9,60 L If8l¢ 5,03 ]
g
ot - et
2.¢ o 11,60 a8 1
Jeysace . * J“ﬂ HME: o>, 2,60
® I——&o,l.m 0
180 v . ) N
e i 3; j . Bes ,,,.,,mm___ﬁ),;_______mq,,,,,.
.}i 15 EH i L0
MALP i3 |
i " i
3. g ) 0BON- ]
.s.;:g“ Jiys2¢¢ 12.F1 .n.n»lm—?-li)ﬁ——-—#}‘——ﬂ“ o i1.58 TAg [ wae | eV,
s o 58 5 T ETE i1
- 11.08 -
N njja 5? i 2.5 SYSGBK /WFC-1
si : :!?———‘ ———-ﬁ HYIR i e ATT 4
,.,(.>£l-__r— Lk 0 FORCE von
[ 1 1 1 Y 1 2 I | I | | COMPUTERS & BLAETTERN
ERSATZ | ensare FORMAT




Slr "
10
3 0., 2,08 113
- . a2 R LEH
&l 2
———5#“ bl k2 a.pe-t_J4£18
a0 B in n “TF .
R 8 e G s
ey : ; ] 286> 1E1S
18 :
e - 082, ¢.52 o ) o[} Mo r2. oML TH :"; ©
Jaice> £ : { ; W 2t [ F]¥
12,08 : : sa He
o 1| o:g.:l 1
2.5>fb a8 8
128> r2on> HL: H
12,8 € iMLE2 29
; . ) B#— , 182808 22
3k o :
1> : - - i
,:.lb ° _:—u_:lkl o 12.08>-051 26 ¢
ey - g 3 H :u ns2: g:
2 % — BEADI 440 2.ue> 28
‘ §I ‘2.08= 052 1
‘2.ce $ s
b g H
! . sz oAl g o We .0
1.5 3> DBUS | L8132 ¢ o<
b sz n.wﬂm——{j&,u. PRI €
10 EE! ::ut_ﬁ ] sz 1 !
T‘J “?lo Wn?l’i’
l———ub- ‘D06 -
A @ Rl
cw')’

s
) 1 he < ¢
Nt R ] .
w220 w2z, g nuhm‘ wez, o wee. k3
A 1 r—3

=
L4

F

|

:§:§§“ Alcs o 1
28 Jonov 13.43
IND LATE g I_“{#on.u
Al AR S S —— - ,2.08
5 fre -
s ™ y o »
%, puis Do (vTH 3 AN 2.0y
of ‘2. CAC, o
: g - uctK  Be -ofizu ¢
AQ 811: -‘:
A B I 160D
ﬁ - : 12,61 12 [ 1 —8 ————Wb.?.
. 1 BN
A2 2,51 o —1s ]
L Ale 2,59 [ $
L M ,2.59 '
P 243a[] 2164
O
3 ‘Jl?o,z.cn
12.60-M0 “5;1" N 3.0
TAC NAE LN
— TS YSE8BK/WFC- 1
. __ BLATT 2
: FORCE o
| 1 1 2 L a L N 1 | COMPUTERS § BLAETTLAY
- S t“SA'E.-m PR l(ﬂSA'l § GRNAT o]




o 1 v L 2 | I P [ s T Iy | 1 I Y 1 )
TR TN T T,
T N T e
AN261.501
.5 dae-bC0 o1 o 12,02
,,_-“yu:cﬁ‘abm[:.‘.m e — 0 3,02
— SE— /3.8
[]?“ \ﬁ!ﬂn‘( 5k fo-anzetsan
[ Rl
530w []O02 “'ﬂi
. J{>I26‘LS)1
-—m"oﬂ.n
J4§12¢ - Tiﬁ————mon.n
S fena
L Tlrance & -—4ds .
S ——-2frpeou | e P e 2.a M8 AN26LS
. .1 | SS—— Y Y37 l o> 13.83 A6 (FMMOAse. ,5,p¢
W% L [ — slear | L — L] - A MDA g,
8 15 o
5
K v
MOATA 1400
B 580w Jahs 1 Mo ,2.0¢
: | —
JPPYREY O w1 R £ “ “‘_;q%&u ‘g
12.08> 0 ) : 3
Lo ] ¢ 1
el i 1 5 o = |12
2000, , 2,2 — a 3R
1
1 ,,,(Qu_.wﬁ),m_ 1
™ 580
3c
sa e a-PURLL K
3
% ,.,m>nuun,‘__1.,"5;;M —the ER T b -sv] H
oo NS 0 peee PP R IT N B
H 2y #—————— 853

S
Lm“-‘o 12,08

o STepA"e
1 3
12 —F] 2 .
3 2 ,4{2 .
i
e —
10 10
i | —ti __
[ i H e , :
i —Hit SYSG8K/WFC-1
18 o PR i TR
19 19 .
20 E._JE 20 FORCE vow
9 1 Py | : 2 1 COMPUTERS 6 BLAETTERN
€RSATZ ensarz FORNAT




9 1 1 I 2 1 ) ¢ I s [ § 1 3 L e I 9
0 NOTES. 1. 97 8 J8 GND PINS, 1,3,7/9/11,13/15,17,19:21 "
[ 23/25,27:29,31:33
2.5 GND PINS, 2 <O 1EVEN PIN ONLT)
R23 . 3. )1 J2 )3 GND PINS, 2/¢:6:8,11:12/15/16/19/20
w®
B 4o ML RESISTOR VALUES ARE [N OMAS B
» UNLESS OTHERWISE SPECIFIED
1
At Jo 5 S. ADD 0. 1UF CAP FROM ALL IC UCC TO GND
o 73-M 6. 19 GNO PINS, 9.10.12.13.14.15.16 ° ¢
i 7. (AP 9/B PHYSICALLT CLOSE TO CHIP
AggsLsa2 )
& Bl ,s.n0 —l
B A 4c2 =
1 b —DBMe. 2. co oot
P 2
i2.
1. iy B
(o 16jive ourg 3 564 ¥
. P 6504
1 C | 1557 %5 AT
e ourd3— 1 2. A
—5@‘ § :‘.Lvﬁﬂ ‘:‘i&g 3 s 10
el 124 10} 1ibc -- o 14E s CLR
- o ourg 11— . (a4 -
—&' 104, —134a f TS T e
ES $:b%
1 g
| QUM 3.6 e
3 ez b
'S ]
%)u
13,6 0-MATA s " PR
A )
" '-gﬁﬂﬂ_
oM 9 Py H H
0 ¢ -- 0
h "]
744G
B %S 4433 [1313 - ]
o
11184s
H 0 18 g’;
+13.89>-BOAIA ;g c-- - =
c 1l 8 3 - uCR i . 3,10 R
. &
s
- %8 ¥ & 516 s
s R % Fd3a
3,03 MEQ: QUT 1aN,12 § ) P >t -
'uiq?j’ &
PR S - E— R
0] ®
4
TR T h REv. 1
R SYSGBK/WFC- 1
o Ar e
FORCE vow
P 1 1 1 2 I 3 4 r | . _L Q!VLPU TERS € BLALTTERAN
[ I Ir™YtP R I I




2 i ] PR PR NN AU SN I SR DI i N I Y
LY, ¢.pne i %
TLLLLL "
. |\ ] IlI;IIllIlI]I? .
x weee || T ] i< o o
B L A B | nee ) ﬂgpnl it > (14 H
- 13— :i.:‘: "I z| " —" L
150 ity Rl | 4 S it § § e S § B ~—3fen i A 8 BIRL g
| ik - : 2l — | ~
| S, sElRELR- N | Rt
H3EhER ‘§|‘il,ldj i
B, sqlRI . ';ﬁ B
mﬂl“l 8- ﬁ)l L, ,6.0¢ [ 81n " !
' R Y
Cipes P ot Bfisne
o
L ok , !
1l e |
& 1__ ?uwg:. B L Y Py V)
g —— ANt A 6.0
?;EEI:}-: o0
J— "
hks‘.o h) ?
itk wmise
. ‘ f,l& :('“ 11 off n\“\ u\\l!"§
BT
T Hife s (bon (b
A ] o "l i
) ) """”m“;“.ﬂJ"‘_
© C YA S Y | W RS-
:3 o :'g ! e M‘“P
.60t 111 (RANARS RN
e [ jWn N - l_u e -
jyseee - D e fgyseer _ - S :: 2 *
o l LA e oo 3 ‘:lgf H
i T ey 2 | elb)sisase I “ of g TR} ol ER? s %) 33
4 + | S ‘_.i;i‘: ::k 5 ﬂi S H Bt | ) D '.;'—_‘::“_‘ <] .
’l - P3 e - b o o - ] .1 - 13,10 ]
gl\:» T p—— ; z- e §: zl’ ‘:‘i? H!i:.-_ KG = I B »l m’:{“ -_;E ; '-A_.i_“-—_,, .‘-—._—‘-«._'--_——V—u-ﬁ— 'TH)
ARER )l i P | Rt ! ] ek e .
: R L SYSEBIGWEC- 1
- N T B rT
FORCE vou
T S N 2 I S R PRI R R T 1 LOMPUTERS o
LGN Jincarz (L0




Py 1 1 | 2 I I | s I & I 1 1 Iy I 9
’ . @
,s.nM- S 16.8¢
@
mige [rgpsoe #46n
B e ,6.86 /6.8e~EAL_ s
s s H 16, F - LON2. 1 i 4 e 8:68
e DAEa g,
c Jysees Jgseee mmf'm"flmn 3% o
/S.ca-DALARS oin Fa0 J L o€
i o T { o ; -
B ¥ \ . 12 3N 3 b ot 6484
=Ei= 87 1 v e
A [ % E] 18 Pl -
i ¢ i 1 69
- s nln PR IMEme ,g.8¢
[
] ETTE /6.8¢ s s s %'zﬂ
6E8- [| 3
O o
i L8
3 iﬁtf:‘sdﬁ? x ﬁ* N A0 % o34 ce 1 s]2 !
1 * s
53 gﬁ A2 2 b ooty e 2 .- L&"':‘
3 i £ 8 ¢ 1805
gg Ag Pé é +$ R
- gg e 16,0182 Pg 19 -
1 bi]
FRC20 . \
lo PAL20L10 o—
6.8 S.H 2 sLse
L et S s> /1.0 , 3
¥ & 33 | i::ﬁii:]“_—*’éﬁ e Pl
- 13| H e - 6.
Jgeem it 8 orVER m‘]lEE.,, +5.65 see-lad 1L 13dn P
i o , - =%y .
) I o g s et  e—
© b3 ol 2 A‘]
D& A +5
s AL
% AS
03 he FRC29
| 5&‘[20"10 ;gqﬂé)iﬂﬁ?ﬁ),lt-__l&!>,1.m
+5,pa-081 8 ST T
:c.s;ﬁl 2
16,CS> HUER. o0 y o
{e /618> A . 1
1646 - T 8
/3.6 KOS, 5.
el kL
1 6oF Ijt "1’:‘1_‘%’6.”
186R TAG A REV.1
-12,-8 s
. ’ SYSE8K/WFC- 1
FORCE o
Py I 1 T 2 1 I I | COMPUTERS & BLAETTERN
ERSATZ | ersatz FORMAT




APPENDIX "E"

DATA SHEETS

E-1






WESTERN D/IGITAL

c g R P C R 4 T 7 o N

WD1010 Winchester Disk Controller

FEATURES APPLICATIONS
* Compatible with most 8 and 16-bit processors * Seagate ST506, ST512 s
e Data rate up to 5 Mbits per second ¢ Shugart SA1000, SA1100, SA600
» Multiple sector read/write commands ¢ Tandon 600 Series E
+ Uniimited interleave capability * Texas instruments 506 (=
+ Automatic formatting * RMS 500 Series 3
¢ Software selectable sector size ¢ Quantum Q2000 Series
(128, 256, 512, or 1024 bytes per secton ¢ Miniscribe
« CRC generatiorvverification ... and others
e Automatic retries on all errors
e Automatic restore on seek errors DESCRIPTION
* Single + 5V supply o The WD1010 is a MOSILS! device designed for use
* Provision for extemal ECC capability with the drives listed above as well as other drives
compatible with the SA1000 or ST506 interface. The
controller requires oniy a single <+ 5 volts supply. It is
designed to operate with an external sector buffer
memory and to interface directly with TTL logic.
The WD1010 is fabricated in NMOS silicon-gate
technology and is available in a 40-pin, Dual-in-line
ceramic or piastic package.
FUNCTIONAL DESCRIPTION
The WD1010 is software compatibie with the WD1000
controller board. Programming is very similar to that
of the Western Digital FD179X fioppy disk controiier.
s 1~ awpvee Data bytes are transferred to or from the buffer every
R 2 38 BIRC 1.6usec., with a SMbit/sec drive. The buffer may be
either the Western Digital WD1510 128x9 FIFO
INTRQQ 3 38 ORG memory (Fig. 1) or a combination of a 256x8 static
NCO 4 37 JROD RAM and a 9 bit resettable counter (Fig. 2). The
MRO s 36 [JBORQ WD1010 generates control signais to minimize ex-
ad s as PBRDY temal gating. Buffer to processor transfers are made
_g P A via programmed /O or DMA. The controller aiso
weg 7 34 JDRUN generates handshake signals to controi DMA
csd s 33 ORWC operations for multipie sector transfers. The WD1010
Ao 9 32[Jsc interfaces to the Westemn Digital DM1883 and other
A1 10 31 {33 TKoOO DMA controllers.
a2d 30 WF
o7 12 29 [7J INDEX
pe ] 13 28 [J DRDY
D5 14 27 [JSTEP
04 15 26 CJDIR
D3 16 25 D we
D23 17 24 WG
o1 18 23 J EARLY
oo (J 19 2 0TE
vss( 20 21 wo
PIN CONNECTIONS
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TABLE 1. INTERFACE SIGNALS

PIN NUMBER SYMBOL PIN NAME FUNCTION
12-19 D7-00 Data7-Data0 Eight bit bidirectional bus used for transfer of
commands, status, and data

6 RE READ.ENABLE Tristate bidirectional line. used as an input for
reading the task register and an output when
WD1010 is reading the buffer.

7 WE WRITE ENABLE Tristate bidirectional line used as an input for
writing 1nto the task register and as an output
when the WD1010 is writing to the buffer.

11 AQ-A2 ADDRESS0- These three inputs select the register to
ADDRESS 2 receive/transmit data on D0-07.

8 cs CHIP SELECT A logic low on this input enables both WE and

signais.

3 INTRQ INTERRUPT Active high output which is set to a logic high in

REQUEST the compietion of any command.

5 MR MASTER RESET A logic low in this input will initialize all internal
logic.

1 BCs BUFFER CHIP Active low output used to enable reading or

, SELECT writing of the external sector buffer.

35 BRDY BUFFER READY This input is used to inform the controller that
the sector buffer is fuil or empty.

2 BCR BUFFER COUNTER | Active low output that is strobed by the WD1010

RESET prior to read/write operations.
36 BDRQ BUFFER DATA This output is set to initiate data transfers
REQUEST to/from the sector buffer.

40 vee + Svolt +5V 5% Power supply input.

20 vss GROUND Ground.

4 NC NO CONNECTION | This pin must be left open by the user. _

21 WD WRITE DATA This output contains the MFM clock and data
puises to be written on the disk.

25 WC WRITE-CLOCK 4.34 or 5.0 MHz clock input used to derive all
internal write timing.

24 WG WRITE GATE This output is set to a logic high before writing

. is to be performed on the disk.
23,22 EARLY, LATE EARLY, LATE Precompensation outputs used to delay the WD
puises externaily.

37 RD READ DATA Data input from the Drive. Both MFM clocks and
data puises are entered on this pin.

39 RC READ CLOCK A normal square wave clock input derived from
the external data recovery circuits.

38 RG READ GATE This output is set to a logic high when data is
being inspected from the disk.

39 DRUN DATA RUN This input informs the WD1010 when a fieid of

: one’s or zeroes have been detected.

27 STEP STEP PULSE This output generates a puise for the stepping
motor.

26 DIR DIRECTION This output determines the direction of the
stepping motor.

28 DRDY DRIVE READY This input must be at a logic high in order for
commands to execute.

30 WF WRITE FAULT An error input to the WD1010 which indicates a
fault condition at the drive.

31 TKO00 TRACK 000 An input to the WD1010 which indicates that

the R'W heads are positioned over the outer-
most cylinder. .

————e
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TABLE 1. INTERFACE SIGNALS

PIN
NUMBER SYMBOL PIN NAME FUNCTION
2 INDEX INDEX PULSE A logic high on this input informs the WD1010
when the index hole has been encountered.
3 RWC REDUCED WRITE This output can be programmed to reduce write
CURRENT current on a selected starting cylinder.

. 32 SC SEEK COMPLETE This input informs the WD1010 when head
| settling time has expired.

PROCESSOR INTERFACE DESCRIPTION

The WD1010 controller interfaces to a host or /O
prccessor via an 8 bit bidirectional data bus. The
buffer memory is also connected to the data bus. The
WD1010 is designed for use with bufter memory and
external bus transceivers. One anticipated system
configuration is shown in Figure 1. In this system,
the processor starts a disk operation by writing task
information into the register file in the controlier. The
task irformation includes the disk cylinder, head,
sector numbers, drive number, track number for start
of write precompensation, sector size, and number of
sectors to be transferred. After the task information
has been written, the processor writes the command
into the command register. In the case of a write
sector command, the processor can then read the
controller status register to inspect the buffer data
request flag, and write data into the buffer memory.
When the buffer becomes full, it activates the BRDY
input of the controller The controlier then deac-
tivates the butfer data request (BDRQ) line_and ac-
tivates the BCS line. The buffer chip select (BCS) line
is used both for buffer memory_control and for
disabling the data bus. RE and WE buffers. The
controller thus has a direct bus to the buffer memory
which is isolated from the processor data bus. When
the buffered data is transferred to disk and the buffer
memory 1S empty, the controller enables the tnstate
buffers. thus reconnecting the two busses. The
processor can then write more data into the buffer
memory.

The WD1010 disk controller generates control sig-
nats for RAM-counter control, data bus control, ECC
processor and DMA control.

TABLE 2 TASK REGISTER FILE

a2|atlaol meaD | wamE |
;0100 iData Data .
{010 |1 |EmorFlags Write Precomnp Cyl.
"0l 1|0 |SectorCount Sector Count

1 0] 1 11 ISector Number Sector Number
{110 |0 |CylinderNo.Low |Cylinder No. Low
1110 |1 [Cylinger No. High | Cylinder No. High
1110 |sOH SDH

P11 1 (Status Command

L i i

TABLE 3. SDH REGISTER

|secTor | oRIVE®

SECTOR ' HEAD"
EXTENSION |SIZE NUMBER NUMBER
BIT?7 6 | 5| 4| 3 \ 2 1 0
1= ECC 1 1 128 byte data field
0 =CRC 0 0 256 byte data field
0 1 512 byte data field
1 0 1024 byte data field

*Drive Number and Head Number must be externally
decoded and latched.

DRIVE INTERFACE DESCRIPTION

The WD1010 disk controlier is designed to interface
to SA1000 Winchester disk drives. Winchester drives
with similar interfaces, such as the Seagate
Technology ST506, can also be controlled.

The WD1010 contains MFM encoder/decoder. ad-
dress mark detector, and high speed shift register
circuitry. Signals are provided to control write
precompensation and write splice avoidance. Ex-
ternal circuitry must provide a phase locked MFM
read clock and high frequency detection. Figure 1
shows a typical controlier-grive intertace for a system
with two Winchester disk drives.

WD1010 inputs are TTL compatibie uniess otherwise
noted. WD1010 outputs will drive one TTL unit load.

STATUS BIT DESCRIPTION

Busy = Active when controller is accessing the disk.
Activated by start of command (wrting into com-
mand registen. Deactivated at end of all except read
sector. For read sector, Busy is deactivated when a
sector of data has been transferred to butfer.

Drive Ready — Normally refiects the state of DRDY
pin. After an error interrupt, the state of DRDY is
frozen until the status register is read. The DRDY bit
then refiects the state of the DRDY pin. An interrupt
is generated when reset.

Write Fault — Reflects the state of the WF pin. An
interrupt is generated when set.

0101AM



wWD1010

Seek Compiete — Reflects the state of the SC pin.

Data Request — Reflects the state of the BDRQ pin.
When active, indicates that a buffer data transfer is
desired. The data request flag is used for pro-
grammed /O while the BDRQ pin is used for DMA
controiled I/Q.

Command in Progress — Indicates that a command
is in progress.

Error — Indicates that a bit in the error register has
been set.

ERROR BIT DESCRIPTION

Bad Block — A bad block address mark has been
detected when trying to read or write that sector.

Data Field CRC Error — An error in the data field has
been detected. The sector can be re-read to attempt
recovery from a soft error. The data contained in the
buffer can be read but contains errors.

»

REPEATED N TIMES

ID Not Found — Occurs when cylinder, head, sector.
or size parameters cannot be found after 16 index
pulses have been encountered.

TKOOO Error = Occurs when track 0 not found in a
Restore commang after 1024 stepping puises.

Aborted Command - Set if command was started
and one of the following conditions occurred:
1. Drive not ready !
2. Write tault
3. Seek compiete not active within 16 index pulses
4. lllegal command coge

Data AM Not Found — During a read command,
the ID field for the desired sector has been
found, but the data field address mark was not
found. The data AM should be found within 15
bytes after the ID field. Refer to Figure 3 for
track format.

'

14 BYTES

cyL
IDENT SH | SEC
{els)] )

Al
an LOw

GAP
" GAP3
(4€) (4E)

112

Y
CRCI:’B;SYTE (A1) | (F@) | DATA | CRC |3BYTES
-2 |00l ooy FIELD

.2- (00}

I R A I S

se=e 200 nS. MIN. INDEX PULSE
' WRITE GATE

U e ™9

—

NOTE:

1) When MSB of head byte = 1, bad block is
detected.

2) Write Gate turm-on is 3 bytes after the ID
field's CRC bytes.

3) Write Gate tumn-off is 3 bytes after the Data
Field's CRC bytes.

4) 12 bytes of zeroes are re-written on a Data
Field update.

5) The 2 LSB's of the IDENT byte are used for
Cylinder high. These values are:
FF 0 to 255 cylinders
FF 256 to 511 cylinders
FC 512 to 767 cylinders
FD 768 to 1023 cylinders

6) GAP 3 length is programmable and may range
from 3 bytes to 255 bytes.

FIGURE 3
TRACK FORMAT

TABLE 4. STATUS/ERROR REGISTERS

1

! STATUS ' ERROR !

BIT REGISTER : REGISTER |

. MSB7 BUSY . Bad Block |
© 6 - DRIVE READY : DataField CRC !
5 WRITE FAULT ! Reserved (=0) !
L4 SEEK COMPLETE | ID Not Found |
3 . DATA REQUEST : Reserved (=0) l
| 2 'RESERVED(=0) | Aborted Command |
b COMMAND IN TKOOO Efror ;
i ' PROGRESS = '
LSBO ERROR . Data AM Not Found




TABLE 5. COMMAND REGISTER

MSB 3
COMMAND 7 65 4 3 2 10 D = 1 for DMA; 0 for Programmed /O =]
M = 1 for muitipie sector read or write 3
R3R2R1RO = 0000 : Steptime = 20 us -—h
RESTORE 0 0 0 1 RERZRTRO 0001 : Steptime= .5ms S
SEEK 0 1 1 1 RIR2R RO 0010 : Steptime = 1.0ms
READ SECTOR 001t 0O DMOO 0011 : Steptime = 1.5ms
WRITESECTOR 0 0 1 1 0 M 0 O 1111 : Steptime = 7.5ms
SCANID 0 1 0 0 0O 0O for S MHz write clock
[ WRITEFORMAT 0 1 0 + 0 0 0 O
. Zi‘iﬂﬂ
TRI-STATE BUFFER
R ) D Q
RE | e de -L
:I i
WE — > , WE Y WRITE
?E ECOM WINCHESTER DRIVE 0
WC { .
'—gj 80O — i WRITE DATA
H DATA ' | RO 2 JREAD DATA
o suSsY | RC PHASE
S PATTERN | I se2 ORU LOCX (———‘DRWE SEL
T \h BsC. RG LOoP vy |
et STEP
s 18 3, 20 -X TO NEXT |
a ADODR r a2 CRIVE #————{DIRECTION
2 M e we DATA _l s——|resoy
g | e=DECODE! <3 RATE i
; t : —] osc 0—-: ww.mTE FAULT
s ! | > ——— TRACK 000
a ;_-__—l wog ———< ‘o— INDEX
‘ Re ) 927;—1 X000 |— =] SEEK COMPLETE
| EmPTY CROYf — ——RWC
CS eyl DBROY WF] - ] HEAD NR
- ‘ND1510 NTRG DIR s ——1 WRITE GATE
Sl Sl |
1 |
< f STEP ’—{>——' |
3 JATA ‘ .5‘1 DECODER !—-l , NO 010 i |
LA I ' ° 7 ! __ SAISY CHAIN TO
- M I Qb NEXT ORIVE
5 ADODR - 1 c (MOLDS DRIVE AND HEAD
SELECTS)
DATA LATCH

FIGURE 1.



0L01AM

E ( e
WE WE
E P WE
K DATA e v - g DO-07
]
2 G- g [
T :.iQD_ R W &R
P f c Q ADDR D
R wD1010
o] TC CS
c : —
E 1 - RDY
S DECOOE 8RO
T 0
o]
R ] . —i5C3
- i 3
ADDR - —t o’ AC-A2
INT . : INTRQ
MR — vy
\AAJ
TO DATA LATCH
FIGURE 2
See page 725 for ordering information.
intor tur by n Oigitat Cor NS 10 De accurate and refiadle. However. NO respONSIdIity 1S assumed by Western Digital
Corporation tor its use: nor for any intringements Of patents or other ngnhts of third pariies wnich may resuit from its use. No license 1s granted Dy
implication of otherwise unaer any patent or patent ngnts of Digitai C . n Digital Cor reserves the ngnt to change

specifications at anytime without nouce.
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WD1014 Buffer Manager/Error Correction Device

FEATURES

DIRECT INTERFACE TO THE WD1010

32 AND 56 BIT ECC POLYNOMIALS

128, 256, 512, OR 1024 BYTE SECTORS
BUFFER SIZE UP TO 32K BYTES
CONTROL FOR 4 DRIVES/8 HEADS EACH
AUTOMATIC RETRY ON ECC ERRORS
TRANSPARENT ECC CORRECTION
MULTRSECTOR READMWRITE CAPABILITY
DMA OR PROGRAMMED /O OPERATION
8-BIT TRI-STATE DATA BUS

EXECUTES 11 MACRO-COMMANDS
SINGLE +5V SUPPLY

e e e o & o o o o o o o

GENERAL DESCRIPTION

The WD1014 is a single chip Buffer Manage’/ECC
device designed for use with the Westemn Digital
Corp. WD1010 Hard Disk Controlier. The device
impiements all of the logic required for a variable
length sector bufter, ECC correction and Host in-
terface circuitry. Use of the BMEC greatly reduces
the compiexity of the interface design, device count,
board size requirements and increases system
reiiability.

The WD1014 operates from a single + 5V supply and
is available in a 40 pin plastic or ceramic Duakin-Line
package.
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PIN
NUMBER | SYMBOL DESCRIPTION

18 DAL70 Data Access Lines. Commands, status, and data to and from buffer are
transferred over this tristate bidirectional data bus controlled by the host.
DAL7 is MSB.

9 (o] Chip Select must be active for all communications with the BMEC.

10 RE Read Enable. For reading data and status information from the BMEC.

11 WE Write Enable. For writing commands and data to the BMEC.

12 MR Master Reset. Initializes the BMEC and clears the status flags when ac-
tivated. .

1315 AQG-2 Address inputs. Used to select task file registers and data buffer. A2, A1, AQ
= 000 selects buffer. A2 is MSB.

16 INTRQ INTerrupt ReQuest. Activated whenever a command has been completed. It
is reset when the status register is read, or when a new command is lcaded
via DAL7Q.

17 DRQ Data ReQuest. Set whenever the buffer contains data to be read by the host
or is awaiting data to be written by the host.

18 CLK Clock signal input used for all internal timing.

19 HDS Head & Drive Select for setting HS0-3 and DS1-4.

20 vVss GROUND

2123 | XA290 These address lines are used to address the disk controller when XCS = 0.

24 BCINC Buffer Counter INCrement. Increments the extermnal buffer counter. Each
negative transition is a one byte count.

25 BBSY Buffer BuSY. Signals the BMEC that the buffer is being accessed by the
disk controller. It is also used to controi ADO-7 bus switching and tristate
XWE, and XRE when it is active.

26 BRDY Bufter ReaDY output. Signais the disk controller when the buffer memory is
ready for controlier data transfers. It is active when the buffer memory is
full or empty.

rd ALE Address Latch Enable. Used to set the external buffer address whenever
the butfer is not being accessed by the WD1010 processor.

28 RCS Ram Chip Select. Asserted when the BMEC or host accesses the external
buffer.

29 XRE Tristate line activated only when BBSY =high. When XCS is low, in-
formation is read from the-setected WD1010 task files registers.

When RCS is low, data is read from the buffer.

30 XWE Tristate line activated only when BBSY = high. When XCS is low, command
or task file information is written into the disk controller.
When RCS is low data is written into the buffer.

31 XCS This Chip Select is used to access the disk controlier.

32-39 AD70 Address or Data bus shared by the buffer, BMEC and the WD1010. While
ALE is active a new buffer address is latched in an external counter, where
AD7 = A14 and ADO=A7. This allows buffer sizes from 128 bytes to 32K
bytes.

40 vee +5 = 5% volt power supply.

FUNCTIONAL DESCRIPTION which is aiso shared by the WD1010 and drive/head

control latches. The WD1014 manages the external

The BMEC is designed to interface directly with sector buffer so that it can support aill WD1010 sector

industry standard static RAM chips and common
TTULS latches and counters. The sector buffer, an
integral part of the WD1010 system architecture, is
addressed by a multipiexed data/address bus (ADO-7),

sizes in single and muiltipie sector operations. All
buffer control signals required by the WD1010 are
produced by the BMEC so that no external logic is
required to interface the WD1010 to the BMEC.



During sector reads and writes, the BMEC produces
an Error Correction Code (ECC) as data is transferred
to and from the buffer. The user may select either a
32 or 56 bit polynomial depending upon his needs.
Emors are detected and corrected without in-
tervention by the host. The BMEC controis all retries
on data ECC errors for the host as well. Corrected
errors are reported as a status to the host. Un-
correctable errors are reported by setting the error bit
in the status register with the appropriate descriptor
bit set in the error register.

TASK FILE

The task file is a set of registers which contain
commands, status, track, sector and other task in-
formation. Nine registers are accessed via A2 to AQ
during read and write modes. Depending on the
command from the host and the status of the
system, the proper information is stored to or read
from the task file.

{A2 A1 AOIREAD WRITE

| 1 1 1 |Status Command

| 0 0 1 |Errorfiags Write Precomp
Cylinder

I 0 1 0 [SectorCount Sector Count

10 1 1 ]|Sector Number Sector Number

!'1 0 0 |Cylinder Number | Cylinder Number

: l(low) (low)

1 0 1 |Cylinder Number | Cylinder Number

| (high) (high)

l1 1 o0lspH SDH"

*S D H bytes specifies sector size, drive
number and head number.

The SDH register is coded as follows:

Bit 7 (MSB) is set for a 7 byte sector extension (used
tor ECC bytes).

Bits 6 and 5 contain the sector size.

The possibie sector sizes and their selection codes
are:

i BIT6 | BIT 5 SECTOR SIZE

| 1 1 1 128 byte data field

! .0 0 256 byte data field

! 0 1 512 byte data field

| 1 0 1024 byte data fieid

Bits 4 and 3 specify Drive Number. These bits are
decoded internally and latched externalily to perform
the select function.

Bits 2, 1 and 0 specify Head Number.

COMMAND REGISTER

The command register is accessed by wnting into
register 7. All other task information shouid be
loaded into the task file betore loading the command

register. Command execution starts immediately
after the command register is loaded and sub-
sequent register loads are ignored until the com-
mand is done. The commands are as follows:

BIT CODE
COMMAND MSB 7 6 5§ 4 3 2 1 0
Restore 0 00 1 RBRRR1Rg
Seek 0 11 1RIRRIRY
Read Sector 001 0DMOE
. Write Sector 0011 0MDOE
* ScaniD 01 0000O0CO
' Write Format 01010000
' Read Copy 101 00MO0E
| Write Copy 1011 0MOE
| Read Long 01 10DO11E
an‘teL.ong 011 1+DO1TE
Set Parameters 11010000
D=1: Interrupt for DMA mode
D=0: Interrupt for programmed I/O mode
M=1: Muitiple Sector Read or Write
E=1 Select 56 bit ECC polynomial
E=0: Select 32 bit ECC polynomial
R3 R2 R1 RO = 0000 Step time = 20us

0001 : Steptime = .5ms
0010 Step time = 1.0ms
0011 : Steptime = 1.5ms

1;\11 . Steptime = 7.5ms
for 5 MHz write clock

THE STATUS AND ERROR REGISTERS

The Status Register indicates to the host the status
of the system. If the Error bit in the Status Register is
set, one or more bits in the Error Register will be set.
The meaning of the these bits is shown below:

3 |Data request

BIT | STATUS ] ERROR
‘ REGISTER REGISTER
MSB 7 |Busy { Bad Block Detect |
6 |Drive ready | Uncorrectabie
5 |Write fault | CRC Emror — ID
l Field
4 |Seek complete ID Not Found
|
|

| 2 |Data Error g
! | Corrected Aborted Command
1 !Command in :

i . |progress TROOO Error |
LSB 0 |[Ermor DAM Not Found _ |

COMMAND DESCRIPTIONS

The BMEC passes on all information between the
host and the WD1010. Some commands are modified
by the BMEC and some are simply echoed. The
following 1s a list of the commands and their formats
and descriptions.

vioram
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COMMAND

FORMAT

DESCRIPTION

RESTORE

SEEK

SCANID

READ SECTOR

WRITE SECTOR

READ LONG

WRITE LONG

WRITE COPY

00O0O0OR3IR2R1RO

0110R3R2R1 RO

01000000

0O010DMOE

00110MOE

0110D01E

0111D01E

10110MOE

Pass on task information and command and initiates a
read status after the command is completed. The
command is echoed. Stepping rate (RO-R3) is set.

Pass on task information and command and initiates a
read status after the command is compieted. The
command is echoed. Stepping rate (RO-R3J) is set.

Passes command to WD1010 which scans ID headers on
current track. Updates cylinder number in task file and
command and initiates a read status after the command
is compieted. The command is echoed.

Write the buffer with data from WD1010. If ECC is
enabled, ECC bytes are recomputed by the BMEC. After
the buffer is full, the recorded ECC bytes are compared
to the generated bytes to generate the syndrome bytes.
If the syndrome is non-zero, errors have occurred and
error correction is invoked by the BMEC. If the error is
not correctable the BMEC retries the sector read. If the
data is correctable the BMEC corrects the data and
passes the data in the buffer to the host. Read status is
requested by the BMEC and is sent from the WD1010 to
the host. If, after a specified number of retries, the error
is still uncorrectable, the BMEC sends an error status to
the host along wtih the status from the WD1010.

Write the buffer with data bytes from the host. Pass the
task information and command to the WD1010. The
WD1010 seeks track if necessary, then writes the sector
from the buffer to disk. Generate the ECC polynomial,
selected by E, as the buffer is written to disc. Write the
total number of sectors specified by the sector count if
M=1 in format. If M=0 then the sector count is ignored
and only one sector is written. After the sector data is
written to the disc, the BMEC sends the WD1010 the
ECC bytes. The BMEC requests status from the WD1010
and passes on this information to the host at the host's
request.

Similar to Read Sector except the ECC operation
producing a syndrome is inhibited in the BMEC. Instead,
the BMEC copies the recorded ECC bytes from disc and
passes them unaitered to the host.

The Write Long command functions similarly to the Write
Sector command except the ECC operation of computing
the ECC word is inhibited in the BMEC. instead, the BMEC
accepts a 32, or 56 bit appendage from the host and
passes it ynaitered to the WD1010 to be written on the disc
after the data.

The Write Copy command is similar to the Write Sector
command, except the BMEC does not send a data
request (DRQ) to the host at the beginning of the
command. The BMEC assumes it has a full buffer to
write to the disc. The buffer could have been filled by
another device other than the host, such as a back-up -
tape or data from another disc. This commands allows
the copying of data from one disc to another with
minimal host intervention.




COMMAND

FORMAT

DESCRIPTION

READ COPY

SET PARAMETERS

10100MOE

11010000

The Read Copy command is similar to the Read Sector
command. except the BMEC does not send a data
request (DRQ) to the host at the end of the command.
This command, when used with the Write Copy com-
mand, allows the copying of data from one disk to
another with minimal host intervention.

The buffer size parameter is specified by the value heid in
the sector size task register. The buffer size cormesponds
to the sector size task register value muitiplied by 128.
(E.G. if the sector size task register value = 1, then it speci-
fies a buffer size of 128 bytes. A 32768 (32K) byte length
buffer is specified by a sector size register value = 0.)

A
ADO-7 < Do-7
c DATA
N\ o]
wD1014 PIN
BMEC =/ M RAM
e - . T
ALE D e ADDR_ WD1010
BTING o we R WE Winchester DRIVE
\ Controller INTERFACE
DAL
0-7 XCS et -t S
| HOST === CS XRE jeate o RE
] IFC
i 1 XWE pee= o WE
|
i e WE XAQ e Pt AO
? — AR XA et = Al
XA2 ot B A2
- et AQ BESY et 8Cs
— A1 BRDY e P BROY
; —t A2
’ ~——i{ INTRQ
et DRQ
5 N . ) HS0-3
| nos| /| 2
c
Lo

WD1010/WD1014 WINCHESTER CONTROLLER

See page 725 for ordenng information.
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EW PRODUCT:BULLETIN - -

Buffer Manager Control Processor
WD1015

FEATURES
e SINGLE +5V POWER SUPPLY
o COMPLETE BUFFER MANAGER
« PROGRAMMABLE SECTOR SIZES — 128, 256, 512, OR
1024 BYTES MEMOM
« ECC BURST ERROR CORRECTION UP TO 5 BITS ON ‘
HARD DISK DATA
« 8 BIT MULTIPLEXED ADDRESS/DATA 1/O BUS
e FLOPPY DISK COMMAND TRANSLATION p——
« SUPPORTS MOTOR ON OR HEAD LOAD DRIVES conTROL |
« SUPPORTS 250 OR 500 KBS FLOPPIES MICROCODE |
 BUFFERED SEEKS WITH FLOPPIES AND L
WINCHESTERS »
e 16 POPULAR STEPPING RATES AVAILABLE - oox
e AUTOMATIC RETRIES ON ALL ERRORS WITH
SIMULATED COMPLETION
« POWER-ON DIAGNOSTICS INCLUDED
e 10 MHZ CLOCK RATE
e 40 PIN DIP PACKAGE WD1015 BLOCK DIAGRAM

DESCRIPTION

The WD1015 is a complete Control Processor (CP) that is used to handle all aspects of buffer management, in con-
juction with the EDS (WD1014) device, for the Winchester/Fioppy Controlier (WFC) board (WD1002-05). It executes
all of the commands used by the WD1002-05 and does all of the control required except for real time processing,
which is done by the WD1014. The WD1015 is programmed..to control the transfer of information within the WFC
and maintain the necessary copies of the task files for both drives.

PROPOSED APPLICATIONS

The WD1015 can be used as part of a proprietary chip set consisting of WD1010, WD1014, and WD2797 as in the
WD1002-05 Winchester/Fioppy Disk Controller board illustrated below;

I
HOST wD2797 z !
INTERFACE DATA BUS X FLOPPY 44
LOGIC ]i i % | l | CONTROLLER o
1) i » e

ADDR -3
WD1015 LOGIC W
BUFFER ‘ wD1010 DATA @ ]
CONTROLLER [ Secror CwWiNCHESTER( Y sep E
27
§ |

U BUFFER CONTROLLER LOGIC
wD1014
EcC
i - 1

CONTROL BUS

SIMPLIFIED SYSTEM DIAGRAM .45 \cCabe Way

irvine, California 82714
July, 1983 (714) 557-3550, TWX 910-595-1139
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WD279X-02 Floppy Disk Formatter/Controlier Family

FEATURES

* ON-CHIP PLL DATA SEPARATOR

* ON-CHIP WRITE PRECOMPENSATION LOGIC
¢ SINGLE +5V SUPPLY

s ACCOMMODATES SINGLE AND DOUBLE DENSITY
FORMATS
IBM 3740 (FM)
IBM 34 (MFM)

* AUTOMATIC SEEK WITH VERIFY
¢ MULTIPLE SECTOR READ/WRITE
e TTL COMPATIBLE

* PROGRAMMABLE CONTROL
SELECTABLE TRACK-TO-TRACK ACCESS

The WD279X Family are MOS/LS! devices which pertorm
the functions of a Fioppy Disk Controller/Formatter. Soft-
ware compatible with its predecessor, the FD179X, the
device also contains a high performance Phase-Lock-Loop
Data Separator as well as Write Precompensation Logic.

When operating in Double Density mode, Write Precom-
pensation is automatically engaged to a vaiue programmed
via an extemnal potentiometer. An on-chip VCO and phase
comparator aliows adjustable frequency range for Sv *

8" Fioppy Disk intertacing.

The WD279X is tabricated in NMQOS silicon gate technology
and available in a 40 pin duakin-line ceramic or piastic
package.

HEAD LOAD TIMING ‘ FEATURES 2791 | 2783 | Zres | 2797
¢ SOFTWARE COMPATIBLE WITH THE FD179X SERIES Single Density (FM) X X X X
* SOFT SECTOR FORMAT COMPATIBILITY Double Density (MFM) | X ) X} X | X
True Data Bus X X
APP TION inverted Data Bus X X
. LICATIONS . Side Select Out X X
SINGLE OR DOUBLE DENSITY .
CONTROLLER/FORMATTER
A
a [
tne d \ v © : "y - wo
w g " w3 wrRa = ':
ago =7 omo - sae L)
"'c ' :rb DOEN ace e E: : '
g . »{J weat §E . —
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pa [ o N3 wew oo <o __‘ﬁ
val g 2 {3 "eapY mrog
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Figure 1.
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PIN QUTS

PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

1

19

20
21

2

56

7-14

24

15
16

17

18

COMPUTER INTERFACE:

FLOPPY DISK INTERFACE:

ENABLE PRECOMP

MASTER RES

POWER SUPPLIES

WRITE ENABLE
CHIP SELECT

READ ENABLE

REGISTER SELECT LINES

DATA ACCESS LINES

CLOCK

DATA REQUEST

INTERRUPT REQUEST

STEP
DIRECTION

Sv," 8" SELECT

READ PULSE WIDTH

P

P

3

a

ml

AQ, A1

DALO-DAL7

CLK

ORQ

INTRQ

DIRC

RPW

A Logic high on this input enables wnte precompen-
sation to be pertarmed on the Write Data output.

A logic low (S0 microseconds min.) on this input
resets the device and loads HEX Q3 into the com-
mand registez The Not Ready (Status Bit 7) is reset
during MR ACTIVE. When MR is brought to a logic
high a RESTORE Command is executed, regardiess
of the state of the Ready signal from the dnve. Alsg,
HEX 01 is lcaded into sector register.

Ground
+5V £5%

A logic low on this input gates data on the DAL into
the selected register when CS is low.

A logic low on this input selects the chip and enabies
computer communication with the devica. :

A logic low on this input controls the placament of
data from a selected register on the DAL when CS is
low.

These inputs select the register 10 _recsive/transier
data on the DAL lines under RE and WE controt:

CS A1 A0 RE WE

0 0 0 Status Reg Command Reg

0 0 1 Track Reg Track Reg

0 1 0 SectorReg  Sector Reg

e 1 1 Data Reg Cata Reg
Eight bit bi-directional bus used for transfer of com-
mands, status, and data. These lines are invened
(active low) on WD2791 and WDZ27S8.

. This input requires a free-running 50% duty cycie

sguare wave ciock for intemai timing referencs, 2
MHz = 1% for 8" drives, 1 MHZ = 1% for mink
floppies.

This output indicates that the Data Register contains
assembled data in Read operations, or the OR is
empty in Writs operations. This signal is raset when
serviced by the computer through reading or lcading
the DR.

This output is set at the compietion of any command
and is reset when the Status register is read or the
Command register is written ta.

The step output contains a puise for each step.

Direction Qutput is active high when stepping In,
active low when stepping out.

This input selects the intemal VCO frequency for use
with §va " drives or 8" drives.

An extermnal potentiometer tied to this input controis
the phase comparator within the data separator.




PIN
NUMBER PIN NAME SYMBOL FUNCTION

2 TEST =57 A logic low on this input allows adjustment of exter-
nal resistors by enapling intemnal signats to appear on
selected pins.

PUMP PUMP High-impedance output signal which is forced hign
or low to increaseraecrease the VCO frequency.

ENABLE MINI-FLOPPY | ENMF A logic low on this input enables an intemal -2 of

(2791, 2733) the Master Clock when &/8 is aiso at a logic 0. This
allows both Sv " and 8" dnve operation with a singie
2 MMz clock. For a 1 MHz clock on Pin 24, this iine
must be left open or tied to a Logic 1.

25 SIDE SELECT OUTPUT SSe) The logic level of the Side Setect Qutput is directly

(2798, 2797) controlied by the ‘S’ flag in Type Il or Il commangs.
When U = 1, SSO is set to a logic 1. When U = C,
SSO0 is set to a logic 0. The SSO ts compared with the
side information in the Sector |.D. Field. If they do not
compare Status Bit 4 (RNF) is set. The Side Select
Output is only updated at the beginning of a Type |l or
Il command. It is forced to a logic 0 upon a MASTER
RESET condition.

VOLTAGE-CONTROLLED| VCO An external capacitor tied to this pin adjusts the VCO

OSCILLATOR center frequency.

RAW READ RAW READ The data input signal directly from the arive. This
input shall be a negative puise tor each recorded flux
transition.

28 HEAD LOAD HLD The HLD output controls the loading of the Read-
Write head against the media

=. TRACK GREATER TG43 This output informs the drive that the Read/Write

THAN &3 head is positicried between tracks 44-78. This output
is valid only during Read and Write Commanads.

30 WRITE GATE WG This output is made valid before writing is to be
performed on the diskette.

31 WRITE DATA WD A 250ns (MFM) or 500 ns (FM) output puise per flux
transition. WD contains the unique Address marks as
well as data and clock in both FM and MFM formats.

R READY READY This input indicates disk readiness and is sampled
for a logic high before Read or Write commands are
performed. If Ready is low the Read or Write
operation is. not performed and an interrupt is
generated. Type | operations are performed regard-
less of the state of Ready. The Ready input appears in
inverted format as Status Register bit 7.

3 WRITE PRECOMP WPW An external potentiometer tied to this input controls

WIDTH the amount of delay in Write precompensation moge.

4 TRACK 00 TROO This input informs the WD278X that the Read/Write
head is positioned over Track 0Q.

k] INDEX PULSE P This input informs the WD279X when the index hole

is encountered on the diskette.
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PIN NUMBER | PIN NAME SYMBOL | FUNCTION

3% WRITE PROTECT WFRT This input is sampled whenever a Write Command is
recaived. A logic low lemminaies the command ang
sets the Write Protect Status bit.

37 ODOUBLE CENSITY DGEN This input pin selects either singie or doudie density
operation. When DOEN .= 0, double density is
selected. When OCEN = 1, single density Is
sslected. .

4 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the head
is assumed to be engaged. It is typicaily denveg from
a1 shot triggered by HLD.

GENERAL DESCRIPTION

The WD279X are N-Channet Silicon Gate MOS LSi devices
which perform the functions of a Floppy Disk For-
mattersController in a single chip implementation. The
wD278X, which can be considered the end resuit of both
the FD1771 and FD179X designs, is |IBM 3740 compatible in
single density mode (FM) and System 34 compatible in
Double Density Mode (MFM). The WD279X contains all the
features of its predecessor the FD178X plus a high per-
formance Phase-Lock-L.oop Data Separator as weil as Write
Precompensation Logic. In Double Density mode, Write
Precomnpensation is automatically engaged to a value
programmed via an extemal potentiometer in order to
maintain compatibility, the FD1771, FD178X and WD278X
designs were made as ciose as possibie with the computer
interface, instruction set, and /O registers being identicai.
Also, head load controf is identical. In each case, the actual
pin assignments vary by only a few pins from any one to
another.

The processor interface consists of an 8-bit bi-directionai
bus for data, status, and control word transfers. The
WOD278X is set up 10 operate on a muitipiexed bus with
other bus-oriented devices.

The WD273X is TTL compatibie on all inputs and outputs.
The outputs will drive one TTL load or three LS loads. The
2733 is identical to the 2791 except the DAL lines are TRUE
for systems that utilize true data busses. '

The 2795/7 has a side select output for controiling doubie
sided drives.

ORGANIZATION

The Floppy Disk Formatter block diagram is illustrated on
page 5. The primary sections inciude the parailel processor
interface and the Floppy Disk interfaca.

Data Shitt Register — This 8-bit register assembles seriai
data from the Read Data input (RAW READ) during Read
operations and trarisfers serial data to the Write Data
output quring Write operations.

Data Register = This 8-bit register is used as a hoiding
register dunng Disk Read ang Write operations in Disk
Read operations the assembled data byte is transferred in
parailef 10 the Data Register from the Data Shift Register, In
Disk Wnite operations information is transferred in paraliel
from the Data Register to the Data Shift Register.

When executing the Seek command the Data Register
holds the aadress of the desired Track position. This

register is loaded from the DAL and gated onto the DAL

under processor control.

Track Register == This 8-bit register hoigs the track numoer
of the current Read/Wnte head position. It 1s incremented
by one every time the head is siapped in (towards {rack 76)
and decremented Dy one when the head is stepped out
(towards track 0Q). The contents of the register are com
pared with the recorded track number in the 1D field dunng
disk Reagd, Write and Verify operations. The Track Register
can be lcaded from or transferred o the DAL. This Register
should not be icaded when the devics is busy.

Sector Register (SR) = This 8-bit register holds the acdress
of the desired sector position. The contents of the register
are compared with the recorded sector numoer in the ID
field during disk Read or Write operations. The Sector
Register contents can be loaged from or transterred to the
DAL. This register shouid not be icaded when the devica is
busy. : |
Command Register (CR) — This &bit register hoids ihe
command presently being executed. This register shouid
not be loaded when the device is busy uniess the new
command is a force interrupt. The command register can
be icaded from the DAL, but not read onto the QAL

Status Regisier (STR) = This 80bit register hoids devics
Status information. The meaning of the Status bits is a
function of the type of command previcusly executed. This
register can be read onto the DAL, but not loaded from the
DAL

CRC Logic — This logic is used to check or to generate the
16-bit Cyclic Redundancy Check (CRC). The poiynomial is:
Gix) = x16 & x12 + x5 + 1.

The CRC includes all information starting with the address
mark and up to the CRC characters. The CRC register is
preset to ones prior to data being shifted through the
circuit. )
Arithmetic/Logic Unit (ALU) — The ALU is a serial compara-
tor, incrementer, and decrementer and is used for register
modification and comparisons with the disk recorced 1D
field.
Timing and Controf - All computer and Floppy Disk in
terface controls are generated through this logic. The in-
ternal device timing is generated from an external crystal
clock )
AM Detector = The address mark detector detects I0, data
and index address marks auring read and write operations.
Write Precompensation — enables write precompensation
"to be performed on the Write Data cutput.
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WD278X BLOCK DIAGRAM

Dats Separator = a high perforrnance Phase-Lock-Loop
Data Separator with on-chip VCO and phase comparator
aliows adjustabie frequency range for 5" or 8" Floppy
Disk intertacing.

PROCESSOR INTERFACE

The interface to the processor is accomplished through the
eight Data Access Lines (DAL) and associated control
signals. The DAL are used to transfer Data, Status, and
Control words out of, or into the WD278X. The DAL are
{hree state buffers that are enabled as output drivers when
Chip Select (CS) and Read Enabie (RE) are active (low logic
state) or act as input receivers when CS and Write Enabie
(WE) are active.

When transfer of data with the Floppy Disk Controller is
required by the host processor, the device address is
decoded and CS is made low. The address bits A1 and AQ,
combined with the signals RE during a Read operation or
WE during a Write operation are interpreted as selecting
the following registers:

A1 - AD READ (RB) WRITE (WE)

0 0 Status Register Commanc Register
0 1 Track Register Track Register

1 0 Sector Register Sector Register

1 1 Data Register Data Register

During Direct Memory Access (DMA) types of data trans-
fers between the Data Register of the WD278X and the
processor, the Data Reguest (DRQ) output is used in Data
Transfer control. This signal also appears as status bit 1
during Read and Write operations.

On Disk Read operations the Data Reguest is activated (set
high) when an assembied serial input byte is transferred in
parallel to the Data Register. This bit is cleared when the
Data Register is read by the processor. If the Data Register
is read after one or more characters are lost, by having new
data transterred into the register prior to processor readout,
the Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

On Disk Write operations the data Reguest is activateg
when the Data Register transfers its contents to the Data
Shift Register, and requires a new data pyte. It is reset wnen
the Data Register is loaded with new data by-the processor.
If new data is not loaded at the time the next serial byte is
required by the Floppy Disk, a byte of zeroes is written on
the diskette and the Lost Data bit is set in the Status
Register.

At the compietion of every command an INTRQ is
generated. INTRQ is reset by either reading the status
register or by loading the command register with a new
command. In addition. INTRQ is generated if a Force In-
terrupt command condition is met.

COXGIZAAM
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The 279X has two modes of operation according to the
state of OOEN (Pin 37). When ODEN = 1, Single Density
-(FM) is selected. When DOEN = 0, Doubie Density (MFM)
is selected. In gither case, the CLK input (Pin 24) is set at 2
MMZ for 8° drives or 1 MMz for Sv * drives.

On the 2791/2733, the ENMF input (Pin 25) can be used for
controlling both 5% * and 8° drives with a single 2 MMz
clock. When ENMF = 0, an intemal - 2 of the CLK is
performed. When ENMF = 1, no divide takes piace. This
allows the use of a 2 MMz clock for both 5% " and 8°
configurations.

The intemal VCO frequency must aiso be set to the proper
vaiue. The 578 input (Pin 17) is used to select data separator
operation by intemnally dividing the Read Clock. When /8
= 0, 5% " data separation is seiected; when 58 = 1, 8"
dnve data saparation is selected.

LOCK (24) | ENMF (25) 58017 DRIVE
2 MHz 1 1 8"
2 MHz 0 0 5%"
1 MH2Z 1 0 5v"
Note: All other conditions invalid.
FUNCTIONAL DESCRIPTION

The WD2739X-02 is software compatibie with the FD178X02
series of Floppy Disk Controllers. Commands, status, and
data transfers are performed in the same way. Software
generated for the 179X can be transferred to a 279X system
without modification.

In addition to the 178X, the 279X contains an intemnal Data
Separator and Write precompensation circuit. The TEST
(Fin 22 line is used to adjust both data separator and pre-
compensation. When TEST = 0, the WD (Pin 31) line is
intemally connected to the output of the write precomp
one-shot. Adjustment of the WPW (Pin 33) line can then be
accompiished. A second one-shot tracks the precomp set-
ting at approximately 31 to insure adequate Write Data
puise widths to meet drive specifications.

Similarty, Data separation is aiso adjusted with TEST = 0.
The TG43 (Pin 29) line is intemally connected to the output
of the read data one-shot, which is adjusted via the RPW
(Pin 18) line. The DIRC (Pin 16) line contains the Read Clock
output (.5 MMz for 8" drives). The VCO Trimming capacitor
(Pin 26) is adjusted for center frequency.

Intemal timing signals are used to generate pulses during
the adjustment mode so that these adjustments can be
made while the device is incircuit. The TEST line aiso
contains . a pull-up resistor, so adjustments can be per-
formed simply by grounding the TEST pin, ovemding the
puil-up. The TEST pin cannot be used to disadle stepping
rates dunng operation as its function is quite different from
the 178X

Cther pins on the device also inciude puli-up resistors and
may be left ooen to satisfy a Logic 1 condition. These are:
ENP, 38, ENMF, WPRT, and DDEN.

GENERAL DISK READ QPERATIONS

Seqtor lengths of 128, 256, 512 or 1024 are obtainabie in
either FM or MFM formats. For FM, DDEN shouid be
placed to logical *1." For MFM formats, DDEN shouid be

Sector Langth Table*
Sector Length Numbper of Bytes
Field (hex) in Sector (decimal)
o 128
01 %6
(073 512
lox} 1024

* 2795/37 Mmay vary — see command Summary.

placed to a logical “0." Sector lengths are dstermined at
format time by the fourth byte in the “10” field.

The number of sectors per track as far as the 278X is con-
cemed can be from 1 to 255 sectors. The number of tracks
as far as the 279X is concemed is from Q to 255 tracks. For
IBM 3740 compatibility, sector lengths are 128 bytes with 28
sectors per track. For System 34 compatibility (MFM),
sector iengths are 256 bytes/isector with 26 sectors/track; or
lengths of 1024 bytes/sector with 8 seciorsitrack.

GENERAL DISK WRITE OPERATION

When writing is to take placa on the disketts the Write Gate
(WG) cutput is activated, allowing current to flow into the
Read/Write head. As a precaution to efroneous writing the
first data byte must be loaded into the Data Register in
response to a Data Request from the 278X betfors the Write
Gate signal can be activated.

Writing is inhibited when the Write Protect input is a logic
low, in which case any Write command is immediately
terminated, an interrupt is generated and the Write Protect
status bit is set.

For write operations, the 279X provides Write Gate (Pin 30)
and Write Data (Pin 31) cutputs. Write data consists of a
series of puises set t0 a width approximateiy three times
greater than the precomp adjustment. Write Data provices
the unique addrass marks in both formats.

READY

Whenever a Read or Write commang (Type Il or ill) is
received the 297X sampies the Ready input. If this input is
logic low the command is not executed and an interrupt is
generated. All Type | commands are performed regardiess
of the state of the Ready input. Also, whenever a Type |l or
Il command is received, the TG43 signal cutput is updated.
TG43 may be tied to ENP to enabie write precompensation
on tracks 44-76. .

COMMAND DESCRIPTION

The WD279X wiil accept eieven commanas. Command
words shouid only be loaded in the Command Register
when the Busy status bit is off (Status bit §). The one ex-
ception is the Forcs interrupt command. Whenever a
commang is being executed, the Busy status Dbit is set
When a command is compieted, an interrupt is generated
and the Busy status bit is reset. The Status Register in
dicates whether the completed command encountered an
error or was fault free. For ease of discussion, commands
are divided into four types. Commands and types are
summarized in Table 1.



TABLE 1. COMMAND SUMMARY .
A. Commands for Models: 2791, 2733 B. Commangs for Models: 2795, 2797
Bits Bits i
Type Command 7 & 5 4 3 2 1 0 7 6 5 4 3 2 1 0 |
| Restore 0o 0 0 0 h VvV n ™I O 0 0 0 n VvV " T,
| Seek 0 0 0 1 h vV n ™m0 0 0 1 h v . m
| Step 0 0 1 T n vV T m,| o0 0 1 T n v fv
| Step-in © 1+ 0 T h VvV ™" [0 1 06 T hn v ©n ol
| Step-out o 1+ 1 T n VvV nM ®™m{0 1 1t T n VvV 1 m]
Il Read Sector * ' 0 0 m S E C O|1 0 O m L E U 0]
Il Write Sector 1 0 ¢+ m S E C @@|1 0 1 m L E U a,
Il Read Adoress 1 1 0 0 0 E 0 0 1 1 0 0 0 E U 0 |
Il Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E u 0 |
it Write Track i+ *+ 1+ 1+ 0 E O O}1 1 1 1 0O E U 0,
IV Force Interrupt 1t 1 0 1 k3 &2 h o]+ 1 0 1 k3 12 h o
FLAG SUMMARY TABLE 2 FLAG SUMMARY
Command Bit
Type Nots) Description |
I 0,1 110 = Stepping Motor Rate l’
See Table 3 for Rate Summary i
| 2 V = Track Number Verify Flag|V = 0, No verify
V = 1, Verify on destination track :
1
3 h = Head Load Flag h = 0, Unioad head at beginning |
h = 1, Load head at beginning :
i
| 4 T = Track Update Fiag T = 0, No upcate !
T = 1, Upaate track register )
& m 0 ap = Data Address Mark ag = 0, F8 (DAM)
a0 = 1, F8 (deleted DAM)
I 1 C = Side Compare Fiag C = 0, Disable side compare
C = 1, Enable side compare
n&m 1 U = Update SSC U = 0, Upgate SSO to 0
U = 1, Update SSO to 1
nam 2 E = 15 MS Delay E = 0. No. 15 MS detay
E = 1, 15 MS gelay (30 MS for 1 MH2)
I 3 S = Side Compare Flag S = 0, Compare for side 0
S = 1, Compare for side 1 [
- LSB's Sector Length in D Fietd ] !
i 3 L = Sector Length Flag 0 01 10 1 B
L =0 256 512 1024 128 ]
L =1 128 256 512 1024 |
1] 4 m = Multipie Record Flag m = 0, Single record
m = 1, Multiple records
v 03 Ix = Interrupt Condition Flags
0 = 1NotReady To Ready Transition
I = 1 Ready To Not Ready Transition
12 = 1index Puise
k] = 1 Immediate interrupt, Requires A Reset”
la-lg = 0 Terminate With No Interrupt (INTRQ)

*NOTE. See Type IV Command Descnption for further information.

7
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Write Precompensation

When operating in Doudle Density moge (COEN = 0), the
278X has the capability of providing a user-gefined
precompensation vaiue for Write 0Data An extemal
potantiometer (10K) tied 1o the WPW signal (Pin 33) allows a
satting of 100 to 300 ns from nominal.

Sating the Wnte precomp vaiue is accomplished by for-
cing the TEST line (Pin 22) to a Logic 0. A stream of pulses
can then be sean on the Write Data (Pin 31) line. Agjust the
WPW Potantiometer for the desired pulse wiath. This
agjustment may be pertormed in-circuit since Write Gate
(Pin 30) is inactive while TEST = 0.

Data Separation

The 279X can operate with either an external gata separator
or its own internal recovery circuits. The condition of the

TE3, line (Pin 22) in conjunction with MR (Pin 19) will seiect
intemal or external mede.

To program the 279X for extemal VCO, a MR pulse must be
applied while TEST = 0. A clock equivalent to eight times
the qala rate (e.g., 4.0 MHz for 8" Double Density) is applied
1o the VCO input (Pin 26). The feedback reference voitage is
available on the Pump output (Pin 23) for external in-
tegration to control the VCQ. TEST is retumed to a Logic 1
for norfmal operation. Note:_Tg maintain this mods,

must be held low whenever MR is applied.

For intemal VCO operation, the TEST line must be high
dunng the MR puise, then set to a Logic 0 for the adg-
justment procedure.

A 50K Potentiometer tied to the RPW input (Pin 18) is used
te sat the intemal Read Data puise for proper phasing. With
a scope on Pin 29 (TG43), adjust the RPW pulse for 1/8 of
the qata rate (250 ns for 8" Double Density). An extemal
vanapie capacitor of 560 pf is tied to the VCO input (Pin 26)
tor agjusting canter frequency. With a frequency counter
on Pin 16 (DIRC) adjust the trimmer cap 10 yieid the ap-
srcenate Cata Rate (S00 KHz for 8" Double Density). The
SCEN line must be low while the 5/8 line is heid hign or the
agjustment times apove will be doubdied,

After adjustments have been made, the TEST pin is
ratumed to a Logic 1 and the devics is ready for operation.
Acjusiments may be made in-circuit since the DIRC ang
TG4 lines may toggle without affecting the drive.

The PUMR output (Pin 23) consists of positive and negative
pulses, ‘which their duration is eguivalent to the pnase
citterence of incoming Data vs. VCO frequency. This signal
is intemally csnnected to the VCO input, but a Filter is
needed 10 connec! these puises to a siow moving OC
voitage.

The intemal phase-getector is unsymmetrical for a rangom

gistnbution of data puises by a factor of two, in favor of a

PUMP UP congition. Therefore, it 1S desirable to have a
PUMP DOWN twice as responsive 10 prevent run-away
dunng a lock attempt.

A first order lag-lead fiiter can be used at the PUMP output
(Pin 22). This filter controls the instantaneous response of
the VCO 1o bit-snifteg data (jitten as wetl as the response to
normal irequency snift, i.e., the lock-up ume. A dalance
Mmust De accomplisned Detween the two conditions 10

inhibit over-responsiveness to jitter and to prevent an
extremely wide lock-up response, leaging o PUMP run-
away. The filter attects these two reactions in mutually
opposite directions.

The Sourcs Impeganca for a PUMP UP/DOWN conaition is
6800/120 ohms, respectively, tharefore the change in bias
voltage for each pump can be approximated:

atayv dt = 250 ns. (set by RPW)
av = AC C=0Qiul
. R=Rg+R
AV = 28V for PUMP UP
0.8V tor PUMP DOWN

Look up responsa (T) is the transient time lor the Loap 1o
lock from center frequency (Fg) to maximum lock range:
TL = 10% FLXKOXAP
Where:
Ko = VCO Conversion Gain = 3.7KHZmV
FL = Lock Range = 4.00 MHZ
AP = Change in Bias for sach Pump = 4 mV/PUMP

400 KHzx 3.7 KHzx4 mV = 27 pumps
27 pumps = 54 usec = 1.4 Byte times (8° Double Density)

The following Filter Clrcuit Is recommended for 8°

FMIMFM: BUMP

(PIN 23) B T —

1KQ & IN94

b4

Sincs 5% * Drives operate at axactly one-haif the data rate
(250 Kb/sec) the above capacitor shouid be doudled to 2 or
22uf.

TYPE | COMMANDS

‘The Type | Commands include the Restore, Seek, Slep,
Step-in, and Step-Out commands. Each of the Type |
Commands contains a rate fiela (rg rq), which determines
the stepping motor rate as defined in Table 3.

A 2us (MFM) or 4 us (FM) puisa is provided as an output {0
the drive. For every step puise issued, the drive moves cne
track location in a girection determined Dy the direction
cutput. The chip will step the grive in the same dirsction it
last stapped uniass the command changes the direction.

The Direction signal is active high when stepping in and
low when stepping out. The Direction signal s vallg 12 48
before the first stepping puise is generated.

The rates (snown in Tabie 3) can be appiied 10 a Slap-
Cirection Motor through the devica intertaca.

TABLE 3. STEPPING RATES

CLK 2 MH2 1 MHZ
R1 RO TEST =1 TesST =1
0 0 3ms 6 ms
0 1 sms 12ms
1 0 10ms X ms
1 1 15ms O ms

After the last directional step an adaitional 1§ milliseconas
of head settling time takes place if the Venfy flag is sat in
Type | commands. Note that this time goubtes 10 30 ms tor



a 1 MHz clock. There is aiso a 15 ms head settling time if
the £ flag is set in any Type Il or Il command.

When a Seek, Step or Restore command 1s executed an
optional veritication of Read-Write head position can be
performed by setting bit 2 (V = 1) in the command word to
a logic 1. The verification operation begins at the end of the
15 millisecond settling time after the head is Icaded against

the media. The track number from the first encountered ID

Field is compared against the contents of the Track
Register. if the track numbers compare and the |D Field
Cyclic Redundancy Check (CRC) is correct, the verify
operation is compiete and an INTRQ is generated with no
errors, |f there is a match but not a valid CRC, the CRC error
status bit Is set (Status bit 3), and the next encountered |D
field is read from the disk for the verification operation.

The WD279X must find an ID field with correct track
numober and correct CRC within 5 revoiutions of the media;
otherwise the seek error is set and an INTRQ is generated.
ItV = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the
read/write head against the media. HLD is activated at the
beginning of a Type | command if the h flag is set (h = 1), at
the end of the Type | command if the verify flag (V = 1), or
upon receipt of any Type |l or Ill command. Once HLD is
active It remains active until either a Type | command is
received with (h = 0 and V = _0); or if the 278X is in an idle
state (non-busy) and 15 index puises have occurred.

Head Load timing (HLT) is an input to the 278X which is
used for the head engage time. When HLT = 1, the 278X
assumes the head |s completely engaged. The head
engage time is typically 30 to 100 ms depending on drive.
The low to high transition on HLD is typically used to fire a
one shol The output of the one shot is then used for HLT
and supplied as an input to the 278X

a—
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HEAD LOAD TIMING

When both HLD and HLT are true, the 279X will then read
{rom or write to the media. The “and” of HLD and HLT ap-
pears as status Bit 5 in Type | status.

In summary for the Type | commands: if h = 0and V = Q,
HD isreset If h = 1 and V = 0, HLD is set at the
beginning of the command and HLT is not sampied nor is
there an intemal 1S ms delay. fh = 0and V = 1, HLD is set
near the end of the command, an intemal 15 ms occurs,
and the 279X waits for HLT tobe true. if h = 1and V = 1,
HLD is set at the beginning of the command. Near the end
of the command, after ail the steps have been issued, an
Internal 15 ms delay occurs and the 273X then waits for HLT
to occur.

For Type It and Il commands with E flag off, HLD is made
active and HLT is sampled untll true. With € flag on, HLD Is
made actlve, an intemal 15 ms delay occurs and then HLT is
sampied until true.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TRO0) input is
sampled. If TROO ts active low indicating the Read-Wnte
head s positioned over track O, the Track Reg:ster is loaded
with zeroes and an interrupt is generated. !f TRO0 is not
active low, stepping pulses (pins 15 to 16) at a rate specitied
by the 170 field are issued until the TROO input is activated.
At this time the Track Register is loaded with zeroes and an
interrupt is generated. If the TROO input does not go active
low after 255 stepping pulses, the 278X terminates
operation, interrupts, and sets the Seek efror status bit A
verification operation takes place if the V flag is set. The h
bit allows the head to be lcaded at the start of commanc.
Note that the Restore command is executed when MR
goes from an active to an inactive state.

SEEK

This command assumes that the Track Register contains
the track numper of the current position of the Read-Write
head and the Data Register contains the aesirec tracx
number. The WD278X will update the Track register ang
issue stepping pulses in the appropriate direction until the

D
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VERIFY
SEQUENCE

ogrecrio
)

NOTE ' Wons TWERE 1S A WMIS Oft av

TYPE | COMMAND FLOW

contents of the Track register are equal to the contents of
the Data Register (the desired track location). A verification
cperation takes place if the V flag is on. The h bit allows the
head to be lcaded at the start of the command. An interrupt
is generated at the completion of the command. Note:
When using muitiple dnives, the track register must be

_ubcated for the arive setected before seeks are issued.

STEP

Uoon recaipt of this command, the 279X issues one
stepping puise to the disk drive. The stepping motor
airection is the same as in the previous step command.
After a delay determined by the 1fQ fieid, a venfication
takes place if the V flag is on. If the T flag is on, the Track
Register 1s updated. The h bit allows the head to be Icaded
at the start of the command. An interrupt 1s generated at
the compietion of the command.

STEPR-IN
Upon receipt of this command, the 279X issues one

stepping pulse in the direction towards track 78. If the ‘[
flag i1s on, the Track Register is incremented by one. After a

TYPE | COMMAND FLOW

delay determined by the r1rQ fieid, a verification takes placa
if the V flag is on. The h bit allows the head to be loadeq at
the start of the command. An interrupt is generateg at the
compietion of the command.

STEP-OUT

Upon receipt of this command, the 278X issues one
stepping puise in the direction towards track 0. If the T flag
is on, the Track Register is decremented Dy one. After a
delay determined by the M7Q field, a verification takes placs
if the V flag 1s on. The h pit aliows the nead to be icaged at
the start of the command. An interrupt is generated at the
completion of the command.

EXCEPTIONS

On the 278577 devices, the SSO output is not atfected
during Type | commands, and an intemal side compare
does not take place when the (V) Venfy Flag 1s on.

TYPE Il COMMANDS

The Type iI Commands are the Read Sector and Write
Sector commanas. Pnor to loading the Type || Command
into the Commang Register, the computer must lcad the




Sector Register with the desired sector number. Upon
receipt of the Type Il command, the busy status Bit is set !f
the £ flag = 1 (this is the normal case) HLD is made active
and HLT is sampled after a 15 msec gelay. If the E flag is 0,
the head is Icaded and HLT sampied with no 15 msec delay.

When an D fieid is iocated on the disk, the 278X compares
the Track Numper on the ID field with the Track Register. If
there is not a match, the next encountered ID fieid is read
ang a comparison is again made. |f there was a match, the

Sector Number of the ID field is compared with the Sector -

Register. If there is not a Sector match, the next en-
countered 1D fleid is read off the disk and comparisons
again made. If the ID field CRC Is correct, the data field is
then located and will be either written into, or read from

SET SUSY *ESET DRQ. LOST
DATA AECORO NOT SOLNO 4
STATUS BITS 5 4 § WTRO

mEr

TYPE 1| COMMAND

"

WTRQ. SESET BUSY
SET RECOND-MOT FOUNO,

BRNG i SECTOR LENGT™ ¢ELD
sfontuncv--m

@
..

SET CRC
STATUS ERROR

RESET
cRe

TYPE ll COMMAND

depending upon the command. The 279X must find an ID
field with a Track number, Sector number, side number, and
CRC within 5 revolutions of the disk: otherwise, the Record
not found status bit is set (Status bit 4) and the command is
terminated with an interrupt.

Each of the Type || Commands contains an (m) flag which
determines if multiple records (sectors) are to be read or
written, depending upon the command. If m = 0, a single
sector is read or written and an interrupt is generated at the
completion of the command. If m = 1, multiple records are
read or written with the sector register intemaily upcated
so that an address verification can occur on the next
record. The 279X will continue to read or write muitipie
records and update the sector register in numerical
ascending sequence until the sector register exceeds the
number of sectors on the track or until the Force Interrupt
command is loaded into the Command Register, which
terminates the command and generates an interrupt.

For example: If the 278X is instructed to read sector 27 and
there are only 26 on the track, the sector register exceeds

c0-X6.2am
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READ SECTOR
. SEQUENCE

Ryt RECORD TVeE 1
STATUS AGG MIT §

0 VES

=as
FIRST BYTE
(L1

s OSA
b

NIRQ AESET BUSY
SET CAC tAACR

! !
k) ‘ .nnlemnmv)

WRITE SECTOR
SEQUENCE

L
{ 08147 7 99185 OF Gad ]

{ OfLAY 1 §VVE OF Car

TURR O WG & wifE
6 8VTES OF 2EAQS

1
WRITE QAL A

ACCOROMG TO 40 516LD
OF wiNTE COMAND

T O @y, 6 ot
14,8V U {1y

[ M'Qﬂl &t ong ]

]

l wesTE SVTE TO 018 ]

TYPE I COMMAND
the number available. The 273X will search for 5 disk
revolutions, interrupt out, reset busy, and set the record not
found status bit.

The Type |l commands for 2791-93 also contain side select
comgpare flags. When C = Q (Bit 1) no side comparison is
made. When C = 1, the LS8 of the side number is read off
tne iD ~ietd of the disk and compared with the contents of
ine \S) flag (Bit 3). If the S flag compares with the side
numper recorded in the 1D fieid, the 279X continues with
the iD search. If a companson is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

The Type |l and Ill commands for the 2795-97 cantain a side
setect fag (Bit 1). When U = 0, SSO is updated to Q.
Similany, U = 1 updates SSO to 1. The chip compares the
SSO to the ID field. If they do not compare within 5
revolutions the intesrupt line is made active and the RNF
status it is set.

The 27957 READ SECTOR and WRITE SECTOR com-

TYPE II COMMAND

mands include a 'L’ flag. The ‘L’ flag, in conjunction with
the sector length byte of the |D Field, allows different byte
lengths to be implemented in each sector. For IBM com-
patibility, the 'L’ flag shouid be set tc a one.

READ SECTOR

Upon receipt of the Read Sector command, the head is
loaged, the Busy status bit set, and wnen an (0D fieid is
encountered that has the comect track numper, comect
sector numper, correct side number, ang correct CRC, the
data field is presented to the computer The Data Address
Mark of the data field must be found within 30 bytes in
single density and 43 bytes in double density of the last |0
field CRC byte; if not, searcn the IO fieid is repeated.

When the first character or byte of the data fieid has been
shifted through the DSR, it is transferred to the DR, anag
DRQ s generated. When the next byte is accumuiated in
the DSR, it is transferred to the DR and another DRQ is
generated. If the Computer has not read the previous
contents of the DR before a new character is transtferreg
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that character is lost and the Lost Data Status bit is set.
This sequence continues until the complete data field has
been inputted to the computer. If there is a CRC error at the
end of the gata fleid, the CRC error status bit is set. and the
command is terminated (even if it is a muitiple sector
command).

At the end of the Read operation, the type of Data Address
Mark encountered in the data field is recorded in the Status
Register (Bit 5) as shown:

STATUS
BITS
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the head is
lcaged (HLD active) and the Busy status bit is set. When an
1D field is encountered that has the correct track number,
correc! sector number, correct side number, and correct
CRC, a DRQ is generated. The 278X counts off 11 bytes in
singie density and 22 bytes in double density from the CRC
fleid and the Write Gate (WG) output is made active if the
DRQ is serviced (l.e, the DR has been loaded by the
comouten. |f DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
zeroes in single density and 12 bytes in doubie density are
then written on the disk. At this time the Data Address
Mark is then written on the disk as determined by the a0
field of the command as shown beiow:

aQ Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The 273X then writes the data field and generates DRQ's to
the computer. If the DRQ is not serviced in time for con
tinuous writing the Lost Data Status Bit is set and a byte of
zeroes Is written on the disk. The command is not ter-
minated. After the last data byte has been written on the
disk, the two-byte CRC is computed intemally and written
on the disk followed by one bye of FE in FM or in MFM. The
WG output Is then deactivated. For a 2 MHz clock the
INTRQ will set 8 to 12 usec after the last CRC byte is
written. For partial sector writing, the proper method is to
write the data and fill the balance with zeroes. By letting the
chip flil the zeroes, errors may be masked by the lost data
status and improper CRC Bytes.

TYPES 1t COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the head is
lcaded and the Busy Status Bit is set The next en-
countered 1D fieid is then read In from the disk, and the six
data bytes of the ID field are assembled and transferred to
the OR, and a DRQ |s generated for each byte. The six bytes
of the ID fieid are shown beiow:

TRACK | SIDE | SECTOR | SECTOR | CRC [CRC
ADDR | NUMBER | ADDRESS | LENGTH | 1 | 2
EE 3 4 5 | 6

Although the CRC characters are transferred to the

SET BUSY AESET O™Q
LOS? Data STATUS
[ 1A4 WY

ves

|

‘E

CO®v 5 FLAG TO
SO LINE /179877 O™ Y
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i L

LTSN TRV
LI AR AR

DELAY ) BYYE
TIMES

SET wTRO L] =as
LOSY DATA ORO BEEN
RESET BUSY SERVICE *3 WS ¥ CLOCK
- 10
ves

s  —

TYPE It COMMAND WRITE TRACK

computer, the 279X checks for validity and the CRC error
status bit is set if there is a CRC error. The Track Aaaress of
the ID field is written into the sector register so that a
comparison can be made by the host. At the end of the
operation an interrupt is generated and the Busy Status is
reset.

READ TRACK

Upon receipt of the READ track command, the head is
loaded, and the Busy Status bit Is set. Reading starts with
the leading edge of the first encountered index puise and
continues until the next index puise. All Gap, Header, and
data bytes are assembled and transferred to the data
register and DRQ's are generated for each byte. The ac..
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TYPE |l COMMAND WRITE TRACK )
CONTROL BYTES FOR INITIALIZATION

cumulation of bytes is synchronized (o sach adaress mam
encountered. An interrupt Is generatea at the compiation of
the command.

This command has several characteristics which make it
suitable for diagnostic purpcses. They are: no CRC
checking is performed; gap information is inciuded in the
data stream; the intemnal side compare is not performed:
and the addrass mark detector is on for the duration of the
command. Because the A.M. detector is always on, write
_splices or noise may cause the chip to look foran AM. ifan
addrass mark does not appear on schedule with the Lost
Data status flag being set.

The ID A.M., ID field, ID CRC bytes, DAM, Data and Data
CRC Bytes for each sector will be correct. The Gap Bytes
may be read incorrectly dunng write-splica time because of
synchronization.

WRITE TRACK FORMATTING THE DISK
(Refer to section on Type Ill commands for flow diagramas.)

Formatting the disk is a relatively simpie task when cperal-
ing programmed /O or when cperating under DMA with a
large amount of memory. Data and gap information must be
provided at the computer interfacs. Formatting the disk |is
accomplished by positioning the RW head over ihe de-
sired track number and issuing the Write Track command.

Upon receipt of the Write Track command, the head |s
lcaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered index puise and
continues until the next index puisa, at which time ihe
interrupt is activated. The Data Reguest is activated Im-
mediately upon receiving the command, but writing wiil not
start until after the first byte has been |caded into the Data
Register. If the DR has not been lcaded by the time the
index puise is encountered the operation is terminated
making the device Not Busy, the L.ost Data Status Bit Is set,
and the interrupt is activated. !f a byta is not present in the
DR when needed, a byte of zeroes is substituted.

This sequence continues from one index mark to the next
index mark. Normally, whataver data pattern appears in tha
data register is written on the disk with a normai clock
pattern. However, if the 279X detects a data pattem of F5
thru FE in the data register, this is interpreted as data ag-
dress marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from
F8 to FE is about to be transferred from the OR to the OSR

DATA PATTERN WD279X INTERPRETATION WD273X INTERPRETATION
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DD@ =0

00 thru Fd4 Write 00 thru F4 with CLK = FF Write 00 thru Fd, in MFM

=] Not Allowed Write A1° in MFM, Presat CRC

= Not Allowed Write C2°° in MFM

F7 Generate 2 CRC bytes . " Generate 2 CRC bytes

F8 thru F8 Write F8 thru FB, Clk = C7, Preset CRC . - Write F8 thru F8, in MFM

FC Write £C with Clk = D7 Write FC in MFM

FD Write FD with Clk = FF Write FD in MFM

FE Write FE, Clk = C7, Preset CRC Write FE in MFM

FF Write FF with Clk = FF Write FF in MFM

* Missing clock transition between bits 4 and §

** Missing clock transition between bits 3 and 4

e )
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or by receipt of F5 in MFM. An 77 pattern will generate two
CRC characters in FM or MFM. As a consequence, the
pattems F5 thru FE must not appear in the gaps, data
fields, or ID fields. Also, CRC's must be generated by an F7
pattern.

Disks may be formatted in IBM 3740 or Systemn 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes.
a

TYPE IV COMMANDS

The Forced Interrupt commanc Is generally used to ter-
minate a multiple sector read or write command or to in-
sure Type | status In the status register. This command can
be icaded into the command register at any time. If there is
a current command under execution (busy status bit set)
the command will be terminated and the busy status bit

reset.

The lower tour bits of the command determine the condk
tional interrupt as follows:

10 = Not-Ready to Ready Transition
11 = Ready to Not-Ready Transition
12 = Every Index Puise

13 = Immediate Interrupt

The conditional interrupt is enabied when the correspong-
ing bit positions of the command (13 - 10) are set to a 1.
Then, when the condition for interrupt is met, the INTRQ
line will go high signifying that the condition specified has
occurred. If 13 - 10 are all set to zero (HEX DO), no interrupt
will occur but any command presently under execution will
be immediately terminated. When using the immediate

-
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interrupt conaition I3 = 1), an interrupt will be immediately
generated ana the current command terminated. Reading
the status or writing to the command register will not auto-
maticaily ciear the interrupt. The HEX DO is the only com-
mand that will enable the immegiate interrupt (HEX 08) to
Clear on a subsequent lcad command register or read sta-
tus register operation. Follow a HEX D8 with 00 command.

Wait 8 micro sec (double density) or 16 micro sec (single
density) before issuing a new command after issuing a
forced interrupt (times double when clock = 1 MH2.
Loaging 1 new command sconer than this will nullify the
forced interrupt.

Farced interrupt stops any command at the end of an in-
ternal micro-instruction and generates INTRQ when the
specified condition is met. Forced interrupt will wait until
ALU operations in progress are compiete (CRC
calculations, compares, etc.)

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (1 = 1)
ang the Every Index Puise (I2 = 1) are both set, the
resuitant command wouid be HEX “DA." The “OR" func-
tion is performed so that either a READY TO NOT-READY
or the next Index Puise will cause an interrupt condition.

READ ADDRESS
SEQUENCE

TYPE IIl COMMAND
Read Track/Address

STATUS REGISTER

Upon recsipt of any command, excapt the Force Intermupt
command, the Busy Status bit is set and the rast of the
status bits are updated or cieared for the new commiana. If
the Force Interrupt Command is recaived when thers is a
current command under axecution, the Busy status bit is
reset, and the rest of the status bils are unchanged. If the
Force Interrupt command is recsived when there is not a
current command under execution, the Busy Slatus bit is
reset and the rest of the status bits are updatea or cleared.
In this case, Status raflects the Type | commanas.

The user has the option of reading the status register
through program control or using the DRQ line with DMA or
interrupt methods. When the Data register Is read the ODRQ
bit in the status register and the DRQ line are automaticaily
reset. A write to the Data register aiso causes both DRQ's
to reset.

The busy bit in the status may be monitored with a user
program to determine when a command is complets, in lieu
of using the INTRQ line. When using the INTRQ, a busy
status check is not recommended because a read of the
status register to determine the condition of busy will reset
the INTRQ line.

The format of the Status Register is shown beiow:

(BITS)

7 ] ] 4 3 2 1 0

S7 | S6 S5 S4 S| s2 | & S0

Status varies according to the type of command executed
as shown in Table 4.

Because of intermal sync cycles, cartain time deiays must
be cbserved when operating under programmed UVQ. They
are: (times doubte when clock = 1 MHZ

Delay Reg'c.
Operation Next Operation FM | MFM
Wiite to Read Busy Bit 12us | Gus
Command Reg. ! (Status Bit Q) !
Write to Read Status Bus | s
Command Reg. ; Bits 1-7 g
Write Any Read From Qitf. o |, O
Register Register !

IBM 3740 FORMAT = 128 BYTES/SECTOR

Shown below is the |BM single-density format with 128
bytes/sector. In order to format a diskette, the user must
issue the Write Track command, and lcad the data register
with the following values. For every byte to be written, there
is one Data Request.




NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
40 FF (or 003
] 00
1 FC (Index Mark)
122 FF (or 00)
] 00
1 FE (1D Address Mark)
1 Track Number
1 Sige Numper (00 or 01)
1 Sector Number (1 thru 1A)
1 00 (Sector Length)
1 F7 (2 CRC's written)
1 F* (or 00)
6 (0]
1 F3 (Data Agaress Mark)
128 Data (IBM uses £5)
1 F7 (2 CRC's written)
7 FF (or 00)
2472 EF (or 00)

1. Write bracketed fieid 26 times

2 Continue writing until 278X interrupts out.
Approx. 247 bytes.

3 A'0C" option is aliowed on 278577 onty.

IBM SYSTEM 34 FORMAT-
258 BYTES/SECTOR

Shown below is the IBM dual-density format with 256
bytes/sector. In order for format a diskette the user must

issue the Write Track command and load the data register
with the following values. For every byte to be written, there
1S One data request.

NUMBER HEX VALUE OF |
OF BYTES BYTE WRITTEN !
80 4E |
12 00
3 FS (Writes C2)
1 FC (Index Mark)
=) 4E
‘ 00
F5 (Writes A1)
FE (ID Address Mark)
Track Number (0 thru 4C)

Side Numper (0 or 1)
Sector Number (1 thru 1A)
01 (Sector Length)

7 (2 CRCs written)

4E

00

F5S (Writes A1)

F3 (Data Address Mark)
DATA

F7 (2 CRCs written)

4E

4E

wm
: .

** Continue writing until 278X interrupts out.

* Write bracketed fieid 26 times

Approx. 538 bytes.
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1. NON-IBM FORMATS

Vanations in the IBM formats are possible (0 a limited ex-
tent if the following requirements are met

1) Sector size must be 128, 258, 512 of 1024 bytes.

2 Gap 2 cannct be varied from the |IBM format.

J) 3bytes of A1 must be used in MFM.

In agdition, the Index Address Mark is not required for
operation by the 279X, Gap 1, 3, and 4 lengths can be as
short as 2 bytes for 279X cperation, however PLL lock up
time, motor speed vanation, write splice area, etc. will agdd
more bytes to each gap to achieve proper cperation. It is
recommended that the |IBM format be used for highest
system reiiapility.

ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings

Voitage to any input with
respect to Vgsg = +15t0 =0.3V

CiN & CouT = 15 pF max with all pins grounded except
one under test.

Operating temperature = 0°Cto 70°C

-Storage temperature = =55°Cto +125°C

OPERATING CHARACTERISTICS (DBC)

Ta = 0°Cto70°C,Vss = OV, Ve = +5M = 25V

EM MFM

Gap | 16 bytes FF 32 Dytes 4€
Gapli 11 bytes FF 2 bytes 4E

° 6 bytes 0 12 bytes @0

¢ 3 bytes A1
Gap lit** 10 bytes F# 24 bytes 4E

4 bytes 00 8 bytes @0

3 bytes A1
Gap IV 16 bytes FF 18 bytas 4€

* Byte counts must be exact.

** Byte counts ars minimum, axcept axactly 3 bytes of A1
must be written.

NOTE: Maximum limits indicate where permanent device
damage occurs. Continuous operation at these {imits 1s not
intended and shouid be limited to those conditions
specified in the DC Electrical characteristics.

SYMBOL * CHARACTERISTIC MIN. | TYP MAX. UNITS CONDITIONS
e Input Leakage 10 HA VIN = Vco
loL = | Output Leakage 10 HA Vout = Vee
ViH Input High Voitage 20 \"

ViL input Low Voitage 0.8 v

VoM Qutput High Voitage 24 v g = = 100uA
VoL Output Low Volitage 0.45 v o = 1.5mA
VoHP Output Hign PUMP 22 v lop = -1.0mA
voLp Qutput Low PUMP ‘0.2 \ lop = +1.0mA
Pp . Power Dissipation .75 W All Qutputs Cpen
Rey Intemal Puil-up”® 100 1700 WA VIN = OV
lotel Supply Current 70 150 mA All Qutputs Open

* internal Pull-up resistors on PINS 1, 17, 22, 25, 37, and 40.

18
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TIMING CHARACTERISTICS
TA = 0°Cto 70°C, Vgs = OV,Vee = +5V = 25V
READ ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX UNITS CONDITIONS

TseT Setup ADDR & CS to RE 50 nsec

THLD Hold ADDR & CS from RE 10 nsec .

TRe RE Pulse Width 200 . nsec CL = 50 pf

TORR DRQ Reset from RE 100 200 nsec

TIRR INTRQ Reset from RE 500 3000 nsec See Note

Toace Data Valid from RE 100 200 nsec CL = S0 pf

TooH Data Hold From RE 20 150 nsec CL = 50pf
WRITE ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. 7 TYP. MAX UNITS CONDITIONS

TSeT Setup ADDR & CS to WE 50 nsec

THLD Hold ADDR & CS trom WE 10 nsec

TWE WE Puise Width 200 nsec

TORR DRQ Reset from WE 100 200 nsec

TIRR INTRQ Reset from WE 500 3000 nsec See Note

Tos Data Setup to WE 150 nsec

ToH Data Hold from WE 50 nsec
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READ ENABLE TIMING
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INPUT DATA TIMING

SYMBOL CHARACTERISTIC MIN. | TYP. | MAX UNITS CONDITIONS
Tew Aaw Read Pulse Wiatn 100 200 nsec
Tac Haw Read Cycte Time 1500 2000 nsec
WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MH2
SYMBOL CHARACTERISTIC MIN. TYR MAX, UNITS CONDITIONS
Twp Write Data Puise Width - 400 500 800 nsec FM
240 1000 nsec MFM
TWG Write Gate to Write Data 2 usec FM
1 nsec MFM
TWE Write Gate off from WD 2 usec FM
1 usec MFM
MISCELLANEQOUS TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX UNITS CONDITIONS
'l'c;;)1 Clock Duty (low) 20 250 20000 nsec
TCDy Clock Duty (high) 20 250 20000 nsec
TSTP Step Pulse Qutput 2o0rd usec See Note
ToiR Dir Setup to Step 12 usec = CLK ERROR
TMR Master Reset Pulse Width 50 usec
Tip Index Puise Width 10 usec See Note
RPW Read Window Puise Width input O-5v
120 700 nsec MFM
240 1400 nsec FM = 15%
WPW Write Data Pulse Width Input 0-5v
300 1000 nsec MFM
500 nsec M
Precomp Adjust. 3 100 250 nsec MFM
RPW Read Window Puise Width input 0-5V
120 700 nsec MFM
240 1400 nsec FM = 15%
WPW Write Data Puise Width Input 0-5V
300 1000 nsec MFM
500 nsec M
Precomp Adjust. 100 250 nsec MFM
\ore] Free Run Voitage Controlled 8.0 Mz Ext.C =0
Oscillator. Adjustabie by ext. 4.0 MHZ Ext.C = 25 pf
capacitoron Pin 26
Pump Up + 25% 5.0 MH2 PU = 22V Caxt
vCo o = 200
Pump Down - 25% 3.0 MHZz PD = 02V Caxt
. = 3Spf
veo 5% Change Vcg 3.8 4.2 MKz Cext = 35 pf
Ta = 75°C 35 MHz Caxt = 235 pt
Cext Necessary external capacitor 10 35 80 pt VCO = 4.0MH2
nom
RCLK Derived read ciock VCO = 4.0MMHz
= VCQO - 8, 16,22
500 KHz ODEN =0
8 = 1
250 KHz DDEN =0
38=0
250 KHz DDEN =1
S8 =1
128 KHz DDEN =1
e 38 =0
PU/CON PU/PD time on 250 ns MFM
(pulse wigth) 500 ns M

S S S S




- - t NOTESc
1. Times double wnen clock = 1 MHz
S — 2 Output timing readings are at Vo = 0.Bv and VO =
- - 20v.
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MISCELLANEOUS TIMING READ DATA TIMING
*FROM STEP RATE TABLE
Tabie 4. STATUS REGISTER SUMMARY
ALL TYPE ! READ READ READ WRITE WRITE
BIT COMMANDS ADDRESS SECTOR TRACK - SECTOR TRACK
S7 | NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY
S8 | WRITE 0 0 0 WRITE WRITE
PROTECT PROTECT PROTECT
S5 | HEAD LOADED 0 RECORD TYPE 0 0 0
S4 | SEEK ERROR RNF RNF 0 RNF 0
83 | CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 | TRACKO LOST DATA LOST DATA LOST DATA LCST DATA LCST DATA
S1 | INDEX PULSE DRQ DRQ DRQ DRQ DRQ
SO | BUSY BUSY BUSY BUSY BUSY 8UsY

STATUS FOR TYPE | COMMANDS

BIT NAME MEANING

S7 NCT READY This bit when set indicates the drive is not reagy. When reset it indicates that the drive is reagy.
This bit is an inverted copy of the Ready input ana logicaily ‘ored’ with MR.

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRFT input.

S5 HEAD LOADED When set, it indicates the head is Ioacec and engagec. This oit is alogical “and” of HLD anc HLT :
signais. ;

S4 SEEX ERROR When set, the gesirec track was not verified. This bit is reset 10 0 wnen ypcatec. i

S3 CRC ERROR CRC encountered in ID fieid. i

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy of the |
TROO input.

S1INDEX [ When set. indicates index mark getectec ‘rom cnve. This it is an inverted cooy of the 1P inout.

SO BUSY | When set commanga is in progress. When reset no commanc is in orogress. !

21

Z0-XGledm



cOX6leaMm

T e weraseen,
STATUS FOR TYPE i AND Il COMMANDS

BIT NAME MEANING

S7 NOT READY This bit when set indicates the drive Is not ready. When rasat, It Inglcates that the anve is ready.
This bit is an inverted copy of the Ready input and ‘cred’ with MR. The Type Il and Il Commanas
will not execute uniess the drive is ready.

S8 WRITE PROTECT | On Read Record: Not Used. On Read Track: Not Usad. On any Write: It Ingicates a Wnte Protect
This bit is reset when updated.

S5 RECORD TYPE On Read Record: It indicates the record-type code from data fleld acdaress mark. 1 = Deleted
Data Mark. Q = Data Mark. On any Write: Forced to a Zero.

S4 RECORD NOT When set, it indicates that the desirad track, sector, or sice werse not found. This bit Is resaet when
FOUND (RNF) updated.
S3 CAC ERROR If S4is set, an error is found in one or more |D fieids; otherwisa it indicates error in data fieid. This
bit is reset when updated.
S2 LCST DATA When sat, it indicates the computer did not respond to DRQ In one byte time. This bit is reset to

Zero wnen updated.

S1 CATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the DR is fuil on a Read Operation or
the DR is empty on a Write operation. This bit is reset to zero when updatad.

S0 BUSY When set, command Is under execution. When raset, no command is under execution.

SUMMARY OF ADJUSTMENT PROCEDURE

WRITE PRECOMPENSATION

1) Set TEST (Pin 22) to a logic high.

2) Strobe MR (Pin 19). )

3) Set TEST (Pin 22) to a logic low.

4) Observe pulse width on WD (Pin 31).

5) Adjust WPW (Pin 33) for desired pulse width (Precomp Value).

6) Set TEST (Pin 22) to a logic high.
DATA SEPARATOR

1) Sset T'ST (Pin 22) to a logic high.
2) Strobe KR (Pin 19). 1Insure that 5/8 "NMF and DDEN are set properly.
3) Set TEST (Pin 22) to a logic low.
4) Observe Pulse Width on TG43 (Pin 29).
5) Adjust RPW (Pin 18) for 1/8 of the read clock
(250ns for 8"DD, 500ns for 5%"DD, etc.)
6) Cbserve Frequency on DIRC (Pin 16).
7) Adjust variable capacitor on VCO pin for Data Rate
(5S00KHz for 8"DD, 250KHz for 5%"DD, etc.)
8) Set TEST (Pin 22) *o a logic high.

NOTE: To maintain internal VCD operation, insure thdt TEST = 1 whenever
a master reset pulse is applied.




APPENDIX "F"

The SYS68K/WFC-1 Controller Board is tested with the following
Winchester and Floppy Drives during Debbuging and Design Phase.

5 14" Winchester Drives:
o SHUGART SA 600
o QUANTUM Q 5290
o MICROPOLIS 1302
o NEC D5244
o BASF 6185
o CDC 9415
5 1/4" Floppy Drives:
O  SHUGART SA460/SA465
o BASF 6116
o MICROPOLIS 1115-6
o CDC 94897

o MITSUBISHI M4853






Dear Customer,

While FORCE Computers has achieved a very high
standard of quality in our products and
documentation, we continually seek suggestions
for new improvements. We would appreciate any

feedback you care to offer.

Please use the attached "PRODUCT ERROR REPORT"
form for your comments and return it to one of

our FORCE Computers offices.

Sincerely,

FORCE Computers.






PRODUCT E RR OR REPORT g
HARDWARE /SOFTWARE/SYSTEMS \
QAQ’

PRODUCT

.o

This box to be
completed by FORCE

SERIAL NO. :

DATE OF PURCHASE

| |
I I
| I
| DATE : I

ORIGINATOR | |
I |

COMPANY : | PR$ I
| I

ADDRESS : | |
| ACTION BY : I
I |
| Engineering ( ) |
| Marketing () |
| Production () |

DATE : I |

TELEPHONE : ( ) EXT

CONTACT :

AFFECTED PRODUCT: ( ) SOFTWARE ( ) HARDWARE ( ) SYSTEM

AFFECTED DOCUMENTATION: ( ) SOFTWARE ( ) HARDWARE ( ) SYSTEM

ERROR DESCRIPTION :

SEND TO

FORCE Computers Inc. FORCE Computers GmbH FORCE Computers FRANCE

Marketing Marketing Marketing

727 University Avenue Daimlerstrasse 9 11, rue Casteja

Los Gatos, CA 95030 8012 Ottobrunn/Munich 9210@ Boulogne

U.S.A. West Germany France






PRODUCT E R R

O R REPORT

HARDWARE /SOFTWARE/SYSTEMS

PRODUCT

SERIAL NO.

DATE OF PURCHASE

ORIGINATOR

COMPANY

ADDRESS

DATE

TELEPHONE : (

EXT

CONTACT

AFFECTED PRODUCT:

AFFECTED DOCUMENTATION:

ERROR DESCRIPTION

( ) SOFTWARE

(

(
(

)

) SOFTWARE )

HARDWARE (

HARDWARE

RLE

—— . ——— ————— ————————

This box to be
completed by FORCE

DATE

PR#

ACTION BY

Engineering
Marketing
Production

~—

SYSTEM

( ) SYSTEM

SEND TO :
FORCE Computers Inc.
Marketing

727 University Avenue
Los Gatos, CA 95030
U.S.A.

FORCE Computers GmbH

Marketing
Daimlerstrasse 9

8712 Ottobrunn/Munich
West Germany

FORCE Computers FRANCE

Marketing

11, rue Casteja
921090 Boulogne
France






