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SECTION | 
INTRODUCTION 
  

1.1 DOCUMENT SCOPE 

This document provides the user with the information 
required to design related software drivers and inter- 
face connections for efficient use of the WD1002-SHD 
Winchester Disk Controller Board. It is to the user’s 
advantage to become familiar with the following related 
documents: 

WD1100-13 ECC Support Device ....... Data Sheet 
WD1010-05 Winchester Disk Controller .. Data Sheet 
WD1010-05 Winchester 

Disk Controller................ Application Note 
WD 1015-02 Buffer Manager 

Control Processor Data Sheet 

1.2 DESCRIPTION 

The WD1002-SHD is a stand alone, general purpose 
Winchester Controller Board designed to interface up 
to two Winchester Disk Drives to a Host Processor (Fig- 

ure 1-1). The Winchester Drive signals are based upon 
the Seagate Technology ST506 interface and other 
compatible drives. All necessary receivers and drivers 
are included on the board to aliow direct connection to 
the drive. 

Communication to and from the Host are made via a 
separate computer access port. This port conforms to 
the popular Shugart Associates System Interface 
(SASI™) and consists of control signals and an 8-bit, bi- 
directional bus. All data to be written to or read from the 
disk, status information, and command parameters are 
transferred via this bus. An on-board Sector Buffer 
allows bus transfers to be executed independently of 
the actual data transfer of the drive. 

The WD1002-SHD is based upon a Western Digital pro- 
prietary chip set consisting of the WD1015-02, 
WD1010-05, and WD1100-13, specifically designed for 
Winchester control. 
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. FIGURE 1-1. 

SASI™ is a trademark of Shugart Associates 

WD1002-SHD BLOCK DIAGRAM 

     



  

1.3 FEATURES 

SASI HOST INTERFACE 

32-BIT ECC FOR WINCHESTER DATA 
CORRECTION 

BAD TRACK MAPPING CAPABILITY 

256 OR 512 BYTES PER SECTOR 

MULTIPLE SECTOR READS AND WRITES 

CONTROL FOR UP TO 2 WINCHESTER DRIVES, 
WITH UP TO 8 R/W HEADS EACH 

DIAGNOSTIC READS AND WRITES FOR 
CHECKING ERROR CORRECTION 

AUTOMATIC FORMATTING 

SELECTABLE INTERLEAVE 

BUILT-IN DATA SEPARATOR 

BUILT-IN WRITE PRECOMPENSATION 

IMPLIED SEEKS 

SINGLE +5V SUPPLY 

OVERLAPPED SEEKS 

0°C to 55°C OPERATIONS 

1.4 OPERATION 

1.4.1. GENERAL 

With regard to bus operations, time can be partitioned 

into five phases: 

Information Transfer 
Reset 
Bus Release 
Bus Free 
Target Selecting 

1.4.2 BUS PHASE SEQUENCING 

A Reset Phase may occur at any time. It is followed by 
the Bus Free Phase. In the absence of a Reset Phase 
the bus alternates between the Bus Free Phase and 
one Transaction. 

A transaction always consists of the following 
sequence: 

One Target Selection Phase 
One or more Information Transfer Phases 
One Bus Release Phase 

The five bus phases are described in Section VI. 
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SECTION II 

SPECIFICATIONS 
  

  

2.1 GENERAL 

This section contains the overall specifications for the 
WD1002-SHD Winchester Disk Controller. These spec- 
ifications are provided as a guide for installing the 
WD1002-SHD. Certain specifications indicate limits 
associated with their parameters that must be adhered 
to in order to guarantee proper and efficient operation. 

2.2 

2.2.1 

ELECTRICAL 

HOST INTERFACE 

Type 
Max Cable Length 
(Total Daisy Chain) 
Termination 
Addressing 

Pee DRIVE INTERFACES 

Encoding Method 
Cylinders per Drive 
Bytes per Sector 
Sectors per Track 

Head Selects 
Drive Selects 
Stepping Rates/Algorythms 
Data Transfer Rate 
Write Precomp Time 
Sectoring Soft 
Max Cable Length: 

Control (Total Daisy Chain) 
Data (Radial-each) 

2.2.3 POWER 

Jes 

2.4 

Voltage 
Current 
Ripple 

PHYSICAL 

Length 
Width 
Height (max including board, components, & leads) 

ENVIRONMENTAL 

Ambient Temperature 
Relative Humidity 
Altitude 
Air Flow 

SASI 
4.5 meters (15 ft.) 

Socketed 220/330 ohm resistor pack 
Jumper selectable 0 to 7 

MFM 
_ Programmabie 
Programmable (256 or 512) 
32 (256 bytes/sector) 
17 (512 bytes/sector) 

8 
2 
Programmable 
5 Mbits/sec 
12 nsec 

6 Meters (20 ft.) 
6 Meters (20 ft.) 

5 +5% 
2.0 amps max, 1.5 amps typ. 
0.1 volts max, 0.1 to 25 mv. 

8 inches 
5.75 inches 
0.75 inches 

0°C to 55°C 
10% to 90% non-condensing 
0 to 3000 meters (10,000 ft) 
100 lin ft/min. at 0.5” from component surfaces. 

    

  

     
 



    

  

 



. SECTION Ill 
) INTERFACE CONNECTIONS 
3.1 ORGANIZATION 

The WD1002-SHD has five on-board connectors for 
user application. 

1. Host SAS! Bus: 50-pin vertical header, mates to an 
AMP88379-8 (J1) © 

2. Winchester Drive Control: 34-pin PC card edge con- 
nector, mates to an AMP88373-3, (P2) 

3. Winchester Drive Data: 20-pin vertical headers on 
.1" centers, mates to an AMP88377-4. (J2, J3) 

Power: 4-pin connector, AMP 1-480424-0 (Housing) 
AMP350078-4 (Pins). (P1) 

Figure 1.1 is a block diagram illustrating the major sec- 
tions and connectors of the controller. 

4. 

3.2 HOST SASI INTERFACE CONNECTOR 

The WD1002-SHD Controller is designed to interface 
with the Shugart Associates System Interface (SASI) 
bus. All interfacing is done through the J1 SASI con- 
nector. The Host and seven other SASI compatible 
devices can be daisy-chained to this bus, the last 
device on the daisy-chain must be terminated with a 
standard 220/330 ohm resistor pack. 

The Controller is configured at the factory as address 
zero, but can be changed to an address of 1 thru 7 by 
the user. 

TABLE 3.1 HOST INTERFACE CONNECTOR (J1) PIN DESCRIPTION 

  

  

            
  

SIG. | SIG. SIGNAL 
GND. | PIN | MNEMONIC NAME 1/0 DESCRIPTION 

1 2 DBO DATA 0 VO | 8-Bit, tri-state, bi-directional bus used for the 
3 4 thru thru transfer of commands, status, and data. 
5 6 D7 DATA 7 
7 8 
9 10 
11 12 
13 14 
15 16 

17 thru 34 Spare 

35 36 BSY BUSY Oo Falling edge acknowledges receipt of SEL and 
address. Rising edge indicates transaction com- 
plete 

37 38 | ACK ACKNOWLEDGE | Handshake for byte transfers (both edges used). 

39 40 | RST RESET | Asserted for 100 nsec. 

41 42 | MSG MESSAGE O Indicates type of bus transfer (see Information 
Transfer Phase) 

43 44 | SEL SELECT | | Asserted, gives control of bus to addressed tar- 
get. 

45 46 | CID COMMANDIDATA | O Indicates type of bus transfer (see Information 
Transfer Phase) 

47 48 | REQ REQUEST Oo Handshake for byte transfers (both edges used). 

49 50 | VO IN/OUT VO | L = Input to the Host 
H = Output from the Host 
(see Information Transfer Phase) 

3-1 

  

  

 



  

3.3 DRIVE CONTROL CONNECTOR 

The control signals are common to both drives and are 
daisy-chained from a single 34 pin PC card edge con- 
nector, J1. To terminate the control signals properly, the 

last drive in the daisy-chain must not be more than 20 ft. 
from the controller, and have a 220/330 ohm resistor 
pack installed. 

  

TABLE 3.2 DRIVE CONTROL CONNECTOR (P2) PIN DESCRIPTION 
  

  

SIG. | SIG. SIGNAL 
GND. | PIN | MNEMONIC NAME VO DESCRIPTION 

1 2 RWC REDUCE oO RWC is asserted when the Present Cylinder 

WRITE Number Register is equal to four times or greater 
CURRENT than the content programmed in the Write Pre- 

comp Register. It is used by the drive to reduce 
drift caused by greater bit density on the inner cyl- 
inders. 

3 4 HS2 HEAD SELECT 2 Oo HS2 is one of three Head Select signals encoded 
by the drive to select one of eight R/W heads. 

5 6 | WG WRITE GATE O | WGis asserted when valid data is to be written. It \ DQ 
is used by the drive to enable the write current to 
the head. WD1002-SHD de-asserts this signal 
when WF is asserted. WD1002-SHD also pre- 
vents WG from being asserted at power up allow- 
ing the drive to remain on while cycling the 
controller on or off. ~ 

7 8 |Sc SEEK COMPLETE | | | SC, when asserted, informs the WD1002-SHD 
that the selected head has reached the desired 
cylinder and has stabilized. 

9 10 | TKOOO TRACK 000 | | The drive asserts TKOOO when the heads are 
positioned over the outermost cylinder (track 0). 

11 12 | WF WRITE FAULT | WF is asserted by the drive when a write error 
occurs. 

13 14 | HSO HEAD SELECTO | O | HSOisone of three Head Select signals encoded 
by the drive to select one of eight R/W heads. 

15 16 NC Not connected 

17 18 | HS1 HEAD SELECT? | O | HS1isone of three Head Select signals encoded 
by the drive to select one of eight R/W heads. ) 

19 20 | INDEX INDEX PULSE | This signal indicates the start of a track. It is used 
as a synchronization point during formatting and 
as a time out mechanism for retries. This signal 
pulses once for each revolution of the disk. 

21 22 | DRDY DRIVE READY I The drive asserts DRDY when it has been 
selected and the motor is up to speed. 

23 | 24 | STEP STEP PULSE oO STEP, along with DIRIN, positions the heads to 
the desired cylinder. 

25 26 | DSELO DRIVE SELECTO | O DSEL 0 is used to select drive 1. — 

27 28 | DSEL1 DRIVE SELECT 1 Oo DSEL 1 is used to select drive 2. 

29 30 | NC Not connected 

31 32 NC . Not connected 

33 34 | DIRIN DIRECTION IN Oo DIRIN determines the direction the R/W heads 
take when stepped. Asserted = in, de-asserted 
= out.             
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3.4 DRIVE DATA CONNECTOR 3.5 POWER CONNECTOR 

The data is differential in nature and must be con- Power is brought to the WD1002-SHD via P1, a 4-pin 
nected to each drive with its own cable, J2, J3. It should Amp 1-480424 connector. The connections are made 
be a flat ribbon cable, or twisted pair, less than 20 ft. as shown: 
long. The connector is a 20 pin vertical header on .1” 
center. PIN SIGNAL NAME 

TABLE 3.3 DRIVE DATA CONNECTORS — J2, J3 1 NOT CONNECTED 
2 GROUND 

SIG. SIG. 3 GROUND 
GND. PIN vo SIGNAL NAME 4 +5V REGULATED 

1 ’ NC 
2 GND 

3 NC 
4 GND 

5 NC 
6 GND 

. 7 . NC 
ys , GND 

- 9 NC 
10 GND 

11 NC 
12 GND 

13 0 + MFM Write Date 
14 O — MFM Write Date 

15 ._ GND 
16 GND 

17 I + MFM Read Data 
18 I — MFM Read Data 

19 GND 
20 GND 

NOTE: 

_ The WD10@-SHD must have Drive 0 connected to J2 
and Drive 1 connected to J3. : 

No
e”
 

~ oo
 

  

  

 



  

3.6 DISK DRIVE CONFIGURATION 
PARAMETERS 

Table 3-4 lists the variable parameters for the major ters are the values used in the Initialize Drive Charac- 

drives supported by the WD1002-SHD. These parame- teristics Command (OC). 

TABLE 3-4. DISK DRIVE CONFIGURATION PARAMETER VARIATIONS 
  

  

            

REDUCED WRITE | WRITE PRECOMPENSATION 
MFGR | MODEL# | CYLINDERS | HEADS | CURRENT CYL. CYLINDER 
CM! CM-5205 256 (100) 2 256 (100) 256 (100) 
CMI CM-5410 256 (100) 4 256 (100) 256 (100) 
CMI CM-5616 256 (100) 6 256 (100) 256 (100) 
OLI HD561 180 (B4) 2 128 (80) 180 (B4) 
OL! HD562 180 (B4) 2 128 (80) 180 (B4) 
RMS | 503 153 (99) 2 77 (4B) 77 (4B) 
RMS | 506 153 (99) 4 77 (4B) 77 (4B) ) 
RMS | 512 153 (99) 8 77 (4B) 77 (4B) 
SEA ST506 153 (99) 4 128 (80) 64 (40) 
SEA ST412 306 (132) 4 128 (80) 64 (40) 
TAN TM602S 153 (99) 4 128 (80) 153 (99) : 
TAN TM603S 153 (99) 6 128 (80) 153 (99) oy 
TAN TM603SE 230 (E6) 6 128 (80) 128 (80) 
TI 5 1/44 153 (99) 4 64 (40) 64 (40) 
RO 101 192 (CO) 2 96 (60) 0 (0) 
RO ‘| 102 192 (CO) 4 96 (60) 0(0) 
RO 103 192 (CO) 6 96 (60) 0 (0) 
RO 104 192 (CO) 8 96 (60) 0 (0) 
RO 201 321 (141) 2 132 (84) 0 (0) 
RO 202 321 (141) 4 132 (84) 0 (0) 
RO 203 321 (141) 6 132 (84) 0 (0) 
RO 204 321 (141) 8 132 (84) 0 (0) ) 
MS 1-006 306 (132) 2 153 (99) 0 (0) 
MS 1-012 306 (132) 4 153 (99) 0 (0)     

DRIVE MANUFACTURERS ABBREVIATIONS: 

CMI Computer Memories Inc. 
OLI Oliveti 
RMS __ Rotating Memory Systems Inc. 
SEA Seagate Technology Inc. 
TAN Tandon Inc. 
Tl Texas Instruments 
RO Rodime Ltd. 
MS Miniscribe 
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SECTION IV 
COMMANDS 
  

4.1 GENERAL 

The WD1002-SHD supports 20 different SCS] com- 
mands; 15 operational commands and 5 diagnostic 
commands. Table 4-1 lists a summary of the supported 
commands. 

4.2 COMMAND BLOCKS 

A transaction is initiated by the Host to instruct the 
WD1002-SHD to execute a given command. During the 
Command Block Transfer Phase (discussed in Section 
VI), six bytes of information specifying the command 
are transferred to the WD1002-SHD. This is known as 
the Command Block and is illustrated in Figure 4-1. 
  

BITS 
  

Byres; 7/6/5|4|3[2][1] 0 
  

0 Command Class Operational Code 
  

  Logicai Unit Num | Logical Sector Address (High) 
  

Logical Sector Address (Middle) 
  

Logical Sector Address (Low) 
  

Interleave or Block Count 
  

a
l
a
l
o
a
l
n
m
f
a
 

Control Byte       
  

FIGURE 4-1. COMMAND BLOCK FORMAT 

Byte 0 is transferred first and must be specified for all 
commands. Each command has exactly one Byte 0 
value associated with it. 

Depending upon the value of Byte 0, each parameter in 
bytes 1 thru 5 may require specification. Table 4-1 
specifies the supported commands and their parame- 
ters. It also includes information on data transfers 
required during execution. All other SAS! commands 
are reserved. 

—+»)4.24 LOGICAL UNIT NUMBER (LUN) 

The LUN is contained in the three MSBits of Byte 1. 
The allowed values are 0 and 1. The designators in the 
command table are; Drive 0 (LUN=0) or Drive 1 
(LUN = 1). 

4.2.2 LOGICAL SECTOR ADDRESS (L) 

The Logical Sector Address (High, Middle, and Low) is 
a 21 bit field contained in Bytes 1, 2, and 3. It is com- 
puted from the Cylinder Address (C), Head Address 
(H), and Sector address (S), as well as the drive param- 
eters Heads per Cylinder (HC) and Sectors per Track 
(ST): 

L = {(Cx HC) + H]x ST} + ST 

C, H, and S can be derived from L, HC, and ST as 
follows: 

S = L Modulo ST 
H = {[(L - S)/ ST] Modulo HC 
C = {[(L — S)/ST] — H}/HC 

This field specifies a sector (or beginning sector) for the 
Read and Write Drive Commands. It specifies a track 
for the Format and Seek Commands (indicated by L”* in 
Table 4-1). When only a track specification is required, 
the sector number implied by the Logical Sector 
Address is ignored. 

4.2.3. INTERLEAVE OR BLOCK COUNT 

The Interleave or Block Count comprise Byte 4. The 
Interleave ratio (! in Table 4-1) is specified in the five 
Format commands. The maximum ratio is equal to the 
Sectors-per-Track minus 1. 

The Block Count (B in Table 4-1) is specified in the 
Read, Write, Read Long, and Write Long commands. B 
specifies the number of Logical Sectors to be transfer- 
red. 

Both Interleave ratio and Block Count use all 8 bits of 
the Byte to specify their respective parameters. 

  

 



  

TABLE 4-1. WD1002-SHD SUPPORTED COMMAND SUMMARY 

  

  

                      

#SCSI 
LOGICAL | INTERLEAVE |CONTROL| DATA 

CLASS, SECTOR | ORBLOCK BYTE BLOCK | D.B. | DIREC- 

COMMAND NAME |OPCODE| LUN | ADDRESS COUNT OPTIONS TRNSFRS, SIZE TOR 

Test Drive Ready 0,0 WwW — — — 0 —_ —_ 

Restore to Track 0 0,1 Ww — _— _ 0 _ _ 

Req Status - 0,3 WwW — _— _— 1 4 To Host 

FRMT Drive © 0,4 WwW L* I R,PS, 0 —_— — 

CHK TR FRMT 0,5 Ww L* I R,S 0 —_ _ 

Format Drive 0,6 We L* ! R,PS 0 _ _ 

FRMT Bad TRK 0,7 - WwW L* I R,PS ) — — 

Read Drive 0,8 Ww L B R,A,S B SCTR | To Host 

Write Drive 0,A WwW L B R,S B SCTR | ToCTLR . 

Seek : 0,B W L* — R,S 0 — _ \ ) 

Winchester 

Parameters 0,C Ww — — _ 1 8 To CTLR 

Return Burst . 
Error Length 0,D Ww —_ — — 1 1 To Host 

FRMT ALT TRK 0,E WwW L* | R,PS 1 3 To CTLR oo 

WR SCT BFR 0,F — — — — 1 | — |TcTLR| ~~ 

RD SCT BFR 0,10 —_ — — — 1 —_ To Host 

RAM DIAG 7,0 — — —_ _ 0 _— — 

Drive DIAG 7,3 W — _— R,S 0 — — 

CTLR DIAG 7,4 _ — — _— 0 — —_— 

RD DriveLong . 7,5 WwW L B R,s B _ To Host 
SECT | 
+4 

WR Drive Long 7,6 WwW L B R,S B — |ToCTLR 
SECT 
+4 ) 

LEGEND 

Ww Winchester 
L* Logical sector address used only to specify 

track 
Logical sector address 
interleave 
Block count 

_ Retry enable/disable 
Attempt immediate ECC enable/disable 
Stepping aigorythm 
Used with format commands for determining 
data field patterns 
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  4.2.4 WD1002-SHD CONTROL BYTES 

Table 4-2 specifies the Control Byte fields: 

TABLE 4-2. CONTROL BYTE FIELDS 

  

  

FIELD | BIT(S) FUNCTION 

STEP 0-3 Used in all commands that 
cause a seek. Contains a 
code corresponding to a seek 
stepping algorythm. See Fast 
Step Options. 

UNUSED| 4 Reserved. 

P 5 Format Data (P) is used in the 
Format Commands. If P =0, 
the WD1002-SHD fills the 
data field with 6C hex. If P = 1, 
the data field is filled with the 

- ) pattern in the Sector Buffer. 

Immediate ECC (A) is used in 
the Read Command. If A=0, 
no immediate ECC is per- 
formed. If A=1, immediate 
ECC is performed. 

Retry (R) is used in all com- 
mands that read the ID field. If 
R=0 (normal), a maximum of 
10 non-restore retries are per- 
formed, then Restore, Seek, 
and 10 more retries are per- 
formed if necessary. if R= 1, 
Retry is disabled and no 
retries are performed.           

NOTE: 

If one or more of the above fields are required for acom- 
mand, then all other fields in that Control Byte must be 
set to 0. If none of the above are required, all bits in the 

‘ _Sentrol Byte are interpreted as “don't care” bits (X). 

4.2.4.1 Fast Step Options 

The Fast Step Option field contains an unsigned 3-bit 
integer. These integers correspond to the Fast Step 
Algorythms in Table 4-3. 

4-3 

TABLE 4-3. 
FAST STEP OPTION ALGORYTHMS 

  

OPTION ALGORYTHM 

0 Default: 3 msec. per step 

1 Half-step for Seagate drives 

2 3 msec. 

3 Half-step for T.I. drives 
4 200 usec. per step. This is appropriate 

for buffered steps on drives made by 
Computer Memories Inc. and Rotating 
Memories Inc. 

70 usec. per step 

30 usec. per step 

15 usec. per step 

2 msec. per step 

3 msec. per step 
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4.2.4.2 Command Status Byte 

At the completion of any command execution, a Com- 
mand Status Byte is sent by the WD1002-SHD to the 
Host, whether the command was successful or 
aborted. The LUN returned is the contents of the LUN 
field in the drive control block. For those commands 
that do not use LUN as an input parameter, the LUN 
returned in the Command Status Byte is meaningless. 
Figure 4-2 illustrates the contents of the Command Sta- 
tus Byte. 

Spare (3 msec. per step) 
  

  

  

  

              
  

BITS 

7/6]/5]4][3 [72171970 
LUN 0 0 0 EF 0 

EF (Error Flag): 0 =no error 
1=error 

FIGURE 4-2. COMMAND STATUS BYTE 

4.2.4.3 Command Completion Byte 

The Command Completion Byte is an all zero byte sent 
by the WD1002-SHD to the Host immediately following 
each Command Status Byte. It indicates to the Host 
that the WD1002-SHD has freed the SASI bus. 

4.3. COMMANDS 

Each command in the Command Summary table is 
described in the following text. 

  

  

 


