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PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-B 

SUMMARY 

The CDC WRENTM Periph.eral family is composed of t.he following members. 
FOJ: specific information on each. member. refer t.o t.he appropriate 
do(:uments. 

I MODEL I PRODUCT I CAPACITY 
NAME I NUMBER * I SPECIFICATION __ I .... N ..... TE__.R ..... F ...... AC;:;,,;;;E ____ I (~EGABYTES) 

I \ \ 
WREN II I 94155-XX I 77715909 CDC 506 (ST506 COMP.) \57,67, or 86 (925 Cyl) 
WRE.N II I 94155-XX 1 77738379 CDC 506 (ST506 COMP.) 185 or 96 (1024 Cyl) 
WREN II 194155-XXXI 77765324 CDC 506 (ST506 COMP.) 1120,135 (RLL) 
WREN II I 94156-XX I 77738019 ESDI 148, 67 or 86 

1 I I 
WREN r I HH I 94205-XX 1 77738213 CDC 506 (ST506 COMP.) 130, 41, 51, 77 (RLL) 
WREN II HHI 94204-YY I 77738346 CDC 506 (ST506 COMP.) 155,71 

1 1 I 
WREN III I 94156-XXXI 77738212 ESDI 1101 t 141 or 182 I 
WREN III 1 94161-YYYI 77738270 SCSI ** 186, 121 or 155 (512 Byte) I 

I 1 I 1 I 
IWREN III HHI 94211-YY I 77765250 SCSI ** 191 (1024 Byte) I 
I WREN I I I HH I 94216-XXX I 77765276 ESD I 1106 I 
I I I I ~ 
I WREN IV 1 94171-YYYI 77738386 SCSI ** 1320 (1024 Byte) I 

I WREN IV I 94171 - YYY 1 77765338 SCSI ** 1345 (1024 Byte) I 
I WREN IV 194171-YYYOI 77765361 SCSI ** 1345 (1024 Byte)(Dif. 1/0) I 
1 1 1 1 1 
I ~~REN V 1 94186-4421 77765300 ESDI \442 (15 Head, 1412 Cyl) -I 
I WREN V 194186-3831 1383 (13 Head, 1412 Cyl) I 
I WREN V 194186-383H\ 1383 (15 Head, 1224 Cyl) I 
I WREN V I 94181-VYY\ 7776533& SCSI ** 1702 I 
1 WREN V 194181-XXXD\ 7776536& SCSI ** 1702 I 
1 1 \ I I 
1 WREN V HH \ 94221-YYY\ 77765297 SCSI ** 1169, 190 (1024 Byte) \ 
I I 1 I 1 
1 WREN VI 1 94191-XXXI 77765353 SCSI ** 1766 I 
I WREN VI I 94191-XXXI 77765358 ESDI ** 1766 1 

I I I I I 

* XX(X) denotes unformatted drive capacity in megabytes. For 
exam~le. Model numbec 94166-182 is a WREN III with ESDI Interface 
and an unformatted capacity of 182 megabytes. 

YY(Y) denotes formatted drive capacityo 

** These drives allow the user to reformat using any integer data 
block size between 256 and 2048 bytes (WREN I I I) or 4096 bytes 
(WREN IV. V). At the factory drives are formatted with 512 byte 
data block size. with capacity dependent on number of data heads. 
Capacity values are with limited spares for reallocation of 
defects. 

(2260P) -2-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

TABLE OF CONTENTS 

1.0 SCOPE ............................................... . 

2 . 0 APPL I CAB LE DOCUMENTS ................................ . 
2 . 1 STANDARDS ...................................... . 
2 . 2 DOCUMENTAT ION .................................. . 

3.0 GENERAL DESCRIPTION ................................. . 

4 • 0 FEATURE S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4 . 1 STANDARD FEATURES .............................. . 
4.2 OPTIONS (Facto~y Installed) .................... . 
4.3 OPTIONAL ACCESSORIES (User Installed) .......... . 

5.0 PERFORMANCE CHARACTERISTICS ......................... . 
5.1 INTERNAL DRIVE CHARACTERISTICS (Transparent to 

lJ'ser) .......................................... .. 
5.2 SCSI DRIVE SEEK. READ AND WRITE PERFORMANCE 

CHARACTERISTICS (Visible to User) .............. . 
5.2.1 Seek Command Execution Time ............ . 
5.2.2 Format D~ive Command Execution Time .... . 
5.2.3 Read Data Command Execution Time ....... . 
5.2.4 W~ite Data Command Execution Time ...... . 

5.3 GENERALIZED PERFORMANCE CHARACTERISTICS ........ . 
5.3.1 Notes fo~ Sections 5.2 and 5.3 ......... . 

5 . 4 START/STOP TIME ................................ . 
5.5 READ LOOK-AHEAD/CACHE CONTROL .................. . 

6.0 RELIABILITY SPECIFICATIONS .......................... . 
6. 1 ERROR RATES .................................... . 

6.1.1 Read Errors ............................ . 
6.1.2 Envi~onmental Interference ............. . 
6.1.3 Write Err,ors ........................... . 
6.1.4 SeekErrors ............................ . 

6.2 RELIABILITY AND SERVICE ........................ . 
6.2.1 Mean Time Between Failure .............. . 
6.2.2 Preventive Maintenance ................. . 
6.2.3 Se~vice Life ........................... . 
6.2. 4 Se~vice Phi losophy ..................... . 
6.2.5 Installation ........................... . 
6.2.6 Service Tools ........................... . 

7.0 PHYSICAL/ELECTRICAL SPECIFICATIONS .................. . 
, 7. 1 AC POWER REQU 1 REMENTS. . . . . . . . . . . . . . . . • . . . . . . . . . . 

7 . 2 DC POWER REQU 1 REMENTS .......................... . 
7.2.1 Power Sequencing .......•................ 
7.2.2 12 V Current Profile ................... . 
7 . 2.3 System Grounds ............•............. 

7 . 3 HEAT / POWER DIS S 1 PAT I ON. . . . . . . . . . . . . . . . . . . . . . . . . . 
7 . 4 ENVIRONMENTAL L 1MI TS ............•............... 

7.4.1 Temperature ............................ . 
7.4.2 Relative Humidity ...................... . 

(2260P) -3-

8 

8 
8 
9 

10 

12 
12 
13 
13 

14 

14 

14 
lS 
lS 
lS 
16 
16 
17 
18 
19 

20 
20 
20 
21 
21 
22 
22 
22 
22 
22 
23 
23 
23 

24 
24 
24 
25 
25 
26 
27 
27 
27 
28 

• 



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

TABLE OF CONTENTS (continued) 

7.4¥3 Effective Altitude (Sea Level Ref) ...... 28 
7.4.4 Shock and Vibration ..................... 28 
7.4.5 Air Cleanliness......................... 33 

7.5 MECHANICAL SPECIFICATIONS ....................... 34 
7.5.1 Drive Orientation ....................... 3S 
7.5.2 Cooling..... .. . . .. . . . . . . . .. . . . . . . . .. . . . . 3S 

8.0 MEDIA CHARACTERISTICS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 35 
8. 1 MEDIA DESCRIPTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 S 

9.0 DEFECT AND ERROR MANAGEMENT .......................... 3S 
9.1 WREN IV INTERNAL DEFECTS/ERRORS ................. 36 
9.2 SCSI SYSTEMS ERROR CONSIDERATIONS............... 36 

10.0 INTERFACE REQUIREMENTS AND OPTIONS ................... 37 
10.1 GENERAL DESCRIPTION ............................. 37 
10. 2 DC CABLE CONNECTOR.............................. 39 
10.3 PHYSICAL CHARACTERISTICS ........................ 40 

10.3.1 Physical Description .................... 40 
10.3.2 Cable Requirements ...................... 41 
10.3.3 Connector Requi~ements .................. 41 
10.3.4 Electrical Description .................. 44 

11 .. 0 SCSI BUS ............................................. 48 

(2260P) 

11 . 1 S C SIB US S! GN AL S • • . • • • . • . • • • . • • • . • • • . . • . . • . . . . . . 4 9 
11 . 1 . 1 Signa 1 Va 1 u e s . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 a 
11.1.2 OR-Tied Signals ......................... 50 
11.1.3 Signal Sources.......................... 52 

11. 2 SCS I BUS TIMING................................. 53 
11.2.1 Arbieration Delay (2.2 us) .............. S3 
l1Q2.2 Assettion Period (90 ns) ............... o 53 
11.2.3 Bus Clear Delay (800 ns) ................ 53 
11.2 .. 4 Bus Free Delay (800 ns) .......... "...... S3 
11.2.5 Bus Set Delay (1.8 us) .................. 53 
1142.6 Bus Settle Delay (400 ns) ....•.......... 54 
11~2.7 Cable Skew Delay (10 ns) ................ 54 
11.2.8 Data Release Delay (400 ns) ............. 54 
11.2.9 Deskew Delay (45 ns) .................... S4 
11.2.10 Hold Time (45 ns) ....................... 54 
11.2.11 Negation Period (90 ns) ................. 54 
11.2.12 Reset Hold Time (25 us) ................. 54 
11.2.13 Selection Abort Time (200 us) ....•...... 54 
11.2.14 Selection Timeout Delay (250 ms recome). 5S 
11.2.15 Transfer Period (Message phase) ........ e SS 

-4-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

TABLE OF CONTENTS (continued) 

12.0 LOGICAL CHARACTERISTICS.............................. 55 

13.0 

(2260P) 

12.1 SCSI BUS PHASES................................. 55 
12.1.1 BUS Free Phase .......................... 56 
12.1.2 Arbitration Phase ....................... 57 
12.1.3 Selection Phase ......................... 58 
12.1.4 Reselection Phase ....................... 60 
12.1.5 Information Transfer Phases ............. 62 
12. 1. 6 Command Phase........................... 65 
12.1.7 Data Phase .............................. 65 
12 . 1 . 8 S tat us P ha s e. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 6 
12.1.9 Message Phase ........................... 66 
12.1.10 Signal Restrictions Between Phases ...... 67 

12.2 SCSI BUS CONDITIONS............................. 68 
12.2.1 Attention Condition ..................... 68 
12.2.2 Reset Condition •........................ 69 

12.3 SCSI BUS PHASE SEQUENCES ........................ 70 
12.3.1 Nonarbitratinq System ................... 70 
12.3.2 Arbitrating Systems ..................... 70 
12.3.3 All Systems............................. 70 

12.4 SCSI POINTERS................................... 71 
12.5 MESSAGE SYSTEM SPECIFICATION .................... 72 

SCSI 
13.1 

13.2 

13.3 

13.4 
13.5 

12.5.1 Message Protocol ........................ 72 
12.5.2 Messages ................................ 73 
12.5.3 Extended Messages ....................... 78 
12.5.4 Synchronous Data Transfer Request ....... 78 

CO'MM.ANDS • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • . . . . . . . • . . 
COMMAND 
13.1.1 
13.1.2 
13.1.3 
13.1.4 
CO'MM.AND 
13.2.1 
13.2.2 
13.2.3 
13.2.4 
13.2.5 
13.2.6 
CO'MM.AND 
13.3.1 
13.3.2 

IMPLEMENTATION REQUIREMENTS ............ . 
Rese.cved ••••••••••••••••••••••••••••.••. 
Operation Code Type .................... . 
Unit Attention Condition ............... . 
Command Que ing .•........................ 
DESCRIPTOR BLOCK (CDB} ................. . 
Operation Code •...•.•................... 
Loqical Unit Number (LUN} .............. . 
Logical Block Address .................. . 
Relative Address Bit ................... . 
Transfer Length ........................ . 
Contz:ol Byte ........................... . 
EXAMPLES ................•..•. t .•••••••••• 

Single Command Example.· ................ . 
Disconnect Example ••••••.••............. 

TIMING EXAMPLES •••.•••••.•.•.••..•.•............ 
WREN IV SCS I TIMING •........ 0 ••••••••••••••••••• 

-5-

82 
82 
83 
83 
83 
84 
85 
85 
87 
87 
88 
88 
89 
89 
89 
90 
92 
107 



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-B 

TABLE OF CONTENTS (continued) 

14. 0 COMMAND OESeR I PTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 9 
14.1 COMMAND DESCRIPTIONS FOR ALL DEVICE TyPES ....... 109 

14.1.1 Group 0 Commands for All Device Types ... 109 
14.1.1.1 Test Unit Ready ............... 110 
14.1.1.2 . Request Sense Command ......... 111 
14.1.1.3 Inquiry Command ............... 119 
14.1.1.4 Copy Command .................. 122 
14.1.1.5 Receive Diag. Results Command. 122 
14.1.1.6 Send Diagnostic Command ....... 125 

14.1.2 Group 1 Commands for All Device Types ... 127 
14.1.2.1 Compare Command ............... 127 
14.1.2.2 Copy and Verify Command ....... 127 
14.1.2.3 Write Data Buffer Command ..... 128 
14.1.2.4 Read Data Buffer Command ...... 131 

14.1.3 Group 2 through 5 Commands for 
All Device Types........................ 133 

14.1.4 Group 5 Commands for All Device Types ... 133 
14.1.5 Group 7 Corumands for All Device Types ... 133 

14.2 COMMAND DESCRIPTIONS FOR DIRECT ACCESS DEVICES .. 134 
14.2.1 Group 0 Commands for Direct Access 

Devices. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 134: 
14.2.1.1 Rezero Unit Command ........... 135 
14.2.1.2 Format Unit Command ........... 136 
14.2.1.3 Reassign Blocks Command ....... 143 
14.2.1.4 Read Command .................. 145 
14.2.1.5 Write Command ................. 147 
14.2.1.6 Seek Command .................. 149 
14.2.1.7 Mode Select Command ........... 150 
14.2.1.8 Reserve Command ............... 155 
14.2.1.9 Release Command ............... 158 
14.2.1.10 Mode Sense Command ............ 159 
14.2.1.11 Start Unit Command ............ 179 
14.2.1.12 Prevent/Allow Medium Removal 

Command. . . . . . . . . . . . . . . . . . . . . . . 180 
14.2.2 Group 1 Command for Direct Access 

Devices .............. ~ ... ., ............. .. 
14.2.2.1 
14.2.2.2 
14.2.2.3 
14.2.2.4 
14.2.2.5 
14.2.2.6 
14.2 .. 2.7 
14 .. 2.2.8 
14 .. 2.2.9 

Read Capacity Command ........ . 
Read Extended Command ........ . 
Write Extended Command ....... . 
Seek Extended. Command ......... ~ 
Write and Verify Command ..... . 
Ver ify Command"". It ••••••••••• " 

Search Data Commands .......... . 
Set Limits Command ............ . 
Read Defect Data Command ...... . 

180 
181 
182 
184 
186 
187 
188 
189 
189 
190 

15.0 STATUS ~ ..... _ ... III _ •••••• _ ......................... e •• ~ 194 

(2260P) -6-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-B 

TABLE OF CONTENTS (continued) 

16 .0 ERROR RECOVERY PHI LOSOPHY . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195 
16.1 SEEK ERRORS (09 or 15 HEX ERROR CODE) ........... 196 
16.2 DATA FIELD WRITE FAULT (03 HEX ERROR CODE) ...... 196 
16.3 SYNC BYTE ERROR (12 HEX ERROR CODE) ........•.... 197 
16.4 DATA FIELD ECC ERROR (11 Hex or 18 Hex Error 

Code) .........•................................. 197 
16.5 ALTERNATE SECTOR PROCESSING ..................... 198 

17.0 OPTIONS .............................................. 198 
17.1 FRONT PANEL..................................... 199 
17.2 AC/DC GROUND SEPARATION ......................... 199 
17.3 SINGLE UNIT SHIPPING PACK ....................... 199 
17.4 DRIVE TERMINATION ............................... 199 

18.0 ACCESSORIES.......................................... 200 
18.1 FRONT PANEL KIT ....................... ·.......... 200 
18.2 OEM MANUAL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 200 

APPENDIX A SCSI Protocol Error Handling FLow Charts ........ 201 

(2260P) -7-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

1.0 SCOPE 

This st?ecification describes the Control Data Corporation 
Model 94221 WRENTM V Eialf Height (HH) Disk: Dr.ive. This 
high capaci ty. hig'h performance. member of the 5 114 inch 
WREN rigid disk family incorporates the Ha lf Height WREN 
III HDA (Head/Disk Assembly) with an embedded WREN IV SCSI 
controller. Performance information is given in Section 5. 
The Model 94221 interface is defined for functional 
compatibility to the mandatory subset of the CDC SCSI 
Interface Specification (which is compatible with the ANSI 
SCS I standard and the Common Command Set (CCS) document, 
Revision 4.B). The Model 94221 WREN is classified as an 
"Intelligent" petiphetal. The WREN V HH ptovides Level 2 
confotmance (highest level) with the ANSI SCSI standard. 
Details of SCSI options are provided in Section 10-16. 

* BREATHER HOlE AREA. 00 ItOT OBSTRUCT. 

FIGURE 1.0-1. 94221 WREN V HH 

2.0 APPLICABLE DOCUMENTS 

2~1 STANDARDS 

The WREN V HH has been developed as a system peripheral to 
the highest standards of design and construction~ The WREN 
V HH depends upon its host equipment to provide adequate 
power and envitonment in order to achieve optimum 
performance and com~liance with applicable industry and 
governmental regulations. Special attention must be given 
in the areas of safety. power distribution. shielding, 
audible noise control. and tempetature regulation. 

(2260P) -8-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

2.1 (continued) 

The WREN V HH complies with CDC standards as noted in the 
appropriate sections of this specification. 

The WREN V HH is a UL Recognized component per UL478 and a 
CSA Certified component per CSA C22.2 No. 154-M1983. It 
also meets the requirements of DIN IEC 380/VDE 0806/8.81. 

The WREN V HH. as delivered. is designed for system 
integration before use. It is supplied as a Class A 
Computing Device per the FCC Rules and Regulations. Part 
15. Subpart J governing EMI of computing devices. 

CAUTION 

To avoid potential service problems. observe the 
following precautions: 

• Labels must not be put over the breather 
holes on the top of the drive. 

• If a label has been placed over the breather 
holes. do not poke holes thorough the label, 
as the filter underneath is certain to be 
damaged. allowing contamination to enter. 
REMOVE THE LABEL. Do not use so 1 vents to 
remove the adhes i ve res idue. Sma 11 amoun ts 
of solvent may migrate down the breather 
holes and contaminate the disk. 

• CDC factory installed labels must not be 
removed from the drive or covered with 
additional labels, as they contain 
information required when repairing. 

• DC power should not be swi tched on to the 
drive by plugging an electrically "live" DC 
source cable into the drive power connector. 
This practice adversely affects the 
reliability of the connector contacts. 

2. ,2 DOCUMENTATION 

77765298 OEM Manual (WREN V HH SCSI) 
64721700 CDC Small Computer System Interface (SCSI) 
ANSI Small Computer System Interface (SCSI): Document 
Number BSRX3.131-198X (X3T9/84-40 Rev. lB) (X3T9.2/82-2 
Rev. 17B). 

3eO GENERAL DESCRIPTION 

The WREN V HH is a member of a family of low cost. high 
performance. highly reliable. random access storage devices 
designed to meet the needs of the OEM marketplace. 

The WREN V HH is designed to record and recover data on 
three 5-1/4 inch (130 mm) fixed disks. 

(2260P) -9-
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3.0 continued 

The Model 94221 WREN V HH supports the Small Computer 
System Interface (SCSI) as described in Control Data's SCSI 
Specification (64721700). The information contained in this 
product specification defines the product perfot:mance 
characteristics and the interface chat:actet:istics of the 
Model 94221 WREN V HR. 

The Model 94221 WREN V HH SCSI interface supports multiple 
initiators. disconnect/reconnect. self configuring host 
softwat:e and automatic features that telieve the host from 
the necessit.y of knowinq the physical characteristics of 
the targets (logical block addressing is used). 

The Head. Disk and Actuator chambet: 
environmentally sealed at the factory. Air is 
within the RDA through a nonreplaceable filter 
a contamination free disk/actuator environment. 

(3DA) is 
r:ecirculacad 
to mainta in 

Refer to Figure 3.0-1 for an exploded view of the WREN V 
RH. NEVER disassemble the WREN Head/Disk: Assembly (RDA). 
This exploded view is for information only. Servicing itsms 
in the sealed environmental enclosute (heads, media, 
actuator. etc.) tequites special facilities. The pr:inted 
circuit boards and hardware external to the sealed area may 
be replaced without special facilities. 

The WREN V HH uses a dedicated landing zone at the 
innerm.ost radius of the media thus eliminating the 
possibility of destroyinq or: degrading data by landinq in 
the data zone. 

The WREN V HH incorporates an automatic shipping lock which 
prevents potential damage to the heads and disks caused by 
movement durinq shipping and handlinq. The shippinq lock: is 
automatically disengaged when power is applied to the drive. 

The WREN V HH decodes Track 0 location from the dedicated 
servo surface thereby eliminaeinq mechanical transducer 
adjustments and related reliability concerns. 

The WREN V aH uses a high performance actuator assembly 
consisting of a low inertia. balanced. patented. straight 
arm design which provides excellent performance with 
minimum power dissipation. 

The WREN V HH utilizes Zoned Bi t. Recording. an advanced 
recording technique that optimizes the recording media 
utilization.. ZBa results in increased performance due to 
the higher transfer rates associated with the outer data 
t.racks. Reliability is also improved by reducing the number 
of diSKS necessary to obtain the required capacityo 
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*LED WINDOW (LED IS ON PWA) 

FIGURE 3.0-1. MODEL 94221 WREN V HH 
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4.0 FEATURES 

4.1 STANDARD FEATURES 

(2260P) 

The Model 94221 WREN V HH has the following standard 
features: 

• • • 
• • 
• • • • • 

• • • 
• • 
• 
• • 
• • • 
• 
• • • 
• • 
• • 
• • 

Integrated SCSI Controller 
Single ended SCSI drivers and receivers 
Asynchronous or synchronous SCSI bus data transfer 
protocol 
32K byte data buffer 
Read Look-ahead buffer management 
Multiple capacity configurations 
Flawed sector reallocation at format time 
Reallocation of defects on command (Post Format) 
Selectable automatic reallocation 
User selectable no spare reallocation sectors, spare 
reallocation sectors on each track. and/or spare 
reallocation tracks (i.e., defective sectors 
reallocated to reallocation tracks) 
Error Correction (48 bit ECC polynomial) 
1:1 sector interleave 
Data recovery circuitry contained in the WREN V HE 
Sealed head, disk and actuator chamber 
No preventive maintenance required 
No adjustments required 
LSI circuitry for high reliability 
Low audible noise for office environment 
Vertical or horizontal mounting 
Low power consumption 
Balanced low mass rotary voice coil actuator 
Automatic shipping lock 
Easy access terminators 
Integral HDA isolation mounts 
Dedicated head landing zone 
Dynamic spindle braking 
Automatic retries on seek or data read errors (can be 
disabled) 
Command Queing of up to One Command per initiator 
Automatic single track seek error correction capability 
Automatic adaptive temperature compensation 
Zoned Bit Recording for improved performance and 
reliability. 
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4.2 OPTIONS (FACTORY INSTALLED) 

WREN V HH Unformatted Capacities 

The following unformatted capacities of the fully populated 
(5 head) drives are available. 

Model 94221-190 
Model 94221-169 

209 MB (S head, 1544 track)* 
184 MB (S head, 1310 track)* 

WREN V HH Formatted Capacities 

The formatted capacity that is achieved depends on the 
spare reallocation sectors reserved and the number of bytes 
per sector. The following table shows some typical 
formatted capacities that can be achieved. 

SECTOR SIZE 
512 Bytes/Sector 1024 Bytes/Sector 

SPARE SECTORS OR CYLINDERS 
RESERVED FOR REALLOCATION 

190 MB 
Unit 

169 MB 
Unit 

190 MB I 169 MB 
Unit I Unit 

NO SPARES 183 MB 162 MB 191 MB I 169 MB 
ONE SPARE SECTOR PER TRACK 179 MB 159 ME 183 MB I 163 MB 
TWO SPARE CYL!NDERS/UNIT* 183 MB 162 MB 191 MB I 169 MB 

*Spare cylinders are on the inner tracks. 

Data block size is user selectable at format time and may 
be modified prior to issuing a format command. 

The following options are incorporated at the time of 
production and may be specified for delivery. See Section 
17.0. 

• Front panel with 3 optional LED lens colors See 
Figure 3.0-1 

• Single Unit shipping pack 

• OEM Manual 

• SCSI Interface Terminating Resistors 

4.3 OPTIONAL ACCESSORIES (USER INSTALLED) 

(2260P) 

The following accessories are available. All kits may be 
installed in the field. See Section 18.0. 

• • • 
Front Panel Kit - See Figure 3.0-1 
Sinqle Unit shipping pack kit 
OEM Manual 
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S.O PERFORMANCE CHARACTERISTICS 

5.1 INTERNAL DRIVE CHARACTERISTICS (Transparent to User) 

Data Capacity Parameters (unformatted) 

Bytes/Track 
Bytes/Surface 
Tracks/Surface, Total 
Tracks/Inch 
Bits/Inch 
Read/Write Heads 
Recording Mode 
Internal Data Transfer 

Disk Rotational Speed 
Average Seek T~me 

190 MB 
20,880 Bytes Min 

32,280,480 Bytes Min 
1544 Tracks 

1280 TPI 
19,213 (Max) 

5 Data, 1 Servo 
2,7 RLL 

Rate 9.0 - 15 Mbits/s 
(variable with zone) 

1.125-1.875 Mbytes/s 
(variable with zone) 

3597 +0.5% r/m1n 
18-ms Typical 

169 MB 

27,352,796 min 
1310 Tracks 
1280 TPI 
19,213 ( Max) 

5 Data, 1 Servo 
2,7 RLL 
10.4-15 Mbits/s 

(variable ~ith zone) 
1.3-1.875 Mbytes/s 

(variable with zone) 
3597 +0.5% r/m;n 
10.5-ms Typical 

5.2 SCSI SEEK. READ AND WRITE PERFORMANCE CHARACTERIST!CS 
(Visible to User) 

(2260P) 

Refer also to Table 13.5-1 for additional timing details. 
(see Section 13). 

Notes are provided in Section 5.3.1 of this document. 
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5.2.1 Seek Command Execution Time 

Includ1ng Controller 
Overhead (W1thout 
01sconnect [11 [41 

190 MB 169 MB 

W1thout 
Controller Overhead 

190 MB 169 MB 
Average - Maximum 21 .5 ms [2] 20 20 ms [2] 18.5 

Typical 19 ms [3] 17.5 18.0 ms [3] 16.5 

Single Track - Max'1mum 7.5 ms [2] 7.5 6 ms [2] 6 
Typical 5 ms [3] 5 4 ms [3] 4 

Full Stroke - Maximum 41 .5 ms [2] 39.5 40 ms [2] 38 

5.2.2 

5.2,.3 

(2260P) 

Format Drive Command Execution Time (190 MB) [1] 

Maximum 12 minutes 

Read Data Command Execution Time [4] (190 MB Model. 512 
Byte Sector Size and without disconnect). Latency time is 
included. 

a. From CDB reception to the WREN V HH request for the 
first data byte to be transferred to the Host 
1. Typical (Zero Stroke Seek) 12.5 ms [3] 
2. Typical (Average Seek) 30.5 ms [3] 
3. Maximum (Full Stroke Seek) 59.5 ms [2] 

b. Single Sector Read and Transfer of data to Host 
(time from receipt of last byte of the CDB to the 
request for a status byte transfer to Host) assuming 
a 1:1 interleave [7]. 

1. Typical (Zero Stroke Seek) 
2. Typical (Average Seek) 
3. Maximum (Full Stroke Seek) 
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5.2.4 Write Daca Command Execution Time [4]. 
(512 Byte Sector Size and without disconnect) Latency time 
is included. 

a. From CnB teception to the tequest for the first byte 
of write data from the Hosto 

1. Typical 
2. Maximum 

b. Single Sector Write [8] [7] 

0.4 ms 
0.6 ms 

(Measured from receipt of the last byte of the CDB to 
the request for a completion status transfer to the 
Host) 

1. Typical (Zero Stroke Seek) 
2. Typical (Average Seek) 
3. Maximum (Full Stroke Seek) 

12.5 ms [3] 
30. 5 ms [3] 
59. 5 ma [2] 

5.3 GENERALIZED PERFORMANCE CHARACTERISTICS 

See Page 5.3.1 for Notes. 

Minimum Sector Interleave 1 to 1 

Data Buffer To/From Disk Media Data 
Transfer Rate (s 1 sector) - 512 Byte Sector 

Min [4] 1.12 MByte/s 
Avg [4] 1.65 MByte/s 
Max [4] 1.88 MByte/s 

Data Buffer To/From Disk Media 
Data Transfer Rate (s 1 Track) - 512 Byte Sector 

Min~ [4] 0.99 MByte/s - (Interleave Factor) 
Avqe [4] 1.46 MByte/s - (Interleave Factor) 
Max~ [4] 1.65 MByte/s - (Interleave Factor) 

SCSI Interface Data 

Transfer Rate (Asynchronous) [5] 
-Maximum Instantaneous 2.0 MByte/s 
-Maximum Average 1.65 MByte/s 

Transfer Rate (Synchronous) [9] 
-Maximum Instantaneous 4.0 MByte/s 

(2260P) -16-
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5.3 (continued) 

5.3.1 

(2260P) 

Sector Sizes 

Read/Write consecutive 
sectors on a track 

Flaw reallocation 
performance impact 
(For flaws reallocated 
at format time using 
the spare sectors per 
track reallocation 
scheme.) 

Flaw reallocation 
performance impact 
(For. flaws reallocated 
at format time using 
the spare tracks per 
volume reallocation 
scheme. ) 

Overhead time for head 

512 user data blocks (default) 
Variable (256 to 4096) 

YES 

Minimum - 1 sector time (If flaw 
on the same track as the spare) 

17 ms 
34 ms 

50 ms (typical) 

switch (512 byte sectors) Less than 2 ms 

Overhead time for one 
track cylinder switch 

Avg rotational latency 

6 ms Typical 

8.33 ms 

Notes For Sections 5.2 and 5.3 

[1] Execution time measured from receipt of the last Byte 
of the Command Descriptor Blo.ck (CDB) to the request 
for a Status Byte Transfer to the Initiator (excluding 
connect/disconnect). 

[2] Maximum times are specified over the worst case 
conditions of temperature, voltage margins and drive 
orientation. When comparing specified seek times, care 
should be taken to distinguish between typical saek 
times and maximum seek times. The best comparison is 
·obtained by system benchmark tests conducted under 
identical conditions. 

[3] Typical Seek values are measured under nominal 
conditions of temperature, voltage, and horizontal 
orientation as measured on a representative sample of 
WREN V HH drives. 

[4] Assumes no er rors and assumes the sector (s) has not 
been relocated. 
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5.3.1 continued 

[5] Rate measured from the start of the first sector 
transfer with the Host. 

[6] Assumes the Initiator immediately begins sending Write 
Data to the WREN V HH when requested. 

(7] Command execution requires a data transfer phase (Data 
to/from the disk media). Assumes the initiator is 
instantly ready to send/receive the Data when the WREN 
V HH generates first request for a data byte transfer, 
and assumes an average data transfer rate bet~een the 
WREN V HH and the Initiator of 1.25 Mbyte/s. 

[8] All performance characteristics assume that automatic 
adaptive temperature compensation is not in process 
when the command is received. A command being executed 
will not be interrupted for automatic adaptive 
temperature compensation. If automatic adaptive 
temperature compensation is in process, the command 
will be queued (max 1 per initiator) until the 
compensation is completed. Automatic adaptive temper­
ature compensations are performed once every 10 min­
utes during Bus Free Phase, and take only 0.05% of the 
10 minute period to complete. Typical time required is 
250 ms. Automatic temperature compensation also occurs 
at other times. but should be transparent to the user 
(e.g., during format, at power up, after a SCSI reset, 
at spindle up, during read error recovery, and during 
Reassign Block functions). 

(9] Transfer tate is negotiable from 1. a MByte/ s to 4. a 
MByte/s in 23.8 to 25 KByte/s increments. 

5.4 START/STOP TIME 

(2260P) 

Aftet DC power has been applied. the WREN V HH will become 
ready within 20 seconds if the Motor Start Option is 
disabled (i. e. the motot statts as soon as the power has 
been applied). During this time the drive will respond to 
the SCSI interface. Stop time will be less than 30 seconds 
from removal of DC power. 

If the Motor Start Option is enabled the internal control­
ler will accept a Motor Start, Test Unit Ready, Inquiry or 
Request Sense Command via the SCSI interface 3 seconds 
after DC power has been applied. After the Motor Sta.rt 
Command has been received the WREN V HH will become ready 
for normal operations within 20 seconds. During this time 
the drive will tespond to the SCSI intetface. 

There is no power control switch on the drive. 
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5.5 READ LOOK-AHEAD/CACHE CONTROL 

The WREN V HH Model 94221 provides a selectable Read 
Look-ahead buffering algorithm which can in many cases 
enhance system performance. This feature may be selected by 
issuing a Mode Select Command with the Enable/Disable Cache 
bi t set in the Cache Contro 1 page (see para. 14.2. 1.7 and 
lO). 

The following is a simplified description of the Read 
Look-ahead operation: 

Case ~ - Read command received and first LBA* not in cache 

1. Fetch requested data from disk and transfer to 
host. 

2. Fetch remaining logical blocks on current track 
and save in cache. 

Case B - Read command received and first LBA* already in 
cache 

1. Start transfer to (host) of all logical blocks 
requested which are already in cache. 

2. Fetch (from disk) requested logical blOCKS which 
are not already in cache and queue for transfer to 
host. 

3. Fetch remaining logical blocks on current track 
and save in cache. 

In both cases the cacheinq operating will abort if a new 
command is received. unless the command matches case B 
above. 

*Loqical Block Address 
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6.0 RELIABILITY SPECIFICATIONS 

The following reliability specifications 
host/drive operational interface, including 

assume correct 
all interface 
environmental timings. power supply voltages. and 

requirements. 

Seek Errors 

Read Error Rates [1] 
Unrecovered Data 

Miscorrected Data 

MTBF 

Service Life 

Preventive Maintenance 

NOTES: 

Less than 1 in lOa seeks 

Less than 1 sector in 1014 
bits transferred 

Less than 1 sector in 10 21 
bits transferred 

40,000 hours 

5 years 

None required 

[1] Error rate specified with automatic retries and data 
correction via ECC enabled and all flaws reallocated. 

6.1 ERROR RATES 

6.1.1 

(2260P) 

The error rates stated in this specification assume the 
following: 

a. WREN V HH is operated per this specification using DC 
Power as defined in this specification (see Section 
7 .2) . 

b. The WREN V aH has been formatted via the SCSI FORMAT 
commands. 

c. Errors caused by media defects or host system failures 
a.t:e excluded from error rate computations. Refer to 
Paragraph S.O. Media Characteristics. 

Read Errors 

Before determination or measurement of read error rates: 

a. 

b. 

The data which is to be used tor a measurement of read 
error rates must be verified as being written 
co~rectly on the media. 
All media defect induced errors must be excluded from 
error rate calculations. 
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6.1.2 

6.1.3 

(2260P) 

Environmental Interference 

When evaluating systems operation under conditions of 
Electromagnetic Interference (EMI), the performance of the 
WREN V HH within the system shall be considered acceptable 
if the WREN V HH does not generate an unrecoverable 
condition. 

An unrecoverable error, or condition. is defined as one 
which: 

1. Is not detected and corrected by the WREN V HH itself; 
or 

2. Is not capable of being detected from the error or 
fault status provided through the WREN V HH/system 
interface: or 

3. Is not capable of being recovered by normal WREN V HH 
or system recovery procedures without requiring 
operator intervention. 

Write Errors 

Write errors can occur as a result of the following: media 
defects. environmental interference. or equipment 
malfunction. Therefore. write errors are not predictable as 
a function of the number of bits passed. 

If an unrecoverable write error occurs because of an 
equipment malfunction in the WREN V HH, the error is 
classified as a failure affecting MTBF. Unrecoverable write 
errors are those which cannot be corrected within two 
attempts at writing the record with a read verify after 
each attempt, (excluding media defects). 
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6.1.4 

6.2 

6.2.1 

6.2.2 

6.2.3 

(2260P) 

Seek Er.ro.rs 

A seek error is de! ined as a failure of the WREN V HH to 
position the heads to the addressed track. There shall be 
no more than one recoverable seek error in 10 6 physical 
seek operations. A recoverable seek error (with the WREN V 
HH automatic .ret.ries feature disabled) is a positioning 
er.ror which can be cor.rected by the host issuing a Rezero 
Uni t command and then reseeking to the addressed t.rack. 
Unrecoverable seek er.rors a.re classified as failu.res for 
MTBF calculations. 

RELIABILITY AND SERVICE 

Mean Time Between Failure 

The Mean Time Between Failure (MTBF) shall exceed 40,000 
hou.rs for the WREN V HH. MTBF is defined as 1I0perating 
Hours" divided by the "Number of Equipment Failures". 

"Operating Hours" means total power on hours less any time 
when the WREN V HH is not functioning properly. "Equipment 
Failu.re ll means any stoppage or substandard performance of 
the equipment because of equipment nlalfunction. excluding 
stoppages or substandard performance caused by operator 
error. adverse environment. power failure. host adapter (or 
other initiator) failure. cable failure. or other failure 
not caused by equipment. 

The term equipment failure implies that maintenance is 
required because of a ha.rdware failure. 

Preventive Maintenance 

No routine scheduled preventive maintenance shall be 
required. 

Service Life 

The WREN V HH shall have a useful service life of five 
years before requi.rinq factory refurbishment. Depot repair 
or replacement of major parts will be permitted durinq the 
lifetime (6.2.4). 
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6.2.4 

6.2.5 

6.2.6 

(2260P) 

Service Philosophy 

Special equipment is required to repair the WREN V HH HDA. 
Repairs may be performed only at a properly equipped and 
staffed depot service and repair facility. 

Installation 

The WREN V HH is designed. manufactured. and tested with a 
IIPlug in and Play" installation philosophy. This philosophy 
minimizes the requirements for highly trained personnel to 
integrate the WREN V HH into the OEM's system. whether in a 
factory or field environment. 

Se.cvice Tools 

No special tools are required for site installation or 
recommended for site maintenance. Refer to paragraph 6.2.4. 
The depot repair philosophy of WREN V HH precludes the 
necessity for special tools. If field .cepair of items 
external to the HDA is desired. 6 point Torx T8 and T10 
drivers are required. It may be purchased through most 
commercial tool catalogs. 
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7.0 PHYSICAL/ELECTRICAL SPECIFICATIONS 

7.1 AC POWER REQUIREMENTS: None 

7.2 DC POWER REQUIREMENTS 

The voltage and current requirements for a single WREN V HH 
are shown in the following table. Values indicated apply at 
the drive power connector. 

TABLE 7.2-1. DC POWER REQUIREMENTS 

Voltage I +S V +12 V I 
±5% (2] I 
100 mV I 
1.4 A I 
0.9 A I 
4.5 A I 
0.7 A I 

Regulation I ±5% 
100 
1.1 
1.0 
1.3 
1.0 

Noise Immunity [3] I mV 
A 
A 
A 
A 

Maximum Operating Current [1] I 
Typical Idle Current [1] [4] I 
Maximum Starting Cucrent (Peak) I 
Delayed Motor Start (Ma:<:) [51 I 

I 
[1] Measured ~ith average reading DC ammeter. Unit isl 

not su~plying terminator power to external SCSI I 
devices. I 

[2] A ±10% tolerance is permissible during power up. I 
The ±5% must be maintained after the drive signi-I 
files that its power u~ sequence has been com- I 
plated and that the drive is able to accept I 
selection by the Host Initiator. I 

[3] Noise is specified as periodic and random distri-\ 
bution of frequencies covering a band from DC to ! 
to 10 MHz. Values given are peak to 'peak I 
measurements I 

[4] See +12 V current profile level T6 in Figure I 
7.2.2-1. I 

[5] This condition occurs when the Motor Start Optionl 
is enabled and the drive has not yet received a I 
Start Motoe command. I 

Note 1: 
At powerup. the mo to r cur r en t r equla to r wi 11 1 imi t the 
12V current to a peak value of less than 4.5 A. 

Note 2: 
Minimum cu:crent loading for each sUt)'~ly voltage is not 
less than 30% of the maximum operating cur:cent shown in 
Table 7.2-1. 

Note 3: 
The +5 V and +12 V su~plies shall employ sepa~ate ground 
returns. 

Note 4: 
Where power is provided to multiple drives from a common 
supply. careful consideration for individual drive power 
requirements should be noted. Where multi~le units are 
powered on simultaneously, the peak starting current must 
be available to each device. (Ref. Table 7.2-1)0 
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7.2.1 

7.2.2 

Power Sequencing 

Power sequencing is not required for the WREN V HH. The 
WREN V HH protects against inadvertent writing during power 
up and down. Daisychain operation requires that power be 
maintained on the terminated WREN V HH to ensure proper 
termination of the peripheral I/O cables. 

12 V - Current Profile 

Figure 7.2.2-1 identifies the WREN V HH 12 V current 
profile. The current during the various times is as shown: 

T1 - Power is initially applied to the WREN V HH and the 
controller performs self check. 

T2 - The spindle begins 
limiting conditions. 

to accelerate under current 

T3 - The spindle continues to accelerate under current 
limiting. 

T4 - The spindle is up to speed. 

TS - The arm restraint solenoid is released. 

T6 - The autovelocity adjust sequence and controller initi­
alization is performed. 

T7 - Velocity is set and the WREN V HH is ready for reading 
and writing. 

T8 - Power is removed from the WREN V HH. 

NOTE 

All times and currents are typical. See Table 7.2-1 
for maximum current requirements. 

T 1 T2 T3 T4 T-5 T6 T7 Ta 

2.0 

1 3.5 7 7.5 10 11 
",- .. ---.. 
\. .Q3.2b __ ) 

FIGURE 7.2.2-1. TYPICAL WREN V HH +12 V CURRENT PROFILE 
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(2260P) 

System Grounds 

The WREN V HH is shipped wi th the DC/RnA logic ground and 
chassis ground joined toqether. These two ground planes may 
be separated by repositioning the "U" shaped grounding 
washer on the motor control PWA as shown in Figure 7.2.3-1 .. 
NOTE: To separate the grounds. loosen the screw nAu and 
reorient the washer so that it does not contact the ground 
run near the screw at any point (left view). 

Hold the washer in place and retighten the screw. 

MOTOR CONTROL P'fIA 

QUICK CONNeCT CHASSIS 
CROUNO TERMINAL 

CROUNDINC w~ 

SCREW A_ lr 
II 

CROUNDS SEPARATED CROUNDS COMMON 

*Mating Connector Part Number is AMP 62l37-2. 

FIGURE 7.2.3-l. GROUNDS SEPARATION DETAIL 
-26-
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7.3 HEAT/POWER DISSIPATION 

Each WREN V HH will dissipate no more than 22 W of DC power 
average. Typical power dissipation under idle operating 
conditions is less than 16 W. 

7.4 ENVIRONMENTAL LIMITS 

7.4.1 

(2260P) 

Temperatures and humidity specifications preclude 
condensation on any WREN V HH part. Altitude and 
atmospheric pressure specifications are referenced to a 
standard day at S8.7°F (14.8°C). Corresponding maximum Wet 
Bulb temperature is 82°F (28°C). 

Temperature 

a. Operating 

50°F to 122°F (10°C to SOOC) operating ambient with a 
maximum gradient of 18°F (10°C) per hour. Above 1000 
feet (305 metres) altitude the maximum temperature is 
derated linearly to 112°F (44.4°C) at 10.000 fGet 
(3048 metres). Cabinet packaging des igns mus t provide 
ample air circulation around the WREN V HH to ensure 
environmental limits are not exceeded as a result of 
heat transfer from other system components. Operating 
ambient for specification purposes is defined as the 
environment immediately surrounding the WREN V HH. The 
tempera ture of the HDA is res tr icted to a maximum of 
142°F (6l.4°C) during operation as shown in Figure 
7.4.1-1. System cooling consideration should avoid 
large thermal gradients between points A and B. (See 
Figure 7.4.1-1). 

b. Transit 

-40° to 158°F (-40° to 70°C) p~ckage ambient wi th a 
maximum gradient of 36°F (20°C) per hour. This 
specification assumes the WREN V.HH is packaged in the 
shipping container designed by CDC for use with WREN V 
HH. 

c. Storage 

14° to 130°F (-10° to 54°C) device ambient with a 
maximum qradient of 27°F (15°C) per hour. 
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7.4 .. 2 

7.4.3 

7.4.4 

Relative Humidity 

a. Operating 
8% to 80% relative humidity with a maximum gradient of 
10% per hour. 

b. Transit 
5\ to 95\ relative humidity. 

c. Storage 
8% to 90% relative humidity. 

Effective Altitude (Sea Level Reference) 

a. Operating 
-1000 to +10.000 feet (-305 to +3048 metres) 

b. Transit 
-1000 to +40.000 feet (-305 to +12.210 metres) 

c. Storage 
-1000 to +10.000 feet (-305 to +3048 metres) 

Shock and Vibration 

Shock and vibration limits specified in this document are 
measured directly on the WREN V HH chassis. If the WREN V 
HH is installed in an enclosure to which the stated shock: 
and/or vibtation criteria is applied, resonances may occur 
internally to the enclosure resulting in WREN V HH movement 
in excess of the stated limits. If this situation is 
apparent. it may be necessary to mod ify the enclosure to 
minimize WREN V HH movement.. A clearance of 0.050 inch 
(1.27 mm) must be provided adjacent to the top and bottom 
surfaces of the unit to allow SUfficient sway space under 
shock and vibration conditions. 

The limits of shock and vibration defined within this 
document are specified with the WREN V HH mounted by any of 
the fOUL methods shown in Figure 7.4.4-1 and 7.4.4-2. 

7.4.4.1 Shock 

(2260P) 

a. Operating - Normal 

Equipment. as installed for normal operation. shall 
comply with the complete specified performance while 
subjected to intermittent shock not exceeding 2.0 q at 
a maximum du~ation of 10 ms (half sinewave). Shock may 
be applied in the X. Y. or Z axis. Shock is not to be 
repeated more than two times per second. 
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7.4.4.1 (continued) 

(2260P) 

b. Operating - Abnormal 

Equipment. as installed for normal operation. shall 
not incur physical damage while subjected to 
intermIttent shock: not exceeding 10.0 g at a maximum 
duration of 10 ms (half sinewave). Shock occurring at 
abnormal levels may promote degraded operational 
performance during the abnormal shock period. 
Specified operational performance will continue when 
normal operating shock levels resume. Shock may be 
applied in the X. Y, or Z axis. Shock is not to be 
repeated more than two times per second. 

c. Nonoperating 

rrhe 1 imi ts of 
(:onditions of 
includes both 
equipment. 

nonoperating shock shall apply to all 
handling and transportation. This 
isolated devices and integrated 

Equipment subjected to nonrepetitive shock not 
exceeding 32.0 q at a maximum duration of 10 ms (half 
sinewave) shall not exhibit device damage or 
performance degradation. Shock may be applied in the 
X, Y. or Z axis. 

d. Packaged 

The WREN V HH as packaged by CDC for general freight 
shipment shall withstand* drop test from 42 inches 
(1070 mm) against a concrete floor or equivalent. 

*Device damage or performance degradation shall not 
result. 
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(2260P) 

~~ 

(HEAD/OISK ASSEMBLY) 

\ 

Points A and B should not exceed 142°F (61.4°C) during 
operation. Large thermal qradients between Points A and B 
should be avoided. 

FIGURE 7.4.1-1. HDA TEMPERATURE MONITORING LOCATIONS 
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x*., 
., x 

:+ - z 
( 

z 

*Breathe[ hole area. Do not obstruct air flow. 

FIGURE 7.4.4-1~ RECOMMENDED HORIZONTAL MOUNTING 
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(2260P) 

x , 
I XXI Y 

Y % 
I 

FIGURE 7.4.4-2. RECOMMENDED VERTICAL MOUNTING 
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7.4.4.2 Vibration 

7.4.5 

(2260P) 

a. Operating - Normal 
Equipment as installed for normal operation. shall 
comply with the complete specified performance while 
subjected to continuous vibration not exceeding 

5-22 Hz @ 0.010 inches displacement 
22-500 Hz @ 0.25 g 

Vibration may be applied in the X. Y. or Z axis. 

b. Operating - Abnormal 

c. 

Equipment as installed for normal operation. shall not 
incur physical damage while subjected to periodic 
vibration not exceeding 

15 minutes of duration at major resonant 
frequency 
5-22 Hz @ 0.010 inches displacement 
22-500 Hz @ 0.50 g 

Vibration occurring at these levels may promote 
degraded operational performance during the abnormal 
vibration period. Specified operational perfo~mance 
will continue when normal operating vibration levels 
are resumed. This assumes system recovery routines are 
available. Abnormal vibration may be applied in the X. 
Y. or Z axis. 

Nonoperating 
The 1 imi ts of 
all co nd i t ions 
includes both 
equipment. 

nonoperating vibration shall apply to 
of handling and transportation. This 

isolated devices and integrated 

Equipment shall not incur physical damage or degraded 
performance as a resul t of continuous vibration not 
exceeding 

5-22 Hz @ 0.040 inches displacement 
22-500 Hz @ 1.0 g 

Vibration may be applied in the X. Y. or Z axis. 

Air Cleanliness 

The WREN V HH is designed to operate in a typical office 
environment with minimal environmental control. 
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7.5 MECHANICAL SPECIFICATIONS 

! 
M 

I 

s 

(2260P) 

,-P , 

The following nominal dimensions are exclusive of the 
decorative tront panel accessory_ A mounting clearance of 
0.050 inches will be required on top and bottom of the 
drive for shock sway space. Refer to Figure 7.5-1 for 
detailed mounting configuration dimensions. 

Height: 
Width: 
Depth: 
Weight: 

1.625 in 
5.75 in 
8.1 in 
4.2 pounds 

SIDE 

41.3 mm 
146.05 mm 
205.7 mm 

1.9 kilograms 

NOTES: 

FRONT 

[1] f-IOUNTING HOLES (6·32 UNC-2e). FOUR ON 
aOTTOM. rOUR uN E.~CH SIDE. MAX SCREW 
lENGiH INTO CHASSIS 0.25 rN. (6.35 mm). 
EXCEPT FOUR HOLES Ai H DIMENSION 0.125 IN. 
(3.17 mI). 

[2J FRONT PANEl. 

3. WEIGHT IS APPROX. 3.3 Las (1.72 kg). 

[4] SWAY SPACE (0.050 INCHES) 

INCHES MILLIMETRES 

A S.O 203.2 
B 5.75 +0.00 146.0 

-0.03 
C 0.100 2.5 
0 1.S7 !,O. 02 47.5 
E 3.12 !,O.Ol 79.2 
H 0.86 21.8 I 

~------------A--------------~II r 5.50 :.0.02 139.7 
K 0.39 

~------·--------N------------~ (WITHOUT FRONT PANEL) M 1.525 '!p.02 

N 8.07 
P 0.050 

FIGURE 7.5-1. MOUNTING CONFIGURATION DIMENSIONS 
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7.5.1 

7.5.2 

Drive Orientation 

Only two WREN V HH mounting orientations are permitted: 
disks in the horizontal plane and disks in the vertical 
plane. Horizontal mounting (Figure 7.4.4-1) with the front 
(non I/O cable end) raised as much as 15° above the 
horizontal is acceptable. Mounting with either end down 
(front or rear) or upside down is not permissible. 

Cooling 

Cabinet cooling must be desiqned by the customer so the 
ambient temperature immediately surrounding the WREN V HH 
will not exceed temperature conditions specified in 7.4.1. 
Specific consideration should be given to make sure 
adequate air circulation is present around the PWAs at the 
rear of the drive. 

8.0 MEDIA CHARACTERISTICS 

8.l MEDIA DESCRIPTION 

The media used on the WREN V HH has a diameter of 
approximately 5 1/4 inches (130 mm). The aluminum substrate 
is coated with a thin film magnetic material. overcoated 
with a proprietary protective layer for improved durability 
and environmental protection. 

9.0 DEFECT AND ERROR MANAGEMENT 

(2260P) 

WREN V HH. as delivered. complies with this specification. 
The read error rate and specified storage capacity are not 
dependent upon use of defect management routines by the 
host (initiator). 

Defect and error management in the SCSI system involves 
WREN V HH internal defect/error management and SCSI systems 
error considerations (errors in communications between 
Initi,ator and WREN V HH). Tools for use in designing a 
defect/error management plan are briefly outlined in this 
section. wi th references to· other sections where further 
details are given. 
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9.1 WREN V HH INTERNAL DEFECTS/ERRORS 

Identified defects are recorded on the WREN V HH defects 
list tracks (referred to as the primary or ETF defect 
list). It is recommended that these known defects be 
reallocated during the initial WREN V fiH format operation. 
(See Format Unit command in Section 14.2.1.1.) The WREN V 
HH internal retries and data cocrection by ECC should be 
enabled to recover data from additional flaws if they 
occur. If data correction by ECC is required to recover 
data. the host should immediately reallocate this sector by 
use of the Reassign Blocks command. (See Section 14.2.1.3.) 
If the WREN V HH automatic retries and data correction by 
ECC feature are not used. defects are usually unrecoverable 
and need to be reallocated as they are discovered. For 
reallocation of bad sectors, the number of spare sectors 
per track and the number of spare tracks per volume is 
programmable. After formatting. defects· can be 
automatically reallocated by the WREN V HR, or can be 
reallocated when the host sends the Reassign Blocks Command 
(Section 14.2.1.3). 

Once the necessary details are described about the 
operation of the interface. (Sections 10 thru 14) a more 
thorough discussion of the WREN V fiR Error Recovery 
Philosophy is presented in Section 16.0. 

9.2 SCSI SYSTEMS ERROR CONSIDERATIONS 

(2260P) 

Information on the. reporting of operational errors or 
faults across the interface is given in Sect.ions 12.5.2, 
14.1.1, and lS.0. Section 12.S.2 of this specification and 
Section S. 5 of the CDC SCSI Specification describe the 
Message Protocol System. Several of the messages are used 
in the SCSI systems error management system. The Request 
Sense command returns information to the host about 
numerous kinds of errors or faults. The Receive Diagnostic 
Results reports the results of diagnostic operations 
performed by the WREN V HH. 

Section lS.0 describes the status returned by the WREN V RH­
to the Initiator. Status reporting plays a role in the SCSI 
systems error manaqement and its use in that respect is 
described in sections where the various commands are 
discussed. 
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10.0 

10.1 

(2260P) 

INTERFACE REQUIREMENTS AND OPTIONS 

GENERAL DESCRIPTION 

This specification describes the subset of the SCSI (Small 
Computer Systems Interface) commands as implemented on the 
WREN V HH. The interface is compatible with the mandatory 
subset of the CDC SCSI Interface Specification (both are 
compatible with the ANSI SCSI standard and the common 
command set (CCS) document, Revision 4.B). The WREN V HH is 
classified as an Model 94221 IIIntelligent" peripheral. 

The Model 94221 WREN V HH SCSI interface consists of a 9 
bit bidirect ional bus ( a data + 1 par i ty) plus 9 contro 1 
signals supporting multiple initiators. command queing of 
up to one command per initiator. disconnect/reconnect. self 
configuring host software and automatic features that 
relieve the host from the necessity of knowing the physical 
architecture of the target (logical block- addressing is 
used) . 

The physical interface consists of single ended drivers and 
receivers using asynchronous or synchronous communication 
protocols which support cable lengths of up to 6 metres and 
a bus interface transfer rate up to 2.0 MB/s asynchronous 
and 4.0 MB/s synchronous. The bus protocol supports 
multiple initiators. disconnectl reconnect. additional 
messages plus 6 byte and 10 byte Command Descriptor Blocks. 
The WREN V HH is always a target on the SCSI. For purposes 
of this specification. "WREN V HH" may be substituted for 
the word "target" wherever "target" appears. 

GLOSSARY 

Byte .- This term indicates an 8 bit (octet) byte. 

Command Descriptor Block (CBD) The structure used to 
communicate requests from an initiator to a target. 

Connect The function that occurs when an initiator 
selects a target to start an operation. 

Disconnect The function that occurs when a target 
releases control of the SCSI bus, allowing it to go to the 

. Bus F.ree phase. 
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10.1 

(.Z260P) 

(cont.inued) 

FRU (Field Replaceable Unit.) - An assembly that. is believed 
faulty based on test results. A value of OOH indicates an 
unknown cause or the end of a list of known possible 
causes. Nonzero values have product unique meanings. 

Initiator 
request.s 
device. 

an 
A SCSI device 
operation to 

(usually a 
be performed 

host 
by 

system) 
another 

that. 
SCSI 

Int.ermediat.e Status - A st.atus code sent. from a t.arget to 
an init.iator upon complet.ion of each command. except the 
last. command. in a set. of linked commands. 

Logical Unit A physical or virtual device addressable 
through a target.. 

Logical Unit Number: - An encoded three bit identifier for 
t.he logical unit. 

LSB - Least. significant. byte. 

LUN - Logical unit number. 

mm - Millimet.re. 

ms - millisecond. 

MSB - Most significant byt.e. 

ns - Nanosecond. 

One - A true signal valua, (assertion). 

Reconnect - The function that occurs when a target selects 
and init.iator to continue an operation after a disconnect.. 

Reserved - The term used for bits. bytes. fields, and code 
values that. are set aside for future st.andardization. 

SCSI Address The oct.al representation of the unique 
address (0-7) assiqned to a SCSI device. This address would 
normally be assigned and set in the SCSI device during 
syst.em installat.ion. 

SCSI ID - The bit siqni!icant representation of the SCSI 
address referrinq to one of the signal lines DB(7-0)c 
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10.1 (continued) 

SCSI device A host computer 
controller or an intelligent 
attached to the SCSI bus. 

adapter or a peripheral 
peripheral that can be 

Signal Assertion - The act of driving a signal to the true 
state. 

Signal Negation - The act of driving a signal to the false 
state or allowing the cable terminators to bias the signal 
to the false state (by placing the driver in the high 
impedance condition). 

Signal Release - The act of allowing the cable terminators 
to bias the signal to the false state (by placing the 
driver in the high impedance condition). 

Status - One byte of information sent from a target to an 
initiator upon completion of each command. 

Target - A SCSI device that performs an operation requested 
by an initiator. 

us - Microsecond. 

Vendor Unique - In this specification. this term indicates 
bits. fields. or code values that are vendor specific. 

xxH - Numbers followed by capital H are hexadecimal values. 
All other numbers are decimal values. 

Zero - A false signal value. (negation). 

10.2 DC CABLE AND CONNECTOR 

(2260P) 

The WREN V HH receives DC power through a 4 pin right angle 
connector (see Table 10.2-1 for pin assignment) mounted on 
the servo PWA (see Figure 10.3-3 and 10.3-4). Recommended 
part numbers of the mating connector are listed below. but 
equivalent parts may be used (see Table 10.2-2.). 

TABLE 10.2-1. DC INTERFACE 

:POWER LINE DESIGNATION 

+12 V 
+12 V Return 
+ 5 V Return 
+ 5 V 
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TABLE 10.2-2. MATING CONNECTOR PARTS 

TYPE OF CABLE CONNECTOR CONTACTS (20-14 AWG) 

14 AWG AMP 1-480424-0 AMP 60619-4 (Loose 
Piece) 
AMP 61117-4 (Strip) 

10.3 PHYSICAL CHARACTERISTICS 

10.3.1 

(2260P) 

This section defines the connectors. cables. signals, 
terminators and bus timing needed to implement SCSI. 

Physical Description 

Model 94221 WREN V HH may be daisychained together or with 
othet compatible SCSI devices using a common cable. Bach 
ends of the cable must be terminated. The WREN V HH 
implements single ended drivers and receivers. which allow 
a maximum cable length of six metres (primarily for 
connection within a cabinet). All signals are common 
between all SCSI devices. The Model 94221 WREN V HH may be 
daisychained only with SCSI devices with single ended 
drivers and teceivers. A maximum of 8 SCS I de~lices 
(including the Host) may be daisychained togethet.The SCSI 
Devices at both ends of the daisychain are to be 
terminated. Intetmediate SCSI devices shall not be 
terminated.(see Figure 10.3-2). For drives that are not to 
be terminated. remove the terminator resistot paCKS. not 
the tetminator power soutce selector jumper (Figure 10.3-4). 
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10.3.2 

10.3.3 

CABLE REQUIREMENTS 

Only nonshielded cable connectors are applicable. A SO 
conductor flat cable or 2S twisted pair cable shall be 
used. The maximum total cable length shall be 6.0 metres. A 
stub length of no more than 0.1 metre is allowed off the 
mainline interconnection within any connected equipment. An 
ideal impedance match with cable terminators implies a 
cable characteristic impedance of 132 ohm (singled ended 
option) . In general. cables wi th this high of a 
characteristic impedance are not available; however, 
impedances that are somewhat lower are satisfactory. A 
characteristic impedance of 100 ohm ± 10% is recommended 
for unshielded flat or twisted pair ribbon cable. However, 
most available cables have a somewhat lower characteristic 
impedance. To m~n~m~ze discontinuities and signal 
reflections. cables of different impedances should not be 
used in the same bus. Implementations may require 
trade-offs in shielding effectiveness. cable length, the 
number. of loads. transfer rates, and cost to achieve 
satisfactory system operation. If shielded and unshielded 
cables are mixed within the same SCSI bus. the effect of 
impedance mismatch must be carefully considered. 

A minimum conductor size of 28 AWG should be used to 
minimize noise effects. 

Suggested nonshielded flat cable part numbers are: 

Flat cable 
Twisted pair 

3M-3365-50 
Spectra twist in flat 455-248-50 

Equivalent parts may be used. 

Single ended cable pin assignments are shown in Table 
10.3-1. 

CONNECTORS REQUIREMENTS 

The nonshielded cable connector shall be a SO conductor 
connector consisting of two rows of 25 female contacts with 
adjacent contacts 100 mils apart. 

Recommended Mating Flat Cable Connector Part Numbers are: 

Closed end 
(for cable 
ends) * 

3M-342S-7000 
3M-342S-70S0 
Dupont-66900-290 

W/O Strain Relief. No Center Key 
With Strain Relief. No Center Key 
With Strain Relief. With Center Key 

Open end 3M-342S-6000 
(In 3M-342S-60S0 
Daisychain)* Dupont-66900-2S0 

* See Figure 10.3-2. 
(2260P) 

W/O Strain Relief. No Center Key 
With Strain Relief. No Center Key 
With Strain Relief. With Center Key 
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10.3.3 

NOTES: 
1. 

2" 
3. 

(2260P) 

cont.inued 

The Model 94221 WREN V HH device connector is a nonshielded 
50 conduct.or connector consistinq of two rows of 25 male 
pins with adjacent pins 100 mils apart. The connector is 
keyed (see Figure 10.3-1). 

Drive Connector 
equivalent. 

Part Number: DuPont 73963-001 or 

i i4"------ .•• x. r." ".ryp(n 'I 

C:C 
PIN A ~ 

51847519 Z.80 2.40 
'lAX 

sa TYP. 
(50) 

C 

0.100 

0 

O. aZ5 
SQ. 

l-LG 
A~ , 

£ , I; H J 

0.160 0.310 0.20 0.54 0.120 
'IAl. AAX. 

OPTIONAL TIN 
l.iAD PI..ATIN(i 
(.000150 INCHES MIN.) 

It L III 

r H --l OPTION .... L I l'AATeRtAI.. r-[il1 '~",'HGJ 

: ~·f· 
I II ! iii I L!.:01 ..... _' .... , __ _ 

. ~ 'I " I 
~--LlL~ 

SECTION .A-.A 

UN12S5 OTHERWISE SPttCIPIID: 

l"OLERANCI .XX ... 010 
.XXX ... 005 

NO. OF 
It P R T CONTACTS 

0.250 0.28 0.360 0.230 0.015 0.Q2 ~AO. O.ca 50 
"AI. :,0.008 TYP(Z) 

Fifty Contacts on 2.54 tum (0 .100 inch) spacing = 60.96 mm 
(2 .. 40 inches). 
Tolerances ±0.127 mm (0.005 inch) noncumulative .. 
Dimensions listed wi th asterisks (1If) are shown for 
reference only. 

FIGURE 10.3-1. NONSHIELDED SCSI DEVICE CONNECTOR 
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NOT~ 

(2260P) 

HOST ADAPTER/INITIATOR 

[

SCSI DEVICE ••• 

----T-r'-----

WREN OR 
OTHER SCSI 
DEVICE 

WREN OR 
OTHER SCSI 
DEVICE 

WREN OR 
OTHER SCSI 
DEVICE 

VIEW 8 

T INDICATES TERMINATION REQUIRED 
,---_.- .... 
\. HH041a I ----,-"" 

TOT AL I NTERFACE CABLE LENCTH 
MUST NOT EXCeED 6.0 m (20 FEET) 

(Including Host Adapter/Initiator) 

• CLOSED END TYPE CONNECTOR USED 

** OPEN END TYPE (IN-LINE APPLICATION) 
CONNECTOR USED 

*** HOST NEED NOT BE ON THE END 
OF THE DAISYCHAIN. ANOTHER 
DEVICE CAN BE ON THE END WITH 
THE TERMINATOR, THE HOST 
HAVINC NO TERMINATOR. 

FIGURE 10.3-2. INTERFACE CABLING 

TABLE 10.3-1. SINGLE ENDED CABLE PIN ASSIGNMENTS 
(NONSHIELDED CONNECTOR) 

SIGNAL. PIN NUMBER SIGNAL PIN 
-DB(O) 2 GROUND 
-DB(l) 4 -ATN 
-DB(2) 6 GROUND 
-DB(3) 8 -BSY 
-DB(4) 10 -ACK 
-DB{S) 12 -RST 
-DB(6) 14 -MSG 
-DB(7) 16 -SEL 
-DB{P) 18 -C/D 
GROUND 20 -REQ 
GROUND 22 -1/0 
GROUND 24 
TERMPWR 26 
GROUND 28 
1. All odd pins except pin 25 al:e connected to 

Pin 25 is left open. 

CAUTION 

NUMBER 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
SO 

gl:ound. 

Pin 25 must not be connected to gl:ound at the HOST 
end 01: the drive end of the cable. If the 1/0 
connector should accidentally be plugged in upside 
down. terminator powel: on Pin 26 will be shol:ted 
to ground. 

2. The minus sign next to the signals indicates asserted 
state is the low voltage of the two levels used for 
logic signals. 
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INTERFACE CABLE CONNECTOR 

TERMINATOR POWER SOURCE AND 
,'viCTOR START OPTION HEADER 

UNIT 10 AND P.'RITY CHECK 
SELECT HEADER 

,~2\ 
I "IV I \ 
2 .11 V ~1!T1 :) 
J • SV JUT i 
• .5 V , 

I~I/ 
DC POWER 

CONNECTOR 

See Figure 10.3-4 and 11.1-1 for more details. 

10.3,,4 

(2260P) 

FIGURE 10.3-3. I/O CONNECTION 

Electrical Description 

All interface signals with the Model 94221 WREN V HH are 
sinqle ended and muse be terminated with 220 ohm to +5 V 
and 330 ohm to ground at each end of the total cable. All 
signals use open collector or three state driverso Optional 
termination is available internal to the WREN V HH. See 
Figure 10.3-5. 
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I/O CONNECTOR 

ARROW PIN 1 IDENTIFIER 

INTERFACE CONNECTOR\ 
J3 

PIN 49 

r-·· - -
I HHI02a \ .... _--.,; 

,- DC POWER CONNECTOR 

TERMINATOR SIPS 

PIN 1 
END 

DRIVE 10 AND PARITY CHECK 
J2 HEADER 

INTERFACE CABLE 

FIGURE 10.3-4. CABLE CONNECTION 

10e3.4.1 Single Ended Drivers/Receivers 

.Il Y 
'Il V RET 
• ~ Y RET 
• ~ Y 

I~I 
DC POWER 

CONNECTOR 

Single ended drivers and receivers are used by the WREN V 
HH. Typical circuits are shown in Figure 10.3-5. Terminator 
circuits shown are there only when the WREN V HH is last in 
the daisychain. 

Transmitter Characteristics 

The WREN V HH uses an ANSI SCSI compatible open collector 
single ended driver. This driver is capable of sinking a 
current of 48 rnA wi th a low level output vol tage of 0.4 
volt. 

Receiver Characteristics 

The WREN V HH uses a ANSI SCSI single ended receiver with 
hysteresis gate or equivalent as a line receiver. 
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10.3.4.2 Terminator Requirements 

Internal WREN V HH I/O termination consist of three 
resistor iUodules wtlich plug into sockets on the Ma in PTJIlA 
(see Figure 10.3-4). The WREN V HH may be ordered wi th or 
without these termination resistors to facilitate a 
particular a~plication. All single initiator/single target 
(nondaisychain) applications require that the Initiator and 
WREN V HH be terminated. Daisychain applications require 
that only the units at each end of the daisychain be 
terminated. All other peripherals on the chain should not 
be terminated. (See Figure 10.3-2). NOTE: Remove 
terminator resistor packs where terminators are not 
required. Removal of terminator power source selection 
jumper- does not disconnect the terminator resistors from 
the circui t. The 330 ohm res is tor to ground s till aff acts 
the circuit operation. 

10~3.4.3 Terminator Power 

(2260P) 

The WREN V HH may be configured to accept terminator power 
via Pin 26 of the SCSI bus or to provide terminator power 
for optional internal termination resistors via the WR~N V 
HH power connector. The WREN V HH can also be configured to 
supply terminator power to Pin 26 of the SCSI bus via an 
isolation diode. See Figures 10.3~4 and 11.1-1. 

Single ended SCSI devices providing termination power 
(TERMPWR) shall have the following Characteristics: 

V TERM = 4.0 V to 5.25 V 
800 mA min source drive capability 
1.0 mA maximum sink capability 

·See Figuze 11.1-1 for configuration details. 
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LINE DRIVER r------------i 
TRANSMITTER I 

(OR TRANSCEIVER) I 

I 

r----' 
1[4] +5 V I 

I 
I 
I 
I I I 

~~--~----~~)~-----

[2] 1.. ___________ ..J 

J I 
I - I 
: I 
L ____ J 

FLAT CABLE PAIR 

[3] 

[1] TERMINATOR CIRCUITS: PART OF REMOVABLE TERMINATOR RESISTOR PACKS. USED '..JHEN DRIVE 
IS LAST IN THE DAISYCHAIN. 

r-- --, 
I [4] +5 V I 

I 
I 
I 
I 

I 
I 
I 

I I 
L ____ J 

INTERFACE SIGNALS LEVELS AND LOGICAL SENSE AT THE WREN I/O CONNECTOR ARE DEFINED AS FOLLOWS: 

LOGIC LEVEL DRIVER OUTPUT RECEIVER INPUT 
NEGATED (0) ~ 2.5 V; ~ 5.25 V ~ 2.0 V .. "$. 5.2S V 
ASSERTED (1) ~ 0.4 V; ~ 0.0 V ~ 0.8 V; ~ 0.0 V 
THE DIFFERENCE IN THE VOLTAGES BETWEEN INPUT AND OUTPUT SIGNALS IS DUE TO THE LOSSES IN THE 
CABLE. 

[2] ANSI SCSI COMPATIBLE CIRCUITS 
[3] TOTAL INTERFACE CABLE LENGTH SHOULD OT EXCEED 20 FEET (6.0 m) FROM HOST TO END OF 

DAISYCHAIN. 
[,~] SOURCE OF DRIVE TERMINATOR POWER SELECTABLE BY JUMPER PLUG. 

77765297-A 

I 
I 
I 

LINE RECEIVER 

I [1] J L ______ ..J 

FIGURE 10.3-5. SINGLE ENDED TRANSMITTERS AND RECEIVERS 
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11.0 SCSI BUS 

DB~72 
I 
I 
I 
I 
I 
I 
I 
SCSI ID 

(2260P) 

Communication on the SCSI Bus is allowed between only two 
SCSI devices at a time. There can be a maximum of eight 
SCSI devices including the host computer (s) connected to 
the SCSI bus. Each SCSI device has a SCSI ID Bit assigned 
as shown in Figure 11.0-1. The SCSI ID is assigned· by 
installing from. 0 to 3 jumper plugs onto a connector in a 
binary coded configuration during system configuration. See 
Figure 11.1-1. 

When two SCSI devices communicate on the SCSI Bus one acts 
as an initiator and the other acts as a target. The 
ini tia tor (typically a host computer) or igina tes an 
operation and the target performs the operation. The WREN 
IV always operates as a target. 

DB ~ 6 2 DB{S) DB(4) DB(3) DB(22 DB(l) DB(O) DATA BUS 
I I I I I I SCSI tD = 0 
I I I I I SCSI ID = 1 
I I I I SCSI ID = 2 
I I I SCSI ID = 3 
I I SCSI ID :I 4 
I SCSI ID :I 5 
SCSI ID :I 6 

:I 7 

The Host Adapter/Initiator must be identified by one of the 
eight SCS I Device Addresses. Make sure that none of the 
devices on the interface has the same address as the Host. 

FIGURE 11.0-1. SCSI ID BITS 

Certain SCSI bus funct.ions are assigned to the init.iator 
and certain SCSI bus funct.ions are assigned to the target. 
The initiator will select a particular target. The target 
will request the transfer of Command. Data. Status or other 
information on the data bus. 

Information transfers on the data bus are asynchronous and 
follow a defined REQ/ACK Handshake protocol. One byte of 
information will be transferred with each handshake. 
Synchronous data transfer option is described in Paragraph 
12.5 .. 4 .. 

The WREN V HH supports single initiator. single target: 
sinqle initiator. multiple target; or mul tiple ini tiator, 
multiple target bus configurations 0 
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11.1 SCSI BUS SIGNALS 

(2260P) 

There are nine control and nine data signals. as listed 
below: 

• • • 
• 

BSY 
SEL 
C/D 
I/O 

• 
• • • 

MSG 
REQ 
ACK 
ATN 

• 
• 

RST 
DB(7-0. P) 

These signals are described as follows: 

BSY (BUSY) - An- "OR-tied" signal to indicate the bus is 
being used. 

SEL (SELECT) - A signal used by an initiator to select a 
target. or by a target to reselect an initiator. 

C/D (CONTROL/DATA) A signal driven by a target to 
indicate whether Control or Data information is on the Data 
Bus. Assertion (see Paragraph 11.1.1) indicates Control. 

I/O (INPUT/OUTPUT) - A signal driven by a target to control 
the direction of data movement on the Data Bus with respect 
to an initiator. Assertion indicates input to the 
initiator. This signal is also used to distinguish between 
Selection and Reselection phases. 

MSG (MESSAGE) - A signal driven by a target during the 
Message phase. 

REQ (REQUEST) - A signal driven by a target to indicate a 
request for REQ/ACK data transfer handshake. 

ACK (ACKNOWLEDGE) - A signal driven by an initiator to 
indicate an acknowledgment for a REQ/ACK data transfer 
handshake. 

ATN (ATTENTION) A signal driven by an initiator to 
indicate the Attention condition. 

RST (RESET) - An "OR-tied" signal that indicates the Reset 
condition. 

DB(7-0.P) (DATA BUS). Eight data bit signals. plus a parity 
bit signal form a Data Bus. DB(7) is the most significant 
bit and has the highest priority during the Arbitration 
phase. Bit number significance. and priority decrease 
downward to DB(O). A data bit is defined as one when the 
signal is asserted and is defined as zero when the signal 
is negated. 
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11.1 

11 .. 1. 1 

11.1.2 

(2260P) 

(continued) 

Data parity DB(P) is odd - The use of parity is a system 
option. The WREN V HH SCSI will always generate parity, but 
has the capability to enable/disable parity detection. 
Parity is not valid during the Arbitration phase. 

Greater detail on each of the SCSI Bus signals is found in 
sections following. 

Drive Select 

Install jllmpers as shown in Figure 1.1.1-1 for SCSI IO 
selection. Refer to Figures 10.3-3. 10.3-4 and 11.1-1 for 
the location of the drive select header. The WREN V HH can 
have one of eight ID bits selected by installing 0 t.o 3 
jumpers in a binary coded configuration on the drive select 
header. 

Signal Values 

Signals may assume true or false values. Thece are two 
methods of driving these signals. In both cases, the signal 
shall be actively driven true, or ass~rted. In the case of 
OR-tied drivers, the driver does not drive the signal to 
the false state. rather the bias circuitry of the bus 
terminators pulls the signal false whenever it is released 
by the drivers at every SCSI device. If any driver is 
asserted. then the signal is true. In the case of 
non-OR-tied drivers. the signal may be actively driven 
false. or negated. Negated means that the signal may be 
actively driven false, or may be simply released (in which 
case the bias circuitry pulls it false), at the option of 
the implementor. 

OR-Tied Signals 

The BSY and RST signals shall be OR-tied only. In the 
ordinary operation of the bus. these signals are 
simultaneously driven true by several drivers. No signals 
other than BSY, RST, and DB(P) are simultaneously driven by 
cwo or more drivers. and any signal other than BSY and RST 
may employ OR-tied or non-OR-tied drivers. DB(P) shall not 
be dz:iven false during the AZ:bitration phase. There is no 
operational problem in mixinq OR-tied and non-OR-tied 
dz:ivers on signals other than BSY and RST~ 
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FIGURE 11.1-1. WREN V HH SCSI DRIVE ID AND OPTION SELECT HEADER 

NOTES: 
[1] 

[2] 

[3 ] 

Drive ID is binary coded jumper position (most significant 
bit on left) • ie .• jumper in position 4 would be Drive ID 
4, no jumpers means ID o. 
Jumper plug installed means parity checking by the WREN V 
HH is enabled. 
Jumper in position A means terminator power (+5 V) for the 
internal terminators is from the WREN V HH power connector. 
Jumper in position B means terminator power for the 
internal terminators is taken from the interface cable. pin 
26. If the I/O cable is removed with a jumper in Position B 
and with the internal terminators installed. the drive will 
not power up. If a jumper is installed in Position C the 
WREN VHH will supply terminator power to pin 26 of the 
interface cable. [Note: If a jumper is installed in 
Position C a jumper must also be installed in position A to 
power the internal terminators.] 

If unit is not 
res is tor packs. 
jumper does not 
the circuit. 

to be terminated. remove the terminator 
Removal of terminator power source select 
disconnect the te.rminator resistors from 

[4] Jumper plug installed enables the Motor Start Option. In 
this mode of operation the drive will wait for a Start Unit 
Command from the Host before starting the Motor. If the 
jumper plug is not installed the Motor will start as soon 
as DC power is applied to the unit (see section 14.2.1.11). 

[5] With the jumper in this position the unit will continuously 
perform test seeks to random cylinders. Motor starts as, 
soon as DC power is applied. 
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11.:L.3 Signal Sources 

Table 11.1.3-1 indicates which type of SCSI device is 
allowed to source each signal. All SCSI device drivers that 
are not active sources shall be in the passive state. Note 
that the RST signal may be sourced by any SCSI device at 
any time. The WREN V HH functions as a target, never as an 
initiator, and is capable of performing only the 
reselection function. 

BUS PHASE 

BUS FREE 
ARBITRATION 
SELECTION 
RESELECTION 
COMMAND 
DATA IN 
DATA OUT 
STATUS 
MESSAGE IN 
MESSAGE OUT 

None 
All 
I&T 
I&T 
Target 
Target 
Target 
Target 
Target 
Target 

TABLE 11.1.3-1. SIGNAL SOURCES 

ill 

None 
Winner 
Init. 
Target 
None 
None 
None 
None 
~one 

None 

SIGNALS 

CIO, 1/0, 
MSG, REO 

None 
None 
None 
Target 
Target 
Target 
Target 
Target 
Target 
Target 

1/0 

None 
None 
Init.[11 
Target 
Target 
Target 
Target 
Target 
Target 
Target 

ACK/ATN 

None 
None 
lnit. 
Init. 
Init. 
Init. 
Init. 
Init. 
Init. 
Init. 

OB(1-0.P) 

None 
SCSI 10 
Init. 
Target 
Init. 
Target 
Init. 
Target 
Target 
Init. 

ALL: The signal shall be driven by all actively arbitrating SCSI devices. 

SCSI 10: A unique data bit (the SCSI 10) shall be driven by each actively 
arbitrating SCSI device: the other seven data bits shall be released 
(i.e .. not driven) by this SCSI device. The parity bit [DB(P)] may be 
undriven or driven to the true state, but shall never be driven to the 
false state during this phase. 

I&T: The signal shall be driven by the initiator, target, or both, as 
specified in the Selection phase and Reselection phase. 

Initiator: If this signal ;s driven, it shall be driven only by the active 
initiator. 

None: The signal shall be released; that is, not be driven by any SCSI 
device. The bias c1rcuitry of the bus terminators pulls the signal to 
the false state. 

Winner: The signal shall be driven by the one SCSI device that wins arbitration. 

Target: If the signal is driven, it shall be driven only by the active targeto 

[11 Initiator forces negation. 
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11.2 SCSI Bus Timing 

11.2.1 

11.2.2 

11.2.3 

11.2.4 

Unless otherwise indicated. the delay time measurements for 
each SCSI device. defined in Paragraphs 11.2.1 through 
11.2.14. shall be calculated from signal conditions 
existing at that SCSI device I s own SCSI bus connection. 
Thus. these measurements (except skew delay) can be made 
without considering delays in the cable. 

Arbitration Delay (2.2 us) 

The minimum time a SCSI device shall wait from asserting 
BSY for arbitration until the Data Bus can be examined to 
see if arbitration has be won. There is no maximum time. 

Assertion Period (90 ns) 

The minimum time that a target shall assert REQ while using 
synchronous data transfers. Also. the minimum time that an 
initiator shall assert ACK while using synchronous data 
transfers. 

Bus Clear Delay (800 ns) 

The maximum time for a SCSI device to stop driving all bus 
signals after: 

(1) The Bus Free phase is detected (BSY and SEL both 
negated for a bus settle delay). 

(2) SEL is received from another SCSI device during the 
Arbitration phase. 

(3) The transition of RST to assertion. 

NOTE: For the first condition above. the maximum time for 
a SCSI device to clear the bus is 1200 ns from BSY and SEL 
first both nega ted. If a SCS I device requires more than a 
bus sf:!ttle delay to detect Bus Free phase. it shall clear 
the bus within a Bus Clear delay minus the excess time. 

Bus Free Delay (800 ns) 

The minimum time that a SCSI device shall wait from it's 
detection of the Bus Free phase (B'SY and SEL both negated 
for a bus settle delay) until it I S assertion of BSY when 

, going to the Arbitration phase. 

11.2.5 Bus Set Delay (1.8 us) 

The maximum time for a SCSI device to assert BSY and it's 
SCSI ID bit on the Data Bus after it detects Bus Free phase 
(BSY and SEL both negated for a bus settle delay) for the 
purpose of entering the Arbitration phase. 
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11.2.6 

11.2.7 

11.2.8 

1~.,2.9 

Bus Settle Delay (400 ns) 

The time to wai t foe the bu·s to set t 1e af ter 
certain control signals as specified in the 
definitions. 

Cable Skew Delay (10 ns) 

changing 
protocol 

The maximum difference in propagation time allowed between 
any two SCSI bus signals when measured between any two SCSI 
bus signals. 

Data Release Delay (400 ns) 

The maximum time foe an initiator to 
signals following the transition of 
negation to assertion. 

Deskew Delay (45 ns) 

release the Data Bus 
the IIO signal from 

The minimum time required for deskew of certain signals. 

11.2.10 Hold Time (45 ns) 

The minimum time added between the assertion of REQ or ACK 
and the changing of the data lines to provide hold time in 
the initiator or target. respectively. whila using 
synchronous data transfers. 

11.2.11 Negation Period (90 ns) 

The minimum time that a target shall negate REQ while using 
synchronous data transfers. Also, the minimum time that an 
initiator shall negate ACK while using synchronous data 
transfers. 

l1G2.12 Reset Hold Time (25 us) 

The minimum time for which RST is asserted. There is no 
maximum time. 

11.2.13 Selection Abort Time (200 us) 

(2260P) 

The maximum time that a target (or initiator) shall take 
from it's most recent detection of being selected (or 
reselected) until asserting a BSY response. This timeout is 
required to ensure that a target (or initiator) does not 
assert BSY after a Selection (or Reselection) phase has 
been aborted. This is not the selection timeout period: see 
Sections 12.1.3.5 and 12.1.4.2 for a complete descriptionc 
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11.2.14 Selection Timeout Delay (250 ms recommended) 

The minimum time an initiator (or target) should wait for a 
BSY response during the Selection (or Reselection) phase 
before starting the timeout procedure. Note this is only a 
recommended time period. The WREN V HH SCSI implements this 
250 ms selection timeout delay. 

11.2.15 Transfer Period (set during a Message phase) 

The minimum time allowed between the leading edges of 
successive REQ pulses and of successive ACK pulses while 
using synchronous data transfers. (See Sections 12.1.5.2 
and 12.5.4.) 

12.0 LOGICAL CHARACTERISTICS 

12.1 

(2260P) 

All of the operations of the SCSI bus as described in 
Section 12 are supported by the WREN V HR. unless otherwise 
stated. The WREN V HH always functions as the target. never 
the initiator. 

SCSI BUS PHASES 

WREN V HH responds to 8 distinct bus phases. 

Bus Free phase 
Arbitration phase 
Selection phase 
Reselection phase 

Command phase 
Data(In and Out) 
Status (In Only) 
Message (In and Out) 

These phases are collectively termed 
the Information Transfer phase. 

The SCSI Bus can never be in more than one phase at a time. 
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12.1.1 

(2260P) 

Bus Free Phase 

The Bus Free phase 
actively using the 
subsequent users. 

indicates 
SCSI bus 

that no SCSI device 
and it is available 

is 
for 

SCSI devices shall detect the Bus Free phase after SEL and 
BSY are both false for at least a bus settle delay. 

SCSI devices shall release all SCSI bus signals fN'ithin a 
bus clear delay after BSY and SEL are continuously negated 
for a bus settle delay. If a SCSI device requires more than 
a bus settle delay to detect the Bus Free phase. it shall 
release all SCSI bus signals within a bus clear delay minus 
the excess time to detect the Bus Free phase. The total 
time to cleat the SCSI bus shall not exceed a bus settle 
delay plus a bus clear delay. 

If the ini tia tor detects the Bus Free phase (except as a 
resul t of a Reset condi tion. an Abort message. 0 r: a Bus 
Device Reset message) without first receiving a Disconnect 
or Command ComQlete message. it shall be considered to be 
an error condition. If the target intentionally creates 
this condition. the target shall: 

1. Clear the current command. if any. for that initiator. 
2. Set up Request Sense data with appropriate Sense Key 

and Error Code if the LUN is known. 

Whenever an initiator detects an unexpected Bus Free. it 
should attempt to select and issue Request Sense to 
determine if the previous command was: 

1. 
2. 

Aborted with valid Request Sense data. or 
Aborted without any valid Request Sense data. 
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12.1.2 

(2260P) 

Arbitration Phase 

The Arbitration phase allows one SCSI device to gain 
control of the SCSI bus so that it can assume the role of 
an initiator or target. The WREN V HH will arbitrate for 
the bus only as a target implementing reselection. The WREN 
V HH supports arbitration by multiple SCSI devices. 

The procedure for a SCS I device to obtain control of the 
SCSI bus is as follows: 

1. 

2. 

3 • 

The SCSI device shall first wait for the Bus Free 
phase to occur. The Bus Free phase is detected when 
BSY and SEL are simultaneously and continuously 
negated for: a minimum of a bus settle delay. 
(Implementers note: This bus settle delay is 
necessary because a transmission line phenomenon known 
as a "Wire-OR gli tch" may cause BSY to br iefly appear 
negated. even though it is being asserted.) 

The SCSI device shall wait a minimum of a bus free 
delay after detection of the Bus Free phase (i.e. 
after BSY and SEL are both negated for a bus settle 
delay) before driving any signal. 

Eo"o llowing the bus free de lay in Step (2) I the SCS I 
de vi c e ma y arb i t rat e for the S CS I bu s by ass e r t i ng 
both BSY and it's own SCSI ID. however the SCSI device 
shall not arbitrate (i.e. assert BSY and it's SCSI ID) 
if more than a bus set delay has passed since the Bus 
Free phase was last observed. (Implementers Note: 
There is no maximum delay before asserting BSY and the 
SCSI ID following the bus free delay in Step (2) as 
long as the bus remains in the Bus Free phase. 
However. SCSI devices that delay longer than a bus 
:;ettle delay plus a bus set delay from the time when 
BSY and SEL ace first negated may fail to participate 
in arbitration when competing with faster SCSI 
devices.) 
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12.1.2 

12.1.3 

continued 

4. After waitinq at least an arbitration delay (measured 
from it's assertion of BSY) the SCSI device shall 
examine the Data Bus. If a higher priority SCSI ID bit 
is true on the Data Bus [DB(7) is the highest] It the 
SCSI 'device has lost the arbitration and the SCSI 
device must release it I s signals and ceturn to Step 
(1). If no higher priority SCSI ID bit is true on the 
Data Bus, the SCSI device has won the arbitration and 
it shall assert SEL. Any other SCSI device that is 
participati.nq in the Arbitration phase has lost the 
arbitration and shall release BSY and it's SCSI ID bit 
within a bus clear delay after SEL becomes true. A 
SCSI device that loses arbitration may return to Step 
( 1) . 

S. The SCSI device that wins arbitration shall f,.;ait at 
least a bus clear delay plus a bus settle delay after 
asserting SEL before changing any signals. 

NOTE: The SCSI ID bit is a single bit on the Data Bus that 
cor responds to the SCS I device's unique SCS I address. All 
other seven Data Bus bits shall be released by the SCSI 
device. Parity is not valid during the Arbitration phase. 
DB(P) may be undriven or driven to the true state. but 
shall not be driven to the false state. 

Selection Phase 

The Selection phase allows an initiator to select a target 
for the purpose of ini tiating some target function (e. g .• 
Read or Write command). 

NOTE: During the Selection phase the 1/0 signal shall be 
negated so this phase can be distinguished from the 
Reselection phase. 

12.1.3.1 Nonarbitrating System 

(2260P) 

In systems with the Arbitration phase not implemented. the 
i.nitiator shall fitst detect the Bus Free phase and then 
wait a minimum of a bus clear delay. Then. except in 
certain single initiator environments with init.iators 
emp laying the single ini tia eor opt ion (see 12.1 .. 3 .4). the 
initiator shall assert the desired target I s SCSI ID and 
itls own inieiator SCSI ID on the Data Bus. After two 
deskew delays. ehe inieiator shall assert SEL. 
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12.1.3.2 Arbitrating Systems 

In systems with the Arbitration phase implemented. the SCSI 
device that won the arbitration has both BSY and SEL 
asserted and has delayed at least a bus clear delay plus a 
bus settle delay before ending the Arbitration phase. The 
SCSI device that won the arbitration becomes an initiator 
by releasing I/O. Except in certain single initiator 
environments with initiators employing the sinqle initiator 
option (see 12.1.3.4). the initiator shall set the Data Bus 
to a value which is the OR of it's SCS I ID bi t and the 
target's SCSI ID bit. The initiator shall then wait at 
least two deskew delays and release BSY. The initiator 
shall then wait a least a bus settle delay before looking 
for a response from the target. 

12.1.3.3 All Systems 

In all systems. the target shall determine that it is 
selected when SEh and it's SCSI ID bit are true and BSY and 
I/O are false for at least a bus settle delay. The selected 
target will examine the Data Bus in order to determine the 
SCSI ID of the selecting initiator unless the initiator 
employed the single initiator option (see 12.1.3.4). The 
selected target shall then assert BSY wi thin a selection 
abort time of it I S selection: this is required for correct 
operation of the timeout procedure. In systems with parity 
implemented. the target shall not respond to a selection if 
bad parity is detected. Also. if more than two SCSI ID bits 
are on the Data Bus: the target shall not respond to 
selection. At least two deskew delays after the initiator 
detects BSY is asserted. it sha 11 release SEL and' may 
chanqe the Data Bus. 

12.1.3.4 Single Initiator Option 

(2260P) 

Initiators that do not implement the Reselection phase. and 
do not operate in the multiple initiator environment. are 
allowed to set only the target IS SCS I ID bi t dur ing the 
Selection phase. This makes it impossible for the target to 
determine the initiator's SCSI ID. 
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12.1.3.5 Selection Time Out Procedure 

12.1.4 

A Selection timeout procedure is specified for clearing the 
SCSI bus. If the initiator waits a minimum of a selection 
timeout delay and there has been no BSY response from the 
target. the initiator: shall continue asserting SEL and 
shall release the Data Bus. -If the initiator has not 
detected BSY to be asserted after at least a selection 
abort time plus two deskew delays. the initiator shall 
release SEL allowing the SCSI bus to go to the Bus Free 
phase. SCSI devices shall ensure when responding to 
selection that the selection was still valid within a 
selection abort time of their assertion of BSY. Failure to 
comply with this requirement could result in an improper 
selection (two targets connected to the same initiator. 
wrong target connected to an initiator. or a target 
connected to no initiator). 

The WREN V HH supports systems that implement this 
procedure. 

Reselection Phase 

Reselection is a phase that allows a target to reconnect to 
an initiator for the purpose of continuing some operation 
that was previously started by the initiator but was 
suspended by the target (i. e.. the target disconnected by 
allowing a Bus Free phase to occur before the operation was 
complete) . 

Reselection can be used only 
Arbitration phase implemented. 

in systems that have 

The WREN V HH implements the Reselection phase if the 
system is capable of supporting Reselection. 

12~1.4.1 Reselection Procedure 

(2260P) 

Upon completing the ArbLtration phase. the winning SCSI 
device has both BSY and SEL asserted and has delayed at 
least a bus clear delay plus a bus settle delay. The 
winning SCSI device becomes a tarqet by asserting the I/O 
signal. That device shall also set the Data Bus to a value 
that is the OR of it's SCSI ID bit and the initiator'S SCSI 
ID bit. The tarqet shall wait at least two deskew delays 
and release BSY. The tarqet shall then wait at least a bus 
settle delay before looking for a response from the 
initiator. 
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12.1.4.1 continued 

(2260P) 

The initiator shall determine that it is reselected when 
SEL. I/O. and it's SCSI ID bit are true and BSY is false 
for at least a bus settle delay. The reselected initiator 
may examine the Da ta Bus to determine the SCS I ID of the 
reselecting target. 

The reselected initiator shall then assert BSY within a 
selection abort time of it's most recent detection of being 
reselected; this is required for correct operation of the 
timeout procedure. In systems with parity implemented. the 
initiator shall not respond to Reselection if bad parity is 
detected. The initiator shall not respond to a Reselection 
if more than two SCSI ID bits are on the Data Bus. 

After the target detects BSY. it shall also assert BSY and 
wait at least two deskew delays and then relea3e SEL. The 
target may then change the I/O signal and the Data Bus. 
After the reselected initiator detects SEL false. it shall 
release BSY. The target shall continue asserting BSY until 
the target is ready to relinquish the SCSI bus. 

When the target is asserting BSY. a transmission line 
phenomenon known as a "Wire-OR gli tch" may cause BSY to 
appear. false for up to a round trip propagation delay 
following the release of BSY by the initiator. This is the 
reason why the Bus Free phase is recognized only after both 
BSY and SEL are continuously false for a minimum of a bus 
settle delay. Cables longer than 25 metres should not be 
used even if the chosen driver. receiver. and cable provide 
adequate noise margins. because they increase the duration 
of the glitch and could cause SCSI devices to inadvertently 
detect the Bus Free phase. 
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12.1.4.2 Reselection Timeout Procedure 

12.1.5 

(2260P) 

This Reselection timeout procedure :is specif ied for 
clearing the SCSI bus during a Reselection phase. If the 
target waits a minimum of a selection timeout period and 
there has been no BSY response from the initiator, The 
target shall continue asserting SEL and 1/0 and shall 
release all Data Bus signals. If the target has not 
detected BSY to be true after at least a selection abort 
time plus two deSKew delays, the tatget shall release S4!:L 
and 1/0 allowing the SCSI bus to go to the Bus Free phase. 
SCSI devices that respond to Reselection shall ensure that 
the Reselection was still valid within a selection abort 
time of their assertion of BSY. Failute to comply with this 
requirement could tesult in an impropet Reselection (two 
initiators connected to the same target or the wrong 
initiator connected to a target). 

If Reselection fails, the current command will be aborted. 
If an initiator times out while waiting to be teselected, 
the initiator should attempt to select and issue Request 
Sense to determine if the previous command is: 

1. Still in process (Busy Status will be returned), 
2. Abotted with valid Request Sense data. Ot 
3. Aborted without valid Request Sense data. 

Information Transfer Phases 

NOTE: The Command. Data, Status. and Message phases are 
grouped together as information transfer phases because 
they ate all used to ttansfet data ot control info.r:mation 
via the Data Bus. The actual contents of the infotmation is 
beyond the scope of this section. 

The C/D. 1/0. and MSG signals are used to distinguish 
between the different infotmation transfer phases. (See 
Table 12.1.5-1). The target drives these three signals and 
thetefore controls all changes ftom one phase to another. 
The initiator can request a Message Out phase by asserting 
ATN. while the target can cause the Bus Free phase by 
releasing MSG, C/D, 1/0, and BSY. 
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12.1.5 continued 

TABLE 12.1.5-1. INFORMATION TRANSFER PHASES 

SIGNAL 
MSG C/D 1,0 PHASE NAME DIRECTION OF TRANSFER COMMENT 

0 0 0 DATA OUT Initiator to target Data 
0 0 1 DATA IN Initiator from target Phase 
0 1 0 COMMAND Initiator to target 
0 1 1 STATUS Initiator from target 
1 0 0 "If 

1 0 1 "If 

1 1 0 MESSAGE OUT Initiator to Target Message 
1 1 1 MESSAGE IN Int tiator from Target Phase 

Key: 0 :: False, 1 :: True, "If :: Reserved 

The information transfer phases use one or more REQ/ACK 
handshakes to control the information transfer. Each 
REQ/ACK handshake allows the transfer of one byte of 
information. During the information transfer phases BSY 
shall remain true and SEL shall remain false. Additionally. 
during the information transfer phases. the target shall 
continuously envelope the REQ/ACK handshake(s) with C/D. 
1/0. and MSG in such a manner that these control signals 
are valid for a bus settle delay before the assertion of 
REQ ()f the first handshake and remain valid until the 
negation of ACK at the end of the last handshake. 

12.1.5.1 Asynchronous Information Transfer 

(2260P) 

The target 
transfer by 
information 
initiator. 
trans'ferred 

shall control the direction of information 
means of the 1/0 signal. When 1/0 is true, 

shall be transferred from the target to the 
When 1/0 is false, information shall be 
from the initiator to the target. 

If 1/0 is true (transfer to the initiator). the target 
shall first drive DB(7-0. P) to their desired values. delay 
at least one deskew delay plus a cable skew delay, then 
assert REQ. DB(7-0. P) shall remain valid until ACK is true 
at the target. The initiator shall read DB(7-0, P) after 

'REQ is true, then signal it I S acceptance of the data by 
asserting ACK. When ACK becomes true at the target, the 
target may change or release DB(7-0, P) and shall negate 
REQ. After REO is false the initiator shall negate ACK. 
After ACK is false, the target may continue the transfer by 
driving DB(7-0. P) and asserting REQ. as described above. 
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12.1.5.1 continued 

If IIO is false (transfer to the target) the target shall 
tequest informat.ion by assert.ing REQ. The initiator shall 
drive DB{7-0. P) t.o their desired values. delay at least 
one deskew delay plus a cable skew delay and assert ACK. 
The initiator shall continue to drive the DB(7-0,P) until 
REQ is false. When ACK becomes ttue a t the target, the 
target shall tead DB(7-0" P), then negat.e REQ. When REQ 
becomes false at the initiator. the initiatot may change Ot 
telease DB(7-0, P) and shall negate ACK. The target may 
continue the transfer by asserting REO. as described above. 

12.1.5.2 Synchronous Data Transfer 

(2260P) 

Synchronous data transfer may be used only in the data 
phase if pteviously agreed to by the initiator and target 
through the message system (see Synchronous Data Transfer 
Request message. 12.5.4). The messages determine the use of 
synchronous mode by both SCSI devices and establish a 
REQ/ACK offset and a transfer period. 

The REQ/ACX offset specifies the maximum number of REQ 
pulses tha t can be sent by the target in advance of the 
number of ACK pulses received from the initiator, 
establishing a pacing mechanism. If the number of REQ 
pulses exceeds the number of ACX pulses by the REQ/AC~ 
offset, the target shall not assert REQ until the next ACK 
pulse is received. A requirement for successful completion 
of the data phase is that the number of ACK and REQ pulses 
be equal. 

The target shall asse~t the REQ signal for a minimum of an 
assertion period. The target shall wait at least the 
greater of a transfer: period from the last transition of 
REQ to true or a minimum of a negation period from the last 
transition of REQ to false before asserting the REQ signal. 

The initiator shall send one pulse on the ACK signal for 
each REQ pulse received. The initiator shall assert the ACX 
signal for a minimum of an assertion period. The initiator 
shall wait at least the greater of a transfer period from 
the last transition of ACK to true or for a minimum of a 
negation period from the last transition of ACK to false 
before asserting the ACK siqnal~ 
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12.1.5.2 continued 

12.1.6 

12.1.7 

If I/O is t~ue (transfe~ to the initiator). the ta~get 
shall fi~st d~ive DB(7-0. P) to thei~ desi~ed values. wait 
at least one deskew delay plus one cable skew delay. then 
asse~t. REQ. DB(7-0. P) shall be held valid for a minimum of 
one deskew delay plus one cable skew delay plus one hold 
time afte~ the assertion of REQ. T,he target shall assert 
REQ for the minimum of an assertion period. The target may 
then negate REQ and change or release DB(7-0. P). The 
initiator shall read the value on DB(7-0. P) within one 
hold time of the transition of REQ to true. The initiator 
shall then respond with an ACK pulse. 

If I/O is false (transfer to the target). the initiator 
shall transfer one byte for each REQ pulse received. After 
receiving a REQ pulse. the initiator shall first drive 
DB(7-0. P) to the desired values. delay at least one deskew 
delay plus one cable skew delay. then assert ACK. The 
initiator shall hold DB(7-0, P) valid for at least one 
deskew delay plus one cable skew delay plus one hold time 
after the assertion of ACK. The initiator shall assert ACK 
for a minimum of an assertion period. The initiator shall 
then negate ACK and may change or release DB(7-0, P). The 
target shall read the value of DB(7-0. P) within one hold 
time of the transition of ACK to true. 

Command Phase 

The Command phase allows the target to request command 
information from the initiator. 

The target shall assert the C/D signal and negate the I/O 
and MSG signals during the REQ/ACK handshake(s) of this 
phase. 

Data Phase 

The Data phase is a term that encompasses both the Data In 
phase and the Data Out phase. 

12.1.7.1 Data In Phase 

(2260P) 

The Data In phase allows the target to request that it send 
, data to the initiator. 

The target shall assert the I/O signal and negate the C/D 
and MSG signals during the REQ/ACK handshake(s) of this 
phase. 
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12.1.7.2 Data Out Phase 

12.1.8 

12.1.9 

The Data Out phase allows the target to request that data 
be sent to it fr~m the initiator. 

The target shall negate the C/D. 1/0, and MSG signals 
during the REQ/ACK handshake(s) of this phase. 

Status Phase 

The Status pha~e allows the target to request that it send 
status information to the initiator. 

The target shall assert CID and 1/0 and nega te the MSG 
signal during the REQ/ACK handshake of this phase. 

Message Phase 

The Message phase is a term that references either a 
Message In or a Message Out phase. Multiple messages may be 
sent during either: phase. The first byte transferred in 
either of these phaGes shall be either a single byte 
message or the first byte of a multiple byte message. 
Multiple byte messages shall be wholly contained with a 
single message phase. 

12.1.9.1 Message IN Phase 

The Message In phase allows the target to request that it 
send message(s) to the initiator. 

The target shall assert C/D. 1/0. and MSG during the 
REQ/ACK handshake(s) of this phase. 

12.1.9.2 Message Out Phase 

(2260P) 

The Message Out phase allows the target to request that 
message(s) be sent from the initiator to the target. The 
target may invoke this phase at itls convenience in 
response to the Attention condition (see 12.2.l) created by 
the initiat.or. 

The target shall assett C/D and MSG and negate IIO during 
the REQ/ACK handshake(s} of this phase. The target shall 
handshake byte(s} in this phase until ATN goes false. 
unless an etrot OCCUtS (see Messaqe Reject. 12$S~2)~ 
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12.1.9.2 continued 

If the target detects one or more parity error(s) on the 
message byte(s) received. it may indicate itls desire to 
retry the message(s) by asserting REQ after detection ATN 
has gone false and before changing to any other phase. The 
initiator. upon detecting this condition. shall resend all 
of the previous message byte (s) sent dur ing this phase. 
When resending more than one message byte. the initiator 
shall assert ATN before asserting ACK on the first byte and 
shall maintain ATN asserted until the last byte is sent as 
described in 12.2.1. 

If the target receives all of the message byte(s) 
succe~3sfully (i.e. t no parity errors). it shall indicate 
that it does not wish to retry by changing to any 
information transfer phase other than the Message Out phase 
and transfer at least one byte. The target may also 
indicate that it has successfully received the message 
byte(s) by changing to the Bus Free phase (e.g .• Abort or 
Bus Device Reset messages). 

Only the following combinations of 
accepted during the same Message Out 
immediately after Selection): 

messages will be 
transfer (and only 

1. Identify message followed by Abort message 
2. Identify message followed by Bus Device Reset message 
3. Identify message followed by No Operation message 
4. Identify message followed by Synchronous Data Xfer 

Request message 

If a target receives illegal multiple messages, it will 
send a Message Reject message. go to Bus Free. and abort 
any command in process for that initiator. 

12.1.10 Signal Restrictions Between Phases 

(2260P) 

When the SCSI bus is between two information transfer 
phases, the following restrictions shall apply to the SCSI 
bus signals: 

1. The BSY, SEL. REQ. and ACK signals shall not change. 
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12.1.10 continued 

2. The C/D. 1/0, MSG. and Data Bus signals may change. 
When switching the Data Bus direction from Out 
(initiator driving) to In (target driving), the target 
shall delay driving the Data Bus by at least a data 
release delay plus settle delay after asserting the 
IIO signal and the initiator shall releaae the Data 
Bus no latet than a data release delay after the 
t=ansition of the IIO signal to true. When switching 
the Data Bus direction from In (target driving) to Out 
(initiator driving), the target shall release the Data 
Bus no latar than a deskew delay after negating the 
I/O signal. 

3. The ATN and RST signals may change as defined under 
the descriptions for the Attention condition (12.2.1) 
and Reset condition (12.2.2). 

12 .. 2 SCSI BUS CONDITIONS 

12.2.1 

(2261P) 

The SCSI bus has two asynchronous conditions: the Attention 
condition and the Reset condition. These conditions cause 
the SCSI device to perform certain actions and can alter 
the phase sequence. 

Attention Condition 

The Attention condition allows an initiator to inform a 
target that the initiator has a message ready. The target 
will get this message at it I S convenience by performing a 
Message Out phase. 

The initiator creates the Attention condition by asserting 
ATN at. any time except. during the Arbitration or Bus Free 
phase. 

The initiator must assert the ATN signal before asserting 
ACK for the last byte transferred in a bus phase for the 
Attention condi eion to be honored befo.cs transi t ion to a 
new bus phase. An ATN asserted later may not be honored 
until a later bus phase. The WREN.V HH will respond with 
Message Out phase as follows: 

2. 

If ATN OCCUtS during a Data phase. Message Out will 
occur at a convenient time. I t may not occur unt il 
several logical blocks after ATN is first asserted. 

If ATN occurs during a Command phase. Message Out will 
OCCUt after transfer of all Command Descriptor Block 
bytes has been completed. 
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12.2.1 

12.2.2 

(2261P) 

continued 

3. If ATN occurs during a Status phase. Message Out will 
occur after the status byte has been acknowledged by 
the initiator. 

4. If ATN occurs dur ing a Message In phase. Message Out 
will occur after the last byte of the current message 
has been acknowledged by the initiator. 

5. If ATN occurs during a Selection or Reselection phase. 
Message Out will occur immediately after that 
Selection or Reselection phase. 

The initiator shall keep ATN asserted if more than one byte 
is to be transferred. The initiator may negate the ATN 
signal at any time except it shall not negate the ATN 
signal while the ACK signal is asserted during a Message 
Out phase. Recommended practice is that the initiator 
negates ATN while REQ is true and ACK is false during the 
last REQ/ACK handshake of the Message Out phase. 

Reset Condition 

The Reset condition is used to immediately clear all SCSI 
devices from the bus. This condition shall take precedence 
over all other phases and conditions. During the Reset 
condition. the state of all SCSI bus signals other than RST 
is not defined. 

The WREN V HH will never assert the Reset signal. 

All SCSI devices shall release all SCSI bus signals (except 
RST) wi thin a bus clear delay of the transi t ion of RST to 
true. The Bus Free phase always follows the Reset condition. 

The WREN V HH implements only the "hard" Reset option. Upon 
detection of the Reset condition. the WREN V HH shall: 

1. Clear all uncompleted commands. 
2. Release all SCSI device reservations. 
3. Return any SCSI device operating modes (Mode Select. 

etc) to their default conditions. 

4. Activate Unit Attention Condition for all Initiators. 
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12.3 SCSI BUS PHASE SEQUENCES 

12~3.1 

12.3.2 

12.3.3 

BUS 
FREE 

The order in which phases are used on the SCSI bus follows 
a prescribed sequence. 

!n all systems, the Reset condition can abort any phase and 
is always followed by the Bus Free phase. Also, any other 
phase can be followed by the Bus Free phase. 

Nonarbitracing System 

For systems in which the A.rbitraticn phase is not 
implemented. the allowable sequences are shown in Figure 
12.3-1. The normal progression is from the Bus Free phase 
to Selection. and ftom Selection to one or more of the 
information transfer phases (Command, Data, Status, or 
Message) . 

Arbitrating Systems 

For systems in which the Arbitration phase is implemented. 
the allowable sequences are shown in Figute 12.3-2. The 
normal progtession is ftom the Bus Free phase to 
Arbitration, from Arbitration to Selection or Reselection, 
and ftom Selection or Reselection to one or more of the 
information transfer phases (Command. Data, Status, Ot 
Message) . 

All Systems· 

There are no restrictions on the sequences between 
information transfer phases. A phase type may even be 
followed by the same phase ty~e (e.g .• a Data phase may be 
followed by another Data phase). 

I ... COMMAND OR 
ARBI- SELECiION OR 

DATA* OR STATUS 
... TRATION - OR MESSAGE . - -RESELECTION PHASE PHASE PHASE PHASE 

.:~ ~t"- I I 
_ RESET CONDITION 

* DATA PHASE MUST FOLLOW A COMMAND PHASE EXCEPT AFTER RESELECTION PHASE 

FIGURE 12.3-1. PHASE SEQUENCES WITHOUT ARBITRATION 
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I 
COMMAND OR DATA ... - OR STATUS OR MESSAGE 

PHASE 
BUS FREE ... SELECTION -

PHASE - - PHASE - -
H~ ~ t I 

... RE SET CONDITION 

FIGURE 12.3-2. PHASE SEQUENCES WITH A·RBITRATION 

12.4 SCSI POINTERS 

(2261P) 

WREN V HH suppoets systems that use the pointer philosophy 
described in the following paragraphs. 

Cons idee the system shown in Figure 12.4-1 in which an 
initiator and target communicate on the SCSI bus in order 
to execute a command. 

I I !"'------ , 
J 

FUNCTION I I INITIATOR SCSI TARGET I 1 FUNCTION 
ORIGIN I I PATH BUS PATH I I EXECUTION 

I I 
CONTROL 1------- CONTROL I I 

IN.ITIATOR TARGET 

FIGURE 12.4-1. SIMPLIFIED SCSI SYSTEM 

The SCSI architecture provides for two sets of thrGe 
pointers wi thin each ini tiator. The pointers are part of 
the initiatoe path control. The first set of pointers are 
known as the cuerent (oe active) pointers. These pointers 
represent the state of the inteeface and point to the next 
command. data. or status byte to be transferred between the 
initiator'S memory and the target. There is only one. set of 

. current pointees in each initiatoe. The current pointers 
are used by the target currently connected to the initiator. 
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12.4 continued 

The second set of pointers are known as the saved pointers. 
There is one set of saved pointers for each command that is 
currently ac~ive (whether or not it is currently 
connected). The saved command pointer always points to the 
start of the Command Descriptor Block (see Paragraph 13.2) 
for the current command. The saved status pointer always 
points to the start of the status area for the current 
command. At the begi.nning of each command. the saved da ta 
pointer points to the start of the data area. It remains at 
this value until the target sends a Save Data Pointer 
message (see Paragraph 12.5.2) to the initiator. In 
response to this message. the initiator stores the value of 
the current data pointer into the saved data pointer. The 
target may restore the current pointers to their saved 
values by sending a RESTORE POINTER Message (see Paragraph 
12.5.2) to the initiator. The initiator moves the saved 
value of each pointer into the corresponding current 
pointer. Whenever a SCSI device disconnects from the bus, 
only the saved pointer values are retained. The current 
pointer values are restored from the saved values upon the 
next reconnection. 

12.5 MESSAGE SYSTEM SPECIFICATION 

12.5.1 

(2261P) 

The message system 
initiator and target 
management. 

Message Protocol 

allows communication bec~een an 
for the purpose of physical path 

WREN V HH supports systems that accommodate only the 
Command Complete message. or systems that can accommodate 
additional messaqes. WREN V HH is always Loqical Unit (LUN) 
address zero. 

SCSI devices indicate their ability to accommodate more 
than the Command Complete me~sage by asserting or 
responding to the ATN-signal. The initiator indicates this 
in the Selection phase by asserting ATN before the SCSI bus 
condition of SEL true. and BSY false. If the target hasn't 
received ATN by this point. it will assume the initiator 
doesn't support disconnection or messages other than 
Command Complete. It: theATN siqnal is asserted later e it 
will be ignored until after the next Bus Free phase.. The 
target indicates it's ability to accommodate more messaqes 
by responding to th.e Attention condition with the Message 
Out phase after going through the Selection phase. 
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12.5.1 

12.5.2 

CODE 
OOH 

continued 

For SCSI devices that support messages other than Command 
Complete, the first message sent by the initiator after the 
Selection phase shall be the Identify message. This allows 
the establishment of the physical path for a particular 
logical unit specified by the initiator. After the 
Reselection phase. the target's first message shall be 
Identify. This allows the physical path to be reestablished 
for the target's specified logical unit number (always zero 
for WREN V HH). An initiator may send the Abort message or 
the Bus Device Reset message instead of the Identify 
message, as the first message. 

Whenever a physical path is established in· an initiator 
that <:an accommodate disconnection and reconnection, the 
initiator shall ensure that the active pointers of the 
physical path are equal to the save pointers for that 
particular logical unit number. {An implied restore 
pointers operation occurs as a result of connect or 
reconnect.} 

Messages 

The single byte messages supported by the WREN V HH are 
listed in Table 12.5.2-1. Their code values are given a 
direction specification. Detailed descriptions follow the 
table. Messages other than those listed will be answered 
with a Message Reject message. 

TABLE 12.5.2-1. MESSAGE CODES 

DESCRIPTION [1] DIRECTION 
COMMAND COMPLETE IN 

OlH/01H SYNC DATA TRANSFER REQUEST IN OUT 
02H SAVE DATA POINTER IN 
03H RESTORE POINTERS IN 
04H DISCONNECT IN 
OSH INITIATOR DETECTED ERROR OUT 
06H ABORT OUT 
07H MESSAGE REJECT [2] IN OUT 
OBH NO OPERATION OUT 
09H MESSAGE PARITY ERROR OUT 
OCH BUS DEVICE RESET OUT 
BOH--FFH IDENTIFY IN OUT 

[1] In = WREN V HH to Initiator 
Out = Initiator to WREN V HH 

[2] WREN V HH will not resend (RETRY) the original message 
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12 .. 5.2 continued 

Command Complete OOH - This message is sent from a target 
to an initiator to indicate the execution of a command has 
terminated and that valid status has been sent to the 
initiator. After successfully sending this message. the 
target shall go to the Bus Free phase by releasing BSY. 

NOTE: The command may have been executed successfully 
or unsuccessfully as indicated in the status. 

Extended Message 01B - This message is sent from either the 
initiator or the target as the first byte of a multiple 
byte message. (See Paragraph 12.5.3 for descriptions of 
extended messages.) 

Save Data Pointer 02H This message is sent from the 
currently attached target to direct the initiator to save a 
copy of the presently active data pointer. (See Paragraph 
12.4 for a definition of pointers.) 

Restore Pointers 03H - This message is sent from the target 
to direct the initiator to restore to the active state the 
most recent~y saved pointers for the currently attached 
WREN V HH. Pointers to the command. data. and status 
locations for the logical unit shall be restored to the 
active pointers. Command and status pointers shall be 
restored to the beginning of the present command and status 
areas. The data pointer shall be restored to the value at 
the beginning of the da ta area in the absence of a Save 
Data Pointer message or to the value at the point at which 
the last Save Data Pointer message occurred for currently 
attached WREN V RH. 

Disconnect 04H - This message is sent from a target to 
inform an initiator that the present physical path is going 
to be broken (the target plans to disconnect by releasi.ng 
BSY). but that a later: reconnect will be required in order 
to complete the current operation~ If the initiator detects 
the Bus Free phase (other than a result of a Reset 
condition) without first receiving a Disconnect or Command 
Complete message. the initiator shall consider this a 
catastrophic error condition. If t"he target intentionally 
creates this condition. the target shall clear the current 
command. This message shall not cause the initiator to save 
the data pointer. Note: It Disconnect messages are used to 
break a long data transfer into two or more shorter 
transfers. then a Save Data Pointer message will be issued 
before each Disconnect message. The WREN V HH will 
disconnect when a sUbstantial delay is anticipated. These 
situations occur after receipt of a Command Descriptor 
Block or during a data transfer. 
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12.5.2 

(2261P) 

continued 

Initiator Detected Error OSH - This message is sent from an 
initiator to inform a target an error (e.g. parity error) 
has occurred that does not preclude the target from 
retrying the operation. Since present pointer integrity is 
not assured. a Restore Pointers message shall be sent by 
the target to cause the pointers to be restored to their 
defined prior state. An initiator should not issue this 
message unless it will accept the Restore Pointers message. 
If the target is not sure it can recover proper ly. Check 
Condition status will be created with Sense Key of Aborted 
Comman.d. 

Abort 06H - This message is sent from the initiator to the 
target. to clear the present operation. If a logical unit 
has been identified. all pending data and status for the 
issuing initiator from the affected logical unit shall be 
aborted and target shall go to the Bus Free phase. Pending 
data and status for other initiators shall not be cleared. 
If a logical unit has not been identified. the target shall 
go to the Bus Free phase. No status or ending message shall 
be sent for the operation. 

Message Reject 07H - This message is sent from either the 
initiator or target to indicate that the last message it 
received was inappropriate or has not been implemented. The 
WREN V HH will not resend (retry) the original message. 
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12.5.2 

( 2.261P) 

continued 

The WREN V HH tesponse to a message teject message will 
depend on what the otiqinal message was. 

ORIGINAL MESSAGE 

Command Complete 
Synchronous Request 

Save Data Pointer 

Restore Pointets 

Disconnect 

Message Reject 

Linked Cmd Complete 
Identify 

RECOVERY ACTION 

Go to Bus Ftee state anyway. 
Assume asynchronous transfets and 
continue. 
If Data In Phase. don't 
disconnect and continue data 
transfer command. If Data Out 
Phase, continue disconnect 
sequence. 
Tecminate command immediately 
with Check Condition status 
and Hardware Errot in Sense 
Key. 
Don't disconnect and continue 
command normally. 
Tecminate command immedia~ely 
with Check Condition status and 
Hatdwate Ettor in Sense Key. 
Go to Bus Ftee phase. 
Go to Bus Free (catastrophic 
errot), save Aborted CMD in the 
Sense Key. 
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12.5.2 

(2261P) 

continued 

No Ope·ration 08H - This message is sent from an initiator 
in responGe to a target t S request for a message when the 
initiator does not currently have any other valid message 
to send. 

Message Parity Error 09H - This message is sent from the 
initiator to the target to indicate that one or mace bytes 
in the last message it received had a parity error. The 
WREN V HH will attempt to cesend the original message one 
time. If the retry attempt also results in a parity error. 
the target will go to Bus Free phase. 

In order to indicate it's intentions of sending this 
message. the initiator shall assert the ATN signal before 
itls release of ACK for the REQ/ACK handshake of the 
message that has the parity error. This provides an 
interloCk so that the target can determine which message 
has the parity error. 

Bus Device Reset OCH This message is sent from an 
initiator to direct a target to clear all current commands. 
This message forces the SCSI device to an initial state 
with no operations pending for any initiator. Upon 
recognizing this message. the target shall go to the Bus 
Free phase. 
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12~5.2 

12.5.3 

12.5.4 

(:2261P) 

continued 

Identify SOH to FFH - These messages are sent by either the 
initiator (after Selection phase) or the target (after 
Reselection phase) to establish the physical path 
connection between an initiator and targete 

Bit 7 - This bit is always set to one to distinguish these 
messages from the other messages. 

Bit 6 - This bit is set to one only by the initiator. When 
set to one. it indica tes the ini tia tor has the abi 1 i ty to 
accommodate disconnection and reconnection. When set to 
zero. the WREN V fiB will not attemQt to disconnect. 

Bits 5-3 - Reserved 

Bi ts 2-0 - These bi ts SpeCll:Y a loqica 1 uni t number in a 
target. Always .. a .. for WREN V HH. 

When sent 
reconnect.ion. 
performed by 
message. 

from a target to an initiator during 
and implied Restore Pointers message shall be 

the initiator before completion of this 

If an initiator specifies an invalid LUN in the Identify 
message. the WREN V HH will accept the Identify message but. 
will reject the next command. See Paragraph 13.2.2. 

Extended Messages 

Extended messages except for the Synchronous Data Transfer 
Request are not implementedG WREN V HH will respond with a 
Message Reject message after any other extended message is 
received. 

The Extended message format to be used by WREN V HH is 
shown in Section 12.5.4. "Synchronous Data Transfer Request 
Message ll 

• 

Synchronous Data Transfer Request Message 

TABLE 12.5.4-1. SYNCHRONOUS DATA TRANSFER REQUEST 

BYTE 
o 
1 
:2 
3 
4 

VALUE 
OlH 
03H 
OlB 

mH 
xB 

DESCRIPTION 
Ex~ended message 
Extended message lenqth 
Synch~onous Data Transfe~ Reques~ code 
Transfer pe~iod (mH times 4 ns) 
REO/ACK offset 
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12.5.4 

(2261P) 

continued 

If dat:a transfers between" an initiator and the WREN V HH 
are to be synchronous. a pair of Synchronous Data Transfer 
Request messages (Table 12.5.4-1) are exchanged between an 
initiator and a target whenever one of the devices 
recogn.izes that it has not communicated with the other SCSI 
device since receiving"the last "hard" Reset condition or a 
Bus Device Reset message. The SCSI devices may also 
exchange messages to establish synchronous data transfer 
when requested to do so. The message exchange establishes 
the transfer period and the REQ/ACK offset. The transfer 
period is the minimum time between leading edges of 
successive REQ pulses and of successive ACK pulses. 

The REQ/ACK offset is the maximum number of REQ pulses that 
may be outstanding before a corresponding ACK pulse is 
received at the target. A REQ/ACK offset value of zero 
shall indicate asynchronous mode; a value of FFH shall 
indicate unlimited offset. 

If the initiator recognizes that negotiation is required, 
it asserts ATN and sends a Synchronous Data Transfer 
Request message indicating a REQ/ACK offset and minimum 
transfer period. The REQ/ACK offset is chosen to prevent 
initiator buffer overflows. while the mlnlrnum transfer 
period is chosen to meet the data handling requirements of 
the initiator. The target responds in any of the following 
ways: 

TARGET RESPONSE 

1. REQ/ACK offset less than or 
equal to the requested value. 

Minimum transfer period equal 
to or greater than requested 
period. 

2. REQ/ACK offset equal to zero. 

3. Message Reject 
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IMPLIED AGREEMENT 

REQ/ACK offset equal to 
ta.rget value. 

Minimum transfer period 
equal to the ta.rget 
value. 

Asynchronous transfer. 

Asynchronous transfer. 
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12.5.4 

(2261P) 

continued 

If the ta.z:get recognizes that negotiation is required, it 
sends a SYNCHRONOUS DATA TRANSFER REQUEST message to the 
initiator. The REQ/ACK offset is selected to prevent buffer 
and offset counter overflows. while the minimum transfer 
period is chosen to meet the data handling requi.z:ements of 
the target. The initiator responds in any of the following 
ways if the target chooses an REQ/ACX offset equal to FFH: 

INITIATOR RESPONSE 
(1) REQ/ACK offset equal 

to FFH. Minimum 
transfer period equal 
to or greater than 
requested period. 

(2) REQ/ACK offset equal 
to OOH. 

(3) MESSAGE REJECT. 

IMPLIED AGREEMENT 
REQ/ACK offset unlimited. Minimum 
transfer period equal to the 
initiator value. 

Asynchronous transfer. The target 
may renegotiate fo.z: an REQ/ACK 
offset less than FFH and greater 
than OOH. 

Asynchronous t.z:ansfer. 

The initiator responds in any of the following ways if the 
target selects an REQ/AC~ offset less than FFH: 

INITIATOR RESPONSE 
(1) REQ/ACK offset less 

than or equal to the 
requested value, 
Minimum t.z:ansfer 
period equal to or 
greater than requested 
value. 

(2) REQ/ACK offset equal 
to ze.z:o. 

(3) MESSAGE REJECT 

IMPLIED AGREEMENT 
REQ/ACK offset equals initiator 
value. 

Minimum t.z:ansfer period equal to 
the initiator value. 

Asynch.z:onous transfer~ 

Asynchronous transfer. 
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12.5.4 

(2261P) 

continued 

The implied agr:eement shall r:emain in effect until a Bus 
Device Reset message is received, until a "hard" Reset 
condition occur:s, or until one of the two SCSI devices 
elects to modify the agreement. Renegotiation at ever:y 
selection is not recommended, since a significant 
performance impact is likely. The default mode of data 
transfer is asynchr:onous mode. The default mode is 'entered 
at power on, after a Bus Device Reset message, or after a 
II hard" Reset condition. The Synchronous Data Transfer 
Request message exchange can only take place following a 
Selection phase that includes the SCSI IDs for both the 
initiator and the target. violation of this rule may make 
data transfer impossible owing to disagreements among SCSI 
devices about the data transfer mode. 

The WREN V HH will never send Synchronous Data Transfer 
Request message unless an ini tia tor sends this message to 
the WREN V HH first. 

The WREN V HH SCSI supports up to 15 REQ/ACK offsets. 

The WREN V HH SCSI supports the following transfer periods. 

m - TRANSFER PERIOD VALUE TRANSFER PERIOD 
(m x 4 ns} 

Decimal Hex 
63 3F 252 
73 49 292 
84 54 336 
94 5E 376 

105 69 420 
115 73 460 
125 7D 500 
136 88 544 
146 92 584 
157 9D 628 
167 A7 668 
178 B2 712 
188 BC 752 
198 C6 792 
209 Dl 836 
219 DB 876 
230 E6 920 
240 FO 960 
250 FA 1000 
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13.0 

l3 .. 1 . 

(2261P) 

SCSI COMMANDS 

This section defines the SCSI command structure and 
describes a typical SCSI bus procedure involving a command, 
status return and message interchange. I t should be noted 
that WREN V HH does not support command 1 inking and wi 11 
respond with a "Check: Condition" status and lI!llegal 
Request" sense key if a linked command is received. 

The command structure defined herein provides for a 
contiguous set of logical blocks of data to be transferred 
across the interface. The number of the logical data blocks 
to be transferred are defined in the command. Initiator 
commands to the WREN V HH are structured in accordance with 
the requirements imposed by the WREN V HH physical 
characteristics. These physical characteristics are 
reported to the initiator in response to an inqui~y command. 

A single command may transfer one or more logical blocks of 
data. The WREN V HH may disconnect from the SCS! bus to 
allow activity by other SCSI devices while the WREN V HH 
performs operations within itself. 

Upon command completion (which may be executed either 
successfully or unsuccessfully), the WREN V HH returns a 
status byte to the initiator. Since most ereor and 
exception conditions cannot be adequately described with a 
single status byte. one status code that can be sent as the 
status byte is called Check: Condition. It indicates that 
addition~l information is available. The initiator may 
issue a Request Sense command to request the return of the 
additional information as part of the Data In phase of the 
command. 

COMMAND IMPLEMENTATION REQPIREMENTS 

The first byte ot any SCSI command cO.ntains an operation 
code as def ined in this document. Three bi ts (bi ts 7 - 5) 
of the second byte of each SCSI command specify the logical 
unit if it is noe specified using the Identify Message (see 
Paragraph 12.5.2). Only logic unit zero is valid for the 
WREN V HR. The last byte of all SCSI commands shall contain 
a control byte as defined in Paragr~ph 13.2.6c 
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13.1.2 

13.1.3 
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Reserved 

Reserved bits. bytes. fields, and code values are set aside 
for future standardization. Their use and interpretation 
will be specified by future extensions to this 
specification. A reserved bit. field, or byte shall be set 
to zero. or in accordance with a future extension to this 
specification. A WREN V HH that receives a reserved code 
value shall terminate the command wi th a Check: Condi tion 
status and the Sense Key shall be set to Illegal Request. 
It shall also be acceptable for the WREN V HH to interpret 
the bit, field, byte, or code value in accordance with a 
future extension to this specification. 

Operation Code Type 

Not applicable 

Unit Attention Condition 

Unit Attention condition shall begin for each initiator if 
Power On Sequence occurs. if an internally generated reset 
(caused by a power glitch) occurs, if the WREN V HH is 
II reset II by a Bus Device Reset message or a II hard II reset 
condition. or if one or more Mode Select parameters 
affecting this initiator were changed by another initiator. 
The Unit Attention condition shall persist for each 
initiator until that initiator clears the condition as 
described in the following paragraphs. 

If an Inquiry command is received from an initiator with a 
pending Unit Attention condition (before or after the WREN 
V HH reports Check Condition status). the WREN V HH shall 
perform the Inquiry command and shall not clear the Unit 
Attention Condition. 

If a Request Sense command is received from an initiator 
wi th a pending Uni t Attention Condi tion (before or after 
the WREN V HH reports Check Condition status). the WREN V 
HH shall discard any pending sense data. report the Unit 
Attention Sense Key. and clear the Unit Attention condition 
for that initiator. 
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13.1.3 

13.1.4 

(2261P) 

(continued) 

If an initiator issues a command other than Inqui~y or 
Request Sense while a Unit Attention Condition exists for 
that initiator. the WREN V HH shall not perform the command 
and shall report Check Condition status. If a Request Sense 
is issued next. the Unit Attention condition will be 
reported and c:lea~ed as noted in the preceding pa~agraph. 
If another command other than Request Sense or Inqui.t:y is 
issued instead. the WREN V HH shall perform the command and 
return the appropriate status. The Unit Attention condition 
for that initiator is cleared and the sense data is lost. 

Command Queinq 

The WREN V HH is capable of accepting and queing one 
command from each ini tiator for up to 7 possible 
ini tiators. When commands are queued, after the WREN V HH 
is selected it ~ill accept the command bytes, send a 
Disconnect message, go to Bus Free phase. and continue 
command execution. If the command cannot be queued, the 
WREN V HH will allow itself to be selected and will accept 
the command bytes for this command. The WREN V HH will then 
go to the s ta tus phase and send Busy S ta tus back to the 
initiato.t:. 

Command queuing can be done only for initiators that 
support A~bi tration and Reselection phases. send an 
Identify message afte.t: Selection. and allow disconnection. 
Initiators that don't support these options will be handled 
as follows: 

In this case or if the commarid queue is full. the WREN V HH 
will allow itself to be selected and will accept the 
command bytes for a new command. I t wi 11 then go to the 
Status phase and send Busy status to the initiator (see 
Section 14.0). Af ter a Command Complete messaqe and goinq 
to Bus Free phase. the WREN V HH will resume execution of 
its current command. An initiator that received Busy status 
in this manner will have to resend the command later in 
order to have it executed. 

A WREN V HH will not queue Reserve commands because of the 
special considerations involved with queuing ~hese 
commands. See the sections describinq the Reserve command 
for further details . 

. All commands that are queued will eventually be executed in 
accordance with the WREN V HH priority scheme unless a hard 
Reset. a Power On Reset~ or a Bus Device Reset message is 
receivedo In these cases. all queued commands will be 
cleared and no status will be sent to the initiatorc 
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13.2 COMMAND DESCRIPTOR BLOCK (CDB) 

13.2.1 

(2261P) 

A request by an initiator to a WREN V HH is performed by 
sending a Command Descriptor Block (CDB) to the WREN V HH. 
For several commands. the request is accompanied by a list 
of parameters sent during the Data Out phase. See the 
specific commands for detailed information. 

The Command Descriptor Block always has an operation code 
as the first byte of the command. This is followed by a 
logical uni t number. command parameters (if any). and a 
control byte. 

For all commands. if there is an invalid parameter in the 
Command Descriptor Block. the WREN V HH shall terminate the 
command without altering the medium. 

The Format description for the Command Descriptor Block as 
supported by the WREN V HH is shown in Tables 13.2-1, 
13.2-2 and 13.2-3. 

Operation Code 

The operation code (Table 13.2-1) of the Command descriptor 
Block has a group code field and a command code field. The 
three bit group code field provides for eight groups of 
command codes. The five bit command code field provides for 
thir ty two command codes in each group. Thus. a tota 1 of 
256 possible operation codes exist. Operation codes are 
defined in Section 14. 

For the WREN V HH the group code specifies one of the 
following groups: 

Group a - Six byte commands (see Table 13.2-2). 
Group 1 - Ten byte commands (see Table 13.2-3). 
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TABLE 13.2-1. OPERATION CODE FORMAT FOR CDB 

I BIT 7 1 6 1 SI 41 31 21 11 
IBYIE(Sl ! I I I I I I 
I a Group Code I Command Code 
1 I 

TABLE 13.2-2. TYPICAL COMMAND DESCRIPTOR BLOCK FOR SIX 

I BIT 1 7 I 

IBYTE(S) I I 
I a I 

6 1 
I 

S I 41 31 21 
I I I I 

Operation Code 

11 
I 

a 

BYTE 

a 

COMMANDS 

I ______ ~I--~--------------------------------------------------I 1 ILogical Unit No. I Logical Block Address (if req.) (MSB) 
1 I a a 0 I 
I 2 I Logical Block Address (if required) 
I I 
I 3 I Logical Block Address (if required )(LSB) 
I ! 
I 4 I Transfer Lengen (if required) 
I ! 
I ----S--~I---------------------------------------------------Control Byte 

I------~I-----------------------------------------------------

TABLE 13.2-3. TYPICAL COMMAND DESCRIPTOR BLOCK FOR TEN BYTE COMMANDS 

I BIT I 7 I 6 SI 41 31 21 1\ a 
IBYTE(S) I I I I 1 I I 
I a i Operation Code 
I 1 

I 1 Logical Unit No. I Reserved I RelAdr 
I a 0 01 I 0 

1 2 Logical Block Address(if required)(MSB) 
I 
I 3 Logical Block Address (if required) 
I 
1 4 Logical Block Address (if required) 
1 
I 5 Logical Block Address (if required) (LSB) 
I 
I 6 Reserved 
I 
I 7 Transfer Length (if requited) (MSB) 
L 
I 8 Transfer Length ( if required) (LSB) 

'-I 9 Cont.rol Byte 
I 
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13.2.2 

13.2.3 

(2261P) 

Logical Unit Numbe~ (LUN) 

The logical unit number (LUN) add~esses one of up to eight 
physical devices o~ virtual devices attached to a ta~get. 
The only valid LUN numbe~ fo~ WREN V HH is Ze~o. 

The LUN in the CDB is p~ovided for systems that do not 
implement the Identify Message. If an Identify message is 
sent to the WREN V HH. the WREN V HH will use the LUN 
number specified in this message. In this case. the WREN V 
HH shall ignore the LUN specified within the command 
desc~iptor block. 

The WREN V HH will reject commands which select an invalid 
LUN (except Request Sense and Inqui~y) by requesting and 
accepting the command bytes. then going to Status phase and 
sendin.g Check Condition status. Note that the LUN is sent 
in the LUN field of a CDB (if no Identify message has been 
received fo~ this selection) or by the LUN field of an 
Identify message. 

Request Sense commands selecting an invalid LUN will 
receive a Sense Data block with the Illegal Request Sense 
Key and an Inval id LUN Erro~ Code. Inquiry commands wi 11 
retu~n Inqui~y Data with the Pe~ipheral Device Type field 
set to Logical Unit Not Present (7FH). Request Sense and 
Inqui:cy commands will not send Check Condition status in 
response to an invalid LUN selection. 

Logical Block Address 

The logical block add~ess on logical units shall begin with 
block zero and be contiguous up to the last logical block 
on that logical unit. 

G~oup 0 command descriptor block contain 21 bit logical 
block add~esses. G~oup 1 command desc~iptor blocks contain 
32 bit logical block add~esses. 

The logical block concept implies that the initiato~ and 
target shall have previously established the number of data 
bytes pe~ logical block. This may be established th~ough 
the use of the Read Capaci ty command or the Mode Sense 
command o~ by p~io~ arrangement. 

The maximum loqical block address for WREN V HH which is 
accessible by the Initiator is defined in Read Capacity 
Data in section 14.2.2.1. 
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l3.2.4 

l3.2.5 

(2261P) 

Relative Address Bit 

Not implemented. Must be zero. 

Transfer Length 

The Transfer Length specifies the amount of data to be 
transferred. usually the number of blocks. For several 
commands the transfer length indicates the requested number 
of bytes to be sent as defined in the command descri~tion. 
For these commands the transfer length field may be 
identified by a different name. See the following 
descriptions and the individual command descri~tions for 
further information. 

Commands that use one byte for Transfer Length allow up to 
256 blocks of data to be transferred by one command. A 
Transfer Length value of 1 to 255 indicates the number of 
blOCKS that shall be transferred. A value of zero indicates 
256 blOCKS. 

Commands that uze two bytes for Transfer Length allow up to 
65.535 blocks of data to be transferred by one command. In 
this case, a Transfer Length of zero indicates that no data 
transfer shall take place. A value of 1 to 65.535 indicates 
the number of blocks that shall be transferred. 

For several commands more than two bytes are allocated for 
Transfer Length. Refer to the specific command description 
for further information. 

The Transfer Length of the commands that are used to send a 
list of parameters to a WREN V HH is called the Parameter 
List Length. The Parameter List Length specifies the number 
of bytes sent during the Data Out phase. 

The Transfer Length. of the commands used to return sense 
data (e.g. Request Sense. Inquiry, Mode Sense. etc) to an 
initiator is called the Allocation Length. The Allocation 
Length specifies the number of bytes that the initiator has 
allocated for returned data. The WREN V HH shall terminate 
the Data In phase when Allocation Langeh bytes have been 
transferred or when all avait'able data have been 
transferred to the initiator. whichever is less. The 

'Request Sanse command is an exception. An Allocation Length 
of zero indicates four bytes are to be transferred. not 
zero~ See Mode Sense and Mode Select commands. 
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13.2.6 

1 BIT 
\BYTECS) 
1 LAST 
I 

Control Byte 

Must be all zeros. WREN V HH does not support the Flag and 
Link bit functions. These bits must be zero for the command 
to be accepted. If not. WREN V HH will send a "Check 
Condition" Status and a Sense Key of "Illegal Request". See 
Table 13.2.6-1. 

TABLE 13.2.6-1. CONTROL BYTE 
(Table 6-4 in CDC SCSI Spec) 

.., 6 5\ 41 31 21 1\ 0 
I I I I I 
I I 1 I FLAG I LINK 

0 0 01 01 01 01 0 1 0 
I I I I I I ________ ~------~----~----~----~----~--~~--~---------------

13.3 

13.3.1 

(2261P) 

COMMAND EXAMPLES 

Single Command Example 

A typical operation on the SCSI bus is likely to include 
a single Read command to a peripheral device such as the 
WREN V HH. This operation is described in detail starting 
with a request from the initiator. This example assumes 
that no malfunctions or errors occur and is illustrated 
in Figure 13.3-1. 

The initiator has active pointers and a set of stored 
pointers representing active disconnected SCSI devices 
(an initiator without disconnect capability does not 
require stored pointers). The initiator sets up the 
act:i.ve pointers for the operation requested. arbitrates 
for the SCSI bus. and selects the WREN V HH. Once this 
process is completed. the WREN V HH assumes control of 
the operation. 

The WREN V HH obtains the command from the initiator (in 
this case. a Read command). The WREN V HH interprets the 
command and executes it. For this command. the WREN V HH 
reads the requested data from the Disk Media and sends 
this data to the initiator. After sending the read data 
to the initiator. the WREN V HH sends a status byte to 
the initiator. To end the operation. the WREN V HH sends 
a Command Complete messaqe to the initiator and then goes 
to the Bus Free state. 
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13.3.1 

13.3.2 

(2261P) 

(continued) 

B .. A SEL CM]) D S MSG B 
U R A T In U 
S B ( no Read T A 5 

---> I ---> ATN) -> OaH > A -> T --> c:m -> 
F T U co- P 
R I S MP R 
E N _I L 

E 
~ 

FIGURE 13.3-1. SINGLE COMMAND EXAMPLE 

Disconnect Example 

In the single command example, the length of time 
necessary to obtain the daea may require a time consuming 
physical seek. In order to improve system throughput, the 
WREN V HH may disconnect from the initiator, freeing the 
SCSI bus to allow other requests to be sent to other SCSI 
devices. To do this. the initiator must be reselectable 
and capable of restoring the pointers upon reconnection. 
The WREN V HH must be capable of arbitrating for the SCSI 
bus and reselecting the initiator. See Figure 13.3-2. 

After the WREN V HH has received the Read command (and 
has determined that there THill be a delay), it 
disconnects by sending a Disconnect message and releasing 
BSY (goes to BUS Free state). 

When the data is ready to be transferred. the WREN V HH 
reconnects to the initiator, the initiator restores the 
pointers to their mos t recently saved values (which. in 
this case. are the initial values) and the WREN V HH 
continues (as in the single command example) to finish 
the operationc The initiator recoqnizes that the 
operation is complete when a Command Complete message is 
received" 

If the WREN V HH wishes to disconnect after transferring 
pa~t of the data (e.g. while crossing a cylinder 
boundary). it may do so by sendinq a Save Data Pointer 
message and a Disconnect message to the initiator and 
then disconnecting" When reconnection is completed, the 
current data pointer is restored to its value immediately 
before the Save Data Pointer message. 

On those occasions wh.en an error or exception condit.ion 
occurs and the WREN V He elects to repeat t.he information 
transfer. the WREN V HH may repeat the transfer by 
issuing a Restore Pointers messaqe 01: by disconnecting 
without. issuinq a S~ve Data Pointer messaqe~ When 
reconnection is compLeted. the most recently saved 
pointer· values are restored. 
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FIGURE 13.3-2. DISCONNECT EXAMPLE 
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13.4 TIMING EXAMPLES 

Times (TOO through T35) necessary to define perfocmance 
are listed in Table 13.5-1. Timing waveforms to define 
these times are illustrated in Tables 13.4-1 through 
13.4-15. 

TABLE 13.4-1. ARBITRATION. SELECTION (NO ATN)I &~D COMMAND PHASE 

(2261P) 

I) 

~_U7S 1 -i,,-_IN_I_T_IC_...,.,XINIT & TARe iC )}.----~( .... _'_st __ 8V_,._E __ )­

I 

-ATN 

I 

-SEL t 

I 
1 0--, 

aus\. J _____ .... 

I 0 

\1SC 

-c.C t I 
I 
I 

-REQ I 
I 

I) I 
-ACK I , 

, .. 
(HH 07 r;'J 

I 
I 
I 

I 
I 

I I I 
I I I 

.1 I .1 I • 

TOl T02 
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TABLE 13.4-2. ARBITRATION. SELECTION (WITH ATN). AND MESSAGE OUT 

(2261P) 

[3LS 
o ~ 

ATN 

SEL 

:--i,-_I_N_IT_I_D_."JXINIT f. TARC 10 )'l------C('-_ID_E_"-_, _'.lS_C_.J>-
I 

I 
I 
I 

BUSY 0--, 
1 ..... -----..... 

-I fO 

-\1SC I 
I 
I 

-C D I I 
I I 

I I 
I I I 
I I I I 
I I I I r I I I I I I I I I I I I .. .1 I .. I 

i"f I- -i 

-REO 

a------------~--~--~------~~ -ACK 

TOl T03 T33 

-93-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

(:2261P) 

TABLE 13.4-3. IDENTIFY MSG OUT TO COMMAND PHASE 

BUS 
0-7 

-ATN 

1-..... 

)>---_____ --( 1 st aVie )-

_SELO------------------------------------~--------------

-ausy l ____________________________________ ~--------------

-1/0 

-MSC 

-c I) 

~REQ : 1 ... _______ .... 
0 ___ _ 

-liCK 
1 

I 
I 
I. 
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TABLE 13.4-4. COMMAND DESCRIPTOR BLOCK TRANSFER 

(2261P) -95-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 9422l 77765297-A 

(2261P) 

TABLE 13.4-5. COMMAND PHASE, STATUS PHASE. 
COMMAND COMPLETE MSG AND BUS FREE 

~_U7S Q ---< I-ASi aViE H Si AiUS 

t I I 

)}II--I1111( c.~o COMPL )".--__ 

O ______ I __________ ~--------------~------------------
-!.TN 

-ScL. 

f) r -BUSY . 

--------~------~--------~ 
o--~----..... 

-1'0 

o 
C 0 

-REO 0, 
t ........ - .. 

0 __ .. 

-ACK 

I 
I 
I. .1 
i TOS 

I 

i 

I I 
I I 

~I" .1 

I 

I 
I 

I I 

~ 

I I 

I I 
I 
~ 
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TABLE 13.4-6. LAST COMMAND BYTE. DISCONNECT MSG, 
BUS FREE. AND RESELECT 

BUS : ----< LAST BYTE ) < 
OISCON ) (ARB 10 

0-7 

I 
I 

ATN I 
I 
I 

SEL 

0 
BUSY 

0 

-10 

0-
-\1SG 

0 

I I -C'O 
I 

-REQ 0, I I 
t 

I I 
0 I I I 

-ACK I I 
I I 

I I I I I 

I I I I I 

(HH076b'\ I~ ~ I- -I- .. I ----.,., TOg TtO T11 

NOTE: To measure Tll. there must be no other device contending for 
the SCSI BUS. 
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TABLE 13.4-7. ARBITRATION, RESELECTICN AND MESSAGE IN 

0 --< TAroCET X'jARC~~ & INIT BUS ) ( (CENT ) 0-7 lAC 

I 
I 

-ATN 

-SEt. ( 
I 

I 
I 

-aUSY ---, 
I 

-110 

-MSC 

0 

-C,O 

0 

-REO 

0 
I I r -ACK I I I I 

I I I I I 
I I I I I I 
I. T12 .!. Tn _I I. Tllt .1 ~ ,----, 

VW 1U.7!,. / 
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TABLE 13.4-8. RESELECT IDENTIFY MSG. STATUS PHASE. 
COMMAND COMPLETE MSG AND BUS FREE 

BUS IDENT ) ( STATUS ) ( c~m 

> 0-7 MSG r~~eL. 
I 

0 ! 

-ATN 

-SEL 

0 

-BUSY --~--____ ~ ______ ~ ____ ~r-
I 

-1/0 

-MSG 

0 
-C/O 

I 
0 

I -REO I 
0 

-ACK 

I I I I 
I I I I I I I I I I 
I I I I I 

I I I I I I I I I 
J..:m-J ~ I .. In J ~ I ... I]!! .. I 

:HH'0071b\ ___ J 

(2261P) -99-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

(2261P) 

SUS 
0-7 

-ATN 

-SEt. 

-ausv 

-I :0 

-\\5C 

-C,Q 

-REQ 

-ACK 

TABLE 1304-94 LAST COMMAND BYTE TO DATA IN PHASE 

----<~ __ ~-y;-~ __ ~>~----------------------~(~--~-~-;-E--->---

. I 
I 

0 

I 
t 

r I 
I 
I 

T06 I 
J. ~ 

"'HHo07~' \_--'-' 
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TABLE 13.4-10. LAST COMMAND BYTE TO DATA OUT PHASE 

BUS ( LAST ) ( 1 ST >-0-7 BYTE BYTE 

0 

-ATN 

0 

-SEt. 

0 

-BUSY 

0 
-I/O 

0 

-MSC 

0 

-C/O 

-REO -, I 
I 

0 

I I ! r -ACK I 
I 

I 

I I 
I I 
I. T07, T08 .1 

G~OE~) 
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TABLE 13.4-11. RESELECT IDENTIFY MSG TO DATA IN PHASE 

BUS IOEN'T ) ( 1 ST ) Q-7 \1SC ~VT!: 

I , 
I 

~A'TN 

-SEL. 

-BUSY 

I 
-I/O I 

-"wise 

-C.O 

I 
0 

l -RE'J 

() 

I -ACK I 
I I 
I I 

(..EHOO!9~1 I. T1S ~ 
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TABLE 13.4-12. DATA IN BLOCK TRANSFER 

0 

( H BUS 1 ST 2 NO >r-{ LAST 

> 0-7 BYTE BYTE BYTE 

I I 
I II 

I -ATN 
1/ 

I I I 
I If 

I 
-SEL iI 

I 
I 
I 

-BUSY I 
II 

" 
0 --, -1/0 II 

/1 
0 

--1 
II I II 

-MSG I 
I 

-.J " I 
-C/D 

II 
I 
I 

0 

I r'-i -REO I 
I I I 

0 

I I I I I I~ I -ACK I I I 
I I 
I I I I 

I I I I I I I 

~ 
I W 1"'2~1 ~ ,--- .... T24 T26 

\.HH0079b ) T28 T30 T28 T30 
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aus 
0-7 

-ATN 

-SEt. 

-BUSY 

-110 

-,"SC; 

-CiO 

-REIJ 

-ACK 

(2261P) 

TABLE 13.4-13. DATA OUT BLOCK TRANSFER 

0 

( t ST )-( 2 NO ~t'( :...AST ) 3VTT: aVTE 9YTE 

I I 
0 J • , 

) I 

0 ----------~------------~--------~/.~'~-------------­Ir 

a 

----------------------------------~J~~/~--------------
0 ---------~------------~----------~/~/~--------------5r 

:--l ~----~----------------------~/~'---------------­,r 

0 

1 

0 

0 

--1 r------+-------------+--------~/~'~--------------II-

1 I 

I I 
t--l 

T25 
T29 

I 
I 1 

H 
T27 
T31 

I 
I 

j . I 
~-' I 
I" I 

I rrf-i 
"I ---I I ..... ---' 
I I I I 
~ H 
T25 T27 
TU TJl 
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~ABLE 13.4-14. LAST DATA BYTE. SAVE POINTER MSG. 

BUS 
0-7 

-ATN 

-SEL 

-BUSY 

-I/O 

-MSG 

-C/O 

-REQ 

-ACK 

(2261P) 

AND DISCONNECT MSG 

__ ~_Y~_~_....J)-( __ ~~_~_E----,>--< DISCON )>---------
I I 

0 

I 
I 

0 I 
I 

i I 
I I 

I I I 

I 
I 

I I 
I 

() 

J 
I 

I I I I 
I 

I I 
o I I I 

11 I I I I I 
I 

I I I I I 

~--, I I I I I 
I· 

I I I 
I I I I 

I I I I I I I 
I I I I I I I I I I I I I I 

'-
T20

...l 1"32 1 ~ 1~321 I. .1 ,--- T10 

\..,'!tI~o~ 
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TABLE 13.4-15. DATA IN PHASE. STATUS PHASE. 
COMMAND COMPLETE MSG. AND BUS FREE 

~U7S I..AST BYTE >--< STATUS )>----C(CMD CO~~Pt. »).---------
I I 

o __ ------------~----------~------------------------.. -,loTH 
1 

0 ____________________________________________________ __ 

-SEt. 

. I -aus1 ____________________________________________ 
i 

-1/0 

o------------------------~ -.lAse 

-C:o 0 ------..... 

o I 

-~EQl 1 .. _ .... 

-,loCK: 1 ... _ .... 1 1 ............ 1 
I I I 
I I I I 
I I I I I I 
f----..I ~ ~ 

T17 T311 Tn ~---, 
'-H,!! o.!,!.) 
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13.5 WREN V HH SCSI TIMING 

TABLE 13.5-1. WREN V HH SCSI TIMING 

DESCRIPTION 
WAVEFORM 
SYMBOL 

Target Select Time (no Arbitration) TOO 
Target Select T1me (with Arbitration) TOl 

Target Select to Command T02 
Target Select to MSG Out T03 
Identify MSG To Command T04 
Command to Status T05 
Command to Data (para. In) T06 
Command to Data (para. Out) T07 
Command to Data (Write to Data Buffer) T08 
Command to Disconnect MSG T09 
Disconnect MSG to Bus Free Tl0 

Disconnect to Arbitration (for Reselect) Tl1 
This measures disconnected CMD overhead. 

Target win Arbitration (for Reselect) Tl2 
Arbitration to Reselect T13 
Reselect to Identify MSG In T14 
Reselect Identify MSG to Status T15 
Reselect Identify MSG to Data (media) T16 
Data to Status Tl7 
Status to Command Complete MSG T18 
Command Complete MSG to Bus Free T19 
Data to Save Data Pointer MSG T20 
Save Data Pointer MSG to Disconnect MSG T21 
Command Byte Transfer T22 
Nex·t Command Byte Access T23 

Asynchronous Data Transfer Characteristics: 

Data In Byte Transfer (parameter) 
Data Out Byte Transfer (parameter) 
Next Data In Byte Access (parameter) 

(2261P) 

T24 
T25 
T26 
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WAVEFORM 
TABLE TYPICAL 

<1 ).Is 
<1 ).Is 

<1 }Js 

<1 ~s 
<1 ).is 

Command 
Command 
Command 
<400 ]Js 
Command 

<1 J.ls 

MAX 

<250 jJs 
<250 ~s 

Dependent 
Dependent 
Dependent 

<600 ~s 
Dependent 

N/A 
13.4-1 
13.4-2 
13.4-1 
13.4-2 
13.4-3 
13.4-5 
13.4-9 
13.4-10 
13.4-10 
13.4-6 
13.4-6, 
13.4-14 
13.4-6 Command Dependent 

13.4-7 <5 J.ls 
13.4-7 <4 ~s 
13.4-7 <2 ~s 
13.4-8 <lOa ~S 
13.4-11 Command Dependent 
13.4-15 Command Dependent 

13.4-5,8,15 <1 ~s 
13.4-5,8,15 <1 \-Is 

13.4-14 <175 ~s 
13.4-14 <2 ~s 
13.4-4 <0.06 J.ls 
13.4-4 <0.7 ~s 

13.4-12 
13.4-13 
13.4-12 

<0.06 ~s 
<0.06 J.ls 
<0.7 ~s 

O. 1 ~s 
1 .0 J.ls 

0.1 J.ls 
O. 1 ~s 
1.0 ~s 
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TABLE 13.5-1. WREN V HH SCSI TIMING (continued) 

DESCRIPTION 
WAVEFORM 
SYMBOL 

WAVEFORM 
TABLE 

Asynchronous Data Transfer Characteristics: (continued) 

Next Data Out Byte Access (Parameter) T27 
Data In Byte Transfer (media) (2] T28 
Data Out Byte Transfer (media) [2] T29 
Next Data In Byte access (media) (2] T30 
Next Data aut Byte access (media) [2] T31 
MSG IN Byte Transfer T32 

MSG OUT Byte Transfer T33 
STATUS Byte Transfer T34 

Synchronous Data Transfer Characteristics: 
Request Signal Transfer Period [2] 

13.4-13 
13.4-12 
13.4-13 
13.4-12 
13.4-13 
13.4-5,7 
13.4-8 t 1 4, 1 5 
13.4-2 
13.4-5,8 
13.4-15 

TYPICAL 

<0.7 J.ls 
<0.06 ~s 
<0.06 ~s 
<0.7 tis 
<0.7 jJs 
<0.06 Ils 

<0.06 J.1s 
<0.06 ~s 

MAX 

-, . a }.ls 
0.1 J.ls 
0.1 us 
1 • a '~s 
1 . a us 
0.1 ~s 

0.1 J.ls 
a . 1 jls 

1 . a \ls 

[1] Maximum SCSI asynchronous interface transfer rate ;s 2.0 MB/second. 
Therefore, the, minimum time between two leading edges of Request ;s 500 
ns. 

[2] Synchronous Transfer Period is determined by negotiations between an 
Initiator and a Drive. The Drive is capable of setting periods between 
252 ns and 1000 ns in 40 to 44 ns increments. See also section 12.1.5.2. 
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14.0 COMMAND DESCRIPTIONS 

14.1 

14.1.1 

Two types of commands are supported by the WREN V HH: 
commands for all devices: and commands for direct access 
devices. In each of these categories the WREN V HH supports 
only Group 0 and Group 1 commands. 

COMMAND DESCRIPTIONS FOR ALL DEVICE TYPES 

Group 0 Commands for All Device Types 

The WREN V HH implements 
which are applicable for 
14.1.1-1. 

the following Group 
all device types. 

o commands 
See Table 

TABLE 14.1.1-1. GROUP 0 COMMANDS FOR ALL DEVICE TYPES 

COMMAND 
OP CODE* 

OOH 
03H 
12H 
1eH 

IDH 

COMMAND NAME 

Test Unit Ready 
Request Sense 
Inquiry 
Receive Diag. 
Results 
Send Diagnostic 

APPLICABLE 
SECTION 

14.1.1.1 
14.1.1.2 
14.1.1.3 
14.1.1.5 

14.1.1.6 

*Byte 0 of Command Descriptor Block. 
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14.1.1.1 Test Unit Ready (OOH) 

\ BIT 
IBYTE(Sl 
1 0 
I 
I 1 
I 
I 
I 2 
I 
I 3 
I 
I 4 
\ 

\ S 
I 

(2261P) 

TABLE 14.1.1-2. TEST UNIT READY COMMAND 

7 6 SI 4\ 31 21 1\ 0 

I I I I I 
0 0 0 a 0 0 0 0 

LOGICAL UNIT NO. I 
0 0 01 0 0 0 0 0 

I 
0 0 a 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

I FLAG I T .. INK 
0 a 0 0 0 01 01 0 

The 'rast Uni t Ready command provides a means to verify 
the logical unit is ready. This is not a request fot a 
se lf test. If the logica 1 uni t would accept an 
ap9ropriate medium access command without returning check 
condition status, the WREN V HH will return a Good 
status. Fat WREN V HR, the f lag and link bi ts must be 
zeta, and the only valid Logical Unit Number is zeta. See 
Table 14.1.1-2 fot ptoper focmat. 
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14.1.1.2 

\ BIT 
IBYTE(S} 
I 0 
I 
I 1 
I 
I 
I 2 
I 
1 3 
I 
\ 4 
I 
I 5 
I 

(2261P) 

Request Sense Command (03H) 

TABLE 14.1.1-3. REQUEST SENSE COMMAND 

7 6 51 41 31 2\ 11 0 
I I I I 1 

0 0 a 0 0 0 1 1 

LOGICAL UNIT NO. I 
0 0 01 a 0 0 0 0 

1 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

ALLOCATION LENGTH IN BYTES 

\ FLAG I LINK 
0 0 0 0 0 01 01 0 

The Request Sense command (TABLE 14.1.1-3) requests that 
the WREN V HH transfer sense data to the initiator in the 
format shown in Table 14.1.1-4. The sense data shall be 
valid for a Check Condition status returned on the prior 
command. This sense data shall be preserved by the WREN V 
HH for the initiator until retrieval is requested by the 
initiator sending the Request Sense command or until the 
receipt of any other command for the same logical unit 
from the initiator that issued the command resulting in 
the Check Condition status. Sense data shall be cleared 
upon receipt of any subsequent command to the logical 
unit from the initiator receiving the Check Condition 
status. 

If a WREN V HH sends a Check Condition status as a 
response to a Request Sense command being in error, it 
shall do so only if the error was a fatal error. For 
example: 

1. The WREN V HH receives a nonzero reserved bi t in 
the command descriptor block. 

2. An unrecovered parity error occurs on the Data Bus. 

3. A WREN V HH malfunction prevents return of sense 
data. 
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14.l.1.2 

(2261P) 

continued 

If any nonfatal error occurs during execution of Request 
Sense. the WREN V HH shall return sense data with Good 
status. Following a fatal error on a Request Sense 
command. sense data may be invalid. 

The Allocation Length in byte four of the format shown 
specifies the number of bytes the initiator has allocated 
for returned sense data. The Allocation Length should 
always be at least 18 bytes for WREN V HH devices for the 
initiator to receive all of the WREN V HH sense data. Any 
other value indicates the maximum number of bytes that 
shall be transferred. The WREN V HE shall terminate the 
Data In phase when allocation length bytes have been 
transferred or when a.ll available sense data have been 
transferred to the initiator. which ever is less. If the 
Allocation Length is zero, the WREN V HE will .ceturn 4 
bytes of sense data in Extended Sense Data Fo.r:mat. The 
WREN V HE always returns sense data in the Extended Sense 
Data Fo.r:mat. The Flag and Link bits in the Request Sense 
command must alT.Jays be zero for WREN V HH. 

Extended Sense Data Fo.r:mat 

WREN V HH is capable of sending 18 bytes of e:ctended 
sense data, and ~ill send 18 bytes if the Allocation 
Leng~h of the Request Sense Command is equal to or 
greater than 18 bytes (otherwise. the number of bytes 
specified by th.e Allocation Length wi 11 be sent). The 
Extended Sense Data Format is summarized in Table 
14.1.1-4. Numbers in parentheses in the sense da.ta are 
references to notes following the table. A Ill" Ot: a "0 11 

means the data bit will always be logic 1 or logic O. 
respectively. when sent by a WREN V HH. 

-l12-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

TABLE 14.1.1-4. WREN V HH EXTENDED SENSE DATA SUMMARY 

I BIT I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 
I BYTE 1 I 1 1 
1-------------·------------------------------------------------------1 
1 0 IVALIDITY I 1 1 1 I 0 0 0 0 1 
1 BIT (1] I ERROR CLAS S I [ 3 ] 1 
1 I [3] I I 

1------------- -----------------------------------------------------1 
1 000 0 0 000 1 

I 1 SEGMENT NUMBER [4] 

2 
010 I 0 I 0 

FILEMARK IEOM IILI 1 
[5] 1[6] \[7] 1 

SENSE KEY [8] 

3 INFORMATION BYTE (MSB) [9] 
4 
5 
6 INFORMATION BYTE (LSB) [9] 

7 ADDITIONAL SENSE LENGTH -
Decimal 10 (Max) [10] 

8 
9 Bytes 8 - 11 are Reserved for use by 

10 Copy or Search commands. Will be,all 
11 zeros. 

12 ERROR CODE [11] 

13 RESERVED (All Zeros) 

14 FRU CODE [12] 

15 FPV 
[13] 

IC/D I 0 I 0 IBPV 1 BIT POINTER [17] 
1[14]1 1 1[16]1 

16 I FIELD POINTER (MSB) (15] 
17 1 FIELD POINTER (LSB) [15] 

-------------1-----------------------------------------------------
lS-n I PRODUCT UNIQUE S'ENSE DATA [18] 
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T,l\BLE 14. 1. 1-4. WREN V HH EXTENDED SENSE DATA SUMlAARY (cont inued) 

NOTES: 

(2261P) 

[1] Validity Bit - "1" if the Information Bytes (Bytes 
3-6) are valid. "0" if not valid. 

(2] Error Class - "11111 (7] indicates Extended Sense is 
being used here. 

[3] "0000" specifies the Extended Sense Data Format. Byte 
12 has error codes for Extended Sense. 

[4] Segment Number - Always Zeros 

(5] Filemarx: - Always "0" for WREN V RH. 

[6] EOM - End at medium indicator. Always 110 11 for TtlREN V 
HH. 

[7] ILl Incorrect Length Indicator. The reques-ced 
(previous command) block of data did not match the 
logical bloCK length of the data on the medium. 

[8] Sense Key - Indicates nine (for: ~"lREN V HH) general 
error: categories. These ar:e listed in Table 14.1.1-5. 
the code given in byte 12 provides additional cla=ifi­
cation at errors. See also note (15] below for: related 
information. 

[9] If the validity bit is a 1. the Information Bytes will 
conta in the uns iqned Loqica 1 Block Address associated 
wi th the Sense Key. Unless otherwise specif ied. the 
Information Bytes will contain the address of the 
current logical block. For example. if the Sense Key 
is Medium Error. it will be the Logical Block Address 
of the failure block. 

(10] Additional Length - Specifies additional sense bytes 
are to follow. This is limited to a maximum of 10 
(decimal) additional bytes. If the Allocation length 
of the Command Descriptor Block is too small to 
transfer all of the additional sense bytes, the 
additional sense length is not .adjusted to reflect the 
truncation. 

(11] Error Code Provides additional clarification of 
errors Whenever Sense Key is valid. Error code 
definitions are in Table 14.1.1-6. 
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T.ABLE 14. 1. 1-·4. WREN V HH EXTENDED SENSE DATA SUMMARY (cont i nued) 

NOTES: (continued) 

[12] FRU (Field Replaceable Unit) Code - Defined for Field 
Maintenance personnel only. 

[13] FPV (Field Pointer Valid) bit When set to one, 
indica tes tha t the C/D bi t and bytes 16 and 17 are 
valid. When zero. ignore these fields. 

[14] C/D Bit - Command/Data bit, when set to one, indicates 
that the value reported in the field pointer bytes is 
the CDB's byte number foe which an Illegal Request 
8ense Key was issued. When set to zero. it indica tes 
that the value reported in the field pointer bytes is 
the byte number in the data phaGe for which an Illegal 
Request Sense Key was issued. See also [15]. 

[15] Field Pointer (MSB) Refer to Table 14.1.1-5 for details 
Field Pointer (LSB) on the Illegal Request Sense Key 

description. The Illegal Request 
extended sense report uses the 16 
bi t Field Pointer to point to the 
first byte in a Command Descriptor 
Block or associated data block 
where an illegal parameter was 
detected. causing the Illegal 
Request Sense Key. 

[16] BPV Bit Pointer Valid Bit. when set to one, 
indicates that the Bit Pointer field is valid. 

[17] Bi t Pointer Field - Indicates which bi t of the byte 
indicated by the Field Pointer caused the Illegal 
Request Sense Key. A value of 7 indicates the leftmost 
bit and zero indicates the riqhtmost bit. 

[18] Not presently used by the WREN V HH. 

14u1.1.2 continued 

(2261P) 

Table 14.1.1-5 lists the Sense Keys in the extended sense 
data format that are used by the WREN V RH. 
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14,,1.1.2 continued 

SENSE KRY 
OH 

lH 

2H 

3H 

4H 

SH 

6H 

BH 

DH 

EH 

(2261P) 

TABLE 14.1.1-5. APPLICABLE WREN V HH SENSE KEYS 

DESCRIPTION 
No Sense - tndica'tes there is no specific Sense Key 
information to be repor'ted for the WREN V HU. This 
would be the case for a successful command. 

Recovered Error - Indica'tes 'the last command completed 
successfully wi th some recovery action performed by 
the WREN V HR. NOTE: For some Mode set tings. the last 
command may have terminated before completing. 

Not Ready Indicates the logical unit 
cannot be accessed. Operator intervention 
required to correct this condition. 

addressed 
may be 

Medium Error - Indicates the command terminated with a 
nonrecovered error condition. probably caused by a 
flaw in the medium or an error in the recorded data. 

Hardware Error - Indicates the WREN V HH detected a 
nontecoverable hardware failure while performing the 
command or during a self test. This includes SCSI 
interface paticy ertor. controllet failure. device 
failure, etc. 

Illegal Request - Indicates an illegal parameter in 
the command descriptor block or in the additional 
parameters supplied as data for some commands (Format 
Unit. Mode Select, etc). If the WREN V HH detects an 
invalid parameter in the Command Descriptor Block, it 
shall terminate the command without altering the 
medium. If the WREN V HH detects an invalid parameter 
in the additional parameters supplied as data. the 
WREN V HH may have already alte~ed the medium. 

Unit Attention - Indicates the WREN V HH may have been 
reset. See Paraqra~h 13.1.3 for more detailed 
information about the Unit Attention Condition. 

Aborted Command - Indicates the WREN V HH aborted the 
command. The initiator may be able to recover by 
t4yinq the command again. 

Volume Overflow Indicates a buffered peripheral 
device has reached the end ot medium and data remains 
in the buffer that has not been written to the medium. 

Miscompare - Indicates that the source data did not 
match the data read from the medium. 
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14.1.1.2 continued 

TABLE 14.1.1-6. DIRECT ACCESS DEVICES, ADDITIONAL SENSE ERROR CODES 

ERROR 
COOL 
00 
01 

02 
03 
04 
08 

09 
10 

11 
12 

13 

14 
lS 

17 

18 

19 
1A 
1B 
1C 

1D 

(2261P) 

DESCRIP'l'ION 
No additional information 
No Index/Address Mark 

Found signal 
No Seek Complete 
Write Fault 
Drive not ready 
Logical Unit communication 
failure 

Track Following error 
ID CRC or ECC error 

Unrecovered Read error 
No Address Mark (byte sync 

byte) found in ID field 
No Address Mark (byte sync 

byte) found in Data Field 
No record found 
Seek Positioning error 

Recovered Read data with 
target's Read retries 
(not with ECC) 

Recovered Read data with 
target's ECC correction 
(not with retries) 

Defect List error 
Parameter overrun 
Synchronous transfer error 
Primary Defect List not 

found 
Compare error 

MOST PROBABLE RELATED SENSE KEYS. 
OTHER SENSE KEYS MAY APPLY TO 
ADDITIONAL SENSE CODES. 
No Sense 
Hardware error 

Hardware error 
Hardware Error or Recovered Error 
Not Ready or Recovered Error 
Hardware error or Recovered Error 

Hardware error or Recovered Error 
Hardware Error or Medium error or 

Recovered Error 
Medium error or Recovered error 
Medium error or Recovered error 

Medium error or Recovered error 

Medium error or Recovered error 
Hardware error or Medium error or 

Recovered error 
Recovered error 

Recovered error 

Medium error 
Illegal request 
Hardware error 
Medium error 

Miscompare 
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14.1.1.2 continued 

TA:BLE 14.1.1-6. DIRECT ACCESS DEVICES. ADDITIONAL SENSE ERROR CODES 
(continued) 

ERROR 
CODE 
20 
21 

22 
24 
2S 
26 
29 
2A 

2B 
31 
32 
40 
41 
42 
43 
44 

45 
47 
48 
49 
80 
thru 
FF 

(2261P) 

DESCB.IPTION 
Invalid Command Operation Code 
Illegal Logical Block Address. Address 
greater than the LBA returned by the 
Read Capacity data with PMI bit not 
set in CDB. 

Illegal function for device ty~e 
Illegal use of bit of byte in CDB 
Invalid LON 
Invalid field in parameter list 
Power On or Reset or Bus Device Reset 
Mode Select Parameters changed by 

another initiator 

MOST PROBABLE RELATED 
SENSE KEYS. OTHER 
SENSE KEYS MAY APPLY 
TO ADDITIONAL SENSE 
CODES. 
Illegal Request 
Illegal Request 

Illegal Request 
Illegal Request 
Illegal Request 
Illegal Request 
Unit Attention 
Unit Attention 

Firmware has been downloaded Unit Attention 
Medium Format corrupted Medium error 
N~~o~S~o~a~r~e~D~e~t~-e~c~t~L~o~c=a~t~i~o~n~s~A~v~a~i~l~a~b~l~e~ ___ Medium error 
R&~ failure Hardware error 
Data Path diagnostic failure Hardware error 
Power On diagnostic failure Hardware error 
Message Reject Error Aborted Command 
Internal controller error Hardware error or 

Selection/Reselection failure 
SCSI interface bus parity error 
Initiator detected error 
Inappropriate/illegal message 

Product Unique Error Codes 
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14.1.1c3 Inquiry Command (12H) 

BIT 
BYTE(S) 

o 

1 

2 

3 

4 

5 

(2261P) 

TABLE 14.1.1-7. INQUIRY COMMAND 

'7 6 

o o 

51 
I 

o 

LOGICAL UNIT NO. I 
o 0 0\ 

I 
o 0 0 

o o o 

41 
I 

1 

o 

o 

o 

31 
I 

o 

o 

o 

o 

2\ 
I 

o 

o 

o 

o 

11 
I 

1 

o 

o 

o 

ALLOCATION LENGTH IN BYTES 

1 FLAG 1 
o o o o o 01 01 

I I 

o 

o 

o 

o 

LINK 
o 

In Inquiry command (Table 14.1.1-7) requests that 
information regarding parameters of the WREN V HH be sent 
to the initiator. 

The Allocation Length specifies the number of bytes the 
initiator has allocated for returned Inquiry data. An 
Allocation Length of zero indicates that no Inquiry data 
'shall be transferred. This condition shall not be 
considered as an error. Any other value indicates the 
maximum number of bytes that shall be transferred. The WREN 
V HH shall terminate the Data In phase when Allocation 
Length bytes have been transferred or when all available 
Inquiry data have been transferred to the initiator, 
whichever is less. The Initiator should have an allocation 
length of 36 minimum in order to receive all of the WREN V 
HH drive's Inquiry Data. 

A Check Condition status shall be reported only when the 
WREN V HH cannot return the requested Inquiry data. Inquiry 
Data may be returned even though the WREN V HH is not ready 
for ()ther commands (i.e. prior to receiving a Start Unit 
command if the WREN V HH is configured to require a Start 

. Uni t command to start the spindle motor). 
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14.1.1.3 (continued) 

1 BIT I 
IBYTE(S) I 

a 

1 

2 

3 
4 

(2261P) 

If an Inqui~y command is received f~om an initiator with a 
pendinq Unit Attention Condition (before the WREN V HH 
reports Check Condition status). the WREN V HH shall 
perform the Inquiry command and shall not clear the Unit 
Attention Condition. 

In Inqui~y data (Table 14.1.1-8) contains a five byte 
header, followed by the vendor unique parameters. if any. 

The Inqui~y command is implemented with the following WREN 
V He d~ive specific pa~ameters: 

Flaq and Link bits must be zero. The initiator should 
allocate 36 bytes of inquiry data. The Inquiry command 
format is shown in Table 14.1.1-7. Inquiry data returned by 
the WREN V HH to the initiator is summarized in Table 
14.1.1-8 and 14.1.1-9. 

TABLE 14.1.1-8. INQUIRY DATA SL~RY 

7 I· 61 S\ 41 31 21 1\ a 
I I I I I I , 

DEVICE TYPE 
(OOR or 7FH LUN-NOT PRESENT) 

RMB DEVICE TYPE QUALIFIER 
a (OOH) 

ISO I ECMA VERSION I AJ."'lS I VERSION 
VERSION I I 

(OH) I (OR) I (lH) 
a I 0\ 0-1 01 RESPONSE DATA FORMAT 

ADDITIONAL LENGTH (n) 
(lFH) 

Device Type: OOH indicates a Direct Access Device 
(i.e .• Maqnetic Disk) 

(lH) 

7FH indicates the Requested LUN is not present. 
RMB: OH indicates the medium is not removable. 
Device Type Qualifier: OOH indicates this field is not 
supported. 
ISO Version: OH indicates the WREN V HH does not claim 
compliance to the ISO version. 
ECMA Version: oa indicates the WREN V HH does not claim 
compliance to the ECMA version. 
ANSI Version: lH indicates compliance to the first release 
of the ANSI SCSI Standard (i.e. ANSI X3.131-1986) 
Response Data Format: lH indicates the format of the 
additional inquiry data (bytes 5-35) is compatible to the 
Common Command Set (CCS) definition. 
Allocation Length: lFH (31) specifies the length of 
additional inquiry data. If the allocation length in the 
CDB is too small to transfer all of the Inquiry Data. this 
additional length shall not be adjusted to reflect the 
truncation. 
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S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1S 
1.6 
1.7 
1.8 
1.9 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3S 

TABLE 14.1.1-8. INQUIRY DATA SUMMARY (continued) 

COMMON COMMAND SET PARAMETERS 
CDC RESERVED (12H) 
CDC RESERVED (OOH) 
CDC RESERVED (OOH) 

VENDOR IDENTIFICATION: ASCII IC' (43H) [1] 
VENDOR IDENTIFICATION: ASCII ID" (44H) 
VENDOR IDENTIFICATION: ASCII 'C" (43H) 
VENDOR IDENTIFICATION: ASCII "BLANK" (20H) 
VENDOR IDENTIFICATION: ASCI I II Bl.ANK II (20H) 
VENDOR IDENTIFICATION: ASCII "BLANK II (20H) 
VENDOR IDENTIFICATION: ASCII "BLANK II (20H) 
VENDOR IDENTIFICATION: ASCII "BLANK" (20H 
PRODUCT IDENTIFICATION: ASCII '9' (39H) 
PRODUCT IDENTIFICATION: ASCII '4' (34H) 
PRODUCT IDENTIFICATION: ASCII '2' (31H) 
PRODUCT 'IDENTIFICATION: ASCI I '2' (3 6H) 
PRODUCT IDENTIFICATION: ASCII '1' (31H) 
PRODUCT IDENTIFICATION: ASCII I_I (2DH) 
PRODUCT IDENTIFICATION: ASCII [2] 
PRODUCT IDENTIFICATION: ASCII "BLANK II (20H) 
PRODUCT IDENTIFICATION: ASCII "BLANK (20H) 
PRODUCT IDENTIFICATION: ASCI I "BT ... ANK (20H) 
PRODUCT IDENTIFICATION: ASCII "BLANK (20H) 
PRODUCT IDENTIFICATION: ASCII "BLANK (20H) 
PRODUCT IDENTIFICATION: ASCII II BLANK (20H) 
PRODUCT IDENTIFICATION: ASCII "BLANK (20H) 
PRODUCT IDENTIFICATION: ASCII "BLANK (20H) 
PRODUCT IDENTIFICATION: ASCII II BLANK (20H) 

REVISION LEVEL: ASCII DRIVE REVISION NO. 
REVISION LEVEL: ASCII DRIVE REVISION NO. 
REVISION LEVEL: ASCII DRIVE REVISION NO. 
REVISION LEVEL: ASCII DRIVE REVISION NO. 

[1] SCSI Data fields shall have the most significant byte returned 
first with no leading spaces as shown. 

[2] The dash number representing the drive configuration is 
given in Table 14.1.1-9. 
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TABLE 14.1.1-9. INQUIRY DATA BYTE 22. DRIVE MODEL DASH NUMBER 

BYTE *22 DRIVE CONFIGURATION 

5 5 Headed Drive 

3 3 Headed Drive 

Blank (20H) Number of Heads not yet known. 
The drive spindle motor not yet 
up to speed and ready. 

14.1.1.4 Copy Command (laH) 

Not Implemented. If .ceceived the WREN V HH will send a 
"Check Condition" status and a Sense Key of IIIlleqal 
Request" . 

14.1~1.S Receive Diagnostic Results Command (tCH) 

TABLE 14.1.1-10. RECEIVE DIAGNOSTIC RESULTS COMMAND 

I BIT I 7 6 5\ 4 3 I 2 1 a 
I BYTE ( 5) I I I 
! 0 ! 0 0 a 1 1 1 0 0 
I I 
I 1 I LOGICAL UNIT NO. I 
I \ a 0 01 0 0 0 0 0 
\ I I 
I 2 I a 0 0 0 0 0 0 a 
I I 
I 3 I ALLOCATION LENGTH IN BYTES (MSB) 
I I 
I 4 I ALLOCATION LENGTH IN BYTES (LSB) 
I I 
I 5 I FLAG \ LINK 
\ I a 0 0 0 0 0 o I 0 
I I I 
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14.1.1.5 continued 

(2261P) 

The Receive Diagnostic Results command requests analysis 
data be sent to the initiator after completion of a Send 
Diagnostic command. 

The Allocation Length shall specify the number of bytes the 
initiator has allocated foe returned diagnostic data. An 
Allocation Length of zero indicates that no diagnostic data 
shall be transfecred. Any other value indicates the maximum 
number of bytes that shall be transferred. The WREN V HH 
terminates the Data In phase when Allocation Length bytes 
have been transferred or when all available diagnostic data 
have been transferred to the initiator. whichever is less. 

For the WREN V HH the allocation length should be at least 
8 bytes to receive all of the WREN V HH Diagnostic Data. 

The CDB should be as shown in Figure 14.1.1-10. The Flag 
and Link bits in the CDB must be zero. 

WREN V HH is capable of sending 8 Diagnostic Data Bytes per 
Table 14.1.1-11. All FRU and error code definitions are 
unique to this product and intended for CDC Factory/Field 
Maintenance personnel. 
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14fil.l.5 continued 

TABLE 14.1.1-11. CDC DIAGNOSTIC DATA BYTES 

CODE 

OOH 
06H 
OlH 
OOH 
OOH 
OOH 
OOH 
V.u.* 

Additional 
Lengt.h: 

(2261P) 

~ DESCRIPTION 

o Additional Length (MSB) 
1 Additional Length (LSB) 
2 FRU Code (most probable) 
3 FRU Code 
4 FRU Code 
5 FRU Code (least probable) 
6 Error Code (MSB) 
7 Error Code (LSB) 

This two byte value indicates the number of 
additional bytes included in the diagnostic data 
list. For example. if no product unique bytes were 
available. this value would be 0006H. A value of 
OOOOH means that there are no additional bytes. 
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14.1.1.5 continued 

TABLE 14.1.1-11. CDC DIAGNOS,TIC DATA BYTES (cont inued) 
(Table 7-24 in CDC SCSI Spec) 

FRU Code: 

Error Code: 

A Field Replaceable Unit code is a byte that 
identifies an assembly that may have failed. The 
codes will be listed in probability order. with 
the most probable assembly listed first and the 
least probable listed last. A code of OOH 
indicates there is no FRU information and a code 
of 01H indicates the entire unit should be 
replaced. Other values have product unique 
meanings. 

This two byte value provides information 
designating which part of a diagnostic operation 
has failed. The byte 7 error code is vendor unique 
and defined as follows. 

'It Vendor Unique 

(2261P) 

Diagnostic Fault Codes 

01H 
02H 
04H 
oaH 
09H 

OCH 
10H 
14H 
18H 
20H 
30H 
34H 
40H 
41H 

42H 
43H 
44H 

4SH 

60H 
70H 
80H 
81H 
C1H 

Formatter Diagnostic Error 
Microprocessor RAM Diagnostic Error 
No Drive Ready 
No Sector or Index Detected 
Fatal Hardware Error While Doing Drive 

Diagnostics 
No Drive Command Complete 
Unable to Set Drive Sector Size 
Unable to Clear Drive Attention 
Unable to Start Spindle Motor 
Unable to Recal Drive 
Unable to Send Write Current Data to Drive 
Unable to Issue Drive Seek Command 
Unable to Read User Table From Drive 
Ran Out of Sectors While Doing Drive 

Diagnostics 
Unable to Read Reallocation Table 
Unable to Read ETF Log 
Drive was unable to read the firmware stored 
on the disk. 
Firmware read from disk or sent by host has 
an invalid checksum. 
Thermal Calibration Failure 
Microprocessor Internal Timer Error 
Buffer Controller Diagnostic Error 
Buffer RAM Diagnostic Error 
Data Miscompare While Doing Drive 

Diagnostics 
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14.1.1.6 Send Diagnostic Command (lDH) 

TABLE 14.1.1-12~ CDB REQUIREMENTS FOR SEND DIAGNOSTIC COMMAND 

BIT 
BYTE,S) 

0 

1 

2 

:3 

4 

5 

(2261P) 

7 6 51 41 3\ 2\ 11 a 
I I I I I 

0 a 0 1 1 1 0 1 

I \SELF-\DEV- I 
LOGICAL UNIT NO. t \ TEST IOFL I UNIT OFL 

0 a 01 a 01 11 01 a 
I I I I 

0 a a a a a a a 

PARAMETER LIST LENGTH (MSB) 
a a a a a a a a 

PARAMETER LIST LENGTH (LSB) 
a 0 0 a 0 a a a 

I FLAG I LINK 
0 a 0 0 0 01 0 I 0 

This command request.s the WREN V HE to perform diagnostic 
tests on itself. It is implemented with the WREN V HE 
intetpr:etations listed in Table 14.1.1-12. 

Par:ametec List Length specifies the length in bytes of the 
patameter: list that shall be transfer:red dur:inq the Data 
Out phase. A Parameter List Length of zer:o indicates that. 
no data out. shall be tr:ansfer:red. This condit.ion shall not. 
be consider:ed as an error. The parameter list is vendor 
unique and reserved for future st.andardization by CDC. The 
WREN V HH will accept only a parameter list length of zero. 

A logical Uni tOt! Line (Uni tOtL) bi t of zero disables 
write operations on user medium or operations that. affect 
user visible medium positioning. The bit is not int.erpret.ed 
by the WREN V RH. 

The SCSI Device ott: Line (DOtL) bit of 1 enables diagnostic 
operations t.hat may adversely affect operations to other 
Logic Unit.s on the same target. This bit is not interpret.ed 
by t.he WREN V HH 0 
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14.1.1.6 continued 

14,.1.2 

The Logical Unit ott Line and SCSI Device Off Line bits are 
generally set by operating system software. while the 
parameter list is prepared by diagnostic application 
software. Thus. by preventing operations that are not 
enabled by these bits. the WREN V HH assists the operating 
system in protecting itls resources. 

A Self Test bi t of one directs the WREN V HH to complete 
itls default self test. If the self test is tequested, the 
Parameter List Length shall be set to zeto and no data 
shall be ttansferred. If the self test successfully passes. 
the command shall be terminated with a Good Condition 
status: otherwise. the command shall be terminated with a 
check condition status and, if extended sense is 
implemented. the Sense Key shall be set to Hardware Error. 
For the WREN V HH. the self test bit must be set to a 1. 

WREN V HH performs only it I S default self test. This will 
include seeking to a reserved nonuser-accessible cylinder 
and writing. reading and verifying data for each data 
surface. 

For systems which support disconnection. WREN V HH will 
disconnect while executing this command. 

GROUP 1 COMMANDS FOR ALL DEVICE TYPES 

WREN V HH implements the following commands which are 
applicable for all device types. 

OP CODE 

3BH 
3CH 

COMMAND NAME 

Write Data Buffer 
Read Data Buffer 

SECTION 

14.1.2.3 
14.1.2.4 

14.1.2.1 Compare Command (39H) 

Not Implemented 

14.1.2.2 Copy and Verify Command (3AB) 

Not Implemented 
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14.1.2m3 W.rite Data Buffer Command (3BH) 

1 BIT 
IBYTE(S) 
1 0 

TABLE 14.1.1-13. WRITE DATA BUFFER CCMMAND 

7 

o 

6 

o 

SI 
I 

1 

41 I 
1 

31 
I 

1 

21 11 
I I 

o 1 

o 

1 
1 
I--~l----~-L-O-G~I-C--UN--I-T-N-O--.---I~--------~I--------------------------

1 0 0 01 0 0\ MODE 

I ______ ~----------------~I----------~I-------------------------I 2 0 0 000 o 0 o 

I------~------------------------------------------------------1 3 0 0 000 o 0 a 
1 

I 4 o o o o o o 0 o 

I--------~------------------------------------------------------1 S o o o o o o 0 o 
I 
I 6 o o o o o a a o 
1 
1--~7----~-B-Y-T~E--T-RA--N-SF-E-R--L-E-N-G-T-H--(-M-S-B-)------------------------------

1 
I 8 
I 

BYTE TRANSFER LENGTH (LSB) 

I I FLAG \ LINK 
o I 9 0 0 0 0 0 01 0 I 

I--------~--------------------------------~I ____ ~! ____________ __ 

(2261P) 

The Write Data Buffer command may be used in conjunction 
with the Read Buffer command as a diagnostic function for 
testing the WREN V HH drive's data buffer memory and the 
SCSI bus integrity. When used in a diagnostic mode the 
medium shall not be accessed during the execution of this 
command. An addi tional mode is provided for downloading 
and saving executable micro-code. 

The function of this command and the meaning of the 
fields within the Command Descriptor Block depend on the 
mode field. The mode field is defined as follows: 

o 
1 

DBl 

o 
o 

DBC 

o 
1 

MODE PEFINITION 

Write Combined Header and Data 
Download micro-code and save. 
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14.1.2.3.1 Combined Header and Data Mode (OOOb) 

BIT 
BYTE{S) 

a 

1 

2 

3 

4 - n 

(2261P) 

In this mode. data to be written to the Drives data 
buffer is preceded by a four byte header. 

The Byte Transfer Length includes a four byte header and 
the Write Data Buffer data. In WREN V HH. up to 32.772 
bytes may be transferred. consisting of four bytes of 
header and up to 32.768 bytes of data. Writing will be 
initiated at "Byte Number 0" of the WREN V HH data 
buffer. A transfer length of zero indicates that no data 
transfer shall take place. This condition shall not 
create the Check Condition status. If the transfer length 
is greater than the Available Length reported by the Read 
Data Buffer header. the WREN V HH shall create the Check 
Condition status with the Sense Key of Illegal Request. 
In this case no data shall be transferred from the 
initiator. 

It shall not be considered an error to request a transfer 
length less than the Available Length. 

The write data following the Write Data Buffer CDB 
consists of a 4 byte write data buffer header (which 
always precedes the data) plus the data to be written to 
the data buffer as follows: 

TABLE 14.1.1-14a. WRITE DATA BUFFER HEADER 

'7 6 51 41 31 21 11 0 
I I I I I 

0 a a a 0 a 0 0 

0 0 0 0 0 0 0 0 

0 a 0 0 0 0 0 0 

a a a 0 a a 0 0 

DATA TO BE WRITTEN INTO WREN V HH BUFFER 
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14.1.2.3.2 Download and Save Micro-Code Mode (101b) 

(2261P) 

In this mode. vendor-unique executable micro-code (which 
is not preceded by a 4 byte header) and/or control 
information shall be transferred to the control memory 
space of the target and. if the download is comp leted 
successfully. shall also be saved on the disk media. The 
downloaded code shall then be effective after each power 
cycle and reset until it is supplanted in another 
download microcode and save operation. When the download 
microcode and save command has been completed 
successfully the ta:cget shall genera te a IIUni t Attention 
Condition ll for all initiators except the one that issued 
the download microcode and save command. The Attent.ion 
Condition shall be set to "Microcode has been downloaded" 
(error code 2Bh). 

Buffec ID (COB byte 22: Not checked ot interpreted by the 
drive. 

Buffer Offset (CDE bytes 3, 4, and 5): Not checKed or 
interpreted by the drive. 

Transfer Length (CDB bytes 6, 7 and 8): The transfer 
length in bytes of the downloadable code. This value must 
be the exact length of the download data. A value of zero 
signifies no data transfer and shall not create an error. 
A value of one signifies one byte of download data. etc. 

Control Byte (eDE byte 9): Must-Be-Zero. 
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14.1.2.4 

BIT 
BYTE(S) 

o 

1 

2 

3 

4 

5 

6 

Read Data Buffer Command (3CH) 

TABLE 14.1.1-14b. READ DATA BUFFER CDB PARAMETERS 

7 6 s 4 3 2 1 o 

o o· 1 1 1 1 o o 

LOGICAL UNIT NO. 1 
a 0 01 o o o o o 

I 
o 0 0 o o o o o 

() a o o a o o o 

o a o o o o o o 

() o o o o o o o 

o o o o o o o o 

7 ALLOCATION LENGTH (MSB) [1] 

8 ALLOCATION LENGTH (LSB) [1] 

9 
o o o o o 

IFLAG ILINK 
010 I 0 

I I 

[1] Should be 32.772 decimal to read the drive's entire buffer 
plus the 4 byte read data buffer header (Figure 14.1.1-15). 

(2261P) 

The Read Data Buffer command is used in conjunction with 
the Write Data Buffer command as a diagnostic function for 
testing the WREN V HH drive I s data buffer memory and the 
SCSI bus integrity. The medium shall not be accessed during 
the execution of this command. 

The Read Data Buffer command is implemented with the WREN V 
HH parameters listed in Table 14.1.1.-14b. 
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14.1.2.4 coneinued 

I BIT 
I BYTES 
I 0 

The Allocaeion Lenqth specifies the number of bytes the 
initiator has allocated for retu~ned Read Data Buffer data. 
An Allocation Length of ze~o indicates that no Read Data 
Buffer data shall be transferred. This condition shall not 
create the Check Condition status. Any other value 
indicates the maximum number of bytes to be transferred. 
This data is to be used by the initiator for: compa~ison 
with the data pattern sent during the Write Data Buffer 
command. Up to 32.772 bytes may be requested consisting of 
four bytes of header and up to 32.768 bytes of data. 

If the Allocation Length is greater than the Available 
Length (from Read Data Buffer Header). only the Available 
Length shall be transferred to the initiator. It shall not 
be considered an error to request an Allocation Length less 
than the Available Length. 

The WREN V HH shall terminate the Data In phase when 
Allocation Length bytes have been transferred or when all 
available Read Data Buffer data have been transferred to 
the initiator, whichever is less. 

The Read Data Buffer contains a four byte header. followed 
by the Read Data Buffer data. 

TABLE 14.1.1-15. READ DATA BUFFER HEADER 

I_~----~--------~--------------~-----------------------------I 1 

I ________ ~------------------------------------------------------I 2 

I_------~-------------------------------------------------------I 3 

I_----~--~~~--~-------------------------------I 4-n 

I--------~------------------------------------------------------
(2] 32.768 Bytes 

(2261P) 

To avoid corruption of data. it is recommended that t.he 
ini tiat.or issue the Reserve Uni t command before the Wri te 
Data Buffer command and issue Release Unit command afte~ 
the Read Data Buffer command. 
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14.1.2.4 continued 

14.1.3 

14.1.4 

14.1.5 

(2261P) 

The Available Length of data bytes returned by the WREN V 
HH may be up to 32.768 bytes (32.772 bytes minus 4 byte 
header) If the Allocation Length of the CDB is too small to 
transfer all of the Available Length. the Available Length 
shall not be adjusted to reflect the truncation. 

Reading will be initiated from "Byte Number 0" of the WREN 
V HH data buffer. The drive will not attempt to detect 
whether buffer data has been changed between Write and Read 
Data Buffer commands. 

Groups 2 through 5 Commands for All Device Types 

Not implemented. A "Check Condition" status will be sent if 
received. 

Group 6 Commands for All Device Types 

Reserved for CDC usage. Customers should not attempt to use 
these functions. If these functions are used. the users 
stored data may be destroyed. 

Group 7 Commands for All Device Types 

Same as Group 6 Commands. 
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14~2 COMMAND DESCRIPTIONS FOR DIRECT ACCESS DEVICES 

14.,2.1 

The WREN V HH supports Group O. and Group 1 commands for 
Direct Access Devices. Refer to sections listed below Ear 
more details on these commandse 

Group 0 Commands for Direct Access Devices 

The Group 0 Commands implemented by WREN V HH are listed in 
Table 14.2.1-1. 

TABLE 14.2.1-1. GROUP 0 COMMANDS IMPLEMENTED 

OPERATION 
CODE (HEX) COM1A.AND NAME SECTION 

00 
01 
03 
04 
07 
08 
OA 
OB 
12 
lS 
15 
17 
1A 
1B 
1C 
lD 

(2262P) 

TEST UNIT READY 
REZERO UNIT 
REQUEST SENSE 
FORMAT UNIT 
REASSIGN BLOCKS 
READ 
WRITE 
SEEK 
INQUIRY 
MODE SELECT 
RESERVE 
RELEASE 
MODE SENSE 
START UNIT 
RECEIVE DIAGNOSTIC RESULTS 
SEND DIAGNOSTIC 

-134-

14.1.1.1 
14.2.1.1 
14.1.1.2 
14.2.1.2 
14.2.1.3 
14.2.1.4 
14.2.1.5 
14.2.1.6 
14.1.1.3 
14.2.1.7 
14.2.1.8 
14:.2.1.9 
14.2.1.10 
14.2.1.11 
14.1.1.5 
14.1.1.6 



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 7776S297-A 

14.2.1.1 Rezero Unit Command (OlH) 

BIT 
BYTES 

0 

1 

2 

3 

4 

5 

(2262P) 

TABLE 14.2.1-2. REZERO UNIT COMMAND CDB SPECIFICATION 
(Table 8.2 in CDC SCSI Spec) 

7 6 SI 41 31 21 1 0 
I I I I 

0 0 0 0 0 0 0 1 

LOGICAL UNIT NO. I 
0 0 01 0 0 0 0 0 

I 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

1 FLAG LINK 
0 0 0 0 0 01 0 0 

I 

The Rezero Unit command (Table 14.2.1-2) requests that 
the WREN V HH set itls logical block address to zero and 
return the disk drive read/write heads to the track (or 
cylinder) containing Logical Block Zero. This command is 
implemented for a LUN of zero and Flag and Link bits of 
zero. This command is intended for systems which disable 
retries and the initiator performs error recovery. It is 
longer than a seek to Logical Block Address zero and 
should be utilized if seek errors are encountered. 

For systems that support disconnection. WREN V HH will 
disconnect when this command is received. 
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14.2.1.2 Format Unit Command (04H) 

TABLE 14.2.1-3. FORMAT UNIT COMMAND CDB SPECIFICATION 

I BIT 7 6 5 4 3 2 1 0 
\BYTE(S) 
\ 
I 0 a a 0 a a 1 a a 
I 
I IFMT ICMP- I 
I 1 LOGICAL UNIT NO. I DATA \LIST I DEFECT LIST FORMAT 
I a a a 1(1] \(1] I (lJ 
1 _ I I I 
1 2 a a a 0 a a a a 
I 
\ 3 INTERLEAVE (MSB) 
I 
I 4 INTERLEAVE (LSB) 
I (a value of OOOOH defaults to an inte.r:leave of 1) 
I 
I 5 a a a a a a a a 
I 

(lJ See Table 14.2.1-4 for details of values used here and theil: 
meanings. 

(2262P) 

The FOl:mat Unit command (Table 14.2.1-3) ensures that the 
medium is fOl:matted so all of the user addressable data 
bLOCKS can be accessed. The.r:e is no gual:antee that the 
medium has or has not been alte.r:ed. In addition, the medium 
may be ce.r:tified and control structu.r:es may be created for 
the management of the medium and defects. 

The Format Unit command shall be rejected with Reservation 
Conflict status (see Section 14.2.1.8 .. 2) if the specified 
logical unit is reserved. Extent .r:eservation is not 
suppo.r:ted by WREN V HH. 

This command is implemented in WREN V HH for a LUN of ze.r:o, 
mandatory featu.r:es and a subset of the available optional 
featu.r:es of the Common Command Set (CCS) specification and 
CDC SCSI specification as defined in the following 
pa.r:agraptls. 

\ WREN V HH allows an initiator to specify (or not specify) 
sectors which are to be reallocated during the format 
process. The format paramete.r:s to be specified in the 
Format Unit command a.r:e defined in Table 14~2&1-3. 
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14 .. 2 .. 1 .. 2 

(2262P) 

continued 

A Format Data (FmtData) bit of one indicates that format 
data is supplied during the Data Out phase. The defect 
list included with this data specifies the defects that 
shall be entered into the defect map. The forma t of the 
defect list is determined by Defect List Format field. A 
FmtData bit of zero indicates the Data Out phase shall 
not occur (no defect data shall be supplied by the 
initiator). 

A Complete List (CmpLst) bit of one indicates the data 
supplied is to be the complete list of Growth defects. 
Any previous Growth or Certification defect data shall be 
erased. The WREN V HH may add to this list as it formats 
the medium. The result is to purge any previous Growth or 
Certification defect list and to build a new defect list. 
A CmpLst bit of zero indicates the data supplied is in 
addition to existing Growth defect list. 

The use of the P and C defect lists is controlled by byte 
1 of the defect list header (see Table 14.2.1-5). 

The Def ect List Forma t fie ld spec if ies 
information related to the defect list. 
14.2.1-4 for further information.) 

additional 
(See Table 

The Interleave field requests that logical blocks be 
related in a specific fashion to the physical blocks to 
faci Ii tate speed ma tching.. An inter leave va lue of zero 
requests that the target use itls default interleave. An 
interleave value of one requests that consecutive logical 
blocks be placed in consecutive physical order. Values of 
two or greater indicate that one or more (respectively) 
physical blocks separate consecutive logical blocks. The 
WREN V HH wi 11 accept only an inter leave of 0 or 1 (an 
interleave of 0 defaults to an interleave of 1) .. The WREN 
V HH has implemented an optional IIread look ahead ll 

tunction which reads all of the data from the starting 
. block addre~s to the end of the last track read into itls 
buffer - regardless of the block count specified in the 
read command. This data (from the last block read to the 
end of the track) is subsequently available for the next 
sequential read command without reaccess of the disk 
media thereby increasing performance and negating the 
need for an interleave during format.. (See Read Command, 
Section 14.2.1.4.) 
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14.2.1.2 continued 

These definitions of flaw categories are supplied to help 
in understanding the alternatives listed in Table 
14.2.1-4. 

P = Primary Defect Ty~e: P ty~e flawed sectors are 
identified at the time of shipment in a list of 
defects (permanenc flaws) supplied by CDC and stored 
on the disk in an area that is not di~ectly 
accessible by the user. (This list may be referred 
to as an ETF List). This defect list will not be 
modified or changed by WREN V HH (or initiator) 
after shipment. 

C = Certification Defect Type: C type flawed sectors are 
sectors which fail a format verify during the format 
function. 

D = Data Defect Type: D ty~e sectors are sectors 
identified in a list supplied to the target by the 
initiator during a Data Out phase of the current 
Format Unit command. The D List follows a four byte 
defect list header and is referred to as Defect 
Descriptor Bytes. 

G = Growth Defect Type: G type flawed sectors contain 
medium flaws and have been reallocated as a result 
of recelvlng a Reassign Blocks command. or 
certif iea tion defects (C ty~e) realloca ted dur ing a 
previous Format Unit command. or Data Defects (D 
type) reallocated during a previous Format Unit 
command or defects that have been automatically 
reallocated by the drive. This (G) list is recorded 
on the WREN V HH media and may be referenced for the 
current (and subsequent) Format Unit commands. This 
(G) list does not include the Primary (P) list of 
defects. 
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14.2.1.2 continued 

TABLE 14.2.1-4. FORMAT UNIT PARAMETER DEFINITION (FORMAT VARIATIONS) 

CDB-B~te 
Bits [1] 

4 3 
FMT CMP 
DATA LIST 

a x 

1 a 

1 1 

1 1 

1 1 

1 

210 
DEFECT 
LIST 
FORMAT 
x x x 

a x x 

o x x 

100 

101 

COMMENTS 

Default Format: No Data Out phase occurs. WREN V 
HH will reallocate all sectors in the P list plus 
any sector which fails the Format Verify phase (C 
type flaws). Any previous G list will be erased: 

Format with G and no D: A four byte Defect List 
Header must be sent by the initiator. No Defect 
Descriptors (0 list) are sent by the initiator. 
WREN V HH will reallocate all sectors in the 
drives current G list. See also Note [2]. 

Format without G or D: A four byte Defect List 
Header must be sent by the initiator. No D list 
may be sent by the initiator. WREN V HH will 
erase any previous G list. See also Note [2J. 

Format with D and without G. The initiator 
send a four byte Defect List Header followed 
D list of defects that the WREN V HH 
reallocate. The D list must be in the bytes 
Index format (see Table 14.2.1-6A). The WREN 
will erase any previous G list. See also Note 

must 
by a 
will 
from 
V HH 
[2] • 

Format with D and without G: The initiator must 
send a four byte Defect List Header followed by a 
D List of defects that WREN V HH will reallocate. 
The D list must be in the Physical Sector format 
(see Table 14.2 .1-6b). WREN V HH will erase any 
previous G list. See also Note [2]. 

[1] Refer to Table 14.2.1-3. 

[2] Byte one of the Defect List Header determines whether the P 
\ and C defects are reallocated. See Table 14.2.1-5. 
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14.2.1~'2 continued 

I BIT 
IBYTE(S) 
I 0 

The defect list shown in Table 1402" l-S contains a four 
byte header followed by one or more defect descriptors. The 
Defect List Length in each table specifies the total length 
in bytes of the defect descriptors that follow.. In Table 
14.2.1-S the Defect List Length is equal to eight times the 
number of defect descriptors. 

TABLE 14.2.1-S. DEFECT LIST HEADER (4 Bytes) 

7 6 S 4 3 2 1 0 

0 0 0 0 0 0 0 0 

I __________ ~----------------------------------------------------~-I 1 FOV I DPRY I DeRT lSTPF RESERVED 
I (1] I ['2] I (3 ] I [4 ] 0 0 0 0 

I----------~----~----~----~----~------------------------------I I I I 
I 2 DEFECT LIST LENGTH (MSB) [5 ] 
I 
I 3 DEFECT LIST LENGTH (LSB) [5 ] 

I----------~------------------------------------------------------
DEFECT DESCRIPTORS 

O-n I DEFECT DESCRIPTOR BYTES I 
I (Refer to Table 14.2.1-6a or Table 14.2.1-6b for Format) I 
I I 

TABLE 14.Z.1-6a. DEFECT DESCRIPTOR BYTES - BYTES FROM INDEX FORMAT 

I 0 Cylinder Number of Defect (MSB) 
I-
I 1 Cylinder Number of Defect 
I 
I '2 Cylinder Number of Defect (LSB) 
I 
I 3 Head Number of Defect 
I 
I 4 Defect Bytes from Index (MSB) 
I 
I 5 Defect Bytes from Index 
L 
I 6 Defect Bytes from Index 
I 
I 7 Defect Byt.es from Index (LSB) 
I 

NOTES: Definitions follow Table 14.'201-6b. 
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14.2.1.2 continued 

For defects to be specified in the Bytes from Index 
format. the defect list format field must be 100 
(binary). see Tables 14.2.1-3 and 14.2.1-4. 

Each Defect Descr iptor for the Bytes f rom Index fo rma t 
specifies the beginning of an eight bit (1 byte) defect 
location on the medium. Each defect descriptor is 
comprised of the cylinder number of the defect. the head 
number of the defect and the number of bytes from Index 
to the defect location. (Defect bytes from Index) 

The Defect Descriptors shall be in ascending order. For 
determining ascending order. the Cylinder Number of 
Defect is considered the most significant part of the 
address and the Defect Bytes from Index is considered the 
least significant part of the address. 

A value for Defect Bytes from Index of FFFFFFFFH (i.e .• 
reassign the entire track) is illegal for a WREN V HH. 

TABLE 14.2.1-6b. DEFECT DESCRIPTOR BYTES - PHYSICAL SECTOR FORMAT 

o Cylinder Number of Defect (MSB) 

1Cylinder Number of Defect 

2 Cylinder Number of Defect (LSB) 

3 Head Number of Defect 

4 Defect Sector Number (MSB) 

5 Defect Sector Number 

6 Defect Sector Number 

7 Defect Sector Number (LSB) 

Information in this Table is repeated for each defect. 

(2262P) 

For defects to be specified in the Physical Sector 
format. the Defect List format field must be 101 
(binary). See Tables 14.2.1-3 and 14.2.1-4. 

Each Defect Descriptor for the Physical Sector format 
specifies a sector size defect location comprised ·of the 
cylinder number of the defect. the head number of the 
defect and the defect sector number. 
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14.2.1.2 continued 

NOTES: 

The Defect Descriptors shall be in ascending order. For 
determining ascending order, the cylinder Number of the 
defect is considered the most significant part of the 
address and the Defect Sector Number is considered the 
least significant part of the address. 

A Defect Sector Number of FFFFFFFF (i.e., reassign the 
entire track) is illegal for the WREN V HH. 

Notes for Table 14.2.1-5~ 

Interpretations (continued) 
Defect List Header Bit 

FUNCT!ON WREN IV DEFECT LIST HEADER BIT INTERPRETATIONS 

(1] [QY 

[2J ~ 

[3J ~ 

(4] ~ 

[5] DEFECT 
.hl§.I 
LENGTH 

(:2262P) 

If one, WREN V HH interprets the DPRY, DeRT and STFP 
bits. If zero, WREN V HH will cheCK the DPRY, DCRT and 
STFP bits for zeros. 

If one, flaws in the WREN V HH P list will not be 
reallocated during formatting. This means existing 
reallocations of the P list will be cancelled and no 
new reallocations made during formatting. The P list 
is retained. 

If zero, flaws in the WREN V HH P list will be 
reallocated during formatting. A Check Condition shall 
be sent in the status if the P list cannot be found by 
the WREN V HH. 

If one, WREN V HH will not perform a verify function 
during formatting (thUS no C list for this format will 
be created or reallocated). 

If zero, WREN V HH will perform a verify function 
during formatting and will reallocate any sector which 
fails the verify (i.e.: a C list will be created and 
these flaws reallocated). 

If one. formatting will be terminated if an error is 
encountered While accessing ei thet: the P or G defect 
list. 

If zero. formatting will not be terminated if an error 
is encountered While accessing either the P or G 
defect. list.. 

The lengt.h of any following D list (Defect 
Descriptors) must equal to 8 times the number of 
sect.ors to be reallocat.ed per Table 14.2.1-6a or Table 
14.2.1-6b. 
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14.2.1.2 continued 

NOTE: The initia"tor may not use any previously defined IIC", "G", or 
"0" lists if the sector size (block length) has been changed. 

For systems which support disconnection, WREN V HH wi 11 
disconnect while executing the Format Unit command. 

14.2.1.3 Reassign Blocks Command (07H) 

(2262P) 

BIT 
BYTE(S) 

o 

1 

2 

3 

4 

S 

TABLE 14.2.1-7. REASSIGN BLOCKS COMMAND 

7 6 

o o 

SI 
I 

o 

LOGICAL UNIT NO. I 
o 0 01 

I 
000 

o o o 

o o o 

o o o 

41 
I 

o 

o 

o 

o 

o 

o 

31 
I 

o 

o 

o 

o 

"0 

o 

21 
I 

1 

o 

o 

o 

o 

11 
I 

1 

o 

o 

o 

o 

o 

1 

o 

o 

o 

o 

I FLAG I LINK 
01 0 I 0 

I I 

The Reassign Blocks command (Table 14.2.1-7) requests the 
target to reassign the defective logical blocks to an area 
on the logical unit reserved for this purpose. For a WREN V 
HH dr.ive I s the Logical Unit number must be zero and the 
Flag and Link bits must be zero. 

After sending the Reassign Blocks command, the initiator 
transfers a defect list which contains the logical block 
addresses to be reassigned. The WREN V HH shall reassign 
the physical medium used for each logical block address in 
the list. The data contained in the logical blocks­
specified in the defect list will not be preserved, but the 
data in all other logical blocks on the medium shall be 
preserved. It is recommended that the initiator recover the 
data from the logical block(s) to be reassigned before 

\ issui.ng this command. After completion of this command. the 
initiator can write the recovered data to the same Logical 
Block Address(es). 
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14.2.1.3 

I BIT\ 
I~Y'1'E I 
I 0 I 
I I 
I 1 I 
L I 
I 2 I 
I. I 
I 3 I 
L I 

I a I 
I. ] 
I 1 I 
I. I 
I 2 I 
I I 
I 3 \ I 
I I 

(2262P) 

continued 

The effect of specifying a logical bloCK to be reassigned 
that has previously been reassigned is to reassign the 
block again. Thus. over the life of the medium. a logical 
block can be assigned to multiple physical addresses 
(until no more spare locations remain on the medium). 

This command should be used by an ini t ia tor to 
immediately reallocate any block (sector) which requires 
the WREN V HH to reco~/er data by data correction via ECC 
if the automatic reallocation feature of the WREN V HH is 
not enabled. see Mode Select command (Section 14.2.1.7). 

For systems which support disconnection. ~.qREN V HH will 
disconnect while executing this command. 

The Reassign Blocks defect list (Table 14.2.1-8) contains 
a four byte header followed by one or more Defect 
Descriptors. The length of each Defect Descriptor is four 
bytes. 

TABLE 14.2.1-8. REASSIGN BLOCKS DEFECT LIST 

DEFECT LIST HEADER 

7 I 6 5\ 41 31 71 
-I 

1 1 
-I 0 l 

I I I I I I 1 
0 0 0 0 a a 0 0 I 

I 
0 0 a 0 0 0 0 0 I 

I 
DEFECT LIST LENGTH (MSB) I 

I 
DEFECT LIST LENGTH (LSB) I 

I 
DEFECT DESCRIPTOR(S) 

DEFECT LOGICAL BLOCK ADDRESS (MSB) 

DEFECT LOGICAL BLOC~ ADDRESS 

DEFECT LOGICAL BLOCK ADDRESS 

DEFECT LOGICAL BLOCK ADDRESS (LSB) 

The Defect List Length specifies the total length in 
bytes of the Defect DescriptoI:s that follow. The Defect 
List Length is equal to four times the number of Defect 
Descript.ors. 
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14.:2. 1. 3 continued 

The Defect Descriptor specifies a four byte Defect 
Logical Block Address that contains the defect. The 
Defect Descriptors shall be in ascending order. 

If the logical unit has insufficient capacity to reassign 
all of the defective logical blocks, the command shall 
terminate with a Check Condition status and the Sense Key 
shall be set to Medium Error. The logical block address 
of the first logical block not reassigned shall be 
returned in the information bytes of the sense data. 

14.2.1.4 Read Command (OSH) 

TABLE 14.2.1-9. READ COMMAND 

BIT 7 6 5 4 3 2 1 0 
BYTE 

(2262P) 

0 0 0 0 0 1 0 0 0 

1 LOGICAL UNIT NO. I LOGICAL BLOCK ADDRESS (MSB) 
0 0 0 I 

I 
2 LOGICAL BLOCK ADDRESS 

3 LOGICAL BLOCK ADDRESS (LSB) 

4 TRANSFER LENGTH 

5 FLAG I LINK 
0 0 0 0 0 0 0 I 0 

I 

The Read Command (Table 14.2.1-9) requests that the WREN V 
HH transfer data to the initiator. 

The Logical Block Address specifies that logical block at 
which the read operation shall begin. 

In the CDB the LUN must be zero and the Flag and Link bits 
must be zero. 

The Transfer Length specifies the number of contiguous 
\ logical blocks of data to be transferred. A Transfer Length 

of zero indicates that 256 logical blocks shall be 
transferred. Any other value indicates the number of 
logical blocks that shall be transferred. 

The data value most recently written in the addressed 
logical block shall be returned. 
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14.2.1.4 

(2262P) 

continued 

Read data transfers with the initiator will not begin 
until at least one full sector of data is available in 
the WREN V HH data buffer. For multiple sector reads, the 
transfer of data will continue until the number of blocks 
specified in byte 4 of the CDB has been read and 
transferred or until an unrecoverable error is detected. 

Data transfer could stop if the option to stop on 
recovered error is selected. 

For systems which support disconnection. WREN V HH will 
disconnect when a valid Read command is received by the 
WREN V HH. WREN V HH will reconnect depending on the 
value of the Buffer Full Ratio Set in Page 2 of the Mode 
Select Data (see Section 14.2.1.7). After data transfer 
has been initiated with an initiator. the WREN V HH will 
not disconnect unless an internal error recovery 
procedure is required or the data transfer to an 
initiator will be interrupted for more than 1 millisecond. 

The initiator must accept all data presented to the 
initiator after sending this command until the WREN V HH 
sends Completion Status during a Status phase. (Note the 
WREN V HH may disconnect and reconnect while executing 
this command and the initiator ~ay prematurely terminate 
this command by creating the Reset condition or by 
sending an Abort or Bus Device Reset message). 

Sense Data will be valid after this command is e:(ecuted 
and Complet.ion Sta tus is sent. If the Address Val id bi t 
in the Sense Data is tz:ue (1). the Sense Data Logical 
Block Address (Information bytes) will point to the last 
Logical Block accessed by the WREN V HR. If the Address 
Valid bit in the Sense Data is false (0). the Sense Data 
Loqical Block Address bytes are not valid. 

The WREN V HH contains a track buffer and implements an 
·optional .. read look!' ahead function whereby all data from 
the starting Logical Block Address to the end of the 
ph.ysical track- is read into the buffer reqaJ:dless of the 
transfer length in the CDB specified. This data is 
available for subsequent sequent.ial disk reads without 
havinq to access the disk medium for increased 
performance. 

This command shall be terminated with a Reservation 
Conflict status if any reservation access conflict (see 
Section 1402.1.8) exists and no data shall be read. 
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14.2.1.4 continued 

If any of the following conditions occur. this command shall 
be te~minated with a Check Condition status. and if extended 
sense is implemented, the Sense Key shall be set as 
indicated in the following table. This table does not 
provide an eXhaustive enumeration of all conditions that may 
cause the Check Condition status. 

CONDITION 

Invalid Logical Block Address 

Target reset since last command from 
this initiator 

Unrecoverable read error 

Recovered read error 

Overrun or other error that might 
be resolved by repeating the command 

SENSE KEY· 

Illegal Request 
(see note) 

Unit Attention 

Medium Error 

Recovered Error 

Aborted Command 

NOTE: The extended sense Information Bytes shall be set 
to the Logical Block Address of the first invalid 
address. 

14.2.1.5 Write Command (OAH) 

TABLE 14.2.1-10. WRITE COMMAND 

BIT 7 6 I 51 41 31 21 11 0 
BYTE(S) I I I J I I 

0 0 0 0 0 1 0 1 0 

1 LOGICAL UNIT NO. I LOGICAL BLOCK ADDRESS (MSB) 
0 0 0 

2 LOGICAL BLOCK ADDRESS 

3 LOGICAL BLOCK ADDRESS (LSB) 

4 TRANSFER LENGTH 

5 1 FLAG 1 LINK 
0 0 0 0 0 01 0 I 0 

I I 

The Write command (Table 14.2.1-10) requests that the WREN 
V HH write. to the medium, the data transferred by the 
initiator. 

The T..ogical Block Address specifies the logical block at 
which the write operation shall begin. 
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14.2.1.5 continued 

(2262P) 

The Transfer Length specifies the number of contiguous 
logical blocks of data to transferred. A Transfer Length of 
zero indicates that 256 logical blocks shall be transferred. 
Any other value indicates the number of logical blocks that 
shall be transferred. 

In the CDB the LUN must be zero and the Flag and Link bits 
must be zero. 

Foe a valid Write command WREN V HH initiates cequests foe 
write data before disconnecting and before initiating any 
cequired seek function specified for this command. 

Foe systems which suppocc disconnection. WREN V HH will 
disconnect when any intecnal error recovery pcocedure is 
cequired, oc the data transfer with the initiator: will be 
intecrupted for more than 1 millisecond. or if the WREN IV's 
internal data buffec is full. After a disr.onnect the WREN V 
HH will ceconnect depending on the value of the Buffer Empty 
Ratio in Page 2 of Mode Select Data (see Section 14.2.1.7). 

The initiator must send cequested write data to the drive 
until the drive sends Completion status during a Status 
phase or until the initiator Resets/dborts t~e command. 
(Note: the dr i ve may disconnect and reconnect whi 1e 
executing this command). 

Sense Data will be valid after this command is executed and 
Completion status is sent. (refer to the Read Command 
description in Section 14.2.1.4). 

This command shall be terminated with a Reservation Conflict 
status if any reservation access conflict (see Section 
14.2.1.8) exists and no data shall be written. 

If any of the following conditions occur, this command shall 
be terminated with a Check Condition status, and if extended 
sense is implemented. th-e _Sense Key shall be set as 
indicated in the following table. This table does not 
provide an eXhaustive enumeration of all conditions that may 
cause the Check Condition status. 
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14.2.1.5 continued 

CONDITION 

Invalid Logical Block Address 

Target reset since last command 
from this initiator 

Overrun or other error that might 
be resolved by repeating the 
command 

SENSE KEY 

Illegal Request 
(see note) 

Unit Attention 

Aborted Command 

NOTE: The extended sense Information Bytes shall be set to the 
Logical Block Address of the first invalid address. In this 
case. no data shall be written on the logical unit. 

14.2 .. 1.6 Seek Command (OBH) 

TABLE 14.2.1-11. SEEK COMMAND 

BIT 7 6 51 41 31 21 11 0 
BYTE(S) I I I I I 

(2262P) 

a a 0 a a 1 a 1 1 

1 LOGICAL UNIT NO. I LOGICAL BLOCK ADDRESS (MSB) 
0 a 01 

I 
2 LOGICAL BLOCK ADDRESS 

3 LOGICAL BLOCK ADDRESS (LSB) 

4 a a a a a 0 0 a 

5 I FLAG I LINK 
0 0 0 0 0 01 0 1 0 

I I 

The Seek command (Table 14.2.1-11) requests that the WREN 
IV HH seek to the specified logical block address. 

For WREN V HH. the Logical Unit number is zero and the Flag 
and Link bits are zero. 

The use of this command is infrequent since all commands 
involving data transfer to/from the WREN V HH media contain 
implied seek addresses. 

-149-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 7776S297-A 

14~2.1.6 continued 

Foe systems which support disconnection, the WREN V HH will 
disconnect when a valid Seek command is received~ 

The maximum Logical Block Address that may be specified for 
a Seek: command is defined in Read Capacity Data. Section 
14.2.2.1. . 

14~2.1.7 Mode Selec~ Command (lSH) 

TABLE 14.2.1-12. MODE SELECT COMMAND 

I BIT 
\BYTE(S) 

7 6 S\ 
I 

41 
I 

31 , 21 11 o 
I I 

\ 0 o o o 1 o 1 0 1 

I ________ ~---------------------------------------------------ILLOGICAL UNIT NO. I PF \ \ 
1 a 0 01 I 0 a 01 

SMP 
o 

I------~----------------~!~--~I--------------~I---------I 2 a 0 000 0 0 o 

1------------------------------------------------------------------I 3 o o o o o o 0 o 

I--------~------------------------------~-----------------------I 4 PARAMETER LIST LENGTH 

I--------~-----------------------------------------------------I 5 I FLAG I LINK 
o I a 0 0 0 0 0\ 0 \ 

I------~----------------------------------~I----~I----------

(2262P) 

The Mode Select command (Table 14.2.1-12) provides a means 
for the initiator to specify medium. logical unit, or 
peripheral device parameters to the WREN V HH. For a WREN V 
HH. the Logical Unit number must be zero and the Flag and 
Link bits must be zero. 

The Page Format (PF) bit. when set to one. indicates the 
data sent by the initiator after the mode select Header and 
Block Descriptors (if any) complies with the Page Format. 
The PF bit. when set to zero, indicates the data sent after 
the Mode Select Header and the Block Descriptors "( if any) 
are vendor unique. The WREN V aH will always interpret the 
PF bit to a one. . 
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14 .. :2 .. 1 .. 7 

(2262P) 

continued 

The Save Mode Parameters (SMP) bi t. when set to one. 
requests that the WREN V HH save the savable pages .. Pages 
3 and 4 may be stored only during Format commands. so 
they cannot be saved via a Mode Select command .. The WREN 
V Hli must update the Current mode values with parameters 
included with this command. save the Current values of 
the savable parameters. and report Good status only after 
the save operation is completed. The Saved parameters 
shall not be changed if an error is detected during the 
Mode Select command. When the SMP bit is set to zero, the 
Saved parameter values will not be changed. 

The Parameter: List Length specif ies the length in bytes 
of the Mode Select parameter list that shall be 
transferred during the Data Out phase. A Parameter: List 
Length of zero indicates that no ~ata shall be 
transferred .. This condition shall not be considered as an 
error. See Table 14.2 .. 1-15 to determine the List Length. 

A list length other than those shown in Table 14.2.1-15 
(except zero) is considered an error by the WREN V HH. 

The Mode Select parameter list (Table 14.2.1-13) contains 
a four byte header. followed by zero or one block 
descriptor, followed by the pages of Mode Select 
Parameters. 

Acceptable values for the Mode Select parameter list for 
the WREN V HH drive are shown in Table 14.2.1-13. 
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14.2.1.7 continued 

TABLE 14.2.1-13. MODE SELECT PARAMETER LIST 

1 BIT 7 I 6 S 4 I 3 2 1 0 
lBYTE,S} I I I 
I RESERVED 
I 0 0 0 0 0 0 0 0 0 
I 
I 1 MEDIUM TYPE 
I 0 0 0 0 0 0 0 0 
I 
I 2 RESERVED 
I 0 0 a a 0 0 a 0 
I 
I 3 BLOCK DESCRIPTOR LENGTH 
I EITHER 0 OR 8 (DECIMAL) 
I 

BLOCK DESCRIPTOR 

I 0 DENSITY CODE I 
I a 0 a 0 0 0 a a I 
I I 
I 1 NUMBER OF BLOCKS (MSB) I 
I 0 0 a 0 0 0 a a I 
I- I 
I 2 NUMBER OF BLOCKS i 
I a a 0 a a a a a I 
I I 
I 3 NUMBER OF BLOCKS (LSB) I 
I a a a a a a a 0 [1] I 
1 1 
1 4 0 0 0 0 0 0 0 a I 
I I 
1 5 BLOCK LENGTH (MSB) I 
I I 
I 6 BLOCK LENGTH [2] I 
L I 
I 7 BLOCK LENGTH (LSB) I 
I- I 

PARAMETER INFORMATION [3 ] 

I 8 - n MODE SELECT PAGE HEADERS AND THEIR PARAMETERS 
I (TABLE 14.2.1-15) 

NOTES: [1] All zeros to signify only one block size for the 
entire LUN. 

(2] Set to desired sector size befote a Formate (Valid 
values are 256 to 4096.) 

(3] See Mode Sense Command. 
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14.2.1.7 continued 

The medium type field shall be OOH to define the default 
type direct access device. 

The Block Descriptor Length specifies the length in byte of 
the Block Descriptor. It is equal to the number of bytes in 
the Block Descriptor (either 0 or 8) and does not include 
the page headers and mode parameters. A Block Descr iptor 
Length of zero indicates that no block descriptor shall be 
included in the parameter list. 

Each Block Descriptor specifies the medium characteristics 
for a 11 or part of a logica 1 uni t. Each Block Descr i ptor 
contains a Density Code, a Number of Blocks and a Block 
Length. 

The Density Code shall be OOH to define the default density 
of medium. 

The Number of Blocks field specifies the number of logical 
blocks on the medium that corresponds to the Density Code 
and Block Length in the Block Descriptor. For a WREN V HH 
drive's there is only one Block Descriptor. thus the Number 
of Blocks must be zero signifying that all logical blocks 
of the logical unit shall have the medium characteristics 
specified by the Block Descriptor. 

The Block Length specif ies the length in bytes of each 
logical block described by the Block Descriptor. 

The rest of the Mode Select parameters are organized into 
pages that group the parameters by function. The parameter 
definitions are the same as those described in the Mode 
Sense command (paragraph 14.2.1.10) and will not be 
repeated here. 

TABLE 14w2.1-14. MODE SELECT PAGE DESCRIPTOR HEADER 

BIT 
BYTE 

7 6 s I 4 I 3 2 
I I 

11 
I 

o 

o 
1 

2-n 

(2262P) 

o o PAGE CODE 
PAGE LENGTH 
MODE PARAMETERS 

\ Each page of mode parameters begins wi th a two byte Page 
Descriptor Header. The Page Code identifies which page of 
mode parameters is being transferred. The Page Length 
indicates the number of additional bytes of mode parameters 
contained in this page. The number of additional bytes sent 
must always match the Page Length value. 
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14.2.1.7 continued 

The WREN V HH only verifies Mode Select Data that is 
defined as changeable by the drive. The WREN V HH supports 
the following Page Codes: 

Page Code 
OlH 
02H 
03H 
04H 
3aR 

Desctiption 
Ettor Recovery patametets 
Disconnect/Reconnect Control patametets 
Fotmat parameters 
Rigid Disk Drive Geometry parameters 
Cache Control Parametets 

The initiator shall issue a Mode Sense command requesting 
the WREN V HH to return all pages wi th changeable values 
(see PCF field description foe Mode Sense command) before 
issuing any Mode Select commands. This allows the initiator 
to correctly determine which pages are supported. the 
proper length for those pages. and which parameters in 
those pages may be changed for that Logical Unit Number. 

Table 14.2.1-15 summar izes the number of bytes and 
changeability status of the Mode Select parametet list for 
the WREN IV. The detail information can be obtained by 
issuing the Mode Sense command requesting changeable values 
as previously discussed. 

TABLE 14.2~1-15. TABLE TO DETERMINE PARAMETER LIST LENGTH 

FUNCTION 
Mode Select Header 
Block Descriptor 
Error Recovery Page Header 
Error Recovery Page Parameters 
Disconnect/Reconnect Page Header 
Disconnect/Reconnect Parameters 
Format Page Header 
Format Page Parameters 
Rigid Disk Drive Geometry Header 
Rigid Disk Drive Geometry Parameters 
Cache Control Header 
Cache Control Parameters 

NUMBER OF BYTES 
( Dec; rna 1) [11 

4 
8 or 0 

2 
[) 

2 
10 
2 

22 
2 

18 
2 

14 

CHANGEABLE BY AN 
INITIATOR 

NO 
SOME 

NO 
SOME 

NO 
SOME 

NO 
SOME 

NO 
NO 
NO 

SOME 

(11 Derive Parameter List Length in Table 14.2.1-12 from these numbers. 
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14.2.1.8 Resecve Command (16H) 

TABLE 14.2.1-16. RESERVE COMMAND CDB SETUP 

I BIT .., 6 51 4 3 2 11 0 
IBYTE(S) I I 
I 
I 0 0 0 0 1 0 1 1 0 
I 
I 1 LOGICAL UNIT NO. 13cd 3cd PRTY DEV. ID EXTENT 
I IPRTY 
I 0 0 010 oc 1 [1] 0 
I I ( 11 
I 2 RESERVATION IDENTIFICATION 
1 0 0 0 0 0 0 0 0 
I 
I 3 EXTENT LIST LENGTH (MSB) 
I 0 0 0 0 0 0 0 0 
1 
1 4 EXTENT LIST LENGTH (LSB) 
I 0 0 0 0 0 0 0 0 
I 
I 5 I FLAG LINK 
I 0 0 0 0 0 0 10 0 
I I 

[lJ If bit 4 is zeco, bits 3. 2. and 1 ace zecos. If bit 4 is one. 
bits 3. 2. and 1 identify the SCSI device ID foe which the dcive 
is to be cesecved. 

(2262P) 

The Resecve command (Table 14.2.1-16) is used to cesecve 
logical units. If the thicd pacty cesecvation option is 
implemented, the logical uni t may be cesecved foe anothec 
specified SCSI device. The Resecve and Release commands 
pcovide the basic mechanism foe contention resolution in 
multiple initiatoc systems. 

This command is implemented by WREN V HH foe an Entice Unit 
Resecve wi th Third Pacty Resecve suppocted and wi th the 
WREN V HH specific parametecs shown in Table 14.2.1-16. 
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14~2.1.8.1 Logical Unit Reservation 

If the Extent bit is zero. this command shall request the 
entire logical unit (WREN V SH dl:ive) be ceserved for 
exclusive usa of the initiator until the cesel:vation is 
superseded by another valid Resel:ve command from the 
initiator that made the resel:vation. released by a" 
Release command from the same initiator, by a Bus Device 
Reset message from any initiator. or by a IIha.cd ll Reset 
condition. A logical unit rese.cvation shall not be 
granted if any extent oc logical unit is reserved by 
another initiator or if any extent with a read shared 
reservation type is reserved by this initiator. It shall 
be permissible for an initiator to reserve a logical unit 
that is currently reserved by that initiator. If the 
Extent bit is zero. the Reservation Identification and 
the Extent List Length shall be ignored. If the Extent 
bit is a.one, the WREN V HH will generate Check Condition 
status and set the sense key to illegal request. 

If, after honoring the reservation, any other initiator 
subsequently attempts to perform a command other than a 
Release command, which shall be ignored, oc an Inqui.:y 
command. which shall be executed. or a Request Sensa 
command, which shall be executed, the command shall be 
rejected with Reservation Conflict status. 

14.2.1.8.2 Extent Reservation 

(2262P) 

WREN V HH does not support Extent reservations. This bit 
must always be zero. Since the Reservation Identification 
byte and the Extent List Length are valid only foe extent 
reservations, WREN V HH will ignol:e these fields. 
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14.2.1.8.3 Third Party Reservation 

WREN V HH supports the third party reservation option. 
The third party reservation option for the Reserve 
command allows an initiator to reserve a logical unit for 
another SCSI device. This option is intended for use in 
multi.ple initiator systems which use the Copy command. 
WREN V HH shall also implement the third party release 
option (see Section 14.2.1.9.3). 

If the third party (3 rdPty) bi t is zero. then the third 
party reservation option is not requested. If the 3rdPty 
bit is one the Reserve command shall reserve the 
specified logical unit for the SCSI device specified in 
the third party device ID field. The WREN V HH shall 
preserve the reservation until it is superseded by 
another valid Reserve command from the initiator which 
made the reservation or until it is released by the same 
initiator. by a Bus Device Reset message from any 
init.iator. or a "hard" Reset condition. The WREN V HH 
shall ignore any attempt to release the reservation made 
by any other initiator. 

14.2.1.8.4 Superseding Reservations 

(2262P) 

An initiator which holds a current reservation may modify 
that reservation by issuing another Reserve command to 
the same logical unit. The superseding Reserve command 
shall release the previous reservation state when the new 
reservation request is granted. The previous reservation 
shall not be modified if the new reservation request 
cannot be granted. 

Implementors Note: superseding reservations are 
principally intended to allow the SCSI device 1D to be 
changed on a reservation using third party reservation 
option. This capability is necessary for certain 
situations when using the Copy command. 
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14.2.1.9 

I BIT 
IBYTECS) 
I 0 
I 
I 1 
1 
I 
I 2 
I 
I 3 
I 
I 4 
I 
I 5 
I 
I 

[1] Same as 

Release Command (17H) 

TABLE 14.2.1-17. RELEASE COMMAND 

7 6 S\ 4 3 2 11 0 
I I 

0 0 a 1 0 1 1 1 

LOGICAL UNIT NO. I 3td(1] I THIRD PRTY DEV. ID. I EXTENT 
0 0 01 PRTY I [1] I 0 

I o ot 11 I 
RESERVATION IDENTIFICATION 

a 0 0 0 a 0 0 a 
EXTENT LIST LENGTH (MSB) 

0 0 0 0 0 0 0 0 
E:~TENT LIST LENGTH (LSB) 

0 a 0 0 0 0 0 0 
I FLAG LINK 

a a 0 a a a I a a 
I 

Note 1 fot Reserve Command, Section 14.2.1.8. 

The Release command (Table 14.2.1-17) is used to release 
previously reserved logical units. It is not an error for 
an initiator to attempt to release a resecvation that is 
not currently act.ive. In this case, c:1.e target teturns 
Good status without altering any other resetvation. 

The command is implemented by WREN V HE for an Entire 
Unit Release and Thitd Patty Release supported with the 
WREN V HH specific parametets listed in Table 14.2.1-17. 

In the CDB the LUN must be zero, and the Extent, Flag and 
Link bits must be zero. 

14.2Gl.9.1 Logical Unit Release 

If the extent bit is zero, the Release command shall 
cause the WREN V HE to terminate all reservations from 
the initiator to the WREN V RH. 

14e201.9.2 Extent Release 

(2262P) 

The WREN V HH does not support extent reservations. This 
bit must always be zero. Since the Reservation Identifi­
cation byte is valid only for extent reservations. WREN V 
HH will ignore this byte. 
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14.2.1.9.3 Thir.d Pa~ty Release 

WREN V HH suppo~ts the thi~d pa~ty release option. The 
thir.d pa~ty release option for the Release command allows 
an initiator to release a logical unit which was 
previously reserved using the third party reservation 
option (see Section 14.2.1.8.3). This option is intended 
for use in multiple initiator systems which use the Copy 
command. 

If the third pa~ty (3rdPty) bit is ze~o. the third party 
release option is not requested. If the 3rdPty bit is 
one. the WREN V HH shall release the specified logical 
unit. but only if the reservation was made using the 
third party reservation option by the ini t ia tor tha t is 
requesting the release, and for the same SCSI device 
specified in the third party ID field. 

14.2.1.10 Mode Sense Command (lAH) 

TABLE 14.2.1-18. MODE SENSE COMMAND 

1 BIT 
IBYTE(S) 

7 6 SI 
I 

4 3 2 11 
I 

o 

I 0 

1 

2 

3 

4 

S 

(2262P) 

o o o 1 1 o 1 

LOGICAL UNIT NO. I 
o 0 01 o o o o 

I 
PCF PAGE CODE 

(See Table 
14.2.1-19) 

(See Table 14.2.1-20) 

o 0 

o o 

o o o 

ALLOCATION LENGTH 
(See Table 14.2.1-20) 

o o o 

o 

o 

o 

I FLAG 
I 0 
I 

o 

o 

o 

LINK 
o 

The Mode Sense command provides a means for a WREN V HH 
to report itls medium. logical unit, or peripheral device 
parameters to the initiator~ It is a command 
complementary to the Mode Select command for support of 
medium that may contain multiple block lengths or 
densities. 

This command is implemented in WREN V HH with the 
following drive specific parameters: 
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14.2.1.10 continued 

PCF BIT 
7 
o 

o 

1 

1 

(2262P) 

CDB Soecification 

The LUN must be zero. and the Flag and Link bits must be 
zero. See Table 14.2.1-18. 

The content of Mode Parameter bytes is determined by the 
va lue of the PCF (Page Contra 1 Fie ld) bi ts spec if ied in 
CDB byte 2. bits 6 & 7. The ~iREN V HH shall return the 
same Page Length for each supported page regardless of 
the value of PCF. The PCF field is defined in Table 
14.2.1-19. 

TABLE 14.2.1-19. PAGE CONTROL FIELD BITS AFFECT ON MODE 
PARAMETERS RETURNED 

--L 
o Return Current values. The Current values are the 

values currently being used by t.he WREN V HH to 
control itls operation. Aft.er a Power On Reset, a hard 
Reset. or a Bus Device Reset message the Current 
values will be equal to the Saved values (if Saved 
values can be retrieved) or the Default values (if 
Saved values cannot be retrieved). The current value 
of a parameter is updated whenever a Mode Select 
command which changes tha t parameter ends wi th Good 
status being returned. 

1 Return Changeable values. The changeable values of any 
page is a mask that indicates which parameters may be 
changed via a Mode Select command and which parameters 
may not e Each returned parameter byte shall contain 
ones where afield or bi t may be changed and zeros 
where a field or bit may not be Changed. 

o Return Default values. The Default values are the 
values to which the WREN V tiH will set the Current 
values after a reset condition unless valid Saved 
values are available. 

1 Return Saved values. The saved values are the values 
the WREN V HH stores in nonvolatile memory. The Saved 
values of any changeable parameter can be set via a 
Mode Select command. For nonchangeable parameters, the 
Default value will be used. 

The Block descriptor will contain itls normal values 
reqardless of the value of the PCFo Unsupported fields or 
bits within a page will be returned as zeros for all PCF 
values. 
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14.2.1.10 continued 

(2262P) 

The Page Code allows the initiator to select one or all 
of the pages of Mode paramete~s supported by the target. 
Page Codes which are supported by WREN V HH are 
summarized here (see Table 14.2.1-20): 

Page Code 

OOH 

01H 
02H 
03H 
04H 

OSH - 37H 
03aH 

3 9H-- 3EH 
3FH 

Description 

Product Unique. Not used. If received, 
WREN V HH will only return the four 
header and a byte block descriptor. 
Error Recovery parameters. 
Disconnect/Reconnect Control parameters. 
Format parameters. 
Rigid Disk Drive Geometry parameters. 
Not used. 
Cache Control Parameters 
Not used. 
Return all supported pages. 

the 
byte 

The Allocation Length specifies the number of bytes that 
the initiator has allocated for returned Mode Sense data. 
An Allocation Length of zero indicates that no Mode Sense 
data shall be transferred. This condition shall not be 
considered as an error. Any other value indicates the 
maximum number of bytes that shall be transferred. The 
WREN V HH shall terminate the Data In phase when 
allocation length bytes have been transferred or when all 
available Mode Sense data has been transferred to the 
initiator, whichever is less. 

The Mode Sense data (Table 14.2.1-21) will always include 
a four byte header, followed by one eight byte block 
descriptor, followed by the requested page or pages of 
Mode Sense parameters. 

WREN V HH supports the following page codes. The 
Allocation Length should be at least the value in Table 
14.2.1-20 for the initiator to receive all of the 
possible available information for this page code. 
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14.2e1.10 continued 

TABLE 14.2.1-20. MODE SENSE CDB SETUP 

CDB PAGE CODt: LENGTH (DECIMAL) MODE SENSE "DATA" RETURNED 

(CDB Byte 2,Bits 5-0) 

OOH 12 

01H 20 

02H 24 

03H 36 

04H 32 

3aH 28 

3FH 92 

4 bytes of Mode Sense Heade~ and 
a bytes of Block Desc~ipto~ Data 

4 bytes of Mode Sense Heade~ 
8 bytes of Block Desc~ipto~ Data 
2 bytes of E~~oc Recove~y Header 
6 bytes of Error Recovery 

Parameters [1] 

4 bytes of Mode Sense Header 
8 bytes of Block Desccipto~ Data 
2 bytes of Disconnect/Reconnect 
Control Header 
10 bytes of Disconnect/Reconnect 
Control Pa~ameters [1] 

4 bytes of Mode Sense Header 
8 bytes of Block Descriptor Data 
2 bytes of Format Control Header 
22 bytes of Format Parameters [1] 

4 bytes of Mode Sense Header 
a bytes of Block Descripto~ Data 
2 bytes of Rigid Disk Drive 

Geometry Header (1] 
18 bytes of Rigid Disk Drive 

Geometry Parameters 

4 bytes of Mode Sense Header 
a bytes of Block Descriptor Data 
2 bytes of Cache Control 

Parameter Page Header 
14 bytes of Cache Control 

Parameter Data [1] 

4 bytes of Mode Sense Header 
a bytes of Block Descriptor Data 
80 bytes of Headers and 
parameter data for 01H., 02H 03H 
04H and 38H Page Codes. [1] 

1 See PCF description for Mode Sense CDB (Table 
14.2" 1-l8 ) . 

(2262P) 

WREN V HH ceturned values of Mode Sense Header and Block 
Descriptor Data are defined in Table 14.2.1-2l. 
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14.2.1.10 continued 

TABLE 14.2.1-21. MODE SENSE DATA 

BIT 7 1 6 1 51 41 31 21 11 0 
BYTE!Sl I I I I I I I 

0 SENSE DATA LENGTH 
It LENGTH II ENTRY OF TABLE 14.2.1-20 MINUS ONE [1] 

MEDIUM TYPE 
1 0 0 0 0 0 0 0 0 [2 ] 

2 WP 1 RESERVED 
0[3]1 0 0 0 0 0 0 0 

I 
3 BLOCK DESCRIPTOR LENGTH (8 decimal) 

0 0 0 0 1 0 0 0 (4 J 

BLOCK DESCRIPTOR DATA 

0 DENSITY CODE 
0 0 0 0 0 0 0 0 [5 ] 

1 NUMBER OF BLOCKS (MSB) 
0 0 0 0 0 0 0 0 [ 6] 

2 NUMBER OF BLOCKS 
0 0 0 0 0 0 0 0 [ 6 ] 

3 NUMBER OF BLOCKS (LSB) 
0 0 0 0 0 0 0 0 [6 ] 

4 RESERVED 
0 0 0 0 0 0 0 0 

5 BLOCK LENGTH (MSB) [7] 

6 BLOCK LENGTH [7] 

7 BLOCK LENGTH (LSB) [7] 

PARAMETER INFORMATION 

O-n I MODE SENSE PAGE HEADERS AND THEIR 
I PARAMETERS (See Table 14.2.1-22) 

\ I 

Sele following page for notes. 
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14.2.1.10 continued 

Notes for Table 14.2.1-21 Mode Sense Data (continued) 

[1] The Sense Data Length specifies the length in bytes of 
the following Mode Sense data that is available to be 
transfecred ducing the Data In phase. The Sense Data 
Length does not include itself. 

(2] WREN V HH supporcs only OOH (default medium) in the 
Medium Type field. 

[3] A Write Protect (WP) bit of zero indicates the medium 
is write enabled. A WP bit of one indicates the medium 
is write protected. The WREN V HH will always retu~n a 
zero in this bit. 

[4J The Block Descriptor Length sgecifies the lengt~ in 
bytes of the Block Descriptor. It is equal to the 
number of bytes in the Block Descriptor (8) and does 
not include the page headecs and mode parameters, if 
any. WREN V HB will send one Block Descriptor. 

Each Block Descriptor s'gecifies the medium 
characteristics fot all or part of a logical unit. 
Each Block Descriptor contains a Density Code, a 
Number of Blocks, and a Block Length. 

[5J WREN V HB supports only OOH (default density) in the 
Density Code field. 

[6J The Number of Blocks field specifies the number of 
logical blOCKS of the medium tha t meets the Dens i ty 
Code and Block Length in the Block Descriptor. A 
Number of Blocks of zero indicates that. all of the 
cemaining logical blocks of the logical unit have the 
medium characteristics specified by the Block 
Descriptor. The WREN V HH will always return zeros in 
the Number of Blocks field. 

[7] The Block Length. as defined after a format function. 
specifies the length in bytes of each logical block 
described by the Block Descriptor. Default is 512 if 
no Mode Select command is received before the Format 
command. Valid values are 256 through 4096~ 
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14.2.1.10 continued 

Mode Sense Page Descriptor Header 

TABLE 14.2.1-22. MODE SENSE PAGE DESCRIPTOR HEADER 

I BIT 1 7 1 6 51 41 31 21 11 0 
IBYTE,S} I I I I I I I 
I 
I 
I 
I 
I 
I 

[1] 

(2262P) 

0 I PS 
10 or 

1 1 
I 

2-n I 
I 

PAGE CODE 

01 
02 
03 
04 
38 

I 
11 

0 PAGE CODE 

PAGE LENGTH 

MODE PARAMETERS 

PAGE DESCRIPTION 

Error Recovery 
Disconnect/Reconnect Control 
Format Parameters 
Rigid Disk Drive Geometry 
Cache Control Parameters 

[1] 

[1] 

[1] 

REFERENCE TABLE 

14.2.1-23 
14.2.1-24 
14.2.1-25 
14.2.1-26 
14.2.1-27 

Each page of mode parameters (for the Mode Sense command) 
begins with a two byte Page Descriptor Header. The Page 
Code identifies which page of mode parameters is being 
transferred. The Page Length indicates the number of 
additional bytes of mode parameters being sent by the WREN 
V HH. Multiple pages of mode parameters may be transferred 
in one Mode Sense Data In phase (using Page Code 3FH). 

The Parameters Savable (PS) bit. when set to one. indicates 
if the page contains savable parameters. When the PS bit is 
set to zero. none of the parameters wi thin the page are 
savable. Since the parameters within pages 3 and 4 will 
always be saved during Format commands (but not via a Mode 
Select command with the SMP bit set to 1). these pages will 
return a one for the PS bit. 

Error Recovery Page 

WREN V HH Error Recovery Page implementation is defined in 
Table 14.2.1-23. This table summarizes: the function. the 
default value. and changeability status for each byte/bit. 
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14Q2.1.10 continued 

TABLE 14.2.1-23. ERROR RECOVERY PAGE 

PAGE DESCRIPTOR HEADER 
I BIT 7 \ 6 1 5 1 4 1 3 I 2 
I BYTE ( S ) I I I I I 
lOPS 1 I PAGE CODE 
I 1[1] \ 0 I 0 0 0 0 

1 1 
I 

o 

(1 Decimal) 
o 1 

77765297-A 

I ______ ~----~!----~I------------------------------~--------1 1 PAGE LENGTH (BYTES) - 6 Decimal 
I 0 000 0 110 

I------~----------------------------------------------------ERROR RECOVERY PARAMETERS 
I 2 AWRE ARREI TB RC I EECI PERI DTE\ DCR 
IDEFAULT I 0 1 0 I 0 1 0 I 0 1 0 I 0 I 0 [3] I 
I~-------I------I-----I-----I-·----I-----I-----!-----I---------------\ 
I CHANGE- I I I I 1 \ I 1 I 
1 AB LE (2] I 1 1 1 1 1 I 1 1 1 I 1 I 1 \ 1 I 
1 I I ! I I ! I I I 
I 3 I RETRY COUNT 
IDEFAULT 1 0 0 \ 0\ 11 1 \ 0 I 1 I 1 27 
I \ \ \ I I I 1 1 Decimal I 
\--------1------1-----1-----1-----1-----1-----1-----1---------------1 
\CHANGE- I I I 1 1 \ 1 I 1 
IABLE [2] I 1 \ 1 I 11 11 1\ 11 1\ 1 [4] I 
I I I ! I I i I I I 
\ 4 I CORRECTION SPAN (bits)- 11 Decimal ! 
I DEFAULT I 0 I 0 \ 0 I 0 I 1\ 0 \ 1\ 1 [ 5 ] I 
\--------1------1-----1-----1-----\-----1-----\-----\---------------1 
\CHANGE- \ 0 \ 0 1 0\ 0\ 0\ 0\ 01 0 I 

I AB LE [2] I \ I I \ \ I \ \ 
I I I I I ! I I I I 
\ 5 1 HEAD OFFSET COUNT \ 
IDEFAULT 1 a \ 0 I 0\ 01 0\ 01 01 a [6] \ 
1-·-------\------1-----1-----1-----1-----1-----1-----1---------------1 
ICHANGE- I I I I I I I I I 
\ABLE [2]\ a \ 0 I 01 01 01 01 01 0 I 
I I I I I I I I I I 
1 6 1 DATA STROBE OFFSET COUNT t 
IDEFAULT I a 1 a 1 0\ 0\ 01 0\ 01 a [7] 1 
1--------\------1-----1-----\-----1-----1-----1-----1---------------1 
ICHANGE- 1 1 I \ I I I 1 I 
1 ABLE [2] 1 a 1 0 \ a 1 0 \ a \ a I. a 1 a I 
\ I I I I I I' I I I 
1 7 1 RECOVERY TIME LIMIT I 
'DEFAUL~ I 1 I 1 I 11 1\ 1\ 11 11 1 [8] I 
\·--------1------1-----1-----1-----1-----1-----1-----\---------------1 
\CHANGE- I I , 1 I 1 \ 1 I 
IABLE ( 2], a 1 0 I 0 I a I 0 \ a \ a I 0 I 
I I I I I I I I I 1 

See following pages fot notes. 
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14.2.1.10 

(2262P) 

c()ntinued 

Notes for Table 14.2.1-23. Error Recovery Page 

[1] The returned PS (Parameter Savable) bit of 1 indicates 
that page 01H parameter data is savable. 

[2] A value of zero means this bit function is not directly 
changeable by an initiator. a value of 1 means the bit 
function is directly changeable by an initiator. (See 
Mode Select Command) 

[3] The Automatic Write Reallocation of defective data 
bloCKS Enabled (AWRE) bit. when set to one. allows the 
WREN V HH to automatically relocate bad bLoCKS detected 
during write operations. This function doesn1t apply to 
the Format Unit command. When set to zero. the WREN V 
HH shall not perform automatic reallocation but shall 
create ChecK Condition status with Sense Key of Medium 
E.t: t: 0 r ins tead . 

The Automatic Read Reallocation of defective data 
bLoCKS Enabled (ARRE) bit. when set to one, allows the 
WREN V HH to automatically relocate bad blocks detected 
during read operations. When set to zero. the WREN V HH 
shall not perform automatic reallocation but shall 
create Check Condition status with Sense Key of Medium 
Error instead. 

The Transfer Block (TB) bit. when set to one. indicates 
the failing data bLoCK shall be transferred to the 
initiator. When set to zero. the failing data block 
shall not be transferred. 

The Read Continuous (RC) bit. when set to one. requests 
the WREN V HH to transfer the requested data length 
without adding delays (for retries or ECC correction) 
which may be required to ensure data integrity. The 
WREN V HH may send erroneous data in order to maintain 
t.he continuous flow of data. This bit shall override 
t.he DTE bi t if it is set. When set to zero. recovery 
actions during data transfer are allowed. 

The Enable Early Correction (EEC) bit. when set to one. 
allows the WREN V HH to apply ECC correction as soon as 
possible. before the retry count is exhausted. Seek 
error retr ies are not affected by this bi t. When this 
bit is set. the DCR bit must be zero. When the EEC bit 
is set to zero. the WREN V HH shall exhaust the retry 
count before applying ECC correction. 
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14.2.1.10 continued 

Notes for Table 14.2.1-23. Error Recovery Page (continued) 

[3] continued 

The Post Error (PER) bit. when set to one, indicates 
the WREN V HH will report Check Condition status and 
appropriate Sense Key for any .cecovered errors 
encountered. Reporting of unrecoverable errors will 
have priority over reporting of recoverable errors. 
When set to zero, any errors recovered within the 
limits established by the other Error Recovery Flags 
will not be reported. Any unrecoverable errors will be 
reported. 

The Disable Transfer on Error (DTE) bit is valid only 
~.vhen the PER bit is set to one. When the DTE bit is 
set to one. it indicates the WRE~ V HE will tarminate 
data transfer even for recoverable errors. The setting 
of the TB bi t determines whether the block in error 
will be transferred. When DTE is set to zero. data 
transfer will continue if recoverable errors are 
encountered. If the PER bit is one and the DTE bit is 
zero. recoverable errors will be reported after all 
data has been transferred. 

The Disable Correction (OCR) bit. when set to one. 
indicates ECC correction shall not be applied to the 
data even if correction is possible. When set to zero. 
ECC correction shall be applied if correction is 
possible. 

[4] The Retry Count is the maximum number of times the 
WREN V HH will attempt itls read recovery algorithms. 
The Retry Count is changeable between 0 and 27 
inclusive. A Retry Count of zero will inhibit retries 
from being performed.. If the EEC bi t is set then the 
number of retries specified by the Retry Count. up to 
a maximum of nine retries, will be performed before 
ECC is applied. 

[5] The Correction Span is the size of the largest read 
data error. in bits. on which ECC correction will be 
attempted. Errors longer: than this s-pan (11 decimal) 
are reported as unrecoverable. 
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Notes fo~ Table 14.2.1-23. E~~o~ Recove~y Page (continued) 

(2262P) 

[6] The WREN V HH Head Offset Count is a defaul t of zero 
and not changeable to signify that this feature is not 
programmable by the initiator. Head offsets will be 
pe~formed as pa~t of the WREN V HH d~ives ret~y 
a,lgorithms. 

[7] The WREN V HH Data St~obe Offset Count is a default of 
ze~o and not changeable to signify that this feature 
is not prog~ammable by the initiato~. Data St~obe 
Offsets will be performed as pa~t of the WREN V HH 
d~ivets ret~y algorithms. 

[8] A Hex FF indicates that the Recove~y Time Limi t is 
unlimited. 

Disconnect/Reconnect Control Page 

The WREN V HH Disconnect/Reconnect Page implementation is 
defined in Table 14.2.1-24. This table summa~izes the 
function and defines the default value and changeable 
status. 
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TABLE 14.2.1-24. DISCONNECT/RECONNECT CONTROL PAGE 

PAGE DESCRIPTOR HEADER 

BIT 7 I 0 51 41 31 21 1 I 0 I 
BYTE,S) I I I I I I I 

0 PS 1 PAGE CODE L 
1 [1 ] 1 a 0 a 0 ° 1 0 1 

I I 
PAGE LENGiH (10 Dec ima 1 ) I 

a a ° ° 1 a a 1 

I 
DISCONNECT/RECONNECT CONTROL PARAMETERS 

I 2 I BUFFER FULL RATIO i 
1_ QEf.AQLI __ 1 __ QI _ _ Q 1 __ 01 __ 01 __ 01 __ 11 __ 01 __ 0 ________ I 
1 CHANGEABLE[ 21\ 1 I 1 I , I , I , I 1 I , I , I 
I 3 1 BUFFER EMPTY RATIO I 
1_ QEEAYLI __ 1 __ QI _ _ QI ___ 01 __ 01 __ 01 __ '1 __ 01 __ 0 ________ 1 
1 CHANGEABLE[ 211 1 I , I 1 I 1 I , I , I , I 1 I 

I 4 I BUS INACTIVITY LIMIT (MSB) ! 
1_ QEEAYLI __ 1 __ Q __ Q ___ 0 ___ 0 ___ 0 ___ 0 ___ 0 ___ 0 ________ 1 
I CHANGE.t\BLE [211 0 0 0 0 0 0 0 0 
1 5 1 BUS INACTIVITY LIMIT (LSB) (10 Decimal) I 
1_ QEEA~LI __ 1 __ Q __ Q ___ 0 ___ 0 ___ , ___ 0 ___ , ___ 0 ______ [31 I 
ICHANGEABLE[211 ° 0 0 ° ° ° a 0 I 
I 0,7 I DISCONNECT TIME UNIT i 
1_ 9.EEAY,LI __ 1 __________ Q Q Q Q tl __________ .;.. _ _ _ _ _ _ I 
I CHANGEABLEf2] 1 0 0 0 0 H 1 
I 8,9 I CONNECT TIME LIMIT I 
1_ QEEA~LI __ 1 __________ Q Q Q Q !i _________________ I 
ICHANGEABLE(211 0 ° 0 0 H I 
I 10, 11 1 RESERVED I 
1_ JlEEA!!LI ~ _1 ___________ Q Q Q Q tl _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 
ICHANGEABLE[211 a 0 a 0 H 1 

(1] 

[2] 

[3] 

(2262P) 

The PS (Parameter Savable) bit of 1 indicates that 
the page 02H parameter data is savable. 

A changeable value of zero means this_ function is 
not directly changeable by an initiator:. A value 
of 1 means the bit function is directly changeable 
by an initiator. (See Mode Select command.) 

1 milliseC'Ond 
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(2262P) 

Both the ratio parameters are the numerator of a 
fractional multiplier that has 256 as it's denominator. 

The Buffer Full Ratio 
full the WREN V HH 
reconnecting. The WREN 
whole logical block. 
initiator. 

indica tes. on Read commands. how 
drive's buffer shall be before 
V HH will round up to the nearest 
This value is changeable by an 

The Buffer Empty Ratio indicates. on Write commands. how 
empty the WREN V HH drive's buffer shall be before 
reconnecting to fetch more data. The WREN V HH. rounds up 
to the nearest whole logical block. This value is 
changeable by an initiator. 

The Bus Inactivity Limit field (bytes 4 & 5) indicates 
the time. in 100 microsecond increments. the WREN V HH is 
allowed to assert the Busy signal without handshakes 
until it shall disconnect. The WREN V HH may round down 
to it's nearest capable value. The value of ten indicates 
the WREN V HH is allowed to maintain the Busy signal for 
one millisecond without handshakes. This value is not 
changeable by the initiator. 

The Disconnect Time Limit field (bytes 6 and 7) indicates 
the minimum time, in 100 microsecond increments. the WREN 
V HH shall remain disconnected until it shall attempt to 
reconnect. A value of zero indicates the WREN V HH is 
allowed to reconnect immediately. For WREN V HH. this is 
always zero and the changeable code is always zero. 

The Connect Time Limit field (bytes 8 and 9) indicates 
the maximum time in 100 microsecond increments that the 
target should remain connected until it attempts to 
disconnect. The target may round to it's nearest capable 
value. A setting of zero indicates that the WREN V HH is 
allowed to remain connected indefinitely until it 
attempts disconnection. 

Format Parameters Page 

The WREN V HH Format Parameters Page implementation is 
defined in Table 14.2.1-25. This table summarizes the 
function and defines the default or changeability status 
for each bit. 
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14.2.1.10 continued 

TABLE 14.2.1-25. FORMAT PARAMETER PAGE 

PAGE DESCRIPTOR HEADER 
BIT 7 I 6 I 51 41 31 21 11 0 

BYTE(S) I I I I I I I 
0 PS[l]1 I PAGE CODE (3 Decimal) 

1 I 0 I 0 0 0 0 1 1 
1 PAGE LENGTH ( 22 Decimal) 

0 0 0 1 0 1 1 0 
FORMAT PARAMETERS [1] 

I 2.3 TRACKS PER ZONE (MSB) I 
1_ :QE£:AY,LI, , _________ Q Q Q 1. iH~Xl ________ 121 _ I 
\ CHANGEABLE I 0 0 0 0 (HEX) , 
1 4.5 I ALTERNATE SECTORS PER ZONE , 
1_ :QE£:AY.LI, I _________ Q Q Q. 1. i.H~Xl ________ 131 _ I 
I CHANGEABLE I F F F F (HEX) I 
, 6,7 1 ALTERNATE TRACKS PER ZONE I 
1_ :QE£:AY,LI I _ _ _ _ _ _ _ _ _ Q Q Q Q. IH~Xl _ _ _ _ _ _ _ _ 141 _ 1 
'CHANGEABLE I 0 0 0 0 (HEX) 1 

, 8,9 I ALTERNATE TRACKS PER VOLUME I 
1_ :QE[Ay'LI 1 _________ Q. Q ~ X IH~Xl ________ lSI _ I 
I CHANGEABLE I F F F F (HEX) I 
I 10,11 I SECTORS PER TRACK I 
I ~ ~E[AY,LI, I _________ Q Q ~ ~ iH~Xl ________ 161 _ I 
I CHANGEABLE I 0 0 0 0 (HEX) I 
I 12.13 DATA BYTES PER PHYSICAL SECTOR I 
1_. :QE[Ay'LI, _________ Q ~ Q Q iH~Xl ________ 171·_ I 
I CHANGEABLE 0 0 0 0 (HEX) I 
I 14.15 INTERLEAVE 1 
1 __ ]2E[AY,LI _________ Q Q Q 1. i~Xl ________ 181 _ I 

I CHANGEABLE 0 0 0 0 (HEX) I 
1 16.17 TRACK SKEW FACTOR 1 
1_ RE:fAQLl: _________ Q Q ! ! ..tHE-Xl ________ 191 _ 1 
I~HANGEABLE 0 a a 0 (HEX) I 
1 18.19 CYLINDER SKEW FACTOR I 
1_ RE:fAY,LI _________ Q Q ~ X i~Xl _______ _ [1.01 _ \ 
\ CHANGEABLE 0 a 0 0 (HEX) I 
1 20 DRIVE TYPE FIELD I 
I DEFAULT 1 a a 0 0 a 0 0 [11] I 
1_ _ _ _ _ _S.§.E~ 1 _H§.E~ 1 !~ 1 §'URFl .IN§. 1 __ RE§.ER~D ____ I 
I CHANGEABLE 0 a a 0 1 0 0 a I 
1 21.22.'23 RESERVED 000000 (HEX) 1 
I_·_D.:.E=F:..:A:.::.:U::;.:L::.:T~ _________________________ .,.J 
I CHANGEABLE 000000 (HEX) I 1 ______________________________________________________________ 1 
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14.2.1.10 continued 

Notes for Table 14.2.1-25. Format Parameter Page (continued) 

[1] 

[2 ] 

[3] 

[4] 

[5] 

(2262P) 

This page of parameters may be sent only 
immediately before sending a Format Unit command 
to the WREN V HH. The Current parameters for this 
page will be updated immediately but any changes 
between these Current parameters and the existing 
media format will not be in effect until after the 
Format Unit command is completed. 

The Tracks per Zone field indicates the number of 
tracks the WREN V HH will allocate to each defect 
management zone. Spare sectors or tracKS will be 
placed at the end of each defect management zone. 
A value of zero indicates the entire unit will be 
taken as one defect management zone. The WREN V HH 
value of one indicates spare sectors may be placed 
at the end of a track. 

The Alternate Sectors per Zone field indicates the 
number of spare sectors to be reserved at the end 
of each defect management zone. A value of zero 
indicates that no sectors are to be reserved in 
each zone for defect management. This is to 
accommodate hosts that want to manage the defects 
themselves. The WREN V HH defaults to one spare 
sector per zone (track) but may be changed by the 
initiator to .any value between 0 and 3. 

The Alternate Tracks per Zone field indicates the 
number of spare tracks to be reserved a t the end 
of each defect management zone. A value of zero 
indicates that no spare tracks are to be reserved 
in each zone for defect management by the WREN V 
HH .. 

The Alternate Tracks per Volume field indicates 
the number of spare tracks to be reserved at the 
end of the logical unit. The WREN V HH will use 
these locations for replacing sectors. A value of 
zero indicates that no spare tracks are to be 
reserved at the end of the unit for defect 
management. The WREN V HH defaul ts to two times 
the number of read/wr i te heads in the dr i ve. The 
initiator may change this value for any number 
between 0 and 256. This number must be a multiple 
of the number of Data Read/Write heads installed. 
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14.2.1.10 continued 

Notes for Table 14.2.1-25. Format Parameter Page (continued) 

[6 ] 

[7] 

[8 ] 

( 9] 

[10] 

(:Z262P) 

The Sectors per Track field indicates the number 
of physical sectors the WREN V HH shall allocate 
per disk track. A value of zero indicates the 
number of sectors per ·track may be variable or the 
WREN V HH is to determine the best value. The WREN 
V HH will report the average number of physical 
sectors per track since the number of sectors per 
track varies between the outer and innet tracks. 
This field will not be verified on a Mode Select 
command. 

The Bytes per Physical Sector field indicates tae 
number of data bytes the WREN V HH shall allocate 
per physical sectot. This value will equal the 
block length repotted in the block descriptor. The 
bytes per physical sector is not di~ectly 
changeable by the initiator and will not be 
verified on a Mode Select command. 

The Intetleave field is the interleave value sent 
to the WREN V HH during the last Format Unit 
command. This field is valid only foe Mode Sense 
commands. The WREN V HH shall ignore this fL:ld 
during Mode Select commands. WREN V HH interleave 
will always be 1:1. 

The Track Skew Factor field indicates that number 
of physical sectors between the last logical block 
on one track and the first logical block on the 
next sequential track of the same cylinder. A 
value of zero indicates no skew. The Default Value 
is (TBD) for 512 byte sectors. This value is not 
changeable by an initiator. 

The Cylinder Skew Factor field indicates the 
number of physical sectors between the last 
logical block of one cylinder and the first 
logical block of the next cyl inder. A value of 
zero indicates no skew. The Default Value is (TBD) 
for 512 byte sectors. Cylinder skew will be 
utilized by a WREN V HH but is not changeable by 
an initiator" 
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14.2.1.10 continued 

Notes for Table 14.2.1-25. Format Parameter Page (continued) 

(2262P) 

[11] The Drive Ty~e field bits are defined as follows: 

The Soft Sectoring (SSEC) bit (bit 7) is set to 
one indicating the WREN V HH shall use soft 
sector formatting. 

The Inhibit Save (INS) bit (bit 3), when set to 
one. indicates the WREN V HH shall inhibit the 
saving of any parameters other than those 
contained in pages 3 or 4 during the next Format 
command. The preexisting values of any savable 
parameters will be maintained. When INS is set to 
zero. any savable parameters shall be updated to 
their Current values and saved during the next 
Format command. The default value is zero, but 
the changeable bit is one. indicating it may be 
changed. 

The following bits are not implemented by WREN V 
HH and are always zero and changeable bits are 
likewise zero. 

The Hard Sector ing (HSEC) bi t, when set to 
one. indicates that the target shall use 
hard sector formatting. The SSEC and HSEC 
bits cannot both be set to one in Mode 
Select commands. 

The Removable Media (RMB) bit, when set to 
one. indicates that the logical unit 
contains removable media. This same bi t is 
also returned in the Inquiry parameters (see 
Section 14.1.1.3). 

The Surface Map (SURF) bit, when set to one. 
indicates that the target shall allocate 
successive logical bLOCKS to all sectors on 
a surface before allocating logical blOCKS 
to the next surface. When SURF is set to 
zero. the target shall allocate successive 
l09ical blocks to all sectors within a 
cylinder before allocating logical blOCKS to 
the next cylinder. 
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I BIT 

Rigid Disk Drive Geometry Parameters 

The WREN V HH Rigid Disk Drive Geomet.ry Parameters Page 
implementation is defined in Table 14.2.1-26. This table 
summarizes the function and defines the default value. An 
initiator may not change the default values, thus the 
changeable status is always zero for all ,bytes/bits in this 
page. 

TABLE 14.2.1-26. RIGID DISK DRIVE GEOMETRY PARAMETERS 

PAGE DESCRIPTOR HEADER 
7 I 6 I 51 41 31 21 1\ a 

IBYTE(S) I I I I I I I 
I 
I 
\ 
I 

0 

1 

2 I 
I 

3 I 
I 

4 I 
I 

5 I 
I 

6,7,8 \ 
I 

9,10.11\ 
I 

12. 13 \ 

PS[l]1 I 
1 I a I 

a a 
RIGID 

o a 

o a 

o o 

a a 

o o 

PAGE CODE (4 Decimal) 
0 0 0 1 0 0 

PAGE LENGTH (18 Decimal) 
0 1 a 0 1 0 

DISK DRIVE GEOMETRY PAR&"!ETERS 

NUMBER OF CYLINDERS (MSB) 
0 a 0 a 0 a r 2 ] 

NUMBER OF CYLINDERS 
0 0 0 1 1 0 [ 2 1 

NUMBER OF CYLINDERS (LSB) 
a a 1 0 1 a [21 

NUMBER OF HEADS 
[ 3 ] 

STARTING CYLINDER - WRITE PRECOMP 
0 a a a a a r 4: 1 

STARTING CYLINDER-REDUCED ~;RITE CURRENT 
a 0 0 a 0 0 [ 4: ] 

DRIVE STEP RATE 
\ I a o 0 0 0 0 0 0 [41 
114.15.16\ 
I I 
117,18.19\ 
I I 

o 

o 

o 

o 

LOADING ZONE CYLINDER 
0 0 0 

RESERVED 
0 0 0 

0 0 0 [4J 

0 0 0 [4J 

(1] The reserved PS bit of 1 indicates that page 04 parameter 
data is savable and will be saved when a Format Function is 
performed. 

[2] 1546 user accessible cylinders maximum with no spare 
cylinders (tracks) set aside for flaw reallocation (190 MB 
Model) e 

[3] Either 3 or 5 depending on model number. 
[4] Not applicable~ 

The fo llowinq page of parameters may be sent via a Mode 
Select command only immediately before sending a Format 
Uni t command to the WREN V HH and mus t equa 1 the va lues 
reported by the Mode Sense command. 
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The Number of Cylinders field indicates the maximum 
number of user available cylinders for the WREN V HH. The 
WREN V HH will use some of the additional cylinders 
available for storing WREN V HH parameters. defect lists. 
or diagnostic purposes. 

The number of Heads field indicates the maximum number of 
data (read/write) heads on the WREN V HH drive. 

TABLE 14.2.1-27. CACHE CONTROL PARAMETERS 

\ BIT .., \ 6 \ 5 \ 4\ 3 I 2 \ 11 a 
I BYTE ( S ) I I I I I I I 
lOPS I \ Page Code (38 decimal) I 
\ \ 1(1] \ 0 \ 1 1 1 0 0 a I 
1-----------------------------------------------------------------1 
\ \ PAGE LENGTH (bytes) - (14 dec ima 1 ) 1 
\ 1 I 0 a 0 0 1 1 101 

CACHE CONTROL PARAMETERS 
2 RSVD\ WIEI RSVDI CE \ CACHE TABLE SIZE [3] 

DEFAULT I 0 1 0 \ 0\ 0\ 0 a 0 1 I 

------------_._--------------------------------------------------\ 
CHANGE- \ 1 1 \ I I 

AB LE [ 2 1 I a I a I 0 I 1 I 0 a 0 0 \ 
3 \ PREFETCH THRESHOLD [ 4] I 

DEFAULT I 1 1 1 1 1 1 1 1 I 
--------\-------------------------------------------------------1 
CHANGE- I 

ABLE I 0 0 0 0 0 o o o 
4 \ MAXIMUM PREFETCH (5 ] 

DEFAULT \ 0 0 1 1 0 1 0 0 
-------------,---------------------------------------------------
CHANGE- I 

ABLE I 
5 I 

DEFAULT I 

CHANGE- I 

o 

o 

o o 0 000 
MAXIMUM PREFETCH MULTIPLIER 

o o 0 000 

ABLE I 0 0 0 0 0 o o 
6 \ MINIMUM PREFETCH 

o 

o 

o 

DEFAULT I 0 0 0 0 0 0 0 0 

[5] 

[6 ] 

----------------------------------------------------------------
CHANGE- \ 

ABLE I 
7 \ I 

DEFAULT I 

CHANGE-
ABLE 
8-15 

(2262P) 

o o 

o o 

0 0 

0 0 

o 0 000 o 
MINIMUM PREFETCH MULTIPLIER [6 ] 

o 0 000 o 

0 0 0 0 0 0 
RESERVED 

0 0 0 0 0 0 
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Notes for Table 14.2~1-27 Cache Control Parameters 

[1] The PS (Parameter Savable) bit of 1 indicates that 
the page 38 parameter data is savable. 

[2] A changeable value of zero means this function is 
not directly changeable by an ini tiator. A value 
of 1 means the bit function is directly changeable 
by an initiator. (See Mode Select command.) 

(3] Cache Enable bi t 4 of one indica tes tha t the WREN 
drive will use a read look ahead algorithem on all 
da ta reads. On subsequent reads. if the da ta is 
already residing in the WREN data buffer, the data 
transfer commences with no latency times. If bit 4 
is zero it indicates read look ahead will not be 
used. 

[4J 

[5] 

[6] 

Write Index Enable bit 6 controls the creation of 
Cache da ta on Wri te commands. If bi t 6 is a one 
the Write data will be treated as Cache Read data 
ant he ne x t comma nd . If bit 6 is z e rot he ne :ct 
command treats the cache area as empty of data. 

Cache table size bits 3 thru 0 indicate the number 
of cache segments to maintain in buffer ram. 

Prefetch Threshold byte 3 indicates the maximum 
value of the transfer length byte of the Read 
command for which a prefetch will be perfocmed. 

The product of the Maximum Prefetch Multiplier, 
byte 5, and the Read command transfer length is 
added to the value of the Maximum Prefetch. byte 
4. t.o indicate the maximum number of blocks to 
prefetch when a Read command is issued and the 
blocks are not already cachede 

The product of the Minimum Prefetch Multiplier. 
byte 7. and Read command transfer length is added 
to the value of the Minimum Prefetch, byte 6. to 
indicate the minimum number of blocks to prefetch 
when a Read command is issued and the blocks are 
not already cacheda 
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14.2.1.11 Start Unit Command (lBH) 

BIT 
BYTE(S) 

o 

1 

2 

3 

4 

5 

(2.262P) 

TABLE 14.2.1-28. START UNIT COMMAND 

7 6 

o o 

S\ 
I 

o 

LOGICAL UNIT NO. \ 
o 0 0\ 

I 
o o o 

o o o 

o o o 

o o o 

41 
I 

1 

o 

o 

o 

o 

o 

3\ 
I 

1 

o 

o 

o 

o 

o 

21 
I 

o 

o 

o 

o 

1\ 
I 

1 

o 

1 

I IMMED 
0\ 

I 
o o 

o o 

I START 
o 01 1 

I 
1 FLAG I LINK 

0\ 01 0 
I I 

The Start Unit command requests that the target enable the 
logical unit for further operations. 

An Immed bit of zero indicates that status shall be 
returned af ter the opera tion is comp leted. 1 f the Immed 
bit is a one status will be returned as soon as the 
operation is initiated. 

The Start bit must be a one. This requests that the 
logical uni t be made ready for use. If the Start bi t is 
zero (requesting that the unit be stopped). the command 
will be rejected as an illegal request. 
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14.2.1.11 continued 

This command is applicable only if the Motor Start Option 
jumper is installed. See Figures 10.3-2 and 11.1-1. If 
this jumper is installed. the drive will only respond to 
the Start Unit. Inquiry and Request Sense commands. If 
the jumper is not installed the WREN V HE will respond to 
communications on the interface while the drive is coming 
up to speed. 

For systems which support disconnection. WREN V HH will 
disconnect when a Start Unit procedure is commanded. and 
will reconnect when the unit is up to speed and Ready. 

14.2.1.12 Prevent/Allow Medium Removal Command (lEE) 

1402,,2 

Not implemented by WREN IV. If received, WREN V HE will 
terminate with Check Condition status and set an Illegal 
Request Sense Key. 

GROUP 1 COMMAND FOR DIRECT ACCESS DEVICES 

The Group 1 commands implemented by the ~'VREN V HH ara 
listed in Table 14.2.1-29. 

TABLE 14.2.1-29. GROUP 1 COMMANDS FOR DIRECT ACCESS DEVICES 

(2262P) 

OPERATION 
CODE (HEX) 

2S 
28 
2A 
2B 
2F 
37 
3B 
3C 

COMMAND NAME 
READ CAPACITY 
READ EXTENDED 
WRITE EXTENDED 
SEEK EXTENDED 
VERIFY 
READ DEFECT DATA 
WRITE DATA BUFFER 
READ DATA BUFFER 
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SECTION 
14.2.2.1 
14.2.2.2 
14.2.2.3 
14.2.2.4 
14.2.2.6 
14.2.2.9 
14.1.2.3 
14.1.2.4 



PRODUCT 

14.2.2.1 

\ BIT 
\ BY'rE, S l 
I 0 
I 
I 1 
1 
1 
1 2 
1 
1 3 

1 
I 4 
I 
I S 
I 
1 6 
1 
1 7 
1 
1 8 
I 
I 9 
I 
1 

(2262P) 

SPECIFICATION - WREN V HH SCSI MODEL 94221 7776S297-A 

Read Capacity Command (2SH) 

TABLE 14.2.2-1. READ CAPACITY COMMAND 

7 6 S\ 41 31 21 11 0 
I I I I I 

0 0 1 0 0 1 0 1 

LOGICAL UNIT NO. I 
0 0 01 0 0 0 0 0 

I 
LOGICAL BLOCK ADDRESS (MSB) 

LOGICAL BLOCK ADDRESS 

LOGICAL BLOCK ADDRESS 

LOGICAL BLOCK ADDRESS (LSB) 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

() 0 0 0 0 0 01 PMI 
I 

I FLAG I LINK 
0 0 0 0 0 01 0 I 0 

I I 

The Read Capacity command (Table 14.2.2-1) provides a 
means for the initiator to request information regarding 
the capacity of the WREN V HH. 

A Partial Medium Indicator (PMI) bit of zero indicates the 
information returned in the Read Capacity data shall be 
the Logical Block Address and Block Length (in bytes) of 
the last logical block: of the logical uni t. The Logical 
Block Address in the Command Descriptor Block shall be set 
to zero for this option. 

A PM! bit of one indicates the information returned shall 
be the Logical Block Address and Block Length (in bytes) 
of the last Logical Block Address after which a 
substantial delay (defined as approximately 1 millisecond 
for the WREN V HH) in data transfer will be encountered. 
This Logical Block Address shall be greater than or equal 
to the Logical Block Address specified in the Command 
Descriptor Block. This reported Logical Block Address will 
be a cylinder boundary.~ 
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14.2.2.1 continued 

The returned 8 bytes of Read Capaci ty Da ta are 1 is ted in 
Table 14.2 .. 2-2. 

o 
1 
2 
3 
4: 
5 
6 
7 

TABLE 14.2.2-2. READ CAPACITY DATA 

DESCRIPTION 

LOGICAL BLOCK ADDRESS (MSB) 
LOGICAL BLOCK ADDRESS 
LOGICAL BLOCK ADDRESS 
LOGICAL BLOCK ADDRESS (LSB) 
BLOCK LENGTH (MSB) 
BLOCK LENGTH 
BLOCK LENGTH 
BLOCK LENGTH (LSB) 

14.2.2.2 Read Extended Command (28H) 

I BIT 
\BYTE(S) 
I a 

TABLE 14.2.2-3. READ EXTENDED COMMAND 

7 I 
I 
! 

o 

6 I 
I 

a 

51 
I 

1 

4\ 
I 

o 

31 
I 

1 

21 11 0 
I I 
000 

I ________ ~-------------------------------------------------ILLOGICAL UNIT NO. I IREL ADR 
I 0 0 01 0 0 0 01 0 

I------~----------------~I--------------------~!--------2 LOGICAL BLOCK ADDRESS (MSB) 

3 LOGICAL BLOCK ADDRESS 

4 LOGICAL BLOCK ADDRESS 

5 LOGICAL BLOCK ADDRESS (LSB) 

6 o o o o o a o o 

7 TRANSFER LENGTH (MSB) 

8 TRANSFER LENGTH (LSB) 

9 I FLAG I LINK 
o o o o a 01 0 I 0 

I I 

The Read Command requests that the target transfer data to the 
initiator. 

(2262P) -182-



PRODUCT SPECIFICATION - WREN V HH SCSI MODEL 94221 77765297-A 

14.2.2.2 continued 

(2262P) 

The Logical Block Address specifies the logical block at 
which the read operation shall begin. 

The Transfer Length specifies the number of contiguous 
logical blocks of data that shall be transferred. A 
Transfer Length of zero indicates that no logical blocks 
shall be transferred (an Implied Seek is still performed). 
This condition shall not be considered an error. Any other 
value indicates the number of logical blocks that shall be 
transferred. 

The data value most recently written in the addressed 
logical block shall be returned. 

This command is implemented wi th the WREN V HH spec if ic 
parameters listed in Table 14.2.2-3. 

In the CDB the LUN must be zero and the Flag and Link bits 
must be zero. Relative Addressing is not implemented and 
the relative address (REL ADR) bit must zero. 

This command opera tes the same as the Read command (see 
Section 14.2.1.4) except that in the CDB for this command a 
four byte Logical Block Address and a two byte Transfer 
Length may be specified. 

This command shall be terminated with a Reservation 
Conflict status if any reservation access conflict (see 
Section 14.2.1.8) exists. and no data shall be read. 
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14 • .2.2 • .2 

14: • 2 .2. 3 

continued 

If any of the following conditions occur, this command 
shall return a Check Condition status and the Sense Key 
shall be set as indicated in enumeration of all 
conditions which may cause the Check Condition status. 

CONDITION ~SE=N~SE=-=KE=Y~ ______________ _ 
Invalid Logical Block Address Illegal Request (see note) 

Target reset since last Unit Attention 
command from this initiator 

Unrecovered read error Medium Error 

Recoverable read error Recovered Error 

Overrun or other error that Aborted Command 
might be resolved by 
repeating the command 

NOTE: The extended sense information bytes shall be set 
to the Logical Block Address of the first invalid add~ess. 

Write Extended Command (2AR) 

TABLE 14.2.2-4. WRITE EXTENDED COMMAND 

BIT 7 6 51 41 31 21 11 0 
BYTE(Sl I I I I ! 

a a 0 1 0 1 0 1 0 

1 LOGICAL UNIT NOe I IREL ADR 
0 0 01 0 a 0 01 0 

I I 
.2 LOGICAL BLOCK ADDRESS (MSB) 

3 LOGICAL BLOCK ADDRESS 

4 LOGICAL BLOCK ADDRES'S 

5 LOGICAL BLOCK ADDRESS (LSB) 

6 0 0 0 0 0 0 0 0 

7 TRANSFER LENGTH (MSB) 

8 TRANSFER LENGTH (LSB) 

9 FLAG I LINK 
0 0 0 0 0 0 0 I 0 

I 
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14.2.2.3 

(2262P) 

continued 

The Wri te command requests that the WREN V HH wri te to 
the medium the data transferred by the initiator. 

The Logical Block Address specifies the logical block at 
which the write operation shall begin. 

The Transfer Length specif ies the number of contiguous 
logical blocks of data that shall be transferred. A 
Transfer Length of zero indicates no logical blocks shall 
be transferred (an Implied Seek is still performed). This 
condition shall not be considered an error and no data 
shall be written. Any other value indicate the number of 
logical blocks that shall be transferred. 

This command is implemented with the WREN V HH specific 
parameters listed in Table 14.2.2-4. 

In the CDB, the LUN must be zero and the Flag and Link 
bits must be zero. The Relative Address (REL ADR) bit 
must be zero. 

This command operates the same as the Write command 
(Section 14.2.1.5) except that in the CDB for this 
command a four byte Logical Block Address and a two byte 
Transfer Length may be specified. 

This command shall be terminated with a Reservation 
Conflict status if any reservation access conflict (see 
Section 14.1.8) exists. and no data shall be written. 

If any of the following conditions occur, this command 
shall be terminated with a Check Condition status and the 
Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive 
enumeration of all conditions which may cause the Check 
Condition status. 

CONDITION 
Invalid Logical Block Address 

Target reset since the last 
command from this initiator 

Overrun or other error that might 
be resolved by repeating the 
command 

SENSE KEY 
Illegal Request (see 
note) 

Unit Attention 

Aborted Command 

NOTE: The extended sense information bytes shall be set 
to the Logical Block Address of the first invalid 
address. In this case, no data shall be written on the 
logical unit. 
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14 .. 2.2.4 Seek Extended Command (2BH) 

TABLE 14.2.2-5a. SEEK EXTENDED COMMAND 

1 BIT 
IBYTE(S) 
I 0 

7 

o 

6 

o 

5\ 
I 

1 

41 
I 

o 

31 
I 

1 

2\ 
I 

o 

11 
I 

1 

77765297-B 

o 

1 

I ________ ~----------------~-----------------------------IlLOGICAL UNIT NO. 1 
1 0 0 01 0 0 0 0 a 

I--------~----------------~I------------------------------1 2 LOGICAL BLOCK ADDRESS (MSB) 

I--------~--------------------------------------------------I 3 LOGICAL BLOCK ADDRESS 

I--------~-----------------------------------------------1 4 LOGICAL BLOCK ADDRESS 

I--------~--------------------------------------------------1 5 LOGICAL BLOCK ADDRESS (LSB) 

I--------~-------------------------------------------------1 6 o a a o o o a o 

I--------~-----------------------------------------------1 7 a o o o a o o 

I--------~-------------------------------------------------1 8 o o a o o o o o 

I--------~-----------------------------------------------I 9 1 FLAG \ 
1 0 0 0 0 0 01 0\ 

LINK 
o 

I--------~----------------------------------~I----~!--------
The Seek'. Extended command requests that the WREN V HH seek to 
the specified Logical Block Address. 

This command is implemented with the WREN V HH specific 
parameters listed in Table l4.2.2-5 

In the CDB. the LUN must be zero and the Flag and Link bi ts 
must be zero. This command operates the same as the Seek 
command (Section l4.2.1.6) except that a four byte Logical 
Block Address is specified. 
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14.2.2.5 Write and Verify Command (2EH) 

BIT 
BYTE(S) 

o 

1 

2 

3 

4 

5 

6 

7 

8 

TABLE 14.2.2-5b. SEEK EXTENDED COMMAND 

7 6 

o o 

51 
I 

1 

41 
I 

o 

31 
I 

1 

21 
I 

1 

11 
I 

1 

LOGICAL UNIT NO. I I BYT I 
o 0 01 0 0 OICHECKI 

I I I 
LOGICAL BLOCK ADDRESS (MSB) 

LOGICAL BLOCK ADDRESS 

LOGICAL BLOCK ADDRESS 

LOGICAL BLOCK ADDRESS (LSB) 

o o o o o o o 

TRANSFER LENGTH (MSB) 

TRANSFER LENGTH (LSB) 

77765297-B 

o 

o 

o 

o 

9 1 FLAG 1 LINK 
o o o o o 01 01 0 

I I 

The WRITE AND VERIFY command requests that the target write the 
data transferred from the initiator to the medium and then 
verify that the data is correctly written. 

A byte check (BYtChk) bit of zero causes the verification to be 
simply a medium verification (ECC). A BytChk bit of one causes 
a byte-by-byte compare of data written on the peripheral device 
and the data transferred from the initiator. If the compare is 
unsuccessful, the command shall be terminated with a CHECK 
CONDITION status and the sense key shall be set to MISCOMPARE. 

The logical block address specifies the logical block at which 
the write operation shall begin. 

The transfer length specifies the number of contiguous logical 
blocks of data that shall be transferred. A transfer length of 
zero indicates that no logical blocks shall be transferred. 
This condition shall not be considered as an error and no data 
shall be written. Any other value indicates the number of 
logical blocks that shall be transferred. 

In the CDB. the LUN must be zero and the flag and Link bi ts 
must be zero. 

For Systems which support disconnection. the WREN V HH will 
disconnect during the execution of this command. 
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14.2.2.6 Verify Command (2FH) 

TABLE 14.2.2-6. VERIFY COMMAND 

1 BIT I 7 I 6 I SI 41 31 21 1 0 
IBYTE(Sl I I I I I I I 

0 I 0 0 1 0 1 1 1 1 
I . 

1 I LOGICAL UNIT NO. I IBYT CHK\ 
I 0 0 0\ 0 0 01 I 0 
I I I I 

2 I LOGICAL BLOCK ADDRESS (MSB) 
I 

3 \ LOGICAL BLOCK ADDRESS 
I 

4 I LOGICAL BLOCK ADDRESS 
I 

S \ LOGICAL BLOCK ADDRESS (LSB) 
I 

6 \ 0 0 0 0 0 0 0 0 
I 

7 I TRANSFER LENGTH (MSB) 
I 

8 I TRANSFER LENGTH (LSB) 
I 

9 I \ FLAG ILINK 
I 0 0 0 0 a 0\ 0 I a 
I I I 
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14. ,2 • 2 . 6 

14.2.2.7 

14 .. 2.2.8 

(2262P) 

continued 

The Verify command requests that the target verify the 
data written on the medium. 

A Byte Check (ByteChk) bit of zero causes the 
verification to be simply a medium verification (CRC. 
ECC. etc). A ByteChk bi t of one causes a byte by byte 
compare of data on the medium and the data transferred 
from the initiator. If the compare is unsuccessful. the 
command shall be terminated with a Check Condition status 
and the Sense Key shall be set to Miscompare. 

The Logical Block Address specifies the logical block at 
which the verify operation shall begin. 

The Verification Length specifies the number of 
contiguous logical blocks of data that shall be verified. 
A Verification Length of zero indicates that no logical 
blocks shall be verified (an Implied Seek is still 
performed). This condition shall not be considered an 
error. Any other value indicates the number of logical 
blocks that shall be verified. 

This command is implemented with the WREN V HH specific 
parameters listed in Table 14.2.2-6. 

The drive will disconnect while this command is being 
executed if the initiator supports disconnect/reconnect. 

Search Data Commands (30H. 31H. or 32H) 

Not implemented. If received. will be treated as an 
Illegal Request. 

Set Limits Command (33H) 

Not implemented. If received. will be treated as an 
Illegal Request. 
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14.2.2.9 Read Defect. Dat.a Command (37H) 

TABLE 14.2.2-7a. READ DEFECT DATA COMMAND 

I BIT 7 I 6 \ 5\ 41 31 21 1\ a I 
IBYTE(Sl I I I I I I I I 
I a a 0 1 1 0 1 1 1 I 
I I 
I 1 LOGICAL UNIT NO. 1 I 
I a 0 01 0 0 0 0 0 ! 
I I I 
I 2 1 p G DEFECT LIST FORMAT I 
I 0 0 01 [1] 1 0 0[2]\ 
I I or 1 0 1 I 
I 3 0 a 0 0 0 0 0 0 I 

I 

I 
I 4 0 0 0 a 0 0 0 0 
I 
I 5 0 0 a 0 a 0 0 0 
I 
I 6 0 0 0 0 0 0 0 0 
I 
i 7 ALLOCATION LENGTH (MSB) 
I 
I 8 ALLOCATION LENGTH (LSE) 
I 
I 9 I FLAG I LINK 
I a 0 0 a 0 01 01 0 
I I I 

[lJ. [2] • See following page for not.es. 
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14.2.2.9 

(2262P) 

continued 

Notes for Table 14.2.2-7a. Read Defect Data Command 

[1] The WREN V HH interprets the P and G bits (bits 4 
and 3 of byte 2 of the CDB) as follows: 

BIT~ BIT G 
0 
0 
1 

1 

0 (1) Return Defect List header only 
1 (2) Return the growth "G" list only. 
0 (3) Return the manufacturers original ETF 

list only. 
1 (4) Return all lists. 

(1) If the P. G bits were 0.0 and the Defect List 
length will reflect the length of the 1.1 list and 
no Defect Descriptor Bytes will be sent to the 
initiator. 

(2) This 1 is t wi 11 ref lect the grown or "G" 1 is t as 
defined in Section 14.2.1.2. 

(3) This list reflects the manufacturers original ETF 
list. These defects mayor may not have been 
reallocated. depending on the last Format command 
received (the last format mayor may not have 
requested the P list flaws be reallocated during 
the format function). 

(4) The returned list will contain all of the drivels 
defect lists (i.e. p. G. C & D) regardless of 
whether these lists have been reallocated by the 
drive. 

[2] The Defect List format field indicates the defect 
data format preferred by the initiator. The 
meaning is the same as the Defect List Format 
field in the Format command (indicated in Table 
14.2.1-3) 

The Defect List format bi ts (bi ts 2. 1" 0 in the 
CDB) should be; 1 0 0 , respectively. to signify 
a defect list in the Bytes from Index format. or. 
1 0 1. respectively to signify a defect list in 
the Physical Sector format. If neither of these 
two. the WREN V HH will respond with the defect 
list in the drives def~ult format (physical 
sector) and create the check condition status with 
Recovered Error Sense Key at the end of the Read 
Defect Data data transfer. 
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14.2.2.9 continued 

(2262P) 

The Read Defect Data command requests that the target 
transfers the medium defect data to the initiator. 

This command is implemented with the WREN V HH specific 
parameters listed in Table 14.2.2-7a. 

Allocation Length specifies the number of bytes the 
initiator has allocated for the returned defect data. An 
Allocation Length of zero indicates that no Read Defect 
Data shall be transferred. Any other value indicates the 
maximum number of bytes to be transferred. The WREN V HH 
shall terminate the Data In phase when the Allocation 
Length bytes have been transferred or when all ava i lab la 
defect data has been transferred to the initiator, 
whichever is less. 

In the CDB the LUN must be zero and the Flag and Link bits 
must be zero. 

This command is intended to be used only wi th the Fa rma t 
Unit command (Section 14.2.1.2). The initiator should not 
interpret or act upon this list except to resend this list 
as defect data in a Format Unit command. 

The Defect Data returned is listed in Table 14.2.2-7b. 

The first 4 bytes returned are the Defect List Header. The 
P bit. G bit. and Defect List Format fields indicate the 
defect format actually returned by the WREN V HH. The 
definitions are the same as for byte 2 of the Read Defect 
Data Command Descriptor Block (Table 14.2~2-7a). 

The Defect List Length specifies the total length in bytes 
of all the defect descriptors available from the WREN V HH. 
If the Allocation Length of the CDB is too small to 
transfer all of the defect descriptors. the D"efect List 
Length is not adjusted to reflect the truncatione The 
Defect Descriptors do not have to be in ascending order. 
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14.2.2.9 continued 

I BIT 
IBYTE(S) 
I a 
I 

TABLE 14.2.2-7b. DEFECT LIST. HEADER DESCRIPTION 

7 6 1 51 41 31 21 11 a 
I I I I I I 

RESERVED 
a a a a a a a a 

I ________ ~----------------------------------------------------------I 1 RESERVED 1 PI GI DEFECT LIST FORMAT 
I a a 01 ----------1 1 a a [ 2 ] 

I--------~----.------------~------~--~--~~---~~--~~----------I (1) I or 1 a 1 
I 2 DEFECT LIST LENGTH (MSB) 

I--------~------------------------ (VALUE IS 8 TIMES THE NUMBER 
I 3 DEFECT LIST LENGTH (LSB) OF DEFECTIVE SECTORS) 

I--------~-------------------------------------------------------------~~-I 4·-n 
[ 3 J 

DEFECT DESCRIPTOR BYTES [3 ] 
I DRIVE RETURNS DEFECTIVE SECTOR ADDRESS 

I--------~------------------------------------------------------
[1] 

[.2 ] 

[ 3 ] 

(2262P) 

Either 00, 01, 10, or 11 as previously defined in [1] of 
Table 14.2.2-7a. 

100 defines a list in the Bytes from Index format. 
101 defines a list in the Physical Sector format. 

If the P, G bits were 0,0 the Defect List length will 
reflect the length of the 1.1 list and no Defect 
Descriptor Bytes will be sent to the initiator. 
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15.0 STATUS 

A status byte shall be sent from the WREN V HH to the 
initiator during the Status phase at the termination of 
each command as specified in Table 15.0-1 and 15.0-2 unless 
the command is cleared by an Abort message, by a Bus Device 
Reset message, by a II hard" Reset condition. or by a 
catastrophic reset condition. 

BIT 
BYTE 

o 

TABLE 15.0-1. STATUS BYTE FORMAT 

7 6 5 4 3 2 

o o o x x o 

1 o 

x o 

"X" will be 1 or 0 depending on command completion status. 

The drive will return one of the completion status bytes 
codes listed in Table 15.0-2. 

TABLE 15.0-2. COMMAND COMPLETION STATUS 
<-----------------BITS-------------> 

7 6 

0 0 

0 0 

a a 

0 a 

(.2262P) 

5 4 3 2 1 0 STATUS REPRESENTED 

0 0 0 0 0 0 Good 

a 0 a a 1 0 Check Condition 

0 a 1 0 0 a Busy 

a 1 1 a a a Reservation Conflict 

A description of the status byte codes is given below: 

Good - Indicates the WREN V HH has successfully completed 
execution of the command. 

Check Condition Any error. exception. or abnormal 
condition that causes sense data to be set. shall cause a 
Check Condition status. The Request Sense command should be 
issued in response to a Check Condition status. to 
determine the nature of the condition. 

Busy - The WREN V HH is busy. This status shall be sent 
whenever a WREN V HH is unable to accept a command from an 
initiator. The normal initiator recovery action is to issue 
the command again at a later time. 
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15.0 

16.0 

continued 

Reservation Conflict This status shall be returned 
whenever a SCSI device attempts to access a logical unit 
that is reserved for that type of access to another SCSI 
device. 

ERROR RECOVERY PHILOSOPHY 

The error recovery procedures for the WREN V HH vary in 
accordance with parameter values and the states of "flags" 
stored in error recovery parameter storage locations in 
WREN V HH control memory. The WREN V HH control firmware 
error recovery routines reference these parameters for 
decision making when an error recovery procedure is 
performed. These error recovery parameters are changeable 
by commands from the initiator. The parameters are flagged 
as being changeable and this information is given to the 
initiator when requested by a Mode Sense command. The error 
recovery parameters can be changed by a Mode Select command 
from the initiator. Table 16.0-1 lists the error recovery 
parameters. More details, on how these functions operate. 
are given in Sections 14.2.1.7 and 14.2.1.10. 

TABLE 16.0-1. ERROR RECOVERY PARAMETERS 

CHANGEABILITY 
INDICATOR** 

PARAMETER 
NAME 

AWRE 
ARRE 
TB 
RC 
EEC 
PER 
DTE 
DCR 
Retry cnt 
Correction 
Span 

I 
I 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 

o 

VALUE 

1 or 0* 
1 or 0* 
1 or 0* 
1 or 0* 
1 or 0* 
1 or 0* 
1 or 0* 
1 or 0* 
0 - 27 

11 

DESCRIPTION OF PARAMETER 

Automatic Write Reallocation Enable 
Automatic Read Reallocation Enable 
Transfer (failed data) Block 
Read Continuous (no recovery actions) 
Enable ECC correction to occur early 
Post Error (report to initiator) 
Disable data Transfer on Recovered Error 
Disable ECC application 
Maximum times for read retry algorithm 

Largest error span for ECC use (bits) 

*Default value is 0 which means disable. 
**1 means is changeable, 0 means not changeable. 
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16.0 

16.1 

16.2 

(:2262P) 

continued 

In general, when a read error occurs, the WREN V HH will 
attempt to recover using retries, application of ECC and/or 
early application of ECC (if these are enabled), If the 
error still exists, the WREN V HH will report Check 
Condition in the status returned to the initiator. The 
initiator will likely command Request Sense and the WREN V 
HH will reply with a Data In phase with 18 bytes of 
E:ctended Sense Data which will contain information about 
the error. Sense Key codes used and their meanings are 
listed in Table 14.1.1-5. Error codes used and the errors 
they report are listed in Table 14.1.1-6. If the error is 
recovered, it will be reported only if the PER bit is set 
(Table 16.0-1). Error eecovery procedures for several of 
the error condi tions are defined in Sections 16.1 through 
16.5. 

SEEK ERRORS (09 or 15 HEX ERROR CODE) 

If a seek error occurs. up to three retries will be 
attempted by positioning the heads to traCK zero and 
reissuing the seek. If all eetries fail error code 09 oe 15 
will be eeported in the Extended Sense Data. 

DATA F!ELD WRITE FAULT (03 HEX ERROR CODE) 

If a write fault is detected while weiting the data field 
the operation !,Jill be immediately suspended. If the 
internal write fault can be cleared, the drive will 
automatically perform a rewrite of the sector (up to 3 
attempts will be made to clear the write fault and rewrite 
the sector). 

If the write fault condition cannot be cleared the IIWrite 
Fault" error (03 Hex) will be reported in extended Sense 
Data. 
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16.3 SYNC BYTE ERROR (12 Hex Error Code) 

If the sync byte cannot be recovered during a read, up to 
27 retries will be attempted using the offset sequence 
shown in Figure 16.3-1. 

No Servo Offset Retry 3 times 
Servo Offset Plus Retry 3 times 
Servo Offset Minus Retry 3 times 

No Servo Offset Retry 3 times 
Servo Offset Plus Retry 3 times 
Servo Offset Minus Retry 3 times 

No Servo Offset Retry 3 times 
Servo Offset Plus Retry 3 times 
Servo Offset Minus Retry 3 times 

FIGURE 16.3-1. POSSIBLE DATA STROBE AND SERVO OFFSET 
COMBINATIONS USED BY THE SCSI WREN DURING 
READ RETRIES 

16.4 DATA FIELD ECC ERROR (11 Hex or 18 Hex Error Code) 

(2.262P) 

If EEC bit is one (Table 14.2.1-23), ECC correction is 
applied as soon as possible. If EEC bit is zero data field 
ECC error correction is not applied until all retry 
attempts (per Figure 16.3-1) are exhausted and if specified 
by DCR bi t and retry count (Table 14.2.1-23). If the ECC· 
error persists and is within the correction span being used 
(11 hi ts) the da ta is cor rected and sent to the ini tia tor 
if that capability is enabled by DTE bit (Table 14.2.1-23). 
Data correction by ECC will not occur unless two ECC 
syndrome matches occur. For unrecoverable ECC errors an 
error code of 11 Hex is reported. 
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16 .. 5 

17.0 

(2262P) 

ALTERNATE SECTOR PROCESSING 

Any media defect detected during formatting or listed 
internally in the factory recorded defect table will 
already have been assigned an alternate sector in an area 
not directly accessible by the initiator. If conditions are 
appropriate. the initiator may want to call for a complete 
reformatting of the WREN V HH. The options availabld when 
that is done are discussed in Section 14.2.1.2. 

If Automatic Read Reallocation (ARRE) is disabled, the 
initiator should request that media errors (that occur 
after formatting) be reassigned using a Reassign Blocks 
command. 

If Automatic Read Reallocation (ARRE) is enabled, cead 
errors that require more than 1 retry to recover oc read 
errors that require ECC correction to recover will be 
automatically reallocated by the drive. The initiator 
should not use the Reassign Blocks command to cea lloca te 
these flaws. The initiator should still use the Reassign 
Blocks command to reallocate unrecoverable sectors. 

If Automatic Write Reallocate (AWRE) is disabled, the drive 
will report a No Record Found status if a header cannot be 
recovered. The initiatoz: should cequest that bad sector(s) 
be r:aa:"lccated using the Reassign Blocks command and then 
rewrite the record. 

If Automatic Write Reallocation (AWRE) is enabled, the 
drive will automatically reallocate the sector and rewrite 
the data field if a header cannot be cecovered. The 
initiator should not use the Reassign Blocks command or 
rewrite the sectors if AWRE is a 1 and it receives a Record 
Not Found status. 

OPTIONS 

All options are incorporated or packaged at the manu­
facturing facility. Ground isolation capability is provided 
on every Motor Control PWA shipped. The user may exercise 
his option to isolate grounds at his convenience. See 
Paragraph 17.2. 
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17.1 FRONT PANEL 

The front panel is available in black plastic. Each panel 
has a single red, green, or amber rectangular LED lens. The 
LED (on the PWA) when glowing. indicates the drive is 
selected. 

17.2 AC/DC GROUND SEPARATION 

The 94221 WREN V HH is provided with the DC/HDA logic 
ground and chassis tied together. An option is provided 
permitting the user to isolate the ground planes by 
repositioning the "U" shaped grounding washer. This option 
may be beneficial in reducing ground induced noise in some 
system applications. (See Figures 7.2.3-1 and Paragraph 
7.2.3.) 

17 .. 3 SINGLE UNIT SHIPPING PACK 

The 94221 WREN V HH is normally shipped in bulk packaging 
to provide maximum protection against transit damage. Units 
shipped individually require additional protection as 
provided by the single unit shipping pack. Users planning 
single unit distribution should specify this option. 

17.4 DRIVE TERMINATION 

(2,262P) 

This option may be incorporated during manufacture at the 
request of the customer. Termination consists of a 220/330 
ohm ['esistor module which is installed on the Main PWA via 
a socket (see Figure 10.3-4). The user may install or 
remove it as desired. 
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18.0 

18.1 

(2262P) 

ACCESSORIES 

All accessories are designed for implementation by the 
customer. 

FRONT PANEL KIT 

Same as 17.1 but includes all mounting hardware to support 
field installation. Kits are provided in two styles 
differing only by panel thickness. 

OEM MANUAL 

This manual provides basic information on the 
handling of Winchester Disk Peripherals in 
Specific instructions for installing the WREN 
included to assist individuals not familiar 
product. It also includes basic information 
repair procedures for items external to the 
Actuator Assembly (RDA). 
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APPENDIX A 

SCSI PROTOCOL ERROR HANDLING FLOW CHARTS 
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ATTN 
BDR 
BF 
CMD 
DISCCN 
ERR CD 
HDWE ERR 
ID 
IDE 
LUN 
MPE 
MR 
MSG 
NOOP 
PAR ERR 
RES 

RP 
SDP 
STR 
U.A. 

3127-1 

(2262P) 

GLOSSARY OF FLOWCHART ABBREVIATIONS 

Attention signal on SCSI bus 
Bus Device Reset message 
Bus Free phase 
Command 
Disconnect message 
Error Code in Request Sense byte 12 
Hardware E~ror Sense Key 
Identify message 
Initiator Detected Error message 
Logical Unit Number 
Message Parity E~ror message 
Message Reject message 
Message 
No Operation message 
Parity Error was detected during Message Out phase 
Any Reserved or unimplemented message code 
(extended or nonextended) 
Reset Pointers message 
Save Data Pointer message 
Synchronous Data Transfer Request message 
Unit Attention condition 

0221D 
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______________________________ ~------------~----------~w~~~~~~~al~ (B) 
I I I I 

I ..!IQIL (U) I I I 
I I I _lt99P~~_1 t 

I I I I 
I I JP! 1'liUr1_ (at') 10 I Ic.au om. DATA 1 I 

I 10 1 1 __ 1 A'fft I ABOIl'1' IftATUS 't'HlS 1_ (SP) 1 
I ATni 1 I I IlrruUDI I 1 

I 1--1Jl,., ____ IPROC'ISS I_I I 
\ I Iwpm"1 \ ATni !pi I USft 1_ (SP) I 
\ATN_I ---r \ _, I 1 _ I 
\_IMSGI~I--=-gnrq~a.......~--1 .. d_ (S,) \_IIEaLI 1)110. \ I 

l' IMt 1!IESUGa l--ll t IMI I I SDID SDC 11_/RISULT\ pl/CK I 
1 (-1) 1 1.....nL-1 1lQUD'l' II \asKS I 
I I 1 MISSAG& our I mIL (S,) I I MlSMQI II \ I 
I . 1 (PM pi) I UftY 1 amx I -I 
1 IslCUlDICI I I I 1 __ __ _ 
I (84) I I gma + 1 .. 11-/IEft~7\-J5L- (SP) 
I 1 I PBSSNlIS l.....ll \ ... i.!liJ 1 _____________________________ • I I~ns~ __________ _ 

I I 
1 I 
1 <PM PI) I MBSSAGI I nIL (SP) I 

1 0U'f I.ftU I Rm~ 1 
1 SICXl1!HCJ I I I 

• (-4) I I 

* • 

FLOWCHART 1. SELECTION MESSAGES 

Notes: 

1. MSG OUT may accept the next complete message (lor 5 bytes) or 
may accept and buffer all message bytes available while ATN is 
asserted. 

2. Retry is optional in these cases. If messages are buffered; 
discard. 

3. The MSG OUT retry sequence will insure that any buffered 
messages are discarded and that ATN is false. 

4. I 
1 __ -

(2262P) 
Indicates a transmission to the Host. 
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*'I'll: POR \L1, ~m'9 
(PIUI !D) .. UftX CIICS - (8P) 

{ll 
IATni 

_1 OISCCII II......L-,(sr, 
I I ?aSlQl ! I 

lot", HOS'1' AND 
;uMlIl'1' 

aDa 
:.lOOP 

.. AICIt:' - (BP) I DISCCM OC (QUIU& OIJ) 

.. USI'f - (8P' _I aft 9 1_ OW) III I 

.. carnw& I I rgt. 'n:'Il I P1lOaSS -' 

1 Gft lsc I 
(a) __ l aft! OP 1 

I ca:num , 

ill.. 
IDE -> MR - (eX) 
STR -> MR - (ex) 
MR -> (e) 
MPE -> RETRY ONCE 
10 -> MR - (ex) 
RES -> MR - (ex) 

(2262P) 

110 3ftS 1 (2) I \ !MI JiCIS'1' ca 
Ic:tIIIWID 1 "A'ft'JJ1 _ I \ Dtsc:cM »Of OC 

I 1 II \ I \ 
I & ,m J Gft S 1 + , I 'DNN.m 'LI (10-·'_1 Sft Bun 1_' TO S"1'A1'US 
\ <:X:INaID lmal PlTPl \ \ 1.UIII 7 I \ I mM 1 \ PHU. 
\ I \_1 , »0 OlD III 
\PNlt'ft i'Nltn ~ 1 us \ P'IOCZSS I 1'0 vum 

\DJlQII !UC& 1 I \ ,-, c::::RWID PROC::1!SS 
\ I I \ I VN..Il) CCIRWD 
\ I 1 '_I 
\ I 1 \ 
\ I I \ nrm..m CXIIIIUID 

- (BF) 

\ I' , 
\ 'I \ 

\1 \ , 
I 
I 
I 
I (1) 
1 , 

I IA'nV 
!\ JPS'1' ~ 1 IP 11--'-.(8) 

I 3ft 1 
1 IL1..3I:W. I_ 
I iEQUBS'!' I I 
I SINS I !!XI I 

I 
I 
I 
I 
I 
I I }II!GS5I lsc SlftIX I ~l 

1 
I 

_______ 1 

I 
\ OIJ 0tPI..'f ~ 01 I 
\ tmx mIYP I 3ft 1--*-1 Sft QlICX I_I'm S'l"A'ftIS 

I HI7tfI pi I l' 1 c::am mAUs I \PtlAS8: 
eel 

I 
I 

<c:.,.)_l 5ft SDIS. x.a I_13ft '_I 
I-gstygn ISIIal 

.tll .w. 
IDE -> RP - (B) IDE -> MR - (ex) 
STR -> MR - ( ex) STR -> MR - (Cx) 
MR -> MR - (Cx) MR -> MR 
MPE -> MR - ( ex) MPE -> RETRY ONCE 
10 -> MR - (Cx) 10 -> MR - (Cx) 
RES -> MR - (ex) RES -> MR - (ex) 

FLOWCHART 2. COMMAND PHASE 
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I 5&'1' I 
__ I CHBCX 1_' m 5norus 

1 I ccwrrIOliI \ PHASK 
1 Sft UP I 1110 no I mm 1 

_I CLUa U.A.I_I U.A. 1 __ 1 sasa 01) 

1 I PppIHQ 1 I SalBK 1 \ 
1 I Plm I \ no 

lIO! INQUIft AaID 1 \BDIBI QII) 

UIIrr ATftI 1 \ 
PDlDDICI 1 \ 

1 \ 1 'to CDIWID 1 I------------------~-------/~---\ ~IOII 
V3U"I1) __ I IlIO DlscanrlC'l' IliQUUID oa 1 
CCIIWID \ IWQUIllX CAl t.nI1'1' 1 DlSCOllllIC': IllIG lIO'l' oc 1 

ill 
IDE 
STR 
MR 

\ A1:"ftI war PDlDDICI 1 1 
\ 1 (D) 

\ 

-> MR-
-> MR-
_.> (D) 

\ DlSCClnlIC'1' IIQUUID UD 
\DISc:CIDIIC'1' MSG oc ( 6 ) 
\ 1 

\ IA'n1I 
\ __ 1 DlSCOYlllC'1't 1 __ 1 ___ (I.' 

I reg ! 1 

mm~IOII __ ~~~s~maV7~ __ 
\ 

(CX) 
(CX) 

\ SID.IC'1'ICII 
\ rAIL8D 
\_ (IP) 

(DO NOT DISCONNECT) 

(10) 
IAT1'Y 

1 . 
IODl'1' II....L-I carrDlUl 

JI6G I I \ IXIC'IJ'fIOli 

1.lQl. 
IDE -> MR 
STR -> MR-
MR -> MR-

(CX) 
(CX) 
(BF) 

MPE -> RETRY ONCE - (BF) MPE -> RETRY ONCE 
ID _.> MR- (eX) ID -> MR- (Cx) 
RES -> MR- (CX) RES -> MR- (CX) 

FLOWCHART 3. VALID COMMAND PROCESS 

(2262P) -205-
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_1 .. r: tnft'II. ,_I ':0 SD'%'US 
DISCCllIIIIC 1 1)'It!"J SMt.r:;Q 1 \?HU& 
~ w.c:MID 1 ____ ,1 

I \ DlSCXInIlC" (a) (s) 
I \ AI.I.CWIID 1 / 
1 \ IA~ IA~ 
1 \ _ I I 

I '_I SOP 11--,-IDIsccanulc'!'II-L-(lSP) 
I 1 I..l!I!LJ.J I reo 11 
1 1 

(7) 1 I l)t~E1" UlQUIUD (8) 
1 ---L...l!l 1 AIIt'.u.z...cvm I 
IA~ 1 \ 1 1 ~Tm 

_I iSCZIW CAn r:»: 1---.1 ________ ,/ *U \...::::1-1 _1-;:;p-j'1-L-
I I (!"!CPI HPS'!': 1 \ CAft \ DAD? 1 'DlSCt'IDIE1" W1' 1 l...!'!U.l \ 
,. I ?lUtl'n ,_, , UQUXUD ca 15fJI1 )lDDG) AMI) I 
I I r:uca , :.In;u...L.QWID 1 ~. 1. ;19Q3 OC I 
I .....z.... " I 
1 1 , 'I 
I 1 U'Z'ft '-l!SZ-(C) , OlD ~ 1 
1 ,,-) \ "I 1 \CII1.% ~ I 
1 I ,_, 'I 
1 _ IA'ftII I I I 
1 (7'_1 IP II..!- I (9) I I 
I 1~1 1 -Z-. IA'%'ft I I 
I I 1 IP 11--'- 1 I 
1 I I...§U.J I I I 
I ... ... 

\ / I / 1 

ill 
IDE -> (F) 
STR -> MR - (Cx) 
MR -> MR - (CX) 
MPE -> MR - (CX) 
ID -> MR - (eX) 
RES -> MR - (ex) 

(9 & 9') 
IDE -> MR - (Cx) 
STR -> MR - (CX) 
MR -> (CX) or (CX') 
MPE -> RETRY ONCE - (SF) 
ID -> MR - (CX) 
RES -> MR - (CX) 

ill 
IDE -> MR - (Cx) 
STR -> MR - (Cx) 
MR -> CONTINUE 
MPE -> RETRY ONCE - (BF) 
10 -> MR - (eX) 
RES -> MR - (ex) 

FLOWCHART 4.. DATA OUT PHASE 
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(l2) <l2) 
I I 

IA"rnI IA'n'H 
1 1 

'!'O _lSiiP'iI--L..IDISCONNBC:II_I_<BP) 
1-" S'ft'1'US 1 12!:HU.1 1 MSG ! I 
I PHAS& 1 

( 11) I 1 DISCCIDIIC'r UQUUID ( 12) 
1 -U!!2 1 QD~ 1 

IA'r'ftI I, 1 1 AT'nI 
(H)_I SaID DATA 1)1 11--:..� _______ 1 lUll \...IIL-..1 __ I SDP 11_1 _ 

I I (IP HOS't' ..1.1 , DATA 1 1 'DISCClnlIC'r MCI'l' I I~I \ 
, ' __ I , UQUlUD OR ISOP MnDlD AND I 
1 \ YO'f AI..I..OWI) 1 AI)C)II'1. MlGS OK I 
1 \ I I 
I \ 1 
1 \ QII) calPUTB 1 
I ( 13) \Clll..Y AU.QWBD 1 
I 1 \ 1 
I 1 A'r'ftI 1 I 
1 (I)_I'""IPII_I_ I I 
I I----.LI I 1 I 
I I I I 
I I I I 
I '" ..... \----------__ --~/------------------------------------~/-------------I 

.illl 
IDE -> (I) 
STR -> MR - (Cx) 
MR -> MR - (Cx) 
MPE -> MR - (Cx) 
10 -> MR - (ex) 
RES -> MR - (Cx) 

(2262P) 

ill.l 
IDE -> M~ - (Cx) 
STR -> MR - (Cx) 
MR -> (ex) 
MPE -> RETRY ONCE - (SF) 
10 -> MR - (ex) 
RES -> MR ,... (ex) 

.llli. 
IDE -> MR - (Cx) 
STR -> MR - (Cx) 
MR -> (H) 
MPE -> RETRY ONCE - (SF) 
10 -> MR - (Cx) 
RES -> MR - (Cx) 

FLOWCHART S. DATA IN PHASE 
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I Sft S'ft'rUS I I t..DlUD , 
ftA'1'US_1 (OIXID. 3Uft. I_I CCIWWID '_;m .... __ _ 

I CHICX I \ , 'OOCO' I t 
I :rn;.) I \ lput,I71 I 

I~ I 
I I 
+ I 

I 3ft I I 
I Dft'DIIIDlAUI _/1 
I }m 1 I 

I 
I 

(14) (15) I 
I I I 
I~Tft IATft I 

I I I 
<x)_1 SIDID II / 1 SDm II / I 

I SUP esall I V '§Il 

1 SDID II 
Imm.l.l 

(16) , 
An.I 

,QiXiD\ , 
/ / I.DIUD \ !9 

\CCI!IIJNiD11 
\iGUll 

I n::s 
I 
I 
I (~~ 
I 
I 
I 
I 
I 
I iP'l..;l.O U::2 

77765297-B 

(111 
I 

/l\'rm 
Ica.aurD II I 
1 c::::MPl.Z'n I I / (I.) 
I MBSSltGI I I 
I !I (17) 

I 
/A~ 

I L..DDCKD il I 
1 c::::2'I!WID I I / 

lo:.wt.nS' I \ 
I q (11) \ 

I \ _('I) 
1~'nV / TO OlD 

ll.:mam II / / PKASI 
lo:MWID II / / 
I a::MP1..ft'S I I 
1"iC;1 ~II 

(3P'_1 DI:S~ 00 ':0 I P11I1SH 

.ll.ll 
IOE->MR-CONTINUE 
STR->MR-CONTINUE 
MR ->CONTINUE 
MPE->RETRY ONCE-(8F) 
10 ->MR-CONTINUE 
RES->MR-CONTINUE 

(2262P) 

I MaR I 

.llil illl 
IOE->MR-CONTINUE IOE->(K) IF FIRST TRY 

Ll1l 
IOE->MR-(BF) 

STR->MR-CONTINUE 
MR ->CONTINUE 
MPE->RETRY ONCE-(8F) 
10 ->MR-CONT1NUE 
RES->MR-CONTINUE 

STR->MR-CONTINUE 
MR ->CONTINUE 
MPE->MR-CONTINUE 
10 ->MR-CONTINUE 
RES->MR-CONTINUE 

FLOWCHART 6. STATUS PHASE 
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