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PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

SUMMARY 

The CDC WREN Peripheral family is composed of the following members. 
For specific information on each member, refer to the appropriate 
documents. 

1 MODEL 1 PRODUCT 1 1 CAPACITY 
NAME 1 NUMBER * I SPECIFICATION I INTERFACE I (MEGABYTES} 

I I I 
WREN II I 94155-XX I 77715909 CDC 506 (ST506 COMP.) 157, 67, or 86 (925 Cyl) 
WREN II 1 94155-XX 1 77738379 CDC 506 (ST506 COMP.) 185 or 96 (1024 Cyl) 
WREN II 1 94155-XXXI 77765324 CDC 506 (ST506 COMP.) 1120, 135 (RLL) 
WREN II 1 94156-XX 1 77738019 ESDI 148, 67 or 86 

1 1 1 
WREN II HHI 94205-XX 1 77738213 CDC 506 (ST506 COMP.) 130, 41, 51, 77 ( RLL) 
WREN II HHI 94204-YY 1 77738346 CDC 506 (ST506 COMP.) 165 

1 1 1 
WREN III 1 94166-XXXI 77738212 ESDI 1101 , 141 or 182 

1 
I 
I 
I 
I 
I 
1 
1 
1 
1 
1 
1 

WREN III 1 94161-YYYI 77738270 SCSI ** 186, 121 or 155 (512 Byte)\ 
1 I 1 

WREN III HHI 94211- YY 1 77765250 SCSI ** 191 (1024 Byte) 
WREN III HH 1 94216-XXXI 77765276 ESDI 1106 

1 1 1 
WREN IV I 94171-YYYI 77738386 SCSI ** 1320 (1024 Byte) 
WREN IV 1 94171-YYYI 77765338 SCSI ** 1345 (1024 Byte) 

I I I 
WREN V 1 94186-4421 77765300 ESDI 1442 (15 Head, 1412 Cyl) 
WREN V 1 94186-3831 1383 (13 Head, 1412 Cy 1) 
WREN V 194186-383HI 1383 (15 Head, 1224 Cyl) 
WREN V 1 94181-YYYI 77765336 SCSI ** \639 (1024 Byte) 

I 1 1 
WREN V HH 1 94221-YYYI 77765297 SCSI ** 1169 z 190 (1024 B~tel 

* XX(X) denotes unformatted drive capacity in megabytes. For 
example, Model number 94166-182 is a WREN III with ESDI Interface 
and an unformatted capacity of 182 megabytes. 

YYCY) denotes formatted drive capacity. 

** 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). At the factory drives are formatted with 512 byte data 
block size, with capaci ty dependent on number of da ta heads. 
Capacity values are with no spares for reallocation of defects. 
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PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

1.0 SCOPE 

This specif ica tion descr ibes the Contro 1 Data corporation 
Model 94171-344 WREN IV Disk Drive. This high capacity. 
high performance. member of the 5 1/4 inch WREN rigid disk 
family incorporates the standard WREN IV HDA (Head/Disk 
Assembly) with more servo (and data) tracks with an 
embedded SCSI controller. Performance information is given 
in Section 5. The Model 94171-344 interface is defined for 
functional compatibility to the mandatory subset of the CDC 
SCSI Interface Specification (which is compatible with the 
ANSI SCSI standard and the Common Command Set (CCS) 
document. Revision 4.B). The Model 94171-344 WREN is 
classified as an ~Intelligent~ peripheral. The WREN IV 
provides Level 2 conformance (highest level) with the ANSI 
SCSI standard. Details of SCSI options are provided in 
Section S. and 10 thru 16. 

,----
\ ..Ji!!Q.11,P ) 

FIGURE 1.0-1. 94171-344 WREN IV 

2.0 APPLICABLE DOCUMENTS 

2.1 STANDARDS 

The WREN IV has been developed as a system peripheral to 
the highest standards of design and construction. The WREN 
IV depends upon its host equipment to provide adequate 
power and environment in ordeJZ to achieve opt imum 
performance and compliance with applicable industry and 
governmental regulations. Special attention must be given 
in the areas of safety. power distribution, shielding, 
audible noise control, and temperature regulation. 
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2.1 (continued) 

The WREN IV complies wi th CDC standards as noted in the 
appropriate sections of this specification. 

The WREN IV is a UL Recognized component per UL 478 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 IV. 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 solvents to 
remove the adhesive residue. Small amounts 
of solvent may migrate down the breather 
holes and contaminate the disk. 

• CDC/MPI factory installed labels must not be 
removed from the drive or covered with 
additional labels. as they contain 
information required when servicing the 
product. 

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

2.2 DOCUMENTATION 

77765339 OEM Manual 
64721700 CDC Small Computer System Interface (SCSI) 
ANSI Small Computer System Interface (SCSI): Document 
Number ANSI3.131-1986 (X3T9/84-40 Rev. lB) (X3T9.2/82-2 
Rev. 17B). 

In case of conflict betTJeen this document and any 
referenced document. this document shall take precedence. 

-10-



PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

3.0 GENERAL DESCRIPTION 

The WREN IV is a member of a fami ly of low cost. high 
performance. highly reliable. random access storage devices 
designed to meet the needs of the OEM marKetplace. 

The WREN IV is designed to record and recover data on five 
5-1/4 inch (130 mm) fixed disKS. 

The Model 94171-344 WREN IV 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 performance 
characteristics and the interface characteristics of the 
Model 94171 WREN IV. 

The Model 94171-344 WREN IV SCSI interface supports 
multiple initiators. disconnect/reconnect. self configuring 
host software and automatic features that relieve the host 
from the necessity of Knowing the physical characteristics 
of the targets (logical bLOCK addressing is used). 

The Head. DiSK and Actuator chamber (HDA) is 
environmentally sealed at the factory. Air is recirculated 
within the HDA through a nonreplaceable filter to maintain 
a contamination free diSK/actuator environment. 

Refer to Figure 3.0-1 for an exploded view of the WREN IV. 
NEVER disassemble the WREN Head/DiSK Assembly (HDA). This 
exploded view is for information only. Servicing items in 
the sealed environmental enclosure (heads. media. actuator. 
etc.) requires special facilities. The printed circuit 
boards and hardware external to the sealed area may be 
replaced without special facilities. 

The WREN IV uses a dedicated landing zone at the innermost 
radius of the media thus eliminating the possibility of 
destroying or degrading data by landing in the data zone. 

The WREN IV incorporates an automatic shipping LOCK which 
prevents potential damage to the heads and diSKS caused by 
movement during shipping and handling. The shipping LOCK is 
automatically disengaged when power is applied to the drive. 

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

The WREN IV uses a high performance 
consisting of a low inertia. balanced, 
arm design which provides excellent 
minimum power dissipation. 

-11-
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* 

'*' 

Bracket is attached to drive only if no front panel is 
included. If front panel is included with drive, 
bracket is permanently attached to front panel. 

FIGURE 3.0-1. MODEL 94171-344 WREN IV 
-12-
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4.0 FEATURES 

4.1 STANDARD FEATURES 

The Model 94171-344 WREN IV has the following standard 
features: 

• Integrated SCSI Controller 
• Single ended SCSI drivers and receivers 
• Asynchronous SCSI bus data transfer protocol 
• Synchronous SCSI bus data transfer protocol 
• 32 kilobyte data buffer with read look ahead 
• Selectable data block size 
• Flawed sector reallocation at format time 
• Reallocation of defects on command (Post Format) 
• Selectable automatic reallocation 
• User selectable reallocation sector locations: 

On each track. or 
Within a cylinder. or 
Within dedicated tracks. or 
None of the above 

• Error Correction (48 bit ECC polynomial) 
• 1:1 sector interleave 
• Data recovery circuitry contained in the WREN IV 
• Multiple capacity configurations 
• 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 
• Terminators (accessible without disassembly) 
• 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 

-13-
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4.2 UNFORMATTED AND FORMATTED CAPACITIES 

I 

Unformatted Capacity 

Unformatted capacity of the WREN IV is 376 MB 

Formatted Capacities 

Formatted capaci ty achieved depends on the number of spare 
reallocation sectors reserved and the number of bytes per 
sector. The following table shows some typical formatted 
capacities achievable. 

I Sector Size I 
I Spare Sectors or Cylinders 
I Reserved for reallocation 

�-------------------------------------� 
1512 Bytes/Sector 11024 Bytes/Sector I 

I====:===~===:=~=======~==:===I===:=:==:===:=~~=I==:=~====~==~~==~~=I 
1 No Spares 1 330 ME 1 345 MB I 
1-----------------------------1-----------------1-------------------1 
lOne Spare Sector Per Track 1 323 ME 1 330 MB 1 
1-----------------------------1-----------------1-------------------1 
1 Two Spare Cylinders/Unit" 1 330 MB 1 314 ME I 

.. Spare cylinders are on the inner tracks. 
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4.3 OPTIONS (FACTORY INSTALLED) 

The following optional formatted capaci ties (with 1 imi ted 
spare reallocation sectors) are available upon request. 

Model 94171-344 

DATA BLOCK S!ZE* 
1024 Byte 
345 MB 

*User selectable at format time. The user may modify the 
data block size before issuing a format command and obtain 
different formatted capacities than those listed. User 
available capacity will depend on spare reallocation scheme 
selected. See Section 14.2.1.7. 

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

• Front panel - See Figure 3.0-1 
• Single Unit shipping pack 
• OEM Manual 
• SCSI Interface Terminating Resistors 

4.4 OPTIONAL ACCESSORIES (USER INSTALLED) 

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 
• Single Unit shipping pack kit 
• OEM Manual 

5.0 PERFORMANCE CHARACTERISTICS 

5.1 INTERNAL DRIVE CHARACTERISTICS (Transparent to User) 

Data Capacity Parameters (unformatted) 

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

Disk Rotational Speed 
Average Seek Time 

1.125 
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18.792 Bytes Min 
41. 84 Mbyte 
1549 Tracks 

1280 
19.213 (Max) 

9 Data (Max). 1 Servo 
2,7 

9.0 - 15 Mbits/second 
(variable with zone) 

- 1.875 Mbytes/second 
(variable with zone) 

3597 +0.5% r/min 
17.S-ms Typical 
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5.2 SCSI SEEK, READ AND WRITE PERFORMANCE CHARACTERISTICS 
(Visible to User) (8] 

5.2.1 

5.2.2 

5.2.3 

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. 

Seek Command Execution Time 

Including Controller 
Overhead (Without 

Average - Maximum 
Typical 

Single Track - Maximum 
Typical 

Full Stroke - Maximum 
Typical 

Disconnect 

21.0 
19.0 

6.5 
5.5 

48 
45 

ms 
ms 

ms 
ms 

ms 
ms 

Format Drive Command Execution Time [1] 

(11 (4] 

[2] 
( 3 ] 

[2] 
[3 ] 

[2] 
[3 ] 

Maximum 20 minutes 

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

a. From COB reception to the WREN 
first data byte to be transferred 
l. Typical (Zero Stroke Seek) 
2. Typical (Average Seek) 
3. Maximum (Full Stroke Seek) 

IV request for 
to the Host 
12 ms [3] 
28 ms [3] 
66.0 ms [2] 

the 

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

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

[ ] Notes defined on page 18. 
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5.2.4 Write Data Command Execution Time [4]. 
(512 Byte Sector Size and without disconnect) Latency time 
is included. 

a. From CDB reception to the request for the first byte 
of write data from the Host. 
1. Typical 0.4 ms 
2. Maximum 0.6 ms 

b. Single Sector Write [7] [6] 

(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] 
28.0 ms [3] 
66.0 ms [2] 

5.3 GENERALIZED PERFORMANCE CHARACTERISTICS 

See Page 21 for Notes. 

Minimum Sector Interleave 1 to 1 

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

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

Oata Buffer To/From Oisk Media 
Data Tran~fer Rate (~ 1 Track) - 512 Byte Sector 

Min. [4] 0.99 MByte/sec - (Interleave Factor) 
Avg. [4] 1.46 MByte/sec - (Interleave Factor) 
Max. [4] 1.65 MByte/sec - (Interleave Factor) 

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

SCSI Interface Data 
Asynchronous Transfer Rate [5] 

-Maximum Instantaneous 
-Maximum Average 

Synchronous Transfer Rate 

2.0 MBytes/sec 
1.65 MBytes/sec 

From 1.0 MBytes/sec to 4.7 MBytes/sec transfer rate in 23.8 to 25 
KBytes/sec increments. (See section 12.5.4.) 

-17-
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5.3 (continued) 

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 sectors per cylinder reallocation 
scheme.) 

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

Overhead time for head switch (512 byte 
sectors) 

Overhead time for one track cylinder switch 

Avg rotational latency 

5.4 START/STOP TIME 

77765338-A 

YES 

Negligible 
(typically 1 sector time) 

Min-l sector time 
(If flaw on same track as 
spare) 

Normally - 17 ms 
Max - 34 ms 

50 ms (typi ca 1) 

Less than 2 ms 

6 ms Typical 

8.33 ms 

After DC power has been applied, the WREN IV wi 11 become 
ready within 39 seconds if the Motor Start Option is 
disabled (i. e. the motor starts as soon as the powee: 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
lee: wi 11 accept a Motor Start, Inquiry or Request Sense 
Command via the SCSI interface 3 seconds after DC power has 
been applied. After the Motor Start Command has been 
received the WREN IV will become ready for noe:mal 
operations within 36 seconds. During this time the drive 
will respond to the SCSI interface . 

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

The WREN IV Model 94171 operates at 1:1 interleave (sector 
1 is followed immediately by sector 2. then by sector 3 and 
etc.. with no sectors interspersed) and therefore 
implements a read look-ahead buffering algorithm. as 
outlined here. to improve the performance of applications 
which access data with several sequential small block reads 
rather than a single large block read. The overhead in 
issuing a disk command is large enough that breaking up a 
request into many small accesses causes a 1: 1 interleaved 
drive not having a look-ahead buffer to slip a revolution 
on each command with resulting performance loss. Wi thout 
the ability to cache ahead. it would be necessary to set 
the disk's logical interleave such that the next sector to 
be read would not rotate under th~ heads until the host has 
had time to set up for the next disk transfer. This means 
that to avoid slipping a revolution. the interleave of 
sectors would have to be set at 1:2. 1:3 or whatever was 
required to allow time for the host to store previously 
read data in main memory and set up for the next disk 
transfer. With the read-ahead cache. however. no 
interleavinq is required. since the drive makes available 
to the host the next sectors when requested. However. data 
read requests to the WREN IV will be in quantities of 
blocks whose physical location is not known to the host. so 
some of the data blocks requested may be on another track 
and not immediately available without performinq a seek 
first. which the drive will automatically do. However. in 
the normal process of Read look-ahead. where data blocks 
ahead have not yet been requested. no attempt is made at 
the end of a track to read look-ahead and cache data from 
the next track. since the host may want to issue a new 
command at any time. Seeks cannot be aborted once bequn. so 
if the drive looked ahead to the next track. the drive 
could not execute a new command until the seek was complete. 

Essentially. the look-ahead alqorithm. causes the drive to 
read all of the data on a track from the first sector 
accessed on the track to the end of the track and hold this 
data in its internal data buffer. This read ahead of data 
occurs only on the first access of data on a track. Thus if 
the host is performinq sequential small block requests. 
subsequent requests for data on this track are accessed 
directly from the buffer and do not require an additional 
disk access. This direct buffer access siqnificantly 
reduces the data access time for the host. 
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5.5 continued 

If the read ahead to the end of the track is not completed 
when the next command is received and the first requested 
sector is already in the buffer, the drive will start data 
transfers with the host while continuing the original read 
look-ahead. 

If the read ahead to the end of the track is not completed 
when the next command is received and the first requested 
sector is not yet in the buffer but will be read into the 
buffer as part of the original read look-ahead, the drive 
will continue with the original read look-ahead and begin 
transmission of the data when it is read into the buffer. 

If the read ahead to the end of the track is not completed 
when the next command is received and the first requested 
sector resides on another track. or the first requested 
sector address is less than the address of the last sector 
transferred to the host. or a different command (i.e .• 
other than a read command) is received, the read look-ahead 
will be terminated and this newly received command will be 
executed. 

The read look-ahead operation is enabled or disabled by the 
Mode Select command (See Section 14.2.1.7) using the Cache 
Control parameters page (Page code 38h). Cache Control page 
parameters are given in Table 14.2.1-27 under the Mode 
Sense command (Section 14.2.1.10). The default mode of 
opera tion is Cache disabled. ThA Enable/Disable Cache bit 
is the only Cache Control parameter that is changeable. 

-20-
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NOTES: Notes for Sections 5.2 and 5.3. 

[l] Execution time measu~ed f~om receipt of the last Byte 
of the Command Desc~iptor Block (CDB) to the request 
for a Status Byte Transfe~ to the Initiato~ (excluding 
connect/disconnect). 

[2] Maximum times are specified over the worst case 
conditions of temperatu~e, voltage margins and d~ive 
orientation. When compa~ing specified seek times, care 
should be taken to distinguish between typical seek 
times and maximum seek times. The best comparison is 
obtained by system benchmark tests conducted under 
identical conditions. 

[3] Typical See~ values a~e measured under nominal 
conditions of tempe~atu~e, voltage, and horizontal 
orientation as measu~ed on a representative sample of 
WREN tVs. 

(4] Assumes no errors and assumes the sector (s) has not 
been relocated. 

[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 IV when requested. 

[7] Command execution requi~es a data transfer phase (Data 
To/From the disk media). Assumes the initiator is 
instantly ready to send/receive the Data when the WREN 
IV gene~ates first request for a data byte transfe~, 
and assumes an average data transfer rate between the 
WREN IV and the Initiato~ of l.25 Mbytes/second. 

[8] All pe~formance characteristics assume that automatic 
adaptive temperature compensation is not in process 
when the command is received. A command being executed 
wi 11 not be inte~rupted 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 
temperature compensations are pe~formed once every lO 
minutes during Bus Free Phase, and take only 0.07% of 
the 10 minute period to complete. Typical time 
required is 400 ms. Automatic temperatu~e compensation 
also occurs at other times, but should be transpa~ent 
to the user (e.g., du~ing format, at power up, after a 
SCst reset. at spindle up, during read erro~ recove~y, 
and during Reassign Block functions). 
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6.0 RELIABILITY SPECIFICATIONS 

The following reliability specifications assume correct 
host/drive operational interface. including all interface 
timings. power supply voltages, and environmental 
requirements. 

Seek Errors 

Read Error Rates [1] 
Unrecovered Data 

Miscorrected Data 

MTBF 

Service Life 

Preventive Maintenance 

NOTES: 

Less than 1 in 10 6 seeks 

Less than 1 sector in 10 14 
bits transferred 

Less than 1 sector in 10 21 
bits transferred 

40,000 hours 

5 years or 30,000 hours 

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 

The error rates stated in this specification assume the 
following: 

a. WREN IV is operated per this specification using DC 
Power as defined in this specification (see Section 
7.2) . 

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

c. Errors caused by media defects or host system failures 
are excluded from error rate computations. Refer to 
Paragraph 8.0, Media Characteristics. 

::iead Errors 

Before determination or measurement of read error rates: 

a. The data which is to be used for a measurement of read 
error rates must be verified as being written 
correctly on the media. 

b. All media defect induced errors must be excluded from 
error rate calculations. 
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6.1. 2 

6.1.3 

6.1. 4 

Environmental Interference 

When evaluating systems operation under conditions of 
Electromagnetic Interference (EMI). the performance of the 
WREN IV within the system shall be considered acceptable if 
the WREN IV 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 IV itself; 
2. Is not capable of being detected from the error or 

fault status provided through the WREN IV/system 
interface; or 

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

Write Errors 

Write errors can occur as 
environmental interference. 
Therefore. write errors are 
of the number of bits passed. 

a result of: media defects, 
or equipment malfunction. 

not predictable as a function 

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

Seek Errors 

A seek error is defined as a failure of the WREN IV to 
pas i tion the heads to the addressed track. There sha 11 be 
no more than one recoverable seek error in 10 6 physical 
seek operations. A recoverable seek error (with the WREN IV 
automat ic retry feature disabled) is a pos i tioning er ror 
which can be corrected by the host issuing a Rezero Unit 
command and then reseeking to the addressed track. If 
automat ic retry control is enabled in the dr i ve. it wi 11 
automatically retry a Rezero Unit and reseek to the 
addressed track up to 3 times. If a seek is successful. the 
Extended Sense wi 11 report a seek pas i t ioning error (lSH) 
and the sense key will report a recovered error (lH). If 
all three seeks fail a seek positioning error (lSH) will be 
reported with a Medium (3H) or Hardware error (4H) reported 
in the Sense Key. This is an unrecoverable seek et ror. 
Unrecoverable seek errors are classified as failures for 
MTBF calculations. 
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6.2 RELIABILITY AND SERVICE 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.2.5 

Mean Time Between Failure 

The Mean Time Between Failure (MTBF) shall exceed 40,000 
hours for the WREN IV. MTBF is defined as "operating drive
hours" divided by the "number of drive failures". 

"operating drive-hours" means total power on hours of a 
sample* number of drives less any time when the sample* 
drives are not functioning properly times the number of 
drives in the sample* used in the MTBF calculation. "Drive 
failure" means any stoppage or substandard performance of 
the drive because of drive malfunction, excluding stoppages 
or substandard performance caused by operator error, 
adverse environment, power failure, hos t adapter (0 c other 
initiator) failure. cable failure, or other failure not 
caused by the drive. 

The term drive failure implies that maintenance is required 
because of a hardware failure. However, only random 
failures are considered -- not normal wear-out failures. 

Preventive Maintenance 

No routine scheduled preventive maintenance shall be 
required. 

Service Life 

The WREN IV shall have a useful service life of five years 
or 30,000 hours, whichever occurs first, before requiring 
factory refurbishment. Depot repair or replacement of major 
parts will be permitted during the lifetime (6.2.4). 

Service Philosophy 

Special equipment is required to repair the WREN IV HDA. In 
order to achieve the above service life, repairs must be 
performed only at a properly equipped and staffed service 
and repair facility. Troubleshooting and repair of PWAs in 
the field is not recommended, because of the extensive 
diagnostic equipment required for effective servicing. 

Installation 

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

*Sample size must be chosen in accordance with generally recognized 
statistics rules in order to adequately represent the total drive 
population. 
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6.2.6 SeJ:vice Tools 

No special tools aJ:e J:equiJ:ed for site installation or 
recommended for site maintenance. RefeJ: to Paragraph 6.2.4. 
The depot repair philosophy of WREN IV pJ:ecludes the 
necessity for special tools. If field repair of items 
external to the HDA is desiJ:ed, a 6 point Torx TI0 driver 
is required. This may be purchased through most commercial 
tool catalogs. 

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 IV 
are shown in the following table. Values indicated apply at 
the drive power connector. 

TABLE 7.2-1. DC POWER REQUIREMENTS 

Voltage I 
Regulation I 
Noise Immunity [3] I 
Maximum OpeJ:ating Current [1] , 
Average Idle Current (1] [4] I 
Maximum Starting Current (Peak), 
Delayed Motor Start (Max) [5] I 

+5 V 
±5% 
100 mV 
1.8 A 
1.5 A 
1.6 A 
1.9 A 

(1] MeasuJ:ed with average reading DC ammeter. 

+12 V I 
±S% [2] , 
100 mV I 
2.3 A , 
1. 4 A I 
4.S A I 
0.8 A , 

I , , 
[2] A ±10% tolerance is permissible during poweJ: up. , 

The ±S% must be maintained after the drive signi-I 

[3 ] 

files that its power up sequence has been com- I 
pleted and that the drive is able to accept I 
selection by the Host Initiator. I 

I 
Noise is specified as periodic and random distri-I 
bution of frequencies covering a band from DC to , 
to 10 MHz. Values given aJ:e peak to peak I 
measurements I 

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

I 
I 
I 
I 

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

____ ~S~t~a~r~t~M~o~t~o~r~c~o~m=m~a~n~d~. ______________________________ 1 
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7.2.1 

7.2.2 

General Notes for Table 7.2-1: 

1. At powerup. the motor current regulator will limit the 
12 volt current to a peak value of less than 4.5 
amperes. 

2. Minimum current loading for each supply voltage is not 
less than 30% of the maximum operating current shown. 

3. The +S and +12 vo 1 t supp 1 ies sha 11 emp loy separa te 
ground returns. 

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

Power Sequencing 

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

12 V - Current Profile 

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

T1 - Power is initially applied to the WREN IV and the 
spindle begins to accelerate under current limiting. 

T2 - The spindle continues to accelerate under current 
limiting conditions. 

T3 - The arm restraint solenoid is released. 

T4 - The spindle is up to speed and the heads are moved 
from the landing zone to the data area. An audible hum 
lasting less than one second will accompany this 
initial head movement. 

TS - The autovelocity ad just sequence and contro ller self 
test is performed. 

T5 - Velocity is set and the WREN IV is ready for reading 
and writing. 

T7 - Power is removed from the WREN IV. 
-26-
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7.2.3 System Grounds 

The WREN IV is supplied with AC and DC grounds tied 
together and connected to chassis ground. The installer may 
modify this ground arrangement to comply with different 
requirements. The AC to DC connecting jumper plugs are 
shown in Figure 7.2.3-1). The AC to chassis connecting 
shunt is J3-3.4. Either ground system may be isolated by 
removing the appropriate jumper plug. 

Et- 1_2 
(F"ST-ON t oo.:\~--::::::.."!~ SIGNAL. GROUND 
CONNECTOR) 

:I ~04 __ ~_ ... 

JUMPER TO CONNECT 
CHASSIS GROUND 

1"----
'-~!!.!~) 

DC POWER 
CONNECTOR 

\ 
SCSI 

~ Mating cable connector is &~p PIN 62137-2 (or equivalent) 

FIGURE 7.2.3-1. LOCATION OF GROUND SELECT JUMPERS. 
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7.3 HEAT/POWER DISSIPATION 

Each WREN IV wi 11 
BTUs pee houe) of 
pation undee idle 
watts. 

dissipate no moee than 37 watts {126. 4 
DC powee aveeaqe. Typical power dissi
opeeatinq conditions is less than 27 

7.4 ENVIRONMENTAL LIMITS 

7.4.1 

Tempeeatuees and humidity specifications preclude 
condensation on any WREN IV pact. Altitude and atmospheeic 
pcessuce specifications ace refecenced to a standard day at 
S8.7°F (14.8°C). Maximum Wet Bulb tempecature is 82°F 
(28°C). 

Tempeeatuce 

a. Opecatinq 

SOOF to 122°F (10°C to SO°C) opecatinq ambient with a 
maximum gcadient of 18°F (10°C) per houe. Above 1000 
feet ('30S metces) al ti tude the maximum tempera tuce is 
derated linearly to 112°F (44.4°C) at 10,000 feet 
(3048 metces). Cabinet pack.aqing designs must pcovide 
ample aie cicculation aeound the WREN IV to ensuee 
envitonmental limits ace not exceeded as a tesult of 
heat ttansfet ftom othet system components. Opetating 
ambient for specification purposes is defined as the 
envieonment immediately suttounding the WREN IV. The 
tempeeatute of the base deck must not exceed 13soF 
when measured at the isolation mount adjacent to the 
ftont panel LED. 

b. Ttansit 

-40° to lS8°F (-40° to 70°C) packaqe ambient with a 
maximum qtadient of 4soF (2S0C) pee hour. This 
specification assumes that the WREN IV is packaged in 
the shippinq containet desiqned by CDC fot use with 
WREN IV. 

c. Stocage 

14° to 130°F (-10° to S4°C) device ambient with a 
maximum qtadient of 27°F (lS0C) pee houe. 
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7.4.2 

7.4.3 

7.4.4 

Relative Humidity 

a. Opez::atinq 
8% to 80% eelative humidity with a maximum gcadient of 
10% pee houz::. 

b. Teansit 
S% to 9S% eelative humidity. 

c. Stoeaqe 
8% to 90% eelative humidity. 

Effective Altitude (Sea Level Reference) 

a. opez::ating 
-1000 to +10.000 feet (-30S to +3048 metz::es) 

b. Teansit 
-1000 to +40.000 feet (-30S to +1.2.210 metces) 

c. Stoz::aqe 
-1000 to +10.000 feet (-30S to +3048 metres) 

Shock and Vibration 

Shock and vibration limits specified in this document az::e 
measuced dicectly on the WREN IV chassis. If the WREN IV is 
installed in an enclosure to which the stated shock andloe 
vibration criteria is applied. resonances may occur 
intez::nally to the enclosure resulting in WREN IV movement 
in excess of the stated limits. If this situation is 
appaz::ent. it may be necessary to modify the enclosure to 
minimize WREN IV movement. 

The limits of shock and vibration defined within this 
document are specif ied with the WREN IV mounted by any of 
the fouz:: methods shown in Figuz::e 7.4.4-1. Oz::ientation of 
the side nearest the LED may be up or down. though the 
figure shows it down. 
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7.4.4.1 Shock 

a. Operating - Normal 

Equipment. as installed for normal operation. shall 
comply with the complete specified performance while 
subjected to intermittent shock not exceeding 2 g at a 
maximum duration 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. 

b. Operating - Abnormal 

Equipment. as installed for normal operation. shall 
not incur physical damage while subjected to 
intermittent shock not exceeding 6 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. 
Specif ied operational performance wi 11 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 

The limits of 
conditions 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 g 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 IV as packaged by CDC for general freight 
shipment shall withstand drop test from 42 inches 
(1070 mm) against a concrete floor or equivalent. 
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7.4.4.2 Vibration 

7.4.5 

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 @ O.OlO 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 

l5 minutes of duration at major 
resonant frequency 
5-22 Hz @ O.OlO inches displacement 
22-500 Hz @ 0.35 g 

Vibration occurring at these levels may promote 
degraded operational performance during the abnormal 
vibration period. Specified operational performance 
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 limits of 
all conditions 
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 result of continuous vibration not 
exceeding 

5-22 Hz @ 0.040 inches displacement 
22-500 Hz @ l.OO g 

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

Air Cleanliness 

The WREN IV is designed to operate in a typical off ice 
environment with minimal environmental control. 
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7.5 MECHANICAL SPECIFICATIONS 

11 

The following nominal dimensions are exclusive of the 
decorative front ~anel accessory. Refer to Figure 7.5-1 for 
detailed mounting configuration dimensions. 

Height: 
Width: 
Depth: 
Weight: 

S!~E 

3.25 in 
5.75 in 
8.0 in 

mm 
mm 

7.6 pounds 

82.55 
146.05 
203.2 

3.4 
mm 
kilograms 

0 

~ 

I 

• 
J1 
~rc 

FRONT 

NOTES: 

1. MOUNTING HOLES. FOUR ON BOTTOM, TWO ON EACH 
SIDE. 6-32 UNC. MAX SCREW LENCTH INTO SIDE OF 
CHASSIS 0.31 IN. (7.a7 mm) • .\.lAX SCREW L.ENCTH INTO 
BOTTOM OF CHASSIS IS 0.24 IN. {G.l mml. 

2. FRONT PANEL ACCESSORY 

IT SaTTa" 

3. POWER AND INTERFACE CONNECTIONS 

IN mm 

A 8.0 MAX 203.2 

B 5.75 : 0.03 146 

C 0.29 ! 0.01 7.4 

0 1.87:0.02 47.5 

~ 
E 3.12! 0.01 79.2 

F 5.88 = 0.01 1"9 

C 3.38 = 0.01 as.s 
H O.06S ! 0.02 1. 65 

! 
, .. J 5.50 : 0.02 139.7 

I ~.------------A--.-..-...--~·I 
K 0.86: 0.02 21. S 

M 3.25 : 0.011 82.5 

N 0.37 REF 9. ~ REF 

P 0.63 REF 16 REF 

FIGURE 7.5-1. MOUNTING CONFIGURATION DIMENSIONS 
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7.5.1 

7.5.2 

Drive Orientation 

Only two WREN IV mounting orientations are permitted: disks 
in the horizontal plane and disks in the vertical plane. 
The uppermost surface must be maintained in a level 
position or WREN IV performance may be adversely affected. 
Mounting with either end down (front or rear) is not 
permissible. In the horizontal orientation. the spindle 
axis must be vertical with the disks on top. It is 
recommended that data ·written in a given orientation be 
read in that same orientation. 

Cooling 

Cabinet cooling must be designed by the customer so that 
the ambient temperature immediately surrounding the WREN IV 
will not exceed temperature conditions specif ied 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. 

B.O MEDIA CHARACTERISTICS 

8.1 MEDIA DESCRlPTION 

The media used on the WREN IV 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 

WREN IV. 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 IV internal defect/error management and SCSI systems 
error considerations (errors in communications between 
Initiator and WREN IV). Tools for use in designing a 
defect/error management plan are briefly outlined in this 
section. with references to other sections where further 
details are given. 
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9.1 WREN IV INTERNAL DEFECTS/ERRORS 

Identified defects are recorded on the WREN IV defects list 
tracks (referred to as the primary or ETF defect list). It 
is recommended that these known defec':s be reallocated 
during the initial WREN IV format operation. (See Format 
Unit command in Section 14.2.1. 1.) The WREN IV internal 
retries and data correction 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 
IV automatic retries and data correction by ECC features 
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 or 
cyl inder and the number of spare trac;<s per volume is 
programmable. After formatting, defects can be 
automatically reallocated by the WREN IV, 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), more 
infor:mation on the ~offiEN IV Er:::or Recovery philosophy is 
presented in Section 16.0. 

9.2 SCSI SYSTEMS ERROR CONSIDERATIONS 

Information on the reporting of operational errors or 
faul ts across the interface is given in Sect ions 12.5.2, 
14.1.1. and 15.0. Section 12.5.2 of this 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 IV. 

Section lS. 0 describes the sta tus returned by the WREN IV 
to the Initiator. Status reporting plays a role in the SCSI 
systems er ro r management and i 1:S use in that respect is 
described in sections where the various commands are 
discussed. 
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10.0 

10.1 

INTERFACE REQUIREMENTS AND OPTIONS 

GENERAL DESCRIPTION 

This specification describes the Magnetic Peripherals Inc. 
subset of the SCSI (Sma 11 Computer Systems Interface) as 
implemented on the WREN IV. 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 (CeS) document, 
Revision 4.B). The WREN IV Model 94171-344 is classified as 
an "Intelligent" peripheral. 

The Model 94171-344 WREN IV SCSI interface consists of a 9 
bi t bidirectional bus (8 da ta + 1 par i ty) I? lus 9 contro 1 
signa Is supporting mul ti p le ini tiators. command queing of 
up to one command per initiator, disconnect/reconnect, self 
configuring host software and automatic Eeatures 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. 
The bus protocol supports multiple initiators, disconnect/ 
reconnect. additional messages plus 6 byte and 10 byte 
Command Descriptor Blocks . The WREN IV is always a target 
on the SCSI. For purposes of this specification. "WREN IV" 
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 Free phase. 
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10.1 (continued) 

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 
requests an 
device. 

A SCSI device 
operation to 

(usually a host 
be performed by 

system) 
another 

that 
SCSI 

Intermediate Status - A status code sent from a target to 
an initiator upon completion 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 identif ier for 
the logical unit. 

LSB - Least significant byte. 

LUN - Logical unit number. 

mm - Millimetre. 

ms -. millisecond. 

MSB - Most significant byte. 

ns - Nanosecond. 

One - A true signal value. (assertion). 

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

Reserved - The term used for bits, bytes, fields, and cede 
values that are set aside for future standardization. 

SCSI Address The octal representation of the unique 
address (O-7) assigned to a SCSI device. This address would 
normally be assigned and set in the SCSI device during 
system installation. 

SCSI ID - The bit significant representation of the SCSI 
address referring to one of the signal lines DB(7-0). 
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10.1 

10.2 

(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). 

DC CABLE AND CONNECTOR 

The WREN IV 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). 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 
+ S V Return 
+ S 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 AM? 60619-4 (Loose 
Piece) 
AMP 61117-4 (Strip) 

10.3 PHYSICAL CHARACTERISTICS 

10.3.1 

This section def ines the connectors, cab les, signa 1s, 
terminators and bus timing needed to implement SCSI. 

Physical Description 

Model 94171-344 WREN IV may be daisychained together or 
with other compatible SCSI devices using a common cable. 
Both ends of the cable must be termina ted. The WREN IV 
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 94171-344 WREN IV may 
be da isycha ined only wi th SCSI devices wi th single ended 
drivers and receivers. A maximum of 8 SCSI devices 
(including the Rost) may be daisychained together. The SCSI 
Devices at both ends of the daisychain are to be 
terminated. Intermediate SCSI devices shall not be 
terminated. {see Figure 10.3-2). Remove the terminator 
resistor packs. not the terminator power source selector 
jumper (Figure 10.3-3). 
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10.3.2 

10.3.3 

Cable Requirements 

Only nonshielded cable connectors are applicable. A 50 
conductor flat cable or 25 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 (s ingled ended 
option) . In general. cables with 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-336S-S0 
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) 1< 

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

WIO Strain Relief. No Center Key 
With Strain Relief. No Center Key 
With Strain Relief. With Center Key 

Open end 
(In 
Daisychain) 

3M-342S-6000 
3M-342S-60S0 
Dupont-66900-2S0 

1< See Figure 10.3-2. 

WIO Strain Relief. No Center Key 
With Strain Relief. No Center Key 
With Strain Relief. With Center Key 
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10.3.3 continued 

The Model 94171-344 WREN IV device connector is a 
nonshielded 50 conductor connector consisting of two rows 
of 25 male pins with adjacent pins 100 mils apart. The 
connector is keyed (see Figure 10.3-1). 

Drive Connector Part Number: 
equivalent. 

, . 
B 

M 
I 
t 

Berg 05496 031 or 

'l rD.! 
, I I 
1-.. --'T; 

:) 

~=kk==:.:;' - - - --- F 

NOTES: 
1. 

2. 
3 . 

I I ___ 1. , ........ 

-J"L. • J' SPACES i O. 100 : O.OIS 

TOP VIEW 
seCTION A-A 

COC . 3'1 . . . 
o I It S I I I I~o. OF 

P!N .... C 0 e F c H J K I- " ~ P T U v CONTACTS 

51 .. nlt 2. t5 2.111 2.12 .29 .115 .U .23 .2' 11 .115 .11 .10 .100: .015 .15 .271. z_ .ell .100: .OIS! .• ZS: .• 0~.O'11 50 Tar 

Fifty Contacts on 2.54 mm (0.100 inch) spacing = 60.96 mm 
(2.40 inches). 
Tolerances ~O.127 mm (0.005 inch) noncumulative. 
Dimensions listed with asterisks (>It) are shown for 
reference only. 

FIGURE 10.3-1. NONSHIELDED SCSI DEVICE CONNECTOR 
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• 

WREN OR 
OTHER SCSI 
DEVICE 

SCSI DEVICE 
HOST ADAPTER /II~ ITIATOR 

WREN OR 
OTHER SCSI 
DEVICE 

VIEW B 

T INDICATES TERMINATION REQUIRED 

,----"" 
"HHOlila I _____ J 

,,~', 

{'~.:~ 

TOTAL INTERFACE CABLE LENCTH';;P: 
MUST NOT EXCEED 6.0 m (20 FEET] 

(Includin«;,1 Host Adapte"/lnitiato")~~r 

• CLOSED END TYPE CONNECTOR USED 

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

FIGURE 10.3-2. INTERFACE CABLING 

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

SIGNAL PIN NUMBER SIGNAL PIN NUMBER 
-DB(O) 2 GROUND 30 
-DB(l) 4 -ATN 32 
-DB(2) 6 GROUND 34 
-DB(3) 8 -BSY 36 
-DB(4) 10 -ACK 38 
-DB(S) 12 -RST 40 
-DB(6) 14 -MSG 42 
-DB (7 ) 16 -SEL 44 
-DB(P) 18 -C/D 46 
GROUND 20 -REQ 48 
GROUND 22 -1/0 SO 
GROUND 24 
TERMPWR 26 
GROUND 28 

NOTES: 

1. All odd pins except pin 25 are connected to ground. 
Pin 25 is left open. 

2. The minus sign next to the signals indicates asserted 
state is the low voltage of the two levels u'sed for: 
loqic signals. 
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ARROW 
PIN I 
IOENTIFIER 

J U.'>IPER5 FO R 
?ARITY CHECK SELECT_.....:,:,~~~~ 

1 ~ :i~:~;(ET I 
: 3 + 5 'f QET I 

, .'IOTOR START OPTION 

~(=3Z ",~'a= 
~--.' /~ 

10.3.4 

I: .;', : 
! 

1______ t 

1//1 If" ~:; 

''\" . 

~ F TERMINATOR PO\~ER SOURCE SEL.eCT HEADeR 
SERVO PWA _'I .., \ ( 

TERMINATOR ~~\ \~~ ~b,::=.~.= ... = ... = .... ~.::-~\~~! ~~k':i:!==E=c=~~~~\ 
PACK U5l--" \, - ~) 

-X \ j ~ TERMINATOR PACK USq 
DATA PVfA, I \ 

PIN _9 \ 

G;;~;;i;") "-INTERFACE CONNECTOR 

FIGURE 10.3-3. I/O CONNECTION 

Electrical Description 

All interface signals with the Model 94171-344 WREN IV are 
single ended and must be terminated with 220 ohm to +S V 
and 330 ohm to ground at each end of the total cable. All 
signals use open collector or thr~e state drivers. Optional 
termination is available internal to the WREN IV. See 
Figures 10.3-4 and 11.1-1. 
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10.3.4.1 Single Ended Drivers/Receivers 

Single ended drivers and receivers are used by the WREN IV. 
Typical circuits are shown in Figure 10.3-4. Terminator 
circuits shown are there only when the WREN IV is last in 
the daisychain. 

Transmitter Characteristics 

The WREN IV uses an ANSI SCSI compatible open collector 
s inqle ended dr i ver. This driver is capable of s inking a 
current of 48 mA with a low level output voltage of 0.4 
volt. 

Receiver Characteristics 

The WREN IV uses a ANSI SCSI single ended receiver with 
hysteresis gate or equivalent as a line receiver. 

10.3.4.2 Terminator Requirements 

Internal WREN IV 1/0 termination consist of two resistor 
modules which plug into sockets on the Data PWA (see Figure 
10.3-3). The WREN IV may be ordered with or wi thout these 
termination resistors to facilitate a particular 
application. All single initiator/single target 
(nondaisychain) applications require that the Initiator and 

WREN IV 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 circuit. 

10.3.4.3 Terminator Power 

The WREN IV does not supply Terminator power for the SCSI 
bus. The WREN IV may be conf igured to accept terminator 
power via Pin 26 of the SCSI bus or to provide terminator 
power for optional internal termination resistors via the 
WREN IV power connector. See Figures 10.3-3 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 

*See Figure 11.1-1 for configuration details. 
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ioIREN IV 
ilREN IV 

LINE DRIVER LINE R~CEIVER 

r - - - - -- ------1 ~~- :-;v1, i&-+7v-i r --~- --""1 
, TRANSMITTER I f I RECEIVER l 
I (OR ~ANSCEIVERl I I 220 f I 220, 
I I f ~ O!+l I f & CI-t4 I I f 
, I I I I I I - I 
I l). __ ...;.I--+---..;.,o+»----1 t----<~~__::--~--_,;.-:.I_I I 
I I I I 

I 330 I 

I 
I 

OH .. " I FLAT CA8LE PAIR 
I I I 
I I &. I 
I I) 1-1 -..---<:<:~-t---+----+-T--.......I 

I I I I 
I I - I I 

'- ___________ .J : I I II & I L.: ____ J L ____ J L- ______ .J 

TERMlNATOR CIRCUITS: PART OF REMOVABLE TERMINATOR RESISTOR PACKS, USED !N THE 
... REN IV ioIHEN IT IS LAST IN THE OAISYCHAIN. 

INTERFACE SIGNALS LEVELS AND LO::;,CAL SENSE AT THE IiREN I/O CONNECTOR ARE DEFINED AS FOLLOWS: 

LOGIC LEVEL 

NEGATED 

ASSER~O 

(0) 

(1) 

DRIVER OUTPUT 

~2.5 V;SS.25 V 

:::O.~ V; 2:,0.0 V 

RECEIVER INPUT 

~2.Q V;!i5.25 1 

SO.8 V;~O.Q V 

THE DIFFERENCE IN THE VOLTAGES BETWEEN :NPUT AND OUTPUT SIGNALS IS DUE TO THE LOSSES :N THE CABLE. 

~ ANSI SCSI COI4PATIBLE CIRCUITS 

£ TOTAl. IN~RFACE CABLE LENGTH SHOULD t«lT EXCEED 20 FEET (6.0 m) FROM HOST TO 
END OF DAISYCHAIH. 

&. SOURCE OF DRIVE TERHINATOR POWER SELECTABLE SY JLMPER PLUG. 

FIGURE 10.3-4. SINGLE ENDED TRANSMITTERS ~~D RECEIVERS 
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11.0 

DB(7) 
I 
I 
I 
I 
I 
I 
I 
SCSI 

SCSI BUS 

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 as~igned 
as shown in Figure 11.0-1. The SCSI ID is assign.ed 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 
initiator (typically a host computer) originates an 
operation and the target performs the operation. The WREN 
IV always operates as a target. 

DB(6l DB(5) DB(4} DB(3) DB(2) DB{11 DBCO} DATA BUS 
I I I I I I SCSI ID :: 0 
I I I I I SCSI ID = 1 
I I I , SCSI ID :: 2 I 

I I I SCSI ID = 3 
I I SCSI ID = 4 
I SCSI ID = 5 
SCSI ID :: 6 

ID :: 7 

The Host Adapter/Initiator must be identified by one of the 
eight SCSI Device Addresses. 

FIGURE 11.0-1. SCSI ID BITS 

Certain SCSI bus functions are assigned to the initiator 
and certain SCSI bus functions are assigned to the target. 
The ini tia tor wi 11 se lect 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 
fo llow a def ined REQ/ACK Handshake protoco 1. One byte of 
informa t ion wi 11 be transfer red wi th each handshake. 
Synchronous data transfer option is described in Paragraph 
12.5.4. 

The WREN IV supports single initiator. single target; 
single initiator. multiple target; or multiple initiator. 
multiple target bus configurations. 
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11.1 SCSI BUS SIGNALS 

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

• • • • 

BSY 
SEL 
C/D 
1/0 

• • • • 

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. 

1/0 (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) 
Message phase. 

A signal driven by a target during the 

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 

(continued) 

Data parity DB(P) is odd - The use of parity is a system 
option. The WREN IV 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 jumpers as shown in Figure 11.1-1 for SCSI ID 
selection. Refer to Figures 10.3-3 and 11.1-1 for the 
location of the drive select header. The WREN IV can have 
one of eight ID bits selected by installing 0 to 3 jumpers 
in a binary coded configuration on the drive select header. 

Signal Values 

Signals may assume true or false values. There are two 
methods of driving these signals. In both cases, the signal 
shall be actively driven true. or asserted. 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 
two 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 driven false during the Arbitration phase. There is no 
operational problem in mixing OR-tied and non-OR-tied 
drivers on signals other than BSY and RST. 
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FIGURE 11.1-1. WREN IV SCSI DRIVE ID AND OPTION SELECT HEADER 

[1] D~ive ID is binary coded jumpe~ position (most significant 
bit on left) • ie .• jumpe~ in position 0 would be Drive ID 
1. no jumpe~s means ID O. 

[2] Jumpe~ plug installed enables the Motor Sta~t Option. In 
this mode of ope~ation the drive will wait fo~ a Sta~t Unit 
Command from the Host before starting the Moto~. If the 
jumper plug is not installed the Motoe will start as soon 
as DC powe~ is applied to the unit (see Section 14.2.1.11). 

(3] Jumpe~ plug installed means pa~ity checking by the WREN IV 
is enabled. 

[4J If the unit is not to be terminated. remove terminator 
resistor DIPs (see Figure 10.3-3). If installed. the TP 
jumper mus t be ins ta lied only in one of t.he two pas i t.iond 
shown in Figure 11.1-1. Solid line show the default positon. 

Jumpe~ in ve~tical posi tion means te~minato~ power (+5 V) 
is f~om WREN IV power connecto~. Jumpe~ in horizontal 
position (dotted lnes) means terminator powe~ is taken from 
interface cable. 

If the drive is not terminated. the TP jumper need not be 
installed. 

(5) See Figure 7.2.3-1. 
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11.1.3 Siqnal Souz:ces 

Table 11.1.3-1 indicates which type of SCSI device is 
allowed to souz:ce each siqnal. All SCSI device dz:ivets that 
az:e not active souz:ces shall be in the passive state. Note 
that the RST siqnal may be souz:ced by any SCSI device at 
any time. The WREN IV functions as a taz:qet. nevez: as an 
initiatoz:. and is capable of pez:focminq only the 
z:eselection function. 

SUS PHASE 

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

ALL: 

SSY 

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

The signal 

TABLE 11.1.3-1. SIGNAL SOURCES 

SIGNALS 

C/O, I/O, 
ill MSG, REO I/O ACK/ATN DS(7-a , P) 

None None None None None 
Winner None None None SCSI 10 
Init. None Init. [11 Init. Init. 
Target Target Target Init. Target 
None Target Target Init. Init. 
None Target Target Init. Target 
None Target Target Init. Init. 
None Target Target Init. Target 
None Target Target Init. Target 
None Target Target Init. Init. 

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 [OB{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 is driven, it shall be driven only by the active 
inHiator. 

None: The signal shall be released; that is, not be driven by any SCSI 
device. The b1as circuitry 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 target. 

[1] Initiator farces negation. 
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11.2 

11. 2.1 

11. 2.2 

11.2.3 

11.2.4 

11. 2 .5 

SCSI Bus Timing 

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'S own SCSI bus connection. 
Thus. these measurements (except skew delay) can be made 
without considering delays in the cable. 

Arbitration Delay (2.2 ~s) 

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 
synchronous data 
initiator shall 
transfers. 

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

Bus Clear Delay (SOO 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 setele 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 negated. If a SCSI device requires more than a 
bus settle delay to detect Bus Free phase. it shall clear 
the bus within a Bus Clear delay minus the excess time. 

Eus Free Delay (SOO ns) 

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

Bus Set Delay (l.S ~s) 

The maximum time for a SCS I 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 

11. 2.9 

Bus Settle Delay (400 ns) 

The time to wait for the bus to settle after 
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 for an initiator to release the Data Bus 
signals following the transition of the 1/0 signal from 
negation to assertion. 

Deskew Delay (45 ns) 

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, while using 
synchronous data transfers. 

11.2.11 Negation Period (90 ns) 

The minimum time 
synchronous data 
initiator shall 
transfers. 

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

11.2.12 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) 

The maximum time tha t a target (or ini tia tor) 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 ini tia tor) does not 
assert BSY af ter a Se lect ion (or Rese lect ion) 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 description. 
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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 IV SCS 1 implements this 
250 ms selection timeout delay. 

11.2.15 Transfer Period (set during a Message phase) 

12.0 

12.1 

The m~n~mum time allowed between the 
successive REQ pulses and of successive 
using synchronous data ttansfers. (See 
and 12.5.4.) 

LOGICAL CHARACTERISTICS 

leading edges of 
ACK pulses while 

Sections 12.1.5.2 

All of the operations of the SCSI 
Section 12 ate supported by the WREN 
stated. The WREN IV always functions 
the initiator. 

bus as described in 
IV. unless othetwise 
as the target. never 

SCSI BUS PHASES 

WREN IV responds to 8 distinct bus phases. 

Bus Free phase 
Arbitration phase 
Selection phase 
Reselection phase 

Command phase 1 
Data{In and Out) 
Status (In Only) 
Message (In and Out) 

These phases are collectively termed 
the Information Ttansfer phase. 

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

The Bus Free phase indicates that no SCSI device is 
actively using the SCSI bus and it is available for 
subsequent users. 

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 within 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 clear the SCSI bus shall not exceed a bus settle 
delay plus a bus clear delay. 

If the initiator detects the Bus Free phase (except as a 
result of a Reset condition. an Abort message. or a Bus 
Device Reset message) without first receiving a Disconnect 
or Command Complete message. it shall be considered to be 
an error condition. If the target intentionally creates 
this condition. the tarqet 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. Aborted with valid Request Sense data. or 
2. Aborted without any valid Request.Sense data. 
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12.1.2 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 IV will arbitrate for the 
bus only as a target implementing reselection. The WREN IV 
supports arbitration by multiple SCSI devices. 

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

1. The SCSI device shall first wait for the Bus Free 
phase to occur. The Bus Free phase is detected when 
BSY and SEL are s imul taneous ly and cant inuous ly 
nega ted for a ml. n 1. mum of a bus settle de lay. 
(Implementers note: This bus settle delay is 
necessary because a transmission line phenomenon known 
as a "Wire-OR glitch" may cause BSY to briefly appear 
negated, even though it is being asserted.) 

2. 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. 

3. Following the bus free delay in Step (2), the SCSI 
device may arbitrate for the SCSI bus by asserting 
both BSY and it's own SCSI 10, 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 
SCS 1 ID fa llowing the bus free de lay in Step (2) as 
long as the bus remains in the Bus Free phase. 
However, SCSI devices that delay longer than a bus 
settle delay plus a bus set delay from the time when 
BSY and SEL are first negated may fail to participate 
in arbi tra tion when competing wi th fas ter SCS 1 
devices.) 
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12.1.2 

12.1.3 

continued 

4. After waiting 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], the 
SCSI device has lost the arbitration and the SCSI 
device must release it's signals and return 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 
participating 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). 

5. The SCSI device that wins arbitration shall wait 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 SCSI device's unique SCSI 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 initiating some target function (e.g., 
Read or Write command). 

NOTE: During the Selection phase the I/O signal shall be 
negated so this phase can be distinguished from the· 
Reselection phase. 

12.1.3.1 Nonarbitrating System 

In systems with the Arbitration phase not implemented. the 
initiator shall first detect the Bus Free phase and then 
wait a minimum of a bus clear delay. Then, except in 
certain single initiator environments with initiators 
employinq the single initiator option (see 12.1.3.4), the 
initiator shall assert the desired target's. SCSI ID and 
it's own initiator SCSI ID on the Data Bus. After two 
deskew delays, the initiator shall assert SEL. 
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12.1.3.2 A~bitrating Systems 

In systems with the A~bitration phase implemented. the SCSI 
device that won the a~bit~ation has both BSY and SEL 
asserted and has delayed at least a bus clear delay plus a 
bus settle delay before ending the Arbi tration phase. The 
SCSI device that won the a~bitration becomes an initiator 
by releasing 1/0. Except in certain single initiator 
environments with initiators employing the single initiator 
option (see 12.1.3.4), the initiator shall set the Data Bus 
to a value which is the OR of it's SCSI ID bit and the 
target's SCSI 10 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 befoce looking 
for a cesponse from the ta~get. 

12.1.3.3 All Systems 

In all systems. the tacget shall determine that it is 
selected when SEL and it's SCSI ID bit ace true and BSY and 
I/O are false for at least a bus settle delay. The selected 
target will examine the Data Bus in oeder 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 within a selection 
abort time of it's select ion; this is required fo r co r rect 
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 10 bits 
are on the Data Bus. the ta~get shall not respond to 
selection. At least two deskew delays after the initiator 
detects BSY is asserted. it shall release SEL and may 
change the Data Bus. 

12.1.3.4 Single Initiator Option 

Initiators that do not implement the Reselection phase. and 
do not operate in the multiple initiator environment. are 
allowed to set only the ta~get' s SCSI 10 bit during the 
Selection phase. This makes it impossible for the target to 
determine the initiator's SCSI 10. 
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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 IV 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 in systems that have 
Arbitration phase implemented. 

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

12.1.4.1 Reselection Procedure 

Upon completing the Arbitration 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 target by asserting the 1/0 
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 target shall wait at least two deskew delays 
and release BSY. The target 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 

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 rese lected ini tia tor 
may examine the Data Bus to determine the SCSI 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 release 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 "ltlire-OR glitch" 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 

This Reselection timeout procedure is specif ied for 
cleating the SCSI bus duting a Reselection phase. If the 
tatget waits a minimum of a selection timeout period and 
thete has been no BSY response ftom the initiator. The 
target shall continue asserting SEL and I/O and shall 
release all Data Bus signals. If the target has not 
detected BSY to be true after at least a selection abort 
time p Ius two deskew de lays. the target sha 11 re lease SEL 
and I/O 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 assettion of BSY. Failure to comply with this 
requitement could resul t in an improper 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 reselected. 
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. Aborted with valid Request Sense data. or 
3. Aborted without valid Request Sense data. 

Information Transfer Phases 

NOTE: The Command. Data. Status. and Message phases ate 
gtouped together as information transfer phases because 
they are all used to transfer data or control information 
via the Data Bus. The actual contents of the information is 
beyond the scope of this section. 

The C/D. I/O. and MSG signals are used to distinguish 
between the different information transfer phases. (See 
Table 12.1. 5-1). The target drives these three signals and 
therefore controls all changes from 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. I/O. and BSY. 
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12.1.. 5 continued 

TABLE 12.1.5-1. INFORMATION TRANSFER PI1ASES 

SIGNAL I 
MSG CID 1/0 I PHASE NAME DIRECTION OF TRANSFER COMMENT 

I 
0 0 0 I DATA OUT Initiator to tacget Data 
0 0 1 I DATA IN Initiator from target Phase 
0 1 0 I COMMAND Initiatoc to target 
0 1 1 I STATUS Initiator from target 
1 0 0 I 1t 

1 0 1 I 1t 

1 1 0 I MESSAGE OUT Initiatoc to Target Message 
1 1 1 I MESSAGE IN Initiatoc fcom Target Phase 

Key: 0 = False. 1 == Ttue. 1t = Reserved 

The information transfer phases use one oc moce REQ/ACK 
handshakes to control the information transfer. Each 
REQ/ACK handshake allows the tcansfer of one byte of 
information. Ducing the infocmation transfer phases BSY 
shall remain true and SEL shall cemain false. Additionally, 
during the information transfer phases, the target shall 
continuously envelope the REQ/ACK handshake(s) with CID, 
1/0. and MSG in such a manner that these control signals 
are valid for a bus settle delay before the assertion of 
REQ of the fitst handshake and temain valid until the 
negation of ACK at the end of the last handshake. 

12.1.5.1 Asynchronous Information Transfer 

The target 
transfer by 
information 
initiator. 
ttansferred 

shall control the direction of information 
means of the 110 signal. When 110 is tcue. 

shall be transferred from the target to the 
When 1/0 is false. infocmation shall be 
from the initiator to the tacget. 

If 1/0 is tcue (transfec to the initiatoc). the target 
shall first drive DB(7-0, P) to their desired values. delay 
a t least one des kew delay plus a cable skew de lay, then 
assert REQ. DB{7-0, P) shall cemain valid until ACK is true 
at the target. The init.iator shall read DB(7-0, P) after 
REQ is t.rue. t.hen signa 1 it.' s acceptance of the da ta by 
asserting ACK. When ACK becomes true at t.he target. the 
tacget may change oc celease DB(7-0, P) and shall negat.e 
REQ. Aft.ec REQ is false t.he initiator shall negate ACK. 
Aft.er ACK is false, the target may cont.inue the transfer by 
driving DB(7-0, P) and asserting REQ, as described above. 
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12.1.5.1 continued 

If I/O is false (transfer to the target) the target shall 
request information by asserting REQ. The ini tia tor sha 11 
drive DB(7-0. P) to 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 true at the target. the 
target shall read DB(7-0. P). then negate REQ. When REQ 
becomes false at the initiator. the initiator may change or 
release DB(7-0. P) and shall negate ACK. The target may 
continue the transfer by asserting REQ. as described above. 

12.1.5.2 Synchronous Data Transfer 

Synchronous data tt::ansfer may be used only in the data 
phase if previously 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/ACK offset specifies the maximum number of REQ 
pulses that 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 ACK pulses by the REQ/ACK 
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 assert the REQ signal for a minimum of an 
assertion period. The target shall wait at least the 
greater of a transfer priod 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 ACK 
signal for a minimum of an assertion period. The initiator 
shall wait at least the greater of a transfer priod 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 signal. 
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12.1.5.2 continued 

12.1.6 

12.1.7 

If 1/0 is true (transfer to the initiator), the target 
shall first drive DB(7-0,P) to their desired values, wait 
at least one deskew delay plus one cable skew delay, then 
assert 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 af ter the asser tion of REQ. The ta.cge t shall asser t 
REQ for a 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 1/0 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 their 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 
fo r a minimum of an assertion per iod. The lnl t la to r: may 
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 1/0 
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 

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

The target shall assert the 1/0 signal and negate the CID 
and MSG signals during the REQ/ACK handshake{s) of this 
phase '0 
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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 from the initiator. 

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

Status Phase 

The Status phase allows the target to request that it send 
status information to the initiator. 

The target shall assert C/O and I/O and negate 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 phases 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. I/O. and MSG during the 
REQ/ACK handshake{s) of this phase. 

12.1.9.2 Message Out Phase 

The Message Out phase allows the target to request that 
message (s) be sent f rom the ini tia tor to the target. The 
target may invoke this phase at it's convenience in 
response to the Attention condition (see 12.2.1) created by 
the initiator. 

The target shall assert C/D and MSG and negate I/O during 
the REQ/ACK handshake{s) of this phase. The target shall 
handshake byte{s) in this phase until ATN goes false. 
unless an error occurs (see Message Reject. 12.5.2). 
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12.1.9.2 continued 

If the target detects one or more par i ty er ror (s) on the 
message byte(s) received. it may indicate it' s 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) 
successfully (Le .• 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. 
2. 
3. 
4. 

Identify message followed by Abort message 
Identify message followed by Bus Device Reset message 
Identify message followed by No Operation message 
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 

When the SCSI bus is between two information transfer 
phases. the fa llowing res tr ict ions shall app ly to the SCS 1 
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. I/O. 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 
I/O signal and the initiator shall release the Data 
Bus no later than a data release delay after the 
transition of the 1/0 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 later than a deskew de lay af ter negating the 
I/O signal. 

3. The ATN and RST signals may change as def ined under 
the descriptions for the Attention condition (12. 2 .1) 
and Reset condition (12.2.2). 

12.2 SCSI BUS CONDITIONS 

12.2.1 

(2367P) 

The SCS I 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'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 ini tiator must assert the ATN signal before asserting 
ACK for the last byte transferred in a bus phase for the 
Attention condition to be honored before transition to a 
new bus phase. An ATN asserted later may not be honored 
until a later bus phase. The WREN IV will respond with 
Message Out phase as follows: 

1. If ATN occurs during a Data phase, Message Out will 
occur at a convenient time. It may not occur until 
several logical blocks after ATN is first asserted. 

2. If ATN occurs during a Command phase •. Mes.sage O_ut .will 
occur after transfer of all Command Descriptor Block 
bytes has been completed. 
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12.2.1 

12.2.2 

(2367P) 

continued 

3. If ATN occurs during a Status phase. Message Out will 
occur af ter the s ta tus byte has been acknowledged by 
the initiator. 

4. If ATN occurs during 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 '.hile 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 IV will never assert the Reset signal. 

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

The WREN IV implements only the "hard" Reset option. Upon 
detection of the Reset condition. the WREN IV 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 

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

In 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. 

Nonarbitrating System 

For systems in which the Arbitration 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 from 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 Figure 12.3-2. The 
normal progression is from the Bus Free phase to 
Arbitration. from Arbitration to Selection or Reselection. 
and from Selection or Reselection to one or more of the 
information transfer phases (Command. Data. Status. or 
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 type (e.g .• a Data phase may be 
followed by another Data phase). 

I 
COMMAND OR DATA .. 

OR STATUS OR MESSAGE 
PHASE 

BUS FREE SELECTION 
PHASE PHASE 

~ f I 

- RE NO T SET CO I 10 N 

FIGURE 12.3-1. PHASE SEQUENCES WlTHOUT ARBITRATION 
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I - COMMAND OR 
DATA* OR STATUS 

BUS /~RBI- SELECTION OR OR MESSAGE 
~ 

FREE ~ ... TRATION --'" RESELECTION PHASE ~ 

PHASE PHASE PHASE 

... , t't- ) , 
___ RESET CONDITION 

* DATA PHASE MUST FOLLOW A COMMA~m PHASE EXCEPT AFTER RES ELECTION PHASE 

FIGURE 12.3-2. PRASE SEQUENCES WITH ARBITRATION 

12.4 SCSI POINTERS 

(2367P) 

WREN IV supports systems that use the pointer philosophy 
described in the following paragraphs. 

Cons ider 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. 

FUNCTION 
ORIGIN 

: l INITIATOR ~ -S~~ - - TARGET :: FUNCTION 
I I PATH BUS PATH I I EXECUTION 
I I CONTROL r--- - -- CONTROL ,I 

----------------------~ ---------~----------~ 
INITIATOR TARGET 

FIGURE 12.4-1. SIMPLIFIED SCSI SYSTEM 

The SCSI architecture provides for two sets of three 
pointers within each initiator. The pointers are part of 
the ini tia tor pa th contra 1. The firs t set of po inters are 
known as the current (or active) pointers. These pointers 
represent the state of the interface 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 pointers in each initiator. The cutrent pointers 
are used by the target currently connected to the initiator. 
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12.4 

12.5 

12.5.1 

(2367P) 

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 active (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 beginning of each command, the saved data 
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. 

MESSAGE SYSTEM SPECIFICATION 

The message 
initiator and 
management. 

system 
target 

Message Protocol 

allows communication between an 
for the purpose of physical path 

WREN IV supports systems that accommodate only the Command 
Complete message, or systems that can accommodate 
additional messages. WREN IV is always Logical Unit (LUN) 
address zero. 

SCSI devices indicate their ability to accommodate more 
than the Command Complete message 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 hasn1t 
received ATN by this point, it will assume the initiator 
doesn1t support disconnection or messages other than 
Command Complete. If the ATN signal is asserted later, it 
will be ignored until after the next Bus Free phase. The 
target indicates it I S ability to accommodate more messages 
by responding to the 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 IV). 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 can 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 1V 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 

01H/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 
08H NO OPERATION OUT 
09H MESSAGE PARITY ERROR OUT 
OCH BUS DEVICE RESET OUT 
80H--FFH IDENTIFY IN OUT 

[1] IN = WREN IV TO INITIATOR 
OUT = INITIATOR TO WREN IV 

[2] WREN IV WILL NOTRESEND (RETRY) THE ORIGINAL MESSAGE· 
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12.5.2 

(2367P) 

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 01H - This message is 
initiator or the target as the first 
byte message. (See Paragraph 12.5.3 
extended messages.) 

sent from either the 
byte of a multiple 

for descriptions of 

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 recently saved pointers for the currently attached 
WREN IV. 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 data 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 occurre4for currently 
attached WREN IV. 

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 releasing 
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 the 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: If 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 Di-sc-onnect.c ..message. -The WREN -1 V~.JIilil L .d is.c0 nnec.t._ 
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.S.2 

(2367P) 

continued 

Initiator Detected Error OSH - This message is sent from an 
ini tiator to infotm a target an ettot (e. g. pari ty er ror) 
has occurted that does not pteclude the target from 
retrying the operation. Since present pointer integtity is 
not assured. a Restate Pointers message shall be sent by 
the target to cause the pointers to be restated to their 
defined prior state. An initiator should not issue this 
message unless it will accept the Restate Pointers message. 
If the target is not sure it can recover properly, Che<:k 
Condition status will be created with Sense Key of Aborted 
Command. 

Abott OGH - 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 
abotted and tatget shall go to the Bus Free phase. Pending 
data and status for othet 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 Re ject 07H - This message is sent from ei ther the 
initiatot or target to indicate that the last message it 
re<:eived was inappropriate or has not been implemented. The 
WREN IV will not resend (retry) the original message. 
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12.5.2 

(2367P) 

continued 

The WREN IV response to a message reject message will 
depend on what the original message was. 

ORIGINAL MESSAGE 

Command Complete 
Synchronous Request 

Save Data Pointer 

Restore Pointers 

Disconnect 

Message Reject 

Linked Cmd Complete 
Identify 

RECOVERY ACTION 

Go to Bus Free state anyway. 
Assume asynchronous transfers and 
continue. 
If Data In Phase. donlt 
disconnect and continue data 
transfer command. If Data Out 
Phase. continue disconnect 
sequence. 
Terminate command immediately 
with Check Condition status 
and Hardware Error in Sense 
Key. 
Donlt disconnect and continue 
command normally. 
Terminate command immediately 
with Check Condition status and 
Hardware Error in Sense Key. 
Go to Bus Free phase. 
Go to Bus Free (catastrophic 
error). save Aborted CMD in the 
Sense Key. 
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12.5.2 

(2367P) 

continued 

No Operation OSH - This message is sent from an initiator 
in response to a target'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 more bytes 
in the last message it received had a pa.rity error. The 
WREN IV will attempt to resend the original message one 
time. If the retry attempt also results in a parity error, 
the ta.rget 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 
it's release of ACK for the REQ/ACK handshake of the 
message that has the parity er.ror. This provides an 
interlock so that the ta.rget can determine which message 
has the parity error. 

Bus Device Reset OCR This message is sent from an 
initiator to direct a target to clear all current commands. 
This message forces the SCS 1 device to an ini t ia 1 s ta te 
wi th no operat ions pend ing for any ini tia to r. Upon 
recognizing this message, the target shall go to the Bus 
Free phase. 

-76-



PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

12.5.2 

12.5.3 

12.5.4 

(2367P) 

continued 

Identify aOH 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 target. 

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 indicates the initiator has the ability to 
accommodate disconnection and reconnection. When set to 
zero, the WREN IV will not attempt to disconnect. 

Bits 5-3 - Reserved 

Bits 2-0 - These bits specify a logical unit number in a 
target. Always "0" for WREN IV. 

When sent 
reconnection, 
performed by 
message. 

from a target to an initiator during 
an 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 IV wi 11 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 implemented. WREN IV will respond with a 
Message Reject message after any other extended message Is 
received. 

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

Synchronous Data Transfer Request Message 

TABLE 12.5.4-1. SYNCHRONOUS DATA TRANSFER REQUEST 

BYTE 
o 
1 
2 
3 
4 

VALUE 
01B 
03B 
OlH 

mH 
xB 

DESCRIPTION 
Extended message 
Extended message length 
Synchronous Data Transfer Request code 
Transfer period (mH times 4 ns) 
REQ/ACK offset 
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12.5.4 

(2367P) 

continued 

If an initiator desires to transfer data synchronously with 
a target. 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 
recognizes 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 mlnlmum time between leading edges of 
successive REQ pulses and of successive ACK p~lses. 

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 zer~ 
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 an REQ/ACK offset and minimum 
transfer period. The REQ/ACK offset is chosen to prevent 
initiator buffer: overflows. while the mlnlffium 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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Minimum transfer period equal 
to the target value. 

Asynchronous transfer. 

Asynchronous transfer. 
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12.5.4 continued 

If the target 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 requirements of 
the target. The initiator responds in any of the following 
ways if the target chooses an REQ/ACK 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. ~he target 
may renegotiate for an REQ/ACK 
offset less than FFh and greater 
than OOh. 

Asynchronous transfer. 

The initiator responds in any of the following ways if the 
target selects an REQ/ACK offset less than FFh: 

INITIATOR RESPONSE 
(l) REQ/ACK offset less 

than or equal to the 
requested value. 
Minimum transfer 
period equal to or 
greater than requested 
value. 

(2) REQ/ACK offset equal 
to zero. 

(3) MESSAGE REJECT 

IMPLIED AGREEMENT 
REQ/ACK offset equals initiator 
value. 

Minimum transfer period equal to 
the initiator value. 

Asynchronous transfer. 

Asynchronous transfer. 

The implied agreement shall remain in effect until a BUS 
DEVICE RESET message is received. until a "hard" RESET 
condition occurs. or until one of the two SCSI devices 
elects to modify the agreement. Reneqotiation at every 
selection is not recommended. since a significant 
performance impact is likely. The default mode of data 
transfer is asynchronous mode. The default mode is entered 
at power on. after a BUS DEVICE RESET message or after a 
"hard" RESET condition. The SYNCHRONOUS DATA TRANSFER 
REQUEST message exchange can only tak.e place following a 
SELECTION phase that includes the SCSI IDs _ for both _ the 
initiator and the target. Violation of this rule may mak.e 
data transfer impossible owing to disagreements among SCSI 
devices about the data transfer mode. 
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12.5.4 

(2367P) 

continued 

The WREN IV will never send a Synchronous Data Transfer 
request message unless a Initiator sends this message to 
the WREN IV first. 

The WREN IV will support a REQ/ACK Offset of up to 15. 

The WREN IV is capable of supporting the following transfer 
periods. 

M (DEC1MAL) 

53 
63 
73 
84 
94 

105 
115 
125 
136 
146 
157 
167 
178 
188 
198 
209 
219 
230 
240 
250 

TRANSFER PERIOD eM TIMES 4 NANOSECONDS) 
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212 
252 
292 
336 
376 
420 
460 
500 
544 
584 
628 
668 
712 
752 
792 
836 
876 
920 
960 
1000 
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13.0 SCSI COMMANDS 

13.1 

(2367P) 

This section defines the SCSI command st~uctu~e and 
desc~ibes a typical SCSI bus p~ocedu~e involving a command. 
status ~eturn and message interchange. I t should be noted 
that WREN IV does not support command linking and will 
respond with a "Check Condition" status and "Illegal 
Request" sense key if a linked command is ~eceived. 

The command st~ucture defined he~ein provides foe a 
contiguous set of logical blocks of data to be transferred 
ac~oss the interface. The number of the logical data blocks 
to be transfer red are def ined in the command. Ini t ia tor 
commands to the WREN IV a~e st~uctu~ed in accordance wi th 
the requi~ements imposed by the WREN IV physical 
characteristics. These physical characte~istics are 
repocted to the initiatoc in response to an inquiry command. 

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

Upon command completion (which may be executed either 
successfully or unsuccessfully). the WREN IV returns a 
status byte to the initiator. Since most er~or and 
ex6eption 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 
additional info~mation is available. The initiator may 
issue a Request Sense command to request the return of the 
additional information as pact of the Data In phase of the 
command. 

COMMAND IMPLEMENTATION REQUIREMENTS 

The fi~st byte of any SCSI command contains an operation 
code as defined in this document. Three bits (bits 7 - 5) 
of the second byte of each SCSI command specify the logical 
unit if it is not specified using the Identify Message (see 
Pa~agcaph. 12.5.2). Only logic unit zero is valid for the 
WREN IV. The last byte of all SCSI commands shall contain a 
cont~ol byte as defined in Pa~agraph 13.2.6. 

-81-



PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

13.1. 1 

13.1.2 

13.1.3 

(2367P) 

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 
specif ica tion. A reserved bi t, field, or byte shall be set 
to zero, Ot in accordance with a futute extension to this 
specification. A WREN IV that receives a resetved code 
value shall tetminate the command with a Check Condition 
status and the Sense Key shall be set to Illegal Request. 
It shall also be acceptable for the 'NREN IV 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 gener a t.ed rase t. 
(caused by a power glitch) occurs, if the WREN IV is 
11 reset 11 by a Bus Device Rese t message Ot a "ha rd 1I rese t 
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 lnltlator 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 
IV tepotts Check Condition status), the WREN IV shall 
petform 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 0 r af ter 
the WREN IV reports Check Condi tion s ta tus), the !NREN IV 
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 

(2367P) 

(continued) 

If an initiator issues a command other than Inquiry or 
Request Sense while a Unit Attention Condition exists for 
that initiator. the WREN IV 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 cleared as noted in the preceding paragraph. 
If another command other than Request Sense or Inquiry is 
issued instead. the WREN IV 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 Queing 

The WREN IV is capable of accepting and queing one command 
from each initiator for up to 7 possible initiators. When 
commands are queued. after the WREN IV is selected it will 
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 IV will allow itself to 
be selected and will accept the command bytes for this 
command. The WREN IV will then go to the status phase and 
send Busy Status back to the initiator. 

Command queuing can be done only for initiators that 
support Arbitration and Reselection phases. send an 
Identify message after Selection, and allow disconnection. 
Initiators that donlt support these options will be handled 
as follows: 

In this case or if the command queue is full, the WREN IV 
will allow itself to be s.lected and will accept the 
command bytes for a new command. It will then go to the 
Status phase and send Busy status to the initiator (see 
Section 14.0). After a Command Complete message and going 
to Bus Free phase, the WREN IV will resume execution of its 
current command. An initiator that received Busy status in 
this manner will have tQ resend the command later in order 
to have it executed. 

A WREN IV wi 11 not queue Reserve commands because of the 
special considerations involved with queuing these 
commands. See the sections descr ibing the Reserve command 
for further details. 

All commands that are queued will eventually be executed in 
accordance with the WREN IV priority scheme unless a hard 
Reset. a Power On Reset. or a Bus Device Reset message is 
received. In these cases, all queued commands will be 
cleared and no status will be sent to the initiator. 
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13.2 

13.2.1 

(2367P) 

COMMAND DESCRIPTOR BLOCK (CDB) 

A request by an initiator to a WREN IV is performed by 
sending a Command Descriptor Block (CDB) to the WREN IV. 
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 
as the firs t byte of the command. This 
logical unit number. command parameters 
control byte. 

an operation code 
is fo llowed by a 
(if any). and a 

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

The Format description for the Command Descriptor Block as 
supported by the WREN IV 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 gr-oup code fie ld and a command code fie ld. The 
three bit group code field provides for eight groups of 
command codes. The five bit command code field provides for 
thirty two command codes in each group. Thus. a total of 
256 possible operation codes exist. Operation codes are 
defined in Section 14. 

For the WREN IV the group code specifies one of the 
following groups: 

Group 0 - 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 

1 aIT 7 I 6 I 51 
1 BYTE ( S ) I I I 
1 0 Group Code 1 

41 
I 

31 
I 

21 11 
I I 

Command Code 

o 

I _______ ~-----------------~I-------------------------------------
TABLE 13.2-2. TYPICAL COMMAND DESCRIPTOR BLOCK FOR SIX BYTE COMMANDS 

1 BIT I 7 6 1 51 41 31 21 11 0 
IBYTE!Sl I I I I I I I 
1 0 I Operation Code 
I I 
I 1 ILogical Unit No. 1 Logical Block Address ( if req. ) (MSB) 
1 I 0 0 01 
I 2 I Logical Block Address (if required) 
I I 
1 3 I Logical Block Address (if required )(LSB) 
1 I 
I 4 1 Transfer Length (if required) 
I I 
I 5 I Control Byte 
I I 

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

I BIT I 7 I 6 I 51 41 31 21 11 0 
IBYTE!Sl I' I I I I I I 1 

0 1 Operation Code 
I 

1 ILogical Unit No. 1 Reserved I RelAdr 
1 0 0 01 1 0 

2 1 Logical Block Address{if required) (MSB) 
I 

3 1 Logical 
1 

Block Address (if required) 

4 I Logical Block Address (if required) 
I 

5 1 Logical Block Address {if required} (LSB) 
I 

6 1 Reserved 
I 

7 I Transfer Length (if required) (MSB) 
I 

8 I Transfer Length ( if required) (LSB) 
L 

9 I Control Byte 
I 
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13.2.2 

13.2.3 

(2367P) 

Logical Unit Number (LUN) 

The logical unit number (LUN) addresses one of up to eight 
physical devices or virtual devices attached to a target. 
The only valid LUN number for WREN IV is Zero. 

The LUN in the CDB is provided for systems that do not 
implement the Identify Message. If an Identify message is 
sent to the WREN IV, the WREN IV will use the LUN number 
specified in this message. In this case, the WREN IV shall 
ignore the LUN specified within the command descriptor 
block. 

The WREN IV will reject commands which select an invalid 
LUN (except Request Sense and Inquiry) by requesting and 
accepting the command bytes, then goinq to· Status phase and 
sending Check Condition status. Note that the LUN is sent 
in the LUN fie ld of a CDB (if no Identify message has been 
received for this selection) or by the LUN fie ld of an 
Identify message. 

Request Sense commands selecting an invalid LUN will 
teceive a Sense Data block with the Illegal Request Sense 
Key and an Invalid LUN Ertor Code. Inquiry commands will 
retutn Inquity Data with the Peripheral Device Type field 
set to Logical Unit Not Ptesent (7FH). Request Sense and 
Inquiry commands will not send Check Condition status in 
response to an invalid LUN selection. 

Logical Block Address 

The loqical block address on logical units shall beqin with 
block zero and be contiguous up to the last loqical block 
on that loqical unit. 

Group 0 command desctiptor block contain 21 bit logical 
block addresses. Group 1 command desctiptor blocks contain 
32 bit logical block addresses. 

The logical block concept implies that the initiator and 
target shall have previously established the number of data 
bytes per logical block. This may be established thz::ough 
the use of the Read Capacity command or the Mode Sense 
command or by prior az::ranqement. 

The maximum loqical block addtess for WREN IV which is 
accessible by the Initiatot is defined in Read Capacity 
Data in section 14.2.2.1. 
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13.2.4 

13.2.5 

(2367P) 

Relative Address Bit 

Not implemented. Must be zero. 

Transfer Lenqth 

The Transfer Lenqth spec if ies the amount of data to be 
transferred. usually the number of bloCKS. For several 
commands the transfer lenqth indicates the requested number 
of bytes to be sent as defined in the command description. 
Foe these commands the transfer lenqth field may be 
identif ied by a dif ferent name. See the fo llowinq 
descriptions and the individual command descriptions for 
further information. 

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

Commands that use two bytes for Transfer: Lenqth allow up to 
65.535 bloCKS of data to be transferred by one command. In 
this case. a Transfer Lenqth 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 Lenqth. Refer to the specific command description 
for further information. 

The Transfer Lenqth O-f the commands that -ar:a_.used to send_a 
list of parameters to a WREN IV is called the Parameter 
List Lenqth. The Parameter List Lenqth specifies the number 
of bytes sent durinq the Data Out phase. 

The Transfer Lenqth of the commands used to return sense 
data (e.q. Request Sense. Inquiry. Mode Sense. etc) to an 
initiator is called the Allocation Lenqth. The Allocation 
Lenqth specifies the number of bytes that the initiator has 
allocated for returned data. The WREN IV shall terminate 
the Data In phase when Allocation Lenqth bytes have been 
transferred or when all available data have been 
transferred to the initiator. whichever is less. The 
Request Sense command is an exception. An Allocation Lenqth 
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 

I BIT 
\BYTE(S) 
I LAST 
1 
I 

13.3 

13.3.1 

(2367P) 

Control Byte 

Must be all zeros. WREN IV does not support the Flag and 
Link bit functions. These bits must be zero for the command 
to be accepted. If not, WREN IV 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) 

7 6 51 41 3\ 2\ 11 0 
I I I I 1 

1 I \ I FLAG 1 LINK 
0 0 01 0\ 01 0\ 0 I 0 

I I ! I I 

COMMAND E~LES 

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 IV. This opecation is described in detail sta.rting 
with a request from the initiator. This example assumes 
that no malfunctions or er.rors occur and is illustrated 
in Figu.re 13.3-1. 

The initiato.r 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 
active pointe.rs for the operation requested. arbitrates 
for the SCSI bus. and se lects the WREN IV. Once this 
process is completed, the WREN IV assumes cont.rol of the 
operation. 

The WREN IV obtains the command from the initiator (in 
this case, a Read command). The WREN IV interprets the 
command and executes it. For this command, the WREN IV 
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 IV sends a status byte to the 
initiator. To end the operation, the WREN IV sends a 
Command Complete message to the initiator and then goes 
to the Bus Free state. 
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13.3.1 

13.3.2 

(2367P) 

(continued) 

B 
U 
S 

F 
R 
E 
L 

A 
R 
B 
I 
T 

SEL 

(no 
ATN) 

CMD 

Read 
OSH 

D 
A 
T 
A 

I 
N 

S 
T 
A 
T 
U 
S 

FIGURE 13.3-1. SINGLE COMMAND EXAMPLE 

Disconnect Example 

MSG 
In 

CMD 
CO
MP 

B 
U 
S 

F 
R 
E 

-A 

In the sinqle command example. the lenqth of time 
necessary to obtain the data may require a tlme consuminq 
physical seek. In order to improve system throuqhput. the 
WREN IV may disconnect from the initiator. freeinq the 
SCSI bus to allow other requests to be sent to other SCSI 
devices. To do this, the initiator: must be rese lectable 
and capable of restorinq the pointers upon reconnection. 
The WREN IV must be capable of arbitratinq for the SCSI 
bus and reselectinq the initiator. See Fiqure 13.3-2. 

After the WREN IV has received the Read command (and has 
determined that there will be a delay), it disconnects by 
sendinq a Disconnect messaqe and re leas inq BSY (qoes to 
BUS Free state). 

When the data is ready to be transferred, the WREN IV 
reconnects to the initiator. the initiator restores the 
pointer:s to their: most recently saved values (whLch, in 
this case, are the initial values) and the WREN IV 
continues (as in the sinqle command example) to finish 
the operation. The initiator: recoqnizes that the 
operation is complete when a Command Complete messaqe is 
r:eceived. 

If the WREN IV wishes to disconnect after transferr:inq 
part of the data (e.q. while crossinq a cylinder: 
boundary). it may do so by sendinq a Save Data Pointer 
messaqe and a Disconnect messaqe to the initiator and 
then disconnectinq. When r:econnection is completed, the 
current data pointer: is restor:ed to its value immediately 
befor:e the Save Data Pointer messaqe. 

On those occasions when an error or: exceptio-n condition 
occur:s and the WREN IV elects to repeat the information 
transfer ,the WREN IV may repeat. the transfer _ by issuinq 
a Restore Pointers messaqe or by disconnectinq without 
issuinq a Save 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 throuqh T35) necessary to def ine performance 
are listed in Table 13.5-1. Timinq waveforms to define 
these times are illustrated in Tables 13.4-1 throuqh 
13.4-15. 

TABLE 13.4-1. ARBITRATION. SELECTION (NO ATN). AND COMMAND PHASE 

0 

r-BUS l--i XINIT & TARC iO > ( 0-7 INIT 10 1st BYTE 

I 
0 I 

-ATN I 
I 
I 

0 I I -SEL I 
I 
1 

-BUS/-' I 
I 

0 

-I/O 

0 , I 
I 

-MSC I I I 
I I I 

I I I 
0 I I I I 

-c/o I I I I I I I 
0 I I I I 

-REQ I I I I I I 
I I I 

I I I I I 
0 I 1 I -ACK I I I I 

I I J J 

I. • 1 I • ./ 
CHH07~ 

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

(2367P) 

OUS 
o 7 

ATN 

SEl-

O--{ INIT 10 XINIT & TARG 10 )>------4( IDENT \ISG >---
1 I--------~· ----------~ 

0 

I 
! 

I 
I 
I 

BUSY 0, 
1 

0 
-I/O 

0 
-MSG I 

I 0 I 
-cia I 

I 

0 
-REO 

0 

-ACl< 

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

I I I I I I. .1 I .. .. I • ~ 
TOt TOl T33 
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TABLE 13.4-3. IDENTIFY MSG OUT TO COMMAND PHASE 

0 

( ) ( >-BUS IDENT MSG 1st BYTE 0-7 

0 
-ATN 

0 
-SEL 

0 
-BUSY 

1 

Q 

-I/O 

0 
-MSG 

Q 

-C/O 

I 

-REQ :1 I I 
I 

I I 
0 I I -ACK I 1 

I I 
I I 

r---'" 
,-IiH..!!.71a_1 I. ..l 

TOil 
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TABLE l3.4-4. COMMAND DESCRIPTOR BLOCK TRANSFER 

0 

( H ~~ ) BUS 
1st BYTe 2nd BYTe LAST BYTe 0-7 

I I 
0 if I 

ATN I 
1 I 

0 If 
I 

-SEL I 
I 
I 

0 I 
-BUSY 

II I 1 

I 
II 

1 
0 I 

-I/O I I I I I I 
-MSC ,0,..J 

I II 

I I 
-I I 

Q I I 
-CiD I I 

II t 

I 

I 
0 L,I -REO 

I I I 
0 I 

1 r1 I -ACK I 

I I I I I 
I I I I I I 
~ ~ I' ·1 

J • 
.1 

(HH01Sb-l T:zl Tl3 Tll Tn -----" 
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{2367P) 

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

~_U7S 0 ---( LAST BYTEH STATUS )>-_--« 01.0 COMPL )>-___ _ 
1 1 I I 
o I I I 

-ATN I I I 
I I I 
I 1 

O----~I----------~i------------~I-------------------SEL I I I 
I I I 

o I I I r 
-BUSY I I 

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

-1/0 I I 
I I I 
I I ,J ___ ..... ______ .p-_____ ~ 

-MSC I ! '-;-1---------..... 
o 

-C!O 

-REQ 0, 
1 ........... 

-ACK 0_· - ..... 

I 
I 

I. TOS .. J 
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TABLE 13.4-6. LAST COMMAND BYTE. DISCONNECT MSG. 
BUS FREE. AND RESELECT 

BUS 0--< LAST BYTE ) ( OISCON ) (ARB 10 
0-7 

I I 

ATN 

I) 

-SEL 

I) 

BUSY 

0 

-I/O 

I) 

-'vise 

I) 

-c/o I 

I 

-REQ °l I 
I 

I , 
0 I I I 

-ACK I I 
I I I 
I I I 
I ... ~ I- -t- .1 I"'HH076b'\ T09 TIO T11 '---;.; 

NOTE: To measure T11. there must be no other device contending for 
the SCSI BUS. 

(2367P) -96-



PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94i71-344 7776533B·-A 

TABLE 13.4-7. ARBITRATION. RESELECTIO~ AND MESSAGE IN 

BUS o --< TARGET XTARGEI~ & INIT > ( IDENT ) 0-7 MG I 10 
I 

0 I 
I 

-ATN 

0 

-SEL I 
I I 

o 1 I 
-BUSY I I I 

I I 
0 I I 

-I/O I I 
I I 

0 I I I -MSC I I 
I I 

0 I I I -C/O I I 
I I 

0 I I I I -REO I I 
I I I I 

0 I I I I I r -ACK I I I I 
I 1 I I 
I I I I I I 
I .. Tl2 I Tl3 I I ... TIll .1 ~ •• • r----' 

VlliQL7!..1 
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TABLE 13.4-8. RESELECT IDENTIFY MSG. STATUS PHASE, 
COMMAND COMPLETE MSG AND BUS FREE 

0 

) ( ) ( ) BUS IOENT STATUS CMO 
0-7 MSC r~'I~el 

I 
0 

-ATN 

Q 

-SEL 

0 r -8USY 

I I 
0 I 

-I/O 
I 
I 

0 I -MSC 
I 
I 

0 I -C/O 

I 
I I 

Q 

I I I -REQ 1 
I I I I 

0 

I I I I I 
-ACK I I I I I 

I I I I I I I I I I I I I I I I I 
! .. T1S .1 ~ I ~In ..l ~ I .. ..,.'~ .. I 

~ii!.0~bj 
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TABLE 13.4-9. LAST COMMAND BYTE TO DATA IN PHASE 

0 

--< ) ( >-BUS LAST 1 ST 
0-7 BYTli 8YTE 

0 
-ATN 

0 
-SEL 

0 
-BUSY 

0 

I -I/O 

0 
-MSC 

0 

-C/O 

0 

-REQ -, 
I 

0 I r -ACK I I 
I I 
I I 
I T06 I 
I .. -! 

"HH007~'\ 
\_--~ 
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TABLE 13.4-10. LAST COMMAND BYTE TO DATA OUT PHASE 

0 

( ) ( >-LAST 1ST BUS BYTE 9YTE 0-7 

I 
0 

-ATN 

a 
-SEL. 

0 

-BUSY 

0 
-110 

a 
-MSC 

0 
-c/o "-" 

Q 

I -REQ ..., 
Q r -ACl< I I I 

I I I I 
I I 
I. T07, TQ8 .. I 

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

0 

) ( > 
BUS IDENT 1 ST 
0-7 MSG aXl~ 

I I 
0 I I -ATN I 

I I 
I I 

0 I I -SEI. I 
I I 

0 I I 
-BUSY I I 

I I 
I I 

-I/O 0 I I 
I 1 
I I 

0 I I I -MSG I I I I 
0 I 

I -c/o I 
I I 
I I 

-REQ °l I I I 
I 

0 

I I I -ACK I 
I I 
I I 

{liHOO!9~1 I .. T16 ..I 

(2367P) -101-



PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 7776S338-A 

(2367P) 

BUS 
0-7 

-ATN 

-SEL 

-BUSY 

-110 

-MSC 

-c/o 

-REQ 

-ACK 

o 

o 

o 

o 

TABLE 13.4-12. DATA IN BLOCK TRANSFER 

__ --« 1ST 
~YTC >---<~ __ i_Y~_~ __ ~>~~ __ ~_l_T~ __ ~)~-------

I I 
// 

II 

o ---,~ __ ~ __________________ ~}~~( __ ~ ________________ _ 

o 

o 

,---" 
\"H .tt.0$9!!.) 

II 

II 
II 

I I 
I I 

I .....---011 r~ ~ ____ I LI ____ ~ ~I-----

I I I l I ..I: 
I I I I I I I~ I 
I I I I I I I I 

In:! , ~2~1 I ;'2: I ~ 
T28 no T28 no 
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TABLE 13.4-13. DATA OUT BLOCK TRANSFER 

0 ( H ~;( > 
BUS 1ST 2 NO LAST 
0-7 BYTE BYTE BYTE 

I 1 I 
0 I I ,c I 

-ATN I I "1 
I I 1 
I I "I 0 I "I -SEL 

I I 1 
1 I I I I 

0 I 
I I -BUSY I 

I I // I 
I I "I 0 I ), I 

-I/O I I I 
I I I 

~...J 
I I /I I J, 

-MSC I I I 
I I I 

:...J I II I 

"--, /I, 
-C/O I 

I 
0 

I I I I I ~I I -REQ I 
I 1 1 

0 

I I I I ~~ I -ACK I I 
I I I I I 
I I 1 I I I I I 
~ H I--l I-l r---- Tl5 Tl7 T25 T27 \J:!H..!!.8~ ,) T29 T31 T29 T31 
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BUS 
1)-7 

-ATN 

-SEL 

-BUSY 

-I/O 

-MSC 

-C/o 

-REQ 

-ACK 

TABLE 13.4-14. LAST DATA BYTE, SAVE POINTER MSG, 
AND DISCONNECT MSG 

0 

>-< >--< OISCON ) LAST SAVE 
BYTE PTR 

I I 
I 

0 

a 

a 

a 

a I 

I I I I I I I 
I I I 0 

1 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- no ~ 1';321 ~ Ihtl I. .. I 

T10 ,..---
'-'i.t'~o~ 
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(2367P) 

TABLE 13.4-15. DATA IN PHASE, STATUS PHASE, 
COMMAND COMPLETE MSG, AND BUS FREE 

BUS 0 LAST BYTE . H STATUS »o-~(CMo COMPL »---------
0-7 , I I 

o~------------~----------~--------------------------ATN 
1 

1 
I 
I 

O-+ ________ ~~--------~I----------------------~a I 
I 
I 

o I 
I 

-BUSi~---------~----------I~-------------~ 

o 
-1/0 

o~-----------~-----~ -MSC I 

-c/o 0 -.;--------..... 1 

o 1 

-REQ, l .. ___ I 

-ACK: ---' .. _~I 
I 
1 
1 

.,---, 
'-Illi l!! I!. J 

I· .1 
T17 

I 
I 

I I 
1 I 

I I 
I--l 

T31l 

I 
1 

I 
1 
I" 

Til 
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I 
I 
I 
1 
1 
I 

·1 

I 
I 
I 

I I 
I 1 
1 1 
f-l 
T32 

I 
I 
I 
I 
I· 

T19 

I 
I 
I 
I 
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13.5 WREN IV SCSI TIMING 

TABLE 13.5-1. WREN IV SCSI TIMING 

WAVEFORM 
DESCRIPTION 

WAVEFORM 
SYMBOL TABLE TYPICAL 

Target Select Time (no Arbitrat10n) 
Target Select Time (with Arbitration) 

Target Select to Command 
Target Select to MSG Out 
Identify MSG To Command 
Command to Status 
Command to Data (para. In) 
Command to Data (para. Out) 
Command to Data (Write to Data Buffer) 
Command to Disconnect MSG 
Disconnect MSG to Bus Free 

TOO 
TOl 

T02 
T03 
T04 
T05 
TOo 
T07 
T08 
T09 
T10 

<1 )Js 

<1 tls 

<1 )..Is 

<1 )Js 

<1 }ls 
Command 
Command 
Command 
<400 ,us 
Command 
<1 }.Js 

77765338-A 

MAX 

<250 tis 
<250 .us 

Dependent 
Dependent 
Dependent 

600 "us 
Dependent 

Disconnect to Arbitration (for Rese1ect) T11 

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 
13.4-0 
13.4-0, 
13.4-14 
13.4-6 Command Dependent 

This measures disconnected CMD overhead. 
Target win Arbitration (for Reselect) 
Arbitration to Reselect 
Reselect to Identify MSG In 
Reselect Identify MSG to Status 
Reselect Identify MSG to Data (media) 
Data to Status 
Status to Command Complete MSG 
Command Complete MSG to Bus Free 
Data to Save Data Pointer MSG 
Save Data Pointer MSG to Disconnect MSG 
Command Byte Transfer 
Next Command Byte Access 

Asynchronous Data Transfer Character1stics: 

Data In Byte Transfer (parameter) 
Data Out Byte Transfer (parameter) 
~ext Data In Byte Access (parameter) 

T12 
T13 
T14 
T15 
T10 
T17 
T18 
T19 
T20 
T21 
T22 
T23 

T24 
T25 
T20 

(2367P) -106-

13.4-7 
13.4-7 
13.4-7 
13.4-8 
13.4-11 
13.4-15 

13.4-5,8,15 
13.4-5,8.15 

13.4-14 
13.4-14 
13.4-4 
13.4-4 

<5 .us 
<4 .us 
<2 ,us 
<100 .us 
Command 
Command 
<1 ,us 
<1 .us 
<175 .us 
<2 fJs 
<0.06 fJs 
<0.7 J.1s 

13.4-12 <O.Oo}ls 
13.4-13 <0.06,us 
13.4-12 <0.7 us 

I 

Dependent 
Dependent 

0.1 ,us 
1 .0 f1s 

0.1 ,us 
0.1 ,us 
1 .0 ,us 
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TABLE 13.5-1. WREN IV SCSI TIMING (continued) 

DESCRIPTION 
WAVEFORM 
SYMBOL 

WAVEFORM 
TABLE 

Asynchronous Data Transfer Character1st1cs: (continued) 

Next Data Out Byte Access (Parameter) T27 13.4-13 
Data In Byte Transfer (media)[l] T28 13.4-12 
Data Out Byte Transfer (media)[l] T29 13.4-13 
Next Data In Byte access (media)[l] T30 13.4-12 
Next Data Out Byte access (media)[l] T31 13.4-13 
MSG IN Byte Transfer T32 13.4-5,7 

13.4-8,14, 15 
MSG OUT Byte Transfer T33 13.4-2 
STATUS Byte Transfer T34 13.4-5,8 

'3.4-15 

*Synchronous Data Transfer Characteristics: 

Request Signal Transfer Period [2] 

TYPICAL 

<0.7 }.Is 
<60 ns 
<60 ns 
<700 ns 
<700 ns 
<0.06 /ls 

<0.06 Jls 
<0.06 fS 

(1] Maximum SCSI asynch~onous interface transfer rate is 2.0 
MB/second. Therefore, the, minimum time between two leading 
edges of Request is 500 ns. 

MAX 

1 .0 Jls 
100 ns 
100 ns 
1.0 }.Js 
1 .0 Jls 
0.1 ps 

0.1 }.Js 
0.1 }Js 

1 .0 p.s 

[2] Synchronous Transfer Period is determined by negotiations between 
an Initiator and a Drive. The Drive is capable of setting periods 
between 212 ns and 1000 ns in 40 to 44 ns increments. See also 
section 12.1.5.4. 

*Subject to change. 

(2367P) -107-



PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

14.0 COMMAND DESCRIPTIONS 

14.1 

14.1.1 

(2367P) 

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

COMMAND DESCRIPTIONS FOR ALL DEVICE TYPES 

Group 0 Commands for All Device Types 

The WREN IV implements the following Group 0 commands which 
are applicable for all device types. See Table 14.1.1-1. 
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TABLE 14.1. 1-1. GROUP 0 COMMANDS FOR ALL DEVICE TYPES 

*Byte 0 of 

14.1.1.1 

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

(2367P) 

COMMAND APPLICABLE 
OP CODE'" COMMAND NAI.~ 0 SECTION 

OOH Test Unit Ready 14.1.1. 1 
03H Request Sense 14.1.1.2 
12H Inquiry 14.1.1.3 
lCH Receive Diag. 14.1.1. S 

Results 
lDH Send Diagnostic 14.1.1.6 

Command Descriptor Block. 

Test Unit Ready (OOH) 

TABLE 14.1.1-2. TEST UNIT READY COMMAND 

7 6 S\ 4\ 3\ 21 11 0 
I I 1 I I 

0 0 0 0 0 0 0 0 

LOGICAL UNIT NO. 1 
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 

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

The Test Unit Ready command provides a means to verify 
the logical unit is ready. This is not a request for a 
self test. If the logical unit would accept an 
appropriate medium access command without returning check 
condition status. the WREN IV will return a Good status. 
For WREN IV. the flag and link bits must be zero. and the 
only valid Logical Unit Number is zero. See Table 
14.1.1-2 for proper format. 
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14.1. 1. 2 

I BIT \ 
IBYTECS) 1 
I 0 I 
I 1 
I 1 I 
I 1 
I I 
I 2 1 
I I 
I 3 1 
I I 
I 4 I 
I I 
I 5 1 
I I 

(2367P) 

Request Sense Command (03H) 

TABLE 14.1.1-3. REQUEST SENSE COMMAND 

7 6 5\ 4\ 3\ 2\ 11 0 
1 1 1 1 1 

0 0 0 0 0 0 1 1 

LOGICAL UNIT NO. 1 
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 

ALLOCATION LENGTH IN BYTES 

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

The Request Sense command (TABLE 14.1.1-3) requests that 
the WREN IV 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 peior 
command. This sense data shall be preserved by the WREN 
IV for the initiator until retrieval is requested by the 
initiator sending the Request Sense command or until the 
receipt of any other command foe 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 IV 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 IV receives a nonzero reserved bit in the 
command descriptor block. 

2. An unrecovered par i ty er ror occurs on the SCS I 
Data Bus. 

3. A WREN IV malfunction prevents return of sense 
data. 
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14.1.1. 2 

(2367P) 

continued 

If any nonfatal error occurs during execution of Request 
Sense. the WREN IV 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 IV devices for the 
initiator to receive all of the WREN IV sense data. Any 
other value indicates the maximum number of bytes that 
shall be transferred. The WREN IV shall terminate the 
Data In phase when allocation length· bytes have been 
transferred o.r when all available sense data have been 
transferred to the initiator. which ever is less. If the 
Allocation Length is zero. the WREN IV will return 4 
bytes of sense data in Extended Sense Data Format. The 
WREN IV always returns sense data in the Extended Sense 
Data Format. The Flag and Link bits in the Request Sense 
command must always be zero for WREN IV. 

Extended Sense Data Format 

WREN IV is capable of sending 18 bytes of extended sense 
data. and will send 18 bytes if the Allocation Length of 
the Request Sense Command is equal to or greater than 18 
bytes (othe.cwise. the number of bytes specified by the 
Allocation Length will be sent). The Extended Sense Data 
Format is summarized in Table 14.1.1-4. Numbe.cs in 
pa.centheses in the sense data are references to notes 
following the table. A "1" or a "0" means the data bit 
will always be logic 1 or logic O. respectively. when 
sent by a WREN IV. 
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TABLE 14.1.1-4. WREN IV EXTENDED SENSE DATA SUMMARY 

1 BIT 1 7 1 6 1 5 1 4 I 3 I 2 1 1 1 a 1 BYTE 1 1 I 1 
1-------------------------------------------------------------------\ 1 a IVALIDITY 1 1 1 1 1 a a a a 1 
liB IT ( 1 ) I ERROR CLAS S 1 ( 3 ) 1 
I 1 1 (2) 1 1 
1-------------1-----------------------------------------------------1 
1 10 a a a a a a a 1 
1 1 1 SEGMENT NUMBER (4) I 

--------------1-----------------------------------------------------1 
I 1 a 1 a 1 a I a 1 1 
1 2 1 FILEMARK 1 EOM lILI 1 I SENSE KEY (8) 1 
I 1 (5) 1 (6) 1(7) 1 1 1 

1-------------1-----------------------------------------------------1 
1 3 1 INFORMATION BYTE (MSB) ( 9 ) I 

I 4 1 I 
1 5 1 I 
1 6 1 INFORMATION BYTE (LSB) (9) 1 

1-------------1-----------------------------------------------------1 
\ 7 1 ADDITIONAL SENSE LENGTH - I 
I 1 Decimal 10 (Max) (10) 1 
1-------------1-----------------------------------------------------1 
I 8 1 1 
I 9 \ Bytes 8 - 11 are Reserved for use by 1 
\ 10 I Copy or Search commands. Will be all \ 
I 11 1 zeros. 1 

1-------------1-----------------------------------------------------1 1 12 1 ERROR CODE (11) 1 
1-------------1-----------------------------------------------------1 
1 13 1 RESERVED (All Zeros) 1 
I-------------I---------~-------------------------------------------1 
1 14 1 FRU CODE (12) \-
1-------------1-----------------------------------------------------1 
1 15 1 FPV IC/D 1 a 1 a IBPV 1 BIT POINTER (17) 1 
1 1 (13) 1(14)1 1 1(16)1 1 
1-------------1-----------------------------------------------------1 
1 16 1 FIELD POINTER (MSB) (15) 1 
! 17 1 FIELD POINTER (LSB) (lS) 1 

1-------------1-----------------------------------------------------\ 
1 18-n 1 PRODUCT UNIQUE SENSE DATA (lB) I 
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TABLE 14.1.1-4. WREN IV EXTENDED SENSE DATA SUMMARY (continued) 

(2367P) 

NOTES: 

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

(2) Error Class - "111" (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) Filemark - Always "0" for WREN IV. 

(6) EOM - End of medium indicator. Always "0" for WREN IV. 

(7) ILl Incorrect Length Indicator. The requested 
(previous command) block of data did not match the 
logical block length of the data on the medium. 

(8) Sense Key - Indicates nine (for WREN IV) general error 
categories. These are listed in Table 14.1.1-5. the 
code given in byte 12 provides additional clarifi
cation of errors. See also note 15 below for related 
information. 

(9) If the validity bit is a 1. the Information Bytes will 
contain the unsigned Logical Block Address associated 
with the Sense Key. Unless otherwise specified. 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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TABLE 14.1.1-4. WREN IV EXTENDED SENSE DATA SUMMARY (continued) 

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 that 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 for which an Illegal Reques t 
Sense 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 phase for which an Illegal 
Request Sense Key was issued. See also Note 15. 

(lS) 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 t.he 16 
bit 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) Bit Pointer Field - Indicates which bit 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 rightmost bit. 

(18) Not presently used by the WREN IV. 

14.1.1.2 continued 

(2367P) 

Table 14.1.1-S lists the Sense Keys in the extended sense 
data format that are used by the WREN IV. 
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14.1.1.2 continued 

SENSE KEY 
OH 

1H 

2H 

3H 

4H 

5H 

6H 

BH 

DH 

EH 

(2367P) 

TABLE 14.1.1-5. APPLICABLE WREN IV SENSE KEYS 

DESCRIPTION 
No Sense - Indicates there is no specific Sense Key 
information to be reported for the WREN IV. This would 
be the case for a successful command. 

Recovered Error - Indicates the last command completed 
successfully with some recovery action performed by 
the WREN IV. NOTE: For some Mode settings. the last 
command may have terminated before completing. 

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

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 IV detected a 
nonrecoverable hardware failure while performing the 
command or during a self test. This includes SCSI 
interface parity error. controller 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 IV detects an 
invalid parameter in the Command Descriptor Block. it 
shall terminate the command without altering the 
medium. If the WREN IV detects an invalid parameter in 
the additional parameters supplied as data. the WREN 
IV may have already altered the medium. 

Unit Attention - Indicates the WREN IV may have been 
reset. See Paragraph 13.1.3 for more detailed 
information about the Unit Attention Condition. 

Aborted Command - Indicates 
command. The initiator may 
trying the command again. 

the WREN 
be able 

IV aborted the 
to recover by 

Volume Overflow Indicates a buffered peripheral 
device has reached the end of 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 
CODE 
00 
01 

02 
03 
04 
08 

09 
10 

11 
12 

13 

14 
15 

17 

1B 

19 
lA 
1B 
1C 

1D 

(2367P) 

DESCRIPTION 
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 SENS.E 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 

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

ERROR 
CODE 
20 
21 

22 
24 
25 
26 
29 
2A 

31 
32 
40 
41 
42 
43 
44 

45 
47 
4B 
49 
80 
thru 
FF 

(2367P) 

DESCRIPTION 
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 type 
Illegal use of bit of byte in CDB 
Invalid LUN 
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 

Medium Format corrupted Medium error 
N~~o~S~p~a~r~e~D~e~f~e~c~t~L~o~c~a~t~i~o~n~s~~A~v~a~i~l~a~b~l~e~ ___ Medium error 
RAM 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 

Sele~tion/Reselection failure 
SCSI interface bus parity error 
Initiator detected error 
Inappropriate/illegal message 

Product Unique Error Codes 
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14.1.1.3 Inquiry Command (12H) 

I BIT 
IBYTE(S) 

7 

o 

TABLE 14.1.1-7. INQUIRY COMMAND 

6 

o 

51 
I 

o 

41 
I 

1 

31 
I 

o 

21 
I 

o 

11 
I 

1 

o 

o ! 0 
1 l----~l--~-L~O~G~I~C~A-L~U~N~I~T--N-O-.~I-------------------------------------

I 0 0 0 I o a o o o 1 ______ ~ ________________ ~I __________________________________ _ 

I 2 0 0 0 o o o o o 
1 1-----3--~-----0-----0-------0------0------0------0------0----------------

1 
1----~4--~----------~A~L~L~O~C~A~T~I~O~N~L~E~N~G~T~H~I~N~B~Y~T~E~S~-------------------

1 1----5~~----------------------------------~I-F~L-A-G~I----L-IN-K--------

1 0 0 0 0 0 01 01 0 

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

(2367P) 

In Inquiry command (Table 14.1.1-7) requests that 
information regarding parameters of the WREN IV 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 transfer red. This condition sha 11 no t be 
considered as an error. Any other value indicates the 
maximum number of bytes that shall be transferred. The WREN 
IV 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 IV's Inquiry 
Data. 

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

I BIT I 
1 BYTE(S) I 
1 a 1 
I 1 
1 1 1 
1 1 
I 2 I 
I I 
I 1 
I 3 I 
1 1 
1 4 1 
I I 

(2367P) 

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

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

The Inquiry command is implemented with the following WREN 
IV drive specific parameters: 

Flag 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 IV to the initiator is summarized in Table 
14.1.1-8 and 14.1.1-9. 

TABLE 14.1.1-8. INQUIRY DATA SUMMARY 

7 61 51 41 31 21 11 a 
I I I I I I 

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

RMB DEVICE TYPE QUALIFIER 
a (OOH) 

ISO I ECMA VERSION I ANSI VERSION 
VERSION I I 

(OH) I (OH) I (lH) 
o 1 01 01 01 RESPONSE DATA FORMAT (lH) 

I I I I 
ADDITIONAL LENGTH en) 

(lFH) 

Device Type: OOH indicates a Direct Access Device 
(i.e .• Magnetic Disk) 
7FH indicates the Requested LUN is not present. 

~ OH indicates the medium is not removable. 
Device Type Qualifier: OOH indicates this field is not 
supported. 
ISO Version: OR indicates the WREN IV does not claim 
compliance to the ISO version. 
ECMA Version: aH indicates the WREN IV does not claim 
compliance to the ECMA version. 
ANSI Version: 1H indicates compliance to the first release 
of the ANSI SCSI Standard (Le. ANSI X3.131-1986) 
Response Data Format: 1H indicates the format of the 
additional inquiry data (bytes 5-35) is compatible to the 
Common Command Set (CCS) definition. 
Allocation Length: 1FH (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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5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

TABLE 14.1.1-8. INQUIRY DATA SUMMARY (continued) 

COMMON COMMAND SET PAR&~TERS 
CDC RESERVED (12H) 
CDC RESERVED (OOH) 
CDC RESERVED (OOH) 

VENDOR IDENTIFICATION: ASCII 'C' (43H) (1] 
VENDOR IDENTIFICATION: ASCII 'D" (44H) 
VENDOR IDENTIFICATION: ASCII 'C" (43H) 
VENDOR IDENTIFICATION: ASCII "BLANK" (20H) 
VENDOR IDENTIFICATION: ASCII "BLANK" (2aH) 
VENDOR IDENTIFICATION: ASCII "BLANK" (20R) 
VENDOR IDENTIFICATION: ASCII "BLANK" (20H) 
VENDOR IDENTIFICATION: ASCII "BLANK" (201:1 
PRODUCT IDENTIFICATION: ASCII' 9 ' (39H) 
PRODUCT IDENTIFICATION: ASCII '4' (34H) 
PRODUCT IDENTIFICATION: ASCII '1' (31H) 
PRODUCT IDENTIFICATION: ASCII '7' (36H) 
PRODUCT IDENTIFICATION: ASCII '1' (31H) 
PRODUCT IDENTIFICATION: ASCII '-' (2DH) 
PRODUCT IDENTIFICATION: ASCII (2J 
PRODUCT IDENTIFICATION: ASCII "BLANK" (2aH) 
PRODUCT IDENTIFICATION: ASCII "BLANK" (2aH) 
PRODUCT IDENTIFICATION: ASCII "BLANK" (2aH) 
PRODUCT IDENTIFICATION: ASCII "BLANK" (2aH) 
PRODUCT IDENTIFICATION: ASCII "BLANK" (2aH) 
PRODUCT IDENTIFICATION: ASCII "BLANK" (ZaR) 
PRODUCT IDENTIFICATION: ASCII "BLANK" (ZOH) 
PRODUCT IDENTIFICATION: ASCII "BLANK" (ZaR) 
PRODUCT IDENTIFICATION: ASCII "BLANK" (2aH) 

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 

9 9 Headed Drive 

7 7 Headed Drive 

S S 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 (18H) 

14.1.1. S 

I BIT I 
IBYTE(S) I 

0 

1 

2 

3 

4 

5 

(2367P) 

Not Implemented. If received the WREN IV will send a "Check 
Condition" status and a Sense Key of "Illegal Request". 

Receive Diagnostic Results Command (lCH) 

TABLE 14.1.1-10. RECEIVE DIAGNOSTIC RESULTS COMMAND 

7 6 SI 4 / 3 2 1 0 
I I 

0 0 0 1 1 1 0 0 

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

I 
0 0 0 0 0 0 0 0 

ALLOCATION LENGTH IN BYTES (MSB) 

ALLOCATION LENGTH IN BYTES (LSB) 

FLAG/ LINK 
0 0 0 0 0 0 0 1 0 

I 
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14.1.1.5 continued 

(2367P) 

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 for returned diagnostic data. An 
Allocation Length of zero indicates that no diagnostic data 
shall be transferred. Any other value indicates the maximum 
number of bytes that shall be transferred. The WREN IV 
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 IV the allocation length should be at least 8 
bytes to receive all of the WREN IV 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. 

TtJREN IV is capable of sending a Diagnostic Data Byt.es per 
Table 14.1. 1-11. All FRU and er ror code de! ini t ions ace 
unique to this product and intended for CDC Factory/Field 
Maintenance personnel. 
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14.1.1.5 continued 

TABLE 14.1.1-11. CDC DIAGNOSTIC DATA BYTES 

OOH 
06H 
01H 
OOH 
OOH 
OOH 
OOH 
V.U.* 

Additional 
Lenqth: 

(2367P) 

BYTE DESCRIPTION 

o 
1 
2 
3 
4 
S 
6 
7 

Additional Lenqth (MSB) 
Additional Lenqth (LSB) 
FRU Code (most probable) 
FRU Code 
FRU Code 
FRU Code (least probable) 
Error Code (MSB) 
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 DIAGNOSTIC DATA BYTES (continued) 
(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 
leas t probable 1 is ted las t. A code of OOH 
indicates there is no FRU information and a code 
of alB indicates the entire unit should be 
replaced. Other values have product unique 
meanings. 

This two 
designating 
has failed. 
and defined 

byte value provides information 
which part of a diagnostic operation 
The byte 7 error code is vendor unique 
as follows. 

~ Vendor Unique 

(2367P) 

Diagnostic Fault Codes 

alB 
02H 
04H 
oaH 
09H 

OCH 
10H 
14H 
lBH 
20E 
30H 
34H 
40H 
41H 

42H 
43H 
60H 
70H 
BaH 
alH 
C1H 

Formatter Diagnostic Error 
Microprocessor RN~ 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 
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 

I BIT 
IBYTE(S) 
1 
I 0 
1 
1 1 
1 
I 
1 
1 2 
1 
1 3 
1 
I 
I 4 
I 
I 
I 5 
I 

(2367P) 

7 6 51 41 31 21 11 0 
I I I I I 

0 0 0 1 1 1 0 1 

1 ISELF-IDEV- I 
LOGICAL UNIT NO. I I TEST IOFL 1 UNIT OFL 

0 0 01 0 01 11 01 0 
I I I I 

0 0 0 0 0 0 0 0 

PARAMETER LIST LENGTH (MSB) 
0 0 0 0 0 0 0 0 

PARAMETER LIST LENGTH (LSB) 
0 0 0 0 0 0 0 0 

I FLAGl LINK 
0 0 0 0 0 01 0 1 0 

This command requests the WREN IV to perform diagnostic 
tests on itself. It is implemented with the WREN IV 
interpretations listed in Table 14.1.1-12. 

Parameter List Length specifies the length in bytes of the 
parameter list that shall be transferred during the Data 
Out phase. A Parameter List Length of zero indicates that 
no data out shall be transferred. This condition shall not 
be considered as an error. The parameter list is vendor 
unique and reserved for future standardization by CDC. The 
WREN IV will accept only a parameter list length of zero. 

A logical Unit Off Line (UnitOfL) bit of zero disables 
write operations on user medium or operations that affect 
user visible medium positioning. The bit is not interpreted 
by the WREN IV. 

The SCSI Device Off Line (DOfL) bit of 1 enables diagnostic 
operations that may adversely affect operations to other 
Logic Units on the same target. This bit is not interpreted 
by the WREN IV. 
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14.1.1.6 continued 

14.1.2 

The Logical Unit Off 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 IV ass ists the operat ing 
system in protecting it's resources. 

A Self Test bit of one directs the WREN IV to complete it's 
default self test. If the self test is requested, the 
Parametet List Length shall be set to zero and no data 
shall be transferred. If the self test successfully passes, 
the command shall be tetminated with a Good Condition 
status: otherwise, the command shall be tetminated with a 
cheCK condition status and. if extended sense is 
implemented. the Sense Key shall be set to Hardware Errat. 
For the WREN IV. the self test bit must be set to a 1. 

WREN IV performs only it'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 IV will 
disconnect while executing this command. 

GROUP 1 COMMANDS FOR ALL DEVICE TYPES 

WREN IV 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 (3AR) 

Not Implemented 
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14.1.2.3 Write Data Buffer Command (3BH) 

\ BIT 
\BYTE(S) 

o 

1 

2 

3 

4 

5 

6 

TABLE 14.1.1-13. WRITE DATA BUFFER COMMAND 

7 6 

o o 

LOGIC UNIT NO. 
o 0 

o 0 

o o 

o o 

o o 

o o 

5\ 
I 

1 

I 
01 

I 
o 

o 

o 

o 

o 

4\ 
I 

1 

o 

o 

o 

o 

o 

o 

3\ 
I 

1 

o 

o 

o 

o 

o 

o 

21 
I 

o 

o 

o 

o 

o 

o 

o 

11 
I 

1 

o 

o 

o 

o 

o 

o 

o 

1 

o 

o 

o 

o 

o 

o 

7 BYTE TRANSFER LENGTH (MSB) [1] 

8 BYTE TRANSFER LENGTH (LSB) [1] 

\ FLAG \ LINK 
9 o o o o o 01 0 1 0 

I I 

[1] Equal to or less than 32,772 bytes (includes a 4 byte header). 

(2367P) 

The Write Data Buffer command is used in conjunction with 
the Read Buffer command as a di~gnostic function for 
testing the WREN IV's data buffer memory and the SCSI bus 
integrity. The medium shall not be accessed during the 
execution of this command. 

The Byte Transfer Length includes a four byte header and 
the Write Data Buffer data. In WREN IV, 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 IV 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 IV 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. 
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14.1.2.3 continued 

1 BIT 
IBYTE(S) 
1 0 
I 
I 1 
I 
I 2 
I 
I 3 
I 
I 4 - n 
I 

(2367P) 

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 5\ 41 31 21 11 0 
I I 1 I 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 

0 0 0 0 0 0 0 0 

DATA TO BE WRITTEN INTO WREN IV BUFFER 
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14.1.2.4 

1 BIT 
IBYTE(S) 
1 

Read Data Buffer Command (3CH) 

TABLE 14.1.1-14b. READ DATA BUFFER CDB PARAMETERS 

7 6 5 4 3 2 1 0 

o o 1 1 1 1 o 0 1 0 
1 
1 ---1----~-----------T-N-O--.~I------------------------------------LOGICAL UNI 
I 0 0 01 o o o o 0 

I------~----------------~I~----------------------------------1 2 000 o o o o 0 

I------~~-----------------------------------------------------1 3 o o o o o o o 0 

I------~~-----------------------------------------------------1 4 o o o o o o o 0 

I------~-----------------------------------------------------I 5 o o o o o o o 0 
1 1--~6-----+-----0------0-------0----~0----~0------0------0------0----------

I------~-----------------------------------------------------I 7 ALLOCATION LENGTH (MSB) [1] 
I 
1--~8----~~A~L~L~O~C~A~T~I~O~N~L~E~N~G~T~H~{~L~SB~)~[l~]-----------------------------

1 
1--~9----~----------------------------------~IF~L~A~G~I~L~I~N-K---------

100 0 0 0 0 I 0 I 0 

I------~--------------------------------~I----~I------------
[lJ 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). 

(2367P) 

The Read Data Buffer command is used in conjunction with 
the Write Data Buffer command as a diagnostic function for 
testing the WREN IV's data buffer memory and the SCS I bus 
integrity. The medium shall not be accessed during the 
execution of this command. 

The Read Data Buffer command is implemented wi th the WREN 
IV parameters listed in Table 14.1.1-14b. 
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14.1.2.4 continued 

BIT 
BYTES 

o 

1 

2 

3 

4-n 

The Allocation Length specifies the number of bytes the 
initiator has allocated for returned Read Data Buffer data. 
An Allocation Length of zero 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 ini t ia to r for compac ison 
with the data gattern 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 IV shall terminate the Data In ghase when 
Allocation Length bytes have been transferred or rN'hen 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 

7 6 SI 41 3\ 21 1 0 
! I I I 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

AVAILABLE LENGTH (MSB) (2 ] 

AVAILABLE LENGTH (L~B) (2] 

BUFFER DATA BYTES 

(2] 32.768 Bytes 

To avoid corruption of data. it is recommended that the 
initiator issue the Reserve Unit command before the Write 
Data Buffer command and issue Release Unit command after 
the Read Data Buffer command. 
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14.1.2.4 continued 

14.1. 3 

14.1.4 

14.1. S 

(2367P) 

The Available Lenqth of data bytes ~eturned by the WREN IV 
may be up to 32,768 bytes (32,772 bytes minus 4 byte 
header) If the Allocation Lenqth of the CDB is too small to 
transfer all of the Available Lenqth, the Available Lenqth 
shall not be adjusted to reflect the t~uncation. 

Readinq will be initiated from "Byte Numbe~ 0" of the WREN 
IV data buffer. The drive will not attempt to detect 
whether buffe~ data has been chanqed between Write and Read 
Data Buffe~ commands. 

G~oups 2 th~ouqh S Commands for All Device Types 

Not implemented. A "Check Condition" status will be sent if 
received. 

Group 6 Commands for All Device Types 

Reserved fo~ CDC usaqe. Customers should not attempt to use 
these functions. If these functions are used, the users 
sto~ed data may be destroyed. 

Group 7 Commands for All Device Types 

Same as G~oup 6 Commands. 
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14.2 COMMAND DESCRIPTIONS FOR DIRECT ACCESS DEVICES 

14.2.1 

The WREN IV supports Group O. and Group 1 commands for 
Direct Access Devices. Refer to sections listed below for 
more details on these commands. 

Group 0 Commands for Direct Access Devices 

The Group 0 Commands implemented by WREN IV are listed in 
Table 14.2.1-1. 

TABLE 14.2.1-1. GROUP 0 COMMANDS IMPLEMENTED 

OPERATION 
CODE (HEX) COMMAND NAME SECTION 

00 
01 
03 
04 
07 
08 
OA 
OB 
12 
15 
16 
17 
1A 
1B 
1C 
1D 

(2368P) 

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 
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14.2.1.1 Rezero Unit Command (OlH) 

BIT 
BYTES 

0 

1 

2 

3 

4 

5 

(2368P) 

TABLE 14.2.1-2. REZERO UNIT COMMAND CDB SPECIFICATION 
(Table B.2 in CDC SCSI Spec) 

7 6 51 41 31 21 1 0 
I I I I 

0 0 0 0 0 0 0 1 

LOGICAL UNIT NO. 1 
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 IV set it 's loqical block address to zero and 
return the disk drive read/write heads to the track (or 
cylinder) containinq Loqical Block Zero. This command is· 
implemented for a LUN of zero and Flaq and Link bits of 
zero. This command is intended for systems which disable 
retries and the initiator performs error recovery. It is 
lonqer than a seek to Loqical Block Address zero and 
should. be utilized if seek errors are encountered. 

For systems that support disconnection. WREN IV 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 COMMl<.ND CDB SPECIFICATION 

I BIT 7 6 5 4 3 2 1 0 
!BYTE!S) 
I 
I 0 0 0 0 0 0 1 0 0 
I 
I IFMT 100P- I 
I 1 LOGICAL UNIT NO. I DATA ILIST I DEFECT LIST FORMAT 
1 0 0 0 l[lJ I [1] I [lJ 
I I I I 
I 2 0 0 0 0 0 0 0 0 
I 
I 3 INTERLEAVE (MSB) 
I 
I 4 INTERLEAVE (LSB) 
I (a value of OOOOH defaults to an interleave of 1) 
I 
I 5 0 0 0 0 0 0 0 0 
I 

[1] See Table 14.2.1-4 for details of values used here and their 
meanings. 

(2368P) 

The Format Unit command (Table 14.2.1-3) ensures that the 
medium is formatted so all of the user addressable data 
bloCKS can be accessed. There is no guarantee that the 
medium has or has not been altered. In addition. the medium 
may be certified and control 'structures may be created for 
the management of the medium and defects. 

The Format Unit command shall 
Conflict status (see Section 
logical unit is reserved. 
supported by WREN IV. 

be rejected with Reservation 
14.2.1.8.2) if the specified 
Extent reservation is not 

This command is implemented in WREN IV fo r a LUN of zero, 
mandatory features and a sub3et of the available optional 
features of the Common Command Set (CCS) specification and 
CDC SCSI specification as defined in the folloTliing 
paragraphs. 

WREN IV allows an initiator to specify (or not specify) 
sectors which are to be reallocated during the format 
process. The format parameters to be specified in the 
Format Unit command are defined in Table 14.2.1-3. 

-134-

'--~ 



PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

14.2.1.2 

(2368P) 

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 format 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 IV 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 Defect List Format field specifies 
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 
facilitate speed matching. An interleave value of zero 
requests that the target use it's 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 IV has implemented an optional "read look ahead" 
function which reads all of the data from the starting 
block address to the end of the last track read into it's 
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 if this "read look 
ahead" option is enabled. (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 altez:natives listed in Table 
14.2.1-4. 

P = Primaz:y Defect Type: P type flawed sectors are 
identified at the time of shipment in a list of 

.defects (pez:manent flaws) supplied by CDC and stored 
on the disk in an area that is not directly 
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 IV (or initiator) after 
shipment. 

C = Cez:tification Defect Type: C type flawed sectors are 
sectors which fail a format verify duz:ing the format 
function. 

D = Data Defect Type: D type sectors are sectors 
identified in a list supplied to the target by the 
initiator during a Data Out phase of the cuz:z:ent 
Format Unit command. The D List follows a four byte 
defect list header and is referred to as Defect 
Descriptoz: 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 
certification defects (C type) reallocated during a 
pz:evious Format Unit command. or Data Defects (D 
type) reallocated during a pz:evious Foz:mat Unit 
command or defects that have been automatically 
reallocated by the dz:ive. This (G) list is recorded 
on the WREN IV media and may be refez:enced for, the 
cuz:rent (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-Byte 1 
Bits 1 

4 3 210 
FMT CMP DEFECT 
DATA LIST LIST 

FORMAT 

o x x X X 

1 o o X X 

1 1 o X X 

1 1 100 

1 1 101 

1 o 100 

1 o 101 

COMMENTS 

Default Format: No Data Out phase occurs. WREN IV 
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 (D list) are sent by the initiator. 
WREN IV 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 IV will erase 
any previous G list. See also note (2]. 
Format with D and without G. The initiator must 
send a four byte Defect List Header followed by a 
D list of the defects that the WREN IV will 
reallocate. The D list must be in the bytes from 
Index format (see Table 14.2.1-6A). The WREN IV 
will erase any previous G list. See also Note (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 IV will reallocat.e. 
The D list must be in the Physical Sector format 
(see Table 14.2.1-6B). WREN IV will erase any 
previous G list. See also Note (2]. 
Format with D and with G: The initiator must send 
a four byte Defect List Header followed by a D 
list of the defects that the WREN IV will 
reallocate. The D list must be in the bytes from 
Index format (see Table 14.2 .1-6A). The WREN IV 
will also reallocate all sectors in the drives 
current G list. See also note [2]. 
Format with D and with G: The initiator must send 
a four byte Defect List Header followed by a D 
List of defects that WREN IV will reallocate. The 
D list must be in the Physical Sector format (see 
Table 14.2.1-6B). The WREN IV will also 
reallocate all sectors in the drives current 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) 

The defect list shown in Table 14.2.1-5 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 
14.2.1-5 the Defect List Length is equal to eight times the 
number of defect descriptors. 

TABLE 14.2.1-5. DEFECT LIST HEADER (4 Bytes) 

7 6 5 4 3 2 1 o 

o o o o o o 0 o I 0 
I 
1--~l------~~F~O~V--~ID~P~R~Y~I~D~C~R~T~I~ST~P~F~I~------~R~E~S~E~R~V~E~D-------------

I [1] I (2] I [3] I [4] I 0 0 0 o 
I I I I I 
1---2------~----~D-E~F~E~C~T~L-I-ST~L~E-N-G~T~H~(-M-S-B-)--~[-5~]-------------------

I--------~----------------------------------------------------I 3 DEFECT LIST LENGTH (LSB) [5] 

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

O-n 
DEFECT DESCRIPTORS 

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 14.2.1-6a. DEFECT DESCRIPTOR BYTES - BYTES FROM INDEX FORMAT 

0 Cylinder Number of Defect (MSB) 

1 Cylinder Number of Defect 

2 Cylinder Number of Defect (LSB) 

3 Head Number of Defect 

4 Defect Bytes from Index (MSB) 

5 Defect Bytes from Index 

6 Defect Bytes from Index 

7 Defect Bytes from Index (LSB) 

NOTES: Definitions follow Table 14.2.1-6b. 
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14.2.1. 2 

TABLE 

0 

1 

2 

3 

4 

S 

6 

7 

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 Descriptor for the Bytes from Index format 
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 IV. 

14.2.1-6b. DEFECT DESCRIPTOR BYTES - PHYSICAL SECTOR FORMAT 

Cylinder Number of Defect (MSB) 

Cylinder Number of Defect 

Cylinder Number of Defect (LSB) 

Head Number of Defect 

Defect Sector Number (MSB) 

Defect Sector Number 

Defect Sector Number 

Defect Sector Number (LSB) 

Information in this Table is repeated for each defect. 

(2368P) 

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 
specifies a sector size defect location comprised 
cylinder number of the defect. the head number 
defect and the defect sector number. 
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14.2.1.2 continued 

NOTES: 

The Defect DescJ::iptoJ::s shall be in ascending order. For 
deteJ::mining ascending oJ::deJ::. the CylindeJ:: 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 addJ::ess. 

A Defect SectoJ:: Number of FFFFFFFF (i.e .• reassign the 
entiJ::e tJ::ack) is illegal fOJ:: the WREN IV. 

Notes fOJ:: Table 14.2.1-5. 
InterpJ::etations (continued) 

Defect List Header Bit 

FUNCTION WREN IV DEFECT LIST HEADER BIT INTERPRETATIONS 

[1] I.QY 

[2] m:n 

[3] DCRT 

(4] iIll 

(5] DEFECT 
IJ..§I. 
LENGTH 

(2368P) 

If one. WREN IV interprets the DPRY. DCRT and STFP 
bits. If %eJ::o. WREN IV will check the DPRY, DCRT and 
STFP bits fOJ:: %eJ::os. 

If one. flaws in the WREN IV P list will not be 
reallocated during fOJ::matting. This means existing 
reallocations of the P list will be cancelled and no 
new reallocations made during formatting. The P list 
is retained. 

If zeJ::o. flaws in the WREN IV P list will be 
reallocated during formatting. A Check Condition shall 
be sent in the status if the P list can~ot be found by 
the WREN IV. 

If one. WREN IV will not peJ::foJ::m a veJ::ify function 
dUJ::ing fOJ::matting (thus no C list fOJ:: this fOJ::mat will 
be cJ::eated OJ:: J::eallocated). 

If zeJ::o. WREN IV will peJ::foJ::m a veJ::ify function dUJ::ing 
fOJ::matting and will J::eallocate any sector which fails 
the veJ::ify (Le.; a C list will be created and these 
flaws reallocated). 

If one. formatting will be terminated if an error is 
encountered while accessing either the P or G defect 
list. 

If %eJ::o. formatting will not be terminated if an erJ::or 
is encounteJ::ed while accessing eitheJ:: the P or G 
defect list. 

The length of any following D list (Defect 
DescriptoJ::s) must equal to 8 times the number of 
sectors to be reallocated per Table 14.2.1-6a or Table 
14.2.1-6b. 

-140-



'--.-' 

PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

14.2.1.2 continued 

NOTE: The initiator may not use any previously defined "C", "G", or 
"D" lists if the sector size (block length) has been changed. 

14.2.1.3 

I 

For systems which support disconnection, WREN lV will 
disconnect while executing the Format Unit command. 

Reassign Blocks Command (07H) 

TABLE 14.2.1-7. REASSIGN BLOCKS COMMAND 

BIT 7 6 51 41 31 21 11 0 
IBYTE(Sl I I I ! I 
1 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
\ 
\ 

(2368P) 

0 0 0 0 0 0 1 1 1 

1 LOGICAL UNIT NO. I 
0 0 0\ 0 0 0 0 0 

! 
2 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 c 

4 0 0 0 0 0 0 0 0 

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

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 
IV, 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 IV 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 issuing 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 
ISYTE 
I a 

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 tia tor to 
immediately reallocate any block (sector) which requires 
the WREN IV to recover data by data correction via ECC if 
the automatic reallocation feature of the WREN IV is not 
enabled. see Mode Select command (Section 14.2.1.7). 

For systems which support disconnection. WREN IV will 
disconnect while executing this command. 

The Reassign Blocks defect list 
a four byte header followed 
Descriptors. The length of each 
bytes. 

(Table 14.2.1-8) contains 
by one or more Defect 
Defect Descriptor is four 

TABLE 14.2.1-8. REASSIGN BLOCKS DEFECT LIST 

7 6 

a a 

DEFECT 
SI 

I 
a 

LIST 
41 

I 
a 

HEADER 
31 

I 
a 

21 
I 

a 

11 
I 

a 

a 

a 
I ________ ~~----------------------------------------------I 1 a a a a a a a a 
I 1---2~--~----~----~~~~~~~~~~~~-----------DEFECT l.IST LENGTH (MSB) 

I-------~------------------------------------------------I 3 LIST LENGTH DEFECT (LSB) 

I-------~------------------------------------------------DEFECT DESCRIPTOR(S) 

I a DEFECT LOGICAL BLOCK ADDRESS (MSB) 

I-------~~----------------------------------------------I 1 DEFECT LOGICAL BLOCK ADDRESS 

I------~-----------------------------------------------I 2 DEFECT LOGICAL BLOCK ADDRESS 

DEFECT LOGICAL BLOCK ADDRESS (LSB) 
I 
~----3-----~------~~-----------------------------------------

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

(2368P) 

The Defect List Length specifies the total length in 
bytes of the Defect Descriptors that follow. The Defect 
List Length is equal to four times the number of Defect 
Descriptors. 

-142-



'--, 

PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 7776S338-A 

14.2.1.4 

I 

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. 

Read Command (08H) 

TABLE 14.2. 1-9. READ COMMAND 

BIT 7 6 5 4 3 2 1 0 
I BYTE 
I 
I 
I 
I 

. I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(2368P) 

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 IV 
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 

(2368P) 

continued 

Read data transfers with the initiator will not begin 
until at least one full sector of data is available in 
the WREN IV data buffer. For mul tiple 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 IV will 
disconnect when a valid Read command is received by the 
WREN LV. WREN IV 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 IV will not 
disconnect unless an internal error recovery procedure is 
required or the data transfeJ: to an initiator will be 
interJ:upted for mOJ:e than 1 millisecond. 

The initiator must accept all data pJ:esented to the 
initiator afteJ: sending this command until the WREN IV 
sends Completion Status during a Status phase. (Note the 
WREN IV may disconnect and reconnect while ex.ecuting this 
command and the initiator may prematurely teJ:minate 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 executed 
and Completion Status is sent. If the Address Valid bit 
in the Sense Data is true (1), the Sense Data Logical 
Block Address (InfoJ:mation bytes) will point to the last 
Loqical Block accessed by the WREN IV. If the AddJ:ess 
Valid bit in the Sense Data is false (0), the Sense Data 
Logical Block Address bytes are not valid. 

The WREN IV contains a track buffer and implements an 
optional "read look" ahead function wheJ:eby all data from 
the startinq Loqical Block Address co the end of the 
physical track is J:ead into che buffer regardless of the 
transfer length in the CDB specified. This data is 
available for subsequent sequential disk reads -"without 
havinq co access the disk medium for increased 
performance. 

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 J:ead. 
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'----- 14.2.1.4 continued 

If any of the following conditions occur, this command shall 
be terminated with a Check. Condition stat-us, 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. S Wr i te Command (OAH) 

TABLE 14.2.1-10. WRITE COMMAND 

1 BIT 1 7 6 1 s 1 41 31 21 11 0 
IBYTE{S) I I I I I I I 
I 
I 
I 
1 
I 
I 
I 
1 
1 
1 
1 
1 
1 
1 

0 1 0 0 0 0 1 0 1 0 
I , 

1 ILOGICAL UNIT NO. I LOGICAL BLOCK ADDRESS (MSB) 
I 0 0 0 
I 

2 1 LOGICAL BLOCK ADDRESS 
I 

3 I LOGICAL BLOCK ADDRESS (LSB) 
I 

4 I TRANSFER LENGTH 
I 

s 1 I FLAG 1 LINK 
1 0 0 0 0 0 01 o I 0 
I I I 

The Write command (Table 14.2.1-10) requests that the WREN 
IV write, to the medium, the data transferred by the 
initiator. 

The Logical Block. Address specifies the logical block. at 
which the write operation shall begin. 
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14.2.1.5 continued 

(2368P) 

The T~ansfer 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. 

For a valid Write command WREN IV initiates requests for 
wr i te da ta before disconnect ing and before ini t ia t ing any 
required seek function specified for this command. 

For systems which support disconnection. WREN IV will 
disconnect when any internal error recovery procedure is 
required. or the data transfer with the initiator will be 
interrupted for more than 1 millisecond. or if the WREN lV's 
internal data buffer is full. After a disconnect the WREN IV 
will reconnect 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 requested write data to the drive 
until the drive sends Completion status during a Status 
phase or until the initiator Resets/Aborts the command. 
(Note: the drive may disconnect and reconnect while 
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. 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. 
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14.2.1.5 continued 

CONDITION 

Invalid Logical Block Add~ess 

Ta~get reset since last command 
f~om this initiato~ 

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 Add~ess 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 

I BIT 7 6 51 41 31 21 1\ 0 
IBYTE{Sl I I ! I I 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(2368P) 

0 0 0 0 0 1. 0 1 1 

1 LOGICAL UNIT NO. I LOGICAL BLOCK ADDRESS (MSB) 
0 0 0\ 

I 
2 LOGICAL BLOCK ADDRESS 

3 LOGICAL BLOCK ADDRESS (LSB) 

4 0 0 0 0 0 0 0 0 

5 \ FLAG \ LINK 
0 0 0 0 0 0\ 0 \ 0 

I I 

The Seek command (Table 14.2.1-11) requests that the WREN 
IV seek to the specified logical block address. 

Fo~ WREN IV. 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 IV media contain 
implied seek addresses. 

-147-



PRODUCT SPECIFICATION - WREN IV SCSI MODEL 94171-344 77765338-A 

14.2.1.6 continued 

E'or systems which support disconnection, the WREN IV 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 ~i~ode Se lect Command (15H) 

TABLE 14.2.1-12. MODE SELECT COMMAND 

I BIT 7 6 51 41 31 21 11 0 
lBYTE(S) I I I I I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

(2368P) 

c 0 0 0 1 0 1 0 1 

1 LOGICAL UNIT NO. 1 PF 1 I SMP 
0 0 01 I 0 0 01 0 

I I I 
2 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 

4 PARAl.'II1ETER LIST LENGTH 

5 I FLAG I LINK 
0 0 0 0 0 01 0 I 0 

I I 

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 IV. For a WREN IV, 
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) comp 1 ies 'Ni th the Page Forma t. 
The PF bie, when set to zero, indicates the data sent after 
the Mode Select Header and the Block Descriptors (if any) 
are vendor unique. The WREN IV will always interpret the PF 
bit to a one. 
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14.2.1.7 

(2368P) 

continued 

The Save Mode Parameters (SMP) bi t. when set to one. 
requests that the WREN IV 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 IV 
must update the Current mode values with parameters 
in.cluded with this command. save the Current values of 
t~e savable parameters. and report Good status only after 
t~e save operation is completed. The Saved parameters 
sl1.all 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 specifies the length in bytes 
0: the Mode Select parameter list that shall be 
transferred during the Data Out phase. A Parameter List 
Length of zero indicates that no data 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 IV. 

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 IV drive are shown in Table 14.2.1-13. 
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14.2.1.7 continued 

I BIT 
IBYTE(S) 
I 
I 0 

TABLE 14.2.1-13. MOn:E! SELECT PARk""ETER LIST 

7 6 541 3 2 1 o 
I I 
RESERVED 

o o o 0 0 o o a 
I ________ ~-------------------------------------------------I 1 

o o 
MEDIUM TYPE 

000 o o o I 
I 1--~2------~------------------R~E~S-"E~R-V~E~D-------------------------
I 0 0 0 0 0 o o o 

I--------~-------------------------------------------------I 3 BLOCK DESCRIPTOR LENGTH 
I EITHER 0 OR 8 (DECIMAL) 

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

o 

1 

2 

3 

4 

5 

6 

7 

8 - n 

NOTES: 

(2368P) 

o 

o 

o 

o 

a 

BLOCK DESCRIPTOR 

DENSITY CODE 
o o 0 0 o o a 

NUMBER OF BLOCKS (MSB) 
a o 0 0 0 o o 

NUMBER OF BLOCKS 
a o 0 0 o o o 

NUMBER OF BLOCKS (LSB) 
o o 0 0 0 o o 

o o o o o o o 

BLOCK LENGTH (MSB) 

BLOCK LENGTH [2 ] 

BLOCK LENGTH (LSB) 

PARAMETER INFORMATION (3 ] 

MODE SELECT PAGE HEADERS AND THEIR PARk""ETERS 
(TABLE 14.2.1-1S2 

[1] 

[lJ All zeros to signify only one block size for the 
entire LUN. 

[2] Set to desired sector size before a Format. (Valid 
values are 256 to 4096.) 

[3] See Mode Sense Command. 
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14.2.1.7 continued 

BIT 
BYTE 

o 
1 

2-n 

(2368P) 

The medium type field shall be OOH to define the default 
type di~ect 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 Descriptor 
Length of zero indicates that no block descriptor shall be 
included in the parameter list. 

Each Block Descriptor specifies the medium characteristics 
for all or part of a logical unit. Each Block Descriptor 
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 IV. 
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 specifies 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 14.2.1-14. MODE SELECT PAGE DESCRIPTOR HEADER 

7 6 

o o 

51 4 I 3 2 
I I 

PAGE CODE 
PA.GE T .. ENGTH 
MODE PARAMETERS 

11 
I 

I 0 
I 

Each page of mode parameters 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 
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 IV only verifies Mode Select Data that is defined 
as changeable by the drive. The WREN IV supports the 
following Page Codes: 

Page Code 
OlH 
02H 
03H 
04H 
3aH 

Description 
Error Recovery parameters 
Disconnect/Reconnect Control parameters 
Format parameters 
Rigid Disk Drive Geometry parameters 
Cache Control Parameters 

The initiator shall issue a Mode Sense command requesting 
the WREN IV to return all pages with changeable values (see 
PCF field description for 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 summarizes the number of bytes and 
changeability status of the Mode Select parameter list for 
the WREN IV. The detail information can be ojtained 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 
Riqid Disk Drive Geometry Header 
Rigid Disk Drive Geometry Parameters 
Cache Control Header 
Cache Control Parameters 

NUMBER OF BYTES CHANGEABLE BY 
(Decimal} [lJ INITIATOR 

4 NO 
8 or 0 SOME 

2 NO 
6 SOME 
2 NO 

10 SOME 
2 NO 

22 SOME 
2 NO 

18 NO 
2 NO 

14 SOME 

[1] 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 7 6 S 1 4 3 2 11 a 
IBYTE!Sl I I 
1 
1 a a a a 1 a 1 1 a 
1 
I 1 LOGICAL UNIT NO. 13rd I 3rd PRTY DEV. ID EXTE~~T ' 
I \PRTY I 
I a a 010 or 1 I [1] a 
I I [1] I 
1 2 RESERVATION IDENTIFICATION 
1 a a a a a a a a 
1 
1 3 EXTENT LIST LENGTH (MSB) 
1 a a a a a a a a 
1 
1 4 EXTENT LIST LENGTH (LSB) 
1 a a a a a a a a 
1 
1 S 1 FLAG LINK 
1 a a a a a a 10 a 
I I 

[1] If bit 4 is zero, bits 3, 2, and 1 are zeros. If bit 4 is one, 
bits 3, 2, and 1 identify the SCSI device ID for which the drive 
is 

(2368P) 

to be reserved. 

The Resecve command (Table 14.2.1-16) is used to reserve 
loqical units. If the thicd pacty ceservation option is 
implemented, the loqical unit may be cesecved for another 
specified SCSI device. The Reserve and Release commands 
provide the basic mechanism for contention resolution in 
multiple initiator systems. 

This command is implemented by WREN IV for an Entice Unit 
Resecve with Thicd Pacty Resecve suppocted and with the 
WREN IV specific parameters shown in Table 14.2.1-16. 
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14.2.1.8.1 Logical Unit Rese~vation 

If the Extent bit is ze~o. this command shall ~equest the 
enti~e logical unit (WREN IV d~ive) be ~eserved fo~ 
exclusive use of the initiator until the ~ese~vation is 
supe~seded by anothe~ valid Rese~ve command from the 
initiato~ that made the ~ese~vation. released by a 
Release command f~om the same initiator. by a Bus Device 
Reset message f~om any initiator. or by a "ha~d" Reset 
condition. A logical unit reservation shall not be 
granted if any extent or 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 cur~ently ~ese~ved by that initiato~. If the 
Extent bit is ze~o, the Reservation Identification and 
the Extent List Length shall be igno~ed. If the Extent 
bit is a one, the WREN IV will gene~ate Check Condition 
status and set the sense key to illegal ~equest. 

If. afte~ hono~ing the rese~vation. any other initiator 
subsequently attempts to perform a command other than a 
Release command. which shall be ignored. or an Inquiry 
command. which shall be executed. or a Request Sense 
command. which shall be executed. the command shall be~' 
rejected with Reservation Conflict status. 

14.2.1.8.2 Extent Rese~vation 

(2368P) 

WREN IV does not suppo~t Extent ~ese~vations. This bit 
must always be ze~o. Since the Rese~vation Identification 
byte and the Extent List Length a~e valid only for extent 
rese~vations. WREN IV will ignore these fields. 
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14.2.1.8.3 Third Party Reservation· 

WREN IV 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 multiple 
initiator systems which use the Copy command. WREN IV 
shall also implement the third party release option (see 
Section 14.2.1.9.3). 

If the third party (3rdPty) 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 iIi 
the third party device ID field. The WREN IV 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 
initiator. or a "hard" Reset condition. The WREN IV shall 
ignore any attempt to release the reservation made by any 
other initiator. 

14.2.1.8.4 Superseding Reservations 

(2368P) 

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 ID 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 
IBYTE(S) 
I 0 
I 
I 1 
I 
I 
I 2 
I 
I 3 
I 
1 4 
1 
I 5 
I 
I 

[lJ Same as 

Release Command (17H) 

TABLE 14.2.1-17. RELEASE COMMAND 

7 6 51 4 3 2 11 0 
I 1 

0 0 0 1 0 1 1 1 

LOGICAL UNIT NO. I 3rd[111THIRD PRTY DEV. ID. I EXTENT 
0 0 01 PRTY I [1] I 0 

I o or 11 I 
RESERVATION IDENTIFICATION 

0 0 0 0 0 0 0 0 
EXTENT LIST LENGTH (MSB) 

0 0 0 0 0 0 0 0 
EXTENT LIST LENGTH (LSB) 

0 0 0 0 0 0 0 0 
I FLAG LINK 

0 0 0 0 0 0 I 0 0 
1 

Note 1 for Reserve Command. Section 14.2.1.8. 

The Release command (Table 14.2.1-17) 
previously reserved logical units. It 
an initiator to att.empt to release a 
not currently active. In this case, 
Good status without altering any other 

is used to re lease 
is not an error for 
reservation that is 
the target returns 
reservat.ion. 

The command is implemented by WREN IV for an Entire Unit 
Release and Third Party Release supported with the \-lREN 
IV specific parameters listed in Table 14.2.1-17. 

In t.he CDB the LUN must be zero, and the Extent, Flag and 
Link bits must be zero. 

14.2.1.9.1 Logical Unit. Release 

If the extent. bit is zero, the Release command shall 
cause the WREN IV to terminat.e all reservations from the 
initiator to the WREN IV. 

14.2.1.9.2 Ext.ent Release 

(2368P) 

The WREN IV does not support extent reservations. This 
bit must. always be zero. Since the Reservation Identifi
cation byte is valid only for extent reservations, WREN 
IV will ignore this byte. 

1 .. ". 
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14.2.1.9.3 Third Party Release 

WREN IV supports the third party release option. The 
third party 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 party (3rdPty) bit is zero. the third party 
re lease option is not reques ted. If the 3 rdPty bi t is 
one. the WREN IV shall release the specified logical 
unit. but only if the reservation was made using the 
third party reservation option by the initiator that 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) 

I BIT 1 
IBYTE(S) I 
1 0 1 

TABLE 14.2.1-18. MODE SENSE COMMAND 

7 6 

o o 

S 1 
I 

o 

4 3 2 

1 1 o 

11 
I 
1 

a 

a 
I ______ ~I~~~~~~~~-----------------------------1 1 1 LOGICAL UNIT NO. 1 
1 1 0 0 01 o o o a o 
I I I 
1----2--~I--~P~CF~----~----~~P~A~GE~C~O~D~E~--------------------

I I{See Table (See Table 14.2.1-20) 
1 ______ ~1~1~4~.~2~.~1--1~9~)~~------------------------------------
131000000 o a 
I------~I------------~--~=-~~~=-------------------I 4 1 ALLOCATION LENGTH 
1 I (See Table 14.2.1-20) 
I--~S--~I-------------~~~~~~~~~~--~IF~L~A~G~-L~I~N~K~ 

I 1 0 0 0 0 0 0 10 a 1 ______ ~1 __________________________________ 1~ __ ~ __ ___ 

(2368P) 

The Mode Sense command provides a means for a WREN IV to 
report it I S 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 IV with the following 
drive spe,cific parameters: 
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14.2.1.10 continued 

PCF BIT 
7 
o 

o 

1 

1 

(236BP) 

CDB Specification 

The LUN must be zero. and the Flag and Link bits must be 
zero. See Table 14.2.1-1B. 

The content of Mode Parameter bytes is determined by the 
va lue of the PCF (Page Contra l Fie Id) bi ts spec if ied in 
CDB byte 2, bits 6 & 7. The WREN IV 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 

_6_ 
o Return Current values. The Current values are the 

values currently being used by the WREN IV to control 
it's operation. After a Power On Reset. a hard Reset. 
or a Bus Device Reset messag. 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 that parameter ends with 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. Each returned parameter byte shall co·ntain 
ones where a field or bit may be changed and zeros 
where a field or bit may not be changed. 

o 

1 

Return 
values 
values 
values 

Default values. The Default values are the 
to which the WREN IV will set the Current 
after a reset condition unless valid Saved 

are available. 

Return Saved values. The saved values are the values 
the WREN IV 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 it's normal values 
regardless of the value of the PCF. Unsupported fields or 
bits within a page will be returned as zeros for all PCP 
values. 
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14.2.1.10 continued 

(2368P) 

The Page Code allows the initiator to select one or all 
of the pages of Mode parameters supported by the target. 
Page Codes which are supported by WREN IV are summarized 
here (see Table 14.2.1-20): 

Page Code 

OOH 

01H 
02H 
03H 
04H 

OSH - 37H 
038H 

39H-3EH 
3FH 

Description 

Product Unique. Not used. If received. 
WREN IV will only return the four 
header and 8 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 IV shall terminate the Data In phase when allocation 
length bytes have been transferred or when all available 
Mode Sense data has been transfer red to the ini t ia tor. 
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 IV 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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14.2.1.10 continued 

TABLE 14.2.1-20. MODE SENSE CDB SETUP 

CDB PAGE CODE LENGTH (DECIMAL) MODE SENSE "DATA" RETURNED 

(CDB Byte 2.Bits 5-0 

OOH 12 

01H 20 

02H 24 

03H 36 

04H 32 

38H 28 

3FH 92 

4 bytes of Mode Sense Header and 
8 bytes of Block Descriptor Data 

4 bytes of Mode Sense Header 
8 bytes of Block Descriptor Data 
2 bytes of Error RecoveJ:Y Header 
6 bytes of Error RecoveJ:Y 

Parameters (1] 

4 bytes of Mode Sense Header 
8 bytes of Block Descriptor Data 
2 bytes of Disconnect/Reconnect 
Control Header 
10 bytes of Disconnect/Reconnect 
Control PaJ:ameters (1] 

4 bytes of Mode Sense Header 
8 bytes of Block Descriptor Data 
2 bytes of Format ContJ:ol Header 
22 bytes of Format Parameters [1] 

4 bytes of Mode Sense Header 
8 bytes of Block Descriptor Data 
2 bytes of Rigid Disk Drive 

Geometry Header [1] 
18 bytes of Rigid Disk Drive 

GeometI:Y PaI:ameters 

4 bytes of Mode Sense HeadeI: 
8 bytes of Block DescriptoI: Data 
2 bytes of Cache Control 

PaI:ameter Page Header 
14 bytes of Cache Control 

Parameter Data [1] 

4 bytes of Mode Sense Header 
8 bytes of Block Descriptor Data 
80 bytes of Headers and 
parameter data for 01H, 02H 03H 
04H and 38H Page Codes. [1] 

[1] See PCP description for Mode Sense CDB (Table 
14.2.1-18). 

(236BP) 

WREN IV returned values of Mode Sense Header and Block 
Descriptor Data are defined in Table 14.2.1-21. 
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14.2.1.10 continued 

TABLE 14.2.1-2l. MODE SENSE DATA 

I BIT 'I 7 I 6 I 51 41 31 21 11 0 
IBYTE(S) I I I I I I I I 
1 0 1 SENSE DATA LENGTH 
I 1 "LENGTHII ENTRY OF TABLE 14.2.1-20 MINUS ONE (1] 
1 I 
1 1 MEDIUM TYPE 
1 1 I 0 0 0 0 0 0 0 0 (2 ] 
1 I 
1 2 I WP 1 RESERVED 
1 I 0[3]1 0 0 0 0 0 0 0 
1 I I 
1 3 I BLOCK DESCRIPTOR LENGTH (8 decimal) 
1 1 0 0 0 0 1 0 0 0 (4] 
I I 

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 MODE SENSE PAGE HEADERS AND THEIR 
PARAMETERS (See Table 14.2.1-22) 

See following page for notes. 
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14.2.1.10 continued 

Notes for Table 14.2.1-21 Mode Sense Data (continued) 

(lJ The Sense Data Length specifies the length in bytes of 
the following Mode Sense data that is available to be 
transfer red dur ing the Data In phase. The Sense Da ta 
Length does not include itself. 

[2J WREN IV supports only OOR (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 IV will always return a 
zero in this bit. 

[4] The Block Descriptor Length specifies the length in 
bytes of the Block Descriptor. It is equal to the 
number of bytes in the Block Descr i pta r (8) and does 
not include the page headers and mode parameters, if 
any. WREN IV will send one Block Descriptor. 

Each Block Descriptor specifies the medium 
c ha r act e cis tic s for a 11 0 cpa r t 0 f a log i cal un it. 
Each Block Descriptor contains a Density Code, a 
Number of Blocks, and a Block Length. 

(5] WREN IV supports only OOR (default dens i ty) in the 
Density Code field. 

[6 J The Number of Blocks field specif ies the number of 
logical blocks of the medium that meets the Density 
Code and Block Length in the Block Descriptor. A 
Number of Blocks of zero indicates that all of the 
remaining logical blocks of the logical unit have the 
medium Characteristics specified by the Block 
Descriptor. The WREN IV 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 befoce 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 I 7 I 6 51 41 31 21 11 0 
IBYTE(S) I I I I I I I , 

I 
I 
I 
I 
I 
I 

(1] 

(2368P) 

0 I PS 
10 or 

1 I 
I 

2-n I 
1 

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 Descr iptor 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 
IV. 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 within 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 IV 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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14.2.1. 10 continued 

TABLE 14.2.1-23. ERROR RECOVERY PAGE 

PAGE DESCRIPTOR HEADER 
1 BIT 7 1 6 1 s 1 4 1 3 1 2 
IBYTECS) I I I I I 
lOPS 1 1 PAGE CODE 
1 1[1]1 0 1 0 0 0 0 

1 I . 0 
I 

(1 Decimal) 
o 1 

77765338-A 

I ____________ ~----------~I----------~I------------------------------------~--------------
1 1 PAGE LENGTH (BYTES) - 6 Decimal 
1 0 0 0 0 0 1 1 0 
I------~----------------------------------------------------------------------------------ERROR RECOVERY PARAMETERS 
1 2 AWRE 1 ARREI TB RC I EECI PERI DTEI DCR 
1 DEFAULT 1 0 I 0 1 0 1 0 I 0 1 0 1 0 1 0 (3] I 
I~-------I------I-----I-----I-----I-----I-----I-----I---------------1 
1 CHANGE- I 1 1 I 1 1 1 1 I 
1 ABLE [2 J 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 I I I I I I I I 1 
1 3 1 RETRY COUNT 1 
IDEFAULT 1 0 0 1 01 11 1 1 0 1 1 1 1 27 1 
1 1 1 1 1 1 1 1 1 Dec ima 1 1 
1--------1------1-----1-----1-----1-----1-----1-----1---------------1 
1 CHANGE- 1 1 1 1 1 1 1 1 I 
I ABLE [2] I 1 1 1 1 11 11 11 11 11 1 [4] 1 
1 I I I I I I I I I 
I 4 1 CORRECTION SPAN (bits)- 11 Decimal 1 
1 DEFAULT 1 0 I 0 1 0 I 01 11 01 11 1 [5] 1 
1--------1------1-----1-----1-----1-----1-----1-----1---------------1 
ICHANGE- 1 0 1 0 I 01 0\ 01 01 01 0 1 
I ABLE [2] \ 1 \ 1 \ 1 1 1 1 
I I I I I I I I I 1 
1 S \ HEAD OFFSET COUNT 1 

IDEFAULT \ 0 1 0 1 0\ 01 01 01 01 0 [6] 1 
1--------1------1-----\-----1-----1-----1-----1-----1---------------1 
1 CHANGE- 1 1 1 I 1 1 1 1 1 
1 ABLE (2] 1 0 1 0 1 01 0 1 0 1 0 1 0 1 0 1 
1 I I I I I I I I 1 
I 6 1 DATA STROBE OFFSET COUNT 1 
1 DEFAULT 1 0 1 0 1 01 01 01 01 01 0 [7 J 1 
1--------1------1-----1-----1-----1-----1-----1-----1---------------1 
1 CHANGE- 1 1 1 1 1 1 1 1 I 
1 AB LE (2] 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 I I I I I I I I 1 
1 7 1 RECOVERY TIME LIMIT 1 
1 DEFAULT 1 1 "I 1 1 11 11 11 11 11 1 [ 8 ] 1 
1--------1------1-----1-----1-----1-----1-----1-----1---------------1 
1 CHANGE- 1 1 1 1 1 1 I 1 1 
1 ABLE [2] 1 0 1 0 1 01 01 01 01 01 0 1 
I· I I I ! I I I I 1 

See following pages for notes. 
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14.2.1.10 

(2368P) 

continued 

Notes fo£ Table 14.2.1-23. E££o£ Recove£y Page. 

[1] The £etu£ned PS (Pa£amete£ Savable) bit of 1 indicates 
that page 01H pa£amete£ data is savable. 

[2] A value of ze£o means this bit function is not directly 
changeable by an initiato£. a value of 1 means the bit 
function is directly changeable by an ini tia tor. (See 
Mode Select Command) 

[3] The Automatic W£ite Reallocation of defective data 
blocks Enabled (AWRE) bit. whea set to one. allows the 
WREN IV to automatically £elocate bad blocks detected 
du£ing write ope£ations. This function doesn't apply to 
the Format Unit command. When set to zero. the WREN IV 
shall not perform automatic reallocation but shall 
create Check Condition status with Sense Key of Medium 
Er£or instead. 

The Automatic Read Reallocation of defective data 
blocks Enabled (ARRE) bit. when set to one. allows the 
WREN IV to automatically relocate bad blocks detected 
during read operations. When set to zero. the WREN IV 
shall not perform automatic reallocation but shall 
create Check Condition status with Sense Key of Medium 
Erro£ 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 IV to transfer the requested data length 
without adding delays (for retries or ECC correction) 
which may be required to ensure data integrity. The 
WREN tv may send erroneous data in order to maintain 
the continuous flow of data. This bit shall override 
the 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 IV to apply ECC correction as soon as 
possible. before the retry count is exhausted. Seek 
error retr ies are not affected by this bit. When this 
bit is set. the DCR bit must be zero. When the EEC bit 
is set to zero, the WREN IV 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 

(2368P) 

The Post Error (PER) bit. when set to one. indicates 
the WREN IV will report Check Condition status and 
appropriate Sense Key for any recovered 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 ~ecovery Flags 
will not be reported. Any unrecoverable errors will be 
reported. 

The Disable Transfer on Error (DTE) bit is valid only 
when the PER bit is set to one. When the DTE bit is 
set to one. it indicates the WREN IV will terminate 
data transfer even for recoverable errors. The setting 
of the TB bit 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 (DCR) bit. when set to one, 
. indicates ECC correction shall not be applied to the 
data even if correction is possible. When set to zero. 
Ece correction shall be applied if correction is 
possible. 

(4 J The Retry Count is the maximum number of times the 
WREN IV will attempt it's 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 bit is set then the 
number of retries specified by the Retry Count. up to 
a :uaximum of nine retries. will be performed before 
ECC is applied. 

(S] The Correction Span is the size of the largest read 
data error. in bits. on which ECC correction will be 
attempted. Errors longe"r than this span (11 decimal) 
are reported as unrecoverable. 
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Notes for Table 14.2.1-23. Error Recovery Page (continued) 

(2368P) 

[6] The WREN IV Head Offset Count is a default of zero and 
not changeable to signify that this feature is not 
programmable by the initiator. Head offsets will be 
performed as part of the WREN lV's retry algorithms. 

[7] The WREN IV Data Strobe Offset Count is a default of 
zero and not changeable to signify that this feature 
is not programmable by the initiator. Data Strobe 
Offsets will be performed as part of the WREN IV's 
retry algorithms. 

[8] A Hex FF indicates that the Recovery Time Limit is 
unlimited. 

Disconnect/Reconnect Control Page 

The WREN IV Disconnect/Reconnect Page implementation is 
defined in Table 14.2.1-24. This table summarizes 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 6 51 41 31 21 11 ° BYTE(S) I I 1 1 1 1 

° PS I PAGE CODE 
1 (1 ] I a a a ° ° 1 a 

I 
t 

1 PAGE LENGTH (10 Decimal) 

° ° ° ° 1 ° a 

DISCONNECT/RECONNECT CONTROL PARAMETERS 

I 2 I BUFFER FULL RATIO I 
L Q.EE.AY,LI __ 1 __ Q.L _ Q. 1 __ 01 __ 01 __ 01 __ 11 __ 01 __ 0 ________ I 
ICHANGEABLE[2JI 11 1 I 11 '1 11 11 11 , I 
I 3 1 BUFFER EMPTY RATIO 1 
L Q.EE.AY,LI __ L _ Q.I __ Q.L __ 01 __ 01 __ 01 __ '1 __ 01 __ 0 ________ 1 

ICHANGEABLE[21I '1 11 11 '1 11 1 I '1 1 1 
I 4 I BUS INACTIVITY LHUT (MSB) 1 
L Q.EE.A!!LI __ 1 __ Q. __ Q. ___ 0 ___ 0 ___ 0 ___ 0 ___ 0 ___ 0 ________ 1 
ICHANGEABLE[21I 0 0 0 0 ° ° 0 0 I 
1 5 I BUS INACTIVITY LIMIT (LSB) (10 Decimal) I 
1_ Q.EE.AY,LI __ L _ Q. __ Q. ___ 0 ___ 0 ___ , ___ 0 ___ , ___ 0 ______ [1]_ 1 
I CHANGEABLE[ 211 0 0 0 0 ° 0 0 0 1 
1 6,7 I DISCONNECT TIME UN IT I 
1_ Q.EE.AY,LI __ L _________ Q. Q. Q. Q. li _________________ I 
ICHANGEABLE[211 0 ° 0 0 H 1 
1 8,9 I CONNECT TIME LIMIT I 
1_ Q.EE.AY,LI __ 1 __________ Q. Q. Q. Q. li _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 
ICHANGEABLEf211 a a a a H I 
I 10,11 I RESERVED I 
1_ Q.EE.AY,LI[~l_l __________ Q. Q. Q. Q. li _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I 
ICHANGEABLE[2JI ° 0 a a H I 

(2368P) 

[1] The PS (Pacameter Savable) bit of 1 indicates that 
the page 02H parameter data is savable. 

[2] 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.) 

[3] 1 millisecond 
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14.2.1.10 continued 

(2368P) 

Both the ratio parameters are the numerator of a 
fractional multiplier that has 256 as it's denominator. 

The Buffer Full Ratio indicates. on Read commands. how 
full the WREN IV's buffer shall be before reconnecting. 
The WREN IV wi 11 round up to the neares t who le logica 1 
block. This value is changeable by an initiator. 

The Buffer Empty Ratio indicates. on Write commands. how 
empty the WREN IV's buf fer sha 11 be before reconnect ing 
to fetch more data. The WREN IV. 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 IV is 
allowed to assert the Busy signal without handshakes 
until it shall disconnect. The WREN IV may round down to 
it's nearest capable value. The value of ten indicates 
the WREN IV 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 
IV shall remain disconnected until it shall attempt to 
reconnect. A value of zero indicates the WREN IV is 
allowed to reconnect immediately. For WREN IV. 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 IV is 
allowed to remain connected indefinitely until it 
attempts disconnection. 

Format Parameters Page 

The WREN IV 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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BIT 
BYTE~Sl 

a 

1 

2,3 1 
1_ 12,EtAy'LT I 
1 CHANGEABLE ! 
1 4,5 1 
1_ 12,EtAy'L! I 
1 CHANGEABLE ! 
I 6,7 1 
1_ 12,EtAy'L! 1 
I CHANGEABLE ! 
I 8,9 1 

1 DEFAULT 1 
1 CHANGEABLE I 
1 10,11 I 
1_ 12,EtAy'L! 1 
ICHANGEABLE! 
1 12,13 1 
1_ 12,EtAy'L! 1 
1 CHANGEABLE I 
I 14,15 1 
1_ JlEtAy'L! 1 
I CHANGEABLE I 
1 16,17 1 
1_ JlEtAy'L! 1 
1 CHANGEABLE I 
I 18,19 1 
1_ JlEtAy'L! 1 
ICHANGEABLE! 
1 20 1 
1 DEFAULT 1 
1- ____ 1 
1 CHANGEABLE I 
1 21,22,23 1 
1_ 12,EtAy'L! 1 
I CF.ANGEAB LE I 

(2368P) 

TABLE 14.2.1-25. FORMAT PARAMETER PAGE 

PAGE DESCRIPTOR HEADER 
7 1 6 51 41 31 21 11 a 

I I I I I I 
PS(l]1 PAGE CODE (3 Decimal) 

1 I a a a a a 1 1 
PAGE LENGTH ( 22 Decimal) 

a a a 1 a 1 1 0 
FORMAT PARAl.'-mTERS [1] 

TRACKS PER ZONE (MSB) 
_________ Q Q Q 1. i~X.l _ _ _ _ _ _ _ _ Lf.] _ 

F F F F (HEX) 
ALTERNATE SECTORS PER ZONE 

_________ Q Q Q 1. i~X.l _ _ _ _ _ _ __ 131 _ 
a OFF (HEX) 

ALTERNATE TRACKS PER ZONE 
_________ Q Q Q Q i~X.l ________ 141 _ 

o a a a (HEX) 
ALTERNATE TRACKS PER VOLUME 

_________ Q Q X X i~X.l ________ 151 _ 
F F F F (HEX) 

SECTORS PER TRACK 
_________ Q Q X X iH~X.l ________ 161 _ 

a a a 0 (HEX) 
DATA BYTES PER PHYSICAL SECTOR 

_________ Q ~ Q Q iH~X.l ______ 0 __ 171 _ 
o a 0 0 (HEX) 

INTERLEAVE 
_________ Q Q Q 1. iH~X.l ________ 181 _ 

a 0 a 0 (HEX) 
TRACK SKEW FACTOR 

_________ Q Q X X i~X.l ________ 191 _ 
o 0 a a (HEX) 

CYLINDER SKEW FACTOR 
_________ Q Q ! ! i~X.l ________ [1.01 _ 

o 0 0 0 (HEX) 
DRIVE TYPE FIELD 

1 a 0 a a 0 a a [11] 
_SSEg, 1 _H§.EC 1 ~ 1 §.ugFl IN§. 1 __ gE§.ERv~.D ___ _ 

o a a 0 1 a 0 a 
RESERVED 

_________ Q Q Q Q Q Q i~X.l ________ _ 
a 0 0 0 a 0 (HEX) 
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14.2.1.10 continued 

Notes for Table 14.2.1-25. Format Parameter Page (continued) 

(1] 

[2] 

[3J 

[4] 

[5] 

(2368P) 

This page of parameters may be sent only immediately 
before sending a Format Unit command to the WREN IV. 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 fie ld indicates the number of tracks 
the WREN IV will allocate to each defect management zone. 
The WREN IV will support def ining a defect management 
zone as one track or one cylinder. A Initiator programmed 
value of 1 defines one track per zone i.e. (spare sectors 
per track). Any other recorded value will result in the 
drive defining one cylinder as the defect management zone 
and the drive will automatically insert the number of 
read/write heads (i.e. number of tracks per cylinder) in 
this field. The Default Drive value is 1. 

The Alternate Sectors per Zone field indicates the number 
of spare sectors to be reserved for the def ined 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 maximum Initiator 
programmable value is either 255 or one less than the 
minimum number of sectors per track for the drives. One 
is a reasonable maximum if one track is defined as the 
defect management zone (i.e. one spare sector per track). 
Eight is a reasonable maximum if one cylinder is defined 
as the defect management zone. The Default Drive value is 
1 (with [2]. defines one spare sector per track). 

The Alternate Tracks per Zone field indicates the number 
of spare tracks to be reserved at 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 IV. 

The Alternate Tracks per Volume field indicates the 
number of spare tracks to be reserved at the end of the 
logical unit. The WREN IV 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 IV defaults to two times 
the number of read/write heads in the drive. The 
initiator may change this value for any number between 0 
and 255. 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. Focmat Parameter Page (continued) 

[6] The Sectocs per Track field indicates the number of 
physical sectors the WREN IV shall allocate per disk 
track. A value of zero indicates the number of sectors 
per track may be variable or the WREN IV is to determine 
the best value. The WREN IV will report the avecage 
number of physical sectors per track since the number of 
sectors per track varies between the outer and inner 
tracks. This field will not be vecified on a Mode Select 
command. 

[7] The Bytes per Phys ical Sector fie ld indicates the number 
of data bytes the WREN IV shall allocate pee physical 
sectoc. This value will equal the block length reported 
in the block descriptor. The bytes pee physical sector is 
not directly chanqeable by the initiator and will not be 
verified on a Mode Select command. 

[8] The Interleave field is the interleave value sent to the 
WREN IV durinq the last Format Unit command. This field 
is valid only for Mode Sense commands. The WREN IV shall 
ignore this field during Mode Select commands. 

[9] The Track Skew Factor field indicates the average number 
of physical sectors between the last logical block on one 
tcack 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 5 for 512 byte sectors. This 
value is not chanqeable by an initiator. 

[10] The Cylinder Skew Factor field indicates the averaqe 
number of physical sectors between the last logical block 
of one cylinder. and the first logical block of the next 
cylinder. A value of zero indicates no skew. The Default 
Value is 17 for 512 byte sectors. Cylinder skew will be 
utilized by a WREN IV but is not changeable by an 
initiat<;>r. 
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14.2.1.10 continued 

Notes for Table 14.2.1-25. Format Parameter Page (continued) 

(11] The Drive Type field bits are defined as follows: 

(2368P) 

The Soft Sectoring (SSEC) bit (bit 7) 
indicating the WREN IV shall use 
formatting. 

is set 
soft 

to one 
sector 

The Inhibi t Save (INS) bit (bit 3). when set to one. 
indicates the WREN IV 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 IV and 
are always zero and changeable bits are likewise zero. 

The Hard Sectoring (HSEC) bit. when set to one. 
indicates that t.he 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 bit 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 logical blocks 
to all sectors within a cylinder before 
allocating logical blocks to the next cylinder. 
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Rigid Disk Drive Geometry Parameters 

The WREN IV Rigid Disk Drive Geometry 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 
1 BIT 
IBYTE(S) 
I 0 
1 
I 1 
\ 

I 2 1 
1 ! 
I 3 I 
I I 
1 4 I 
1 I 
1 5 \ 
\ I 
1 6,7,8 \ 
I I 
\ 9,10,111 
\ I 
1 12,13 1 
\ I 
114,15.16\ 
I I 
117,18,19\ 
\ I 

7 I 6 
I 

PS[l]1 
1 I a 

a 0 
RIGID 

o o 

o o 

o o 

o o 

o o 

o o 

o o 

o o 

51 41 31 21 11 0 
I I I I I 

PAGE CODE (4 Decimal) 
0 0 0 1 0 0 

PAGE LENGTH (18 Decimal) 
0 1 a 0 1 0 

DISK DRIVE GEOMETRY PARAMETERS 

NUMBER OF CYLINDERS (MSB) 
a 000 

NUMBER OF CYLINDERS 
o 0 0 

NUMBER OF CYLINDERS 
o 0 1 

NUMBER OF HEADS 
[3] 

1 
(LSB) 

1 

STARTING CYLINDER - WRITE 
o 000 

STARTING CYLINDER-REDUCED 
o 000 

DRIVE STEP RATE 
o 0 0 0 

LOADING ZONE CYLINDER 
o 000 

RESERVED 
o o o a 

o o r 2 J 

1 o 

o 1 [ 21 

PRECOMP 
o 0 r 41 

WRITE CURRENT 
o 0 [ 4] 

o o [ 4 J 

o o [ 4 J 

o o [41 

(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] 1549 user accessible cylinders maximum with no spare 
cylinders (tracks) set aside for flaw reallocation. 

[3] Either 5, 7 or 9 depending on model number. 
[4] Not applicable. 

(2368P) 

The following page of parameters may be sent via a Mode 
Select command only immediately before sending a Format 
Unit command to the WREN IV and must equal the values 
reported by the Mode Sense command. ~j 
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14.2.1.10 continued 

The Number of Cylinders field indicates the maximum 
number of user available cylinders for the WREN IV. The 
WREN IV will use some of the additional cylinders 
available for storing WREN IV parameters. defect lists. 
or diagnostic purposes. 

The number of Heads field indicates the maximum number of 
data (read/write) heads on the WREN IV drive. 

TABLE 14.2.1-27. CACHE CONTROL PARAMETERS 

I BIT 7 I 6 51 41 31 21 11 0 1 
I BYTE ( S ) I I I I I I 1 

lOPS 1 Page Code 38 Hex ) 1 
I I 1[1]\ 0 1 1 1 1 0 0 0 I 
1----------------------------------------------------------------1 1 1 PAGE LENGTH (bytes) - (14 decimal) 1 
1 1 I 0 0 0 0 1 1 101 

CACHE CONTROL PARAMETERS 
2 RSVDI WIEI RSVDI CE I CACHE TABLE SIZE (3] I 

\DEFAULT I 0 I 0 I 01 01 0 0 0 1 1 

1----------------------------------------------------------------1 
I CHANGE- I 1 I I I 1 
I ABLE [2] I 0 I 0 1 0 I 1 I 0 0 0 0 1 
I 3 I PREFETCH THRESHOLD ( 4 ] 1 
IDEFAULT 1 1 1 1 1 1 1 1 1 I 

1--------1-------------------------------------------------------1 
ICHANGE- I I 
1 ABLE I 0 0 0 0 0 0 0 0 1 
1 4 I MAXIMUM PREFETCH [ 5 ] 1 
IDEFAULT 1 0 0 1 1 0 1 0 0 I 
1----------------------------------------------------------------1 
ICHANGE- I I 
I ABLE 1 0 0 0 0 0 0 0 0 1 
1 5 I MAXIMUM PREFETCH MULTIPLIER (5] I 
IDEFAULT I 0 0 0 0 0 0 0 0 I 
1----------------------------------------------------------------1 
ICHANGE- 1 I 
I ABLE 1 0 0 0 0 0 0 0 0 1 
1 6 1 MINIMUM PREFETCH [6] I 
IDEFAULT I 0 0 0 0 0 0 0 0 1 

1----------------------------------------------------------------\ 
ICHANGE- 1 \ 
1 ABLE I 0 0 0 0 0 0 0 0 1 
1 7 1 MINIMUM PREFETCH MULTIPLIER (6] I 
IDEFAULT 1 0 0 0 0 0 0 0 0 1 

1----------------------------------------------------------------1 
ICHANGE- 1 1 
I ABLE I 0 0 0 0 0 0 0 0 1 
1 8-15 1 RESERVED 1 
1 100 0 0 0 0 0 0 1 
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(2368P) 

Notes for Table 14.2.1-27 Cache Control Parameters 

[1] The PS (Parameter Savable) bit of 1 indicates that 
the page 38H parameter data is savable. 

[2] A changeable value of zero means this funct ion 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] Cache Enable bit 4 of one indicates that 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. 

[4] 

[5 ] 

[ 6] 

Write Index Enable bit 6 controls the creation of 
Cache data on Wtite commands. If bit 6 is a one 
the Wtite data will be treated as Cache Read data 
on the next command. If bit 6 is zero the next 
command treats the cache area as empty of data. 

Cache table size bits 3 theu 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 performed. 

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, to indicate the maximum number of blocks to 
prefetch when a Read command is issued and the 
blocks are not already cached. 

The product of the Minimum Pret etch Mul t i 1? 1 ier , 
byte 7. and Read command transfer length is added 
to the va lue 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 cached. 
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I BIT 
IBYTECSl 
I 0 
I 
I 1 
I 
I 
I 2 
1 
I 3 
I 
I 4 
1 
I 
I 5 
I 
I 

(2368P) 

Start Unit Command (lBH) 

TABLE 14.2.1-28. START UNIT COMMAND 

7 6 51 41 31 21 11 0 
I I I I I 

0 0 0 1 1 0 1 1 

LOGICAL UNIT NO. I 1 IMMED 
0 0 01 0 0 0 01 

I I 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

1 START 
0 0 0 0 0 0 01 1 

I 
I FLAG 1 LINK 

0 0 0 0 0 01 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 after the operation is completed. If 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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This command is applicable only if the Motor Start Option 
jumper is ins talled. 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 IV will respond to 
communications on the interface while the drive is coming 
up to speed. 

For systems which support disconnection. WREN IV will 
disconnect when a Start Unit procedu£e is commanded, and 
will reconnect when the unit is up to speed and Ready. 

14.2.1.12 Prevent/Allow Medium Removal Command (lEH) 

14.2.2 

Not implemented by WREN IV. If received, WREN IV 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 TtlREN IV a:e 
listed in Table 14.2.1-29. 

TABLE 14.2.1-29. GROUP 1 COMMANDS FOR DIRECT ACCESS DEVICES 

(2368P) 

OPERATION 
CODE (REX) 

25 
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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14.2.2.1 Read Capacity Command (25H) 

1 BIT 
IBYTE(S) 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

(2368P) 

TABLE 14.2.2-1. READ CAPACITY COMMAND 

7 6 

o o 

LOGICAL UNIT 
o 0 

o o 

o o 

o o 

o o 

51 
I 

1 

NO. 1 
01 

I 

41 
I 

o 

o 

31 
I 

o 

o 

21 
I 

1 

o 

11 
I 

o 

o 

o 

1 

o 

LOGICAL BLOCK ADDRESS (MSB) 

LOGICAL BLOCK ADDRESS 

LOGICAL BLOCK ADDRESS 

LOGICAL BLOCK ADDRESS (LSB) 

o o o o o o 

o o o o o o 

o o o o 01 PMI 
I 

1 FLAG 1 LINK 
o o o 01 0 1 0 

I I 

The Read Capacity command 
means for the initiator to 
the capacity of the WREN IV. 

(Table 
request 

14.2.2-1) provides a 
information regarding 

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 unit. The Logical 
Block Address in the Command Descriptor Block shall be set 
to zero for this option. 

A PMI 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 IV) 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 retur:ned B bytes of Read Capacity Data ar:e listed in 
Table 14.2.2-2. 

o 
1 
2 
3 
4 
S 
6 
7 

TABLE 14.2.2-2. READ CAPACITY DATA 

DESCRIPTION 

LOGICAL BLOCK ADDRESS (MSB) 
LOGICAL BLOCK ADDRESS 
LOGICAL BLOCK ADDRESS 
LOGICAL BLOCK ADDRESS (LSE) 
BLOCK LENGTH (MSB) 
BLOCK LENGTH 
BLOCK LENGTH 
BLOCK LENGTH (LSB) 

14.2.2.2 Read Extended Command (28R) 

1 BIT 
IBYTE(S) 

TABLE 14.2.2-3. READ EXTENDED COMMAND 

7 I 
I 

o 

6 

o 

SI 
I 

1 

41 
I 

o 

31 
! 

1 

21 
I 

o 

11 
I 

o 

o 

o 1 0 
1 1------~l--~-L~O-G~l~C~A~L~U~N~I~T~N-O-.~I----------------------~IR-E-L--A-D-R--

1 0 0 01 0 0 0 01 0 

I------~----------------~!--------------------~!-------I 2 LOGICAL BLOCK ADDRESS (MSB) 

I------~----------------------------------------------1 3 LOGICAL BLOCK ADDRESS 
I 
1------~4--~------------~L~OG~IC~A~L~B~L~O~C~K~AD~D~R~E~S~S----------------

I 
I~--~S--~------------~L-OG~IC~A~L~B~L~O-C~K~A~D-D-R~E~S-S--(-L-SB--)----------

I------~------------------------------------------------1 6 o o o o o o o o 
1 1------7----~------------~TR~AN~S~F~E~R~L-E~N-G-T~H--(-M-S-B-)---------------

I------~----------------------------------------------I B TRANSFER LENGTH (LSB) 
I 1------~9--~----------------------------------~I-~~~L~A~G~I~L~1~N~K~ 
I 0 0 0 0 0 0\ 0 1 0 1 _______ ~ _________________________________ ~I ____ ~I ____ ___ 

The Read Command requests that the tar:get transfer: data to the 
initiator:. 
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14.2.2.2 continued 

(2368P) 

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 with the WREN IV specific 
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 be zero. 

This command operates 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 

1 

continued 

1 f any of the fo llowing condi tions 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:-K~E~Y~ ____________ __ 
Invalid Logical Block Address Illegal Request (see note) 

Target reset since last Unit Attention 
command from this initiator 

Unrecovered read et:ror Medium Errot: 

Recovet:able read et:t:or Recovet:ed Et:t:or 

Ovet:run or othet: et:rot: that Abot:ted Command 
might be resolved by 
t:epeating the command 

NOTE: The extended sense information bytes shall be set 
to the Logical Block Address of the first invalid address. 

Write Extended Command (2AH) 

TABLE 14.2.2-4. WRITE EXTENDED COMMAND 

BIT 7 6 51 41 31 21 11 0 
IBYTE(Sl I I I I I 
1 0 0 0 1 0 1 0 1 0 
1 
1 1 LOGICAL UNIT NO. I IREL ADR 
1 0 0 01 0 0 0 01 0 
I I I 
1 2 LOGICAL BLOCK ADDRESS (MSB) 
1 
1 3 LOGICAL BLOCK ADDRESS 
I 
I 4 LOGICAL BLOCK ADDRESS 
1 
I 5 LOGICAL BLOCK ADDRESS (LSB) 
1 
1 6 0 0 0 0 0 0 0 0 
I 
1 7 TRANSFER LENGTH (MSB) 
1 
1 8 TRANSFER LENGTH (LSB) 
I • 
1 9 FLAG 1 LINK 
I 0 0 0 0 0 0 0 1 0 
1 I 
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14.2.2.3 

(2368P) 

continued 

The Write command requests that the WREN IV write 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 specifies 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 indicates the number of 
logical blocks that shall be transferred. 

This command is implemented wi th the WREN IV specif ic 
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 
(Section 14.2.1.5) except that 
command a four byte Logical Block 
Transfer Length may be specified. 

as the Write command 
in the CDn for this 
Address and a two byte 

This command shall be terminated with a Reservation 
Conf 1 ict status if any reservation access conf 1 ict (see 
Section 14.1.8) exists. and no data shall be written. 
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14.2.2.3 

14.2.2.4 

continued 

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. 

Seek Extended Command (2BH) 

TABLE 14.2.2-Sa. SEEK EXTENDED COMMAND 

1 BIT 
IBYTE(S) 

7 6 51 41 
I I 

31 21 11 0 
I I I 

o 0 0 1 0 1 0 1 1 

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

I 
2 LOGICAL BLOCK ADDRESS (MSB) 

3 LOGICAL BLOCK ADDRESS 

4 LOGICAL BLOCK ADDRESS 

5 LOGICAL BLOCK ADDRESS (LSB) 

6 0 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 

8 0 0 0 0 0 0 0 0 

9 I FLAG I LINK 
0 0 0 0 0 01 01 0 

I ! 
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14.2.2.4 

14.2.2.5 

continued 

The SeeK Extended command 'requests that the WREN IV seeK 
to the specified Logical BloCK Address. 

This command is implemented with the WREN IV specific 
parameters listed in Table 14.2.2-5a 

In the CDB. the LUN must be zero and the Flag and LinK 
bits must be zero. This command operates the same as the 
SeeK command (Sect ion 14.2.1. 6) except tha t a four byte 
Logical BloCK Address is specified. 

Write and Verify Command 

TABLE 14.2.2-Sb. WRITE AND VERIFY COMMAND 

1 BIT 
IBYTE(S) 

7 6 51 
I 

41 
I 

31 
I 

21 
I 

11 
I 

o 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

(2368P) 

o 

LOGICAL 
o 

o 

o 

o 1 o 1 

UNIT NO. 1 
o 01 o 0 

I 
LOGICAL BLOCK ADDRESS 

LOGICAL BLOCK ADDRESS 

LOGICAL BLOCK ADDRESS 

o 1 

I BYT I 
OICHECKI 

I I 
(MSB) 

1 

o 

LOGICAL BLOCK ADDRESS (LSB) 

o o o o o o o 

TRANSFER LENGTH (MSB) 

TRANSFER LENGTH (LSB) 

1 FLAG 1 LINK 
o o o o 01 01 0 

I I 
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14.2.2.S 

(2368P) 

continued 

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 s imply a medium 'ver if ica t ion (ECC). A BytChk bi t 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 
bits must be zero. 

For Systems which support disconnection. the WREN IV will 
disconnect during the execution of this command. 
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14.2.2.6 VeJ:ify Command (2FH) 

TABLE 14.2.2-6. VERIFY COMMAND 

1 BIT 7 1 6 I s 1 41 31 21 1 0 
IBYTE!Sl I I I I I I 
I 0 0 0 1 0 1 1 1 1 
1 

- 1 1 LOGICAL UNIT NO. 1 IBYT CHKI 
1 0 0 01 0 0 01 1 0 
I I I I 
1 2 LOGICAL BLOCK ADDRESS (MSB) 
1 
1 3 LOGICAL BLOCK ADDRESS 
I 
1 4 LOGICAL BLOCK ADDRESS 
1 
1 S LOGICAL BLOCK ADDRESS (LSB) 
I 
1 6 0 0 0 0 0 0 0 0 
1 
1 7 TRANSFER LENGTH (NSB) 
1 
I 8 TRANSFER LENGTH (LSB) 

'~ 
1 
1 9 1 FLAG ILINK 
1 0 0 0 0 0 01 0 1 0 
1 I I 
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14.2.2.6 

14.2.2.7 

14.2.2.8 

(2368P) 

continued 

The Verify command requests that the target verify the 
data written on the medium. 

A Byte Check (BytChk) bit of zero causes the verification 
to be simply a medium verification (CRC. ECC. etc). A 
BytChk bit of one causes a byte by byte compare of data 
on the medium and the data transferred from the 
initiatoc. 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 vecification Length of zeca indicates that no logical 
blocks shall be vecified (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 IV specif ic 
pacameters listed in Table 14.2.2-6. 

The drive will disconnect while this command is be.ing 
executed if the initiator suppocts disconnect/reconnect. 

Search Data Commands (3QH. 3iH. or 32H) 

Not implemented. If received. will be tceated as an 
Illegal Request. 

Set Limits Command (33H) 

Not implemented. If received. will be tceated as an 
Illegal Request. 
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14.2.2.9 Read Defect Data Command (37H) 

TABLE 14.2.2-7a. READ DEFECT DATA COMMAND 

I BIT 7 I 6 I 51 41 3\ 21 1\ 0 I 
IBYTE(S) I I I I I I I 1 
1 0 0 0 1 1 0 1 1 1 1 
1 1 
I 1 LOGICAL UN-IT NO. 1 1 
1 0 0 01 0 0 0 0 0 1 
I I I 
1 2 1 P G 1 DEFECT LIST FORMAT 1 
I 0 0 01 [1] I 1 0 0[2] 1 
I I I or 1 0 1 I 
I 3 0 0 0 0 0 0 0 0 I 
I I 
I 4 0 0 0 0 0 0 0 0 I 
I I 
1 5 0 0 0 0 0 0 0 0 I 
I I 
1 6 0 0 0 0 0 0 0 0 I 
1 I 
I 7 ALLOCATION LENGTH (MSB) I 
1 1 
1 8 ALLOCATION LENGTH (LSB) 1 
1 I 
1 9 1 FLAG I LINK 1 
1 0 0 0 0 0 01 01 0 I 
1 I I I 

[lL [2 ]. See following page for notes. 
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14.2.2.9 

(2368P) 

continued 

Notes for Table 14.2.2-7a. Read Defect Data Command 

[1] The WREN IV interprets the P and G bits (bi ts 4 
and 3 of byte 2 of the CDB) as follows: 

nIT P 
a 

nIT 
a 
1 
a 

G 
(1) 
(2 ) 
( 3 ) 

Return Defect List header only 
Return the growth "G" list only. 
Return the manufacturers original 
list only. 

a 
1 

1 

[2] 

ETF 

1 (4 ) Return all lists. 

(1) If the P. G bits were 0.0. the Defect List length 
wi 11 ref lect the length of the 1.1 1 is t and no 
Defect Descriptor Bytes will be sent to the 
initiator. 

(2) This list will reflect the grown or "Gil list as 
defined in Section 14.2.1.2. 

( 3 ) 

(4) 

This 1 is t ref lects the manufacturers or: igina 1 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 1 is t f laws be rea lloca ted dur ing 
the format function). 

The returned list will contain all of the drive's 
defect lists (i.e. P. G. C & D) regardless of 
whether these lists have been reallocated by the 
drive. 

The Defect List format field indicates the defect 
da ta . forma t preferred by the ini tia tor. 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 bits (bits 2. 1. a 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 IV will respond with the defect list 
in the drives default 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 

(2368P) 

The Read Defect Data command requests that the tarqet 
transfers the medium defect data to the initiator. 

This command is implemented with the WREN IV specific 
parameters listed in Table 14.2.2-7a. 

Allocation Lenqth specifies the number of bytes the 
initiator has allocated for the returned defect data. An 
Allocation Lenqth 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 IV 
shall terminate the Data In phase when the Allocation 
Lenqth bytes have b,een transferred or when all available 
defect data has been transferred to the initiator. 
whichever is less. 

In the CDB the LUN must be zero and the Flaq and Link bits 
must be zero. 

This command is intended to be used only wi th the Fo r:ma 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 IV.. The 
def ini tions are the same as for byte 2 of the Read Defect 
Data Command Descriptor Block (Table 14.2.2-7a). 

The Defect List Lenqth specifies the total lenqth in bytes 
of all the defect descriptors available from the WREN tV. 
If the Allocation Lenqth of the CDB is too small to 
transfer all of the defect descriptors. the Defect List 
Lenqth is not adjusted to reflect the truncation. The 
Defect Descriptors do not have to be in ascendinq order. 
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14.2.2.9 continued 

I BIT 
IBYTE(S) 
I 0 
I 

TABLE 14.2.2-7b. DEFECT LIST HEADER DESCRIPTION 

7 6 51 41 31 21 11 0 
I I I I I 

RESERVED 
0 0 0 0 0 0 0 0 

I------~---------------------------------------------------1 1 RESERVED I Pi GI DEFECT LIST FORMAT 
0 a 01 ----------1 1 a a [ 2 ] 

I (1] I or 1 0 1 
DEFECT LIST LENGTH (MSB) 

I 
1 1----2--~~~~~~~~~~~~~~--~~~----~-----=----------

(VALUE IS 8 TIMES THE NUMBER 
DEFECT LIST LENGTH (LSB) OF DEFECTIVE SECTORS) I------~----------------------I 3 

[ 3 1 
DEFECT DESCRIPTOR BYTES [ 3 ] I-------+------------~~~~~~~~~~------------~~~ I 4-n 

I DRIVE RETURNS DEFECTIVE SECTOR ADDRESS 

I------~--------------------------------------------------
[lJ 

[2] 

[ 3 ) 

(2368P) 

Either 00, 01. 10, or 11 as previously defined in note [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 IV to the 
initiator durinq 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 messaqe, by a Bus Device 
Reset messaqe, by a "hard" Reset condition, or by a 
catastrophic reset condition. 

BIT 
BYTE 

o 

7 

o 

TABLE 15.0-1. STATUS BYTE 

6 5 4 3 

o o o o 

2 1 o 

o o o 

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 

0 0 

0 0 

(2368P) 

5 4 3 2 1 0 STATUS REPRESENTED 

0 0 0 0 0 0 Good 

0 0 0 0 1 C Check Condition 

0 0 1 0 0 0 Busy 

0 1 1 0 0 0 Reservation Conflict 

A description of the status byte codes is qiven below: 

Good Indicates the WREN IV 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 IV is busy. This status shall be sent 
whenever a WREN IV is unable to accept a command f rom an 
initiator. The normal initiator recovery action is to issue 
the command aqain 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 ~iREN IV var.y in 
accordance with parameter values and the states of "flags" 
stored in error recovery parameter storage locations in 
WREN IV control memory. The WREN IV control fir.mware error 
recovery routines reference these parameters foz: decision 
making when an error recovery procedure is performed. These 
er ror 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 err.or 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** 

I 
PARAMETER I 
NAME I 

I 
AWRE 1 
ARRE 1 
TB 1 
RC 1 
EEC 1 
PER 1 
DTE 1 
DCR 1 
Retry cnt 1 
Correction 
Span 0 

VALUE 

1 or 0* 
1 or 0* 
1 or 0'Jlt 
1 or 0'Jlt 
1 or 0'Jlt 
1 or 0'Jlt 
1 or 0'Jlt 
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. 
'JIt*1 means is changeable. 0 means not changeable. 
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16.0 

16.1 

16.2 

(236BP) 

continued 

In qeneral. when a read er ror occurs. the WREN IV wi 11 
attempt to recover usinq retries. application of ECC and/or 
early application of ECC (if these are enabled). If the 
error still exists. the WREN IV will report Check Condition 
in the status returned to the initiator. The initiator will 
likely command Request Sense and the WREN IV will ::eply 
with a Data In phase with 18 bytes of Extended Sense Data 
which will contain information about the error. Sense Key 
codes used and their meaninqs 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 1.6.0-1). Error 
recovery procedures for several of the error conditions are 
defined in Sections 16.1 throuqh 16.5. 

SEEK ERRORS (09 or IS HEX ERROR CODE) 

If a seek error occurs. up to three retries will be 
attempted by positioninq the heads to track zero and 
reissuinq the seek. If all retries fail error code 09 or 15 
will be reported in the Extended Sense Data. 

DATA FIELD WRITE FAULT (03 HEX ERROR CODE) 

If a write fault is detected while writinq the data field 
the operation will 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 "Write 
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 and data 
strobe combinations shown in Figure 16.3-1. 

No Servo Offset Retry 3 times 
Nominal Data Strobe Servo Offset Plus Retry 3 times 

Servo Offset Minus Retry 3 times 

No Servo Offset Retry 3 times 
Early Data Strobe Servo Offset Plus Retry 3 times 

Servo Offset Minus Retry 3 times 

No Servo Offset Retry 3 times 
Late Data Strobe Servo Offset Plus Retry 3 times 

Servo Offset ~1inus 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 Cede) 

(2368P) 

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 bi ts) the data is co r rected and sent to the ini t ia to r 
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 

(2368P) . 

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 IV. The options available when 
that is done are discussed in Section 14.2.1.2. 

If Automatic Read 
initiator should 
after formatting) 
command. 

Reallocation (ARRE) is disabled, the 
request that media errors (that occur 
be reassigned using a Reassign Blocks 

If Automatic Read Reallocation CARRE) is enabled, read 
errors that require more than 3 retries to recover or 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 reallocate 
these flaws. The ini t ia tor should s till use the Reass ign 
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 initiator should request that bad sector(s) 
be reallocated 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 recovered. 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 
manufacturing facility. Ground isolation capability is 
provided on every Servo PWA shipped. The user may exercise 
his option to isolate grounds at his convenience. See 
Paragraph 17.2. 
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17.1 

17.2 

17.3 

(2368P) 

FRONT PANEL 

The front panel is available in black glastic. Each panel 
has a single red rectangular LED indicator which. when 
glowing indicates the drive is selected. 

AC/DC GROUND SEPARATION 

The 94171 WREN IV is provided with the AC ground (chassis) 
tied to DC logic ground. An ogtion is grovided permi t. t ing 
the user to iso la te the AC and DC grounds by removing the 
appropriate zero resistance shunt. This option may be 
beneficial in reducing ground induced noise in some system 
applications. (See Figures 10.3-2 and 11.1-1 and Paragraph 
7.2.3.) 

SINGLE UNIT SHIPPING PACK 

The 94171 WREN IV is normally shipped in bulk packaging to 
provide maximum protection against transit damage. Units 
shipped individually require addi;:ional protection as 
provided by the single unit shipping pack. Users planning 
single unit distribution should specify this option. 
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17.4 

lB.O 

lB.l 

lB.2 

(236BP) 

DRIVE TERMINATION 

This option may be incorporated during manufacture at the 
request of the customer. Termination consists of two 
220/330 ohm resistor modules which are installed on the 
data PWA via sockets (see Figure 10.3-2). The user may 
install or remove these as desired. 

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 ins ta lla t ion. 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 

care and 
general. 

IV are 
included to assist individuals not familiar with the 
product. It also includes basic information describing 
repair procedures for items external to the Head/Disk/ 
Actuator Assembly (RDA). 
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APPENDIX A 

SCSI PROTOCOL ERROR HANDLING FLOW CHARTS 
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ATTN 
BDR 
BF 
CMD 
DISCON 
ERR CD 
HDWE ERR 
ID 
IDE 
LUN 
MPE 
MR 
MSG 
NOOP 
PAR ERR 
RES 

RP 
SDP 
STR 
U.A. 

3127-1 

(2368P) 

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 Error Sense Key 
Identify message 
Initiator Detected Error message 
Logical Unit Number 
Message Parity Error 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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_ ______________________________ ~----------~------------~~~~~~~~~SJ~(B) 
I I I I 

I ~ (ar) ,I I I 
I I __ :!OOP.... =-_, ,. 

I I I I 
I 3DlI I~I_ <3') liO , lcuu 01), CAn I I 

iliO 
/ A't'nI 

SBt.!Cft'!P I 

II I_I A~,' M9'T Isn'tUs ntIS 1_ (31') I 
I nlr:/U?I I I 

l~l.lt.p ______ IPROC!SS 1_' I 
\ I I!pM!"l' ,,~ _"_!!ll! __ 1 USa' 1_ (U) I 

\ ,VrnI_ I \ - I I I 'Yn' I 
, 1l'!SC1_-+I---"'grngJ.,i;.~=_----I-;lI- (Il,) '_I!B1U 
tlOU'1'I I l'!SSSlIG2S I---LI t lQ!,!!t I I SE:fD SX»C 11_/llBS1.11.:\ !?Cli 1!:lcIC I 

I ~) I I I-m-I iSQUIST II \OSa I 
I I 1MB:WGa ourl ran. (Il') I I I ,s291: ! I , , 
I I CPU !P) I iftft I qmx I 1 -I 
1 ISEQUp!g 1 I I I I_ 
I (-.) I I I 2'rnD + 1l'\R11_/UftY7'-l!2- (Il,' 
I I I I !!BSSAG2S I--l.J '-i!.l.L1 1 _______________ .. I I 1 ...... = ______ _ 

I I 
I I 
I I !PU !PI I !'!KSSlIGa I "IL (ll') i 
I I our U'%'llX I ~mx I 
I 1 '!CUPS I I I 
I (-.) I I I _________________________ -L+ ____ .. 

FLOWCHART 1. SELECTION MESSAGES 

Notes: 

1. MSG OUT may accept the next complete message (lor: 5 bytes) or 
may accept and buf fer a 11 message bytes ava i lable whi le 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_----

(2368P) 
Indicates a transmission to the Host. 
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(3) 
l~n")I 

_I DlsaJ11 II---L-(Br) 
I I l'!ISS!GI I 1 

IDt" Iarr AND 
lIO'rS: P9!! ALL Am's 

(PU PI) • urax 0IIC8 - (ar) 
A8CIl'r 
BOIl 
lIOClP 

• AlOft - (ar) I DlsaJII Ole (QUIUS CMD) 
• IlSft - (ar) _I Gft' 1_ CMD III I 
• CCIITDIUS 1 I ~I axrp I I PICCISS 1 

110 BYft I (%) F\ SAM Iarr OR 
IcaRUID I ~ft'JAI _ 1 \ DlsaJII IIOf Ole 

I GlC' lat I 
(81 __ 1 BYT! or , 

1 III \ 1 \ 
1 6 am I Gft 5 I * I 1 I)MU.IJ) \!2.,.1 (lU-"' __ 1 Sft BUSY I_I TO sn'roS 
\ CQIWID ImRI elIP! \ \ t.UJI 7 1 \ I mm 1 \ PIW1I ICOtlMANPI 

ill 
IDE -> MR - (eX) 
STR -> MR - (eX) 
MR -> ( e) 

\ I \_1 \ 110 CMD III 
\PAal'rX PJUltn " I '!IS \ PIOCISS _I 'l'O VlU.1I) 

\BIUICa DIQIl I I \ 1 \ CCfIWID PIOCISS 
\ I I \ 1 VlU.1I) aMWID 
\ I I \_1 
\ I I \ 
\ I I \ DMU.IJ) CCfIWID 
\ I I \ 
\ I I \ I Sft I 

(e) 

\1 \ \ 
I 
I 
I 
I (1) 
I 1 
I I~~ 
1\ 1!m N=!P'!'S I ill' 'I~(a) 

11WIIW. I_ 
I UQUIS'f I I 
I SPSB KU I I 

I 
I 
I 
I 
I 
I I MIIGS fa lat IftD l.l!!L.U 

I 
_______ 1 

I 
I 
\ CMD CNlLT CIIU oa ~~_ 

\ ynx Pllt!.!!p I Sft 1-*-1 Sft 0lICIC I_ITO mTUS 
IHIM Pli t IC9!II) mm I \PIW1S 

I 
I 

(Ct)_1 Sft SIIISS ICSI I_I Sft 1_' 
I-CMDyoBf' IPla>1 

ill ill 
IDE -> RP - ( S) IDE -> MR - (ex) 
STR -> MR - ( CX) STR -> MR - (ex) 
MR -> MR - ( ex) MR -> MR 

MPE -> RETRY ONCE - (SF) MPE -> MR - ( ex) MPE -> RETRY ONCE - (BF) 
10 -> MR - (ex) 10 -> MR - ( ex) 10 -> MR - (ex) 
RES -> MR - (ex) RES -> MR - ( ex) RES -> MR - (Cx) 

FLOWCHART 2. COMMAND PHASE 
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(2368P) 

I Sin' 
_I CHBCt I_I ':'0 sn'rUS 

I 1 CCIIDI'l'ICliI '?MASK 
I Sin' 'R I 1110 UO 1 m"rJ9 I 

_I C"..2U u.A.:. __ I u • .\. 1 __ 1 SlDISK QI!D 

I I ?eNOPN I I SlDISS I , 
1 I PiPO I , iBQ 

lI01' lliQUUY A.IID I 'SlDISS QII) 
UVIl' A~ , , 
I'ID/l)IlIO , , I _________ ... ' ______ , ':0 CQIIIWID 

I / / '~ICM 
~ _, 1\10 IJISCONH8C': UQUU!D oa I 

ill 
IDE -> 
STR -> 
MR -> 
~lPE -> 
ID -> 
RES -> 

, I~UY ca UVI'r I OISCOHHBC'l' l'!SG lI01' CIt 1 
, i\'n» liar I'IDIOIlIO I I 
,I (I) , 

, DISCCWBCr iBQUUIlD i\MD 
'DI~BCr l'!SG at ( , ) 

, I 
, /i\T:1II 
'_IDIscanllICll_...I/ ___ (U) 

1 !"SQ II 

(10) 
'AT:I 

I 
~~CII ____ ~~?7~¥7m. ___ , ttlKft II--L-I <XIITIlWIl 

MR -
MR -
(D) 

(ex) 
(Cx) 

, S1a.JICnCII 
, rr.n.m 
,_ (lW) 

(DO NOT DISCONNECT) 
RETRY ONCE - ("SF) 
MR - (ex) 
MR - (ex) 

i'!SG ( I , l!:XlrIC'J'rICli 

ilQ.l 
IDE -> 14R - (Cx) 
STR -> MR - (Cx) 
~w1R -> MR - (BF) 
MPE -> RETRY ONCE 
ID -> MR - (Cx) 
RES -> MR - (Cx) 

FLOWCHART 3 • VALID COMMAND PROCESS 
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_I 'An UVTlt. I_I ~ STA'!US 
Dtsa::lOl8lC'1" I '111m CCI!Pt.iI!!!) 1 \ I'HAS& 
llOf~1 ____ I 

I \ Otseanl8lC'1' ( 8 ) 
I \ O\I..LOIIIID I 

(8) 
I 

I \ / l\'rnI I l\1"nI 
I \ _ I / 
1 \_1 SOP 11_1_IDISCOWBCTII_I_<sI') 
I I I~I I !'ISO II 
I I 

(7) I I DISCCIIJI8IC'1' UIilUIlIBD ( 8) 
I ----LJ!2 I AW lU.I.C'IIBD I 

1l\7:'J:I I \ I I A1"nI 
_I UCXlva DATA OUT I.....!..I ___ ....,.... ____ :I :'IOU \..lJL-1 _I SDP 11...1.-

I 1 ,~ HOST) I \ CATA \ :~TA? I \ DISCCMII..-:' IIOr I l..§...il \ 
t I I'AIlX"n \ I \ UQUIlIBD OR 1Sl)p IIBBDKD AMtI I 
I I !!IUIC8 - \ lIOr AJ...IDIIBD I ADDII'I. I'!5GS c« I 
I .....;L. \ I I 
I I \ \ I 
1 I mr.n \..J!l.-(C) \ QI) CCltPUTS I 
I ( 9' ) \ ? I \an.% A1.I.CVfII) I 
I I ,_, \ I 
I _ 'l\1"nI I I I 
I {F)_I IP II...L- I (9) I I 
I 1-l!I!U.I I --L.. IA1I'N I I 
I I I l?P II-...L- I I 
I I 1...m9..l1 I I I 
.' .. .. 
\ I I " 

ill (9 & 9') ill 
IDE -> (F) IDE -> ~R - (CX) 

STR -> MR - (ex) 
IDE -> MR - (ex) 

STR -> MR - (CX) 
MR -> MR - (CX) 
MPE -> MR - (eX) 
10 -> MR - (ex) 
RES -> MR - (ex) 

MR -> (ex) or (eX') 
MPE -> RETRY ONCE - (SF) 
10 -> MR - (ex) 
RES -> MR - (Cx) 

STR -> MR - (Cx) 
MR -> CONTINUE 
MPE -> RETRY ONCE - (BF) 
10 -> MR - (Cx) 
RES -> MR - (Cx) 

FLOWCHART 4. DATA OUT PHASE 
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(12) 
/ 

(1'::) 

I 
/ AT'nI / A'lT.I 

/ / 
!O _1St5PT1_/_IOISCCNN~II_I_(lIl') 

/-~ S'n'1'US 1 I~I i MSG 11 
I ?MASS / 

(11) 1 I OISCCWBC'!' iEI;'JIlllltl (l2) 
/ ---L.l:!:2 / ~ A1.I.OVlItI I 

/A"rnI /, I __ I A~ 
(H)_I SlDIO CATA 1lI II~/ ________ / ~a '..lD.-1 __ I SOP II_I_ 

I I (':0 HOS'Tl 11 , CATA 7 I 'OISCOIIMBC'!' \lOT / 1 MSG I 1 \ 
l' ' __ I , i2QUUED OR i sop NUDE!) .>.JiI) 1 
1 \ \lOT AU.CWD I .\DCW'1. l1SGS CC I 
1 \ I I 
I , I 
I , C!!D ~LZrS I 
1 ( 13 ) \ (:¥LX Al.I..CWI) I 
1 I \ 1 
1 _ / A"rnI I 
1 (I)_I II.P II..L I 
I 1~11 I I 
I I I I 
I I I I 
I.. .. .. 
, _______________ ~/--------------------------------------~/------------I 

llll .lill Ll1l 
IDE -> (1) IDE -> MR - (ex) IDE -> ~'R - (ex) 
STR -> MR - ( ex) STR -> MR - (ex) STR -> MR - (ex) 
MR -> MR - (ex) MR -> ( Cx) MR -> (H) 
~~PE -> MR - ( ex) MPE -> RETRY ONCE - (BF) MPE -> RETRY ONCE - (BF) 
10 -> i~R - ( ex) 10 -> I~R - (Cx) 10 -> MR - (Cx) 
RES -> 1~R - ( ex) RES -> MR - (Cx) RES -> r1R - (C X) 

FLOWCHART 5 • DATA IN PHASE 
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1l6) 
I 

"'rnA1 

77765338-A 

(17) 
/ 

I Sft STJ.'l."'JS I I I.IllKKD \ , 1000D \ I a::t9WiD I 
I "'rnA 

I 
sn.'1'IJS __ 1 (CiOOO. 3Un.I_' CC»IWID \ ..... l/O~--'!"_I SEW II I I I.DlKKD \-=1i9:¥-.._I~t..a'::'S I 

I omat I \ " '0000' I t I mwst I \ca9WlDlI IPmSSHiB I 
/ (B1") 

I gtC.) I \ R!syLT?1 I \~I I I (17) 
I I YES I Ins 

I I I * I I I s ft I I I (l!C!!I"N-) 
I !ll1'I!lU'!KDIATIlI __ /1 I 
I Bm I I I 

I I 
I I 

(14) (15) I I 
I I I I (I'U!Q Ut> 

IATrK 1"'rnA I 
I I I 

(X) ___ ' S8XD II I ,SBXD II I I 
I spP r.so 11--'---1 iP l!SG II 

/"'rnA 
ILDIKKD i I / 
ICCttWlD ! I_~/ __ 
1~Lft'B11 \ 
I ' I (17) , 

ILDOOmI I 
1ca9W/D ! I 
1 cct'IPlzrll 1 I 
I vrrn !!WG!.1 

/ '_(B) 
/A'rnA I 'l.'O om 

I I Pli7\S& 
/ / 

(»')_, casKl..3Cr co 'l.'O I 1'DIISH 

ill.l 
IOE->MR-CONTINUE 
STR->MR-CONTINUE 
MR ->CONTINUE 
MPE->RETRY ONCE-{BF) 
10 ->MR-CONTINUE 
RES->MR-CONTINUE 

(2368P) 

IMnR , 

illl li.ll 
IOE->MR-CONTINUE IOE->(K) IF FIRST TRY 

illl 
IOE->MR-{BF) 

STR->MR-CONTINUE 
MR ->CONTINUE 
MPE->RETRY ONCE-(BF) 
10 ->MR-CONTINUE 
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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MPE->RETRY ONCE-(BF) 
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