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5.12.2 Command Descriptor Block Field Descriptions 

FIELD 
NAME BYTES BITS DESCRIPTION 
Code 1 0·1 The Code Field designates the desired function as 

shown below. 

CODE FUNCTION 

OOh SPACE Blocks 
1Ch SPACE Filemarks 

.2Ch SPACE Sequential Filemarks 
3Ch SPACE to end of recorded data 

Count 2 ·4 This field specifies the number of blocks, file marks, or 
file marks to space over. A zero value in the count field 
causes no media movement and is not considered an 
error. 

5.12.3 Space-by-Count Functions 

The Count field indicates both direction and distance. A positive value N in the Count field 
moves the tape forward over N blocks, Filemarks, or contiguous Filemarks with Space Se­
quential A negative value -N (2's complement) in the Count field moves the tape backward 
over N blocks, Filemarks, or contiguous Filemarks. Zero in the count field causes no tape 
movement and is not considered an error. 

When there are no exception conditions during space functions, forward tape motion ends on 
the EOT side of the last block or Filemark and reverse motion ends on the BOT side of the last 
block or Filemark. 

• If a Filemark is encountered while spacing over blocks, a Check Condition Status is 
returned. Extended Sense PM bit is set. Extended Sense Valid bit is set, indicating 
Residual Length is non-zero. The Residual Length equals the difference in the 
requested count and the actual number of blocks spaced over not including the 
Filemark. The tape is positioned on the logical EOT side of the filemark if movement 
was forward or on the logical BOT side of the Filemark if movement was reverse. 

• If EOD is encountered while spacing forward over blocks or Filemarks, Check 
Condition is returned with 08h Sense Key. Extended Sense Valid bit is set, indicating 
Residual Length is non-zero. 

• If BOT'is encountered while spacing in reverse over blocks or filemarks, Check 
Condition is returned with 40h Sense Key. Extended sense Valid bit is set, indicating 
a non-zero Residual Length. 

• If Early Warning is encountered while spacing over blocks or Filemarks, Check 
Condition Status is returned with 08h Sense Key. Extended Sense Valid Bit is set, 
indicating a non-zero Residual Length. 
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• If EOT is encountered while spacing forward over blocks or Filemarks, Check 
Condition is returned with 40h or 43h Sense Key. Extended Sense Valid bit is set, 
indicating a non-zero ResidualLength. 

• If an unrecoverable data error is encountered, Check Condition Status is returned, 
Extended Sense Key is set to Medium Error, and Extended Sense Valid bit is set, 
indicating Residual Length is non";zero. 

5.12.4 ~pace by Position Functions 

The Count field is not applicable in space-by-position functions. 

In the space to EOD function, the tape is positioned such that a subsequent WRITE Command 
appends data to the ~t recorded information on the tape. 

The space to EOD function is useful in support of user-defined directories. 

• If physical EOT is encountered while spacing to end of data, Check Condition 
Status is returned and Extended Sense is set to Medium Error. 

• If unrecoverable data error is encountered, Check Condition Status is returned, 
Extended Sense Key is set to Medium Error, and Extended Sense Valid bit is set, 
indicating Residual Length is non-zero. 

5.12.5 Completion Status 

CODE MESSAGE DESCRIPTION 

·OOh Good Status • V!per drive is' ready to accept any appropriate command 
• Viper drive remains in any previously set mode. 
• The Tape position is on the EOT side if space forward and on the 

BOT side ~ space reverse. 

02h Check Condition Extended Sense byte 02h 

CODE 1 MESSAGE 'I . DESCRIPTION 

02h Not Ready • A cartridge is not 
installed in the drive. 

03h Media Error • An unrecoverable data error was 
encountered while performing a 
Space command 

04h Hardware • Parity error on either the SCSI Bus or 
the Viper drive 
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5.12.5 Completion Status Continued 

Extended Sense byte 02h 

CODE I MESSAGE I DESCRIPTION 

OSh Ulegal Request • The COB contains an invalid bit 

06h Unit Attention • The cartridge was changed prior to 
accepting this command 

• The Viper drive was reset prior to 
accepting this command. 

08h Blank Check • End of Data was encountered while 
executing a space forward 

40h EOTbitand • BOT was encountered while executing 
No Sense a Space Reverse. 

43h EOTbit • Physical EOT was encountered. 
and Media Error 

48h EOT Bit and • Logical EOT was encountered. 
Blank Check 

SOh' Remark Bit • A Rlemark was encountered while 
No Sense performing a SPACE Command 

forward or reverse. 
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5.13 INQUIRY (12h) 

The INQUIRY command requests that Viper drive parameter information be returned. If an 
INQUIRY command is received from an Initiator with a pending Unit Attention Condition 
(before the Viper drive reports Check Condition status), the Viper drive performs the INQUIRY 
command and does not clear the Unit Attention Conditi~n. 

5.13.1 INQUIRY command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 0 0 1 0 

1 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 0 

4 Allocation Length 

5 X X· 0 0 0 0 Flag Link 

5.13.2 Command Descriptor Block Field Description 

FIELD 
NAME BYTES DESCRIPTION 

Allocation 4 Specifies the number of bytes that the Initiator has allocated 
Length for the response data. The Viper drive transfers the number of 

bytes specified up to a maximum of 36. 
An Allocation Length of zero indicates that no data can be 
transferred. This is not considered an error. 
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l 5.13.3 INQUIRY Command Data Format 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 Peripheral Device Type 

1 RM(l) Device Type Qualifier (0) 

2 0 0 ECMA Version (0) ANSI Version (1) 

3 0 0 0 0 0 0 0 0 

4 Additional length (1 Fh) 

5 0 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 

7 0 0 0 0 0 0 0 0 

8 Vendor 10 - MSa 
· · · 

15 Vendor 10 -lSa 

16 Product 10 - MSa 
· · · 

31 Product 10 - lSa 

32 Product Revision level - MSa 
· · · 

35 Product Revision Level - lSa 

S.13.4INQUIRY Command Data Field Descriptions 

FIELD 
NAME BYTE BIT DESCRIPTION 

Peripheral 0 0-7 This field indicates a sequential access device. 
Device Type Value 7Fh indicates that a logical unit is not 

present. This Is reflected only in the case where a 
non-zero LUN was contained in the last Identify 
message sent by the Initiator. 

RM 1 7 When set to 1, this field indicates the medium is 
removable. 
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5.13.4 INQUIRY Command Data Field Descriptions Continued 

FIELD 
NAME BYTE BIT DESCRIPTION 

ECMA 2 3 -5 This field indicates no claim to compliance with the 
European Manufacturers Computer Association 
(Version 3-3). 

ANSI Version 2 0-2 This field indicate compliance with standard X3. 131-
1986. 

Additional 4 This field indicates that 31 bytes of additional 
INQUIRY command parameters follow (beginning in 
Byte 05h). This value is not modified if the Allocation 
Length in the COB is too small to accommodate the 
entire response. 

Vendor 10 8 -15 These fields contain eight bytes of ASCII data: 
"ARCHIVE (followed bva scace)" 

Product 10 16 - 31 These fields contain sixteen bytes of ASCII data: 
VIPER 150 XXXXX for the Viper firmware 150S 
VIPER 125 XXXXX for the Viper firmware 125S 
VIPER 60 XXXXX for the Viper firmware 60S 
The XXXXX is the first five digits of the Archive Part 
Number. 

Product 32-35 These fields contain four bytes of ASCII data: • -xxx' 
Revision 
Level The xxx is the 3-digit firmware revision number; for 

example: "-001". 

5.13.5 Completion Status 

CODE I MESSAGE I DESCRIPTION 

OOh Good Status • Media is not moved, current position is maintained 
• Viper drive remains in any previously set modes 
• Viper drive is ready to perform any appropriate commands 

02h Check Condition Extended Sense byte 02 

CODE I MESSAGE I DESCRIPTION 

04h Hardware Error • Parity error on either the SCSI Bus or 
the Viper drive 

05h Illegal Request • The COB contained an invalid bit 
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5.14 VERIFY (13h) 

The VERIFY Command verifies one or more blocks of data beginning with the next block on 
the logical unit. This command verifies the Cyclic Redundancy Check (CRC) on the medium 
and does not support byte-by-byte comparison of tape data with Initiator-supplied data. No 
data is transferred between the Initiator and Viper drive during the VERIFY operation and no 
data is written to the medium. 

The command terminates after the specified number of blocks are verified or when Viper 
drive encounters a Filemark, the EOT, or an unrecoverable error including an invalid CRe. 
Upon completion the medium is positioned after the last block verified or Filemark. 

H a VERIFY with a zero verification length is issued, no data is verified, and the current 
position on the tape does not change. This condition is not considered an error. 

5.14.1 VERIFY Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 0 0 1 1 

1 0 0 0 0 0 0 0 1 

2 VERIFY Length· MSB 

3 VERIFY Lenath 

4 VERIFY Length· LSB 

5 X X 0 0 0 0 Flag Unk 

5.14.2 Command Descriptor Block Field Descriptions 

FIELD 
NAME BYTE BIT DESCRIPTION 

Byte Compare 1 1 This bit must be zero, indicating CRC 
Bit verification is requested. The byte comparison 

option is not supported. 

FIXed Block 1 0 This bit must be one, indicating blocks are fixed· 
Size Bit size. The variable length block option is not 

supported. 

VERIFY 2·4 These fields specify the number of contiguous 
blocks to be verified. 
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5.14.3 Completion Status 

COMPLETION 
CODE MESSAGE DESCRIPTION 
OOh Good Status • Viper drive is ready to accept any appropriate 

command 
• Viper drive remains in any previously set mode 
• The Tape is positioned to the EOT side of the last 

block verified 

02h , Check Condition Extended Sense byte 02 

CODEI MESSAGE I DESCRIPTION 

01h Recoverable • Tape encountered soft 
Errors errors that are reported in 

bytes 13 and 14 of the 
Request Sense Data. 

• All data is successfully 
written to tape' 

02h Not Ready • A cartridge is not installed in 
the drive 

03h Media Error • An unrecoverable data error 
was encountered 

04h Hardware Error • Parity error on either the 
SCSI Bus or the Viper drive 

OSh Ulegal Request • The COB contains an invalid 
bit 

06h Unit Attention • cartridge changed prior to 
accepting this command 

• Viper drive reset prior to 
accepting this command 

40h EOTBitand • End of recorded data was 
No Sense encountered 

43h EOTBitand • Physical End·of·Media was 
Media Error encountered 

48h EOTbitand • Logical End-of·Media was 
Blank Check encountered 

80h Filemark Bit • A Filemark encountered 
and No Sense 
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5.15 RECOVER BUFFERED DATA (14h) 

The RECOVER BUFFERED DATA command is used to read data transferred to the Viper 
drive buffer but not written on tape. It is normally used only to recover from error conditions 
which make it impossible to write on tape. 

5.15.1 RECOVER BUFFERED DATA Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 0 1 0 0 

1 0 0 0 0 0 0 0 1 

2 Transfer Length - MSB 

3 Transfer Length 

4 Transfer Length - LSB 

5 X X 0 0 0 0 Flag Link 

This command functions similarly to the READ command, except that the data originates 
from the Viper drive buffer instead of from the media. 

Blocks are transferred in the same order as if written to the tape. One or more RECOVER 
BUFFERED DATA commands may be used to read the unwritten buffered data. 

5.15.2 Command Descriptor Block Field Descriptions 

FIELD 
NAME BYTE BIT DESCRIPTION 

Fixed Block 1 0 To indicate that blocks are fixed size, the 
Size Bit Fixed Block Size bit must be one. 

Transfer Length 2-4 0-7 The Transfer Length specifies the number of 
contiguous blocks to be recovered. When a 
Transfe~ Length of zero is specified, no data is 
transferred. This is not considered an error. 

If the Transfer Length exceeds the number of 
blocks in the Viper drive buffer, the command 
transfers the blocks available and completes with 
Check Condition Status. Extended Sense of 40h 
is set and the residual length· is equal to the 
difference between the Transfer Length and the 
actual number of blocks transferred. 
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5.15.3 Completion Status 

COMPLETION 
CODE MESSAGE DESCRIPTION 

OOh Good Status • The position of the Media is not changed 
• Viper drive is ready to accept any appropriate 

command 
• Viper drive remains in previously set mode 

02h Check Condition Extended Sense byte 02 

CODE IMESSAGE I DESCRIPTION 

02h Not Ready • A cartridge is not installed 
in the drive 

04h Hardware Error • Parity error on either the 
SCSI Bus or the Viper drive 

OSh lIIegat Request • The COB contains an 
invalid bit 

06h Unit Attention • The cartridge was changed 
prior to accepting this 
command 

• Viper drive reset prior to 
accepting this command 

40h EOTand • The number of blocks 
No Sense specified in the transfer 

length exceeds the number 
of blocks remaining in the 
buffer 
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5.16 MODE SELECT (15h) 

The MODE SELECT command allows the Initiator to place the Viper drive in either buffered 
or unbuffered mode and select a specific tape format. It is illegal to issue a MODE SELECT 
command without a cartridge installed or w~en positioned away from BOT with a cartridge 
installed. 

5.16.1 MODE SELECT Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 
0 0 0 0 1 0 1 0 1 

1 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 {) 0 0 

3 0 0 0 0 0 0 0 0 

4 Parameter List Length 

5 X X 0 0 0 0 Flag Link 

5.16.2 Command Descriptor Block Field Description 

FIELD 
NAME BYTES DESCRIPTION 

Parameter List 4 This field designates the number of bytes in the 
Length MODE SELECT hat are transferred during the 

Data-Out Phase. A Parameter List Length of 
zero specifies that no data will be transferred . 
. This is not considered an error. 

5.16.3 Parameter List Header Format 

BITS 7 15 5 4 3 2 1 0 
BYTE 
0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 

2 0 Buffered Mode Speed (0) 

3 Block Descriptor Length 
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5.16.4 Parameter List Header Field Descriptions 

MODE I BYTES I BITS I DESCRIPTION 

Buffered 2 4-6 In Buffered Mode the Viper drive reports Good Status on Write 
command as soon as the data has been written to the Viper 
drive buffer. 
In the Unbuffered Mode Viper drive does not report Good Status 
on a Write command untO the data is successfully written to 
Tape. 

Speed 2 0-3 The Speed Field must be set to zero to indicate the default 
speed of 90 ips. 

Block The Block Descriptor Length field is set to either OOh or 08h 
Descriptor Descriptor Length indicating that there;s either zero or one, 
Length 3 a-byte Block Descriptor to follow. 

5.16.5 Parameter List-Block Descriptor 

BITS 7 6 5 4 3 2 1 . 0 
BYTE 
0 Density Code 

1 Number in Blocks - MSB (0) 

2 Number of Blocks (0) 

3 Number of Blocks - LSB (0) 

4 0 0 I 0 I 0 I 0 I 0 I 0 I 0 
. 5 Block length - MSB (OOh) 

6 Block Length (02h) 
., 

7 Block length - LSB (OOh) 
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5.16.6 Parameter List-Block Descriptor Field Descriptions 

NAME I BYTES DESCRIPTION 

Density 0 The density code field defines the tape fonnat the Viper drive 
Code either writes or recognizes in a read command. Density codes and 

interpretations are shown in the following table. 

Density Codes 1 Interpretations 

OOh Implicit 
04h OtC·11 
Osh OIC·24 
OFh OIC·120 
10h OIC·1s0 

Implicit Mode In a READ operation, the drives does a fonnat search at BOT to 
determine the fonnat on the installed tape. The search order is: 

Search Sequence I Format 

1 OIC·1s0 
2 QIC·120 
3 OIC·24 
4 OIC·11 

In a WRITE Operation, the drive detennines the cartridge type and 
selects the highest appropriate capacity as shown below: 

Drive I Cartridge I Selected Capacity 

1508 DC600XTD OIC·150 
DC 600 A OIC·120 

1_ DC300XLP Illegal 

1258 DC600XTD OIC·120 
DC 600 A OIC·120 
DC300XLP Illegal 

608 DC600XTD OIC·24 
DC 600 A OIC·24 
DC300XLP OIC·24 
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5.16.7 Parameter List-Block Descriptor Field Descriptions Continued 

NAME I BYTES I DESCRIPTION 

Explicit Mode The Viper drive enters the explicit mode by: 
1. Reading a tape 
2. Writing a tape 
3. Wilh density code field selto non-zero in the Mode Select 

command. If the drive is operating in the OIC-11, OIC-24, 
OIC-120, or OIC-150 format, the drive is in the explicit 
format mode. 

READ In Read Operation, the drive only recognizes the selected 
Explicit Mode. READ commands on all other formats are 
terminated with a Check Condition and a Sense Key of Blank 
Check. 

WRITE In Write Operation, the drive only writes in the selected Explicit 
Mode. If the installed cartridge does not support the selected 
Explicit Mode, the Write command terminates with a Check 
Condilion and a Write Protect. 

If the Selected Density Mode is an 04h or 05h in a 125S or 
150S, the write operation terminates with 05h Illegal Request. 

If Mode Select is issued to change the Density Code, the 
change is not reported in Mode Sense until a write or read 
operation is completed. 

Number of 1 -3 This field is set to all zeros indicating that all logical blocks 
Blocks havethe format specified in the Density Code field. 

Block 5-7 This field is set to OOh, 02h, OOh indicating a fixed-block length 
Length of 512 bytes. 
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5.16.8 Completion Status 

COMPLETION 
CODE MESSAGE 

OOh Good Status • 

02h Check Condition 

VIPER SCSI COMMANDS 

DESCRIPTION 

• The Media is not moved. 
• The defined mode is set and remain set until 

another MODE SELECT or a Reset is issued 
• Viper drive is ready to perform any appropriate 

command. 
Extended Sense byte 02 

CODE MESSAGE 
DESCRIPTION 

04h Hardware Error· Parity error on either the 
SCSI Bus or the Viper drive 

OSh Illegal Request • The COB or Parameter Ust 
contained an invalid bit 

• The Buffered Mode field or 
the Density Code field 
contains an illegal Mode 
Code 

• The cartridge was not at 
BOT when the command 
was issued 

06h Unit Attention • The cartridge was 
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5.17 RESERVE UNIT (16h) 

The RESERVE UNIT command reserves the Viper drive for the exclusive use of the requesting 
Initiator or for the exclusive use of third party specified SCSI device. The third party 
reservation option is provided for multi-initiator systems that use the COpy command. 

Viper drive reservation, once established, remain in effect until the occurrence of one of the 
following: 

• Another RESERVE UNIT command arrives from the same Initiator that requested 
the current reservation (for itself or for a third party). The new reservation 
supercedes the current one and may be the same as the current one. Redundant 
use of the command is not considered an error. 

• A RELEASE UNIT command arrives from the same Initiator that requested the 
current reservation. The Viper drive returns to un-reserved mode. 

• A Bus Device Reset Message arrives from any Initiator. 

• A Reset condition occurs. 

When the Viper drive is reserved, it returns Reservation Conflict Status in response to any and 
all commands received from excluded Initiators. An exception to this is in response to the 
RELEASE UNIT command and in response to a subsequent RESERVE UNIT command from 
the original reservation requestor (refer to RELEASE UNIT command). 

5.17.1 RESERVE UNIT Command Descriptor Block 

BITS 7 6 I 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 0 1 1 0 

1 0 0 0 3rd Ply 3rd Party 10 0 

2 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 

5 X X 0 0 0 0 Flag Link 
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5.17.2 Command Descriptor Block Field Descriptions 

FIELD I NAME BYTES BITS DESCRIPTION ~ 
3rd Ply Bit 1 4 The Third Party Bit indicates whether or not the I 

reservation is for a third party. 

3rd Party 10 1 1 t03 The 3rd Party 10 specifies an Initiator ID for 
which the release was intended. It is meaningful 
only when the 3rd Ply bit is set to 1. Viper drive 
does not release a third party reservation ifthis 
field does not· identify the Initiator currently in 
control of the Viper drive. 

5.17.3 Completion Status 

COMPLETION 
I CODE MESSAGE DESCRIPTION 

OOh Good Status • The position of the Media is not changed 
• Viper drive is ready to accept any appropriate 

command 
• Viper drive remains in any previously set mode. 
• Viper drive is reserved for the use of the specified ID. 

02h Check Condition Extended Sense byte 02 

CODE I MESSAGE I DESCRIPTION 

02h Not Ready • A cartridge is not installed 
in the drive. 

04h Hardware Error. • Parily error on either the 
SCSI Bus the Viper drive 

OSh Illegal Request • The COB contains an 
invalid bit 

I , . 
06h Unit Attention • The cartridge was changed 

prior to accepting this 
command 

• The Viper drive was Reset 
prior to accepting this 
command. 
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5.18 RELEASE UNIT (1.7h) 
f' 
L 

The RELEASE UNIT command releases a current Viper drive reservation, if the command is 
received from the Initiator that originally established the reservation. If the original reserva­
tion was made for a third party, the RELEASE UNIT command DeSCriptor Block must also 
carry the third party data. Any RELEASE UNIT command that arrives from other than the 
originating requestor (including one that arrives from the third party currently in command 
of the Viper drive) is ignored and Good Status is returned in response to the command. 

Additional events and conditions that can cause a reservation to be released are discussed 
under the RESERVE UNIT command. 

NOTE: It is not an error to attempt to release an 10 that is not currently reserved to 
the requesting Initiator. A reservation cannot be released, if it is reserved by another 
Initiator. 

5.18.1 RELEASE UNIT Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 0 1 1 1 

1 0 0 0 3rd Pty 3rd Party 10 0 

2 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 

5 X X 0 0 0 0 Flag Link 

5.18.2 Command Descriptor Block Field Descriptions 

FIELD 
NAME BYTES BITS DESCRIPTION 

3rd Pty Bit 1 4 The 3rd Party bit is used to indicate when a 
release is for a third·party. 

3rd Pty 10 1 1 to 3 The 3rd Party 10 specifies an Initiator 10 for 
which the release was intended. It is meaningful 
only when the 3rdPty bit is set to 1. Viper drive 
does not release a third party reservation if this 
field does not identify the Initiator currently in 
control of the Viper drive. 
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5.18.3 Completion Status 

-, 

COMPLETION I 
CODE MESSAGE DESCRIPTION I 

OOh Good Status " The position of the Media is not changed 
" Viper drive is ready to accept any appropriate 

command 

" Viper drive remains in any previously set mode 
" Viper drive accepts commands frbm any Initiator 

--
02h Check Condition Extended Sense byte 02 

CODEIMESSAGE I DESCRIPTION 

04h Hardware Error " Parity error on either the 
SCSI Bus or the Viper drive 

OSh Illegal Request ," The COB contains an 
invalid bit 

06h Unit Attention " The cartridge was changed 
prior to accepting this 
command 

1 

" The Viper drive was Reset 
prior to accepting this 
command 

•• 
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5.19 COpy (18h) 

The COPY command copies data blocks between a Viper drive and other SCSI Sequential or 
Direct Access devices. Viper drives manage data transfers by assuming the role of Initiator to 
establish a logical connection with another device. Viper drives do not support third party 
copying or managing transfers between two remote devices. The drive manages transfers 
only between itself and another device. 

5.19.1 Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 1 0 0 0 

1 0 '0 0 0 0 0 0 0 

2 Parameter List Length - MSB 

3 Parameter List Length 

4 Parameter List Length - LSB 

5 X X 0 0 0 0 Rag Link 

5.19.2 Command Descriptor ,Block Field Description 

The Parameter List Length field, Bytes 2 to 4, contains the total number of bytes in the trailing 
parameter list, including the 4-byte Header plus all 12-byte Segment Descriptors. 

The Parameter List Length must be divisible by the 12-byte Segment Descriptor plus 4-byte 
header. Examples of valid quantities are: 0, 4, 16,28,40. If the Parameter List Length does not 
meet the above criteria, it is terminated with Check Condition and Illegal REQUEST SENSE 
Key. 

5.19.3 COpy Command Description 

The COPY command can include up to 256 Segment Descriptors, each identifying a different 
device or, for Direct Access devices, starting block address. The Viper drive processes one 
Segment DeSCriptor at a time. The Viper drive tape is not rewound between processing of 
each Segment DeScriptor. 

A copy to or from a Direct Access (D / A) device can be disk, image, or individual file. Each 
Segment Descriptor only transfers contiguous files from the D / A device. File transfers that 
are not contiguous blocks on the D / A device can be accomplished by using multiple Segment 
Descriptors to a maximum of 256. 
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The COPY command does not write Filemarks between Segment descriptors. The data 
appears as one file on tape if multiple segment descriptors are used. 

The Viper drive issues READ or WRITE type commands to the other device, depending on 
whether the remote device is the source or destination for the data. Each command has a data 
length equivalent to the remote device block size. 

The block sizes of Sequential (SEQ) devices are specified in the Segment Descriptors. To 
determine the block size of remote D/ A devices, the Viper drive issues a MODE SENSE 
command each time a new Segment Descriptor is processed. Viper drives accommodate 
devices with a block sizes of 256, 512, 1024, 2048, and 4096 bytes. 

Viper drives use only 512-byte blocks. When the other device has a block size of 256, the 
number of blocks to be copied must be an even number, and the Residual is reported in 
sectors. The Viper does not disconnect during a data transfer when transferring 256-byte 
blocks. 

Prior to issuing a WRITE or READ command, the Viper determines the block size of the D / A 
device and the number of blocks to be transferred and converts this to 512 byte block intervals 
for the Viper drive to complete the requested transfer correctly. 

Bus transfer length relates to the Viper drives selectable buffer disconnect feature. This is 
configured by placing jumper dips across pairs of pins in the disconnect size area of the 
configuration jumper block. The disconnect size selected must be 16K or greater for the copy 
command to work. See Chapter 3, INSTALLATION. 

The Initiator issuing the COPY command is responsible for any applicable device reserva­
tions (see RESERVE UNIT command description). Also the Initiator is responsible for posi­
tioning the tape to the starting source/destination positions on sequential devices, and for 
insuring that the device which is logically connected to the managing Viper drive is properly 
initialized. 

The Initiator must support the Disconnect/Reconnect option. H it does not, when the COPY 
command is received by the drive, it immediately terminates the command and returns 
Check Condition and an Dlegal REQUEST SENSE Key. 

5.19.4 COpy Parameter List Header Block 

BIT 7 6 5 4 3 2 1 0 
BYTE 
0 COpy PRIORITY 

1 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 0 
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5.19.5 Parameter List Header Block Field Descriptions 

BIT 
NAME BYTES BITS DESCRIPTION 

Priority 0 0-2 This field is ignored since Viper drives do not 
queue commands. The COPY command must 
complete before a subsequent command is 
accepted. 

COpy 0 3-7 In this field the Parameter Ust Header speCifies 
the format Function of the subsequent Segment 
Descriptors. Viper drives use a Code subset of 
the COpy command functions defined in ANSI 
X3.131, restricted by the Viper requirement that 
the drive be considered a sequential device when 
participating in a COPY command. 

The following shows Copy functions supported in terms of standard copy function Codes. 

COPY FUNCTION 
CODE USE RESTRICTION 

OOh DIAtoSEa Source device cannot be a Viper drive. 
08h SEato DIA Destination cannot 'be a Viper drive. 
18h SEato SEa Device cannot copy to itself. 

DIA = Direct Access Device 
SEa =, Sequential Device 

In the following Segment Descriptors, designation of SCSI ID for a Viper drive must match the 
SCSI ID configured on the Viper drives Configuration Jumper Block. 

5.19.6 D/A to SEa Segment Descriptor 

The Segment Descriptor for COPY Function Code OOh initiates a READ from the D / A device 
and a WRITE to the SEQ device (Viper drive). The Viper drive must be the destination device 
in a D/ A to SEQ copy. Destination LUN, Byte 1, Bits 0-2, has a value of 0, referencing the 
controllers single drive. 

When the D / A device block size is 256, the 24-bit count in D / A Device Number of Blocks 
must be an even number, indicating a whole number of 512 byte transfers. A block count of 
zero is permitted and causes a READ to be issued to the D / A device with a Transfer Length of 
zero. This is not considered an error. 

This type of READ is a function of the value in D / A Device Logical Block Address. If the value 
of the Logical Block Address is equal to or greater than 221, a READ Extended (28h) is used. 
When the READ Extended is required, the ReI Adr Bit, Byte 1, Bit 1, is not used. 
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5,19,6.1 DIA to sea Segment Descriptor Block 

BITS 7 6 5 4 3 2 I 1 0 
BYTE 

0 Source SCSIID 0 0 Source LUN 

1 Destination SCSIID 0 0 Destination LUN 

2 0 0 0 0 0 0 1 0 

3 0 0 0 0 0 0 0 0 

4 D/A Device Number of Blocks - MSB 

5 D/A Device Number of Blocks 

6 D/A Device Number of Blocks I 

7 D/A Device Number of Blocks - LSB 

8 D/A Device Logical Block Address - MSB 

9 D/A Device Logical Block Address 

10 D/A Device Logical Block Address 

11 D/A Device Logical Block Address -lSB 

5 19 6 2 01 A to sea Segment Descriptor Field Descriptions • I • 

. FEATURE I BYTES I BITS I DESCRIPTION 

Source 
SCSIID 0 5-7 This field specifies the source SCSIID of the D/A 

device from which the data is read. 

Source 
Drive 0 0-2 This field specifies the source LUN number of the 

[ . D/Adevice 

SCSIID 
Destination 
Device 1 5-7 This field specifies the SCSIID of the Viper drive 

Number of 
Blocks 4-7 These fields specify the number of blocks from 

the D/A device to be transferred 

DJA Device 
Address 8 -11 These faelds specify the logical block in the D/A 

device from Logical Block which the read starts. 
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5.19.7 SEa to D/A Segment Descriptor 

The Segment Descriptor for COpy Function Code 01h initiates a WRITE command from the 
SEQ device (Viper drive) to the D / A device. 

The Viper drive must be the source device in a SEQ to D/ A copy. Byte 0, bits 0 to 2 (Source 
LUN) have value 0, referencing the controllers single drive. Bytes 2 to 3 (SEQ Device Block 
Length) have value 512 (200 Hex), according to the Viper drive recording format. 

In the case where the D / A device block size is 256, the 24-bit count in D / A Device Number of 
Blocks must be an even number. 

A block count of zero is permitted and causes a WRITE type command to be issued to the 
D / A device with a Transfer Length of zero. This is not considered an error. 

This type of WRITE command is a function of the value in D / A Device Logical Block Address. 
If the value of the Logical Block Address is equal to or greater than 221, a WRITE Extended 
(2Ah) is used. When the READ Extended is required, the ReI Adr Bit, Byte 1, Bit 1, is not used. 

5 19 7 1 SEa to DI A Segment Descriptor Block I I I 

BITS 7 6 5 4 3 2 1 0 
BYTES 

0 Source SCSIID 0 0 Source LUN 

1 Destination SCSIID 0 0 Desl LUN 

2 0 0 0 0 0 0 1 0 

3 0 0 0 0 0 0 0 0 

4 D/A Device Number of Blocks -:- MSB 

5 D/A Device Number of Blocks 

6 D/A Device Number of Blocks 

7 D/A Device Number of Blocks - LSB 

8 D/A Device Logical Block Address - MSB 

9 D/A Device Logical Block Address 

10 D/A Device Logical Block Address 

11 D/A Device Logical Block Address - LSB 
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5.19.7.2 SEa to DIA Segment Descriptor Field Descriptions 

FEATURE I BYTES I BITS I DESCRIPTION 

Drive 0 5· 7 This field specifies the Viper drive SCSIID 
SCSIID number. 

Destination 1 5·7 This field specifies the D/A device destination 
SCSIID SCSIID number. 

Destination 1 Ot02 This field specifies the D/A device destination 
LUN LUNnumber. 

D/A Device 4to 7 These fields specify the number of blocks to be 
Number of transferred from the SEQ device to the D/A device. 
Blocks 

D/A Device 8 to 11 These fields specify the logical block of the D/A 
Address Logical Block device from which write starts. 

5.19.8 SEa to SEa Segment Descriptor 

In a Segment DeScriptor for COPY Function Code 03h, the managing Viper drive may be 
either the source or destination device. The LUN associated with a Viper drive must always 
have value 0, referencing the controller's single drive. The Block Length associated with a 
Viper drive must always have a value of 512 (200h), according to the Viper drive recording 
format. 

In the case where the remote device block size is 256, the 24-bit count in Source Number of 
Blocks must be an even number. . 
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5 19 8 1 SEa to SEa Segment Descriptor Block I • I 

BITS 7 6 5 4 3 2 1 0 
BYTES 

0 Source SCSIID 0 0 Source lUN 

1 Dest. SCSIID 0 0 Dest.LUN 

2 0 0 0 0 0 0 1 0 

3 0 0 0 0 0 0 0 0 

4 Source Block length - MSB 

5 Source Block length -lSB 

6 Destination Block length - MSB 

7 Destination Block length -lSB 

8 Source Number of Blocks - MSB 

9 Source Number of Blocks 

10 Source Number of Blocks 

11 Source Number of Blocks -lSB 
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5.19.8.2 SEa to SEa Segment Descriptor Field Descriptions 

FEATURE I BYTES I BITS I DESCRIPTION 

Source 0 5·7 This field specifies the source SCSIID of the 
SCSIID SEa device from which the data is read. 

Source 0 0-2 This field specifies the source LUN number of the 
LUN SEa device. 

Destination 1 5·7 This field specifies the destination SCSIID of the 
SCSIID destination device. 

Destination 0·2 This field specifies the LUN of the destination 
LUN device. 

Source 4and5 These fields specify the length of the source 
Block block for a SEa device. 
Length 

Destination 6 and 7 These fields specify length of the destination 
Block block for a SEa device. 
Length 

Source 8 to 11 These fields specify the number of blocks of the 
Number of source for a SEa device. 
Blocks 
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5.19.9 Completion Status 

HEX 
CODE 
OOh 

02h 

MESSAGE DESCRIPTION 
Good Status • The drive Is positioned to the last block of the 

COPY command. 
Check Condition Extended sense byte 02 

CODE 1 MESSAGE .1 DESCRIPTION 

02h 

03h 

04h 

05h 

Not ready • A cartridge is not installed in the 
drive 

Media Error • An unrecoverable data error has 
been encountered. 

Hardware Error· Parity error on either the SCSI 
Bus or the Viper drive 

Illegal Request • The COB contains an invalid bit 
• The Parameter Ust Length is not 

divisible by 12+ 4 

• Viper drive buffer size is not 
configured for the minimum 16K 

• Host does not support 
OisconnectlAeconnect 

• The Viper drive is not LUN 0 
• Segment descriptor has a bit 

incorrectly set _ 
• Target block;-srze_~ts, 256K;. \ 

Segment Oescripto(defthes an 
odd block count 

• The COPY Function Code is not 
supported 

• The drive 10 is not in the correct 
Segment Descriptor field 

• The Viper drive is not set to End 
of Media for a WRITE 

OSh Unit Attention • The cartridge was changed prior 
to accepting this command 

• Viper drive was Reset prior to 
accepting this command 

• An implied Rewind is performed 
fora Read 

07h Data Protect • The cartridge installed in the Viper 
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5.19.9 Completion Status Continued 

i CODE I MESSAGE I DESCRIPTION 

r- 08h Blank Check • The Viper drive has encountered the 
-End of Data 

OA Copy Aborted • The target detects an exception 
condition; Check Condition Status is sent 

r to the managing Viper. The drive 
generates a Check Condition Status for 
the initiator that issued the command. 
The Extended Sense Data returned by 
the managing Viper drive has a Sense 
Key set to COPY Abort, indicating a 
target error. Includes Sense Data from 
the target when available. 

• The target terminates the command sent 
from the Viper drive with a Check 
Condition. If the target was the source, 
byte 8 of the Request Sense Extended 
Sense is set to OSh, and byte 9 is set to 
OOh. If the target was the destination, 
byte 9 of the Request Sense Extended 
Sense is set to OSh, byte 8 is set to OOh. 
Byte 14 of the Request Sense Extended 
Sense contains the Status byte from 
the target. Byte 15 to 22 contains bytes 
o to 7 of the target Request Sense 
Extended Sense. 

• A Selection Timeout occurred on the 
remote device 

• The Direct Access device utilized an 
unsupported block size 

40h EOT bit and- • Early Warning was encountered during 
No Sense a WRITE to the drive. 

• A WRITE to the Viper drive in the Early 
Warning region was successfully 
completed 

43h EOM bit and • EOT was encountered during a WRITE 
Media Error to the Viper drive 

48h EOTbitand • Logical EOT was encountered during a 
Blank Check READ from the drive 
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5.20 ERASE (19h) 

The ERASE command erases the tape. To begin erasing, the tape must be positioned at BOT 
when the command is issued. Upon completion of the operation, the tape repositions to BOT. 

5.20.1 ERASE Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 1 0 0 1 

1 0 0 0 0 0 0 IMMED Long 

2 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 

5 X X 0 0 0 0 Aag Link 

5.20.2 Command Descriptor Block Field Descriptions 

BIT 
NAME BYTES BITS DESCRIPTION 

Long 1 0 The Long Bit specifies that the entire tape is to be 
erased. This bit must be set to one. Viper drive 
does not support the short erase option. 

IMMED 1 1 The Immediate Bit specifies that status is to be 
retumed as soon as the ERASE command is 
accepted and verified. When this bit is zero, 
status is not retumed until the tape is Positioned 
at BOT. 
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5.20.3 Completion Status 

COMPLETION 
CODE 

OOh 

02h 

MESSAGE 

Good5tatus 

Check Condition 

WPERSCSICOM~NDS 

DESCRIPTION 

• Media is positioned at BOT 
• Drive is ready to perform any appropriate command 
• Drive remains in any previously set modes 

Extended Sense Byte 02 

CODE I MESSAGE I DESCRIPTION 

02h Not Ready • No cartridge in drive 
04h Hardware Error • Parity error either on the 

SCSI Bus or the Viper drive 
OSh Illegal Request • Both IMMED bit and Link 

bit were set to 1 
• The cartridge was not at 

BOT when the command 
was issued 

• The COB contained an 
invalid bit 

06h Unit Attention • The cartridge was changed 
prior to BOT or at BOT 
following a Prevent or Load 
command 

• The Viper drive has 
received prior reset 

07h WRITE Protect • The cartridge in the Viper 
drive is WRITE Protected 
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5.21 MODE SENSE (1 Ah) 

The MODE SENSE command provides a means for Viper drive to report its current mode 
settings to the Initiator. 

5.21.1 MODE SENSE Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 1 0 1 0 

1 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 0 

4 Allocation Length 

5 X X 0 0 0 0 Rag Link 

5.21.2 Command Descriptor Block Field Description 

BIT 
NAME BYTES BITS DESCRIPTION 
Allocation 4 This byte specifies the number of bytes the Viper 

drive retums in the Data·ln Phase. An Allocation 
Length of zero means no MODE SENSE data is 
transferred. This condition is not considered to 
be an error. When non-zero, the number of bytes 
specified in Allocation Length is transferred up to 
a maximum of 12 bytes. 

5.21.3 MODE SENSE Header Data Format 

The MODE SENSE response data consists of a four':'byte header followed by an eight-byte 
block descriptor. 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 ModeSense Data Length (OBh) 

1 Medium Type (0) 

2 wpi Buffered Mode Speed (0) 

3 Block Descriptor Length .(OSh) 
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5.21.4 MODE SENSE Header Data Field Descriptions 

BIT 
NAME BYTES BITS DESCRIPTION 

Sense Data 0 This field specifies the number of bytes in the 
Length following MODE SENSE data. The Sense Data 

Length does include itself and is always set to 
OBh. 

Medium Type 1 This field is always set to zero indicating default 
media. 

WPBit 2 7 This bit indicates whether or not the tape is write 
protected; a one indicates write protected, a zero 
indicates write enabled. 

Buffered 2 4t06 In Unbuffered Mode the Viper drive does not 
report Good Status on a WRITE command until 
the data has been successfully written to tape. 

In Buffered Mode, the drive reports Good Status 
on a WRITE command as soon as the data has 
been written to the Viper buffer. The following 
table describes the buffered mode field status 
and interpretation. 

Buffer Mode I Field Status Interpretation 
0 Unbuffered 
1 Buffered (default) 
2·7 Invalid 

Speed 2 Ot03 The Speed Fteld is always be set to zero to 
indicate that the default speed of 90 ips is selected. 

Block Descriptor 3 Block Descriptor Length field is always set to 08h 
Length indicating that there is one 8 byte Block Descriptor 

to follow. 
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BITS 7 6 5 4 3 
BYTE 

0 Density Code 

1 Number In Blocks - MSB (OOh) 

2 Number of Blocks (02h) 

3 Number of Blocks - LSB (OOh) 

4 0 0 0 I 0 I 0 
S Block Length· MSB (0) 

6 Block Length (2) 

7 Block Length - LSB (0) 

5.21.5 Block Length Descriptor Field Descriptions 

5.21.5.1 Density Code. Byte 0 

2 1 0 

0 0 I 0 

The Density Code field defines the tape format the Viper drive either writes or recognizes in 
a READ command. Density Codes and Interpretations are shown. 

DENSITY CODE I INTERPRET A TlON 
OOh . Implicit 
04h OIC·11 
OSh OIC-24 
OFh OIC-120 
10h OIC-150 

5.21.5.2 Implicit Mode· Default Density Code Mode 

In READ Operation, the drive does a format search at BOT to determine the format of the 
installed tape. The search sequence proceeds as follows: 

1. QIC-1S0 

2. QIC-l20 

3. QIC-24 

4. QIC-ll 

In WRITE Operation, the drive determines the cartridge type and selects the highest appro­
priate capacity as shown. 
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DRIVE I CARTRIDGE SELECTED I CAPACITY 
21505 DC600XTD OIC -150 

DC 600 A OIC -120 
DC300XLP Illegal 

21255 DC600XTD OIC -120 
DC 600 A olC -120 
DC300XlP IIleoai 

20605 DC600XTD 01C-24 
DC 600 A 01C-24 
DC300XLP 01C-24 

5.21.5.3 Explicit Mode 

The Viper drive enters the explicit mode either by (1) reading a tape, (2) writing a tape, or (3) 
with density code field set to non-zero in the MODE SENSE command. 

If the Viper drive is operating in the QIC-11, QIC-24, QIC-120, or QIC-150 format, the drive is 
in the explicit format mode. 

In READ Operation, the drive only recognizes the selected Explicit Mode. READ commands 
on all other formats are terminated with a Check Condition and a Sense Key of Blank Check. 

In WRITE Operation, the drive only writes in the selected Explicit Mode. If the installed 
cartridge does not support the selected Explicit Mode, the WRITE command terminates with 
a Check Condition and a Sense Key of 05h lllegal Request or 07h WRITE Protect. If the 
Selected Density Mode is a 04h or 05h in a 125S or a 150S, the write operation terminates with 
05h megal Request. If the .cartridge cannot support the selected Density Code, 07h WRITE 
Protect is set. 

The reason for a WRITE Protect Sense Key is that this error code directs the user to remove the 
cartridge to find that the wrong cartridge was used. . 

If a MODE SELEcr is issued to change the Density Code, this change is not reported in a 
MODE SENSE until a write or read operation is completed. 

5.21.5.4 Nymber of Blocks. Bytes 1 to 3 

This field is set to all zeros indicating that all logical blocks have the format specified in the 
Density Code field. . 

5.21.5.5 Block Length. Bytes 5 to 7 

This field is set to OOh, 02h, OOh indicating a fixed block length of 512 bytes. 
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5.21.6 Completion Status 

HEX 
·CODE MESSAGE DESCRIPTION 
00h Good Status • The Media is not moved. It remains at the previous 

position 
• Viper drive remains in a previously set mode, 

MODE SENSE does not set or change any modes 
• Viper drive is ready to perfonn any appropriate 

command 
02h Check Condition Extended Sense byte 02 

CODEI MESSAGE 1 DESCRIPTION 

04h Hardware Error • Parity error on either the 
SCSI Bus the Viper drive 

OSh Illegal Request • The COB contained an 
invalid bit 

OSh Unit Attention • The cartridge was changed 
when away from BOT or at 
BOT following a PREVENT 
or LOAD command 

• Viper drive has received a 
Reset 
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5.22 LOAD/UNLOAD (1 Bh) 

The LOAD/UNLOAD command requests that the Viper drive enable or disable the logical 
unit for further operations. In either case, the tape is positioned to BOT before loading or 
unloading. Since loading and unloading of the read/write head and the tape are performed 
mechanically by the operator, the command is logically equivalent to the REWIND com-
mand, depending on whether the RETEN bit is set, except for the following: . 

• When a LOAD command is executed, the LED on the front panel is ON. If the 
cartridge is removed (even at BOn, a Unit Attention Condition is set. 

• When an UNLOAD command is executed (front bezel LED is turned off when at 
BOn, the tape positions at BOT and the cartridge may be removed at BOT 
without an error condition. 

5.22.1 LOAD/UNLOAD Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 
0 0 0 0 1 1 0 1 1 

1 0 0 0 0 0 0 0 IMMED 

2 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 RETEN Load 

5 X X 0 0 0 0 Flag Unk 

5.22.2 C omman dO escrlptor oc e BI k Fi Id 0 I I escrlpt ons 

BIT NAME I BYTE I BIT I DESCRIPTION 

IMMEDBit 1 . 0 This bit specifieS that status is to be retumed as 
soon as the operation is initiated. When this bit is 
zero, status is not returned until the tape is 
positioned. 

Load Bit 4 0 This bit specifies whether the cartridge is to be 
loaded or unloaded. If set to 1, the tape moves to 
BOT and the LED comes ON enabling further logical 
unit operation. If the tape is removed following a load 
(even at BOT), Unit Attention is set. 
If set to 0, the tape repositions to BOT and the LED 
goes OFF. The tape can be removed at BOT without 
setting Unit Attention. 
Following an Unload, the drive accepts and executes 
any valid commands. 

RETEN Bit 1 1 This bit specifies the tape be retensioned before the 
LOAD UNLOAD command is completed. The tape 
moves from the current position to BOT, then EOT, 
and back to BOT. 
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5.22.3 Completion Status 

HEX 
CODE MESSAGE DESCRIPTION 
OOh Good Status 

LOAD. 1 (Load) • Media is positioned to BOT 
• Front Panel Ught comes ON 
• Unit Attention is set if a cartridge is removed at BOT 
• Viper drive remains In any previously set modes, with the 

exception of Unload 
• Viper drive Is ready to perform any appropriate commands 

LOAD.O (Unload) • Media is positioned to BOT 
• Front Panel Ught goes OFF at BOT 
• Unit Attention is not set if a cartridge is removed at BOT 
• Viper drive remains in any previously set modes, with the 

exception of Load 
• Viper drive is ready to perform any appropriate commands 

RETEN.1 • Media is positioned to BOT, then to EOT, then back to 
BOT. After this action, the tension on the tape is equalized 
from BOT to EOT and any errors caused by poor tape 
tension should be corrected. 

IMMED.1 • Good Status is returned once the command is transferred 
and verified. The requested action may still be in progress, 
such as a Retention. H another command is issued during 
this time, the ViPer drive immediately completes the new 
command and returns Busy Status. 

02h Check Condition Extended Sense Byte 02 

CODE I MESSAGE I DESCRIPTION 

02h Not Ready • No cartridge in drive 
04h Hardware Error • Parity error either on the SCSI 

Bus or the Viper drive 
OSh Illegal Request • Both IMMED bit and Unk bit were 

setto1. 
• The COB contained an invalid bit 

06h Unit Attention • The cartridge was changed prior 
to BOT or at BOT following a 
PREVENT or LOAD command 
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5.23 SEND DIAGNOSTIC (1 Dh) 

The SEND DIAGNOSTIC Command causes Viper drive to perform diagnostic self-tests on 
the buffer memory. The tests are part of the Viper drive resident firmware. No data is 
transferred between the Viper drive and the Initiator during this command. 

Good Status is returned if the tests ran successfully. 

5.23.1 SEND DIAGNOSTIC Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 1 1 0 1 

1 0 0 0 0 0 1 0 0 

2 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 

5 X X 0 0 0 0 Flag Unk 

5.23.2 Command Descriptor Block Field Descriptions 

BIT 
NAME BYTE BIT DESCRIPTION 

Self Test Bit 1 2 This bit must be set to one. It indicates that Viper 
drive is to perform its self·test procedures and 
that a parameter list is not used. 

UnitOfland 1 Oto 1 These bits must be set to zero. They are 
DevOn Bits . inapplicable since the Viper drive self-test does 

not use the medium during testing. 

Parameter Ust 3-4 These fields must be set to zero. They are 
Length inapplicable when the Self Test bit is set to one. 
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5.23.3 Completion Status 

COMPLETION 
CODE 

00h 

02h 

MESSAGE' DESCRIPTION 

Good Status • The position of the Media is not changed 
• Viper drive is ready to accept any appropriate 

command 
• Viper drive remains in any previously set mode 

Check Condition Extended Sense byte 02 

CODEI MESSAGE I DESCRIPTION 

02h Not Ready • A cartridge is not installed 
In the drive 

04h Hardware Error • Parity error on either the 
SCSI Bus or the Viper drive: 
the diagnostic failed 

OSh Illegal Request • The COB contains an 
invalid bit 

06h Unit Attention • The cartridge was changed . 
prior to accepting this 
command 

• The Viper drive was Reset 
prior to accepting this 
command 

NOTE: The LED signals three long. three short. and three long flashes. This sequence 
repeats until the condition is cleared. 
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5.24 PREVENT/ALLOW Media Removal (1 Eh) 

Because the Viper: drive does not physically prevent the removal of the cartridge during those 
times when the tape is 1l\oving in the drive, the front panel LED indicates when removal is 
allowable. 

H the LED is ON (PREVENT command), cartridge removal is not allowed. H the media is 
removed when the LED is ON, the Unit Attention Condition is set. H the LED is OFF (ALLOW 
command), media removal is allowed. If the cartridge is removed while the LED is OFF, no 
Unit Attention is set. H the PREVENT command is issued, the LED is always ON even at BOT, 
and then media removal even at BOT causes the Unit Attention Condition to be set. After a 
Reset, the default state of the drive is in the ALLOW command mode. 

NOTE: The Prevent/Allow command can only be issued at BOT. 

5.24.1 PREVENT/ALLOW MEDIA REMOVAL Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 0 1 1 1 1 0 

1 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 0 

4 0 0 0 0 0 0 0 PRVNT 
5 X X 0 0 0 0 Flag Unk 

5.24.2 Command Descriptor Block Field Description 

The PRVNT (prevent) bit, Byte 4, Bit 0, specifies whether the front panel LED should be 
turned on (1) or turned off (1) when at BOT. 
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5.24.3 Completion Status 

COMPLETION 
CODE MESSAGE DESCRIPTION 

00h Good Status • The media position is not changed 
• The Viper is ready to accept appropriate command 
• The drive remains in any previously set mode 
• If a PREVENT command was issued, the LED Is 

always on and the Unit Attention Condition is set 
upon media removal 

• If an ALLOW command was sent, the LED goes 
out at BOT. This aDows media removal at BOT 
without setting Unit Attention Condition 

02h Check Condition Extended Sense byte 02 

CODEIMESSAGE I DESCRIPTION 

04h Hardware Error • Parity error either on SCSI 
bus or the Viper drive 

OSh Ulegal Request • The COB contained an 
invalid bit 

OSh Unit Attention • The cartridge was 
. changed prior to issuing 

the PREVENT/ALLOW 
command 

• Viper drive has received a 
Reset prtor to the 
PREVENT/ALLOW 
command 
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5.25 WRITE DATA BUFFER (3Bh) 

The WRITE DATA BUFFER Command is used in conjunction with the READ DATA BUFFER 
Command as a diagnostic function for testing the data buffer memory of the Viper drive and 
confirming the SCSI bus integrity. There is no access to the medium during the execution of 
this command. 

5.25.1 WRITE DATA BUFFER Command Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 1 1 1 0 1 1 

1 0 0 0 0 0 0 0 BCV 

2 Buffer 10 

3 0 0 0 0 0 0 0 0 

4 O· 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 

7 Byte Transfer length (MSB) 

8 Byte Transfer Length (LSB) 

9 X X 0 0 0 0 Flag Unk 
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5.25.2 Command Descriptor Block Field Descriptions 

BIT 
NAME BYTE BIT DESCRIPTION 

BeVBlt 1 0 . The Bev bit set to 1 indicates that Byte 2 contains the 
number of the buffer at which writing is to begin. Buffers are 
numbered from 0 to 113 (71 h). 

Byte Transfer 7 and 8 Byte Transfer Length specifieS the maximum number of 
bytes transferred to the Target and retained in the buffer. It 
contains a four-byte header followed by the Write Data 
Buffer data. All transactions must be in multiples of 512 
bytes (fixed block length), plus a 4 byte header. 

A Byte Transfer length of zero indicates that no WRITE 
DATA BUFFER header and no WRITE DATA BUFFER data 
are transferred. This condition is not an error. It is also not 
an error to request a Byte Transfer length less than the 
Available Length plus 4 (reported by the READ DATA 
BUFFER Command); however, if the Byte Transfer length 
is greater than the Available Length plus 4 (E204h), the 
drive returns Check Condition Status with a Sense Key of 
Dlegal RequeSl 

5.25.3 WRITE DATA BUFFER Data Header 

BITS 7 6 5 4 3 2 1 0 
BYTE 

'0 0 0 0 0 0 0 0 0 

1 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 0 
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5.25.4 Completion Status 

COMPLETION 
CODE MESSAGE DESCRIPTION 

OOh Good Status • The position of the Media is not changed 
• Viper drive is ready to accept any appropriate 

command 
• Viper drive remains in any previously set mode 

02h Check Condition Extended Sense byte 02 

CODEI MESSAGE 1 DESCRIPTION 

02h Not ready • A cartridge is not installed 
in the drive 

04h Hardware Error • Parity error on either the 
SCSI Bus or the Viper drive 

05h Illegal Request • The COB contains an 
invalid bit 

• Allocation length exceeds 
the E204h 

• Allocation length is not 
modulo 512 plus 4 

06h Unit Attention • The cartridge was changed 
prior to accepting this 
command 

• Viper drive was Reset prior 
to accepting this command 

[ : 

5-71 



VIPER SCSI 60, 125 & ISO THEORY OF OPERA TION AND MAINTENANCE 

5.26 READ DATA BUFFER (3Ch) 

The READ DATA BUFFER command returns the 4-byte READ DATA BUFFER header plus 
the number of bytes specified by the Allocation Length field. This command is used in 
conjunction with the WRITE DATA BUFFER command as a diagnostic function for testing the 
drive buffer memory and confirming the SCSI bus integrity. During performance of this 
command, there is no access to the tape. 

5.26.1 READ DATA BUFFER'Commar:-d Descriptor Block 

BITS 7 6 5 4 3 2 1 0 
BYTE 

0 0 0 1 1 1 1 0 0 

1 0 0 0 0 0 0 0 Bev 

2 Buffer 10 

3 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 0 

6 '0 0 0 0 0 0 0 0 

7 Allocation Length (MSB) 

8 Allocation Length (LSB) 

9 X X 0 0 0 0 Flag . Unk 

5.26.2 Command Descriptor Block Field Description 

BIT 
NAME BYTE BIT DESCRIPTION 

BeVbit 1 0 H this bit is set to 1 , Byte 2 contains the number of 
the buffer where the reading begins. Buffers are 
numbered from 0 to 113 (71h), and each buffer 
contains 512 bytes of data. 

Allocation 7 and 8 These fields specify the maximum number of 
Length bytes the Initiator aUocated for returned data. It 

includes a four-byte header. which is transferred 
first, followed by the READ DATA BUFFER data. 
All transactions must be in multiples of 512 bytes 
(fIXed-block length). plus the 4 byte header. 
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5.26.3 READ DATA BUFFER Header 

BITS 7 6 5 4 3 2 
BYTE 

0 0 0 0 0 0 0 

1 0 0 0 0 0 0 

2 Available Length (MSB) 

3 Available Length (LSB) 

5.26.4 READ DATA BUFFER Header Field Descriptions 

The READ DATA BUFFER Header contains four bytes. 

• The first two bytes are reserved and set to zero. 

1 0 

0 0 

0 0 

• Bytes two and three contain the Available Length or the space available in the 
drive buffer. The Available Length for the drive is 56.5 kilobytes. 

. . 
An Allocation Length of zero indicates a non-transference of READ DATA BUFFER header 
and READ DATA BUFFER data. This is not an error condition. It is likewise, not an error to 
reque!!t an Allocation Length less than Viper drives Available Length plus four (for the 
header). In that case, the drive returns the requested length, including the four byte header. If 
the number of bytes specified in the Allocation Length exceeds the Available Length plus 4 (or 
is not modulo 512 plus 4), it is treated as an megal Requ~t. 

5.26.5 Completion Status 

COMPLETION 
CODE MESSAGE DESCRIPTION 

OOh Good Status • The position of the Media Is not changed 
• VIper drive is ready to accept any appropriate command 
• Viper drive remains in any previously set mode. 

02h Check Condition Extended Sense byte 02 
02h Not ready • A \.cal U ~ is not installed in the drive 
04h Hardware Error • Parity error on either the SCSI Bus or Viper drive 
05h Dlegal Request • The COB contains an invalid bit 

• Allocation Length exceeds the E204h . 
• Allocation Length Is not modulo 512 plus 4. 

06h Unit Attention • The cartridge was changed prior to accepting this 
command 

• Viper drive was Reset prior to accepting this command • 
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6.1 Overview" 

CHAPTER 6 
THEORY OF OPERATION 

THEORY OF OPERATION 

Viper SCSI drives feature lSI circuitry and surface-mount technology and conform to ANSI 
X3.131 and QIC-02 standards. The Viper drive consists of multiple mechanical subassemblies, 
two electrical assemblies (PCBs), and a front bezel. All are assembled in a half-high, 5 1/ 4-inch 
drive chassis configured to fit inside a standard half-high floppy disk slot. Figure 6-1 is a 
simplified block diagram of the Viper drive. Drive electronics are located on the Main PCB 
and the Motor Driver PCB. 

The Viper drive main PCB contains electronics for drive operations and interface. This single 
multilayer PCB offers advanced lSI circuitry and surface mount technology to provide high 
data reliability and low power consumption. 

The motor driver PCB ·is mounted in the back of the drive behind the cartridge loading area 
and con~ lSI circuits to control ~he speed and direction of the capstan drive motor. 

SCSI control s~gna1s are transmitted to and from the Viper via the host interface connector at 
the rear of the drive. Power is received through a 4-pin connector located at the rear of the 
drive. . 

6.2 Printed Circuit Board 
Under firmware program direction by the 64 Kbyte EPROM, the Intel8-bit 8031 microproces­
sor provides complete control over the operation of the Viper drive. The microprocessor 
together with the VLSi automatically formats the data as it is written onto tape. 

All read/write registers for transfer of data blocks within the drive electronics reside in VlSI 
and a 64 kilobyte buffer with parity. The data blocks are extracted from the formatted data as 
they are read from tape and sent to the host through the SCSI interface. Circuits for writing 
data to and reading data from tape are provided on the SCSI bus controller with all address­
ing control processed on the VISI. The microprocessor and VISI perform all error recovery 
operations. 
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Figure 6-1. Viper Drive Functional Block Diagram 
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6.2.1 Basic VLSI Controller 

The basic VISI controller consists of the motor control register, motor status register, tape 
status register, tape hole latches and cartridge in/ out detector. The -USF, -ON, -UTH and -
LTH signals all have the internal wrap-around signals at pads to the motor status register for 
ease of testing. It includes the circuits and features described in Table 6- 1. 

Table 6-1. VLSI Features 

CIRCUIT OR FEATURE I DESCRIPTION 

DMA Controller The DMA controller handles the host (SCSI) data transfer with 
minimum interventions by the microprocessor. It can perform any 
combination of either an Initiator role or a Target role. 

Interrupt Controller The interrupt controller consists of two maskable registers and 
two status registers and generates two interrupts to the 
microprocessor. The maskable registers are not initialized with a 
reset signal. The status bits can be read by the microprocessor at 
any time regardless of mask bit settings. 

Memory Access Controller The memory access controller consists of the arbiter, memory 
address multiplexer, memory bus transceiver, parity checkerl 
generator, refresh control and dynamic RAM interface. This controls 
all the internal data bus and memory data bus activities. 

ReadlWrite Controller This circuit consists of the write controller, read controller and 
readlwrite interface that is shared by both the write controller and 
read controller. The readlwrite controller basically operates in the 
following two modes: 

Read-Atter-Write Mode: The write controller controls the read! 
write Interface. The write controller gets data and control byte~ 
from the buffer memory. The read controller is only used as the 
read verifier it does NOT read the data back into the buffer 
memory. 

Read Mode: The write controller is not used and should be shut 
off. The read controller controls the readlwrite interface. The data 
and control bytes are put into the buffer memory. 

Clock Generator The clock generator consists of the crystal oscillator, phase clock 
generator, microprocessor clock generator, and SCSI chip clock 
aenerator. 
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Table 6·1. VLSI Features Continued 

CIRCUIT OR FEATURE 
Configurations 

Power On Reset 
(POR) 

Data Separator 

Byte Counter 

Test Points Multiplexer 

DESCRIPTION 
The configuration registers configure the operation of this device 
and are set for both application and diagnostic programs. 

Indicates status only. The POR bit Is set by upon power-up and 
the bit is cleared by reading the Test cell register. It is important to 
distinguish between two reset conditions: a ·power-on reset· 
occurring because of a condition where voltage values are low 
and a system reset. 

The data separator consists of the frequency comparator, phase 
comparator, gray code counter, data separator and veo logic. 

A phase-locked condition occurs when the falling edge of the clock 
signal coincides with the rising edge of a reference signal. A bit cell 
window is between two rising edges of the clock signal. 

The separated data and clock signals applied to the read controller. 
The read-after-write signal controls the data window size. It narrows 
down the data window to 75% during the read-after-write mode. 

Acquisition Advance (-AOA) and Track Advance (-TRKA) signals 
are used for veo steering. They cause the follolNing: 

When these signals are 
driven to this state ••• 
low 
high 
high-Z 

the VCO freauencv ••• 
increases 
decreases 
no change 

·AOA is controUed by the frequency comparator. The function of 
this signal is to lock on to a frequency as fast as possible and to 
lock-on to the gap frequency. 

-TRKA is controlled by the phase comparator. This signal provides 
tracking of a phase variations The lock signal (originated in the 
read controller) SWitches between two comparators. 

The Byte Counter counts the number of bytes independent of 
recording density. 

The programmable test points output the various signals for 
checking the phase·1ock loop (PLL) perfonnance and margins. 

• 
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6.2.2 Write and Erase Circuits 

The write drcWts provide signals to the tape drive recording heads. Signals applied cause 
flux transitions on the tape corresponding to the data being recorded. 

• Accurate write current control is achieved through a feed-back circuit. 

• Current flow direction to the write heads is determined and write data signals 
(WD and -WD) from the LSI are directed to either head I or head 0 depending on 
which one is selected for recording. 

, . , 

• Head selection is determined by -REV. When -REV is low ('ITL) and WEN (write 
enable) is high (TIL), 12 volts is applied to head 1. When -REV goes high and WEN 
is high, 12 volts is applied to Head o. 

• When recording to track 0, an erase current at 2.8 megahertz is applied t~ the full­
width erase head through gates and signals ERA and ERB. Erase current is toggled 
back and forth so the maximum 25% duty cycle of the erase head is not exceeded 
by either of the'erase circuits. 

• A write switch actuation lever on the cartridge prevents writing data on the, tape. 
When this lever is placed in the safe position, a switch is activated in the write 
circuits turning off removing the 12 volts and disablin"g the write circuit. The reset 
signal (-SRST> also provides a safeguard against writing invalid data by being 
assured that proper voltages are applied to the tape drive. This signal can also be 
activated through the drive interface. 

, 
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6.2.3 Read Circuits 

The read chain circuits condition the signal being read from the tape. A dual input preampli­
fier and multiplexer is provided for each read heads 0 and 1. 

• Gain of the preamplifier is determined and a variable resistor adjusts the·head 
4\puts so that the output is pro~rly balanced. 

• Head selection is determined by a forward/reverse signal and the output of the 
dual preamplifier/multiplexer is conditioned by a seven-pole differentiating low­
pass filter .. This filter changes amplitude peaks into zero-crossings and also filters 
unwanted noise fr~uendes out of the data frequency range. 

• The conditioned read signals are applied to a circuit consisting of a post amplifier 
. and data pulse detector. Gain of the post amplifier is determined by the gain adjust 
resistor. The channel-to-channel equalization is achieved by adjusting a resistor. 
OC Balance is adjusted to correct for the differential offset voltage of the post 
amplifier. . . 

• The output of the post amplifier is AC coupled and attenuated into the read 
comparator (zero-crossing detector) and write comparator (threshold detector) 
circuits. The threshold detector is triggered with 25% amplitude or 4% amplitude, 
depending upon whether th~ drive is in read-after-write or read 'only mode of 
operation. By qualifying data at 25% threshold during read-after-write, sufficient' 
margin"is provided to insure that the data will be recoverecfJusing a 4~ threshold 
during read only. . , 

• The thresholds are selected by a voltage divider network. When the controlling 
transistor is on, the network provides 4% read only threshold. When it is off, the 
network provides a 25% read-after-write threshold. 

• Data pulse timing is accomplished by a one-shot multivibrator time-domain filter. 
The multivibrator is triggered by the zero-crossing detector on every zero crossing. 
As the mWtivibrator times out, the threshold detector is sampled to determine if it 
too has been triggered. If it has, then a second one-shot multi vibrator is triggered, 
which is the read data pulse. The time constant for the time-domain filter is 
carefully selected to insure that unwanted zero crossings do not become false data 
transitions. The time constant for the read data pulse is not critical but it is 
maintained so it does not exceed 50% of the data window. 
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6.2.4 Tape Hole Sensor 

This circuit consists largely of a two hole sensor circuit and a comparator circuits. These 
circuits eliminate the need for various potentiometer adjustments due to changes in tape 
transmissivity and sensor characteristics. 

6.2.5 Phase Lock Loop 

This circuit consists of a loop filter and a voltage controlled oscillator. The loop filter consists 
of several operational amplifier stages followed by the veo and corresponding circuits. 
Total phase-lock-loop operation makes use of these circuits and phase and frequency com­
parison circuits located in the VISI. 

The phase-lock-loop operation makes use of two Signals: -AQA and -TRKA. These signals 
represent the two modes of operation: frequency lock acquire and frequency phase-Iock­
tracking. 

When operation begins, the system is in the frequency lock acquire mode. This mode of 
operation makes sure that signals are within range of an actual frequency and do not 
represent an unwanted harmonic. As soon as a fundamental frequency signal is obtained, 
operation moves to the frequency phase-lock-tracking mode. Two potentiometers are pro'" 
vided for phase lock offset adjustment and for VeORange Adjustment. 

6.2.6 Reset Circuits 

A system reset is generated if the power supply voltage drops below a predetermined level. 
This reset function is accomplished by two monolithic integrated circuits. These reset control­

·lers generate the SRST and -SRST signals. The SCSI bus reset also generates a -SRST signal 
output. . 
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6.3 Data Transfer 

To write data to tape, a number of conditions must be satisfied. The drive must be selected at 
the SCSI interface, the write enable signal must be active, and the cartridge write protect lever 
must be positioned to close the safe switch. Differential write data signals must be available at 
the VISI interface. These signals are sent to the drive from the supplied controller through the 
SCSI interface and VISI. 

Unlike the write data circuits, the read circuits are operational during both write and read 
operations. As a tape is recorded the read head operates.to read.each block of da~ as it is 
written. .. 

The difference between only reading data or reading after writing is controlled by the VISI, 
microprocessor, and the host. The read after write data is qualified by the read and write 
thresholds. This ensures that the tape contains high-quality data. 

Ouring the read mode, the following read/write threshold percentages are applied allowing 
efficient retrieval of data: 

VIPER DRIVE FORMAT 

60 Mbytes 
125 M bytes 
150 M bytes 

6.3.1 Erase Operation 

WRITE THRESHOLD 

25% 
25% 
25% 

READ 

5% 
4% 
4% 

When track 0 is selected, all tracks are erased. As a signal is applied to track 0 by the full-width 
erase head, the entire tape is erased. Erasing the entire tape ensures that new data is not 
written over old data. To enable the erase/write circuit, the tape cartridge must not have the 
write protect lever in the safe position, and the write enable signal must be true. 

• 
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6.3.2 Write Data (Backup) Operation 

Each formatted block of data is written immediately after the preceding block. Assuming the 
proper control signal protocol is in progress, write can be commanded by the host under 
certain conditi~ns. In any case, Viper circuits verify that the cartridge is in place and not write 
protected. 

If the host has not issued a tape position command to begin recording, the drive defaults to the 
beginning of tape (BOn "before writing begins. 

Writing to tape can begin following a read operation. In this case, the last file written on tape 
is found, and the drive waits in the vicinity where the last data was recorded. When a write 
command is received, data blocks supplied are written after the previously recorded block of 
data. 

Writing data to a streaming tape means that the tape should be in constant motion. For the 
tape to remain in constant motion, the flow of data from the host must be sufficient to keep the 
tape drive buffers full of data. 

If data transfers from the host are interrupted, an underrun occurs. If data transfers from the 
host are under 90 kilobytes per second, the tape will not stop but the drive may, at intervals, 
write a duplicate of the preceding data block. The duplicate block is transparent to the host. 

If the data falls below 45 kilobytes per second, the drive responds by writing a second copy of 
the last block and then writes a large postamble, stops tape motion, changes direction, and 
positions head over already written data. When the data transfers resume, the drive searches 
for the end of the last block and begins writing. 

Underruns should. be avoided since they consume tape, and the repositioning increases write 
time and reduces data throughput. 

During a write operation, the early warning hole for the last track is sensed, the drive stops 
accepting data from the host at the next block boundary. The drive completes writing all data 
blocks contained in the buffers and raises the -EXCPI' signal to the host. 

In response, the host can command one block of data or a filemark written. The drive reports 
that the tape is at the end of media again and then writes another data block. This block, or 
blocks of data can be used to describe the file as incomplete. 
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• 
6.3.3 Read Data (Restore) Operation 

To restore data, a read command is given at the beginning of the tape, the drive starts tape 
motion in search of data. When the first block is successfully read, a ready signal is inserted 
and transfer of data blocks to the host begins. The drive continues to read and transmit data to 
the host until the end of data on tape is found or the end of a specified block of data to be 
restored is completed. 

As long as the host can maintain the required data transfer rate, the drive keeps the tape in 
motion. If data transfer is interrupted, the drive stops tape motion, reverses tape direction, 
and positions over previously read data. This is called a read underrun. When· the host can 
again transfer data, the drive starts tape motion and continues to read data. 

The repositioning routine generated by read underruns reduces the average data throughput. 

6.4 Drive Mechanics 

6.4.1 Loading Mechanism 

The Viper drive loading mechanism provides endwise cartridge loading. The head is moved 
from the cartridge path during insertion so the cartridge door can be opened for head 
penetration. The head is then moved back into penetration position for operation. 

The head support and stepper assembly are mounted on a separate, pivoted subframe: The 
subframe is linked to the front panel latch lever so the assembly is pivoted in and out of 
position as the cartridge is latched or unlatched. A leaf spring stop provides accurate and 
precise location of the cartridge as it is moved into operating position. 

Viper drives use a damped torsion spring to apply an outward force to the cartridge for 
cartridge removal. As a cartridge is inserted into the unit this spring is compressed until the 
tape is latched into the drive. When the tape is unlatched by sliding the front panel latch lever 
to the left, spring compression is released and ejects the cartridge partially out of the cartridge 
slot. A damping system in the eject lever controls cartridge ejection speed. 

6.4.2 Cartridge Loading 

The cartridge is inserted into the drive as shown in Figure 6-2. The latch lever slides toward 
the center of the drive engaging the latch roller and moving the head assembly into operating 
position. 

1. To load the cartridge move the front panel latch lever to the left detent pOSition and 
insert the cartridge. The front panel latch insures the head assembly and front latch 
roller are moved out of the way in preparation for cartridge insertion. 

As the cartridge is inserted, the cartridge door is opened bya cam in the tape 
guide. 

2. With the cartridge fully inserted, move the front panel latch lever to the right. 
Moving the lever to the right swings the head assembly into operating pOSition 
and the latch rollers are moved into position, forcing the cartridge against the 
reference planes. 
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CARTRIDGE LOADING LEVER 

Figure 6-2. cartridge Loading 

6.4.3 Cartridge Removal 

THEORY OF OPERATION 

INSERT CARTRIDGE 
WITH WRITE/PROTECT 
PLUG ON LEFT AS SHOWN 

Move the front panel latch lever to the left to unlatch and partially eject the cartridge. 

6.4.4 Tape Motion 

The tape drive capstan is powered by a three-phase brushless OC motor. The motor consists 
of an inter-rotor design for low inertia and low starting current. The system includes a 
tachometer which provides a TTL level square wave output at a rate of eight cycles per 
revolution. The tachometer signal is derived bya Hall-effect generator which reads a mag­
netic pattern on the rotor. Three other Hall-effect elements in the motor provide commutation 
information to the drive circuitry for switching the motor driver transistors at the correct 
times to assure proper speed and rotational direction. 

Capstan pressure is provided by mounting the capstan and bearings on a movable structure 
which is spring loaded against the cartridge drive roller. The capstan is constructed of a 
highly wear resistant urethane material with excellent friction characteristics for driving the 
cartridge roller. The capstan pulley and shaft ride on ball bearings. 

6.5 Sensors/Interlocks 

6.5.1 Cartridge Switch Assembly 

The Viper uses two switches placed in ANSI-specified locations to sense the presence of a 
cartridge and write protect status. Because they mUst be removed from the path of the 
cartridge during cartridge insertion, they are mounted on the sliding latch lever. The car­
tridge-in-place switch is actuated by the cartridge sidewall when the cartridge is fully 
inserted in the drive. 
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6.5.2 Write Protect 
The cartridge sidewall includes a rotating safe switch that is solid on one side and hollow on 
the other. When the safe switch is rotated so the solid side faces toward the write protect 
microswitch, this solid portion actuates the write protect switch and permits writing on the 
tape. When the safe switch is rotated so the hollow side faces the write protect microswitch, 
the switch is not actuated, and write or erase functions are not permitted. 

6.5.3 Tape Hole Sensors 
An optical end-of-tape sensor assembly is included in the Viper drive. This assembly consists 
of an infra-red LED placed near the edge of the cartridge. 

• A light beam from the LED shines through a plastic window in the cartridge. 

• The beam is reflected 90 degrees by a mirror back through the window in the 
cartridge onto two infra-red detectors adjacent to .the LED. Nonnally the beam is 
blocked by the tape as it moves across the head. Near each end of the tape are small 
diameter holes. When these holes pass in front of the light beam, the beam can pass 
through the hole and be sensed by the infra red detectors. 

• These holes are located to indicate an end of tape or beginning of tape condition. 
Tape holes are placed at different locations depending on end of the tape involved 
with two detectors used to determine the end of tape being sensed. 

6.6 Motor Driver Printed Circuit Board 
The Viper motor driver printed circuit board drives a three-phase, four:-pole, brushless motor 
with eight-pole tachometer. All functions for controlling the speed and directions of this 
motor are contained on this circuit board, with the exception of certain control functions 
which are handled by the VLSI located on the Main PCB. A block diagram of the Motor Driver 
PCB is shown in Figure 6-3. 
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GO P1 W1 ... .. 
P2 

REV 1"" MOTOR W2 ... 
H3 

DRIVERS MOTOR 
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INTERFACE 

Figure 6-3. Motor Driver PCB Block Diagram 
6.6.1 Interface 

The motor driver-to-host interface contains three control lines (GO, REV, and SPD) and two 
status lines (STPD and AlSPO). The following table shows the conditions for both the STOP 
and A lSPO signals and their effects on motor operation. 

STPO ATSPO STATUS 
0 0 motor ramping up or braking 
0 1 motor running at speed 
1 0 motor stopped 

1 motor stalled 

When the host asserts the GO signal, the Viper drive controller deasserts the STPO signal and 
starts the motor in the direction specified by the REV signal at the speed specified by the SPO 
signal. ~en the motor achieves the correct speed, the controller asserts the A lSPO Signal. 
When the host deasserts the GO signal, the controller deasserts the A lSPO signal to stop the 
motor. When the motor stops, the controller asserts the STPO signal. H the motor stalls during 
ramping or servoing, the controller asserts both the STPD and AlSPO signals and waits for 
the host to deassert the GO signal as an acknowledgement. At this time, the controller 
deasserts the ATSPD signal while leaving the STPO signal asserted. 
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' . .. 
6.6.2 Motor Controller LSI 

The task of controlling the motor is handled by an lSI chip on the motor driver. PCB. The 
motor controller lSI chip emulates a servoing algorithm placed on the driv~ firmware. While 
reading the following paragraphs, please refer to the motor controller lSI functional block 
diagram shown in Figure 6-4. 

. TMHOIIETIII 

'-fA 
!lILA ~ 

T-.. - ~TQI 

~ ~ IIlIII' f--- --.cIa! f--- LQIIIII -- ~ 
T_ 

~ 10 ..--- -- IIIIII'G +-- .--
D-1--H 

FUNCTION 

Sequencers 

Figure 6-4. Motor Controller LSI Functional Block Diagram 

Table 6-2. Motor Controller LSI Functions 

DESCRIPTION 

Ttvee sequencers control aD activity within the motor driver lSI. The host 
sequencer is the main sequencer; it Interprets control infonnation from the host 
computer, reporting status to the host computer, and controlling all of the 
internal functions oJ the controller. The other two sequencers: the ramping 
sequencer and the servo sequeilcer are both slaves to the host sequencer and 
are responsible for the activities of ramping up and servoing the motor. 

Clock Generator The clock generator receives the master clock input and generates all clock 
pulse timing required for lSI operation. The clock generator logic within the lSI 
begins with the U.25 MHz OLK clock signal input to the lSI. Other clock signals 
are derived from the basic OlK clock sip and are used by the sequencers, 
the data loop shift registers. and the pulse-width modulator. 
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Table 6·2. Motor Controller LSI Functions Continued 

FUNCTION I DESCRIPTION 

Tachometer Timer The tachometer timer measures the elapsed time between tachometer pulses 
and uses this information to calculate motor speed. This information is also 
used to servo the motor and to detect when proper motor speed has been 
achieved. Overflow from the counter indicates when the motor is stalled, and 
when it is stopped during braking. 

Data Loop The data loop (two, 16·bit shift registers and a serial adder) is used by the servo 
sequencer to translate tachometer period measurements from the tachometer 
timer into pulse width values for the pulse width modulator. 

One shift register holds the frequency error value, and the other holds the phase 
error value. Data flow through the loop is controlled by the sequencers. Serial 
addition is provided by a one·bit adder. 

Frequency Error Value The frequency register can be shifted in either direction and may be parallel 
loaded from the tachometer timer. During pulse width computation, the frequency 
register operates as a general purpose register and also is used as a destination 
for program instructional data from the EPROM. 

Phase Error Value The phase register contains the current value of motor phase error, and the 
phase data can be shifted only to the right in this register • 

Pulse Width Modulator The pulse width modulator generates pulses based on a value loaded by the 
sequencers. The pulse width modulator uses an 8-bit free running pulse width 
counter and an 8·bit presettable down-counter. 

During ramping, the pulse width is incriminated from a 10% to 25% duty cycle 
over a 7 mSec period. The pulse width register receives data during servoing 
from the frequency register each time a computation is made (after each tach 
pulse). The frequency register value is compressed into a narrow range. Values 
larger than the top of the range produce the maximum pulse width, negative 
values produce the minimum .. 

Commutation Logic . Commutation logic controls current flow through the three windings of the motor 
based on the hall sensors, the current limit input, and the output of the pulse 
width modulator. 

Each of the six power transistors are switched on and off by the commutation 
logic, according to the encoded shaft-position information provided. In normal 
operation, the lower transistors are commutated directly and the upper transistors 
are modulated. In the braking mode all three upper transistors are turned on, 
and the lower transistors are turned off. This essentially shorts the motor 
winding together, allOwing back·EMF braking. 

Shift Counter The 4·bit shift counter is used for controlling arithmetic operations during 
servoing, and for loading data from the EPROM. The shift counter operates with 
two, 3-bit source registers which are loaded from the EPROM through the 
frequency registers. 

6-15 



VIPER SCSI 60, 125 & 150 THEORY OF OPERA TION AND MAINTENANCE 

6.6.3 EPROM Interface 

The EPROM interface is a sequencer clocked at the EPROM data rate of 175 kilohertz. 
Operation of the EPROM interface is enabled by a signal from the ramp and host sequencers 
in the motor controller LSI. 

6.7 Head Assembly 

The magnetic read/write head contains four high performance magnetic heads (gaps) and a 
full-width erase head (gap). See Figure 6-5. Mounted on the head loading plate, the read/ 
write head is positioned and aligned to produce precise and accurate serpentine track format 
recordings on a 1/ 4-inch cartridge tape. 

READ HEAD 

WRITE HEAD 

ERASE HEAD 

READ HEAD WRITE HEAD 

Figure 6-5. ReadIWrlte/Erase Magnetic Head Configuration 

In addition to reading data from and writing data to the tape media, the magnetic head pro­
vides a precision surface for tape interface. Constructed of carefully selected and matched 
materials and finished to a smoothness of a few millionths of an inch, the ceramic head 
provides optimum reliability and durability. 

User servicing is not necessary with the exception of cleaning the head at the intervals 
recommended in Maintenance and Reliability. 

CAUTION: Do not touch the magnetic head with any material or liquid 
not recommended in the cleaning procedures in Maintenance and 
Reliability, - Serious and permanent damage to the head can occur. 

6.7.1 ReadlWrlte Head Operation 

The upper and lower read-after-write head pair construction permits read-after-write error 
detection and the bi-directional serpentine track pattern described in serpentine recording. 

To the right of the head pairs is the full tape-width AC erase head. The erase head precedes the 
write head on Track O. As Track 0 is written, the erase head erases the full width of the tape 
and is disabled at the end of Track O. The drive command set also allows for a full erase pass 
prior to writing. 
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Table 6·3. Head Assembly Functions 

FUNCTION I DESCRIPTION 

ReadiWrite Head Positioning . The Viper drive requires that the head be moved across the 
width of the tape for writing and reading various data tracks on 
!he tape. To accomplish this, the readlwrite head is attached to 
a nut which rides on a threaded leadscrew shaft. This shaft is 
turned by a stepper motor which rotates in 15° increments. 
Each 15° increment advances the head, by 0.001 inch across 
the tape • 

. The stepper motor provides precision data track positioning 
force, while additional head guidance is performed by low 
friction plastic bushings sliding on steel guide pins. 

Tape Track Sensing The stepper motor and associated control circuits move the 
head assembly the required number of electronically calculated 
steps to a designated track. Precise positioning of the head 
assembly is essential to assure media interchangeability from 
one drive to another. 

The Viper models 125S and 150S use edge of tape sensing to 
precisely locate the position for Track 0, and then use Track 0 
as. a reference point to step to the other track locations. 
Because Viper model 60S does not require this level of track-

. placement precision, Track 0 is located by positioning from the 
stepper end slop. 

Head Stepper Motor Interface Two stepper motor driver circuits control the unipolar stepper 
motor. The drivers have lines connected to the stepper motor 
in a full stepping mode of operation. This mode of operation 
requires that two stepper lines be in a low state when stepping 
and off when not stepping. 

The motor interface circuit consists of two drivers • The four 
stepper lines are connected to the microprocessor and are 
under microprocessor and EPROM program control. 
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6.7.2 Serpentine Recording 

Serpentine accurately describes the streaming tape drive pattern of recording serial data on 
tape. The recorded tape logically appears to consist of one long, winding track. The logically 
adjacent tracks are recorded, one track at a time, in opposite directions (even-numbered 
tracks in the· foiward direction and odd-numbered tracks in the reverse direction). This 
process takes advantage of the tape cartridge bi-directional capabilities and, thus, avoids 
time-consumingrewinds. 

In operation, the tracks of data are written on the tape, but not written in parallel. Instead they 
are written in bit Serial, one track at a time <Figure 6-6). When the load point hole is detected 
on the tape, the head is in the recording zone and writing begins on track O. In addition to 
writing on track 0, the erase head is enabled, and full track erasing is accomplished just ahead 
of the write head. 

.. TRACK 1 -
3 

END OF MEDIA 4 : J .. 
0 BEGINNING OF MEDIA. 

"- .. 
2 ... .. 

Figure 6-6. Typical Serpentine Recording 

The write head continues writing data to the tape until the Early Warning hole is detected. At 
this time no more data is accepted from the SCSI bus on the next block boundary. Writing is 
continued until the buffers are empty. 

Tape motion is continued until the end of tape hole is detected. Tape forward motion is 
stopped, the erase head is disabled, and the read/write gaps for track I are selected. Refer to 
Figure 6-7 for track positioning. 
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HEAD 
TAPE 

-5 ~- -- ~ ~- ~ 
-~~--8-f]-D 

EOT 

• SELECT HEAD 0: GO TO EOT 
• SELECT HEAD 1: REVERSE DlRECnON: GO TO BOT 

TAPE HEAD 

- - - - - - --~ _ - -_-,--:_R _~_: -_-~-JE 
• STEP HEAD DOWN 48 MILS: SELECT HEAD 2 

EOT 
REVERSE DIRECnON: GO TO EOT 

• SELECT HEAD 3: REVERSE DlRECnON: GO TO BOT 
(LOGICALEOT) 

Figure 6-7. Track Positioning 

Tape motion begins in the opposite direction in search for the end of tape Early Warning hole 
which now will be the load point for track 1. Writing is then enabled when the end of tape 
Early Warning hole is reached. When the beginning of tape Early Warning hole is detected the 
end of tape procedure is repeated and the drive writes on tracks 2, 3, etc. in the same way. 
Actua19-track, IS-track, and 18-track serpentine patterns are shown in Figures 6-8, 6-9, and 6-
10. 

5 

1 

7 
I ... 

-'-
S 

4 
4 J 

4 
o BEGINNING OF MEDIA 

4 6 

4 2 

END OF 4 8 
. MEDIA 

Figure 6-8. Serpentine Recording Pattern: 9· Track 
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Figure 6-9. Serpentine Recording Pattern: 15-Track 
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.Flgure 6-10. Serpentine Recording Pattern: 18-Track 
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6.8 Firmware 
6.8.1 Write Error Recovery 
The Viper drive has error processing and recovery routine software incorporated into the 
firmware. Although these routines are transparent to the host, it is important that the host is 
aware of the error rates in order to track tape media reliability. The drive issues a status report 
(in response to the Read Status Command) to the host containing the error rate status for the 
previous read or write operation . 

. Data errors due to contamination and imperfections in the tape are accommodated by the 
Viper drive. To ensure that the data has been written correctly, a read check is performed on 
each block of data as it is written. If a cyclical redundancy error (CRC) is found during the 
read check, that block is rewritten. 

During the Write Command the three buffers are allocated as follows: one for the block being 
written; one for the block being read checked, so the data is available for rewriting; and one 
available for receiving the next data block from the host. 

The tape drive head has two sets of gaps, one for each direction of tape motion. Each set 
comprises a read gap and a write gap. The write and read gaps are set 0.3 inches apart. 

TRACKS 1,3 

TRACKS 0,2 

0.3'.300 BYTES 

~ TAPE DIRECTION 

1. Read head detects error on block N • write head at byte 287 of Nt 1. 
2. Hold buffer N until Nt 1 written • hold buffer N+ 1 and rewrite N and N+ 1. 
3. H new record N Is good, continue on· or If stiU bad retry sequence lUmes 

before tarminating write command with unrecoverable write error llatus. 
4. This sc:heme e/ininates need for ECC • bad spot by-passed. 

Figure 6-11. Read After Write Error Sequence 
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The read gap is used for read-after-write checking of new data as well as normal reading of 
data. Since the inter-record gap is only 0.013 inches, the controller begins writing block n + 1 
before it finishes read-checking block N. By the time a CRC error can be found in Block N, 
block N + 1 is already half written. Because of this, the following protocol is followed: 

1. Viper drive begins writing block N. Refer to Figure 6-16 while reading this 
protocol. 

2. When block N reaches the read head (3000 flux reversals later), read checking 
begins. 

3. The write function finishes writing block N by appending a block address and 
CRC. 

4. A short resynchronization gap is generated and written. 

5. The write channel begins writing block N + 1. 

6. The read channel finds a CRC error in Block N. 

7. Because a CRC error was found, block N must be rewritten. Block N + 1 is already 
half written. 

S. The drive finishes writing block N + 1, then begins writing block N a second time. 

9. If no errors are found in the second iteration of N during the read check, then the 
drive continues writing the second iteration of block N + 1 and proceed with its 
normal sequence. . 

10. If the second writing of block N still has a CRe error, then a third copy of N is 
written, and block N +1 is also written. The drive repeats writing block N for a 
total of 16 attempts. 

If a CRC error is still evident, the drive stops tape motion, sets the Exception Flag 
and rewinds the tape to BOT. The drive then informs the host of an unrecoverable 
or hard error. 

This error recovery protocol is transparent to the host if no hard errors are discovered. To 
keep the host informed of the media quality, the drive can report the number of blocks 
rewritten in response to a Read Status Command. The total number of soft errors is cumula­
tive. 
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6.8.2 Write Buffer Underrun 

To write in the streaming mode, the tape must be in constant. motion. For tape motion to be 
constant, the flow of data from the host must be sufficient to keep the drive buffers full of data. 

If the drive has written block N and the next buffer of data N + 1 is not ready to be written, an 
undemm sequence begins. The drive begins writing block N a second time and continues the 
read-after-write check of the first copy of block N.1f a buffer of data· is still not ready when the 
drive completes the read check, the drive makes the decision to stop the tape if N was written' 
successfully. 

Before stopping the tape, the drive finishes the second copy of N and begins writing a gap. 
When the gap reaches the read head, the drive stops tape motion and repositions the tape in 
preparation for writing new data. 

When the drive receives its next full block of data, it starts tape motion, reads correct tape . 
speed, and begins writing new data after the gap. This underrun procedure allows about 3.33 
mSec (at 90 ips) of delay for the host to catch up to the drive before tape motion is interrupted. 
It also ensures that the drive will wait for the host if something interrupts· data flow. 

6.8.3 Read Buffer Underrun 

In a normal read operation, the drive reads a block of data from the tape into the buffer. It is 
then transferred via the bus, from the drive buffer to the host. The buffers are allocated so that 
one buffer is used. for data being read in, a second buffer to transfer data to the host, and the 

. third in reserve in case the host gets behind. 

If the host fails to empty the drive buffers, a read buffer underrun may occur. An underrun 
occurs when the read channel has located. the next block of data and none of the buffers are 
available. 

To prevent the loss of this next block of data, the Viper drive controller stops the tape, reverses 
tape direction, then positions the tape in preparation for continuing reading. When the next 
buffer becomes .available, the drive gets the tape up to speed and begins reading again. 
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6.8.4 Read Data Errors 

During a read operation, a temporary read error may occur. If the drive encounters a block 
with a CRC error, it continues reading the next two blocks. If the second block has no CRe 
error and is the same block address as the original block in error, the drive knows that it was 
rewritten during the write operation. 

This is the suspected condition and is invisible to the host. The drive continues reading 
without logging an error. If the drive reads the next two blocks and the block in error was not 
rewritten, the drive now performs a soft error retry. 

First the drive stops the ta~ and repositions behind the block in error. The tape is then started 
and the block in error is reread and the CRC error rechecked. If necessary, the drive rereads 
the block in error 16 times. If after 16 attempts the data block still is read with an error, the read 
operation is terminated. If it is not the block in error, the host is informed. Successful soft error 
retries are invisible to the host. The Viper drive controller logs all soft error retries and passes 
the count to the host. 

6.8.5 Streaming Termination 

The tape streaming operation is terminated when and end-of-tape condition exists, and may 
be terminated when underrun or end-of-file conditions exist. 

Table 6-4. Streaming Tennlnatlon Description 

CONomON I ~ESCRIPTION 
End of Track 

Underrun or 
End-of·Rle 

When an end-of·track condition Is detected, the block currently being written is 
completed and 'oUowed by an elongated postamble to permit block verification. If 
the block does not meet the requirements for Interchange, rewriting the block starts 
at-the beginning of the next track fonowing a long preamble. 

When an underrun or end-of·file conditions exist the normal sequence of recording 
block N, N + 1, etc., Is replaced by the sequence of blocks N, N, etc., until the 
recording of block N meets the requirements for interchange. When block N Is 
recorded such that the requirements for Interchange are met the associated 
rewriting of block N Is completed or truncated. An elongated postamble Is written as 
shown below. 

N 

1_, __ 1 
r-ELONGATED POSTAMBlE 
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Table 6-4. Streaming Termination Description Continued 

CONDITION I DESCRIPTION 

Underrunor 
EndoOf.file 

WrIting an elongated preamble foDowing the elongated postarnble begins at 4,000 
to 5,000 flux transitions from the end of the block preceding the elongated 
postarnble. An elongated preamble is recorded before recording any other field in 
the block. . 

4ODOAir T' ..... IIN. 
IIGDOAlrT,"1aM1MX. 

I aoNBATED POSTAIIIlE 

Rewritten Blocks When recording on tape, some blocks may have to be rewritten further down the 
tape. This is done to decrease the system error rate. 

A block N may be recognized as erroneous before or after block N + 1 is partly or 
completely written, but Is always so recognized before the writing of block N + 2 is 
Initiated. . 

An erroneous block is not erased. Instead It is rewritfen further down the tape. A 
correct block N Is foUowed, although not nece~ly Immediately by a correct block 
N + 1. Rewritten blocks retain their block number. In addition, if applicable, file mark 
blocks retain their memark block number. 
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6.9 Data Cartridge 

The data cartridge is an enclosed, self-contained mechanism that provides access to the tape 
surface by the drive heads and transports the tape across the head. The following are 
descriptions of the cartridge components shown in Figure 6-12 

. Table 6-5. Data Cartridge COmponents 

COMPONENT I DESCRIPTION OR FUNCTION 

Baseplate The baseplate provides the structure and stability for the data cartridge. It 
also is the mounting platfonn for all internal components of the drive and 
defines the mounting plane to locate the cartridge within the drive. 

Tape Guides Two tape guides located on each side of the door opening. control the 
and Wrap Pins wrap angle of the tape around the recording head. 

The wrap pins control the wrap angle of the tape to redla tension 
variations as the tape moves from one end to the other. 

Write Protect plug The write protect plug Is a capped. hollow cylinder with half of the wall 
removed. Depending upon the position of this cylinder the write head is 
either disabled or enabled so data on the tape cannot be overwritten. 

Cover and Access Door The tape and transport mechanism are protected by a clear plastic case 
which contains an acceSs door that Is automatically opened by the tape 
drive as the cartridge is inserted to aDow access to the tape by the read! 
write heads. 

Tape and Tape Hubs The tape is wound (magnetic side out) onto two hubs that act alternately as 
SlJDI)/y or take uP. depending on tape direction. 

Tape Holes A number of precisely located holes are found near each end of the tape. 
These holes are detected by the drive sensor assembly which generates 
hole-detect signals used to control tape motion. The tape holes are located 
as follows: 

Beginning Of Tape (BOT) Three upper and lower hole pairs,indicating the Beginning-Of-Tape position. 
End Of Tapa (EOT) three lower holes indicating the End-Qf-Tape position. 
Load Point (LP) ona upper hole near BOT indicating the start of recorded data. 
Early Warning (EW) one upper hole near EOT indicating the end of the tape is near. 

Notice that the distance between BOT and LP holes is 36 inches for the 
DC300XLP cartridge. 48 inches for the DC600A cartridge. and 60 inches 
for the DC600XTD cartridge_ The Viper tape drive differentiates between 
data cartridge types by recognizing these distances. 

Mirror The mirror is part of an optical sensing system. It reflects light through pre-
punched holes toward the back of the drive to alert the drive when 
recording area fimits are reached. 
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Figure 6-12. Data cartridge, Exploded View 
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6.9.1 Tape Operation 

Tape motion occurs when the drive motor and capstan cause the drive roller to rotate. This 
action transfers motion to the drive belt which is in contact with the tape on the tape hubs. 
Since the drive belt contacts the tape surface, constant tape speed is maintained regardless of 
tape pack diameter. 

The cartridge also establishes and controls tape tension. Tape friction, drag torque, tape 
friction contribute to tape tension. Tension is not constant because tape tension factors vary as 
the tape moves from one hub to the other. 

The Viper conforms to ANSI A and B reference plane specifications for cartridge positioning. 
Front an rear leaf-spring-loaded cartridge latch rollers to ensure proper seating against the A 
and B plane locators. 

COMPONENT I DESCRIPTION 

Capstan/Belt Drive The drive motor is mounted near the rear of the drive and connected to 
the capstan by a belt. Belt tension is factory set with controlled pulley·to-
pulley distances. One pulley has a crown on the belt contact surface to 
ensure more accurate belt tracking •. Ranges on the pulleys prevent belt 
damage or loss during unusual events such as a stalled cartridge. 

Tape Path For proper tape-to-head contact. the tape path across the head is carefully 
controlled by precision mounting of the head during drive manufactlJ'e 
and by accurate alignment of the head and cartridge in the drive. 

6.9.2 Recording 

The recorded tape block format for recording data onto tape is shown in Figure 6-13. This 
illustration shows the locations of the preamble, the data block number, data block, block 
address, eRe, and postamble. 

PREAM 

, 
1 ' , 4 2 

BLE POSTAMBLE 
B B B 
Y 512 BYTES Y Y 
T T T 
E E E 

S S 
, , ,. 

DA~A 
CRC 

DATA BLOCK MARKER BLOCK ADDRESS 

Figure 6-13. Recorded Block Format 
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6,9,2,1 Preamble 

A preamble is generated in three configurations: Nonnal, Elongated, and Lons:i~ch of these 
preamble configurations are shown below. 

TYPE I DESCRIPTION 

Nonna! Preamble The nonna! preamble Is used to synchronize the phase-locked-Ioop in 
raad electronics to the data frequency. It is also used to measure the 
average signal amplitude. 

Elongated Preamble The elongated preamble precedes the first data block recorded after an 
underrun conditions occurs. 

Long Preamble The long preamble precedes the first data block for interchange recorded 
at the beginning of a track. 

6,9,2,2 Data Block Marker 

Th~ data block marker identifies the start of data and consists of the following GCR pattern: 

I ~ I ~ I ~ I ~1 I ~ 
MS nibble LSnibbie 

6,9,2,3 Data Block 

The data block contains 512 bytes. Each 8-bit data byte is separated into two 4-bit groups 
called nibbles. Each 4-bit data nibble (B3 - BO) is encoded into as-bit GCR nibble (G4 - GO) for 
recording onto the tape. Data bytes are encoded into GCR bytes in accordance with the code 
translation shown in Table 6-2 . 
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6,9,2,4 Block Address. 

The block address consists of 4 bytes that uniquely identify a block recorded on tape. The 
block address is encoded into GCR bytes as shown below, and defined in Figure 6-:14. The first 
block number on track is block 1 and subsequent blocks are numbered sequentially. The block 
number is reset at the end of a track. The track number is recorded in Byte O. 

NIBBLE GCR EQUIVALENT 

HEX 83 82 81 80 G4 G3 G2 G1 GO HEX 

Oh 0 0 0 0 1 1 0 0 1 19h 
1h 0 0 0 1 1 1 0 1 1 1Bh 
2h 0 a 1 a 1 0 0 1 0 12h 
3h a 0 1 1 1 0 0 1 1 13h 

4h a 1 0 0 1 1 1 0 1 10h 
5h 0 1 0 1 1 0 1 a 1 15 h 
6h 0 1 1 0 1 0 1 1 0 16h 
7h 0 1 1 1 1 0 1 1 1 17h 

8h 1 . 0 0 0 1 1 0 1 0 1Ah 
9h 1 0 0 1 0 1 0 0 1 09h 
Ah 1 a 1 0 0 1 0 1 0 OAh 
Bh 1 0 1 1 0 1 0 1 1 aBh 

Ch 1 1 0 0 1 1 1 1 0 1Eh 
Oh 1 1 0 1 0 1 1 0 1 OOh 
Eh 1 1 1 0 a 1 1 1 0 OEh 
Fh 1 1 1 1 0 1 1 1 1 OFh 

o 1 2 3 

I 
TRACK CONTROL 

NUMBER NIBBLE I 

• BLOCK NUMBER 

Figure 6-14. Block Address Definition 
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The control nibble (Byte 1, Bits 0-4) is defined as follows: 

3 2 1 0 VALUE DEFINITION 

0 0 0 0 0 The current block contains user data or file mark. 

0 0 0 1 1 Reserved for QIC·241120 use. 

0 0 1 0 2 The current block is a unique control block for use 
on/yon track format. 

3 ·15 Reserved 

6,9,2,5 Cyclical Redyndancy Check 

The cyclical redundancy check (CRe) consists of two bytes calculated over the 512 bytes of 
interchange data and the 4-byte block address starting with all ones CRe initial value. The 
CRe is encoded into GCR bytes in accordance with Table 6-2. The eRe is generated using the 
following polynomial: 

eRe = )(16 + X12 + Xs + 1 

6,9,2,6 postamble 

A postamble is generated in two configurations: Nonnal and Elongated. Each of these 
postamble configurations are shown below. 

TYPE I DESCRIPTION 

Normal Postamble The normal postamble is recorded after the CRC as a guard band. 

Elongated Postamble The elongated postamble follows the first data block recorded after an 
underrun conditions occurs. 
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§.&.2.Z EgrmlII2IHII:IOal 
The differences in format between QIC-24, QIC-l20, and QIC-1SO are detailed below. 

QIC-24 QIC-120 QIC-150 

Density (ftpI) 10.000 12,500 12,500 
BIt Cell Width (ulnch) 100 80 80 
Tracks 9 15 18 
Format: Preamble 
(Aux Trans): 
Normal 120-300 160-300 160-300 
Elongated 3,500-7,000 3,500-8,500 ·3,500-8,500 
Long 15.000-30.000 15,000-30,000 15,000-30,000 
Postamble 
(Aux Trans): 
Nonnal 5-20 5-20 5-20 
Elongated 3,500-7.000 5,500-8,500 5,500-S:S00 
Track Width (inches) 0.0135 0.0065 0.0056 
Azimuth (minutes) 3 12 12 
.FIrst Block Data Control Control 
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CHAPTER'7 
MAINTENANCE AND RELIABILITY 

7.1 Maintenance 

. Archive tape drives require' minimum operator maintenance. Preventive maintenance 
consists of cleaning the head assemblies and the tape hole sensor openings. To ensure 
reliable tape drive performance, a regular cleaning schedule should be established and the 
following precautions should be observed. 

• Maintain a clean, dust-free environment within the temperature and humidity 
limits listed in the specifications. 

• Keep all liquids away from drive and tapes to prevent spills into the equipment. 

• Exercise reasonable ,care when using and storing cartridges. Do not place car­
tridges on the computer, monitor, or any peripheral device. When not in use, store 
a cartridge in its protective box away from heat sources and electromagnetic fields. 

• When a stored tape is moved to an environment with a greatly different tempera­
ture, allow the tape to slowly achieve ambient temperature before using it. 

• A tape stored for extended periods should always be retensioned before reuse. 
Retension a new tape before attempting to record onto it. 

• Do not open the cartridge access door or touch the tape; fingerprints can cause 
data to be misread. 

7.2 Tape Drive Cleaning 

A small amount of dust or debris can affect tape drive performance, therefore the 
following tape head cleaning schedule is recommended: 

• Qean the head assembly 
• after an initial pass with a new tape cartridge 
• after eight hours of noimal use 

• Qean the sensor hole and tape Cartridge cavity 
• whenever dirt or dust is visibl~ 
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7.2.1 Cleaning Supplies 

• Low pressure aerosol air. Cans of low pressure air are available commercially at 
many hardware and appliance stores. 

NOTE: To avoid Introducing contaminants'into the tape drive, do not 
use shop air or air compressed in an 011 lubricated compressor. 

• Archive head cleaning kit, Archive Part Number 14916-001 

• Archive head cleaning fluid, Archive Part Number 14917-001, or Freon "TF" 
solution. Reagent grade chemically pure isopropol alcohol may be used if the 
head cleaning fluids are not available. 

• Archive head cleaning pads, Archive Part Number 14918-001. If head cleaning 
pads are not available, you may use lint free cotton swabs or any industry 
acceptable head cleaning swab, 6 inches or longer. 

7.2.2 Cleaning the Tape Drive Heads 

1. Remove the tape cartridge and tum OFF power to the computer. 

2. Push the head loading lever to LOAD position (toward the cartridge cavity 
opening) to poSition the heads into an accessible position for cleaning. 

3. Carefully blowout dust from the sensor hole and tape cartridge cavity with 
aerosol air. 

4. If you are using an Archive head cleaning kit, follow the directions in the kit. If 
you are using swabs for cleaning, follow the directions below: 

a. Moisten a pad or swab in the head-c1eaning fluid until it is saturated 
but not dripping. 

b. Carefully clean the head by wiping only in the directions that the tape 
travels. Do not wipe perpendicularly to the tape movement diredion 
or use a circular, scrubbing motion. See Figure 7-1. 

c. Discard used pad or swab and repeat Steps a and b with new swabs 
until the swab shows no sign of dirt. 

d. Use a new, dry swab to remove any remaining cleaning fluid from the 
head. 

5. Push the head loading lever away from the cartridge cavity opening to remove the . 
head assembly from operating position. 

6. Tum on the computer. 
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. MAINTENANCE AND RELIABILITY 

Figure 7·1. Head and Sensor Cleaning 

7.3 Reliability 

Mean-TIme-Between-Failures (MTBF) includes all power-on and operational time, but 
excludes maintenance periods. Operational time (tape movement) is assumed to be 20% 
of the power-on time. 

Mean-Time-To-Repair (MTI'R) is the average. time required by a qualified service techni­
cian to diagnose a defective drive .and install a replacement drive. 

Viper reliability specifications are listed in the following table: 

FEATURE' I SPECIFICATION 

Non-Recoverable Error Rate Less than 1 in 1010 bits 

Recoverable Error Rate Less than 1 in10' bits 

Error Recovery Techniques Defect skipping, Write verify, Read retry and ECC 

MTBF More than 15,000 Hours at 20% Duty Cycle 

MTTR No more than 30 minutes 

. 7-3 



VIPER SCSI 60. 125& 150 THEORY OF OPERATION AND MAINTENANCE 

7.4 Reporting a Problem 

• Call your supplier or your Archive Representative to report a problem. Be pr~ 
pared to describe the problem by answering these questions. 

• What function such as formatting, backup, or restoring was in progress when the 
problem occurred? 

• What error message or messages were displayed? 
~ . 

• Did the problem occur with more than one tape cartridge? 
• Did the drive make any abnormal noises? 
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GLOSSARY 

BEGINNING-OF-TAPE. Tape position: the beginning of the tape. 

BLOCK. Unit of data transfer used ,by the tape backup system; consists of 1024 bytes. 

BOT. See Beginning-of-Tape. 

BUFFER. An area of the memory used for temporary storage and manipulation of data. 

BYTE. Eights bits of binary data acted upon as a Unit 

CRC. Cyclical redundancy check. 

CDB. See Command Descriptor Block. 

CLUSTER. An integral number of disk s~ors grouped together for the purpose of allocating 
space on a disk. 

COMMAND DESCFiPTOR BLOCK. A group of bytes used to communicate commands between the 
host and the tape drive. 

CONNECT. The action of an initiator when asserting control over the SCSI bus to select a target 
. for an operation. . . 

CONTENTION. Condition when two or more devices contend for the use of a processor or try to 
access the system,bus at the same time. . 

DEFAULT. A preset value used by a program if no other value is specified. 

DISCONNECT. The action of a target. releasing control of the SCSI bus. 

DMA- Direct Memory Access; direct transfer of data to or from RAM, bypassing the CPU and 
increasing speed of computing process. 

END-oF-DATA. Tape position: the end of recorded data. 

END-OF-TAPE. The end of the tape. 

EOT. See end-of-tape. 

HEXADECIMAL NOTA nON. The base sixteen numbering system. Viper hexadecimal values are 
shown as 02h 

HOST. The computer that issUes coinnuUids to the tape drive over the SCSI buS. 

INITIATOR. A SCSI device that requests an operation by another SCSI device (the target) . 
. Viewed frOm tape drive perspective, the Initiator is usually the host computer. 

LSB. Least significant byte or least Significant bit. 

LOGICAL UNIT NUMBER (LUN). A three-bit device identifier for a logical unit. The Viper 150 is 
always addressed designated LUNO. 

G-1. 



VIPER SCSI 60, 125 & 150 THEORY OF OPERAnON AND MAINTENANCE 

LUN. See Logical Unit Number. 

MODE. Definition of parameters that control the method in which the Viper reads or writes 
data. 

MSB. Most significant byte or most sigtrlficant bit. 

PARAMETER. An operational element, such as the number of buffers used, whose value varies 
depending on system applications .. 

POINTERS. SCSI provides two sets of three pointers, current and saved, to help maintain' 
communication. 

QIC. Quarter-Inch-Cartridge stan~rd. 

RECONNECT. The action of a target selecting an initiator to resume an operation after a 
disconnect has occurred. 

SCSI. Small Computer System Interface. A standard for communication between microcom-
puters and peripherals that allows multiple peripherals. 

SCSI DEVICE. Any host computer or peripheral device that can be connected to a SCSI bus. 

SCSI 10. A bitwise representation of the SCSI Address. 

SCSI ADDRESS. A unique address value (range 0-7) that identifies a device connected to a SCSI 
bus. The Viper 150 SCSI address is set by jumpers prior to installation and connection. 

SERPENTINE. The winding, logical pattern that results when the streaming tape drive records 
data on the tape. 

SOFT ERROR. Is a repeated attempt by the tape drive firmware to read or write data on the tape 
to correct a problem area on the tape. Soft error is not a real error, but a reliability feature. 
No data is lost. 

STATUS BYTE. One byte of information returned from a target to an initiator upon completion 
of a command. . 

STREAMING. Tape recording method designed for continuous tape motion with continuous 
recording of data on 'the tape. 

TAPE POSITION. Where the tape is stopped with respect to the tape drive recording heads, 

TARGET. Any SCSI device that performs operations requested by an initiator. 

UNRECOVERABLE ERROR. An error that is not correctable. Usually the result of a soft error 
condition that cannot be corrected by retries. Data is lost. 

UNDERRUN. A condition that occurs when data is transferred faster than it can be processed. 
The underruntally is the number of times that the tape drive streaming action stops 
during a backup or a restore operation. 

VENDOR-UNIQUE. Any bits, fields or command values that are not defined by the ANSI X3.131 
standard. 

WRITE-PROTECTED. Cannot be written (recorded) on. 
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INDEX 

AQA 6-4,6-1 
TRKA 6-4,6-1 
0IIt TFST UNIT READY 5-1 
01h RBWIND 5-1 
02h REQUJ:sTBLOClC ADDRPSS 5-1 
03hREQUESTSENSE 5-1 
05h READ BLOCK LIMITS 5-1 
OBhREAD 5-1 
OAb WRITE 5-1 
OCllSEEKBLOCK 5-1 
ll1t WRITE F1LEMARKS 5-1 
llh SPACE 5-1 
12hINQUIRY 5-1 
131\ VERIFY 5-1 
14hRECOVERBUFFEREDDATA 5-1 
lQl RESERVE UNIT 5-1 
17h RELEASE UNIT 5-1 
18hOOPY 5-1 
19h ERASE 5-1 
lAb MODE SENSE 5-1 
IBh LOAD/UNLOAD 5-1 
lOb SEND DIAGNOSTIC 5-1 
lEh PREVENT/ ALLOW Medium Removal 5-1 
3Bh WRITE DATA BUFFER 5-1 
301 READ DATA BUFFER 5-1 

Aerosol air 1-2 
Allow medium removal 4-4, 5-1 
ANSI SCSI Bus 4-1 
Arbitrating Systems 4-6 
Arbitration 2-6,3-5,4-3,4-5 through 4-9,4-21,4-24, 4-27 
Asynchronous Data Transfer 4-10 
Attention Condition 4-9,4-21,5-30,5-63,5-61,5-68 

Backup 1-1,2-1,6-9,1-4 
Baseplate 6-26 
Basic: VlSI Controller 6-3 
Beginning of tape 5-5,6-9,6-12, 6-19, 6-26 
Block Address 2-6,4-4,5-1,5-6, 5-1, 5-22, 5-46, 5-48 through 

5-50, 6-22, 6-24, 6-28, 6-30, 6-31 
BOT 4-21,5-5, 5-10, 5-19, 5-26 through 5-29, 5-31, 5-39, 5-41, 

5-56,5-51,5-60,5-62 through s.M, 5-67, 5-68, 6-9, 6-22, 
6-26 

1-1 

Buffer cliaamnect 3-4,3-5, 5-41 
Buffered Mode 4-22, 4-23, 5-19, 5-31,5-38,5-41,5-58,5-59 
Bus clear delay 4-6,4-8,4-21 
Bus free phase 4-6, 4-8, 4-11, 4-21, 4-24, 4-21 
Bus settle delay 4-6,4-8 through 4-10,4-21 
ByteCounter 6-4 

Cable skew 4-21 
Capacities 1-1 
Capstan/Belt Drive 6-28 
Cartridge Components 6-25, 6-26 
Cartridge Loading 6-1,6-10,6-11 
Cartridge Removal 5-61,6-10,6-11 
Cartridge Switch Assembly 6-11 
Cautions 1-4, 3-1 
Check condition 4-15,4-19 through 4-21, 4-23, 4-25, 4-26, 5-4, 

5-5,5-1,5-8,5-12, 5-13, 5-15, 5-17 through 5-21, 5-23,5-
25,5-27,5-28,5-30,5-32,5-34 through 5-36, 5-40, 5-41, 5-
43, 5-45 through 5-41, 5-54, 5-55, 5-51, 5-61, 5-62, s.M, 5-
66, 5-68, 5-70, 5-11, 5-73 

Cleaning 6-16,1-1 through 1-3 
Cleaningac:hedule 1-1 
Cock Generator 6-3,6-14 
Command Descriptor Block 4-13,4-14,4-25,5-1,5-02,5-4 

through 5-6, 5-8, 5-14, 5-16, 5-19, 5-20, 5-22, 5-24, 5-26, 5-
21, 5-30, 5-33, 5-35, 5-31, 5-42 through 5-44, 5-46, 5-56,5-
58,5-63,5-65,5-61,5-69,5-70,5-72 ' 

Command Set Desaiption 4-4 
Commutation Logic 6-15 
Configurations 1-2, 6-4,6-29,6-31 
Conformance statement 1-4,2-1,2-6,4-1 
Copy 2-6, 3-5,4-4,4-5,4-9,4-18,5-1,5-9,5-11,5-12, S-42, 5-46 

through 5-48, 5-50, 5-51, 5-54, 5-55, 6-9, 6-22, 6-23 
Cover and ACICIIIIIII Door 6-26 
CRC 5-33, 6-21, 6-22, 6-24, 6-28, 6-31 
Current 2-2,6-5, 6-11,6-15 
Current Data Pointers 4-25 
Cyclical Redundancy Clteck6:31 
Data Block 4-23,5-6,5-22, 5-24, 6-9, 6-21, 6-24, 6-28, 6-29, 6-

31 
Data Block Marker 6-29 
Data cartridge 1-1, 2-1, 2-4, 2-5, 6-25 through 6-21 
Data Loop 6-14, 6-15 
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Data Out Phue 4-14 
Data Phase 4-9, 4-13 
Data Separator 6-4 
Data transfer 2-3,3-5,4-1,4-3,4-5,4-10,4-11,4-23,4-24,5-6, 

5-41,6-3,6-8,6-10 
DeIkew delay 4-21 
Discmmect/Reconnec:t Function 4-24 
OMA Controller 6-3 
Drive identification 3-5,3-1 
Drive Mecbanics 6-10 
Drive performance 2-1,2-3, 1-1 

Early Warning Function 4-25 
End of tape 5-16,5-11,5-25,6-12. 6-18, 6-19, 6-26 
End of Track 6-16,6-24 
Environmental 1-4,2-1,2-4 
Environmental SpedficatiOllS 2-4 
EOM 4-25,5-55 
EOT 5-9,5-10,5-12, 5-16 through 5-21, 5-23,5-25,5-21 

through 5-29, 5-33, 5-34, 5-36, 5-55, 5-63, 5-64, 6-26 
Erase 2-3,2-6,4-4,5-1,5-19,5-56, 6-5, 6-8, 6-12,6-16, 6-18 
Erase Operation 6-8 
Error Reporting 4-26, 5-11 
External viper 3-1,3-6,3-1 

FUemark 5-10,5-11,5-18,5-20, 5-24 through 5-21, 5-29, 5-33, 
5-34,6-9,6-25 

Format DIfferences ~ 
Frequency Error Value 6-15 

Good status 4-19, 4-20, 4-23, 5-3 through 5-5, 5-1, 5-8, 5-13, 5-
15, 5-11 through 5-20, 5-23 through 5-25,5-28,5-32,5-34, 
5-36,5-38,5-41,5-43 through 5-45, 5-S4, 5-51, 5-59, 5-62, 
S-64 through 5-66,5-68,5-11, 5-13 

GroupO -4-4, 4-14,4-15, 5-1, S-OZ 
Guidelines and cautions 3-1 

Hard Errors 4-26,6-22 
Head Assembly 6-10,6-16,6-11,1-1,1-2 
Head deaning kit 1-2 
Head Stepper Motor Interface 6-11 

Immediate Function 4-22 
Information Transfer Phases 4-5,4-6, 4-9,4-10 
Inquiry 4-4,4-21, 5-1, 5-30 through 5-32 
Inspection 1-4,3-1 
Installation 1-4,3-1,3-2. 3-6, 5-41 
Interface 1-4,3-2 through 3-4, 3-6, 4-1, 4-3, 4-25, 6-1, 6-3, 6-5, 

6-8,6-13,6-16,6-11 
Internal viper drives 3-2 
Interrupt Controller 6-3 
Jumper mnfiguration 3-4 

1-2 

Load mmmand 4-21,5-41,5-51, S-62 through S-64 
Load/unload 2-6,4-4,5-1,5-63 
LoadingMechanism 6-10 
LOgical unit number 4-14,4-15,4-18,5-02 
LUN 4-1,4-15,4-19,4-24,5-31, S-48 through 5-S4 

Mean-time-to-repair 1-3 
Memory Access Controller 6-3 
Message Phase 4-3,4-13,4-21 
Mirror 6-12. 6-26 
Mode 2-6,3-4,4-4,4-22,4-23,5-1,5-6,5-18,5-20,5-22, 5-23 

through 5-25, 5-28, 5-34, 5-36, 5-31, S-38 through 5-43, 
5-45, 5-41, 5-58 through 5-62, 5-66 through 5-68, 5-11, 5-
13,6-3,6-4,6-6 through 6-8, 6-15,6-11,6-23 

Modeselect 2-6,4-4,5-1,5-18,5-19,5-21,5-25,5-31,5-40,5-
41,5-61 

Mode sense 2-6,4-4,5-1,5-40,5-41, 5-S8, 5-59,5-61, 5-62 
Motor Controller LSI 6-14 through 6-16 
Motor Driver Printed Circuit Board 6-12 
MTBF 1-3 

Nonarbitrating Systems 4-6 

Operational mode 3-4 

Parity check 3-4 
Phase Error Value 6-15 
Physical 1-1,1-4,2-1,4-11 through 4-19, 4-25,5-12, 5-18, 5-28, 

5-29,5-34 
Physical desaiption 1-1 
Physical specifications 2-1 
Postamble 6-9,6-24,6-25,6-28,6-31,~ 
Power 1-4,2-1,2-2,2-6, 3-1 through 3-3,4-2, 6-1,6-4, 6-1,6-

15,1-2,1-3 
Powerrequirements 2-1,2-2 
Preamble 6-24,6-25,6-28, 6-29, ~ 
Prevent/ allow medium removal 4-4, 5-1 
Preventive maintenance 1-4, 1-1 
Pulse Width Modulator 6-15 

Read 1-1,2-3 through 2-6, 4-1, 4-4, 4-9,4-21,4-26, 5-1, 5-10 
through 5-12, 5-14, 5-16 through 5-19, 5-35,5-39,5-40,5-
41, S-48 through 5-50, 5-S3 through 5-55, 5-60, 5-61, 5-63, 
5-69,5-70,5-72,5-13,6-1,6-3,6-4,6-6,6-8 through 6-10, 
6-16 through 6-18,6-21 through 6-24,6-26,6-29,1-3 

Read block limits 4-4,5-1, 5-14 
Read Buffer Undemm 6-23 
Read Data (Restore) Operation 6-10 
Read data buffer 4-4,5-1,5-69,5-70,5-72, 5-13 
Read Data Errors 6-24 
Read/Write Controller 6-3 
Read/Write Head Operation 6-16 
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Recording 2-3,5-50,5-51, 6-4,~, 6-9, 6-16, 6-18 through 6-
20, 6-24 through 6-26, 6-28, 6-29 

Recover buffered data 2-6,5-1,5-12. S-35 
Regulatory compliance 2-1,2-5 
Release unit 2-6, 4-4, 5-1, S-42. 5-44 
RelIability 1-4,4-26,6-1,6-16,6-21,7-1,7-3 
Request block adc:IreII 2-6, 4-4. 5-1, 5-6, 5-7, 5-22 
Request IIenIe 4-4,4-20 through 4-23, 4-26, 5-1, 5-8, 5-11, 5-

17, 5-20, 5-46, 5-47, 5-SS 
Reeerve unit 2-6,4-4, 5-1, S-42. S-44. 5-47 
Reaet 2-6,4-2. 4-3, 4-9, 4-16, 4-17,4-19 through 4-21, 4-24, 4-

27,5-11,5-12. 5-15, 5-19, 5-20, 5-21, 5-24, 5-25, 5-29, 5-
34, 5-41 through 5-43, 5-45, 5-54, 5-57,5-62. S-66 
thIoush5-68, 5-71, 5-73, 6-3 through~, 6-7, 6-30 

Reaet Orcuit. 6-7 
Reaet Condition 4-3,4-17,4-20,4-21, S-42 
Re5idual Length Function 4-22,4-23 
Restore 2-6,4-18,4-24,4-25,6-10 
RetensJon 7-1 
Rewind 4-4, 4-23, 5-1, 5-5, 5-6,5-S4, 5-63 
RewriHen Woc:kB 6-25 

Saved Data Pointers 4-25 , 
SCSI buB 1-2,3-4, 3-5,4-1,4-2. 4-4 through 4-6,4-8,4-9,4-13, 

4-14,4-21 through 4-23, 4-26, 4-27, 5-4,5-5,5-7,5-13,5-
15,5-18,5-21,5-23,5-25,5-28,5-32.5-34,5-36,5-41,5-43, 
5-45, 5-54, 5-S1, 5-62, 5-64, S-66, 5-68, 5-69, 5-71 through 
5-7.3,6-1,6-7,6-18 

SCSI Bus Connec:tar Signals 4-2 
SCSI Bus Phase11ming 4-26 
SCSI Bus Protocol 4-5 
SCSI Memory Ac:IdreBB Pointers 4-25 
SCSI Message Descriptions 4-16 
SCSI Status Code Descriptions 4-19,4-20 
SCSI Xl.131 4-4, 5-1 
Seek block 2-6,4-4,5-1,5-22 
Selectable huHer diBamnec:t 3-5, 5-47 
Selection and Reaelec:tion Phases 4-3, 4-9 
Send diagnostic 2-6,4-4, 5-1, S-65 
SenIOl'll/ Interloc:b 6-11 , 
Sequencers 6-14tbrough6-16 
Sequential ac:a!IIII devices 4-4, 5-1 
Shift Counter 6-15 
Signal DescriptiOl\ll 4-3 
Signal Notation Conventions 4-1 
Space 2-6,4-4,4-25,5-1,5-10,5-19, 5-26 through 5-29, 5-32.5-

7.3 
Spec:iflCBtion 1-4, 2-1 through 2-5, 3-1, 4-5, 5-6, 5-11,5-20, 7-3 
Status byte 4-20, 5-SS 

1-3 

Status Phase 4-3,4-13,4-20 
Streaming 1-1,4-1,4-22. 6-9, 6-18,6-23 through 6-25 
Streaming tape 1-1,4-1,6-9,6-18 
Streaming Termination 6-24,6-25 
System configurations ]-2 

Tac:hometerThner 6-15 
Tape and Tape Hubs 6-26 
Tape format 5-37, 5-39, 5-60 
Tape Hole Sensors 6-12 
Tape Holes 4-25,6-12. 6-26 
Tape Motion 4-23,5-27,6-9 through 6-11, 6-18, 6-19, 6-21 

through 6-23, 6-26, 6-28 
Tape Operation 6-28 
Tape Path 6-28 
TapeTrac:kSensing 6-17 
Terminator power 4-2 
Testunitready 2-6,4-4,5-1,5-3,5-4 
Theory of Operation 4-17,6-1 
Track format 2-3,6-16,6-31 
Transfer from Initiator to Target 4-10, 4-12 
Transfer from Target to Initl8tor 4-10,4-11 

Unit AHention Condition 4-21,5-30, 5-61, 5-67, S-68 
Unload 2-6, 4-4, 5-1, 5-63, 5-64 
Unpacking 1-4, 3-1 
Unpacking and inspection 3-1 

Verify 2-6,3-1,4-4,4-22. 5-1, 5-33, 6-9, 7-3 
Viperc:apadties 1-1 
Viper drive models 1-3 

Waiting and Control Phases 4-6 

'-

Write 2-3 through 2-6, 4-4, 4-9, 4-22. 4-23, 4-25, 4-26, 5-1, 5-10 
through 5-12, 5-19 through 5-22, 5-24, 5-25, 5-28, 5-35, 5-
38, 5-39, 5-40, 5-47, 5-48, 5-50, 5-5], 5-54, 5-SS, 5-57, 5-S9 
through 5-61, 5-63, 5-69, 5-70, 5-72, 6-1, 6-3 through 6.-6, 
6-8, 6-9, 6-11, 6-12. 6-16 through 6-]8, 6-2] through 6-24, 
6-26,7-3 

Write and Erase Clrc:uits 6-5 
Write Data (Backup) Operation 6-9 
Write data buffer 2-6,4-4,5-1,5-69,5-70,5-72 
Write Error Recovery 6-21 
Write fileawb 5-1,5-24, 5-47 

. Write Protect 5-21,5-25, S-4o, 5-57, 5-61, 6-8, 6-11, 6-12. 6-26 
Write Protect plug 6-26 
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