


























































































































































































































7.5.6 FORMAT TRACK Command (HEX 06)

This command causes the track specified by the Logical Block
address in bytes 2 - 4 to be formatted using the interleave
factor specified in byte 5. The track is written starting with
index and all data fields are filled with a HEX E5. The first
sector after index is always sector 0. The second sector is 0
plus the interleave factor. Interleave factor of zero is set to
one. To specify the track address, any Logical Block address on
that track may be used.

FORMAT TRACK Command Descriptor Block
7 6 5 4 3 2 1 0
0 0 0 0 0 1 1 0

BYTE 1
BYTE 2 0 ] LUN | LOGICAL BLOCK ADDR 2 (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS 1
BYTE 4 LOGICAL BLOCK ADDRESS 0 (LSB)
BYTE 5 INTERLEAVE FACTOR
BYTE 6 CONTROL BYTE

VALID ERROR CODES
No index (HEX 01)
No seek complete (HEX 02)
Write fault (HEX 03)
Drive not ready (HEX 04)
Drive not selected (HEX 05)
Multiple drives selected (HEX 07)
Cartridge changed (HEX 09)
Write protected (HEX 97)
Illegal Parameter (HEX 21)
Illegal Function for drive type (HEX 22)
Power Up Diagnostic error (HEX 30)
FDC 765 error (HEX 31)




7.5.7 TFORMAT BAD TRACK Command (HEX 07)

This command 1is identical to the FORMAT TRACK command except
that the defective track flag is set in the ID field. All
subsequent accesses to the sectors on this track will result in
Bad Track Flag Set errors. To specify the track address, any
Logical Block address on that track may be wused. Interleave
factor of =zero is set to one. This command is not valid for
LUN'S assigned as Flexible Disk drives.

This command code is compatible with earlier controller models,
and should be avoided for new software design. In future
products, this command code will be used for a different
meaning, to the RE-ASSIGN BLOCKS command for defective sector
sparing.

FORMAT BAD TRACK Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 0 6] 0 .0 1 1 1

BYTE 2 [ 0 | LUN | LOGICAL BLOCK ADDR 2 (MSB)

BYTE 3 LOGICAL BLOCK ADDRESS 1

BYTE 4 LOGICAL BLOCK ADDRESS 0 (LSB)

BYTE 5 INTERLEAVE FACTOR

BYTE 6 CONTROL BYTE N
VALID ERROR CODES

No index (HEX 01)

No seek complete (HEX 02)

Write fault (HEX 03)

Drive not ready (HEX 04)

Drive not selected (HEX 05)

Multiple drives selected (HEX 07)

Cartridge changed (HEX 09)

Write protected (HEX 97)

Illegal Parameter (HEX 21)

Illegal Function for drive type (HEX 22)

Power Up Diagnostic error (HEX 30)




7.5.8 READ Command (HEX 08)

This command causes the number of blocks specified by byte 5 to
be transferred from the disk to the host. The command executes
an implied seek to the starting block specified by the Logical
Block address in bytes 2, 3, and 4. Up to 256 blocks can be
transferred with a single READ command. (If Byte 5 is equal to
zero, 256 blocks will be transferred.)

READ Command Descriptor Block

7 6 5 4 3 2 1 0
BYTE 1 0 0 0 0 1 0 0 0
BYTE 2 0 [ LUN ' LOGICAL BLOCK ADDR 2 (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS T
BYTE 4 LOGICAL BLOCK ADDRESS 0 (LSB)
BYTE 5 BLOCK COUNT
BYTE 6 CONTROL BYTE
VALID ERROR CODES
No seek complete (HEX 02)
Drive not ready (HEX 04)
Drive not selected (HEX 05)
Multiple drives selected (HEX 07)
Cartridge changed (HEX 09)
Uncorrectable error in data field (HEX 91)
No address mark in data field (HEX 93)
No record found (HEX 94)
Seek error (HEX 95)
Correctable data error (HEX 98)
Bad track flag set (HEX 99)
Unable to read alternate track data (HEX 9C)
Illegal access to alternate track (HEX 9E)
| Illegal Parameter (HEX 21)
Volume overflow (HEX 23)
Power Up Diagnostic error (HEX 30)
| FDC 765 error (HEX 31)




7.5.9 WRITE Command (HEX OA)

This command causes the number of blocks specified by byte 5 to
be transferred from the host to the disk. The command executes
an implied seek to the starting block specified by the 1logical
block address in bytes 2, 3, and 4. Up to 256 blocks can be
transferred with a single WRITE command. (If Byte 5 is equal to
zero, the block count is set to 256 blocks.)

WRITE Command Descriptor Block
7 6 5 4 3 2 1

0
0

BYTE 1 0 0 0 0 1 0 1

BYTE 2 0 [ LUN | LOGICAL BLOCK ADDR 2 (MSB)

BYTE 3 LOGICAL BLOCK ADDRESS 1

BYTE 4 LOGICAL BLOCK ADDRESS 0O (LSB)

BYTE 5 BLOCK COUNT

BYTE 6 CONTROL BYTE

VALID ERROR CODES

No seek complete (HEX 02)

Write fault (HEX 03)

Drive not ready (HEX 04)

Drive not selected (HEX 05)

Multiple drives selected (HEX 07)

Cartridge changed (HEX 09)

No record found (HEX 94)

Seek error (HEX 95)

Write protected (HEX 97)

Bad track flag set (HEX 99)

Unable to read alternate track data (HEX 9C)

Illegal access to alternate track (HEX 9E)
| Illegal Parameter (HEX 21)

Volume overflow (HEX 23)

Power Up Diagnostic error (HEX 30)
| FDC error (HEX 31)




7.5.10 SEEK Command (HEX OB)

This command causes the device addressed by the LUN to be
physically positioned to the cylinder as defined by the logical
block address in bytes 2, 3, and 4.

No attempt to verify seek position is made until a READ or
WRITE command is issued. Completion status is returned to the
host immediately after issuing all required step pulses. This
allows overlap seek operations. As READ and WRITE commands are
issued with implied seek, the SEEXK command need not be issued,
unless overlap operations are desired.

SEEK Command Descriptor Block
6

7 5 4 3 2 1 0
BYTE 1 0 0 0 0 1 Q 1 1
BYTE 2 0 LUN LOGICAL BLOCK ADDR 2 (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS 1
BYTE 4 LOGICAL BLOCK ADDRESS 0 (LSB)
BYTE 5 ZERO VALUE
BYTE 6 CONTROL BYTE

VALID ERROR CODES

No seek complete (HEX 02)
Drive not ready (HEX 04)
Drive not selected (HEX 05)
Multiple drives selected (HEX 07)
Illegal Parameter (HEX 21)
Illegal Function for drive type (HEX 22)
Power Up Diagnostic error (HEX 30)
FDC 765 error (HEX 31)




7.5.11 ASSIGN ALTERNATE TRACK Command (HEX OE)

This command is used to assign an alternate track to the track
specified in bytes 2 - 4, so that any future accesses to the
blocks on the specified track causes the controller to
automatically access those blocks on the alternate track. This
command sets flags in the ID field and writes the alternate
track address in all blocks on the specified track (see
defective track format). The alternate track is then formatted
with flags set to indicate that this track has been assigned as
an alternate track. Future direct accesses to the alternate
track will result in an error. To specify the defective track
address, any Logical Block address on that track may be wused.
Interleave factor of zero is set to one. This command is not
valid for LUN's assigned as Flexible Disk drives.

ASSIGN ALTERNATE TRACK Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 0 0 0 1 1 1 0
BYTE 2 0 |_LUN | LOGICAL BLOCK ADDR 2 (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS 1

BYTE 4 LOGICAL BLOCK ADDRESS 0 (LSB)

BYTE 5 INTERLEAVE FACTOR

BYTE 6 CONTROL BYTE

The alternate track address is passed to the controller during
the Data Out phase of the command execution, wusing the
following format (any Logical Block address on the alternate
track may be used):

ALTERNATE TRACK ADDRESS Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 LOGICAL BLOCK ADDRESS 2 (MSB)
BYTE 2 LOGICAL BLOCK ADDRESS 1

BYTE 3 LOGICAL BLOCK ADDRESS O (LSB)
BYTE 4 0 0 0 0 0 0 0 0

NOTE: Data written on the original track as well as on the
alternate track will be destroyed.

The controller does not check if the track assigned as
alternate track has been previously used as alternate track for
another track.

A track reserved as alternate track may include defect(s), and
may be shifted to another alternate track. Two 1levels of
alternate tracks are allowed. But the residual block count
must be limited to the capacity of the alternate track,
otherwise the <controller will not seek back to the original
track plus one. In order to avoid this situation, it 1is
therefore recommended not to assign as Alternate Track, a track
known as a bad track, and keep the assignment to one level
only.
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VALID ERROR CODES

No index

No seek complete

Write fault

Drive not ready

Drive not selected
Multiple drives selected
Cartridge changed

Write protected

Illegal Parameter

Illegal Function for drive type
Power Up Diagnostic error

(HEX
(HEX
(HEX
(HEX
(HEX
(HEX
(HEX
(HEX
(HEX
(HEX
(HEX

01)
02)
03)
04)
05)
07)
09)
97)
21)
22)
30)

7.5.12

CHANGE CARTRIDGE Command (HEX 1B)

This command is valid only for Removable Winchester Disks.
causes the "Change Cartridge" line (J2-Pin 2)

command

asserted for a period of one (1) millisecond.

CHANGE CARTRIDGE Command Descriptor Block
3 2 0

7 6 5 4

to

BYTE 1 0 0 0 1 1 0 1 1
BYTE 2 0 | LUN NOT USED
BYTE 3 ZERO VALUE
BYTE 4 ZERO VALUE
BYTE 5 ZERO VALUE
BYTE 6 CONTROL BYTE

VALID ERROR CODES
Drive not ready (HEX 04)
Drive not selected (HEX 05)
Multiple drives selected (HEX 07)
Illegal function for drive type (HEX 22)
Power Up Diagnostic error (HEX 30)

The



7.6 TYPE 1 COMMANDS
7.6.1 COPY Command (HEX 20)

This command copies a specified number of blocks from a Source
LUN to a Destination LUN. Source and Destination LUN'S may be
the same. Block sizes on both Source and Destination LUNs must
be identical. Because the controller uses its internal buffer,
no data is transferred to the host.

COPY Command Descriptor Block

7 5 4 3 2 1 0
BYTE 1 0 0 1 0 Q 0 0 0
BYTE 2 [ O [SRC LUN | LOGICAL BLOCK ADDR 2 (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS 1
BYTE 4 LOGICAL BLOCK ADDRESS 0 (LSB)
BYTE 5 BLOCK COUNT
BYTE 6 0 IDST LUN I LOGICAL BLOCK ADDR 2 (MSB)
BYTE 7 LOGICAL BLOCK ADDRESS 1
BYTE 8 LOGICAL BLOCK ADDRESS O (LSB)
BYTE 9 NOT USED
BYTE 10 CONTROL_BYTE

VALID ERROR CODES

No seek complete (HEX 02)
Write fault (HEX 03)
Drive not ready (HEX 04)
Drive not selected (HEX 05)
Multiple drives selected (HEX 07)
Cartridge changed (HEX 09)
Uncorrectable error in data field (HEX 91)
No address mark in data field (HEX 93)
No record found (HEX 94)
Seek error (HEX 95)
Write protected (HEX 97)
Correctable data error (HEX 98)
Bad track flag set (HEX 99)
Unable to read alternate track data (HEX 9C)
Illegal access to alternate track (HEX 9E)
Illegal parameter (HEX 21)
Illegal function for drive type (HEX 22)
Volume overflow (HEX 23)
Power Up Diagnostic error (HEX 30)
FDC 765 error (HEX 31)




7.7 TYPE 6 COMMANDS
7.7.1 DEFINE FLEXIBLE DISK FORMAT Command (HEX CO)

This command specifies the track format to be used on a LUN
assigned as a Flexible disk drive. This command should be
issued after all power-on or reset operation if values other
than default are desired and should always be issued after
successful completion of the ASSIGN DISK PARAMETERS Command.
The default condition is HEX 06 - Single sided, Cylinder 0O:Single
density, FM recording, 128 bytes per sector, 16 sectors per track.
A1l other tracks: Double density, MFM recording, 256 bytes per
sector, 16 sectors per track. Byte 6 specifies the Flexible disk
track format. If byte 5 is zero, the number of blocks per track
will be as described in the FDD track format byte. If byte 5 is
non-zero, the blocks per track will be as specified in byte 5.

DEFINE FLEXIBLE DISK FORMAT Command Descriptor Block

7 6 5 4 3 2 1 0
BYTE 1 1 1 0 0 0 0 0 0
BYTE 2 0 [ LUN | NOT USED
BYTE 3 NOT USED
BYTE 4 NOT USED
BYTE 5 SECTORS PER TRACK
BYTE 6 FDD TRACK FORMAT

VALID ERROR CODES
Illegal function for drive type (HEX 22)
BYTE 5: "Sectors per track" is normally to be set to =zero

because the SECTOR PER TRACK is implied in the track format
code in Byte 6. Byte 5 can be used to override that value when
for example it is desired to increase by one the number of
sectors per track (See codes 8A and 8B next two pages).



BYTE 6: 5-1/4 Inch (250 KBit) TRACK FORMAT CODES

HEX 00 Single density, Single sided, FM recording,
128 bytes per sector, 16 sectors per track.

HEX 01 Single density, Double sided, FM recording,
128 bytes per sector, 16 sectors per track.

HEX 06 * Single sided, Cylinder O:
Single density, FM recording,
128 bytes per sector, 16 sectors per track.
All other tracks:
Double density, MFM recording,
256 bytes per sector, 16 sectors per track.

HEX 07 Side 0, Cylinder O:
Single density, Double sided, FM recording,
128 bytes per sector, 16 sectors per track.
A1l other tracks:
Double density, Double sided, MFM recording,
256 bytes per sector, 16 sectors per track.

HEX 86 Double density, Single sided, MFM recording,
256 bytes per sector, 16 sectors per track.

HEX 87 Double density, Double sided, MFM recording,
256 bytes per sector, 16 sectors per track.

HEX 8A ** Double density, Single sided, MFM recording,
512 bytes per sector, 8 sectors per track.

HEX 8B ** Double density, Double sided, MFM recording,
512 bytes per sector, 8 sectors per track.

HEX 8E Double density, Single sided, MFM recording,
1024 bytes per sector, 4 sectors per track.

HEX 8F Double density, Double sided, MFM recording,
1024 bytes per sector, 4 sectors per track.

* = Default
*% = Also supports 9 sectors per track using Byte 5.




BYTE 6: 8 Inch (500 KBit) TRACK FORMAT CODES

HEX 00 Single density, Single sided, FM recording,
128 bytes per sector, 26 sectors per track.

HEX 01 Single density, Double sided, FM recording,
128 bytes per sector, 26 sectors per track.

HEX 06 * Single sided, Cylinder O:
Single density, FM recording,
128 bytes per sector, 26 sectors per track.
All other tracks:
Double density, MFM recording,
256 bytes per sector, 26 sectors per track.

HEX 07 Side 0, Cylinder O:
Single density, Double sided, FM recording,
128 bytes per sector, 26 sector per track.
All other tracks:
Double density, Double sided, MFM recording,
256 bytes per sector, 26 sector per track.

HEX 86 Double density, Single sided, MFM recording,
256 bytes per sector, 26 sectors per track.

HEX 87 Double density Double sided, MFM recording,
256 bytes per sector, 26 sectors per track.

HEX 8A *¥* Double density, Single sided, MFM recording,
512 bytes per sector, 15 sectors per track.

HEX 8B ** Double density, Double sided, MFM recording,
512 bytes per sector, 15 sectors per track.

HEX 8E Double density, Single sided, MFM recording,
1024 bytes per sector, 8 sectors per track.

HEX 8F Double density, Double sided, MFM recording,
1024 bytes per sector, 8 sectors per track.

*% = Also supports 16 sectors per track using Byte 5.




7.7.2 ASSIGN DISK PARAMETERS Command (HEX C2)

This command allows the host to specify disk drive parameters
for the specified LUN. This allows the controller to
communicate with a wide variety of drives from the same or
different vendors. This command should be issued after every
power—-up sequence or reset for each LUN unless the LUN matches
the default values set at initialization.

The associated Parameter List, including all characteristics of
the drive connected, 1is sent to the controller during the Data
Out phase of the command execution. There is no access to the
drive during execution of this command.

ASSIGN DISK PARAMETERS Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 1 1 0 0 0 0 1 0
BYTE 2 0 ] _LuN __J o0 0 0 0 0
BYTE 3 NOT USED

BYTE 4 NOT USED

BYTE 5 NOT USED

BYTE 6 CONTROL BYTE

WINCHESTER DISK DRIVE PARAMETERS
When bit 7 of byte 8 is set to zero, the following list allows
connection of any, and different, ST506/412 compatible disk
drives to the two Winchester ports of the controller. This
applies to all models of the 5000 Series.

Winchester Disk Parameter List

7 6 5 4 3 2 1 0

BYTE 1 STEP PULSE WIDTH

BYTE 2 STEP PERIOD

BYTE 3 STEP MODE

BYTE 4 NUMBER OF HEADS (-1)

BYTE 5 CYLINDER ADDRESS HI

BYTE 6 CYLINDER ADDRESS LO (-1)

BYTE 7 WSI WRITE PRECOMPENSATION CYLINDER
BYTE 8 0 0 TYPE H/S] O WSI
BYTE 9 SECTORS PER TRACK (-1)

BYTE 10 RESERVED




DEFINITION OF THE WINCHESTER DISK PARAMETER BYTES

BYTE 1 - STEP PULSE WIDTH: The length of time the step pulse is
asserted. The value of this byte specifies the width of the
step pulse in 2.8 microsecond increments. The minimum value of
the step pulse is 5 microseconds for byte values of O through
5. )

BYTE VALUE STEP PULSE INCREMENTS
WIDTH

0 THROUGH 5 5 MICROSECONDS ———

6 " 8 7.8 " + 2.8 us

9 " B 10.6 " + 2.8 us

C " E 13.4 " + 2.8 us

etc...

BYTE 2 - STEP PERIOD: The length of time between the trailing
and leading edges of step pulses. A zero value in this byte
results in 9 microsecond step period. A non-zero value
specifies the time in 50 microsecond increments.

BYTE 3 - STEP MODE: This byte must be set to zero (buffered or
normal mode).

BYTE 4 - NUMBER OF HEADS (-1): The value of this byte specifies
the number of user heads (minus one) on the disk drive. The
maximum value of this byte is 15 (OF HEX). Any value greater
~ than 07 HEX causes the reduced write current (WSI) function to
be disabled. Write precompensation is not affected.

BYTES 5-6 - NUMBER OF CYLINDERS (-1): These 2 bytes specify the
maximum number of user cylinders (minus one) on the disk drive.
Byte 5 is the most significant byte.

The maximum number of cylinders is 65K (FF, FF HEX).

BYTE 7 (and Bits 0-1 of Byte 8) - WSI/WRITE PRECOMPENSATION
CYLINDER ADDRESS: This byte specifies the <cylinder address
where reduced write current and/or precompensation is first
applied.

Reduced Write Current:

- A value of zero or one in byte 7 indicates that the "reduced
write current" function is disabled.

- A value different than zero or one indicates that "reduced
write current" is applied to all cylinders greater than or
equal to the value of the byte.

Write Precompensation:

- A 10 bit value of zero (byte 7 and bits 0-1 of byte 8)
indicates that the write precompensation function is disabled.
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"l - A 10 bit value of one indicates that write precompensation is
applied to all cylinders.

- A value different than zero or one indicates that "write
precompensation"” is applied to all cylinders greater than or
equal to the 10 bit value (byte 7 and bits 0-1 of byte 8).

EXAMPLES:

BYTE 8 I BYTE PRECOMPENSATION

0
o
o

0
0 1 |
0
0

Bit

O
(=} =]

No WSI
No Precompensation
1 1 1 1 |WSI Starts at OF (HEX)
Precomp. starts at OOF(HEX)
No WSI
Pr
WSI Starts at 90(HEX)
Precomp. Starts at 190(HEX)
0 ] o 1 | No WSI
Precomp. applied to all
cylinders

o O] o
olw
o
O =

o O] oOoN
—_
o] o] o

T 1

o o o o (@] (o)}
o o o o ojwn
o o o
o o o

o o

BYTE 8:
7 6 5 4 3 92 1 0
[0 0 [TYypE JH/ST O | WSI |

Bits 7, 6, and 2 should be set to zero.

Type: Bits 5 and 4 of Byte 8: These bits specify whether the
device 1is a Fixed, Removable, or Fixed/Removable Winchester
Disk drive.

TYPE
Bit 5 Bit 4
0 0 = Fixed Disk Drive
1 0 = Fixed/Removable disk Drive
1 1 = Removable Disk Drive

H/S: Bit 3 of Byte 8 specifies whether the device is a hard or
soft sectored disk drive (0 = Soft sectored; l=Hard sectored).

Bits 1 and O define WSI/Write Precompensation as MSB bits.

NOTE: A TFixed/Removable disk drive must have two LUNs
assigned. One is for the Removable disk and the other is for
the fixed disk (LUN O = Removable; LUN 1 = Fixed; or LUN 2 =
Removable, LUN 3 = Fixed). This command must be issued to both
LUNs.




BYTE 9 - SECTORS PER TRACK (-1): This byte specifies the number
of sectors per track (minus one). A zero value is interpreted
as 9, 17, 18 or 32 sectors per track, depending upon the
position of the sector size jumpers, W3 and W4.

FLEXIBLE DISK DRIVE PARAMETERS

When bit 7 of byte 8 of the Parameter List is set to one, the
following Flexible Disk Parameter List, allows connection of
either 5 1/4" or 8" Flexible Disk drives to the port allocated
by the 5200, 5204 and 5400 models. High-capacity, half-height 5
1/4" flexible disk drives with the 500 Kbit/sec transfer rate
are supported as well by this list.

Flexible Disk Parameter List

7 6 5 4 3 2 1 0

BYTE 1 STEP PULSE WIDTH (not analyzed)
BYTE 2 STEP PERIOD

BYTE 3 MAXIMUM CYLINDER ADDRESS (-1)
BYTE 4 HEAD SETTLING DELAY

BYTE 5 NOT USED

BYTE 6 NOT USED

BYTE 7 NOT USED

BYTE 8 1 0 0 0 0 0 0 0
BYTE 9 FLOPPY TYPE/WRITE PRECOMP

BYTE 10 START WRITE PRECOMP CYLINDER

DEFINITION OF FLEXIBLE DISK PARAMETER BYTES

BYTE 1 - STEP PULSE WIDTH: (HEX 00) The step pulse width is
not analyzed. A value of zero is recommended. The FDC 765
controls the step pulses. Typical values are 5 microseconds
when wusing 500 KBit transfer rate, and 10 microseconds when
using 250 KBit transfer rate.

BYTE 2 - STEP PERIOD: The time between two step pulses. The
value of this byte is specified with bits 3, 2, 1, and O only.
Since the FDC 765 controls these step pulses, the period
changes depending on the drive data rate as follows:

- For a 500Kbit/sec data transfer rate, the value is in one (1)
millisecond increments from one to fifteen milliseconds.
(l=1ms, 2=2ms, 3=3ms, etc...)

- For a 250Kbit/sec data transfer rate, the value is in two
millisecond increments from two to thirty milliseconds.
(1=2ms, 2=2ms, 3=4ms, 4=4ms etc...)

In both cases, zero specifies the maximum step rate.

BYTE 3 -~ NUMBER OF CYLINDERS (- 1): The maximum number of
cylinders minus one (- 1).



BYTE 4 - HEAD SETTLING DELAY: The delay required from the last
step pulse to a valid read or write. The value of this byte
specifies the delay in two (2) milliseconds increments for a
500 Kbit transfer rate drive, and in four (4) milliseconds
increments for a 250 KBit transfer rate drive.

500 KBit 250 Kbit
0 = 258ms 0 = 516ms
1 = 2ms 1 = 4ms
2 = 4ms 2 = 8ms
3 = 6ms 3 = 12ms

BYTE 5 through 7: NOT USED. To be set to zero.

BYTE 8: This Byte should be set to HEX 80 to indicate Flexible
Disks.

BYTE 9 - FLEXIBLE DISK TYPE: Specifies the type of Flexible
disk.

Bit 7 = 0 for a 250 Kilobit/second data transfer rate drive
Bit 7 = 1 for a 500 Kilobit/second data transfer rate drive

Bit 6 0 means that Pin 16 (motor on) will be asserted.

Bit 6 = 1 means that Pin 16 (motor on) shall not be
asserted. This bit shall be set to 1 when
using high capacity Disk Drives (192 TPI) and
their pre-formatted diskettes.

Bits 5 and 4 are used to specify the number of step
pulses per cylinder. Non-zero values allow a
drive to read a diskette formatted on a drive
with lower TPI. For example a value of
Bit 5 = 0, and a Bit 4 = 1 will allow a 96 TPI
drive to access tracks on a diskette from a
48 TPI drive.

Bit 5 Bit 4 Steps/Cyl |
0 0 1 (Normal Usage)
0 1 2
1 1 4




Bits 1 and O describe Write Precompensation values as follows:

250 KBits/second

500 KBits/second

BIT 1 BIT O

0 0 = 0 NSEC
0 1 = 125 NSEC
1 0 = 250 NSEC
1 1 = 375 NSEC

1 BIT O
0=0 NSEC
1 = 62.5 NSEC
0 =125 NSEC
1 = 187.5 NSEC

BYTE 10 - STARTING WRITE PRECOMPENSATION CYLINDER: Write
precompensation is applied to all cylinders greater than this

value.

VALID ERROR CODES

Illegal Function for drive type

(HEX 22)




7.8 TYPE 7 COMMANDS (DIAGNOSTIC Commands)
7.8.1 RAM DIAGNOSTIC Command (HEX EO)
This command performs a pattern test on the sector buffer.

RAM DIAGNOSTIC Command Descriptor Block
7 6 5 4 3 2 0 0

BYTE 1 1 1 1 0 _0 0 0 0
BYTE 2 NOT USED
BYTE 3 NOT USED
BYTE 4 NOT USED
BYTE 5 NOT USED
BYTE 6 CONTROL BYTE
VALID ERROR CODES
Power Up Diagnostic error (HEX 30)




7.8.2 WRITE ECC Command (HEX E1)

This command writes a "long" data field on the disk to allow
testing of the ECC logic. This command requests the number of
data bytes, as determined by the sector size, plus four (4)
more data bytes. Only one sector is written., These four bytes

are written where the four ECC bytes normally reside. A
subsequent READ command will treat these extra four bytes as
ECC. This command is not valid for LUN's assigned to Flexible

disk drives.

WRITE ECC Command Descriptor Block

[ S 4 3 2 1 Q
BYTE 1 1 1 0 0 0 0 1
BYTE 2 [0 | LUN | LOGICAL BLOCK ADDR 2 (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS 1
BYTE 4 LOGICAL BLOCK ADDRESS 0 (LSB)
BYTE 5 NOT USED
BYTE 6 CONTROL BYTE

A data pattern which will not result in an ECC error is as
follows:

256 BYTE 512 BYTE 1024 BYTE
SECTOR SECTOR SECTOR
0-255 6C 0-511 6C 0-1023 6C
256 3C 512 77 1024 7B
257 FD 513 FB 1025 65
258 1E 514 4C 1026 BE
259 B4 515 DC 1027 79

VALID ERROR CODES

No seek complete (HEX 02)
Write fault (HEX 03)
Drive not ready (HEX 04)
Drive not selected (HEX 05)
Multiple drives selected (HEX 07)
Cartridge changed (HEX 09)
No record found (HEX 94)
Seek error (HEX 95)
Write protected (HEX 97)
Bad track flag set (HEX 99)
Unable to read alternate track data (HEX 9C)
Illegal access to alternate track (HEX 9E)
Illegal Parameter (HEX 21)
Illegal function for drive type (HEX 22)
Power Up Diagnostic error (HEX 30)




7.8.3 READ IDENTIFIER Command (HEX E2)

On LUNs assigned as Winchester Disk Drives the ID field of the
sector specified by the logical sector address is transferred
to the host. Only one sector is processed. The command will
return four data bytes during the Data In phase of the command
execution, On LUNs assigned as Flexible Disk Drives the first
ID field encountered is transferred. No seek is performed.

READ IDENTIFIER Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 1 1 1 0 0 0 1 0
BYTE 2 0 [ LUN | LOGICAL BLOCK ADDR 2 (MSB)
BYTE 3 LOGICAL BLOCK ADDRESS 1
BYTE 4 LOGICAL BLOCK ADDRESS 0 (LSB)
BYTE 5 NOT USED
BYTE 6 CONTROL BYTE
Data Byte Format

7 6 5 4 3 2 1 0
BYTE 1 HIGH CYLINDER NUMBER
BYTE 2 LOW _CYLINDER NUMBER
BYTE 3 HEAD/FLAGS
BYTE 4 PHYSICAL SECTOR NUMBER

BYTE 3, HEAD/FLAGS bit on Winchester LUNs is as follows:

Bit 0 = Head 1
1 = Head 2
2 = Head 4
3 = Head 8
4 = -0
5 = Alternate track flag
6 = Bad track with Alternate assigned
7 = Bad track
VALID ERROR CODES
No seek complete (HEX 02)
Drive not ready (HEX 04)
Drive not selected (HEX 05)
Multiple drives selected (HEX 07)
Cartridge changed (HEX 09)
No record found (HEX 94)
Illegal Parameter (HEX 21)
Illegal Function for drive type (HEX 22)
Power Up Diagnostic error (HEX 30)
FDC 765 error (HEX 31)




7.8.4 READ DATA BUFFER Command (HEX EC)

The controller data buffer is transferred to the host as if a
single sector READ had occurred. The LUN can be any number
since no device participates however, the number of bytes
returned is determined by the block size for the specified LUN.
The host «can use this command following a WRITE ' DATA BUFFER
command to verify READ / WRITE sequences without drive
participation or, on a permanent ECC error in the data field,
to obtain the bad record.

READ DATA BUFFER Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 | 1 1 1 0 1 1 0 0
BYTE 2 0 [ LuN | NOT USED

BYTE 3 NOT USED

BYTE 4 NOT USED

BYTE 5 NOT USED

BYTE 6 CONTROL BYTE

Issued after Initialization (Power ON or Reset operation), the
contents of the buffer are defined as below.

VALID FOR ALL FIRMWARE REVISIONS

HEX Address Contents
00 through 0D * 5X00 VW.W MMDDYY
(0 " OF Undefined
10-bit O *%* ROM checksum error
11-bit O *%* Processor Register error
12-bit O **x* Buffer Ram error
13-bit O *** Sequencer Register File Error
14-1F Undefined
20-2F LUN O Default Values **
30-3F LUN 1 " " &
4O-4F LUN 2 " " *%
50-5F LUN 3 " " ko
* X = Model number (1, 2, 3 or 4)
W = Revision level
MM = Month
DD = Day
YY = Year

*¥* Default Values

*%% Valid only after a POWER ON or if a diagnostic error (HEX 30)
occurred on the previous POWER ON or RESET.
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LUN DEFAULT VALUES

Address | Winchester Disk Flexible Disk

Byte 0 00 00
" 1 00 00
" 2 00 00
" 3 00 00
" 4 | Cyl. High 00 00
" 5| Cyl. Low 98 || Number of Cylinders 4F or 4C (5204)
" 6 | Head Count 03 || Reserved 00
" 7 | Sect/Track (depends|? Sect/Track 10

on Jumpers)

" 8 | Write Precomp 00 | Head Settling Time 0B
" 9 " " 80 | Write Precomp 00
" 10 | Reduce Write Curr. |00 | Retry Count 00
"ol " 80 || Not Applied 00
" 12 | Step High 3C || Step Rate (3ms) 04
" 13 | Step Low 09 || Reserved 00
" 14 | Reserved 00 || Reserved 00
" 15 | LUN FLAG 87 || LUN FLAG A5

LUN FLAG Byte Bit Assignment (Byte 15)

l1 [ 6 s 4] 3 211 ol

AN B Y B W ~
Undefined 00 = 512 Bytes/sect
(18 sect/track)
01 = 256
10 = 512 (17 sect/track)
11 = 1024
DRIVE TYPE
00 = ST506/412
01 = Floppy
10 = Reserved
11 = Tape
0 = Soft Sector for ST506/412
0 = MFM recording for Floppies
1 = Hard Sector for ST506/412
1 = FM recording for Floppies
For ST506/412 Drives
00 = Fixed
01 = Reserved
10 = Fixed/Removable
11 = Removable
For Flexible Disk Drives
Bit 5 = 1 = Cylinder 0 side O FM recording
Bit 6 = 1 = 8 inch format
Bit 6 = 0 = 5 1/4 inch format




VALID ERROR CODES

NONE

7.8.5 WRITE DATA BUFFER Command (HEX EF)

This command causes data to be written from the host to the
controller data buffer, The LUN can be any number since no
device participates however, the number of bytes written is
determined by the block size for the specified LUN. The host
can wuse this command preceding a READ DATA BUFFER command to
verify a READ/WRITE sequence without device participation.

WRITE DATA BUFFER Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 1 1 1 4] 1 1 1 1
BYTE 2 0 | LUN ] NOT USED

BYTE 3 NOT USED

BYTE 4 NOT USED

BYTE 5 NOT USED

BYTE 6 CONTROL BYTE

VALID ERROR CODES

NONE
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SECTION 8
TAPE COMMANDS

8.1 GENERAL

The OMTI 5300 and 5400 controllers support a QIC-02 Cartridge
Tape drive interface, which is an intelligent device level
interface to a Streaming Tape Drive.

8.1.1 Drive Type

A streaming drive is a tape drive that is designed to maintain
continuous tape motion without the requirement to start and
stop within an interrecord gap. If the tape motion 1is
interrupted for any reason, the drive must reposition the tape
by moving far enough in the reverse direction to allow the tape
to be brought up to speed in the forward direction before it
reaches the point at which the preceding operation was
terminated.

8.1.2 Data Bus

Data and commands are transferred to and from the QIC-02 device
on an eight-bit bidirectional data bus with an asynchronous
handshake to eliminate rigorous timing constraints. The
controller includes an internal 8K buffer to optimize streaming
operations during BACKUP and RESTORE commands between disk and
tape.

The recording of information on the tape is performed in the
Sequential mode.

Accessing information on the tape may be performed either in
Sequential or, when reading, in a Direct mode. The difference
between the two modes is the positioning scheme. 1In the
Sequential mode, data is transferred from the current tape
position. In the Direct mode, the controller allows the user to
specify the 1location on the tape from which the transfer of
data will take place. See Read operations (8.5).

8.1.3 Data Integrity

The ability to enable or disable the tape drive bus parity is
jumper selectable.



8.1.4 Host/Controller/Drive Communication

The tape drive can be commanded by the host, through a set of
commands, to either rewind the cartridge to the BOT (beginning
of tape), erase the cartridge, write data and file marks onto
the tape, read data and/or file marks from the tape, verify the
tape, backup data from a disk, or restore data onto the disk
connected to the same controller. The host may request sense
information from the controller/tape drive to obtain status.

8.1.5 Media

The tape media is an industry-standard one quarter inch (1/4")
cartridge, recorded bi-directionally on serpentine tracks.

8.1.6 Tépe Format

The minimum length of data accessible by the controller is a
block. Blocks have a fixed length of 512 bytes. A group of
blocks constitute a file. Each READ or WRITE command specifies
the number of blocks to access. Files are separated by file
marks.

A header may optionally be written at the beginning of the tape
to label a cartridge or provide for an Initial Program Load
(IPL) block.

TAPE FORMAT

l BOT | FM l HEADER I FM I BLOCK 1 I BLOCK 2 ' BLOCK N I FM '

<-Header Record-> {--Last-->
Optional Data Block
{mmmmm e File-==-mmammmum >

FM = File Mark

BLOCK FORMAT (QIC 24)

[ GAP | SYNC | 512 BYTES DATA BLOCK | BLOCK ADDRESS | CRC |




8.1.7 Header

The HEADER is an optional field that is used to identify and

label cartridges. It is written to the first 512 byte block of

the <cartridge. The contents of this block are user defined.

Issuing the WRITE HEADER command rewinds the tape to BOT,

erases the entire tape, rewinds, records a File Mark then

records the header followed by a File Mark. Therefore, any

prewritten data on the cartridge is lost. The controller allows

only one header per cartridge. The host software must implement
the READ HEADER command to identify the information in a

HEADER.

A cartridge does not necessarily need a HEADER to be useable.
It is not recommended to use these two commands in new software
design.

8.1.8 Controller Block Count

Starting from BOT, if no header is recorded, or starting from
the first block after the header, the controller will increment
a counter for each block accessed in the forward direction.
Blocks and File Marks are counted in the same fashion in this
counter. This counting occurs either in Sequential or Direct
modes. See READ OPERATIONS paragraph (Section 8.3.5). The
counting also takes place with the space command.

8.1.9 Operational Warnings

o The BACKUP and RESTORE commands will report an "ERROR 21"
(invalid parameter), if the Disk sector size is 1024 bytes,
and the Tape block count is odd.

o Write Protect Status: If a cartridge was write protected,
and the user removes it, when the «cartridge is replaced,
two consecutive REQUEST SENSE, or READ SENSE commands are
needed to get "no write protect" status reported in the
sense bytes.

o Exception Condition with File Mark encountered,
unexpectedly, with the READ and RESTORE commands: Because
the Tape Formatter may read more blocks from the Tape
drive than the READ or RESTORE commands ask for, an exception
condition may be generated from the Tape Drive for a File
Mark detected by the Tape Formatter in the block count limit
requested. This situation is more likely to occur with tape
formatters containing a large buffer. This should not
be considered as an error condition.

o When an End of Tape Exception Condition is encountered in a
WRITE mode, one File Mark followed by one Tape Block and
another File Mark are allowed to be written after EOT.



8.2 TAPE COMMANDS

8.2.1 Command Phase

The command process for the Tape drive is similar to the
command process for the Disk drives, except that some Tape
commands require more bytes (10 or 12) to be transferred during
the command phase.

In the tables of this section, all bits specified as "Reserved"
should be set to zero.

LUN 3

The Logical Unit Number (LUN) specified in byte 2 of all
exclusively Tape related commands is three (3), with bits 5 and
6 set to 1. All BACKUP and RESTORE commands imply the use of
LUN 3.

6 BYTE COMMAND FORMAT (Sequential Mode)

7 6 5 4 3 2 1 0

BYTE 1 COMMAND CODE

BYTE 2 0 1 1 10 0 0 0 0
BYTE 3 BLOCK COUNT (MSB)

BYTE 4 BLOCK COUNT

BYTE 5 BLOCK_ COUNT (LSB)

BYTE 6 CONTROL BYTE

These above commands offer up to 16 MegaBlocks per Command.

6 BYTE COMMAND FORMAT (Direct Read Mode)
7 6 5 4 3 2 1 0

BYTE 1 COMMAND CODE

BYTE 2 0 1 1 | TAPE LOGICAL BLOCK ADDR (MSB)
BYTE 3 TAPE LOGICAL BLOCK ADDRESS

BYTE 4 TAPE LOGICAL BLOCK ADDRESS (LSB)

BYTE 5 BLOCK COUNT

BYTE 6 CONTROL BYTE

The 6 byte READ commands (Direct Mode) are limited to transfer
up to 256 Blocks, and limited to 21 bit addressing.

8-4



BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE

These commands

HOONOUL A~ WN -

0

10 BYTE COMMAND FORMAT
7 6 5 4 3 2 1

0

COMMAND CODE

0 | DISK LUN | DISK LOGICAL BLOCK ADDR (MSB)

DISK LOGICAL BLOCK ADDRESS
DISK LOGICAL BLOCK ADDRESS

(LSB)

ZERO VALUE
ZERO VALUE

TAPE BLOCK COUNT (MSB)
TAPE BLOCK COUNT
TAPE BLOCK COUNT (LSB)

CONTROL BYTE

offer a Block count of 3 bytes

Megablocks per command.

BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE

for up to 16

12 BYTE COMMAND FORMAT (RESTORE CONTINUE)

oOE~NOTULHWND -

10
11
12

This command

of up to 16 Megablocks per command.
bytes. The Disk Block size may be different.

7 6 5 4 3 2 1 0
COMMAND CODE
0 | DISK LUN ] DISK LOGICAL BLOCK ADDR (MSB)
DISK LOGICAL BLOCK ADDRESS
DISK LOGICAL BLOCK ADDRESS (LSB)
ZERQ VALUE
TAPE STARTING LOGICAL BLOCK ADDR (MSB)

TAPE STARTING LOGICAL BLOCK ADDRESS

TAPE STARTING LOGICAL BLOCK ADDR

(LSB)

TAPE BLOCK COUNT (MSB)
TAPE BLOCK COUNT
TAPE BLOCK COUNT (LSB)

CONTROL BYTE

offers a Block count of 3 bytes for a transfer

Disk Block size is selected by jumpers.

The Tape Block size is 512
The value of the
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CONTROL BYTE
The Control Byte is the last byte of all commands.
CONTROL BYTE FORMAT

7 6 5 4 3 2 1 0
[DR I pc[sSRToO 0 0 0 | LK]

DR - Disable Retry: Bit 7, if set to one, will disable the
controller automatic retries. This bit 7 is valid for those
commands involving a disk. This is only to be used for test

or evaluation purposes.

DC - Disable Correction: Bit 6, if set to one, will disable
the disk automatic error correction with the ECC algorithm.
This is to be used only for disk media evaluation or test
purposes.

SR - Sequential Record: Bit 5, if set to zero will cause a File
Mark to be written when the block count of the command is
exhausted; if set to one and if the command code is WRITE
BLOCKS (4A), READ BLOCKS (4B), BACKUP (22), or RESTORE (23)
then this flag can have two possible meanings:

— During a READ, the controller will start to read at the
current tape position, therefore read the next block. This is
called the Sequential Mode.

- During a WRITE, the controller will start to write at the
current position, and a File Mark will not be written on the
tape at completion of the WRITE or BACKUP command execution.
This allows segmented Disk files to be backed up onto the Tape
on a contiguous file without File Marks separating every
segment of the file. When the last segment is transferred with
the last command issued, the user should set bit 5 (SR) of the
Control Byte to zero. This automatically records a File Mark.
If Bit 5 is set to zero and an error occurs before the block
count of the command is exhausted, a File Mark will not be
written on the tape.

LK - Link Command: Bit O, wupon successful completion of the
command, if this bit is set to one, the controller will enter
the command phase and request command bytes for the next linked
command to be executed. Linking commands avoids entering the
Selection phase again, and keeps control of the bus to the same
host/controller.

WARNING: It is recommended not to link commands such as REWIND,

RETENTION, or ERASE (for which the SCSI Busy line is deasserted

during Tape motion) to other commands. Doing so could result in
Busy status error to the linked commands. This is due to the
fact that the Tape drive is performing offline mechanical
functions which cause it to be busy to the controller. This
could cause the drive to be busy for up to several minutes.

8-6
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8.2.2 STATUS Phase
COMPLETION STATUS BYTE FORMAT

7 6 5 4 3 2 1 0
[o T LuN ] o 0 0 [ cc ] PE]

CC - Check Condition
PE - SCSI BUS Parity Error

Status 1is always sent to the host during the Status Phase, at
the end of a command, in a single byte called "Completion
Status Byte".

A value of =zero in bits O (PE) and 1 (CC) indicates a
successful command completion.

Any abnormal condition encountered during the command execution
will cause command termination and ending status with the Check
Condition (bit 1) set to one.

Any SCSI BUS Parity Error (PE, bit 0) encountered during the
transfer of bytes from the host will cause command termination
and ending status with the Parity error bit O set to one.

Bits 5 and 6 report the LUN address of the device originating
the error condition or the LUN to which the command was issued.
If a disk error occurs, the disk LUN is reported in the
Completion Status byte, if a Tape error occurs, the tape LUN
(3) is reported.

If the Check Condition status (CC, bit 1) is set, the host
should issue the REQUEST SENSE command to determine the nature
of the condition.

NOTE: The status byte is not the last byte transferred by the
controller. The Host Adapter should not generate the Interrupt
for the command when receiving this,byte but instead should
wait for the Command Cofiplete message (HEX 00) issued in the
next Message In phase.

8.2.3 MESSAGE IN Phase

Every command ends with the Message In phase. The 5000 series
controllers send a single byte to the host during this phase,
with the value of zero, indicating "Command Complete".



8.2.4 TAPE COMMAND SET SUMMARY

COMMAND CODE COMMAND DATA

TYPE (HEX) BYTES LENGTH

TEST UNIT READY 00 6 0

REWIND 01 & 4F 6 0

RETENTION 02 & 44 6 0

REQUEST SENSE 03 6 4 to 12 bytes
READ 08 6 up to 16 M blocks
WRITE 0A 6 up to 16 M blocks
WRITE FILE MARK 10 & 4C 6 0

SPACE FORWARD 11 & 4D 6 0

VERIFY 13 & 45 6 0

ERASE 19 & 4E 6 0

BACKUP 22 10 up to 16 M blocks
RESTORE 23 10 up to 16 M blocks
BACKUP WITH HEADER * 24 10 up to 16 M blocks
RESTORE CONTINUE * 26 12 up to 16 M blocks
READ SENSE * 46 6 8 bytes

WRITE HEADER * 48 6 512 bytes

READ HEADER * 49 6 512 bytes

WRITE BLOCKS * 4A 6 up to 256 blocks
READ BLOCKS * 4B 6 up to 256 blocks

* These commands,
are recommended

8.3 COMMAND SET

compatible to earlier controller

models,

to be avoided in new software design.

8.3.1 TEST UNIT READY Command (HEX 00)
This command returns a zero status during the Status phase of
the command execution to indicate that the unit is on line and
ready.
TEST UNIT READY Command Descriptor Block
7 6 5 4 3 2 1 0
BYTE 1 0 0 0 0 0 0 0 0
BYTE 2 0 1 1 | o 0 0 0 0
BYTE 3 ZERO VALUE
BYTE 4 ZERO VALUE
BYTE 5 ZERO VALUE
BYTE 6 | O 0 0 0 0 o0 o | ix
VALID ERROR CODES
Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Operation in Progress (HEX 0D)




8.3.2 REWIND Command (HEX 01) and (HEX 4F)

The wunit is rewound to the beginning of tape (BOT). Status is
returned as soon as the tape motion is initiated. Overlap
operations with the disk drives connected to the other ports is
allowed during the tape motion. If a REWIND command is issued
after a WRITE command and a File Mark has not been written, the
controller will automatically write a File Mark before
initiating the rewind. The code (4F) provides software
compatibility to an earlier controller model. It is
recommended to use code 0l for new software implementation.

REWIND Command Descriptor Block

7 6 5 4 3 2 1 0
BYTE 1 0 0 0 0 0 0 0 1
BYTE 2 | O 1 1 o 0 0 0 0
BYTE 3 ZERO VALUE
BYTE 4 ZERO VALUE
BYTE 5 ZERO VALUE
BYTE 6 0 0 0 0 0 0 0 [ LXK
VALID ERROR CODES
Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Operation in Progress (HEX 0D)
Tape Exception (HEX 10)




8.3.3 RETENTION Command (HEX 02) and (HEX 44)

The unit rewinds to the beginning of tape (BOT), if not already
positioned at the load point, then moves from the BOT to the
end of tape (EOT) without transferring any data or altering
the contents of the cartridge, then rewinds to the BOT. Status
for the command is returned as soon as the tape motion 1is
initiated, allowing host/controller to overlap operations with
the disk drives connected to the other controller ports. The
code (44) 1is provided for software compatibility with an
earlier controller model. It is recommended to use code 02 for
new software design.

RETENTION Command Descriptor Block

7 6 5 4 3 2 1 0
BYTE 1 o] 0 0 0 0 0 1 0]
BYTE 2 | O 1 1 o 0 0 0 0

BYTE 3 ZERO VALUE

BYTE 4 ZERO VALUE

BYTE 5 ZERO VALUE
BYTE 6 0 0 0 0 0 0 0 [ LK

VALID ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
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8.3.4 REQUEST SENSE Command (HEX 03)

The sense information returned during the Data In phase of this
command execution is valid for the Check Condition Status just
presented to the host. Sense data will be cleared upon
reception of any subsequent command issued to the LUN or
cleared by a Reset condition.

The host must be able to receive a minimum of 4 sense bytes and
a maximum of 12 bytes. Byte 5 of the CDB will specify the
number of bytes that the host has allocated for returned sense.

If byte 5 is less than or equal to four, the controller will
return four bytes of sense data, otherwise it will return the
required number of bytes between four and twelve, with the
following condition: wup to 4 bytes are returned for Disks; up

to 12 bytes are returned for Tape. If more than 12 bytes are
requested in byte 5, the Data phase will stop after the 12th
byte.

REQUEST SENSE Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 0 0 0 0 0 1 1

BYTE 2 0 1 1 Jo 0 0 0 0
BYTE 3 ZERO VALUE

BYTE 4 ZERO VALUE

BYTE 5 NUMBER OF SENSE BYTES ALLOCATED (MAX. 12)
BYTE 6 0 0 0 0 0 0 0 | LK

SENSE BYTES: The following bytes are returned to the host
during the Data In phase of the command execution.

SENSE BYTE FORMAT (Sequential Read Mode)

7 6 5 4 3 2 1 0

BYTE 1 SENSE CODE

BYTE 2 0 1 1 [BLOCK COUNT ACCESSED (MSB)
BYTE 3 BLOCK COUNT ACCESSED

BYTE 4 BLOCK COUNT ACCESSED (LSB)
BYTE 5 TAPE SENSE BYTE O

BYTE 6 TAPE SENSE BYTE 1

BYTE 7 TAPE SENSE BYTE 2

BYTE 8 TAPE SENSE BYTE 3

BYTE 9 TAPE SENSE BYTE 4

BYTE 10 TAPE SENSE BYTE 5

BYTE 11 TAPE SENSE BYTE 6

BYTE 12 TAPE SENSE BYTE 7




BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE
BYTE

WoOoNOULBWN -

e
N = O

SENSE BYTE FORMAT (Direct Read Mode)

7 6

5 4 3

2

1 0

SENSE COD

E

0 | L

UN ] LOGI

TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE

CAL BLOCK
LOGICAL BLOCK ADDRESS
LOGICAL BLOCK ADDRESS (LSB)

ADDRESS (MSB)

SENSE BYTE
SENSE BYTE
SENSE BYTE
SENSE BYTE
SENSE BYTE
SENSE BYTE
SENSE BYTE
SENSE BYTE

No s WwWN O

CONTROLLER SENSE BYTE 1: S

BITS

7 6

ENSE CODE
5 4 3

2

1 0

Lavijio |

TYPE |

CODE |

AV: TIf AV is set to one the Logical Block address reported
bytes 2 to 4 is a valid address.

SENSE TYPE

Bits

Meaning

5
0
0
1
1

= O Of&

Drive Errors

Data Errors
Command Errors
Diagnostic Errors

" CONTROLLER SENSE CODES - TAPE DRIVE ERRORS - TYPE 0:

CONTROLLER SENSE CODES - TAPE DATA ERRORS

Note:

MEANING
NO ERROR

DRIVE NOT READY
DRIVE NOT SELECTED
OPERATION IN PROGRESS

MEANING

TAPE EXC

HEX

00
04
05
0D

- TYPE 1

EPTION

WRITE PROTECTED
TAPE DRIVE FAILURE

HEX

10
17 & 97
1F

Tape Exception is not necessarily an error.

in



CONTROLLER SENSE CODES - TAPE COMMAND ERRORS - TYPE 2

MEANING HEX
INVALID COMMAND 20
ILLEGAL FUNCTION 22

FOR DRIVE TYPE

CONTROLLER SENSE CODES - TAPE DIAGNOSTIC ERRORS - TYPE 3

MEANING HEX

POWER UP DIAGNOSTIC ERROR 30
SENSE BYTE 2 (Bits 6 and 5): LUN of the drive.
SENSE BYTES 2 TO 4:
- Sequential Read Mode: These bytes report the number of Blocks
accessed. When requesting access to more blocks than recorded,
the difference between the Block Count of the command and Sense

bytes 2 through 4, computed by the host software, would provide
the remaining block count requested.

- Direct Read Mode: These bytes report the address of the next
Tape Block if the command completed successfully, or if it
ended with an Exception Condition with "File Mark detected".
If the command completed with an Exception Condition with no
"File Mark detected", these bytes report the address of the
erroring block.

When a File Mark is detected, the Tape drive always positions
the tape so that the File Mark is past the head. Therefore, at
the end of a READ BLOCKS Command terminating with "File Mark
detected", the File Mark will be counted as a block and bytes 2
to 4 will report the address of the next Tape block.

- SPACE command: These bytes report the number of Blocks spaced
with the Block Mode or the number of File Marks spaced with the
File Mark Mode.

Note: If a permanent tape error occurs during a RESTORE
command, the logical sector address points to the sector
in error + 1.
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TAPE SENSE BYTES

The next 6 Bytes come from the Tape Formatter, as specified in the
QIC-02 specifications. The last two Tape Sense Bytes are generated
by the controller. The Exception condition bit 7 of bytes 1,2,6,

and 7 is

set to one only if this byte contains an error condition

or the tape has to report a physical event. More than one byte may

have bit

7

set to one.

Note: When Operation in Progress error (HEX OD) is returned by a
REQUEST SENSE or READ SENSE command, only bytes 6 and 7

of the Tape Sense bytes reported are valid, and the other six Tape
Sense bytes are meaningless.

TAPE SENSE BYTE O

BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT

oONWPrULON

Exception condition (at least 1 of bits 0-6 is on)
Cartridge not installed

Unselected Tape drive

Write Protected cartridge

End of media (EOT)

Unrecoverable data error

Bad block not located

File Mark detected

TAPE SENSE BYTE 1

BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT

oORNWPrULON

Exception condition (at least 1 of bits 0-6 is on)
Illegal QIC 02 command

No data detected

Reserved

Beginning of media (BOT)

Reserved

Reserved

Power On Reset occurred

TAPE SENSE BYTES 2 and 3

- The number of blocks rewritten by the controller
recovery procedure, for WRITE and VERIFY commands.

- The number of READ retries exercised by the controller
recovery procedure.

The most significant byte is 2.



TAPE SENSE BYTES 4 and 5 (Underflow Counter)

- These

bytes indicate the number of times streaming

operations were

maintain

minimum

byte is byte 4.

i

nterrupted due to host failure to
throughput rate. The most significant

The following two bytes are prepared by the controller itself,
not by the Tape Formatter.

TAPE SENSE BYTE 6

BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT

oORNWA~ULUON

Exception Condition (at least 1 of bits 0-6 is on)
DMA time out during handshake on the QIC 02 bus

Reserved

No header found (only with READ HEADER command)
Drive disconnected

Reserved
Reserved

Tape Parity error

TAPE SENSE BYTE 7

BIT 7 Exception Condition (at least 1 of bits 0-6 is on)
BIT 6 Reserved
BIT S5 Reserved
BIT 4 Rewind in progress
BIT 3 End of data recorded on the tape
BIT 2 Reserved
BIT 1 See table below
BIT O See table below
Bits 1 0 Meaning
0 0 Off Line
0 1 On Line (Default to READ if Bit 1=0
1 0 Illegal
1 1 Write operation in progress




8.3.5 READ OPERATIONS

The Controller offers two methods to read data from the Tape.
The user may use either: )

~ the READ command code (HEX 08) in the Sequential Mode, or
- the READ BLOCK(S) command code (HEX 4B) in the Direct Mode.

Comparison

~ The READ command (HEX 08) reads blocks of data starting at
the current tape position, that is, the next block of the
unit. The media has to be previously positioned at the
starting block prior to issuing the READ command. The
positioning can be achieved with the SPACE command.

- The READ BLOCK(S) command (HEX 4B) accesses the blocks of
data with an implied tape search to a specified starting
logical block address, similar to a disk command with an
implied seek. The controller counts each block, counting File
Marks as blocks, and allocates a logical block address from
BOT to all blocks accessed. Therefore when receiving the READ
BLOCK(S) (4B) command, in which the user specifies the logical
block address of the starting block, the controller determines
if a rewind or forward motion is necessary to reach the first
block. If the starting block address is greater than the
current head position, the controller will rewind the tape to
BOT, then will move the tape forward counting blocks until the
specified starting block is reached. This approach allows
access to the data faster than if the tape had to be rewound
first, then spaced forward, until the starting block is
reached. The host software is to keep track of the starting
block address of the files such as the disk directories
usually do. Specific Block(s) of data inside a file may be
accessed in a Direct Mode, but cannot be accessed in a
Sequential Mode.



8.3.6 READ Command (HEX 08) (Sequential Mode only)

The READ command transfers the specified Block Count to the
host, starting with the next block of the unit. Blocks are
transferred until either the Block count is exhausted, or a
File Mark is encountered, or the End of Tape (EOT) is
encountered. The 1last two conditions create an Exception
condition, and the Block Count read is available in the Sense
Bytes. Up to 16 Megablocks can be transferred by a single
command.

READ Command Descriptor Block
5 3 2

7 4 1 0
BYTE 1 0 0 0 0 1 0 0 0
BYTE 2 0 1 1 | 0 0 0 0 0
BYTE 3 BLOCK COUNT (MSB)
BYTE 4 BLOCK COUNT
BYTE 5 BLOCK_COUNT (LSB)
BYTE 6 DR [DC ] O 0 0 0 0 | LK
VALID ERROR CODES
Drive not ready (HEX 04)
Drive not selected (HEX 05)
Tape exception (HEX 10)



8.3.7 WRITE Command (HEX 0A)

The WRITE command transfers the specified number of blocks from

the host, starting at the current position, that is, the next
block of the unit. The operation terminates when the number of
blocks te be transferred is exhausted, or when the Tape

Formatter recovery procedure of unsuccessful retries of rewrite
has been exhausted, or when the end of the media (EOT) is
encountered. The 1last two conditions <create an exception
condition, and the Block Count written will be available in the
Sense Bytes.

WRITE Command Descriptor Block

7 6 5 4 3 2 1 0

BYTE 1 0 0 0 0 1 0 1 0

BYTE 2 0 1 1 |1 0 0 0 0 0

BYTE 3 BLOCK COUNT (MSB)

BYTE 4 BLOCK COUNT

BYTE 5 BLOCK COUNT (LSB)

BYTE 6 DR JDC | 0 | O 0 0 0 ] LK

VALID ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Write Protected (HEX 17 and 97)



8.3.8 WRITE FILE MARK(S) Command (HEX 10) and (HEX 4C)

This command causes the specified number of File Marks to be
written onto the cartridge. A zero value in bytes 3 to 5
indicate that no File Mark is to be written. File Marks can be
searched by SPACE FORWARD commands. The code (4C) provides
software compatibility to an earlier controller model. It is
recommended to use the code 10 with new software design.

Note that if the Control Byte SR bit 5 had been set to zero in
the previous WRITE BLOCKS (4A HEX), BACKUP (22 HEX) or BACKUP
with HEADER (24 HEX) commands, a File Mark was written when the
Block Count was exhausted. Therefore, if the host software
issues a WRITE FILE MARK command with a File Mark count of one,
two consecutive File Marks will be recorded onto the cartridge.

WRITE FILE MARK(S) Command Descriptor Block
7 6 5 4 3 2 1 Q

BYTE 1 0 0 Q 1 0 Q (0] 0]

BYTE 2 | 0O 1 1 ]o 0 0 0 0

BYTE 3 FILE MARK COUNT (MSB)

BYTE 4 FILE MARK COUNT

BYTE 5 FILE MARK COQUNT (I.SB)

BYTE 6 | DR | DC | O 0 0 0 0 | Lx

VALID ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Write Protected (HEX 17 and 97)



8.3.9 SPACE FORWARD Command (HEX 11) and (HEX 4D)

This command covers three positioning modes. It moves the tape
forward:

- over the subsequent data Block(s), (Block Mode),
- over the subsequent File Mark(s), (File Mark Mode), or
- to the physical end of the data (Physical End of Data Mode).

The mode must be specified in byte 2 of the command.
The number of Blocks or File Marks to space is specified 1in
bytes 3 to 5. If the value of these bytes is zero, no tape
motion will be initiated. The code (4D) provides software
compatibility to an earlier controller model. It is
recommended to use code 11 with new software design.

Block Mode: Up to three bytes of Block Count may be spaced. The
controller will not skip more blocks after reaching a File
Mark. Reaching a File Mark creates an Exception condition. The
media will remain positioned after the File Mark. The sense
bytes 2 to 4 will specify the number of blocks spaced, if less
than the command Block Count.

File Mark Mode: Up to three bytes of File Mark Count may be
spaced. The media will remain positioned after the last File
Mark spaced, or at the End of Tape, if reached. If the end of
media 1is encountered, an Exception condition is created, and
the Sense bytes 2 to 4 indicate the number of File Mark(s)
spaced.

NOTE: The controller remains Busy while executing the spacing, in
all three modes, except under one condition. With the File Mark
Mode set, if bit 7 (SP) of the control byte is set to one, the
block count is ignored, the controller will release the Busy
signal of the SCSI bus right after receiving the command. The Tape
will move and search for a File Mark. Repetitive SPACE FORWARD
commands in this "off line" mode may be issued until no more data
is recorded (EOD). The tape will then remain positioned after the
last block or File Mark recorded. Writing, or Backing up new data
is then allowed from this location. The Tape Sense Bytes report
the Physical End of Data. The controller will not analyse bytes 3
to 5 in this mode. During the "off line" spacing operations, the
winchester and/or floppy drives can be accessed for other
operations.



Physical End of Data Mode: The controller will move the tape
forward, toward the end of media, until no more data is
recorded (EOD). The tape will then remain positioned after the
last block or File Mark recorded. Writing, or Backing up new
data is then allowed from this location. The Tape Sense Bytes
report the Physical End of Data. The controller will not
analyze bytes 3 to 5 in this mode.

SPACE FORWARD Command Descriptor Block

7 6 5 4 3 2 1 0
BYTE 1 0 0 0 1 0 0 0 1
BYTE 2 0 1 1 Jo 0 0 CODE
BYTE 3 BLOCK(s) or FILE MARK(s) COUNT (MSB)
BYTE 4 BLOCK(s) or FILE MARK(s) COUNT
BYTE 5 BLOCK(s) or FILE MARK(s) COUNT (LSB)
BYTE 6 SP | O 0 0 0 0 0 [ LK

BYTE 2 CODE
Bits 1 0 Meaning

0 0 Block Mode

0 1 File Mark Mode

1 1 Physical End of Data Mode

VALID ERROR CODES

Drive not Ready
Drive not Selected
Tape Exception

(HEX 04)
(HEX 05)
(HEX 10)
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8.3.10 VERIFY Command (HEX 13) or (HEX 45)

This command verifies the entire media, from the beginning of
tape (BOT) to the end of tape (EOT). The pattern (E5) is
written. The Tape Formatter performs a CRC check on every
block. When reaching the EOT, the tape rewinds. The media will
be erased, from BOT to EOT. Finally, the tape is rewound. The
user may then issue the REQUEST SENSE command to obtain the
number of blocks rewritten during the Verify process is
available in the Tape Sense bytes 2 and 3.

The code (HEX 45) provides software compatibility with an
earlier controller "model. It is recommended to use code 13
with new software design.

If the read after write drive function detects a bad block,
rewrite will occur. If the Tape Formatter exhausts its rewrite
count, and the procedure is still unsuccessful, the process
stops, and an Exception condition is created.

VERIFY Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 Q 0 1 0 0 1 1

BYTE 2 0 1 lAAJ 0 0 0 0 0

BYTE 3 ZERO VALUE

BYTE 4 ZERO VALUE

BYTE 5 ZERO VALUE

BYTE 6 DR _[DC | © 0 0 0 0 [ IX

VALID ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception , (HEX 10)
Write Protected (HEX 17 and 97)



8.3.11 ERASE Command (HEX 19) and (HEX 4E)

This command erases the entire media, from BOT to EOT, then
rewinds the tape. Status for the command is returned as soon as
the tape motion is initiated, allowing host/controller to
overlap operations with the disk drives connected to the other
controller ports. The code (4E) provides software
compatibility to an earlier controller model, It is
recommended to use code 19 with new software design.

ERASE Command Descriptor Block

7 6 5 4 3 2 1 0
BYTE 1 0 0 0 1 1 0 0 1
BYTE 2 0 1 1 Jo 0 0 0 0
BYTE 3 ZERO VALUE
BYTE 4 ZERO VALUE
BYTE 5 ZERO VALUE
BYTE 6 [ O 0 0 0 0 0 0 | LK
VALID ERROR CODES
Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Write Protected (HEX 17 and 97)



8.3.12 BACKUP Command (HEX 22)

This command will backup data from the Disk Drive, as specified
by the DISK LUN, to the tape drive in a streaming fashion, and
for the specified number of blocks.

Disk:

The read operation from the disk starts at the specified
logical disk block address and continues for the specified
number of blocks. A volume overflow will stop the operation.
Only wvalid data is backed up from the disk. Automatic
handling of media defects, including retries (if not disabled),
ECC correction (if not disabled), and alternate track
accessing, are initiated by the controller.

Tape:

The data is written starting at the current Tape position, that
is, the mnext block. An End of Tape (EOT) will stop the
operation. If the tape is positioned at BOT, and if a header is
recorded, the first block will be written after the header and
its File Mark.

Whenever streaming cannot be maintained (i.e., because the disk
had to access an alternate track, the Tape Formatter will move
the tape in the reverse direction, and stop. When the disk data
buffer allows streaming again, the tape will move forward, come
up to proper speed, and will continue recording. If bit 5 SR of
the Control Byte 1is set to zero, when the block count is
exhausted, a File Mark is written at the current tape position.
If +this bit is set to one, no File Mark is written, and the
tape remains at its current position.

The Tape Block Size is 512 bytes. The Disk Block Size may be
different, and have its value selected by jumper. 1If the Disk
block size is 1024 bytes, the Tape Block Count must be even, or
the controller generates an Illegal Parameter error.

BACKUP Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 0 1 0 0 0 1 0
BYTE 2 0 | DISK LUN | DISK LOGICAL BLOCK ADDR (MSB)
BYTE 3 DISK LOGICAL BLOCK ADDRESS
BYTE 4 DISK LOGICAL BLOCK ADDRESS (LSB)
BYTE 5 ZERO VALUE
BYTE 6 ZERO VALUE
BYTE 7 TAPE BLOCK COUNT (MSB)
BYTE 8 TAPE BLOCK COUNT
BYTE 9 TAPE BLOCK COUNT (LSB)
BYTE 10{ DR [ DC [ SR | O 0 0 0 LK
VALID TAPE ERROR CODES
Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Write Protected (HEX 17 and 97)
Illegal Parameter (HEX 21)

For Disk errors refer to Section 7.
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8.3.13 RESTORE Command (HEX 23)

This command restores data from the Tape drive to the Disk
drive specified by the DISK LUN, in a streaming fashion, and
for the specified number of blocks.

Disk:

The write operation to the Disk starts at the specified logical
disk block address, for a specified number of blocks. A volume
overflow will stop the operation. Automatic handling of media
defects, including retries (if not disabled), and alternate
track addressing are initiated by the controller.

Tape:

The data is read starting at the current Tape 1location, that
is, the next block. The access mode to the data is Sequential
only. A File Mark encountered stops the operation. If the tape
is positioned at BOT, and if a header is recorded, the first
block will be read after the header and its File Mark.

Whenever streaming cannot be maintained (i.e., because the disk
had to access an alternate track), the Tape Formatter stops the
tape, moves the tape in the reverse direction, and stops. When
the disk data buffer is available again for streaming, the tape
will move forward, come up to proper speed, and will continue
reading.

The Tape Block Size is 512 bytes. The Disk Block Size may be
different, and have its value selected by jumper.

RESTORE Command Descriptor Block

7 5 4 3 2 1 0

BYTE 1 [©O 0 1 0 0 0 1 1

BYTE 2 | 0 | DISK LUN | DISK LOGICAL BLOCK ADDR (MSB)

BYTE 3 DISK LOGICAL BLOCK ADDRESS

BYTE 4 DISK LOGICAL BLOCK ADDRESS (LSB)

BYTE 5 ZERO VALUE

BYTE 6 ZERO VALUE

BYTE 7 TAPE BLOCK COUNT (MSB)

BYTE 8 TAPE BLOCK COUNT

BYTE 9 TAPE BLOCK COUNT (LSB)

BYTE 10{ DR [ DC [ O 0 0 0 0 [ LK

VALID TAPE ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Illegal Parameter (HEX 21)

For Disk errors refer to Section 7.



8.3.14 BACKUP WITH HEADER Command (HEX 24)

This command is a combination of WRITE HEADER and BACKUP
commands. The tape is first rewound to BOT, then erased from
BOT to EOT, then rewound. The header is then recorded with its
File Marks similar to the WRITE HEADER command. The BACKUP
operation takes ©place 1last, in the same fashion as in the
BACKUP command. This command is compatible with an earlier
controller model, It is not recommended to use this command in
new software design.

BACKUP WITH HEADER Command Descriptor Block

7 5 4 3 2 1 0
BYTE 1 0 0 1 0 0 1 0 0
BYTE 2 0 | DISK LUN | DISK LOGICAL BLOCK ADDR (MSB)
BYTE 3 DISK LOGICAL BLOCK ADDRESS
BYTE 4 DISK LOGICAL BLOCK ADDRESS (LSB)
BYTE 5 ZERO VALUE
BYTE 6 ZERO VALUE
BYTE 7 TAPE BLOCK COUNT (MSB)
BYTE 8 TAPE BLOCK COUNT
BYTE 9 TAPE BLOCK COUNT (LSB)
BYTE 10 [DR | DC [ SR | ©O 0 0 0 | LK
VALID TAPE ERROR CODES
Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Write Protected (HEX 17 and 97)
Illegal Parameter (HEX 21)

For Disk errors refer to Section 7.



8.3.15 RESTORE CONTINUE Command (HEX 26)

This command restores data from the Tape drive to the Disk
drive, as specified by the DISK LUN, in a streaming fashion,
and for the specified number of blocks.

Rewind takes place first. Then the controller moves the tape to
the Tape starting Logical Block address, counting blocks in the
process.

This command differs from the RESTORE command in the way that
the data is read from the Tape starting at the Tape Logical
Block Address specified in the command (Direct Read Mode),
instead of starting at the <current tape position. The
operation of the command is similar to the RESTORE command
operation as far as Disk functions and error reports are
concerned.

RESTORE CONTINUE Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 0 1 0 0 1 1 0

BYTE 2 0 | DISK LUN | DISK LOGICAL BLOCK ADDR (MSB)

BYTE 3 DISK LOGICAL BLOCK ADDRESS

BYTE 4 DISK LOGICAL BLOCK ADDRESS (LSB)

BYTE 5 ZERO VALUE

BYTE 6 TAPE STARTING LOGICAL BLOCK ADDRESS (MSB)

BYTE 7 TAPE STARTING LOGICAL BLOCK ADDRESS

BYTE 8 TAPE STARTING LOGICAL BLOCK ADDRESS (LSB)

BYTE 9 TAPE BLOCK COUNT (MSB)

BYTE 10 [ TAPE BLOCK COUNT

BYTE 11 | TAPE BLOCK COUNT (LSB)

BYTE 12 [ DR | DC | 0O 0 0 0 o] LX
Application: - Assuming that a Disk error occurred during a

RESTORE command, the operation stops. The Sense bytes report
the Disk logical block address. With this, the host software
computes, depending on the Disk block size, the Tape Block
Count transferred until the Disk error occured. Then the host
software determines at which Tape Starting Logical Block
Address, and starting Disk Logical Block address, and for what
remaining Tape Block count should the transfer of data
continue. This information is provided to the RESTORE CONTINUE
command. This command is compatible to an earlier controller
model. It is not recommended to use this command in new
software design.

VALID TAPE ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Illegal Parameter (HEX 21)



8.3.16 READ SENSE Command (HEX 46)

This command returns to the host 8 Tape Sense bytes. The
function of this command is similar to the REQUEST SENSE

command, but it reports less sense information. The Opcode and
format of this command is compatible with an earlier controller
model. It is recommended not to implement this command in new

software design.

READ SENSE Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 1 0 0 0 1 1 0
BYTE 2 0 1 1 J]o 0 0 0 0
BYTE 3 ZERO VALUE
BYTE 4 ZERO VALUE
BYTE 5 ZERO VALUE
BYTE 6 0 0 0 0 0 0 0 | LK

See the REQUEST SENSE command for the format of the 8 Tape
Sense Bytes (0 to 7) returned by the READ SENSE command.

8.3.17 WRITE HEADER Command (HEX 48)

This command writes a user defined block of data to the first
block of the tape. Rewind takes place first. The tape is then
erased from BOT to EOT, then rewound. The 512 bytes/block is
then written between two File Marks at the Beginning of Tape
(BOT). At the completion of this command, the tape is
positioned after the second File Mark. The contents of this
user defined block are not altered by a BACKUP command. The
header can be overwritten, thereby destroyed, by a WRITE
command (HEX OA). This block is intended to provide cartridge
labelling.

This command code is compatible to an earlier controller model.
It is recommended not to use this command with new software
design.

WRITE HEADER Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 1 0 0 1 0 0 0

BYTE 2 0 1 1] 0 0 0 0 0

BYTE 3 ZERO VALUE

BYTE 4 ZERO VALUE

BYTE 5 ZERO VALUE

BYTE 6 DR | DC | 0 0 0 0 0 | LK

VALID ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Write Protected (HEX 17 and 97)



8.3.18 READ HEADER Command (HEX 49)

This command reads a user defined block, located at the
Beginning of the Tape (BOT), that was written by the WRITE
HEADER command. This block is intended to provide cartridge
labelling. If no header is recorded, an Exception condition
occurs. The Tape Sense bytes report a "No header found" error;
then the tape is rewound.

At the completion of the command, if the header is found, the
media 1is positioned after the File Mark located behind the
header block.

This command code is compatible to an earlier controller model.
It is recommended not to use this command with new software
design.

READ HEADER Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 1 0 0 1 0 0 1

BYTE 2 0 1 1 1 0 0 0 0 0

BYTE 3 ZERO VALUE

BYTE 4 ZERO VALUE

BYTE 5 ZERO VALUE

BYTE 6 DR | DC | O 0 0 0 0 | LK

VALID ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)




8.3.19 WRITE BLOCK(S) Command (HEX 4A)

The WRITE BLOCK(S) command transfers a specified number of
blocks from the host to the tape. The operation terminates when
the number of blocks to transfer is exhausted, or when the Tape
Formatter recovery procedure of unsuccessful retries of rewrite
has been exhausted, or when the end of the media (EOT) is
encountered. The 1last two conditions cause an Exception
condition to occur, and the Block Count written will be
available in the Sense Bytes. Up to 256 blocks may be
transferred.

- If bit 5(SR) of the Control Byte is set to one, writing
begins at the current Tape position. A Header (if previously
recorded) will be overwritten. A File Mark is not written at
the end of the Write operation.

- If bit 5(SR) of the Control Byte is set to zero, the
controller searches for EOD (End of Data), then begins writing.
A header (if previously recorded) is skipped. A File Mark is
written at the end of the write operation.

The code (HEX 4A) provides software compatibility to an earlier

controller model. It is not recommended to use this command in
new software design.

WRITE BLOCK (S) Command Descriptor Block
7 6 5 4 3 2 1 0

BYTE 1 0 1 0 0 1 0 1 0

BYTE 2 0 1 1 Jo 0 0 0 0

BYTE 3 ZERO VALUE

BYTE 4 ZERO VALUE

BYTE 5 BLOCK COUNT

BYTE 6 | DR [ DC [ SR | O 0 0 0| L¥

VALID ERROR CODES

Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
Write Protected (HEX 17 and 97)




8.3.20 READ BLOCK(S) Command (HEX 4B)

This command accesses data on the tape in the direct mode and
transfers the specified Block Count to the host by:

- starting at the specified Tape Logical Block address, if bit

5 (SR) of the Control Byte is set to zero, or

- starting at the current tape position, that is at the next
block, if bit 5 (SR) of the Control Byte is set to one. In the

last case, the Logical Block Address in bytes 2 to 4 is not analyzed.

Blocks are transferred until the block count is exhausted, a
File Mark is encountered, or End of Tape (EOT) is encountered.

Up to 256 Blocks of data can be accessed. If the block count is
not exhausted, an Exception condition occurs, and the Block
Count read is available in the Sense bytes.

The code (HEX 4B) provides software compatibility to an earlier
controller model. It is not recommended to use this command in
new software design.

READ BLOCK(S) Command Descriptor Block
7 6 5 v 4 3 2 1 0

BYTE 1 0 1 0 0 1 0 1 1
BYTE 2 0 1 1 TAPE LOGICAL BLOCK ADDR (MSB)
BYTE 3 TAPE LOGICAL BLOCK ADDRESS
BYTE 4 TAPE LOGICAL BLOCK ADDRESS (LSB)
BYTE 5 BLOCK CLOUNT
BYTE 6 [ DR [ DC [ SR | O 0 0 0 [ Lk
VALID ERROR CODES
Drive not Ready (HEX 04)
Drive not Selected (HEX 05)
Tape Exception (HEX 10)
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512 BYTE SECTORS - 17 SECTORS PER TRACK
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Interleave factor of zero will be set to one.

Interleave factors greater than one half the
total number of sectors per track are not

APPEND

IX A

INTERLEAVE SCHEME

INTERLEAVE FACTOR

0/1 2 3 5 7 8
LOGICAL SECTOR NUMBERS
0 0 0 0 0 0 0 0
1 2 3 4 5 6 7 8
2 4 6 8 10 12 14 16
3 6 9 12 15 1 1 1
4 8 12 16 1 7 8 9
5 10 15 1 6 13 15 2
6 12 1 5 11 2 2 10
7 14 4 9 16 8 9 3
8 16 7 13 2 14 16 11
9 1 10 2 7 3 3 4
10 3 13 6 12 9 10 12
11 5 16 10 3 15 4 5
12 7 2 14 8 4 11 13
13 9 5 3 13 10 5 6
14 11 8 7 4 16 12 14
15 13 11 11 9 5 6 7
16 15 14 15 14 11 13 15

SECTORS - 9 SECTORS PER TRACK
INTERLEAVE FACTOR

[0/ ]2 [ 3] 4]

LOGICAL SECTOR NUMBERS
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recommended.
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