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 Section 1

INTRODUCTION

 1.1 GENERAL INFORMATION
The AR3170NS/FS is a 3 1/2” high capacity, high performance, 
removable cartridge disk drive. It is similar to a standard fixed drive with 
the exception that the media can be removed and other media inserted. 
The AR3170NS/FS is based on industry standard Winchester 
technology as used in many of today’s fixed disk drives.

There are two members of the AR3170NS/FS family.The AR3170FS is 
a removable cartridge hard disk drive and a 3.5 inch floppy drive 
enclosed in the standard 3.5 inch housing. The AR3170NS is a 
removable cartridge hard disk drive enclosed in the standard 3.5 inch 
housing (a  floppy drive is not included). 

The cartridges used with the AR3170NS/FS are called HARDiskettes. 
The HARDiskette is designed around the Personal Data Cartridge 
(PDC) concept. The Personal Data Cartridge concept is based on the 
need of computer users to have a place to store their own personal 
data. Personal data may include documents, spreadsheets, email, 
presentation, video and sound files. The high performance and high 
capacity of the HARDiskette allow the personal data to be used on-line 
without the need to first copy them to a fixed disk.

The HARDiskette contains a single thin film glass disk encased in a 
metal and plastic shell. As the HARDiskette is inserted into the drive, a 
shutter slides open to allow access to the media. The drive contains all 
other mass storage elements, including the actuator, heads, load 
mechanism, bus controller, data buffer, read/write channel, spindle 
motor, air filter, and associated control subsystems.

When the HARDiskette is loaded, the disk is mechanically and 
magnetically coupled to the spindle motor.

The head positioning subsystem is controlled by a high performance, 
full quadrature, embedded sector servo with adaptation to ensure high 
performance. The adaptation compensates for repeatable runout, 
spring forces associated with the read/write flex, and servo offsets. 
These features assure cartridge interchangeability during the drive’s 
service life.

The drive has one microprocessor for support of the embedded 
controller and drive control functions.
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 1.2 OVERVIEW
This Product Manual describes all physical and electrical 
characteristics necessary to utilize the AR3170NS/FS’s  removable  
Winchester drive and the AR-3170FS Floppy storage device.

 1.3 NOMENCLATURE
Avatar part numbers identify key  product attributes are described in 
Figure 2-1.

Figure 2-1 Part Number Description

 1.4 DRIVE FEATURES
l Automatic Microprocessor Controlled Diagnostics
l Automatic Read Look Ahead Buffer Management
l 128 KB Buffer
l Embedded Servo System
l Low Power Requirement
l Air Filtration System
l Light Weight at Less than 6 Ounces
l Programmable Low Power Modes
l Ramp Loaded Heads Never Contact the Disk
l 88 Bit Reed Solomon ECC (Multiple Burst)
l 'Constant Density' Recording Method
l 150 G Non-Operating Shock Tolerance
l Embedded 0.7 / 1.4 MByte floppy drive (AR-3170FS Only)

 1.5 HARDisketteTM FEATURES
l 170.6 Million Bytes of Capacity
l Light Weight at Less Than 1.6 Ounces
l Rugged - Can Withstand a 36 inch Fall in Carrying Case

IDENTIFIER VARIABLES

D 3 = 3.5 Inch Footprint

C 170 = 170 M Byte Capacity

F F = 3.5 Inch Floppy Drive Included
N = No Additional Device

I S = SCSI-2 Interface

AR DCCC F I

Avatar
Removable
Dimension

Interface
Function
Capacity
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 Section 2

INSTALLATION

 2.1 PREINSTALLATION

 2.1.1 Hardware Requirements
l 3 1/2 inch drive bay.

The AR-3170NS will require a 3.5 inch drive bay or equivalent.

The AR-3170FS has its own 3 1/2” floopy drive, it can be installed 
in a new bay or in an existing 3 1/2” floppy drive bay by removing 
the current floppy drive and replacing it with the AR-3170FS.

l PC SCSI-2 Host Adapter wirh keyed 50 pin ribon cable.

 2.1.2 Software Requirements
l SCSI-2 drivers (supplied with SCSI adapter card ).

 2.2 DRIVE CONFIGURABLE OPTIONS
The AR3170NS/FS has configurable options for both the Hard dirve’s 
SCSI interface and the AR-3170FS 3.5 inch floppy drive.  Details for 
these options are shown in Figure 2-1.

 2.2.1 Hard Drive SCSI Interface
The AR3170NS/FS uses the standard SCSI eight-combination 
jumper block. Typically, address 7 is reserved for the system, 
leaving addresses 0 - 6 for peripheral devices as shown in Table 
2-2.

CAUTION:  SCSI ID 7 should not be used, it is usually used by 
the SCSI host adapter.

NOTE:  Removing the current floopy drive will cause temporary loss of 
floppy drive use until the AR-3170FS is fully operational.

NOTE:  Better to use the adapter card’s drivers than the generic operating 
system SCSI drivers.
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Figure 2-1 AR-3170FS/NS Jumper Options

Table 2-1 AR-3170FS/NS Termination Jumpers

JUMPER
TITLE

(FIGURE 2-1)

FUNCTION

JUMPER INSTALLED NO JUMPER 

EN Drive SCSI Termination Enabled Drive SCSI Termination disabled

H Host SCSI Controller supplies Ter-
mination Power

Termination Power not supplied by 
Host

D AR-3170NS/FS suppplies SCSI Ter-
mination Power. 

AR-3170NS/FS does not supply 
SCSI Termination Power

Table 2-2 AR-3170FS/NS SCSI Address Jumpers 

SCSI
ADDRESS

AR3170NS/FS ID JUMPER 
POSITIONS

0 1 2

0

1 X

2 X

I
D

EN H D 2 1 0

T
P
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SCSI peripheral devices cannot share the same address. For example, 
if you have a CD ROM jumpered as address 0, and a one G Byte hard 
drive as address 1, then any devices added to the SCSI bus can only 
be addressed as 2, 3, 4, 5, or 6. 

3 X X

4 X

5 X X

6 X X

7 X X X

Table 2-2 AR-3170FS/NS SCSI Address Jumpers (Continued)

SCSI
ADDRESS

AR3170NS/FS ID JUMPER 
POSITIONS

0 1 2
INSTALLATION 2 - 3
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 2.2.2 Floppy Drive 
Do not change the position of the  AR-3170FS floppy drive con-
figuration jumpers, they are preset at the factory. The factory 
position is shown in Figure 2-2.

Figure 2-2  Floppy Jumpers (Factory Position)

 2.3 HARDiskette OPTIONS
The  HARDiskette write protection option is shown in Figure 2-3.

Figure 2-3 HARDiskette Write Protection

CAUTION:  Adding addional labels to the surface of the 
HARDiskette may jam the drive’s receiving assembly.

NOTE:  The information label should only be written on with a soft tipped 
pen, such as a Sharpie.

JD1

JD2

AR-3170NS/FS PC BOARD

WRITE PROTECT SWITCH

Red Bar Exposed Writing Allowed

Red Bar Hidden Write Protected

WRITE PROTECT SWITCH
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 2.4 CABLING
In order to utilize both the floppy and hard drives, three cables must be connect-
ed (two cables for the AR-3170NS). J1 is the hard drive connection, J5 is the 
power connection, and J7 is the floppy drive connection. Refer to Figure 2-4 for 
additional information, see Table 2-3 for mating connector information.

Figure 2-4  SCSI, Power, And Floppy Drive Cable Connectors

 2.5 MOUNTING DIMENSIONS AND DIVE ORIENTATION
This drive is designed to fit into a standard 3.5 inch drive bay. Mounting 
dimensions in inches and (mm) are shown in Figure 2-5.

Table 2-3  Recommended Mating Connectors

DRIVE CABLE TYPE PART NUMBER

SCSI drive Ribbon Cable Amp #1-746285-0 or equivalent

Floppy Drive Ribbon Cable Amp # 499997-8 or equivalent

Pin 1 J1 SCSI
Hard Drive

Pin 1 J7
Floppy Drive

Pin 1 J5
Power
INSTALLATION 2 - 5
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Figure 2-5  Drive Mounting Dimensions 

The hard drive is designed to be mounted in one of two orientations:

1. Horizontally with the floppy drive on top
2. Vertically with the floppy eject button on top

WARRANTY VOID IF THIS
SEAL IS REMOVED

[25.4] MAX1.00

0.175
[4.4]

4.000
[101.6]

0.390
[9.9]

[21.0]

0.197
[5.0]

2x 0.150
[3.8]

[30.0]

9X 6-32 UNC
DEPTH 0.12 [0.30]

3.700
[94.0]

3.98
[101.1]Note: All [xx.x] are in mm

0.827

2.362
[60.0]

1.181

1.774
[45.1]

2.756
[70.0]

1.220
[31.0]

5.75
[146.1]
2 - 6 AR3170FS/NS
SYSTEMS CORPORATION

(TM)



   
Figure 2-6 Drive Mounting Orientation

 2.6 HARDiskette LOADING
Insert the HARDiskette (HD) as shown in Figure 2-7. An audible click 
can be heard when the HD is fully seated. The media will spin up on the 
first data access command.

HORIZONTAL MOUNTING

VERTICAL MOUNTING
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Figure 2-7 HARDiskette Loading

 2.7 HOST SCSI ADAPTER BIOS
Many SCSI host adapters have an onboard BIOS that automatically 
configures for the size and type of drive being used. The default format 
for many of these controllers is 1 MByte cylinders. So if your drive has 
170 MBytes, it will be mapped as 170  cylinders (1-MByte per cylinder).

CAUTION:   The Avatar drive will function with these parameters, 
however, interchanging HARDiskettes between SCSI 
and AT Hosts will require the drives standard 
parameters (see Table 2-4).

Table 2-4 Drive Cylinder/Head/Sector/Parameters

MODEL NO. OF 
CYLINDERS

NO. OF 
LOGICAL 
HEADS

NO. OF 
SECTORS

AR3170NS/FS 652 16 32

3.5 INCH FLOPPY DISKETTE
(POSITIONED FOR INSERTION)

HARDiskette
(PARTIALLY INSERTED)
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 2.8 PARTITIONING AND FORMATTING
SCSI controller manufacturers provide drivers and executable files for 
partitioning and formatting new drives.
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 Section 3

SPECIFICATIONS

 3.1 FUNCTIONAL CHARACTERISTICS

 3.1.1 HARDiskette
Model HD-170
Formatted (MBytes) 170.6
Tracks per Surface 1970
Track Density (TPI) 3500
Track Capacity Varies within 22 zones
Blocks per Drive 333,312
Sectors per Track Varies within 22 zones Maximum 
Recording Density (BPI) 82,000
Maximum Flux Density (FCI) 62,000

 3.1.2 DRIVE
Actuator Type Voice Coil
Number of Disks 1
Number of Data Heads 2
Servo System Embedded
Interface SCSI-2
Recording Method 1,7 RLL

Performance
Access times (typical)
Track to Track 3 ms
Average <12 ms
Maximum 22 ms
Average Latency (ms) 7.9
Rotation Speed (+\- .1%) 3805 rpm
Controller Overhead 1 ms
Burst Data Rate 13.3 (PI0 mode 3)
Sustained Data Rate 1.2 MB/s
Power on to Idle (typ.) 3 Seconds
Standby to Idle (typ) 2.2 Seconds
Stop Time (maximum) 1.5 Seconds
Buffer Size 128 K Bytes
Start-stop cycles (min) 100,000
HARDiskette insertions (min) 10,000

Start time (typical)
HARDiskette insertion to ready 5.5 Seconds
Sleep mode to ready 2.5 Seconds
Standby to ready 0.5 Seconds
Spin down 2.0 Seconds
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 3.2 PHYSICAL CHARACTERISTICS

 3.2.1 Drive
Height   inches (mm) 1.0   (25.4)
Width    inches (mm) 4.0   (101.6)
Length   inches (mm) 5.75   (146.0)
Weight ounces (gms) 13.0   (370)

 3.2.2 HARDiskette
Height   inches (mm) 0.180   (4.6)
Width    inches (mm) 2.69   (68.3)
Length   inches (mm) 3.00   (73.56)
Weight ounces (gms) 1.5   (41)

 3.3 FLOPPY DRIVE SPECIFICATIONS
The 3.5 inch Floppy drive performance and functional specifications are 
shown in Table 3-1 and Table 3-2. 

Table 3-1 Performance Specifications

PARAMETERS 1MB MODE 2MB MODE

Capacity (Kbytes)
Unformatted

Per Disk
Per Surface
Per Track

1000
500
6.25

2000
1000
12.5

Formatted Per Disk
256B/Sector
512B/Sector
1024B/Sector

655.2 (16)
737.2 (  9)
819.2 (  5)

1311 (32)
1475 (18)
1638 (10)

Transfer Rate (Kbit/sec) 250 500

Average Latency (msec) 100 100

Access Time (msec)
Track to Track Without Settling
Average with Settling

3
94

3
94

Settling Time (msec) 15 15

Motor Start Time (sec) 0.5 0.5
3 - 2 AR3170FS/NS
SYSTEMS CORPORATION

(TM)



 3.3.1 Interface Circuits
The drive uses C/MOS as output line drivers, and C/MOS as input line 
receivers. It is recommended that C/MOS (SN74HC00 or equivalent) 
should be used as output drive of the controller side and SN74HC14 or 
equivalent as input receiver. Each input receiver is terminated in 1.0K~ 
10KΩ to Vcc.

 3.3.2 Interface Signals
When Drive Select is low, the floppy drive interface signals have the 
characteristics shown in Table 3-3.

NOTE:  All signals are high impedance when Drive Select is high.

Table 3-2 Functional Specifications

PARAMETERS 1MB MODE 2MB MODE

Rotational Speed (r.p.m.) 300 300

Recording Density (BPI) 8717 17434

Track Density (TPI) 135 135

Tracks 160 160

Encoding Method MFM MFM

Table 3-3 Floppy Drive Interface Signals

INPUT SIGNALS

“ High “ Level
“ Low “ Level
Input Impedance

2.4 to Vcc
0 to 0.6V
10KΩ 

OUTPUT SIGNALS

“ High “ Level
“ Low “ Level

VoH 4.5V ~ Vcc/IoH = -1.6mA
Vol = 0.6V max. / Iol = 8mA

Note : Vcc = 5.0V
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 3.4 FLOPPY DRIVE INTERFACE CONNECTOR PIN ASSIGNMENTS
Table 3-4 shows the pin list for the floppy drive’s interface connector.

 3.5 POWER REQUIREMENTS 
The AR3170NS/FS requires only 5 volts DC. See for additional 
requirements.

Table 3-4 Floppy Drive Interface Pin List

SIGNAL PIN NUMBER PIN NUMBER SIGNAL

+5V INDEX

+5V DRIVE SELECT

+5v DISK CHANGE

RESERVED READY

RESERVED (MEDIA) MOTOR ON

RESERVED DIRECTION

RESERVED (IN USE) STEP

GROUND WRITE DATA

GROUND WRITE GATE

GROUND TRACK 00

GROUND WRITE PROTECT

GROUND READ DATA

GROUND SIDE SELECT

Table 3-5 Power Requirements

OPERATIONAL 
MODE

FLOPPY DRIVE
(AR-3170 FS ONLY) HARD DRIVE

TYPICAL
(WATTS)

MAXIMUM
(WATTS)

TYPICAL
(WATTS)

MAXIMUM
(WATTS)

Spin Up 1.35 1.50 3.75 4.13

Idle 1.35 1.50 1.35 1.10

Read/Write/Seek 1.35 1.50 2.30 2.42

Standby 0.015 0.020 0.25 0.75

Sleep 0.015 0.020 0.25 0.08
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ENVIRONMENTAL
CHARACTERISTICS

 4.1 ACOUSTIC NOISE
Seeking/Operating (1 meter)45 dbA
Idle (1 meter)35 dbA

 4.2 ALTITUDE 
Operating           -400 to 10,000 feet
Non-Operating           -400 to 40,000 feet

 4.3 HUMIDITY

Operating32oC max wet bulb
Non-Operating8% to 80% non-condensing

 4.4 MAGNETIC FIELD
6 gauss maximum

 4.5 RELIABILITY AND MAINTENANCE
MTBF 100,000 Hours (POH)
HARDiskette Insertions10,000 minimum
Spindle Start/Stop Cycles100,000 minimum
Preventative MaintenanceNone
Component Design Life5 years
Data Reliability1 in 1012 bits read

 4.6 SAFETY STANDARDS
The AR-3170FS multifunction drive, HD-170 HARDiskette and integrated 
floppy drive mechanism are certified/registered to be in compliance with the 
following product safety standards:

- UL 1950 * 
- CSA 22.2 # 950 *
- TUV EN-60950 *

NOTE:  * Verification is in progress.
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 4.7 SHOCK AND VIBRATION
See Table 4-1.

 4.8 TEMPERATURE

Operating5oC to 55oC

Non-Operating-40oC to 60oC

Thermal Transient20oC per hour maximum

Table 4-1 Shock and Vibration

SHOCK2 DRIVE HARDISKETTE

Operating 10 G’s 10 G’s

Non Operating

Drive without HARDiskette 150 G’s -

HARDiskette - 24 inch fall onto hard surface1

36 inch fall in carrying case1

NOTES: 1No loss of data after two drops.
2Shock duration is 11 mSec. 1/2 sine pulse.
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 Section 5

FUNCTIONAL DESCRIPTION

 5.1 INTRODUCTION
The AR-3170NS/FS contains all necessary mechanical and electronic 
elements to: position and maintain the heads, read and write data, 
control HARDiskette loading and unloading, and transfer buffer data to 
and from the drive. The PDC-170 is an 170.6 MByte hard disk 
HARDiskette that contains the thin film magnetic storage media used to 
store your data. 

 5.2 AIR FILTRATION SYSTEM
The drive has a single 0.3 micron air filter. The HARDiskette disk 
assembly is designed as the air pump for the filtration system, which 
recirculates air in a clean environment. In a typical home or office 
environment, the filter is capable of operating without change for the 
service life of the drive.

 5.3 SPINDLE MOTOR MECHANISM
The sensorless spindle motor is mounted to the baseplate in a rotating 
cam mechanism that raises and lowers the motor to engage or 
disengage the HARDiskette. The spindle is mechanically and 
magnetically coupled to the disk. The spindle camming mechanism is 
linked to the drive's HARDiskette access door, which disengages the 
motor when opened. The motor is dynamically braked to a stop 
(typically 1 second) when preparing for HARDiskette ejection.

 5.4 ERROR CORRECTION
The AR-3170NS/FS employs an 88 bit Reed Solomon polynomial for 
Data Field error detection and correction, plus a 16 bit CRC code for ID 
Field error detection. A burst of 11 bits or less will automatically be 
corrected on the fly with no impact in performance.

 5.5 HEAD POSITIONER MECHANISM
The read/write heads are positioned by a full 4 quadrature embedded 
sector servo, with adaptation to assure continued high performance. 
The adaptation includes repeatable run out, spring forces associated 
with the read/write, flex, and servo offsets. These features assure data 
HARDiskette interchangeability over the drive's service life.

 5.6 READ/WRITE AND CONTROL ELECTRONICS
Internally, a single preamp IC is mounted in close proximity to the heads 
to control head selection, read preamplification, and the write data 
circuitry. 
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The microprocessor controlled circuit board provides the remaining 
electronic functions which include:

l  Spindle Motor Controll  Interface Control
l  Power Managementl  Read/Write Circuitry
l  Rotary Actuator Controll  Spin Speed Control

 5.7 READ/WRITE HEADS AND DISKS
Data is recorded on a single 65 mm diameter glass disk using 3370 type 
thin film heads.
5 - 2 AR3170FS/NS
SYSTEMS CORPORATION

(TM)



 Section 6

SCSI INTERFACE
DESCRIPTION

 6.1 INPUT CHARACTERISTICS
Each signal received by the drive must have the following input 
characteristics when measured at the drive connector:

 6.2 OUTPUT CHARACTERISTICS
Each drive output signal has the following characteristics when 
measured at the drive connector:

 6.3 SCSI BUS SIGNALS
There are a total of eighteen signals, 9 control and 9 data signals (see 
Table 6-3 and 6-4).:

Table 6-1 Input Characteristics

PARAMETER LIMIT

Signal Assertion 0.0 Vdc to 0.8 Vdc

Maximum Total Input Load -0.4 mA at 0.4 Vdc

Signal False 2.0 Vdc to 5.25 Vdc

Table 6-2 Output Characteristics

PARAMETER LIMIT

Signal Assertion 0.0 Vdc to 0.4 Vdc

Maximum Drive Output Capability 48 mA (sinking) at 0.5 Vdc

Signal Negation 2.5 Vdc to 5.25 Vdc

Table 6-3 SCSI Bus Signals 

SIGNAL
NAME PIN NO. SIGNAL

NAME PIN NO. SIGNAL
NAME PIN NO.

Ground 1 -DB0 2 Ground 3

-DB1 4 Ground 5 -DB2 6

Ground 7 -DB3 8 Ground 9

-DB4 10 Ground 11 -DB5 12

Ground 13 -DB6 14 Ground 15

-DB7 16 Ground 17 -DB Parity 18
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Ground 19 Ground 20 Ground 21

Ground 22 Reserved 23 Reserved 24

Open 25 TERMPWR 26 Reserved 27

Reserved 28 Ground 29 Ground 30

Ground 31 -ATN 32 Ground 33

Ground 34 Ground 35 -BSY 36

Ground 37 -ACK 38 Ground 39

-RST 40 Ground 41 -MSG 42

Ground 43 -SEL 44 Ground 45

-C/D 46 Ground 47 -REQ 48

Ground 49 -!/O 50

Table 6-4 SCSI Signal Description 

SIGNAL DESCRIPTION

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

BSY (Busy) An ‘OR-tied’ signal that indicates that the bus is in use.

ACK (Acknowledge) A signal driven by an initiator indicating acknowledgment of an REQ/ACK 
data transfer handshake.

RST (Reset) An ‘OR-tied’ signal that indicates a reset condition.

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

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

C/D (Control/Data) A signal driven by a target that controls the direction of the data flow on the 
data bus. True indicates CONTROL.

REQ (Request) A signal driven by a target indicating a request for a REQ/ACK data trans-
fer handshake.

I/O (Input/Output) A signal driven by a target to control the direction of the data flow on the 
data bus with respect to an initiator. True indicates input to the initiator.

DB (Data Bus) Eight data-bit signals, plus on parity bit that form the DATA BUS. DB(7) is 
the most significant bit. DB(7) has the highest priority during the ARBITRA-
TION phase. A data bit is defined as one (1) when the signal value is true, 
it is defined as zero (0) when the signal value is false. Data parity DB(P) is 
odd and is not valid during the ARBITRATION phase.

Table 6-3 SCSI Bus Signals (Continued)

SIGNAL
NAME PIN NO. SIGNAL

NAME PIN NO. SIGNAL
NAME PIN NO.
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 6.4 SIGNAL VALUES
There are two methods of driving the SCSI BUS signals. In both cases 
the signal must be actively driven true, or asserted. In the case of “OR-
tied” drivers, the driver does not drive the signal to the false state, 
instead, the bias circuitry of the bus terminators pulls the signal to the 
false state whenever it is released by the driver. In the case of “non-OR-
tied” drivers, the signal is actively driven false.

 6.5 “OR-TIED” SIGNALS
The BSY and RST signals are “Or-tied”. In the ordinary operation of the 
bus, these signals are simultaneously driven true by several drivers. No 
other signals are simultaneously driven by two or more drivers and any 
signal, other than BSY and RST, may use either “Or-tied” or “non-Or-
tied” drivers. There is no operational problem in mixing “Or-tied” or “non-
Or-tied” drivers on signals other than BSY and RST.

 6.6 SIGNAL SOURCES
Table 6-5 indicates which type of SCSI device is allowed to source each 
signal. All SCSI device drivers that are not active sources must be in the 
passive state. Note that the RST signal may be sourced by any SCSI 
device at any time.

where: 

All: The signal must be driven by all SCSI devices that are actively 
arbitrating.

SCSI ID: A unique data bit (the SCSI ID) must be driven by each 
SCSI device that is actively arbitrating; the other seven data bits 

Table 6-5 Signal Sources 

BUS PHASE BSY SEL C/D, I/O, 
MSG, REQ ACK,ATN DB(7-0,P)

Bus Free None None None None None

Arbitration All Winner None None SCSI ID

Select I & T Initiator None Initiator Initiator

Reselection I & T Target Target Initiator Target

Command Target None Target Initiator Initiator

Data-In Target None Target Initiator Target

Data-Out Target None Target Initiator Initiator

Status Target None Target Initiator Target

Message-In Target None Target Initiator Target

Message-Out Target None Target Initiator Initiator
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must be released (i.e. not driven) by this SCSI device. The parity bit 
(DB(P) may be undriven or driven to the true state, but must never 
be driven to the false state during this phase.

I & T: The signal must be driven by the initiator, target, or both, as 
specified in the SELECTION phase and RESELECTION phase.

Initiator: This signal can only be driven by the active initiator.

None: The signal must be released and not be driven by any SCSI 
device. The bias circuitry of the bus terminators pulls the signal to 
the false state.

Winner: This signal must only be driven by the arbitration winner.

Target: This signal must only be driven by the active target.

 6.7 GENERAL DESCRIPTION
The SCSI bus supports up to eight SCSI devices, configured as any 
combination of initiators and targets. The removable hard disk drive has 
a fixed role as a target. Certain SCSI bus functions are assigned to the 
initiator or the target:

• The initiator can arbitrate for the SCSI bus and select 
a target.

• The target can request the transfer of COMMAND, 
DATA, STATUS, or other information on the DATA 
BUS; and in some cases, can arbitrate for the SCSI 
bus and reselect an initiator to continue an operation.

Communication with the removable removable hard disk drive takes 
place on the SCSI data bus, in asynchronous or synchronous mode, 
using a defined REQ/ACK handshake protocol.

Later sections in this chapter are intended to familiarize the user with 
the Message Codes, Synchronous Data Transfer Protocol, Status 
Bytes, and Commands supported by the drive.

 6.8 LOGICAL CHARACTERISTICS OF THE SCSI BUS
The operating environment of the SCSI bus consists of a series of 
logical divisions called phases. There are eight phases, during which a 
device may only perform the tasks allowed for that phase. The bus may 
only be in one phase at any given time. Transition between phases is 
described in the explanations of the phases later in this section. 
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The eight phases of the SCSI-bus are:

• Bus Free

• Arbitration

• Selection

• Reselection

• Command

• Data

• Status

• Message

 6.8.1 Bus Phase Sequences
A SCSI device transits from one bus phase to another in a predefined 
manner. The exact sequence of the bus phases depends on whether or 
not the SCSI host system implements arbitration.

In all cases, a reset condition aborts any active phase. A reset condition 
is always followed by the Bus Free phase.

 6.8.1.1 Non-Arbitrating Systems
SCSI systems that do not implement arbitration are designed to 
support only one initiator, and do not support reselection of the 
initiator by the target. In these systems, the initiator is not required 
to arbitrate for the bus because there are no other devices capa-
ble of getting it.

Non-arbitrating systems transit from Bus Free directly to Selec-
tion, omitting the Arbitration phase.

 6.8.1.2 Arbitrating Systems
SCSI systems that implement arbitration are designed to support 
multiple initiators, and support reselection of the initiator by the 
target. In these systems, devices contest by SCSI ID to get the 
bus, with the device having the highest SCSI ID winning the bus.

Arbitrating systems transit from Bus Free to Arbitration.

NOTE:  The Command, Data, Status, and Message phases are collectively 
known as the Information Transfer phases.
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 6.8.2 Signal Restrictions Between Phases 
Between information transfer phases, the following restrictions apply to 
signals on the SCSI-bus:

• BSY, SEL, REQ, and ACK do not change.

• C/D, I/O, MSG and DB signals can change. When 
switching the direction of the signal path on the DB 
lines from out to in—that is, from an initiator-driven 
signal to a target-driven signal—after asserting I/O, 
the drive delays driving the DATA BUS for at least a 
data release delay plus a bus settle delay; and 
the initiator releases the bus within a data release 
delay after the transition of I/O to true. When 
switching the direction of the signal path on the bus 
from in to out—that is, from a target-driven signal to 
an initiator-driven signal—after negating I/O, the 
drive releases the bus within a deskew delay.

• ATN and RST signals can change.

 6.8.3 Bus Free
The Bus Free phase is active when BSY and SEL have been released 
for at least bus settle delay. All devices resident on the bus must release 
all signal lines within a bus-clear delay of Bus Free. This means that 
within (bus settle delay)+(bus-clear delay) of the point at which BSY and 
SEL were released, the device must release all bus lines.

During Bus Free, a device may only attempt to get the bus. For systems 
that implement arbitration, a device attempting to get the bus must move 
into the Arbitration phase. Systems that do not implement arbitration are 
single-initiator systems; as the initiator.

 6.8.4 Arbitration
The Arbitration phase is active when a device asserts BSY and its SCSI 
ID bit on the bus. The ID bit is asserted across the corresponding DB 
line (ID #1 to DB1, and so on).

Arbitration consists of a device asserting BSY and the SCSI ID, then 
checking the data lines for an asserted SCSI ID with higher priority. 
SCSI ID numbers range from 0-7, lowest to highest. If no higher-priority 
ID is asserted, then the device gets the bus, and all other devices must 
release all signals. If a higher-priority ID is asserted, the device must 
release all lines and wait for the next Bus Free phase to try again. The 
timing constraints within the Arbitration phase are described in the fol-
lowing paragraphs.

In order to initiate arbitration (attempt to get the bus), a device must wait 
for at least bus free delay after detection of Bus Free before asserting 
BSY and its SCSI ID. Once it has initiated arbitration, the device must 
wait at least arbitration delay before testing the data bus for higher-prior-
ity IDs. If no higher-priority ID is asserted, the device wins arbitration 
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and asserts SEL. The winning device must wait at least bus-clear delay 
plus a bus settle delay before initiating any signal line transitions.

If the device loses arbitration (higher-priority ID asserted), it must 
release all signal lines within bus-clear delay from the point at which 
SEL is asserted by the winning device.

 6.8.5 Selection
A SELECTION phase allows an initiator to select a target (possibly the 
removable hard disk drive), and to initiate a target function, such as a 
READ or WRITE command. The drive is never the initiator.

 6.8.5.1 Nonarbitrating Systems
If the ARBITRATION phase is not implemented, the initiator must: 

1. Detect a BUS FREE phase 
2. Wait for at least the duration of a BUS-CLEAR DELAY
3. Except in single-initiator environments in which initiators employ 

the single-initiator option, assert the following on the DATA BUS:

• Its SCSI ID

• The target's SCSI ID

• If parity is implemented, the parity bit
4. After two DESKEW DELAYS, assert SEL

See Section 6.8.5.4, “Single-Initiator Option.”

 6.8.5.2 Arbitrating Systems
If the ARBITRATION phase is implemented, the device that wins 
an arbitration:

1. Asserts both BSY and SEL.
2. Waits for at least the duration of a BUS-CLEAR DELAY plus a 

BUS-SETTLE DELAY before ending the ARBITRATION phase.

If the device doesn’t assert I/O, it becomes an initiator. Except in 
single-initiator environments in which initiators employ the single-
initiator option, an initiator must:

1. Assert the following on the DATA BUS:

• Its SCSI ID

• The target's SCSI ID

• If parity is implemented, the parity bit
2. Wait for at least two DESKEW DELAYS before it can release BSY.
3. Wait for at least a BUS-SETTLE DELAY before it can receive a 

response from the drive.

NOTE:  To distinguish this phase from the reselection phase, the I/O signal 
remains undriven.
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 6.8.5.3 All Systems
In all systems, the removable hard disk drive:

1. Becomes selected when SEL and its SCSI ID bit are true, and 
BSY and I/O are false for at least the duration of a BUS-SETTLE 
DELAY.

2. Examines the DATA BUS to determine the SCSI ID of the select-
ing initiator, unless the initiator employed the single-initiator 
option—see Section 6.8.5.4, “Single-Initiator Option.”

3. Asserts BSY within a SELECTION-ABORT TIME of its most 
recently detected selection, to ensure the correct operation of the 
timeout procedure.

If parity is implemented and the drive detects bad parity, or if more 
than two SCSI ID bits appear on the DATA BUS, the drive will not 
respond to a selection.

After the initiator detects BSY is true, it must:

1. Wait at least two DESKEW DELAYS before it can release SEL.
2. Release the DATA BUS.

The drive waits for the initiator to release SEL before setting an 
information transfer phase. Once drive selection is complete, any 
LED plugged into the drive LED connector will light.

 6.8.5.4 Single-Initiator Option
During a SELECTION phase, only the target's SCSI ID bit can be 
set by an initiator that neither implements the RESELECTION 
phase nor operates in a multiple-initiator environment—not the 
initiator’s own SCSI ID bit. Thus, it is impossible for a target to 
determine the initiator's SCSI ID.

 6.8.5.5 Selection Timeout Procedure
If the initiator waits for at least a SELECTION-TIMEOUT 
DELAY without receiving a BSY response from the drive, it 
executes one of two selection-timeout procedures to clear the 
SCSI bus. Either:

• The initiator asserts a RST signal—see Section 
6.8.8.2, “RESET Condition.”

• The initiator continues to assert SEL and releases 
the DATA BUS. If the initiator does not detect BSY as 
true after waiting at least a SELECTION-ABORT 
TIME plus two DESKEW DELAYS, it can release 
SEL, allowing the SCSI bus to go to a BUS FREE 
phase. The drive responds to a selection only if the 
selection remains valid for the duration of a 
SELECTION TIME following its assertion of BSY. 
This prevents improper selections—such as two 
targets connected to the same initiator, the wrong 
target connected to an initiator, or a target connected 
to no initiator.
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 6.8.6 Reselection
A RESELECTION phase allows the removable hard disk drive to recon-
nect to an initiator, to continue an operation previously started by the ini-
tiator, but suspended by the drive when the drive disconnected, allowing 
a BUS FREE phase to occur before the operation was complete.

 6.8.6.1 Reselection
RESELECTION can be used only in systems that implement the 
ARBITRATION phase. Following an ARBITRATION phase, the 
drive:

1. .Becomes a target by asserting I/O.
2. Sets the DATA BUS to a value equivalent to the OR of its SCSI ID 

bit.
3. Sets the initiator's SCSI ID bit.
4. If parity is implemented, sets the parity bit.
5. Waits for at least the duration of two DESKEW DELAYS, then 

releases BSY.
6. Waits for at least a BUS-SETTLE DELAY before it is ready to 

receive a response from the initiator.

The initiator becomes reselected when SEL, I/O, and its SCSI ID 
bit are true, and BSY is false for at least a BUS-SETTLE DELAY. 
The reselected initiator examines the DATA BUS to determine the 
SCSI ID of the reselecting target. To ensure the correct operation 
of the timeout procedure, the initiator must assert BSY within a 
SELECTION-ABORT TIME of its most recently detected reselec-
tion. If parity is implemented and the initiator detects bad parity, or 
if more than two SCSI ID bits appear on the DATA BUS, the initia-
tor must not respond to a RESELECTION.

After it detects BSY, the drive:

1. Asserts BSY.
2. Waits for at least two DESKEW DELAYS, then releases SEL.
3. Asserts I/O.
4. Sets the DATA BUS.

After the reselected initiator detects SEL as false, it must release 
BSY. The drive continues asserting BSY until it is ready to relin-
quish the SCSI bus.

 6.8.6.2 Reselection Timeout Procedure
During a RESELECTION phase, if a target waits for at least a 
SELECTION-TIMEOUT DELAY and receives no BSY response 
from the initiator, it releases all DATA BUS signals, but continues 
to assert SEL and I/O. Then, after the target waits for the duration 
of at least one SELECTION-ABORT TIME plus two DESKEW 
DELAYS, if it does not detect BSY as true, it releases SEL and I/
O, allowing the SCSI bus to enter the BUS FREE phase for a 
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SELECTION-TIMEOUT DELAY.

When responding to a reselection, the initiator must verify that the 
reselection remains valid for a SELECTION-ABORT TIME follow-
ing its assertion of BSY. Thus, no improper reselection can 
result—such as two initiators connected to the same target or the 
wrong initiator connected to a target. If reselection is unsuccess-
ful after three attempts, the target terminates the command and 
returns to the BUS FREE phase.

 6.8.7 Information Transfer Phases
The four phases that perform all of the work in a SCSI transfer share a 
common bus mechanism, and so are grouped together under the name 
“Information Transfer”. Each of the information transfer phases is distin-
guished from the others by the combination of the MSG, C/D, and I/O 
signal lines. The four information transfer phases are:

• Command

• Data

• Status

• Message

The state of the MSG, C/D, and I/O lines determines the active phase. 
These lines are controlled by the target. They are asserted BUS-SET-
TLE DELAY prior to the first information transfer handshake and remain 
valid until after negation of ACK in the last handshake. The state of 
these three lines and the corresponding information transfer phase are 
shown in Table 6-6. In SCSI, for all transfer-type operations, “in” refers to 
information (data, messages) being transferred to the initiator, while 
“out” refers to information being transferred from the initiator.

Table 6-6 MSG, C/D, and I/O Codes

SIGNAL STATE
PHASE DIRECTION OF 

TRANSFER
MSG C/D I/O

0 0 0 Data Out Initiator to Target

0 0 1 Data In Target

0 1 0 Command Initiator to Target

0 1 1 Status Target to Initiator

1 0 0 Reserved –

1 0 1 Reserved –

1 1 0 Message Out Initiator to Target

NOTE:  0 = False, 1 = True
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Data Out phase: During this IT phase, the target requests data from the 
initiator.

Data In phase: During this IT phase, the target sends data to the initia-
tor.

Command phase: During this IT phase, the target requests a command 
from the initiator.

Status phase: During this IT phase, the target sends status information 
to the initiator.

Message Out phase: During this IT phase, the target requests mes-
sages from the initiator.

Message In phase: During this IT phase, the target sends messages to 
the initiator.

All information transfer phases use the REQ/ACK handshake to control 
transfer. BSY remains asserted and SEL remains released during all 
information transfer phases. Transfers across the bus may be synchro-
nous or asynchronous for the data phase, and must be asynchronous 
for all other phases.

 6.8.7.1 Pointers
In the SCSI architecture, two sets of three pointers for each I/O 
process reside in each initiator—the active pointers and the saved 
pointers. Each set of pointers consists of a command pointer, a 
data pointer, and a status pointer.

When an I/O process becomes active, the initiator copies the val-
ues from its saved pointers into its active pointers. The active 
pointers represent the current state of the interface and point to 
the next command, data, or status byte to be transferred between 
the initiator and the target. The target currently connected to the 
initiator uses the active pointers.

A set of saved pointers exists for each command currently 
active—whether or not it is currently connected. A saved com-
mand pointer indicates the beginning of the command descriptor 

1 1 1 Message In Target to Initiator

Table 6-6 MSG, C/D, and I/O Codes

SIGNAL STATE
PHASE DIRECTION OF 

TRANSFER
MSG C/D I/O

NOTE:  0 = False, 1 = True
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block for the current I/O process. A saved status pointer indicates 
the beginning of the status area for the current I/O process.

A saved data pointer indicates the beginning of the data area for 
the current I/O process. Its value remains constant until the target 
sends a SAVE DATA POINTER message to the initiator. In 
response to this message, the initiator copies the value of the 
active data pointer into the saved data pointer for the current I/O 
process. 

When a target disconnects from the SCSI bus, the initiator retains 
only the saved pointer values. When a target reconnects to the 
SCSI bus, the initiator restores the current pointer values from the 
saved values.

If the drive uses disconnect messages to break a long data trans-
fer into two or more shorter transfers, it issues a save data pointer 
message before each disconnect message.

 6.8.7.2 Asynchronous Transfer Mode
The drive uses the I/O signal to control the direction of information 
transfer. When I/O is true, the drive transfers information to the ini-
tiator. When I/O is false, the initiator transfers information to the 
drive.

To transfer information to the initiator if I/O is true:

1. The drive sets DB(7-0,P), waits for at least the duration of one 
DESKEW DELAY plus a CABLE SKEW DELAY, then asserts 
REQ.

2. The initiator reads DB(7-0,P) after REQ goes true, then acknowl-
edges receipt of the data by asserting ACK.

3. When the drive detects ACK as true, it sets or releases DB(7-0,P), 
and releases REQ.

4. After REQ goes false, the initiator negates ACK.
5. Once ACK goes false, the drive can continue the data transfer by 

again setting DB(7-0,P) and asserting REQ.

To transfer information to the target, or drive if I/O is false:

1. The drive requests information by asserting REQ.
2. The initiator sets DB(7-0,P), waits for at least the duration of one 

DESKEW DELAY plus a CABLE SKEW DELAY, then asserts 
ACK.

3. When the drive detects ACK as true, it reads DB(7-0,P), then 
releases REQ.

4. When the initiator detects REQ as false, it sets or releases DB(7-
0,P), and negates ACK.

NOTE:  The drive does not issue a SAVE DATA POINTER message on a 
read if the drive disconnects prior to transferring any data.
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5. The drive can continue the data transfer by again asserting REQ.
 6.8.7.3 Synchronous Transfer Mode

In the data phase, synchronous data transfer can occur only when 
the initiator and target establish a synchronous data-transfer 
agreement. This agreement specifies the REQ/ACK offset and the 
minimum transfer period.

The REQ/ACK offset specifies the maximum number of REQ 
pulses, in excess of the number of ACK pulses received from the 
initiator, that can be sent by the target. If the number of REQ 
pulses exceeds the REQ/ACK offset, the target waits to assert 
REQ again until it receives the leading edge of the next ACK 
pulse. To successfully complete the data phase, the number of 
ACK and REQ pulses must be equal.

On synchronous data transfers: 

1. The target asserts REQ for at least an ASSERTION PERIOD. 
Before asserting REQ again, the target must wait for at least a 
TRANSFER PERIOD from the last transition of REQ to true or 
one NEGATION PERIOD from the last transition of REQ to false, 
whichever is greater.

2. As soon as it receives the leading edge of a REQ pulse, the initia-
tor asserts ACK and sends one byte of data. The ACK signal 
remains asserted for at least one ASSERTION PERIOD. Then, 
before asserting ACK again, the initiator must wait for at least a 
TRANSFER PERIOD from the last transition of ACK to true or one 
NEGATION PERIOD from the last transition of ACK to false, 
whichever is greater.

To transfer information to the initiator if I/O is true:

1. The drive sets DB(7-0,P), waits for at least one DESKEW DELAY 
plus one CABLE-SKEW DELAY, then asserts REQ.

2. The DB(7-0,P) signals remain valid for at least one DESKEW 
DELAY plus one CABLE-SKEW DELAY and one HOLD TIME, fol-
lowing the assertion of REQ.

3. The target asserts REQ for at least the duration of an ASSER-
TION PERIOD. It can then negate REQ, and set or release DB(7-
0,P).

4. The initiator reads the value on DB(7-0,P) within one HOLD TIME 
of the transition of REQ to true, then responds with an ACK pulse.

To transfer information to the drive if I/O is false:

1. The initiator transfers one byte on receiving each REQ pulse, sets 
DB(7-0,P) to the appropriate values, waits for at least one 
DESKEW DELAY plus one CABLE-SKEW DELAY, then asserts 
ACK.

2. DB(7-0,P) remains valid for at least one DESKEW DELAY, one 
CABLE-SKEW DELAY, and one HOLD TIME after the assertion of 
ACK.
INTERFACE 6 - 13
SYSTEMS CORPORATION

(TM)



3. ACK remains asserted for a minimum of one ASSERTION 
PERIOD.

4. The initiator negates ACK, and changes or releases DB(7-0,P).
5. The drive reads the value of DB(7-0,P) within one HOLD TIME of 

the transition of ACK to true.

 6.8.8 SCSI Bus Conditions
Two asynchronous conditions can exist on the SCSI bus—the ATTEN-
TION condition and the RESET condition. These conditions cause a 
SCSI device to act and may alter the phase sequence.
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 6.8.8.1 Attention Condition
An ATTENTION condition (ATN) allows an initiator to inform a tar-
get that it has a message ready. The drive can obtain the mes-
sage by initiating a MESSAGE OUT phase.

• The initiator can enter an ATTENTION condition at 
any time by asserting ATN, except during an 
ARBITRATION or BUS FREE phase.

• The drive responds with a MESSAGE OUT phase on 
selection and on transitions to phases other than a 
DATA phase.

To transfer more than one byte, the initiator holds ATN asserted. 
The initiator can negate ATN at any time, except while asserting 
ACK during a MESSAGE OUT phase. Typically, the initiator 
negates ATN while REQ is true and ACK is false, during the last 
REQ/ACK handshake of the MESSAGE OUT phase.

 6.8.8.2 Reset Condition
The RESET condition; (RST) clears all SCSI devices from the 
bus, and takes precedence over all other phases and conditions. 
SCSI devices set the RESET condition by asserting RST for at 
least the duration of a RESET-HOLD TIME. While a RESET con-
dition is asserted, the states of all SCSI bus signals other than 
RST remain undefined.

When another device asserts RST, the drive releases all SCSI 
bus signals within a BUS-CLEAR DELAY of the transition of RST 
to true. A BUS-FREE phase always follows a RESET condition. 
When the drive executes a hard reset, it:

• Clears all I/O processes

• Releases all reservations of SCSI devices

• Sets an ATTENTION condition

Mode parameters remain at their current values.

NOTE:  The removable hard disk drive never asserts RST, but responds to 
a RST signal asserted by another SCSI device.
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 6.9 SCSI STATUS
At the termination of each command, during the STATUS phase, the 
drive sends a status byte to the initiator--as specified in Table 6-7, Table 
6-8, and Table 6-9—unless one of the following events terminates the 
command:

• An ABORT message

• A BUS DEVICE RESET message

• A hard RESET condition

• An unexpected disconnect

Table 6-7 shows the status bytes; Table 6-8 shows the status byte code 
bit values for the removable hard disk drive.

GOOD (00H): The drive successfully completed a linked command, 
without encountering an error condition.

CHECK CONDITION (02H): An error, exception, or abnormal condition 
occurred during the drive’s execution of a linked command, which may 
or may not have completed successfully. To determine the nature of the 
abnormal condition, the initiator must issue a REQUEST SENSE 
command.

BUSY (08H): The drive is busy and unable to process a command sent 
by an initiator. Generally, when the status for the drive is BUSY, the 
drive has disconnected to execute a previous command and cannot 

Table 6-7 Status Byte

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED STATUS BYTE CODE RSVD

Table 6-8 Status Byte – Interpretation of Bit Values

STATUS BYTE BITS
CONDITION

7 6 5 4 3 2 1 0

R R 0 0 0 0 0 R Good

R R 0 0 0 0 1 R Check Condition

R R 0 0 1 0 0 R Busy

R R 0 1 0 0 0 R Intermediate/Good

R R 0 1 1 0 0 R Reservation Conflict
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execute an additional command at that time. The initiator must reissue 
the command.

INTERMEDIATE/GOOD (10H): The drive successfully completed a linked 
command, without encountering an error condition. Typically, the drive 
issues this status code for each command in a series of linked 
commands but the last command, for which the link bit is zero. When 
an error or abnormal condition causes the drive to issue a CHECK 
CONDITION or RESERVATION CONFLICT status code instead, execution 
of the series of linked commands terminates.

RESERVATION CONFLICT (18H): The initiator attempted to access a 
logical unit reserved by another SCSI device that has a conflicting 
reservation type. The drive rejects the command. The initiator must 
reissue the command.

 6.10 SCSI MESSAGES
Because there is no dedicated bus controller module, the two devices 
actively using the bus must be able to communicate with one another in 
order to manage the physical path between them across the bus. This 
is accomplished by using a system of pre-defined software messages. 
Messages may be single-byte or extended.

The only mandatory message is the single-byte command complete 
(00H). However, if you implement any of the other messages, you must 
implement message reject (07H).

 6.10.1 MESSAGE IN Phase
A MESSAGE IN phase allows the drive to request that messages be 
sent from the drive to the initiator. During the REQ/ACK handshakes of 
this phase, the drive asserts I/O, C/D, and MSG.

 6.10.2 MESSAGE OUT Phase
A MESSAGE OUT phase allows the drive to request that a message be 
sent from the initiator to the drive. The drive invokes this phase in 
response to an ATTENTION condition created by the initiator. During the 
REQ/ACK handshakes of this phase, the drive asserts C/D and MSG, 
and negates I/O. In this phase, the drive handshakes bytes until ATN 
goes false or the drive rejects a message.

If the drive receives all of the message bytes without any parity errors, it 
changes to a different information-transfer phase and transfers at least 
one byte, or changes to the BUS FREE phase—for example, in 
response to an ABORT or BUS DEVICE RESET message.

If the drive detects one or more parity errors in the message bytes, it 
requests that the message be sent again by the initiator, by asserting 
REQ after ATN goes false, but before changing to another phase. On 
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detecting REQ, the initiator again sends the message bytes. When 
sending multiple message bytes, the initiator asserts ATN at least two 
DESKEW DELAYS prior to asserting ACK on the first byte. ATN remains 
asserted until the initiator sends the last byte.

Following a parity error, the drive ignores messages sent during the ATN 
condition. When the initiator resends a series of messages following a 
parity error, the drive does not act on any message already received.

 6.10.3 Message Protocol
All SCSI devices implement the command complete message. To maxi-
mize flexibility, the drive also supports all single-byte, non-extended 
messages defined in SCSI-2. Until the initiator informs the drive that it 
supports other messages, the drive sends only command complete 
messages. During a Selection phase, the initiator indicates that it will 
generate a message reject message if it does not understand a mes-
sage from the drive, by asserting ATN before SEL goes true and BSY 
goes false on the SCSI bus.

When the drive detects an ATN signal asserted by the initiator during a 
Selection phase, it enters a Message Out phase to receive a message 
byte. The drive expects the initiator to send an identify message to 
establish the physical path to a logical unit specified by the initiator. This 
message should specify lun=0. If the initiator supports disconnect/
reconnect, it should set bit 6 of the identify message. Without bit 6 set, 
the drive will not attempt a disconnect during the execution of a com-
mand. Bit 6 should be set only if the initiator supports the save data 
pointer and disconnect messages. Alternatively, the drive can receive a 
bus device reset or abort message. If the drive receives any other mes-
sage, it sends a message reject message and goes to Bus Free. When 
the drive receives an identify message, it enters the Command phase 
and requests command bytes from the initiator.

 6.10.4 Single-Byte Messages
Single-byte messages provide the simplest means of managing the bus. 
These messages are used to indicate the state of command execution 
or data transfer operations, to establish a physical path, and to control 
the condition of the bus. For single-byte messages, the hex value of the 
byte corresponds to the code assigned to the message being sent, as 
shown in Table 6-9.

Table 6-9 Single-Byte Messages 

CODE MESSAGE

00H Command complete
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 6.10.4.1 Command Complete (00H)
This message indicates that the target has terminated execution 
of the command and passed status information to the initiator. It 
indicates only that the command was terminated, it does not 
specify whether the command was fully executed, or terminated 
prior to completing execution. The status information passed to 
the initiator indicates the success or failure of the command.

For linked commands, command complete is sent when the last 
of the linked commands has been terminated.

This message is always sent from the target to the initiator.

 6.10.4.2 Extended Message (01H)
This message indicates that a multiple-byte extended message is 
to follow. It is always the first byte of the extended message. This 
message may be sent by either the target or the initiator.

 6.10.4.3 Save Data Pointers (02H)
The drive sends this message to direct an initiator to copy the 
active data pointer for the drive to the saved data pointer. If the ini-
tiator rejects this message, the drive discontinues attempts to dis-
connect. During a DATA phase, when breaking a long data 

01H Extended message – synchronous data 
request

02H Save data pointer

03H Not supported

04H Disconnect

05H Initiator detected error

06H Abort

07H Message reject

08H No operation

09H Message parity error

0AH Linked command complete

0BH Linked command complete (with flag)

0CH Bus device reset

0DH – 7FH Reserved

80H – FFH Identify

Table 6-9 Single-Byte Messages (Continued)

CODE MESSAGE
INTERFACE 6 - 19
SYSTEMS CORPORATION

(TM)



transfer into two or more shorter transfers using DISCONNECT 
messages, the drive must issue a SAVE DATA POINTER mes-
sage immediately before issuing the DISCONNECT message.

6.10.4.4 Disconnect (04H)

The drive sends this message to inform an initiator that the cur-
rent connection will be broken. The drive then disconnects by 
releasing BSY and goes to the BUS FREE phase. To complete 
the I/O operation in progress at disconnection, the drive must 
reconnect. The initiator does not save the data pointer. If the initia-
tor detects a BUS FREE phase that is not preceded by a DIS-
CONNECT or COMMAND COMPLETE message and that does 
not result from a RESET condition, or an ABORT or BUS DEVICE 
RESET message, a catastrophic error condition exists.

6.10.4.5 Initiator Detected Error (05H)

This message indicates that some type of non-fatal error occurred 
during a target-to-initiator operation (such as passing the data 
requested by the initiator in a READ command from the target to 
the initiator). As the error was non-fatal, the target may retry the 
operation; however, the integrity of the active pointers cannot be 
guaranteed.

This message is always sent from the initiator to the target.

 6.10.4.6 Abort (06H)
This message clears any active I/O processes for the current 
I_T_L nexus. All pointers active for the target (device or logical 
unit), as well as any data, are cleared, and the target moves to the 
Bus Free phase.

In a multiple-initiator environment, only the commands, pointers 
and data “belonging” to the initiator are affected by abort; other 
initiator’s commands, pointers, and data are not affected.

Previously-established conditions, including reservation status 
and MODE SELECT parameters, are not cleared by this mes-
sage.

This message is always sent from the initiator to the target.

 6.10.4.7 Message Reject (07H)
Either the drive or an initiator can send this message to indicate 
that the last message or message byte it received was inappropri-
ate or has not been implemented.

NOTE:  In order to set the pointers to a known-good value, you can send 
restore pointers. However, this will set the pointers to the value 
active when the current target last sent save data pointers.
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To indicate that it will send this message, the initiator asserts ATN 
prior to releasing ACK on the REQ/ACK handshake for the mes-
sage being rejected. If the drive receives this message under any 
other condition, it rejects the message.

To send this message, the drive goes to the MESSAGE IN phase, 
then sends MESSAGE REJECT before requesting additional 
message bytes from the initiator. Thus, the initiator can determine 
which message the drive is rejecting. If the initiator asserts ATN 
during the initial SELECTION phase of a command, it must sup-
port this message.

 6.10.4.8 No Operation (08H)
This message indicates that the initiator does not have any mes-
sages to send. It is sent when the target goes to the Message Out 
phase and the initiator has no messages to send.

This message is always sent from the initiator to the target.

 6.10.4.9 Message Parity Error (09H)
An initiator sends this message to the drive to indicate that one or 
more bytes in the last message it received had a parity error. To 
indicate that it will send this message, the initiator asserts ATN 
prior to releasing ACK on the REQ/ACK handshake for the mes-
sage with the parity error. Thus, the drive can determine which 
message has the parity error.

 6.10.4.10 Linked Command Complete (0AH)
Not supported

 6.10.4.11 Linked Command Complete [with Flag] (0BH)
Not supported.

 6.10.4.12 Bus Device Reset (0CH)
An initiator sends this message to direct the drive to clear all cur-
rent commands. This message causes the drive to revert to its ini-
tial state, with no operations pending for any initiator. On receiving 
this message, the drive goes to the BUS FREE phase. This mes-
sage does not affect MODE SELECT command parameters.

 6.10.4.13 Identify (80H–FFH)
These messages identify the logical unit of the target device 
involved in the exchange, and indicate whether or not the initiator 
supports disconnection/reconnection.

Bit 7 of these messages is always set to 1, in order to distinguish 
them from the other messages.

Bit 6 is used by the initiator to indicate whether or not it supports 
disconnection/reconnection. If it is set to 1, the initiator does sup-
port disconnection/reconnection.
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Bits 3 – 5 are reserved.

Bits 0 – 3 contain the LUN of the target logical unit.

When the target sends identify following the Reselection phase, 
the initiator automatically restores the pointers for the target logi-
cal unit.

 6.10.5 Extended Messages
Extended messages provide more advanced methods of bus control, 
command execution management, and vendor-specific functions. For 
extended messages, the hex value of byte 0 is always 01H, the code for 
the single-byte message “extended message.” The basic structure of an 
extended message is shown in Table 6-10. The extended message 
codes are given in Table 6-11.

Extended message: This parameter contains the code for the 
single-byte message “extended message” (01H).

Extended message length: This parameter contains the number 
of extended message bytes to follow. The length of the entire 
message, then, is equal to this parameter plus two bytes. A value 
of 0 in this parameter indicates that 256 bytes follow.

Extended message code: This parameter contains the code 
defining the message (see Table 6-11).

Extended message arguments: This field contains the execution 
arguments associated with the action ordered by the extended 
message. There may be several argument bytes in the argument 
field.

Table 6-10 Extended Messages Data Structure

BIT
BYTE 7 6 5 4 3 2 1 0

0 EXTENDED MESSAGE (01H)

1 EXTENDED MESSAGE LENGTH

2 EXTENDED MESSAGE CODE

3 EXTENDED MESSAGE ARGUMENTS
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 6.10.5.1 Synchronous Data Transfer Request (01H)
This message is used to establish the timing parameters for syn-
chronous data transfers between two SCSI devices capable of 
performing such transfers. Any device which supports synchro-
nous transfers will send this message upon first coming online, 
after a hard reset of the bus, or after executing a bus device reset. 
An initiator sends this message to all devices on the bus. A target 
sends this message to all initiators on the bus. Targets and initia-
tors may also exchange this message when one or the other 
wishes to initiate a synchronous data transfer operation.

Extended message: This parameter contains the code for the 
single-byte message “extended message” (01H).

Length: This parameter is set to 03H for this message. The total 
length of this message is 5 bytes.

Synchronous data transfer request code: This parameter is set 
to 01H.

Transfer period: This field contains the value of the time period 
between the leading edges of successive REQ pulses and suc-
cessive ACK pulses in nanoseconds. Table 6-13 shows the trans-
fer rates the drive. will use based on the requested period.

Table 6-11 Extended Messages

CODE MESSAGE

00H Not used

01H Synchronous data transfer request

02H–7FH Reserved

80H–FFH Vendor-specific

Table 6-12 Synchronous Data Transfer Request Data Structure

BIT
BYTE 7 6 5 4 3 2 1 0

0 EXTENDED MESSAGE (01H)

1 LENGTH (03H)

2 SYNCHRONOUS DATA TRANSFER REQUEST CODE (01H)

3 TRANSFER PERIOD

4 REQ/ACK OFFSET
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REQ/ACK offset: This field contains the value of the number of 
REQ pulses that may be received at the initiator prior to returning 
an ACK pulse. A value of 00H in this field indicates that the trans-
fer must take place in asynchronous mode. A value of FFH in this 
field indicates that no limit exists. The removable hard disk drive 
supports a maximum REQ/ACK offset of eight.

The two arguments for this message, xfer period and REQ/ACK 
offset, reflect the requirements of the device originating the mes-
sage. These requirements may be incompatible with those of the 
recipient of the message. Thus, a request for synchronous opera-

Table 6-13 Transfer Rates as a Function of Requested Period

REQUESTED 
PERIOD (ns)

TRANSFER RATE
USED (MB/S)

25 – 00 10.000

31 – 26 8.000

37 – 32 6.667

43 – 38 5.714

50 – 44 5.000

62 – 51 4.000

75 – 63 3.333

86 – 76 2.857

100 – 87 2.500

112 – 101 2.222

125 – 113 2.000

137 – 126 1.818

150 – 138 1.667

162 – 151 1.538

174 – 163 1.429

187 – 175 1.333

255 – 188 0.625

NOTE:  In Table 6-13, multiply the requested period by 4 to get the actual 
transfer period. Transfer rates of 5.714 MB/s and greater use Fast 
SCSI timing.
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tion is always made by exchanging this message. The originator 
specifies its requirements in the message it sends. The recipient 
compares those requirements with its own capabilities, and sends 
synchronous data transfer request back to the originator. At this 
point, one of three conditions exists:

1. The recipient can comply with the synchronous transfer request. 
In this case, the recipient will set its response message arguments 
as follows:

Xfer period: equal to or greater than that requested by the origi-
nator. xfer period for synchronous transfers between the two 
devices will be set to the value set in the recipient's response 
message.

REQ/ACK offset: less than or equal to that requested by the orig-
inator. REQ/ACK offset for synchronous transfers between the 
two devices will be set to the value set in the recipient's response 
message.

2. The recipient must negotiate with the originator before the syn-
chronous transfer can be accomplished. This occurs when the 
originator has set REQ/ACK offset to FFH and the recipient cannot 

support the unlimited offset. In this case, the recipient will set its 
response message arguments as follows:

Xfer period: equal to or greater than that requested by the origi-
nator. xfer period for synchronous transfers between the two 
devices will be set to the value set in the recipient's response 
message.

REQ/ACK offset: set to 00H. This implies the transfer must be 
asynchronous, but the originator may respond with another syn-
chronous data transfer request with REQ/ACK offset set to a 
value less than FFH.

3. The recipient cannot comply with the request for any reason other 
than REQ/ACK offset set to FFH by the originator. In this case, the 

recipient will send either message reject, or synchronous data 
transfer request with its arguments set as follows:

Xfer period: n/a

REQ/ACK offset: set to 00H. This indicates that transfers must 
take place in asynchronous mode.

Once the parameters of synchronous transfers between an origi-
nator and a recipient have been established, they must remain in 
effect until a reset occurs, or one of the devices modifies the 
parameters by sending synchronous data transfer request.

Transfer period is set during a Message phase.

The originating device sends an SDTR message, including values 
for the TRANSFER PERIOD and REQ/ACK offset that will enable 
it to receive data successfully. 
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The responding device returns the same values in its SDTR mes-
sage if it can receive data successfully using one of the following:

• The same values

• A shorter TRANSFER PERIOD

• A larger REQ/ACK offset

• Both a shorter TRANSFER PERIOD and a larger 
REQ/ACK offset

If the responding device requires a longer TRANSFER PERIOD, a 
smaller REQ/ACK offset, or both, it substitutes the appropriate 
values in its SDTR message. The drive uses the nearest TRANS-
FER PERIOD value that is greater than or equal to the value 
received from the initiator. When transmitting data, each device 
must respect the limits set by the other's SDTR message, but can 
transfer data with longer TRANSFER PERIODS, smaller REQ/
ACK offsets, or both. The successful completion of an exchange 
of SDTR messages between two SCSI devices implies agree-
ment as shown in Table 6-14. This agreement applies only to the 
DATA phase.

If the initiator recognizes a need for negotiation, it asserts ATN 
during selection, then sends an SDTR message to indicate its 
REQ/ACK offset and minimum TRANSFER PERIOD. The REQ/
ACK offset prevents buffer overflows in the initiator, while the min-
imum TRANSFER PERIOD satisfies the initiator's data-handling 
requirements. After successfully completing the MESSAGE OUT 
phase, the drive responds with the appropriate SDTR message. If 
an abnormal condition prevents the drive from returning an appro-
priate response, data transfer between the two devices is asyn-
chronous.

If the drive recognizes a need for negotiation, because the SEND 
SYNCHRONOUS MESSAGE (SSM) bit is one on mode page 
37H, it sends an SDTR message to the initiator, with a REQ/ACK 
offset value of eight and a TRANSFER PERIOD value of 25. The 

Table 6-14 Synchronous Data Transfer Request Responses

RESPONSES IMPLIED AGREEMENT

Nonzero REQ/ACK offset Each device transmits data using a TRANSFER PERIOD that is 
equal to or greater than the value received in the other's SDTR 
message, and a REQ/ACK offset equal to or less than the value 
received in the other's SDTR message.

REQ/ACK offset equal to zero Asynchronous transfer

MESSAGE REJECT Asynchronous transfer
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REQ/ACK offset prevents buffer and offset-counter overflows, 
while the minimum TRANSFER PERIOD satisfies the drive's 
data-handling requirements. Prior to releasing ACK on receiving 
the last byte of an SDTR message from the drive, the initiator 
asserts ATN and responds with its SDTR message. If an abnor-
mal condition prevents the initiator from returning an appropriate 
response, data transfer between the two devices is asynchro-
nous.

Implied agreement does not exist until the drive leaves the MES-
SAGE OUT phase and enters a phase other than the BUS FREE 
phase—that is, only if the drive detects no parity error. Implied 
agreement remains in effect until:

• The drive receives a BUS DEVICE RESET message

• A hard RESET condition occurs

• One of the two devices modifies the agreement
The drive enters its default data-transfer mode—asynchronous 
mode—at power on, or following a BUS DEVICE RESET mes-
sage or a hard RESET condition. To ensure that devices on a 
SCSI bus agree on a data-transfer mode for successful data 
transfer, a SYNCHRONOUS DATA TRANSFER REQUEST mes-
sage exchange can occur only following a SELECTION phase 
that includes the SCSI IDs for both the initiator and the drive.

 6.10.6 Message Error Handling
Not suported.

 6.11 COMMAND IMPLEMENTATION
This section defines the SCSI command implementation supported by 
the  removable hard disk drive. Each command consists of a group of 
command bytes and, in some cases, a group of associated data bytes.

On command completion, the drive returns a status byte to the initiator. 
Because most error and exception conditions cannot be described 
adequately in a single status byte, the CHECK CONDITION status code 
indicates that additional information is available. The initiator can issue 
a REQUEST SENSE (03H) command to retrieve that information.

The following sections describe each command—including the 
sequence of bytes an initiator transfers to the drive during the 
Command phase to send a request to the drive. Where applicable, 
these sections also describe the format of data bytes that can be 
transferred to or from the initiator following a Command phase.

 6.11.1 Command Descriptor Block (CDB)
SCSI commands are issued from an initiator by transferring a Command 
Descriptor Block (CDB) to the target device. For some commands, a 
parameter list sent during a Data Out phase accompanies the request. 
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A CDB contains an opcode (opcode), a logical unit number (lun), a set 
of command parameters, and a control byte.

opcode (byte 0): The first byte of a CDB is opcode. In a Command 
Descriptor Block (CDB), opcode consists of a three-bit, group code field 
and a five-bit, command code field. The group code field contains the 
code for one of eight group commands. The command code field con-
tains the code for one of the 32 command codes in each group.The two 
fields together provide 256 possible code combinations. The removable 
hard disk drive supports the following command groups: Group 0, which 
are six-byte commands, and Groups 1 and 2, which are ten-byte com-
mands. The operation code (opcode) for each command indicates its 
format—six-byte commands have opcodes between 00H and 1FH; ten-
byte commands, from 20H to 5FH. The opcodes for the commands sup-
ported by the removable hard disk drive are given in Table 6-15.

Table 6-15 SCSI Commands 

OPCODE COMMAND

00H TEST UNIT READY

01H REZERO UNIT

03H REQUEST SENSE

04H FORMAT UNIT

07H REASSIGN BLOCKS

08H READ

0AH WRITE

0BH SEEK

12H INQUIRY

15H MODE SELECT

16H RESERVE

17H RELEASE

1AH MODE SENSE

1BH START/STOP UNIT

1DH SEND DIAGNOSTIC

25H READ CAPACITY

28H READ EXTENDED

2AH WRITE EXTENDED
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lun: The Logical Unit Number for the drive. is 00H. If any com-
mand other than INQUIRY or REQUEST SENSE specifies lun not 
equal to zero, the drive rejects the command with the CHECK 
CONDITION status and sets sense key to ILLEGAL REQUEST—
Invalid lun.

lba: The Logical Block Address specifies the first or starting block 
of an operation. Group 0 CDBs contain 21-bit LBAs. Group 1 and 
2 CDBs contain 32-bit LBAs. The LBA begins with block zero and 
occupies contiguous blocks up to the last logical block on the 
drive, as determined by the READ CAPACITY command.

A logical block can be 512, 1024, or 2048 bytes in length. The 
MODE SELECT command configures each drive with a default 
logical block length of 512 bytes.

transfer length: The transfer length specifies the amount of data 
to be transferred to or from an initiator. It can be specified as:

• The number of blocks to be transferred.

• The number of bytes to be transferred, or parameter 
list length.

• The maximum number of bytes that can be 
transferred, or allocation length.

Number of Blocks: Typically, transfer length specifies the Number 

2BH SEEK EXTENDED

2EH WRITE AND VERIFY

2FH VERIFY

37H READ DEFECT DATA

3BH WRITE BUFFER

3CH READ BUFFER

3EH Not Suported

3FH Not Suported

Table 6-15 SCSI Commands (Continued)

OPCODE COMMAND
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of Blocks (NB) to be transferred.

• For six-byte commands, up to 256 blocks can be 
transferred. A value between 1 and 255 (00H–FFH) 
indicates the number of blocks to be transferred. The 
value 00H indicates that 256 blocks are to be 
transferred.

• For ten-byte commands, up to 65,535 blocks can be 
transferred. A value between 1 and 65,535 (0000H–
FFFFH) indicates the number of blocks to be 
transferred. The value 0000H indicates that no 
blocks are to be transferred.

parameter list length: The parameter list length specifies the 
number of bytes to be sent during a Data Out phase. This CDB 
field allows an initiator to send a list of parameters to the drive.

allocation length: The allocation length specifies the number of 
bytes allocated by an initiator for returned data. With an allocation 
length of zero, the initiator returns no sense data. The drive termi-
nates a Data In phase when it has transferred to the initiator either 
the number of bytes specified by the allocation length or all avail-
able sense data, whichever is less.

vendor unique: Vendor-unique bits allow command modifications 
or special conditions to be selected. Vendor-unique bits are set to 
zero.

reserved: Reserved bits are set to zero by the initiator.

flag: Not suported.

link: Not suported.

reladr: The Relative Address bit is used only in ten-byte com-
mands and is not supported by the drive.

 6.12 COMPLETION STATUS BYTE
At the termination of each command during the STATUS phase, the 
drive sends a status byte to the initiator—as specified in Table 6-16 
andTable 6-17—unless one of the following events terminates the 
command:

• An ABORT message

• A BUS DEVICE RESET message

• A hard RESET condition

• An unexpected disconnect

NOTE:  If the reserved bits of the IDENTIFY message, or vendor-unique, 
reserved, or reladr are not set to zero, the drive returns a 
CHECK CONDITION status with sense key set to ILLEGAL 
REQUEST and sense code set to Illegal Use of Bit or Byte in 
the CDB or IDENTIFY message
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Table 6-16 shows the status bytes; Table 6-17, the status byte code bit 
values for the removable hard disk drive. Table 6-18 defines the status 
codes implemented in the drive

Table 6-16 Status Byte

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED STATUS BYTE CODE RSVD

Table 6-17 Drive Status Byte Code Bit Values

BIT OF STATUS BYTE
STATUS REPRESENTED

7 6 5 4 3 2 1 0

R R 0 0 0 0 0 R GOOD

R R 0 0 0 0 1 R CHECK CONDITION

R R 0 0 1 0 0 R BUSY

R R 0 1 0 0 0 R INTERMEDIATE/GOOD

R R 0 1 1 0 0 R RESERVATION CONFLICT

NOTE:  R = Reserved bit (0)
V = Vendor-unique bit (0)

Table 6-18 Status Codes for the Drive

STATUS CODE DESCRIPTION

GOOD 00H The drive successfully completed a linked command, 
without encountering an error condition.

CHECK CONDITION 02H An error, exception, or abnormal condition occurred 
during the drive’s execution of a linked command, 
which might not have completed successfully. To 
determine the nature of the abnormal condition, the 
initiator must issue a REQUEST SENSE command.

BUSY 08H The drive is busy and unable to process a command 
sent by an initiator. Generally, when the status for the 
drive is BUSY, the drive has disconnected to execute 
a previous command and cannot execute an addi-
tional command at that time. The initiator must reis-
sue the command.

INTERMEDIATE/GOOD 10H Not supported.

RESERVATION CONFLICT 18H The initiator attempted to access a logical unit 
reserved by another SCSI device that has a conflict-
ing reservation type. The drive rejects the command. 
The initiator must reissue the command.
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 6.13 READING AND WRITING

 6.13.1 Logical Block
The removable hard disk drive stores and retrieves information in a 
series of logical blocks that consist of eight-bit bytes. The drive has 512 
bytes per logical block.

Each logical block has a unique address—its Logical Block Address. The 
address of the first logical block on the drive is zero. The address of the 
last logical block on the drive depends on the drive's capacity.

 6.13.2 Logical Block Address Ranges

If an initiator attempts to access a logical block at an address outside the 
valid address range, the drive will not execute the command. The drive 
returns a CHECK CONDITION status, with the sense key set to ILLE-
GAL REQUEST—Invalid Logical Block Address.

 6.13.3 Transferring Data 
The WRITE command stores logical blocks of data on the disk. The 
READ command retrieves logical blocks of data from the disk. For both 
READ and WRITE commands, the initiator specifies the LBA (Logical 
Block Address) of the first logical block to be transferred and the total 
number of logical blocks to be transferred. For the number of blocks to 
be transferred, the drive interprets the value zero differently, depending 
on the form of READ or WRITE command used: 

• When using the Group 1, or extended form of, READ 
or WRITE command—opcodes 28H and 2AH—a 
transfer length of zero indicates that the drive will 
transfer no data.

• A standard READ or WRITE command uses only 
one byte to specify transfer length. When using the 
Group 0, or standard form of, READ or WRITE 
command—opcodes 08H and 0AH—a transfer 
length of zero indicates that the drive will transfer 256 
blocks of data on execution of the command.

The transfer length specified in the command and the logical-block size 
determine the number of bytes transferred during the DATA phase fol-
lowing the command bytes:

Number of data bytes = Logical block size in bytes x Transfer length in 
blocks

If an error occurs, the drive may transfer fewer bytes.

NOTE:  The value selected for tracks per zone using the MODE SELECT 
command, page 3, determines the number of available logical 
blocks
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The data-transfer rate to or from the disks depends on the density of 
data written on the disk and the speed of disk rotation, which are con-
stant. The drive has several data zones, each with a different data trans-
fer rate.

If the host’s data-transfer rate across the SCSI bus is slower than the 
drive’s data-transfer rate, the drive stores data in its buffer on READ 
transfers. Many other removable hard disk drives interleave sectors on 
disks to match their data-transfer rate with the SCSI-bus transfer rate. 
The buffer in the hard disk drive makes this unnecessary. The drive 
channels all READ and WRITE transfers through the buffer, maximizing 
the time it can maintain continuous data transfer. This buffer also serves 
as an on-board cache. The MODE SELECT command can enable or 
disable caching, and configure cache parameters. 

 6.14 CONFIGURING THE REMOVABLE HARD DISK DRIVE

 6.14.1 Operating Modes
Users can change some of the removable hard disk drive to match their 
requirements. The MODE SELECT command allows the user to set the 
operating mode of the drive. The MODE SENSE command allows the 
user to determine the drive’s current operating mode and access infor-
mation that is useful when setting the operating mode.

For example, the number of retries attempted by the drive when it 
detects a read error is an operating-mode parameter commonly 
adjusted by the user. An initiator can change the number of retries the 
drive attempts on detecting a read error. First, the initiator issues a 
MODE SENSE command to determine the drive’s current configuration. 
During the DATA phase of the MODE SENSE command, the drive 
returns the current mode parameters to the initiator, including the num-
ber of retries the drive attempts on detecting a read error. Then, to 
change the number of retries, the initiator sends a MODE SELECT com-
mand with the Retry Count parameter set to a new value.

 6.14.2 Operating Mode Tables
Parameters in the Current Mode Table set the drive’s operating mode. 
Each time the drive executes a command, it checks the parameters in 
the Current Mode Table, then responds accordingly. Because the drive 
frequently accesses its parameters, the Current Mode Table resides in 
RAM.

The Current Mode Table in RAM is lost at power off or whenever the 
drive is reset. Therefore, the drive saves a copy of the Current Mode 
Table, called the Saved Mode Table, in a reserved area on the disk. 
Because the Saved Mode Table does not reside in the user data-storage 
area on the disk, a user cannot inadvertently erase it. The drive loads 
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the parameters in the Saved Mode Table into the Current Mode Table at 
power on or reset.

The MODE SELECT command can copy the parameters in the Current 
Mode Table into the Saved Mode Table. If the MODE SELECT com-
mand’s Save Parameters bit—bit 0 of byte 1—is set to one, the drive 
copies all parameters in the Current Mode Table to the Saved Mode 
Table. Thus, users can permanently configure the drive to their require-
ments using the MODE SELECT command’s Save Parameters bit. This 
eliminates the need for the device driver to send a vendor-specific 
MODE SELECT command following every reset.

The removable hard disk drive supports two other mode tables—the 
Changeable Parameters Table and the Default Mode Table. Both of 
these tables reside in the firmware ROM, can be accessed only by the 
MODE SENSE command, and cannot be modified by the user.

• The Changeable Parameters Table informs an 
initiator about the drive operating-mode parameters 
that can be changed using the MODE SELECT 
command. If a parameter in the Current Mode Table 
can be modified, all bits in its field are set to one. A 
software driver should verify that a device supports 
the modification of an operating-mode parameter 
before attempting to change the parameter using the 
MODE SELECT command.

• The Default Mode Table allows the user to restore 
the drive to a known or reference condition. If, for any 
reason, the Current Mode Table and Saved Mode 
Table are inaccessible, the drive uses the Default 
Mode Table.
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 Section 7

SCSI COMMAND
DESCRIPTION

 7.1 SCSI COMMANDS
The following subsections contain a list of AR3170NS/FS SCSI-II 
commands. These descriptions are brief, for additional information refer 
to the SCSI II specification.

 7.1.1 Mandatory Commands
The following paragraphs contain the mandatory commands supported 
by the AR3170NS/FS

 7.1.2 FORMAT UNIT Command, Opcode = 04H
The FORMAT UNIT command, shown in Table 7-19, assigns logical 
blocks to physical sectors for optimum sequential access—within the 
limitation of available spare blocks—skipping known defective areas. 
The data pattern parameter causes the drive to write a repetitive, one-
byte data pattern in every block. The removable hard disk drive is for-
matted at the factory, with data undefined.

 7.1.2.1 Command Structure

NOTE:  All commands listed fully comply with the SCSI II specification 
except FORMAT UNIT, INQUIRY, MODE SENSE, and MODE 
SELECT. Refer to those commands (below) for additional informa-
tion. Commands not listed are not supported.

NOTE:  The Send Diagnostic command is not currently supported (May 
1996), it will be supported at a later date.

NOTE:  Issuing the FORMAT UNIT command typically causes loss of data, 
even when the data pattern parameter is not used. All data should 
be backed up prior to formatting.

Table 7-19 FORMAT UNIT Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 04H

1 LUN = 0 FMTDAT CMPLST DEFECT LIST FORMAT

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)
7 - 1
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FMTDAT—FORMAT DATA (Byte 1, Bit 4)
When FMTDAT is set to one, defect block data is transferred during the 
DATA OUT phase. The defect list included with this data specifies the 
defects to be entered in the defect map. This defect list refers to the cur-
rent block length and current logical block addresses, not physical 
addresses. Table 7-20 shows the format of the defect list. When FMTDAT 
is set to zero, the DATA OUT phase will not occur—that is, the initiator will 
supply neither a defect list header, nor defect data.

CMPLST—COMPLETE LIST (Byte 1, Bit 3)
When CMPLST is set to one, the drive supplies a complete list of known 
initiator-specified or field-replacement defects. The drive erases any previ-
ous initiator-specified defect map or defect data, purging any previous ini-
tiator-specified defect list, and builds a new defect list that includes the 
initiator-specified list and the factory defects. When CMPLST is set to 
zero, the drive supplies defective block data to supplement existing defect 
data, using the current format.

DEFECT LIST FORMAT (Byte 1, Bits 2–0)
This parameter specifies additional information related to the defect list. 
See Table 7-20 for more information.

DATA PATTERN (Byte 2)
This parameter specifies the repetitive user-data pattern to be written into 
each sector during execution of the FORMAT UNIT command—if enabled 
by the Fill Data Pattern bit in page 39H of the MODE SELECT command.

INTERLEAVE FIELD (Bytes 3–4)
This parameter specifies the interleave factor for the drive. The drive will 
ignore any value specified for this field by the initiator. The removable hard 

5 VU = 0 RESERVED = 0

NOTE:  Avatar supports all possible values in the FMTDAT and 
CMPLST fields. For the Defect List Format field only a value 
of 000b, or Block Format is supported.

Table 7-19 FORMAT UNIT Command

BIT
BYTE 7 6 5 4 3 2 1 0
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disk drive uses a 1:1 interleave.

The defect list shown in Table 7-21 contains a four-byte header, which 
may be followed by defect descriptors. The defect list length is equal to 
four times the number of defect descriptors and specifies the total length, 
in bytes, of the defect descriptors that follow. Each defect descriptor in the 
logical block format specifies a four-byte logical block address for the 
defect. Defect addresses must be listed in ascending order. The defect list 
length can be zero.

Physical Sector Format and Bytes Offset from Index Format. For these 
formats, the defect list length is equal to eight times the number of defect 

Table 7-20 FORMAT UNIT Command Variations 

BIT REFERENCE
(CDB, BYTE 1)

DEFECT 
LIST 

(BYTE 1)
DEFEC

T
LIST

LENGT
H

OPTIO
N DESCRIPTION

4 3 2 1 0 7 6

1 1 0 X X 1 1 0 1 –

1 1 0 X X 0 0 0 2 –

1 0 0 X X 1 1 0 3 –

0 X X X X – – – 4 No Defect List

1 1 0 X X 1 1 – 5 –

1 1 0 X X 0 0 – 6 –

1 0 0 X X 1 1 – 7 –

1 0 0 X X 0 0 – 8 –

1 0 1 0 0 – – – – Bytes Offset from Index 
Format

1 0 1 0 1 – – – – Physical Sector Format

1 X 1 1 0 – – – – Vendor Unique (Not 
Used)

1 X 1 1 1 – – – – Reserved

NOTE:  Because the DATA OUT phase does not occur, there is no defect 
list header.

Bit Reference (CDB, Byte 1): Bit 4 = FMTDAT; bit 3 = CMPLST; and 
bits 2,1, and 0 = Defect List Format
Defect List (Byte 1): Bit 7 = FOV; bit 6 = DPRV

The value of bits indicated by an X can be either one or zero—the 
drive ignores these values.
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descriptors and specifies the total length, in bytes, of the defect descrip-
tors that follow. Each defect descriptor specifies an 8-byte physical 
address for the defect. When using the physical descriptors, all eight of 
the formatting parameters described for the logical descriptors apply.

FOV—FORMAT OPTIONS VALID (Byte 1, Bit 7)
When FOV is set to one, the initiator authorizes the setting of bits 4 
through 6—STPF, DCRT, and DPRY. With FOV set to zero, the initiator 
requests the implementation of the default format scheme for the func-
tions defined by bits 4 through 6.

DPRY—DISABLE PRIMARY (Byte 2, Bit 6)

When DPRY is set to one, the drive will exclude the factory defect map—
primary list or P-list—from its list of defects to be managed on formatting. 
When DPRY is set to zero, the drive will include the factory defect map in 
its list of defects to be managed on formatting. By default, the removable 
hard disk drive includes the factory defect map.

DCRT—DISABLE CERTIFICATION (Byte 1, Bit 5): 

Not supported by the removable hard disk drive. This parameter must be 
set to zero by the initiator.

STPF—STOP FORMAT (Byte 1, Bit 4)

 Not supported by the removable hard disk drive. This parameter must be 
set to zero by the initiator.

Table 7-21 Defect List—Logical Block Format 

BIT
BYTE 7 6 5 4 3 2 1 0

Defect List Header:

0 RESERVED

1 FOV DPRY DCRT STPF RESERVED

2 – 3 (MSB) INTERLEAVE = XX (LSB)

Defect Descriptor(s):

0 – 4 (MSB) DEFECT LOGICAL BLOCK ADDRESS (LSB)
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7.1.2.2 Application of FORMAT UNIT Command

The removable hard disk drive offers eight formatting 
options:

• Format with absolutely no defects

• Format with original factory defects only

• Format with grown, or field-found, defects only—
disregarding factory defects

• Format with existing defects—factory and grown 
defects

• Format with provided defects only—disregarding 
factory and existing grown defects

• Format with provided defects and factory defects—
disregarding existing grown defects

• Format with provided defects and existing grown 
defects—disregarding factory defects

• Format with provided defects and existing defects

The following tables show the settings of the FORMAT UNIT CDB and 
defect list header required to implement each of these formatting options.

NOTE:  With any of these options, the list of grown, or factory-found, defects 
is always updated to reflect the drive’s current condition. The origi-
nal factory defects are always preserved.

Table 7-22 FORMAT UNIT – Format with Absolutely No Defects 

BIT
BYTE 7 6 5 4 3 2 1 0

FORMAT UNIT Command:

0 OPCODE = 04H

1 LUN = 0 1 1 0 X X

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)

5 VU=0 RESERVED = 0 F L

Defect List Header:

0 RESERVED = 0

1 1 1 0 0 RESERVED = 0

2 – 3 (MSB) DEFECT LENGTH = 0 (LSB)
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Table 7-23 FORMAT UNIT – Format with Original Factory{
 Defects Only

BIT
BYTE 7 6 5 4 3 2 1 0

FORMAT UNIT Command:

0 OPCODE = 04H

1 LUN = 0 1 1 0 X X

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)

5 VU=0 RESERVED = 0

Defect List Header:

0 RESERVED = 0

1 0 0 0 0 RESERVED = 0

2 – 3 (MSB) DEFECT LENGTH = 0 (LSB)

NOTE:  The list of field-found defects is erased

Table 7-24 FORMAT UNIT – Format with Grown Defects Only
(Disregarding Factory Defects) 

BIT
BYTE 7 6 5 4 3 2 1 0

FORMAT UNIT Command:

0 OPCODE = 04H

1 LUN = 0 1 0 0 X X

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)

5 VU=0 RESERVED = 0

Defect List Header:

0 RESERVED = 0

1 1 1 0 0 RESERVED = 0

2 – 3 (MSB) DEFECT LENGTH = 0 (LSB)

NOTE:  The list of field-found defects is erased
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Table 7-25 FORMAT UNIT – Format with Existing Defects
(Factory and Grown)

BIT
BYTE 7 6 5 4 3 2 1 0

FORMAT UNIT Command:

0 OPCODE = 04H

1 LUN = 0 0 X X X X

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)

5 VU=0 RESERVED = 0

NOTE:  The DATA OUT phase is not used: no defect list header or defect 
descriptor blocks follow the command

Table 7-26 FORMAT UNIT – Format with Provided Defects Only
(Disregarding Factory and Existing Grown Defects) 

BIT
BYTE 7 6 5 4 3 2 1 0

FORMAT UNIT Command:

0 OPCODE = 04H

1 LUN = 0 1 1 0 X X

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)

5 VU=0 RESERVED = 0

Defect List Header:

0 RESERVED = 0

1 1 1 0 0 RESERVED = 0

2 – 3 (MSB) DEFECT LENGTH (LSB)

NOTE:  The defect descriptor block follows the defect list header
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Table 7-27 FORMAT UNIT – Format with Provided Defects and 
Factory Defects

(Disregarding Existing Grown Defects)

BIT
BYTE 7 6 5 4 3 2 1 0

FORMAT UNIT Command:

0 OPCODE = 04H

1 LUN = 0 1 1 0 X X

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)

5 VU=0 RESERVED = 0

Defect List Header:

0 RESERVED = 0

1 0 0 0 0 RESERVED = 0

2 – 3 (MSB) DEFECT LENGTH (LSB)

NOTE:  The defect descriptor blocks follow the defect list header. The pro-
vided defects replace the existing field-found defects

Table 7-28 FORMAT UNIT – Format with Provided Defects and 
Existing Grown Defects (Disregarding Factory Defects)

BIT
BYTE 7 6 5 4 3 2 1 0

FORMAT UNIT Command:

0 OPCODE = 04H

1 LUN = 0 1 0 0 X X

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)

5 VU=0 RESERVED = 0

Defect List Header:

0 RESERVED = 0

1 1 1 0 0 RESERVED = 0

2 – 3 (MSB) DEFECT LENGTH (LSB)
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 7.1.3 INQUIRY Command, Opcode = 12H
The INQUIRY command, shown in Table 7-30, requests the drive to 
send its identification to the initiator.

NOTE:  The defect descriptor blocks follow the defect list header. The exist-
ing list of grown defects will be combined with the provided defects 
to become the updated grown defects

Table 7-29 FORMAT UNIT – Format with Provided Defects and Ex-
isting Grown Defects (Disregarding Factory Defects)

BIT
BYTE 7 6 5 4 3 2 1 0

FORMAT UNIT Command:

0 OPCODE = 04H

1 LUN = 0 1 0 0 X X

2 DATA PATTERN

3 – 4 (MSB) INTERLEAVE = XX (LSB)

5 VU=0 RESERVED = 0

Defect List Header:

0 RESERVED = 0

1 0 0 0 0 RESERVED = 0

2 – 3 (MSB) DEFECT LENGTH (LSB)

NOTE:  The defect descriptor blocks follow the defect list header. The exist-
ing list of field-found defects will be combined with the provided 
defects

NOTE:  Avatar reports only standard Inquiry data. This implies that the 
EVPD bit is zero, and that the Page Code field is zero. 

For allocation lengths of less than 24h, Avatar reports the 
requested number of bytes. 

For Allocation lengths of 24h or more the removable drive reports 
exactly 24h bytes.

Refer to the SCSI-II specification for additional information.
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 7.1.3.1 Command Structure

ALLOCATION LENGTH
Specifies the maximum number of bytes allocated by the initiator for 
returned INQUIRY data. A value of 00 indicates that the drive will return 
no data. Acceptable values are 00–FFH. The drive will terminate the DATA 
IN phase when the bytes corresponding to the allocation length have been 
transferred or when all available INQUIRY data have been transferred to 
the initiator, whichever is less. An allocation length of 130 (82H) is recom-
mended.

 7.1.3.2 INQUIRY DATA Format

PERIPHERAL QUALIFIERS (Byte 0, Bits 5–7)
Not Supported. This value must be zero.

PERIPHERAL DEVICE TYPE (Byte 0, Bits 0–4)
Set to zero, indicating that the drive is a direct-access device, unless the 
LUN specified in the Command Descriptor Block is invalid. If the LUN is 
invalid, the peripheral-device type is set to 7FH—unknown device type. 
The other data bytes remain unaffected and are returned as though the 
LUN was set to zero. INQUIRY command: data format.

RMB—REMOVABLE MEDIUM BIT (Byte 1, Bit 7)
This bit is always set to one for the removable hard disk drive, indicating 

Table 7-30 INQUIRY Command 

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 12H

1 LUN = 0 RESERVED = 0

2 – 3 RESERVED = 0

4 ALLOCATION LENGTH (BYTES)

5 VU = 0 RESERVED = 0

Table 7-31 INQUIRY DATA Format

BIT
BYTE 7 6 5 4 3 2 1 0

0 PERIPHERAL QUALIFIER = 0 PERIPHERAL DEVICE TYPE = 0

1 RMB = 0 DEVICE TYPE MODIFIER = 0

2 RESERVED = 0 ECMA VERSION = 0 ANSI VERSION = 2

3 RESERVED = 0 RESPONSE DATA FORMAT = 1

4 ADDITIONAL LIST LENGTH
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removable media.

DEVICE TYPE QUALIFIER (Byte 1, Bits 6–0)

Not supported by the removable hard disk drive. This parameter is set to 
zero.

ECMA VERSION (Byte 2, Bits 5–3)
Set to zero, indicating the removable hard disk drive does not claim com-
pliance to the European Computer Manufacturers Association version of 
SCSI.

ANSI VERSION (Byte 2, Bits 2–0)
Set to two, indicating compliance with the ANSI SCSI-2 specification.

RESPONSE DATA FORMAT (Byte 3, Bits 3–0)
Set to one, indicating compliance with the Common Command Set 
defined in the SCSI-2 Specification, ANSI X3T9.2/86-109, Revision 10C.

ADDITIONAL LIST LENGTH (Byte 4)
Specifies the length of the list of drive identification information, in bytes. 
Table 7-32 shows the removable hard disk drive identification information. 
If the CDB allocation length is too small to allow the transfer of all vendor-
unique parameters, the additional length value will not be adjusted to 
reflect the truncation.

NOTE:  A RMB value of one is the major difference between the Avatar 
removable hard disk and the standard non-removable media hard 
disk.

Table 7-32 Drive Identification Information 

BYTE INFORMATION

5 Vendor Unique = 0

6 Reserved = 0 

7 Set to 18H to indicate support for synchro-
nous data transfer and linked commands.

8 – 15 Vendor Identification'

16 – 31 Product Identification (Model)

32 – 35 Microcode Revision Level

36 – 43 Microcode Date 

44 – 55 Drive Serial Number

56 – 95 Reserved = 0

96 – 119 Vendor Unique
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NOTE:  Bytes 8 through 55 are ASCII values.
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 7.1.4 READ Command, Opcode = 08H
The READ command, shown in Table 7-33, requests the drive to transfer 
data to the initiator.

 7.1.4.1 Command Structure

LOGICAL BLOCK ADDRESS (Byte 1, Bits 4–0; Bytes 2–3)
Specifies the logical block at which the READ operation will begin.

TRANSFER LENGTH (Byte 4)
Specifies the number of contiguous logical blocks of data to be trans-
ferred. A transfer length of zero indicates that 256 blocks will be trans-
ferred. Acceptable values are 00–FFH.

READ Command Operation
The cache buffer segmentation is dynamically allocated based on the cur-
rent command requirements. When the host requests read data, the drive 
transfers the data to the buffer. Two independent operations occur on 
reads:

• The drive transfers data from the disk to the buffer, 
until the amount of data transferred from the disk 
matches the transfer length or the buffer is full.

• The drive begins transferring data from the buffer to 
the SCSI bus when the percentage of the buffer that 
is full matches the Buffer Full Ratio, which is 
dynamically adjusted by the drive.

If the buffer becomes full because data transfer from the buffer to the 
SCSI bus is slower than from the disk to the buffer, the drive temporarily 
halts data transfer to the buffer until space becomes available in the buffer. 
The drive then continues transferring data from the disk to the buffer until 
the amount of data transferred equals the transfer length.

If the initiator has indicated that it supports disconnection by sending an 
IDENTIFY message with the I Support Disconnect bit (bit 6) set to one, 
the drive will disconnect whenever the buffer is empty and the amount of 
data transferred does not equal the transfer length. The Buffer Full Ratio 
controls reconnection. When the percentage of the buffer that is full 
matches the Buffer Full Ratio, the drive will initiate a reconnection. Once 

Table 7-33 READ Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 08H

1 LUN = 0 (MSB) LOGICAL BLOCK ADDRESS

2 – 3 LOGICAL BLOCK ADDRESS

4 TRANSFER LENGTH

5 VU = 0 RESERVED = 0
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the drive reconnects to the bus, its resumes data transfer from the buffer 
to the SCSI bus. If reconnection to the bus is delayed—for example, 
because the bus is busy—the drive continues transferring data from the 
disk to the buffer until the buffer is full or the drive has transferred the num-
ber of blocks requested.

 7.1.5 READ EXTENDED Command, Opcode = 28H
The READ EXTENDED command, shown in Table 7-34, requests that 
the drive transfer data to the initiator.

FUA (Byte 1, Bit 3)
A force unit access (FUA) bit of one indicates that the target accesses the 
media in performing the command prior to returning GOOD status. Read 
commands access the specified logical blocks from the media (i.e., the 
data is not directly retrieved from the cache). In the case where the cache 
contains a more recent version of a logical block than the media, the logi-
cal block first is written to the media. Write commands do not return 
GOOD status until the logical blocks have actually been written on the 
media (i.e., the data is not write cached).

An FUA bit of zero indicates that the target may satisfy the command by 
accessing the cache memory. For read operations, any logical blocks that 
are contained in the cache memory may be transferred to the initiator 
directly from the cache memory. For write operations, logical blocks may 
be transferred directly to the cache memory. GOOD status may be 
returned to the initiator prior to writing the logical blocks to the medium. 
Any error that occurs after the GOOD status is returned is a deferred 
error, and information regarding the error is not reported until a subse-
quent command.

DPO (Byte 1, Bit 4)
A disable page out (DPO) bit of one indicates that the target assigns the 
logical blocks accessed by this command the lowest priority for being 
fetched into or retained by the cache. A DPO bit of one overrides any 
retention priority specified in the cache page. A DPO bit of zero indicates 
the priority is determined by the retention priority fields in the cache page. 

Table 7-34 READ EXTENDED Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 28H

1 LUN = 0 DPO FUA RESERVED = 0 RELAD
R=0

2 – 5 (MSB) LOGICAL BLOCK ADDRESS (LSB)

6 RESERVED = 0

7 – 8 (MSB) TRANSFER LENGTH (LSB)

9 VU = 0 RESERVED = 0
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All other aspects of the algorithm implementing the cache memory 
replacement strategy are not defined.

LOGICAL BLOCK ADDRESS (Bytes 2-5)
This parameter specifies the logical block at which the read operation is to 
begin.

TRANSFER LENGTH (Bytes 7-8)
This parameter specifies the number of contiguous logical blocks of data 
to be transferred. A transfer length of zero indicates that no logical blocks 
will be transferred. Any other value indicates the specific number of logical 
blocks to be transferred.

 7.1.6 READ CAPACITY Command, Opcode = 25H
The READ CAPACITY command, shown in Table 7-35, allows the initia-
tor to request information regarding the capacity of the drive. The drive 
reports the total number of logical blocks and the block length, in bytes.

PMI—PARTIAL MEDIUM INDICATOR (Byte 9, Bit 0)
When PMI is set to zero, the drive returns its last valid logical block 
address and the block length for that logical block in the read capacity 
data. The logical block address in the command descriptor block is zero.

When PMI is set to one, the drive returns the logical block address of the 
next logical block following which a substantial delay in data transfer may 
be encountered, as well as the block length for that logical block, in the 
read capacity data. This logical block address will be greater than or equal 
to the logical block address specified in the command descriptor block.

The eight bytes of READ CAPACITY data shown in Table 7-36 will be sent 
during the DATA IN phase of the command.

Table 7-35 READ CAPACITY Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 25H

1 LUN = 0 RESERVED = 0 RELAD
R=0

2 – 5 (MSB) LOGICAL BLOCK ADDRESS (LSB)

6 – 7 RESERVED = 0

8 RESERVED = 0 PMI

9 VU = 0 RESERVED = 0
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 7.1.7 RELEASE Command, Opcode = 17H
The RELEASE command, shown in Table 7-37, releases a logical unit 
that was previously reserved. It will not cause an error if an initiator 
attempts to release a reservation that is not currently active.

EXTENT—EXTENT RESERVATION (Byte 1, Bit 0)
This parameter must be set to zero. If this bit were set to one, the drive 
would reject the RELEASE command with CHECK CONDITION status 
and the ILLEGAL REQUEST
sense key.

3RDPTY—THIRD-PARTY RESERVATION (Byte 1, Bit 4)
This RESERVE command option allows an initiator to release a logical 
unit that was previously reserved using a third-party reservation. It is 
intended for use in multiple-initiator systems that use the COPY com-
mand. When the third-party bit is set to zero, the initiator will not request a 
third-party release. When the third-party bit is set to one, the drive will 
release the specified logical unit only if the reservation was made by the 
same initiator, using the third-party reservation option, with the same 
SCSI device specified in the third-party device-ID field.

 7.1.8 REQUEST SENSE Command, Opcode = 03H

 7.1.8.1 Command Structure
The REQUEST SENSE command, shown in Table 7-38, requests 
that the drive send sense data to the initiator. The drive transmits 
the sense data returned in the CHECK CONDITION status for the 
command last executed for the initiator.

Table 7-36 READ CAPACITY Data

BIT
BYTE 7 6 5 4 3 2 1 0

0 – 3 LOGICAL BLOCK ADDRESS

4 – 7 BLOCK LENGTH

Table 7-37 RELEASE Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 17H

1 LUN = 0 3RDPT
Y

3RD PARTY DEVICE ID EXTEN
T

2 RESERVATION IDENTIFICATION = XX

3 – 4 RESERVED = 0

5 VU = 0 RESERVED = 0
7 - 16 AR3170FS/NS
SYSTEMS CORPORATION

(TM)



The drive saves the sense data for the initiator’s previous com-
mand, until either the initiator retrieves the sense data using a 
REQUEST SENSE command or the drive executes another com-
mand issued by the same initiator. When the drive receives a 
command subsequently issued by that initiator, it clears the sense 
data. A command issued by one initiator does not affect the sense 
data saved for another initiator.

The REQUEST SENSE command returns CHECK CONDITION 
status only to report a fatal error. After such an error occurs, the 
sense data may be invalid. If a nonfatal error occurs during the 
execution of a REQUEST SENSE command, the drive returns the 
sense data with a GOOD status.

ALLOCATION LENGTH
The maximum number of bytes allocated by the initiator for returned 
sense data. Acceptable values are 00–FFH. A value of zero allocates four 
bytes for returned sense data. The drive terminates a DATA IN phase 
when it has transferred either the allocated number of bytes or all avail-
able sense data to the initiator, whichever is less. An allocation length of 
18 (12H) or greater is recommended for the removable hard disk drive.

If the allocation length specified prevents the drive from sending all avail-
able sense data to the initiator, the initiator cannot recover the remaining 
data with a subsequent REQUEST SENSE command.

The removable hard disk drive uses the extended sense data format.

Table 7-38 REQUEST SENSE Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 03H

1 LUN = 0 RESERVED = 0

2 – 3 RESERVED = 0

4 ALLOCATION LENGTH (BYTES)

5 VU = 0 RESERVED = 0
COMMANDS 7 - 17
SYSTEMS CORPORATION

(TM)



 7.1.8.2 Extended Sense Data Format

VALID—INFORMATION VALID (Byte 0, Bit 7)
Set to one to indicate that the information bytes contain valid data.

ERROR CLASS AND CODE (Byte 0, Bits 6–0)
Set to 70H—current errors—to specify the extended sense data format for 
error codes.

SEGMENT NUMBER (Byte 1)
Set to zero for the removable hard disk drive.

FM—FILE MARK (Byte 2, Bit 7) 
 Set to zero by default. Reserved.

EOM—END-OF-MEDIUM (Byte 2, Bit 6)
Set to zero by default. Reserved.

ILI—INCORRECT LENGTH INDICATOR (Byte 2, Bit 5)
Normally, this bit is set to zero for the removable hard disk drive, indicating 
that the requested logical block length does not match the logical block 
length on the disk. However, on execution of a READ BUFFER, READ 
LONG, or WRITE LONG command, this bit is set to one. For a READ 
BUFFER command, this bit is set to one to indicate that the requested 
transfer length is greater than the drive’s buffer size. For a READ LONG or 
WRITE LONG command, this bit is set to one to indicate that the 
requested transfer length is greater than the logical block length.

R—RESERVED (Byte 2, Bit 4)
This parameter must be set to zero for the removable hard disk drive.

Table 7-39 Extended Sense Data Format

BIT
BYTE 7 6 5 4 3 2 1 0

0 VALID ERROR CLASS AND CODE = 70H

1 SEGMENT NUMBER = 0

2 FM = 0 EOM=0 ILI = 0 R = 0 SENSE KEY

3 – 6 INFORMATION BYTE

7 ADDITIONAL SENSE LENGTH (BYTES) = 0AH

8 – 11 RESERVED = 0

12 ADDITIONAL SENSE CODE

13 RESERVED = 0

14 FRU FAILED = 0

15 FPV C/D VENDOR UNIQUE BPV BIT POINTER = 0

16 – 17 (MSB) FIELD POINTER (LSB)
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SENSE KEY (Byte 2, Bits 3–0)
 Error sense keys

INFORMATION (Bytes 3–6)
If the VALID bit is set to one, the information field is valid and contains the 
logical block address associated with the sense key. If the drive issues a 
MEDIUM ERROR sense key, it notifies the initiator to use the REASSIGN 
BLOCKS command to map out the defective sector.

ADDITIONAL SENSE LENGTH (Byte 7)
This parameter indicates the number of additional sense bytes to follow. If 
the allocation length in the Command Descriptor Block (CDB) prevents 
the transfer of all additional sense bytes, this value is not adjusted to 
reflect their truncation. The drive uses a value of 0AH in byte 7, even 
though additional sense bytes are available.

ADDITIONAL SENSE CODE (Byte 12)
See .

FRU—FIELD REPLACEABLE UNIT FAILED (Byte 14)
A value of zero indicates that there is no field-replaceable unit failure to be 
reported.

FPV—FIELD POINTER VALID (Byte 15, Bit 7)
When FPV is set to zero, the C/D bit and BPV bit, and bytes 16 and 17 are 
invalid. When FPV is set to one, the field pointer bytes 16 and 17, the C/D 
bit, and the BPV bit are significant.

C/D—CONTROL/DATA BIT (Byte 15, Bit 6)
When C/D is set to one, the value reported in the field pointer is the CDB 
byte number for which the drive issued an ILLEGAL REQUEST sense key. 
When C/D is set to zero, the value reported in the field pointer is the byte 
number of the DATA phase for which the drive issued an ILLEGAL 
REQUEST sense key.

VENDOR UNIQUE (Byte 15, Bits 5–4)

Bits 5 and 4 of byte 15 are vendor unique.

BPV—BIT POINTER VALID (Byte 15, Bit 3)
When BPV is set to zero, the bit-pointer field is invalid. When BPV is set to 
one, the bit-pointer field (bits 0–2) is valid.

BIT POINTER (Byte 15, Bits 2–0)
When BPV is set to one, this field points to the bit within the byte that is in 
error.

FIELD POINTER (Bytes 16–17)
These bytes represent an index to the CDB fields or the DATA phase fields 
for which the drive issued an ILLEGAL REQUEST sense key. In the case 
of multiple-byte fields, the field-pointer bytes index the most significant 
byte of the field for which the drive issued an ILLEGAL REQUEST sense 
key. These bytes are valid only if the Field Pointer Valid (FPV) bit is set to 
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 7.1.9 RESERVE Command, Opcode = 16H
The RESERVE command, shown in Table 7-40, reserves a logical unit 
for the use of the initiator or another specified, third-party SCSI device. 
This command requests that the drive be reserved for the exclusive use 
of the initiator or third-party SCSI device, until the reservation is super-
seded by another valid RESERVE command from the same initiator; or 
is released by a RELEASE command from the same initiator, a BUS 
DEVICE RESET message from any initiator, or a hard RESET condition. 
The reservation of the drive will not be granted if another initiator has 
already reserved the drive. An initiator can reserve the drive when it is 
already reserved for that initiator. The reservation identification and the 
extent list length will be ignored.

If the drive is reserved for another initiator, it will return a RESERVATION 
CONFLICT status.

If, after honoring the reservation, any other initiator subsequently 
attempts to perform a command on the reserved drive—other than a 
RELEASE command, which will be ignored—the drive will reject the 
command, with RESERVATION CONFLICT status.

EXTENT—EXTENT RESERVATION (Byte 1, Bit 0)
This parameter must be set to zero. If this bit were set to one, the drive 
would reject the RESERVE command with CHECK CONDITION status 
and the ILLEGAL REQUEST
sense key.

3RDPTY—THIRD-PARTY RESERVATION (Byte 1, Bit 4)
This RESERVE command option allows an initiator to reserve a logical 
unit for another SCSI device. It is intended for use in multiple-initiator sys-
tems that use the COPY command.

 7.1.10 TEST UNIT READY Command, Opcode = 00H
The TEST UNIT READY command, shown in Table 7-41, verifies that the 
drive is up to speed and ready to accept commands requiring disk 

Table 7-40 RESERVE Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 16H

1 LUN = 0 3RDPT
Y

3RD PARTY DEVICE ID EXTEN
T

2 RESERVATION IDENTIFICATION = XX

3 – 4 EXTENT LIST LENGTH = XX

5 VU = 0 RESERVED = 0
COMMANDS 7 - 21
SYSTEMS CORPORATION

(TM)



access (see Table 7-41)

.

When the drive is ready to accept a command that requires disk access, 
it returns GOOD status in the completion status byte. If the drive is not 
ready to accept a command or requires initiator action—such as a 
START UNIT command—to become ready, the drive returns CHECK 
CONDITION status, with the sense key set to NOT READY. See 
“START/STOP UNIT Command.”

After a maximum delay of one second following power on, the drive can 
execute commands that do not require disk access. Unless the drive 
detects an error on executing such a command, it will not return CHECK 
CONDITION status with the sense key set to NOT READY, even though 
it is not ready. The following commands do not require disk access:

• REQUEST SENSE
• INQUIRY 
• RESERVE
• SEND DIAGNOSTICS
• RELEASE
• START/STOP UNIT
• READ BUFFER
• WRITE BUFFER

All other commands may require disk access. The drive is not ready until 
it has:

• Passed its hardware self tests
• Brought its motor up to speed
• Retrieved its defect list and mode parameters from reserved cyl-

inders
• Calibrated its actuator and servo parameters

 
If the drive is unable to retrieve its defect list and mode parameters, it:

• Rejects all commands requiring disk access
• Sets the sense key to 3, MEDIUM ERROR
• Sets the additional sense code 31H, MEDIUM FORMAT {

Table 7-41 TEST UNIT READY Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 00H

1 LUN = 0 RESERVED = 0

2 – 4 RESERVED = 0

5 VU = 0 RESERVED = 0
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CORRUPTED

 7.2 Optional Commands
The following paragraphs contain the optional commands supported by 
the AR3170NS/FS.

 7.2.1 MODE SELECT Command, Opcode = 15H
The MODE SELECT command, shown in Table 7-42, allows the initiator 
to specify device parameters to the drive. A MODE SELECT command 
will override any previous selection of device parameters, even by 
another initiator. Command execution will create a UNIT ATTENTION 
condition for other initiators, provided that at least one parameter 
changes.

 7.2.1.1 Command Structure

When the drive motor spins up at power on, the drive reads the 
set of device parameters most recently saved, from a reserved 
cylinder, and sets a UNIT ATTENTION condition for all initiators. 
See the Saved Mode Table.

• If the drive cannot successfully read the parameter 
values from the Saved Mode Table, these values will 
revert to their defaults and the additional sense code 
will be set to Mode Select Parameter Changed, as 
though another initiator had altered the parameters.

• If the drive can successfully read the parameter 
values, it will set the additional sense code to Drive 
Reset, to indicate a reset condition.

PF—PARAMETER FORMAT (Byte 1, Bit 4)
Not supported. See the ANSI Specification for a description of this param-

Table 7-42 MODE SELECT Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 15H

1 LUN = 0 PF = 0 RESERVED = 0 SP

2 RESERVED = 0

3 RESERVED = 0

4 PARAMETER LIST LENGTH (BYTES)

5 VU = 0 RESERVED = 0

NOTE:  If bit 1, byte 2 of MODE SELECT, page 39H, is set to a value of 
one, a UNIT ATTENTION condition will not occur.
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eter.

SP—SAVE PARAMETERS (Byte 1, Bit 0)
When SP is set to one, only the pages of the Current Mode Table that can 
be saved will be copied to the Saved Mode Table.

PARAMETER LIST LENGTH (Byte 4)
Specifies the length of the MODE SELECT parameter list transferred dur-
ing the DATA OUT phase, in bytes. A parameter list length of zero indi-
cates that the drive will transfer no data.

MODE SELECT Parameter List
The MODE SELECT parameter list, shown in Table 7-43, contains a four-
byte header, followed by zero or one block descriptors, then zero or more 
pages.

MEDIUM TYPE (Byte 1)
 Set to zero—the current medium type—by default, because the drive has 
non-removable media.

BLOCK DESCRIPTOR LENGTH (Byte 3)
Specifies the length of all of the block descriptors, in bytes. This value is 
equal to the number of block descriptors times eight. It does not include 
the pages, if any. A block descriptor length of zero indicates the drive 
includes no block descriptors in the parameter list. The removable hard 

Table 7-43 MODE SELECT Parameter List

BIT
BYTE 7 6 5 4 3 2 1 0

Mode Select Header:

0 RESERVED = 0

1 MEDIUM TYPE = 0

2 RESERVED = 0

3 BLOCK DESCRIPTION LENGTH (BYTES)

Block Descriptor:

0 DENSITY CODE = 0

1 – 3 (MSB) NUMBER OF BLOCKS (LSB)

4 RESERVED = 0

5 – 7 BLOCK LENGTH

Page Descriptor:

0 RESERVED = 0 PAGE CODE

1 PAGE LENGTH

2 - n REFER TO PAGE DESCRIPTION
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disk drive uses a single block descriptor.

BLOCK DESCRIPTOR
Specifies the media characteristics of the drive, including its logical block 
length, density code, and number of blocks.

DENSITY CODE (Byte 0)
Set to zero. This parameter is not used by direct-access devices.

NUMBER OF BLOCKS (Byte 1-3)
Specifies the number of logical blocks on the media that match the density 
code and block length in the block descriptor. A value of zero indicates 
that all remaining logical blocks on the drive have the media characteris-
tics specified by the block descriptor. Any nonzero value within the capac-
ity of the drive can limit access to a specified number of blocks.

BLOCK LENGTH (Bytes 5–7)
Specifies the length of each logical block described by the block descrip-
tor, in bytes. For the removable hard disk drive, only a block length of 512 
is allowed.

 7.2.1.2 PAGE DESCRIPTORS:

PAGE CODE (Byte 0, Bits 5–0)
Pages are optional. They can be included in any order, immediately follow-
ing the block descriptor. To avoid the specification of all mode parameter 
each time the initiator issues a MODE SELECT command, the mode 
parameters are divided into pages. A page is the smallest unit that can be 
specified in a MODE SELECT or MODE SENSE command. Each time an 
initiator accesses a page, all parameters on that page must be specified. 
Modifiable parameters can be set to any acceptable value. Unmodifiable 
parameters must be set to zero. Pages are numbered for reference. Each 
page contains parameters grouped by functionality. For example, page 1 
contains the read/write error recovery parameters that determine the 
drive’s behavior during a data-handling error, including the retry count 
parameter, and bits that turn error detection on or off, and determine 
whether the drive reports soft errors. The drive supports the pages shown 
in Table 7-44.
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PAGE LENGTH (Byte 1)
 Indicates the number of bytes for the page that follows, beginning with the 
first byte of flags or values, then continuing with consecutive bytes. The 
page length must be set to the value returned by the drive in the MODE 
SENSE page length byte. Otherwise, a CHECK CONDITION status will 
result, with a sense key of ILLEGAL REQUEST.

Table 7-44 Supported Mode Pages 

PAGE DESCRIPTION

01H Read/Write Error Recovery Parameters

02H Disconnect/Reconnect Control Parameters

03H Direct Access Device Format Parameters*

04H Rigid Disk Drive Geometry Parameters*

08H Cache Control Parameters

0CH Notch and Partition Parameters

0DH Power Mode Parameters

37H Unique Control Parameters

39H Unique Drive Control Parameters

NOTE:  * Read only. Can be accessed only via the MODE SENSE command.

NOTE:  Avatar supports Mode pages 1, 2, 3, 4, and 8. Only pages 1 and 8 
are changeable. Hence Mode Sense can be used with all the pages 
listed above, but Mode Select will only accept Page Codes 1 and/or 
8. 

For additional information on parameters, refer to the SCSI II speci-
fication.
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Error Recovery Parameters, Page Code 01H

DCR—DISABLE CORRECTION (Byte 2, Bit 0)
When set to one, DCR indicates that the data will be transferred without 
double burst error correction, whether or not correction is possible. When 
set to zero, this bit indicates that the data will be corrected, if possible. 
Uncorrectable data will be transferred without attempting error-correction; 
however, retries will be attempted. If RC (bit 4 of byte 2) is set to one, the 
drive ignores this bit. The default is zero.

DTE—DISABLE TRANSFER ON ERROR (Byte 2, Bit 1)
When set to one and PER (bit 2 of byte 2) is also set to one, DTE indi-
cates that the drive will enter CHECK CONDITION status immediately on 
detecting an error. The drive will terminate data transfer to the initiator. 
The block in error may or may not be transferred to the initiator, depending 
on the setting of the TB bit. A DTE bit set to zero enables data transfer for 
any data that can be recovered within the limits of the error-recovery flags. 
Errors are not posted until the transfer length is exhausted. If PER is zero 
or RC is one, the drive ignores this bit. The default is zero.

PER—POST ERROR (Byte 2, Bit 2)
 When set to zero, PER indicates that the drive will not enter CHECK 
CONDITION status on errors recovered within the limits established by 
the other error-recovery flags. Recovery procedures that exceed the limits 
established by the other error-recovery flags will be posted. The data 
transfer may terminate prior to exhausting the transfer length, depending 
on the error and state of the other error-recovery flags. A PER bit (bit 2 of 
byte 2) set to one enables CHECK CONDITION status to be reported for 
detected errors, with the appropriate sense key. If multiple errors occur, 
the sense data will report the logical block address at which the unrecov-
erable error occurred. If no unrecoverable error occurred, the sense data 
will report the last block in which a recovered error occurred. The default is 
zero.

Table 7-45 Error Recovery Parameters

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0 PAGE CODE = 01H

1 PAGE LENGTH = 06H

2 AWRE ARRE TB RC EEC PER DTE DCR

3 RETRY COUNT

4 CORRECTION SPAN

5 HEAD OFFSET COUNT = 10

6 DATA STROBE OFFSET COUNT = 0

7 RECOVERY TIME LIMIT = 0
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EEC—ENABLE EARLY CORRECTION (Byte 2, Bit 3)
When EEC is set to one, the drive will use its ECC algorithm if it detects 
two consecutive, equal, nonzero error syndromes. The drive will not per-
form read retries before applying correction, unless it determines that the 
error is uncorrectable. Seek or positioning retries, and the message sys-
tem’s recovery-procedure retries are not affected by the EEC bit’s value. 
When set to zero, the drive will use its normal recovery procedures when 
an error occurs. If the RC bit is one, the drive ignores this bit. The default 
is zero.

RC—READ CONTINUOUS (Byte 2, Bit 4)
When RC is set to one, the drive transfers data of the requested length, 
without adding delays that would increase data integrity—that is, delays 
caused by the drive's error-recovery scheme. To maintain a continuous 
flow of data and avoid delays, the drive may send data that is erroneous. 
Ignored errors will not cause a CHECK CONDITION status. When set to 
zero, time-consuming, error-recovery operations are acceptable during 
data transfer. The default is zero.

TB—TRANSFER BLOCK (Byte 2, Bit 5)
When set to one, TB indicates that a data block not recovered within the 
recovery time limit specified will be transferred to the initiator before the 
CHECK CONDITION status is returned. When set to zero, this bit indi-
cates that such a data block will not be transferred to the initiator. This bit 
does not affect the action taken for recovered data.

ARRE—AUTOMATIC READ REALLOCATION 
ENABLED (Byte 2, Bit 6)
 When ARRE is set to one, the drive will enable automatic reallocation of 
bad blocks. Automatic reallocation functions similarly to the REASSIGN 
BLOCKS command, but is initiated by the drive when it encounters a hard 
error—that is, when it encounters the same nonzero ECC syndrome on 
two consecutive retries. When set to zero, the drive will not automatically 
reallocate bad blocks. When RC is one, the drive ignores this bit. The 
default is one.

AWRE—AUTOMATIC WRITE REALLOCATION 
ENABLED (Byte 2, Bit 7)
When AWRE is set to one, the drive enables automatic reallocation of bad 
blocks. Automatic Write Reallocation is similar in function to Automatic 
Read Reallocation, but is initiated by the drive when a defective block 
becomes inaccessible for writes. When set to zero, the drive will not auto-
matically reallocate bad blocks. The default value is one.

RETRY COUNT (Byte 2)
 The number of times the drive will attempt to recover from a data error by 
rereading before it applies error correction. The default is eight.

CORRECTION SPAN (Byte 4)
Specifies the size, in bits, of the largest read data error on which correc-
tion can be attempted. Values range from eight to sixteen. The default is 
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sixteen.

HEAD OFFSET COUNT (Byte 5)
Set to 10, read only, indicates that if all on-track retries have failed, the 
drive will attempt to recover the data with a series of off-track reads. The 
reads will be performed 10 micro steps off center (approximately 1/25 of a 
track), on both sides of the track.

Table 7-46 summarizes the valid modes of operation for the removable 
hard disk drive.

NOTE:  The data-strobe offset and recovery-time limit (bytes 6–7) are not 
supported by the removable hard disk drive.

Table 7-46 Modes of Operation 

1 0 1 0 DESCRIPTION

0 0 0 0 Normal error recovery procedure. The drive attempts read retries 
until it reads good data, obtains a stable syndrome, or exhausts the 
retry count. When correction is possible, the drive invokes ECC. 
Data transfer is complete, unless the drive encounters an uncor-
rectable error. The drive reports only uncorrectable errors.

0 0 0 1 Same as 0,0,0,0—except the drive attempts no ECC correction. If 
read retries are unsuccessful, the drive stops the data transfer and 
reports an unrecoverable error.

0 0 1 0 Invalid Request 

0 0 1 1 Invalid Request 

0 1 0 0 Same as 0,0,0,0—except the drive reports all recoverable and 
unrecoverable data errors. The drive reports a recoverable error 
after the data transfer is complete.

0 1 0 1 Same as 0,0,0,0—except the drive reports all data errors. The drive 
reports a data error recovered through read retries after the data 
transfer is complete.

0 1 1 0 The drive attempts read retries until it reads good data, obtains sta-
ble syndrome, or exhausts the retry count. If error correction is pos-
sible, the drive invokes ECC. The drive stops data transfer on 
detecting an error and reports all data errors.

0 1 1 1 Same as 0,1,1,0—except the drive attempts no ECC correction. If 
read retries are unsuccessful, the drive reports an error as unre-
coverable.

1 0 0 0 If error correction is possible, the drive immediately invokes ECC. If 
an error is uncorrectable, the drive attempts read retries until it 
reads good data, obtains a stable syndrome, or exhausts the retry 
count. Data transfer is complete, unless the drive encounters an 
unrecoverable error. The drive reports only unrecoverable errors.

1 0 0 1 Invalid Request

1 0 1 0 Invalid Request

1 0 1 1 Invalid Request
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DATA STROBE OFFSET COUNT (Byte 6)
This byte specifies in two’s complement format the incremental position to 
which the recovered data strobe will be adjusted from its nominal setting. 
When the value of this byte is zero, there is no data strobe offset.

RECOVERY TIME LIMIT (Byte 7)
This byte specifies the time in increments of 1 ms the maximum amount of 
time the drive will use for error recovery procedures. When the value is 
zero, the drive uses its own default value.

 7.2.1.3 Disconnect/Reconnect Control Parameters, Page 
Code 02H

Buffer Full Ratio (Byte 2)
On reads, the drive disconnects when the buffer contains no data. For 
commands that require data transfer to the initiator, the buffer full ratio rep-
resents the percentage of the buffer that must become full before the drive 
will reconnect—unless the buffer can hold all requested data. The buffer 
full ratio is automatically controlled by the drive. Any value may be written 
to and read back from this byte, but the drive ignores the value, and there 

1 1 0 0 Same as 1,0,0,0—except the drive reports all data errors. The drive 
reports a recoverable error after the data transfer is complete.

1 1 0 1 Invalid Request

1 1 1 0 Same as 1,0,0,0—except the drive stops the data transfer on 
detecting a recoverable or unrecoverable error, and reports all data 
errors.

1 1 1 1 Invalid Request

Table 7-47 Disconnect/Reconnect Control Parameters 

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0 PAGE CODE = 02H

1 PAGE LENGTH = 0AH

2 BUFFER FULL RATIO

3 BUFFER EMPTY RATIO

4 – 5 BUS INACTIVITY LIMIT = 0

6 – 7 DISCONNECT TIME LIMIT = 0

8 – 9 CONNECT TIME LIMIT = 0

10 – 11 MAXIMUM BURST SIZE = 0

Table 7-46 Modes of Operation (Continued)

1 0 1 0 DESCRIPTION
7 - 30 AR3170FS/NS
SYSTEMS CORPORATION

(TM)



will be no effect on the drive operation. The drive must transfer at least 
512 bytes to the buffer before reconnection. The default value is zero.

Buffer Empty Ratio (Byte 3)
For commands that require data transfer from the initiator, the buffer 
empty ratio represents the percentage of the buffer that must become 
empty before the drive will reconnect to fetch more data—unless the 
buffer can hold all requested data. The buffer full ratio is automatically 
controlled by the drive. Any value may be written to and read back from 
this byte, but the drive ignores the value, and there will be no effect on the 
drive operation. The default value is zero.

Bus Inactivity Limit (Bytes 4–5)
This field indicates in 100 microsecond increments the maximum time that 
the target is allowed to assert the BSY signal without a REQ/ACK hand-
shake. If this limit is exceeded, an attempt will be made by the target to 
disconnect if the initiator has granted the disconnect privilege. The default 
value, zero, means that there is no bus inactivity limit.

Disconnect Time Limit (Bytes 6–7)
This field indicates in 100 mircosecond increments the minimum time the 
target waits after releasing the SCSI bus before reselection is attempted. 
The default value, zero, indicates that there is no disconnect time limit.

Connect Time Limit (Bytes 8–9)
 This field indicates in 100 microsecond increments the maximum time 
that the target is allowed to use the SCSI bus before disconnecting if the 
target has granted the disconnect privilege. The default value, zero, 
means that there is no connect time limit.

Maximum Burst Size (Bytes 10–11)
 This field indicates the maximum amount of data in term of 512 bytes that 
the target transfers during a data phase before disconnecting if the initia-
tor has granted the disconnect privilege. A value of one means 512 bytes, 
a value of two means 1024 bytes, and so on. The default value, zero, indi-
cates that there is no limit on the amount of data transferred during each 
connection.

 7.2.1.4 Cache Control, Page Code 08H

Table 7-48 Cache Control 

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0 PAGE CODE = 08H

1 PAGE LENGTH = 0AH

2 RESERVED = 0 WCE MS = 0 RCD

3 DEMAND READ RETENTION PRIOR-
ITY = 0

WRITE RETENTION PRIORITY = 0
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The Cache Control Parameters page specifies the parameters 
that control the operation of the cache. This page and page 37H 
should be used to control the caching parameters. Parameters set 
in either page cause the drive to automatically set the corre-
sponding parameters in the other page.

WCE—WRITE CACHE ENABLE (Byte 2, Bit 2)
Set to one by default, indicating that the drive returns GOOD status for a 
WRITE command after successfully receiving the data, but before writing 
it to the disk. A value of zero indicates that the drive returns GOOD status 
for a WRITE command after successfully receiving the data and writing it 
to the disk.

MS—MULTIPLE SELECTION (Byte 2, Bit 1)
Not supported.

RCD—READ CACHE DISABLE (Byte 2, Bit 0)
Set to zero by default, indicating that the removable hard disk drive can 
return some or all of the data requested by a READ command by access-
ing the cache or the disk. When the RCD bit is set to one, the drive must 
read all requested data from disk and cannot return any data by accessing 
the cache. Setting the RCD bit to one causes the drive to automatically set 
the PE and CE bits in page 37H. Setting the CE bit in page 37H causes 

the drive to turn on the RCD bit in this page.

When prefetching data, the drive reads data not yet specifically requested 
by an initiator and stores it in the cache: usually in conjunction with read-
ing requested data from the disk. Prefetching always begins at the logical 
block immediately following the last logical block previously read and 
always stops before the end of the media. The drive reports no errors to 
the initiator during prefetching, unless it is unable to execute subsequent 
commands successfully due to the error. Subsequent parameters listed in 
Table 7-48 indicate how much additional data the drive will read and store 
in the cache following a READ command.

DEMAND READ RETENTION PRIORITY (Byte 3, 
Bits 4–7)
Not supported.

4 – 5 DISABLE PREFETCH TRANSFER LENGTH = 0

6 – 7 (MSB) MINIMUM PREFETCH (LSB)

8 – 9 (MSB) MAXIMUM PREFETCH (LSB)

10 – 11 MAXIMUM PREFETCHING CEILING

Table 7-48 Cache Control (Continued)

BIT
BYTE 7 6 5 4 3 2 1 0
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WRITE RETENTION PRIORITY (Byte 3, Bits 4–7)
Not supported.

DISABLE PREFETCH TRANSFER LENGTH (Bytes 4–5)
Not supported. This feature is dynamically controlled by the drive.

MINIMUM PREFETCH (Bytes 6–7)
Not supported. This feature is dynamically controlled by the drive.

MAXIMUM PREFETCH (Bytes 8–9)
This parameter specifies the maximum number of blocks the drive will 
prefetch following a READ command—if prefetching would cause no 
delay in the execution of subsequent commands. The value is read-only, 
and is not changeable

MAXIMUM PREFETCHING CEILING (Bytes 10–11)
This field specifies an upper limit for the number of logical blocks com-
puted as the maximum prefetch. If the number of blocks that is computed 
is greater than the maximum prefetch, the number of logical blocks to 
prefetch will be truncated to the value stored in the maximum prefetch 
ceiling field. This value is automatically adjusted by the drive.

Notch and Partition, Page Code 0CH
The Notch and Partition Page, shown in Table 7-49, contains the parame-
ters that define the notch characteristics of the drive. Each notch, or zone, 
has a unique number of blocks per cylinder and spans a range of consec-
utive logical blocks. Notches cannot overlap, nor can a logical block within 
the boundaries of a notch be excluded from that notch.

PS—PARAMETERS SAVEABLE (Byte 0, Bit 7)
The MODE SENSE command reserves this bit for its use. In the   hard 

Table 7-49 Notch and Partition 

BIT
BYTE 7 6 5 4 3 2 1 0

0 PS = 0 RSVD 
= 0

PAGE CODE = 0CH

1 PAGE LENGTH = 16H

2 ND = 1 PLN = 0 RESERVED = 0

3 RESERVED = 0

4 – 5 MAXIMUM NUMBER OF NOTCHES

6 – 7 ACTIVE NOTCH

8 – 11 STARTING BOUNDARY

12 – 15 ENDING BOUNDARY

16 – 23 PAGES NOTCHED
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disk drive, PS is set to zero, indicating that the drive does not save the 
page.

ND—NOTCHED DRIVE (Byte 2, Bit 7)
This parameter indicates whether the drive is notched or not. Each notch 
has a different number of blocks per cylinder. When set to zero, ND indi-
cates that the device is not notched. The drive returns all other parame-
ters in the page as zero. When set to one, ND indicates that the device is 
notched. On notched, direct-access devices, starting and ending bound-
aries on the media define the notches. The removable hard disk drive is a 
notched device—that is, ND is set to one. This is a read-only parameter.

PLN—PHYSICAL OR LOGICAL NOTCH (Byte 2, Bit 6)
This parameter indicates whether the notch boundaries are physical or 
logical locations on the drive. When PLN is set to zero, the drive uses 
physical notch boundaries. Physical locations are defined by cylinder and 
head. When PLN is set to one, the drive uses logical notch boundaries. 
Logical locations are defined by logical block address. The removable 
hard disk drive uses physical notch boundaries—PLN is set to zero. This 
is a read-only parameter.

MAXIMUM NUMBER OF NOTCHES (Bytes 4–5)
This parameter defines the maximum number of notches supported by the 
drive. The removable hard disk drive supports a maximum of fifteen 
notches. This is a read-only parameter.

ACTIVE NOTCH (Bytes 6–7)
Set to zero by default, this parameter indicates the notch to which this and 
subsequent MODE SELECT and MODE SENSE commands refer—until a 
later MODE SELECT command changes this parameter. When this 
parameter is set to zero, this and subsequent MODE SELECT and MODE 
SENSE commands refer to those parameters that apply across all 
notches. For the removable hard disk drive, valid notch numbers range 
from zero to fifteen. This is the only Notch and Partition Page parameter 
that can be set by the MODE SELECT command. Refer to  for detailed 
values.

STARTING BOUNDARY (Bytes 8–11)
This parameter defines the starting address of the active notch. When 
active notch is set to zero, this parameter defines the starting address of 
the logical unit. For all drives, bytes 8–10 define the cylinder and byte 11 
defines the head. This is a read-only parameter.

ENDING BOUNDARY (Bytes 12–15)
This parameter defines the ending address of the active notch. Only the 
MODE SENSE command can set this parameter. When active notch is set 
to zero, this parameter defines the ending address of the logical unit. For 
all drives, bytes 12–14 define the cylinder and byte 15 defines the head. 
This is a read-only parameter.

PAGES NOTCHED (Bytes 16–23)
This parameter consists of a bit map of the mode page codes that indi-
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cates pages containing parameters that can be different for different 
notches. The most significant bit of this field corresponds to page 3FH; 

the least significant bit, to page 00H. When a bit is set to one, the corre-

sponding mode page contains parameters that can be different for differ-
ent notches. When a bit is set to zero, the corresponding mode page 
contains parameters that are constant for all notches. For the removable 
hard disk drive, the bits corresponding to pages 03H and 0CH are set to 

one, and are notch dependent. All other bits are set to zero. This is a read-
only parameter.

 7.2.1.5 Power Condition, Page Code 0DH
The Power Condition Page, shown in Table 7-51, provides the ini-
tiator the means to control the length of time the drive delays 
before changing its power requirements.

Table 7-50 Starting and Ending Boundaries 
for Active Notches 

ACTIVE
NOTCH

STARTING
BOUNDARY

ENDING
BOUNDARY

15 3575 3657

14 3325 3574

13 3121 3324

12 2882 3120

11 2611 2881

10 2376 2610

9 2160 2375

8 1910 2159

7 1673 1909

6 1475 1672

5 1231 1474

4 1004 1230

3 746 1003

2 480 745

1 0 479

System 
(0)

0 3657
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Table 7-51 Power Condition

STDBY – STANDBY CONDITION TIMER (Byte 3, Bit 0)
This parameter defines whether the drive uses the STANDBY VALUE to 
determine the length of inactivity to wait before entering Standby mode. If 
STDBY is set to one, the drive waits the period of time indicated in the 
STANDBY VALUE. The default is zero.

STANDBY VALUE (BYTES 8 – 11)
This parameter defines the time period the drive counts down before 
entering Standby mode, provided the STDBY bit is set to one. The default 
is zero.

 7.2.1.6 Unique Control Parameters, Page Code 37H

PSM—PRESERVE SYNCHRONOUS MODE (Byte 2,
 Bit 5)
When PSM is set to one, the drive will not clear the table containing the 
synchronous-mode parameters for all initiators when the drive is reset. 

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0 PAGE CODE = 0DH

1 PAGE LENGTH= 0AH

2 RESERVED = 0

3 RESERVED = 0 STDBY

4 – 7 RESERVED = 0

8 – 11 (MSB) STANDBY VALUE
(Increments of 100 ms)

(LSB)

Table 7-52 Unique Control Parameters

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0 PAGE CODE = 37H

1 PAGE LENGTH = 0EH

2 RESERVED = 0 PSM SSM WIE PO PE CE

3 NUMBER OF CACHE SEGMENTS

4 MINIMUM PREFETCH

5 MAXIMUM PREFETCH

6 – 15 RESERVED = 0
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When PSM is set to zero will cause all these parameters to be cleared 
when the drive is reset. The default is zero.

SSM—SEND SYNCHRONOUS MESSAGE (Byte 2, Bit 4)
When SSM is set to one, the drive sends the Extended Message (01) 
Synchronous Data Transfer Request to the initiator. When SSM is set to 
zero, the initiator sends the Synchronous Data Transfer Request mes-
sage. The default is zero.

WIE—WRITE INDEX ENABLE (Byte 2, Bit 3)
This bit is set by default to zero and is not used.

PO—PREFETCH ONLY (Byte 2, Bit 2)
This bit is set by default to zero and is not used.

PE—PREFETCH ENABLE (Byte 2, Bit 1)
When PE is set to one, the drive prefetches data into the cache. When PE 
is set to zero, the drive will not prefetch data into the cache. To enable the 
PE bit, the CE bit must be set to one, the default. The drive automatically 
sets this bit when the RCD bit in page 8H is set to one. PE is set to one by 

default.

CE—CACHE ENABLE (Byte 2 Bit 0)
When CE is set to one, the drive will activate caching on all reads. When 
CE is set to zero, the drive will disable caching and use the 96-kilobyte 
RAM only as a transfer buffer. The default is one. The drive automatically 
sets this bit when the RCD bit in page 8H is set to one. When the CE bit is 

set, the drive automatically turns on the RCD bit in page 8H.

NUMBER OF CACHE SEGMENTS (Byte 3)
This parameter indicates the number of segments the drive can index in 
the read cache—that is, the number of entries in the cache table. This 
byte is read-only and is dynamically adjusted by the drive.

MINIMUM PREFETCH (Byte 4)
This parameter indicates the minimum number of logical blocks the drive 
can prefetch on a cache miss for a READ command. This byte is dynami-
cally adjusted by the drive.

MAXIMUM PREFETCH (Byte 5)
This parameter indicates the maximum number of logical blocks the drive 
can prefetch on a cache miss for a READ command. This byte is dynami-
cally adjusted by the drive.

NOTE:  The following parameters control the operation of the cache. 

Mode Select page 8H can also be used to control the operation of 

the cache. When these parameters are set in either page, the drive 
automatically sets the corresponding parameters in the other page.
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 7.2.1.7 Unique Drive Control Parameters, Page Code 39H

DIO—DISABLE IDENTIFY OUT (Byte 2, Bit 7)
When DIO is set to one, the drive does not require an IDENTIFY message 
from the initiator to disconnect and reconnect. When DIO is set to zero, 

the drive requires the initiator to send an IDENTIFY message prior to dis-
connecting. The default is zero.

DII—DISABLE IDENTIFY IN (Byte 2, Bit 6)
When DII is set to one, the drive does not send an IDENTIFY message 
after reconnecting to an initiator. When DII is set to zero, the drive sends 
an IDENTIFY message after reconnecting. The default is zero.

FDB—FAST DEASSERTION OF BUSY (Byte 2, Bit 5)
This parameter is neither used nor required by applications using the 
drive. It is ignored. The default value is zero.

RUEE—REALLOCATE UNCORRECTABLE ERROR 
ENABLED (Byte 2, Bit 4)
When RUEE is set to one and the ARRE bit in page 1 of the error-recov-
ery parameters is set, the drive automatically writes data containing 
uncorrectable, hard errors to a different logical block and appends a new 
ECC that is correct for the data. Reading the new block would result in a 
MEDIUM ERROR—Reallocated Uncorrectable Data Read, with the sense 
key set to three and the sense code to AAH. Any write to the new block 

will clear this condition. When RUEE is set to zero and the drive deter-
mines that a hard error it encountered is uncorrectable, the drive will not 
attempt automatic reallocation. A CHECK CONDITION status, with a 
sense key of MEDIUM ERROR—Uncorrectable Data Error will result. The 
default is zero.

FDPE—FILL DATA PATTERN ENABLED (Byte 2, Bit 3)
When FDPE is set to one, the drive will write the data pattern specified in 
byte 2 of the FORMAT UNIT command into every user-accessible sector 

Table 7-53 Unique Drive Control Parameters

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0 PAGE CODE = 39H

1 PAGE LENGTH = 06H

2 DIO DII FDB RUEE FDPE R = 0 DUA DRT

3 DDIS DELDIS R = 0 DPC SSID SCSI ADDRESS

4 PODIS POSS POEP POWS MDLY SS R = 0 WS

5 MOTOR DELAY TIME

6 – 7 RESERVED = 0
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on the drive when it executes a FORMAT UNIT command. When FDPE is 

set to zero, the drive will ignore the information in byte 2 of the FORMAT 
UNIT command. Issuing a FORMAT UNIT command typically causes loss 
of data, even if FDPE is set to zero. Users should back up their data prior 
to formatting. The default is zero.

R—RESERVED
Bit 2 of byte 2 is reserved and must be set to zero.

DUA—DISABLE UNIT ATTENTION (Byte 2, Bit 1)
When DUA is set to one, the drive will not issue a CHECK CONDITION 
status with the UNIT ATTENTION sense key on the first command follow-
ing a reset. The drive will execute the first command issued after a reset 
condition. When DUA is set to zero, a UNIT ATTENTION condition will 
exist following a power on, or a reset caused by either a BUS DEVICE 
RESET message or a hard RESET condition. The default is zero.

DRT—DISABLE RESELECTION TIMEOUT (Byte 2, Bit 0)
When DRT is set to one, the drive will not time out during a reselection 
request. When DRT is set to zero and there is no BSY response from the 
initiator after a selection time-out period—250 milliseconds—the drive will 
clear the bus. The default is zero.

DDIS—DISABLE DISCONNECTION (Byte 3, Bit 7)
Setting DDIS to one prevents disconnection and reconnection during a 
data transfer—either a read or write. The initial disconnection due to the 
implied seek during the execution of a READ command is not prevented, 
but no other disconnect will occur. On a WRITE command, the drive will 
disconnect after transferring all data to the buffer. When DDIS is set to 
zero, disconnection is not suppressed. The default is zero.

DELDIS—DELAY OF DISCONNECTION (Byte 3, Bit 6)
This parameter is neither used nor required by applications using the 
drive. It is ignored. The default is zero.

R—RESERVED
Bit 5 of byte 3 is reserved and must be set to zero.

DPC—DISABLE PARITY CONTROL (Byte 3, Bit 4)
When set to zero, DPC controls parity checking of data across the SCSI 
bus. Setting DPC to one disables parity checking (the drive still generates 
parity, but does not perform parity checking). The default is zero.

SSID—SOFTWARE SELECTABLE ID (Byte 3, Bit 3)
When SSID is set to zero, the jumper settings on the drive PCB determine 
the drive’s SCSI ID at all times. When SSID is set to one, the SCSIADR 
bits (bits 0–2 of byte 3) determine the drive’s SCSI ID and the jumper set-
tings will be ignored. When the SSID bit is set to one, the SCSI ID will 
remain unchanged until the next reset or power on. If at initial power on, 
the SSID bit is set to one—that is, if this bit’s previous setting was saved 
on the disk—the SCSIADR bits will determine the drive’s SCSI ID. Other-
wise, the jumper settings on the drive PCB will determine its SCSI ID. The 
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default is zero.

SCSI ADDRESS (Byte 3, Bits 2–0)
If SSID (bit 3 of byte 3) is set to one, SCSIADR determines the drive’s 
SCSI ID. If SSID is set to zero, the jumper settings on the drive PCB deter-
mine its SCSI ID. See the description of SSID, above. The default is zero.

PODIS—PRODUCT OPTION JUMPER ENABLE (Byte 4, 
Bit 7)
When PODIS is set to one, the PO jumper on the drive is allowed to con-
trol the drive functions specified by various bits in this byte (byte 4) of 
Mode Page 39h. When PODIS is set to zero, the PO jumper has no con-
trol over the drive functions specified in this byte. The default is one.

POSS—Product Option Jumper Self-Seek Control (Byte 
4, Bit 6)
When POSS is set to one, the PODIS bit is set to one, the SS bit in this 
byte is set to one, and the PO jumper is installed, the drive performs self-
seek. If either POSS or PODIS are set to zero or the SS bit is set to zero, 
or the PO jumper is not installed, the drive does not perform self-seek. 
The default is zero.

POEP—Product Option Jumper Enable Parity Control 
(Byte 4, Bit 5)
When POEP is set to one, the PODIS bit is set to one, the DPC bit is set 
to zero, and the PO jumper is installed, the drive performs parity checking 
across the SCSI bus. If POEP or PODIS are set to zero, or if the DPC bit 
is set to one or the PO jumper is not installed, the drive continues to gen-
erate parity information, but does not perform parity checking. The default 
is one.

POWS—Product Option Jumper Wait Spin Control 
(Byte 4, Bit 4)
When POWS is set to one, the POWS bit is set to one, the WS bit is set to 
one, and the PO jumper is installed, the drive performs Wait/Spins. If 
POWS or PODIS are set to zero, or if the WS bit is set to zero or the PO 
jumper is not installed, the drive does not perform Wait/Spin. The default is 
zero.

MTDLY—Motor Delay Soft Jumper (Byte 4, Bit 3)
When MTDLY is set to one, the drive delays the motor start by the amount 
specified in the MOTOR DELAY TIME byte of this mode page. When the 
bit is set to zero, no motor delay is implemented. The default is zero.

SS—Self-Seek Soft Jumper (Byte 4, Bit 2)
Please refer to POSS description. The default is zero.

R—RESERVED
Bit 1 of byte 4 is reserved and must be set to zero.

WS—Wait/Spin Soft Jumper (Byte 4, Bit 0)
Please refer to POWS description. The default is zero.
7 - 40 AR3170FS/NS
SYSTEMS CORPORATION

(TM)



MOTOR DELAY TIME—(Byte 5)
The value stored in this byte specifies the motor delay time in 10 millisec-
ond increments. The LSB (bit 0) is equal to 10 milliseconds.

 7.2.2 MODE SENSE Command, Opcode = 1AH
The MODE SENSE command, shown in Table 7-54, allows a target to 
report its peripheral-device parameters to the initiator. This command 
complements the MODE SELECT command

 7.2.2.1 MODE SENSE Command Structure

DBD—DISABLE BLOCK DESCRIPTORS (Byte 1, Bit 3)
A disable block descriptors (DBD) bit of zero indicates that the target may 
return zero or more block descriptors in the returned MODE SENSE data, 
at the target’s discretion. A DBD bit of one specifies that the target shall 
not return any block descriptors in the returned MODE SENSE data.

PCF—PAGE CONTROL FIELD (Byte 2, Bits 7 & 6)
Defines the page parameter values to be returned. There are four options: 

Report Current Values (PCF = 00)
The drive returns the page defined by the page code to the 
initiator, with fields and bits set to the current values. The 
current values are either: 

• Those set by the last MODE SELECT 
command successfully completed

• Identical to the values saved—if the initiator 
has issued no MODE SELECT command 
since the last power on or reset

Fields and bits not supported by the drive are set to zero.

Report Changeable Values (PCF = 01)

Table 7-54 MODE SENSE Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 1AH

1 LUN = 0 DBD RESERVED = 0

2 PCF PAGE CODE

3 RESERVED = 0

4 ALLOCATION LENGTH

5 VU = 0 RESERVED = 0
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The drive returns the page defined by the page code to the initiator, 
with all fields and bits that can be modified by the initiator set to one. 
Fields and bits that cannot be changed by the initiator are set to zero.

Report Default Values (PCF = 10)
The drive returns the page defined by the page code to the initiator, 
with fields and bits set to the drive's default values—that is, as 
shipped from the factory. Fields and bits not supported by the drive 
are set to zero. To determine whether a returned value of zero 
indicates a default parameter or an unsupported parameter, the 
initiator can examine the modifiable values.

Report Saved Values (PCF = 11)
Not currently supported.

PAGE CODE (Byte 2, Bits 5–0)
For all page-control parameters, the value returned in the page-length 
byte indicates the number of bytes the drive supports within each page. 
This value must be specified in the page-length field (byte 1 of each page 
descriptor) when issuing the MODE SELECT command. The page code 
specifies the specific page information to be returned to the initiator in the 
MODE SENSE data. If a page code of zero is specified, no mode page 
information except the head and block descriptor is returned. The drive 
supports the pages shown in Table 7-55.

.

The MODE SENSE data provides information to the initiator about the 
drive's format parameters, if page 03H is specified, and its drive-geometry 

Table 7-55 Pages Supported

PAGE DESCRIPTION

01H Read/Write Error-Recovery Parameters

02H Disconnect/Reconnect Control Parameters

03H Direct-Access Device Format Parameters (MODE SENSE only)

04H Rigid Disk Drive Geometry Parameters—valid for the MODE SENSE command 
only

08H Cache Control Parameters

3FH Return all pages to the initiator—valid for the MODE SENSE command only

NOTE:  Avatar supports Mode pages 1, 2, 3, 4, and 8. Only pages 1 and 8 
are changeable. Hence Mode Sense can be used with all the pages 
listed above, but Mode Select will only accept Page Codes 1 and/or 
8. 

For additional information on parameters, refer to the SCSI II speci-
fication.
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parameters, if page 04H, is specified. If page 3FH is specified, the drive 

returns information from all pages implemented to the initiator in the 
MODE SENSE data. This page code is valid only in the MODE SENSE 
command. Specifying page code 04H in a MODE SELECT command 

results in a CHECK CONDITION status, with the Illegal Request sense 
key.

ALLOCATION LENGTH (Byte 4)
This parameter specifies the number of bytes the initiator has allocated for 
returned MODE SENSE data. An allocation length of zero indicates that 
the drive will transfer no MODE SENSE data. Any other value indicates 
the maximum number of bytes that the drive will transfer. The drive will ter-
minate the DATA IN phase when it has transferred either the allocation-
length bytes or all available MODE SENSE data to the initiator, whichever 
is less.

MODE SENSE DATA
The MODE SENSE data, shown in Table 7-56, contain a four-byte header, 
followed by an eight-byte block descriptor, then zero or more pages. The 
meaning and organization of these data are the same as for the corre-
sponding MODE SELECT data—see Section 7.2.1—which are modified 
by the option specified in the page-control field of the CDB, byte 2.
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 7.2.2.2 MODE SENSE Data

SENSE DATA LENGTH (Byte 0)
This parameter specifies the length, in bytes, of the MODE SENSE data to 
be transferred during the DATA IN phase. The sense data length does not 
include its own length.

WP—WRITE PROTECTED (Byte 2, Bit 7)
WP is always set to zero, indicating that the drive is write enabled.

BLOCK DESCRIPTOR LENGTH (Byte 3)
This parameter specifies the length of all of the block descriptors, in bytes, 
and is set to eight for the hard disk drive.

Block Descriptor
The block descriptor specifies the media characteristics of the drive—
in its density code, number of blocks, and block length. These 
characteristics are the same as those in the corresponding fields in 
the MODE SELECT parameter list.

PS—PARAMETERS SAVEABLE (Byte 0, Bit 7)
When PS is set to zero in each page header, the drive cannot save the 
supported parameters on that page. When PS is set to one, the drive can 
save the supported parameters on that page. The drive can save all pages 
with parameters that can be modified by the initiator.

Table 7-56 MODE SENSE Data

BIT
BYTE 7 6 5 4 3 2 1 0

MODE SENSE Header:

0 SENSE DATA LENGTH

1 MEDIUM TYPE = 0

2 WP = 0 RESERVED = 0

3 BLOCK DESCRIPTOR LENGTH = 8

Block Descriptor:

0 DENSITY CODE = 0

1 NUMBER OF BLOCKS

2 RESERVED = 0

3 BLOCK LENGTH

Page Descriptions:

0 PS R = 0 PAGE CODE

1 PAGE LENGTH

2 – n REFER TO PAGES DEFINITION
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 7.2.2.3 Direct-Access Device Format Parameters, Page 
Code 03H

Table 7-57 shows the direct-access device format parameters.

 7.2.2.4 DEFECT-HANDLING FIELDS: 

TRACKS PER ZONE (Byte 2–3)
The value in this field indicates the number of tracks per defect zone. 

ALTERNATE SECTORS PER ZONE (Bytes 4–5)
The value in this field indicates the number of sectors per zone the drive 
deallocates from the initiator-addressable blocks on execution of the FOR-
MAT UNIT command. These sectors are available as replacement sectors 
for defective sectors.

ALTERNATE TRACKS PER ZONE (Bytes 6–7)
Set to zero. The drive does not allocate alternate tracks.

Table 7-57 Direct-Access Device Format Parameters

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0 PAGE CODE = 03H

1 PAGE LENGTH = 16H

2 – 3 TRACKS PER ZONE (2, 3, or 4)

4 – 5 ALTERNATE SECTORS PER ZONE (1 or 2)

6 – 7 ALTERNATE TRACKS PER ZONE (0)

8 – 9 ALTERNATE TRACKS PER LOGICAL UNIT (0)

10 – 11 SECTORS PER TRACK*

12 – 13 DATA BYTES PER PHYSICAL SECTOR (200H)

14 – 15 INTERLEAVE (1)

16 – 17 TRACK SKEW FACTOR*

18 – 19 CYLINDER SKEW FACTOR*

20 SSEC = 
1

HSEC 
= 0

RMB = 
0

SURF = 
0

RESERVED = 0

21 – 23 RESERVED = 0

NOTE:  *These fields contain values that are zone dependent. Their values 
depend on the active zone.
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ALTERNATE TRACKS PER LOGICAL UNIT (Bytes 8–9)
Set to zero. The drive does not allocate alternate tracks.

 7.2.2.5 TRACK-FORMAT FIELD

SECTORS PER TRACK (Bytes 10–11)
The value in this field indicates the number of physical sectors the drive 
allocates per track. Set to zero, indicating that the drive has a variable 
number of sectors per track.

 7.2.2.6 SECTOR-FORMAT FIELDS 

DATA BYTES PER PHYSICAL SECTOR (Bytes 12–13)
This parameter indicates the number of data bytes the drive allocates per 
physical sector. This value may be different from the block descriptor 
length specified in the MODE SELECT parameters. Each physical sector 
on the drive contains 512 data bytes.

INTERLEAVE (Bytes 14–15)
The drive has an interleave factor of one.

TRACK SKEW FACTOR (Bytes 16–17)

No supported.

CYLINDER SKEW FACTOR (Bytes 18–19)
Not supported

SSEC—SOFT SECTOR (Byte 20, Bit 7)
SSEC is always set to one, indicating that the hard disk drive uses soft 
sector formatting.

HSEC—HARD SECTOR (Byte 20, Bit 6)
HSEC is always set to zero, indicating that the hard disk drive does not 
use hard sector formatting. The HSEC and SSEC bits are mutually exclu-
sive.

RMB—REMOVABLE (Byte 20, Bit 5)
Set to one for the removable hard disk drive, indicating that the logical unit 
is removable.

SURF—SURFACE (Byte 20, Bit 4)
Set to zero, indicating that the drive allocates successive addresses to all 
sectors within a cylinder, prior to allocating sector addresses to the next 
cylinder.
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7.2.2.7 Rigid Disk Drive Geometry Parameters, Page Code 04H

The embedded SCSI controller on the hard disk drive handles the 
write precompensation starting cylinders, reduced write current 
starting cylinders, and drive step rate fields.

STARTING CYLINDER WRITE PRECOMPENSATION 
(Bytes 6–8)
This field contains the number of the physical cylinder at which the drive 
begins to perform write precompensation.

LANDING ZONE CYLINDER (Bytes 14–16)
This parameter is set to zero, because the drive automatically parks the 
heads in the landing zone at power off. This field applies only to drives that 
do not automatically seek to the landing zone, before stopping the spindle 
motor.

 7.2.3 PREVENT/ALLOW MEDIUM REMOVAL Command, 
Opcode = 1EH

The PREVENT ALLOW MEDIUM REMOVAL command, seeTable 7-59, 
requests that the target enable or disable the removal of the medium in 
the logical unit. This mechanism is independent of device reservations 
and the target shall not allow medium removal if any initiator currently 
has medium removal prevented

Table 7-58 Rigid Disk Drive Geometry Parameters

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0 PAGE CODE = 04H

1 PAGE LENGTH = 12H

2 (MSB) NUMBER OF CYLINDERS = 0

3 NUMBER OF CYLINDERS = 0EH

4 NUMBER OF CYLINDERS = 49H (LSB)

5 NUMBER OF HEADS (2, 3, or 4)

6 – 8 STARTING CYLINDER – WRITE PRECOMPENSATION = 000E4AH

9 – 11

12 – 13

14 – 16 LANDING ZONE CYLINDER = 0

17 – 19 RESERVED = 0
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.

The prevention of medium removal shall begin when any initiator issues 
a PREVENT ALLOW MEDIUM REMOVAL command with a prevent bit 
of one (medium removal prevented). The prevention of medium removal 
for the logical unit shall terminate:

a. After all initiators that have medium removal prevented issue PRE-
VENT ALLOW MEDIUM REMOVAL commands with a prevent bit of 
zero, and the target has successfully performed a synchronize 
cache operation.

b. Upon receipt of a BUS DEVICE RESET message from any initiator

or

c. Upon a hard RESET condition.

While a prevention of medium removal condition is in effect the target 
shall inhibit mechanisms that normally allow removal of the medium by 
an operator.

 7.2.4 READ BUFFER Command, Opcode = 3CH
Used in conjunction with the WRITE BUFFER command, the READ 
BUFFER command, shown in Table 7-60, tests the memory in the drive 
and the integrity of the SCSI bus. This command does not alter the 
media.

Table 7-59 Prevent Allow Medium Removal Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 1EH

1 LUN = 0 RESERVED = 0

2 PCF PAGE CODE

3 RESERVED = 0

4 RESERTVED = 0 PREVENT

5 CONTROL
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BUFFER ID (Byte 2)
This parameter selects one of the four 64 kilobyte cache buffers. Accept-
able values are 0, 1, 2, or 3.

BUFFER OFFSET (Bytes 3–5)
This parameter specifies the address offset (from location zero) into the 
buffer.

 7.2.4.1 ALLOCATION LENGTH (Bytes 6–8)
This parameter specifies the maximum number of bytes the initia-
tor has allocated for returned data. An allocation length of zero 
indicates that the drive will transfer no header or data bytes. Any 
other value indicates the maximum number of bytes to be trans-
ferred.

The function of the READ BUFFER command and the information 
in the allocation-length field depend on the information in the 
mode field. Table 7-61 defines the mode field.

Table 7-60 READ BUFFER Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 3CH

1 LUN = 0 RESERVED = 0 MODE

2 BUFFER ID

3 – 5 BUFFER OFFSET

6 – 8 (MSB) ALLOCATION LENGTH (LSB)

9 CONTROL BYTE

Table 7-61 READ BUFFER Mode Field 

BYTE 1
MODE

BIT 2 BIT 1 BIT 0

0 0 0 Read combined header and data

0 0 1 Vendor unique

0 1 0 Data

0 1 1 Descriptor

1 0 0 Reserved

1 0 1 Reserved

1 1 0 Reserved

1 1 1 Reserved
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 7.2.4.2 COMBINED HEADER AND DATA Mode (000B)

In this mode, the drive returns header and data bytes to the initia-
tor during the DATA IN phase. The four-byte READ BUFFER 
header, shown in Table 7-62, is followed by data bytes from the 
drive data buffer. The specified allocation length (bytes 6–8) must 
include both header and data bytes. The drive terminates the 
DATA IN phase when it has transferred the allocated number of 
bytes—header plus data—or all available header and data bytes 
to the initiator, whichever occurs first.

AVAILABLE LENGTH (Bytes 1–3)
This parameter specifies the total number of data bytes available in the 
drive's data buffer. This number is reduced neither to reflect the allocation 
length, nor the actual number of bytes written by the WRITE BUFFER 
command. Following the READ BUFFER header, the drive will transfer 
data from its data buffer. The number of data bytes transferred following 
the READ BUFFER header will equal the allocation length minus four or 
64 kilobytes, whichever is less.

 7.2.4.3 VENDOR-UNIQUE Mode (001B)

Not used by the removable hard disk drive.

 7.2.4.4 DATA Mode (010B)

In this mode, the DATA IN phase contains only buffer data. The 
drive terminates the DATA IN phase when it has transferred the 
allocated number of bytes of data or all data to the initiator, which-
ever occurs first.

 7.2.5 READ DEFECT DATA Command, Opcode = 37H
The READ DEFECT DATA command, shown in Table 7-63, requests that 
the drive transfer the media-defect data to the initiator.

Table 7-62 READ BUFFER Header

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0

1 – 3 (MSB) AVAILABLE LENGTH (LSB)

Table 7-63 READ DEFECT DATA Command 

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 37H

1 LUN = 0 RESERVED = 0
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P—PRIMARY (Byte 2, Bit 4)
When set to one, this parameter indicates that the initiator will request the 
return of the primary, or factory, defect list.

G—GROWN (Byte 2, Bit 3)
When set to one, this parameter indicates that the initiator will request the 
return of the field-found defect list.

DEFECT LIST FORMAT (Byte 2, Bits 0–2)
This parameter specifies the preferred format for the defect list to be 
returned by the drive. If the initiator requests a format not supported by 
the drive, the drive will return the defect data in Physical Sector Format; 
then enter CHECK CONDITION status, with the RECOVERED ERROR 
sense key. The drive supports two defect-data formats:

• PHYSICAL SECTOR FROM INDEX FORMAT 
(101B) —This format returns the physical cylinder, 
head, and sector location from index of the media 
defects.

• BYTES OFFSET FROM INDEX (100B)— This 
format returns the physical cylinder, head, and the 
bytes offset from index of the defect location. The 
offset number reported represents the first byte of the 
defective sector.

ALLOCATION LENGTH (Bytes 7–8)
This parameter specifies the number of bytes the initiator has allocated for 
returned defect data. An allocation length of zero indicates that no defect 
data are to be transferred. Any other value indicates the maximum num-
ber of bytes to be transferred. The drive will terminate the DATA IN phase 
when the number of bytes specified by the allocation length or all available 
defect data have been transferred to the initiator, whichever is less.

As shown in Table 7-64, the defect-data list contains a four-byte header, 
followed by zero or more defect descriptors

2 RESERVED = 0 P G DEFECT LIST FORMAT

3 – 6 RESERVED = 0

7 – 8 (MSB) ALLOCATION LENGTH (LSB)

9 VU = 0 RESERVED = 0

NOTE:  With bits P and G both set to one, the initiator requests the 
drive to return both the primary and field-found defect lists. If 
the P and G bits were both set to zero, the drive would 
return only the defect-list header bytes.

Table 7-63 READ DEFECT DATA Command (Continued)

BIT
BYTE 7 6 5 4 3 2 1 0
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P AND G (Byte 1, Bits 3–4)
These parameters indicate the defect list—primary or field-found—that 
the drive returns to the initiator.

DEFECT LIST FORMAT (Byte 1, Bits 0–2)
This parameter specifies the actual format of the defect list—Physical 
Sector Format or Bytes Offset From Index Format. These defect-descrip-
tor formats are shown in Table 7-65 and Table 7-66, respectively.

DEFECT LIST LENGTH (Bytes 2–3)
This parameter specifies the total length, in bytes, of the defect descrip-
tors that follow. The defect list length is equal to eight times the number of 
defect descriptors. If the allocation length of the CDB is insufficient to 
allow the transfer of all of the defect descriptors, the defect list length will 

not be adjusted to reflect their truncation.

Table 7-64 Defect List Header

BIT
BYTE 7 6 5 4 3 2 1 0

0 RESERVED = 0

1 RESERVED = 0 P G DEFECT LIST FORMAT

2 – 3 (MSB) DEFECT LIST LENGTH (LSB)

Table 7-65 Physical Sector Format

BIT
BYTE 7 6 5 4 3 2 1 0

0 – 2 (MSB) CYLINDER NUMBER (LSB)

3 HEAD NUMBER

4 – 7 (MSB) SECTOR NUMBER (LSB)

Table 7-66 Bytes Offset From Index Format

BIT
BYTE 7 6 5 4 3 2 1 0

0 – 2 (MSB) CYLINDER NUMBER (LSB)

3 HEAD NUMBER

4 – 7 (MSB) BYTES OFFSET (LSB)
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 7.2.6 REASSIGN BLOCKS Command, Opcode = 07H
The REASSIGN BLOCKS command, shown in Table 7-67, requests the 
drive to reassign defective logical blocks to sectors reserved as spares.

The initiator transfers a defect list during the DATA OUT phase that fol-
lows the command bytes. This defect list contains the logical block 
addresses to be reassigned by the drive. The drive will reassign the sec-
tors that correspond to each logical block address in the list. If recover-
able under the MODE SELECT error-recovery parameters, the data in 
the logical blocks specified by the defect list will be preserved. The data 
in all other logical blocks will be preserved. If specified, a logical block 
that has previously been reassigned can be reassigned again. The 
address of the defective logical block will be added to the drive's list of 
field-found defects.

The REASSIGN BLOCKS defect list, shown in Table 7-68, contains a 
four-byte header, followed by one or more defect descriptors. The length 
of each defect descriptor is four bytes. The defect list length field speci-
fies the total length of the defect descriptors, in bytes. Therefore, the 
defect list length is equal to four times the number of defect descriptors.

NOTE:  The REASSIGN BLOCKS command adds to the grown and working 
defects lists, but it will not alter the contents of the Primary Defects 
List, which indicates the location of permanent disk defects.

Because the drive must access spare locations, block reassign-
ment may degrade its performance. The FORMAT UNIT command 
performs in-line sparing, which increases performance. However, 
the FORMAT UNIT command will erase the disk contents.

Table 7-67 REASSIGN BLOCKS Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 07H

1 LUN = 0 RESERVED = 0

2 – 4 RESERVED = 0

5 VU = 0 RESERVED = 0
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The defect descriptor specifies the four-byte address of the logical block 
that contains the defect. 

If the drive has insufficient capacity to reassign all defective logical 
blocks, the command terminates with a CHECK CONDITION status and 
the drive sets the sense key to HARDWARE ERROR, with the additional 
sense code Defect List is Full. The the drive returns the logical block 
address of the first logical block not reassigned in the information bytes 
of the sense data.

 7.2.7 REZERO UNIT Command, Opcode = 01H
The REZERO UNIT command, shown in Table 7-69, requests that the 
drive actuator be repositioned to cylinder zero and head zero.

Table 7-68 REASSIGN BLOCKS Defect List

BIT
BYTE 7 6 5 4 3 2 1 0

Defect List Header:

0 – 1 RESERVED = 0

2 – 3 (MSB) DEFECT LIST LENGTH (LSB)

Defect Descriptor(s):

0 – 3 (MSB) (LSB)

Table 7-69 REZERO UNIT Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 01H

1 LUN = 0 RESERVED = 0

2 – 4 RESERVED = 0

5 VU = 0 RESERVED = 0
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 7.2.8 SEEK Commands, Opcode = 0BH and 2BH
The SEEK commands, shown in Table 7-70, and Table 7-71 request the 
drive to seek to the specified logical block address.

LOGICAL BLOCK ADDRESS (Byte 1, Bits 5–0; Bits 2–3)
Specifies the logical block to which the drive will reposition the actuator 

after completing the SEEK operation.

 7.2.9 START/STOP UNIT Command, Opcode = 1BH
The START/STOP UNIT command, shown in Table 7-72, requests that 
the logical unit be enabled or disabled for further operations.

Table 7-70 SEEK (6) Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 0BH

1 LUN = 0 (MSB) LOGICAL BLOCK ADDRESS

2 – 3 LOGICAL BLOCK ADDRESS

4 RESERVED = 0

5 VU = 0 RESERVED = 0

Table 7-71 SEEK (10)Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 2BH

1 LUN = 0 RESERVED

2 (MSB)

3 –4 LOGICAL BLOCK ADDRESS

5 (LSB)

6 – 8 RESERVED = 0

9 VU = 0 RESERVED = 0

Table 7-72 START/STOP UNIT Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 1BH

1 LUN = 0 RESERVED = 0 IMMED
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IMMED—IMMEDIATE (Byte 1, Bit 0)
When IMMED is set to one, the drive will return status as soon as it ini-
tiates an operation. When IMMED is set to zero, the drive will return status 
after completing an operation.

START (Byte 4, Bit 0)
When set to one, this parameter requests that the drive be started. When 
set to zero, this parameter requests that the drive be stopped. A request to 
start or stop the drive can be repeated without causing an error. If the 
state requested is the same as the drive’s current state, this parameter will 
have no effect on the drive.

 7.2.10 VERIFY Command, Opcode = 2FH
The VERIFY command, shown in Table 7-73, requests the drive to verify 
the data written on the disk.

2 – 3 RESERVED = 0

4 RESERVED = 0 START

5 VU = 0 RESERVED = 0

NOTE:  A pair of jumper pins on the drive PCB, labeled WS, dis-
ables/enables the autostart option. When the jumper is not 
installed, no command is required to start the drive. When 
the jumper is installed, the drive requires a START/STOP 
UNIT command to enable its operation. This configuration 
is recommended only for systems that require the power 
sequencing of devices—usually to limit power supply surge 
currents.
When the drive has stopped, due to a START/STOP UNIT 
command, both the spindle motor and actuator are disabled 
and do not draw appreciable currents. Starting the drive 
requires up to 16 seconds before commands requiring disk 
access can be executed. See TEST UNIT READY.

Table 7-73 VERIFY Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 2FH

Table 7-72 START/STOP UNIT Command

BIT
BYTE 7 6 5 4 3 2 1 0
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BYTCHK—BYTE CHECK (Byte 1, Bit 1)
This parameter must be set to zero. When this bit is set to one, the com-
mand will terminate in a CHECK CONDITION status, with the ILLEGAL 
REQUEST sense key.

LOGICAL BLOCK ADDRESS (Bytes 2–5)
This parameter specifies the logical block at which the verify operation is 
to begin.

VERIFICATION LENGTH (Bytes 7–8)
This parameter specifies the number of contiguous logical blocks of data 
the drive will verify. A transfer length of zero indicates that the drive will 
verify no logical blocks. Any other value indicates the specific number of 
logical blocks to be verified.

 7.2.11 WRITE (6) Command, Opcode = 0AH
The WRITE (6) command, as shown in Table 7-74, requests that the 
data transferred to the target be written in the area specified by the logi-
cal block address.

 7.2.11.1 Command Structure

1 LUN = 0 RESERVED = 0 BYTCHK RELAD
R=0

2 – 5 (MSB) LOGICAL BLOCK ADDRESS (LSB)

6 RESERVED = 0

7 – 8 (MSB) VERIFICATION LENGTH (LSB)

9 VU = 0 RESERVED = 0

Table 7-74 WRITE (6) Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 0AH

1 LUN = 0 (MSB) LOGICAL BLOCK ADDRESS

2 – 3 LOGICAL BLOCK ADDRESS

4 TRANSFER LENGTH

5 VU = 0 RESERVED = 0

Table 7-73 VERIFY Command

BIT
BYTE 7 6 5 4 3 2 1 0
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LOGICAL BLOCK ADDRESS (Byte 1, Bits 4–0; 
Bytes 2–3)
Specifies the logical block at which the WRITE operation will begin.

TRANSFER LENGTH (Byte 4)
Specifies the number of contiguous logical blocks to be transferred. A 
transfer length of zero indicates that 256 blocks will be transferred. 
Acceptable values are 00–FFH.

 7.2.11.2 WRITE Command Operation
The cache segmentation is dynamically allocated based on the 
current command requirements. When the host sends data to the 
drive, the drive stores the data in the buffer. Then, when the head 
is over the correct sector on the track, the drive writes the data 
from the buffer to the disk. Two independent operations occur on 
writes: 

• The drive transfers data from the SCSI bus to the 
buffer, until the amount of data transferred from the 
disk matches the transfer length or the buffer is full.

• The drive transfers data from the buffer to the disk as 
long as the buffer contains data and the head is over 
the correct sector.

If the buffer becomes empty because data transfer from the SCSI 
bus to the buffer is slower than from the buffer to the disk, the 
drive temporarily halts data transfer to the disk until new data is 
written in the buffer. If the buffer becomes full because data trans-
fer from the buffer to the disk is slower than from the SCSI bus to 
the buffer, the drive temporarily halts data transfer from the SCSI 
bus to the buffer until space becomes available in the buffer.

If the initiator has indicated that it supports disconnection by 
sending an IDENTIFY message with the I Support Disconnect bit 
(bit 6) set to one, the drive will disconnect whenever the buffer is 
full or the amount of data transferred to the disk matches the 
transfer length. The Buffer Full Ratio, which is dynamically 
adjusted by the drive, controls reconnection. When the percent-
age of the buffer that is full matches the Buffer Full Ratio, the drive 
will initiate a reconnection. Once the drive reconnects to the bus, 
its resumes data transfer from the SCSI bus to the buffer.

 7.2.11.3 Write Cache
When a write command is executed with write caching enabled, 
the removable drive stores the data to be written in a buffer and 
immediately sends a COMMAND COMPLETE message to the 
host before the data is actually written to the disk. The host is then 
free to move on to other tasks, such as preparing data for the next 
data transfer, without having to wait for the drive to seek to the 
appropriate track or rotate to the specified sector.
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While the host is preparing data for the next transfer, the drive 
immediately writes the cached data to the disk, usually complet-
ing the operation in less than 20 ms after issuing COMMAND 
COMPLETE. With a write cache, a single-block random write, for 
example, requires only about 3 ms of host time. Without a write 
cache, the same operation would occupy the host for about 20 
ms.

This allows data to be transferred in a continuous flow to the 
removable drive rather than as individual blocks of data separated 
by disk access delays. This is achieved by taking advantage of the 
ability to write blocks of data sequentially on a disk that is format-
ted with a 1:1 interleave. This means that as the last byte of data 
is transferred out of the write cache, and the head passes over 
the next sector of the disk, the first byte of the next block of data is 
ready to be transferred; thus there is no interruption or delay in 
the data transfer process.

The write cache algorithm writes data to the cache buffer while 
simultaneously transferring data to the disk that was previously 
written to the cache.

 7.2.12 WRITE (10) Command, Opcode = 2AH
The WRITE (10) command, shown in Table 7-75, requests that the 
removable drive write the data transferred by the initiator to the disk.

FUA (Byte 1, Bit 3)
A force unit access (FUA) bit of one indicates that the target accesses the 
media in performing the command prior to returning GOOD status. Read 
commands access the specified logical blocks from the media (i.e., the 
data is not directly retrieved from the cache). In the case where the cache 
contains a more recent version of a logical block than the media, the logi-
cal block first is written to the media. Write commands do not return 
GOOD status until the logical blocks have actually been written on the 

Table 7-75 WRITE (10) Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 2AH

1 LUN = 0 DPO FUA RESERVED = 0 RELAD
R=0

2 – 5 (MSB) LOGICAL BLOCK ADDRESS (LSB)

6 RESERVED = 0

7 – 8 (MSB) TRANSFER LENGTH (LSB)

9 VU = 0 RESERVED = 0
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media (i.e., the data is not write cached).

An FUA bit of zero indicates that the target may satisfy the command by 
accessing the cache memory. For read operations, any logical blocks that 
are contained in the cache memory may be transferred to the initiator 
directly from the cache memory. For write operations, logical blocks may 
be transferred directly to the cache memory. GOOD status may be 
returned to the initiator prior to writing the logical blocks to the medium. 
Any error that occurs after the GOOD status is returned is a deferred 
error, and information regarding the error is not reported until a subse-
quent command.

DPO (Byte 1, Bit 4)
A disable page out (DPO) bit of one indicates that the target assigns the 
logical blocks accessed by this command the lowest priority for being 
fetched into or retained by the cache. A DPO bit of one overrides any 
retention priority specified in the cache page. A DPO bit of zero indicates 
the priority is determined by the retention priority fields in the cache page. 
All other aspects of the algorithm implementing the cache memory 
replacement strategy are not defined.

LOGICAL BLOCK ADDRESS (Bytes 2–5)
This parameter specifies the logical block at which the write operation is to 
begin.

TRANSFER LENGTH (Bytes 7–8)
This parameter specifies the number of contiguous logical blocks of data 
to be transferred. A transfer length of zero indicates that no logical blocks 
will be transferred and no data will be written to the disk. Any other value 
indicates the specific number of logical blocks to be transferred.

 7.2.13 WRITE BUFFER Command, Opcode = 3BH
The WRITE BUFFER command, shown in Table 7-76, is used in con-
junction with the READ BUFFER command to test the target memory 
and integrity of the SCSI bus. This command will not alter the media.

Table 7-76 WRITE BUFFER Command

BIT
BYTE 7 6 5 4 3 2 1 0

0 OPCODE = 3BH

1 LUN = 0 RESERVED = 0 MODE

2 BUFFER ID

3 – 5 BUFFER OFFSET

6 – 8 (MSB) TRANSFER LENGTH (LSB)

9 CONTROL BYTE
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BUFFER ID (Byte 2)
This parameter is not used.

BUFFER OFFSET (Bytes 3–5)
This parameter specifies the address offset (from location zero) into the 
buffer.

TRANSFER LENGTH (Bytes 6–8)
This parameter specifies the maximum number of bytes to be transferred 
during the DATA OUT phase.

The function of the WRITE BUFFER command and the information in the 
transfer-length field depend on the information in the mode field. Table 7-
77 defines the mode field.

 7.2.13.1 COMBINED HEADER AND DATA Mode (000B)

In this mode, a four-byte header that contains all reserved bytes 
precedes the data to be transferred. The specified transfer length 
(bytes 6–8) must include both header and data bytes. The amount 
of data to be stored in the drive’s buffer equals the transfer length 
minus four. The initiator should ensure that the transfer length is 
not greater than four plus the available-length field returned in the 
header of the READ BUFFER command (mode 000B). If the 
transfer length exceeds this amount, the drive will return CHECK 
CONDITION status, with the sense key ILLEGAL REQUEST 
(05H).

 7.2.13.2 VENDOR UNIQUE Mode (001B)
Not used by the removable hard disk drive.

 7.2.13.3 DATA Mode (010B)

Table 7-77 WRITE BUFFER Mode Field

BYTE 1
MODE

BIT 2 BIT 1 BIT 0

0 0 0 Write combined header and data

0 0 1 Vendor unique

0 1 0 Write data

0 1 1 Reserved

1 0 0 Not supported

1 0 1 Download microcode and save

1 1 0 Reserved

1 1 1 Reserved
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In this mode, the DATA OUT phase contains buffer data. The 
transfer length (bytes 6–8) specifies the maximum number of 
bytes that the drive will transfer during the DATA OUT phase to be 
stored in the buffer. The initiator should ensure that the transfer 
length does not exceed the capacity of the buffer. The buffer 
capacity can be determined by the available-length field in the 
READ BUFFER header. If the transfer-length field specifies a 
transfer that would exceed the buffer capacity, the drive will return 
CHECK CONDITION status, with the sense key ILLEGAL 
REQUEST (05H).

 7.2.13.4 DOWNLOAD MICROCODE AND SAVE Mode (101B)

In this mode, vendor-specific microcode or control information is 
transferred to the target and, if the WRITE BUFFER command is 
completed successfully, the information is saved in a non-volatile 
memory space (semiconductor, disk, or other). The downloaded 
code is then effective after each power-cycle and reset until it is 
supplanted in another download microcode and save operation.

The meanings of the buffer ID, buffer offset, and parameter list 
length fields are not specified and are not required to be zero-
filled. When the DOWNLOAD MICROCODE AND SAVE com-
mand has completed successfully, the target generates a unit 
attention condition for all initiators except the one that issued the 
WRITE BUFFER command. When reporting the unit attention 
condition, the target sets the additional sense code to MICRO-
CODE HAS BEEN CHANGED.
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	Bulleted List - • The maximum number of bytes that can be • transf...
	Bulleted List - • For six-byte commands, up to 256 blocks can be •...
	Bulleted List - • For ten-byte commands, up to 65,535 blocks can b...
	Heading 1 - 6.12 COMPLETION STATUS BYTE

	Bulleted List - • An ABORT message
	Bulleted List - • A BUS DEVICE RESET message
	Bulleted List - • A hard RESET condition
	Bulleted List - • An unexpected disconnect
	TableCap - Table 6-16 Status Byte


	CellBody - 0
	CellBody - RESERVED
	CellBody - STATUS BYTE CODE
	CellBody - RSVD
	TableCap - Table 6-17 Drive Status Byte Code Bit Values

	CellBody - R
	CellBody - R
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - R
	CellBody - GOOD
	CellBody - R
	CellBody - R
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - 1
	CellBody - R
	CellBody - CHECK CONDITION
	CellBody - R
	CellBody - R
	CellBody - 0
	CellBody - 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - R
	CellBody - BUSY
	CellBody - R
	CellBody - R
	CellBody - 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - R
	CellBody - INTERMEDIATE/GOOD
	CellBody - R
	CellBody - R
	CellBody - 0
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - R
	CellBody - RESERVATION CONFLICT
	TableCap - Table 6-18 Status Codes for the Drive

	CellBody - GOOD
	CellBody - 00H
	CellBody - The drive successfully completed a linked command,...
	CellBody - CHECK CONDITION
	CellBody - 02H
	CellBody - An error, exception, or abnormal condition occurre...
	CellBody - BUSY
	CellBody - 08H
	CellBody - The drive is busy and unable to process a command ...
	CellBody - INTERMEDIATE/GOOD
	CellBody - 10H
	CellBody - Not supported.
	CellBody - RESERVATION CONFLICT
	CellBody - 18H
	CellBody - The initiator attempted to access a logical unit r...
	Heading 1 - 6.13 READING AND WRITING
	Heading 2 - 6.13.1 Logical Block
	Heading 2 - 6.13.2 Logical Block Address Ranges
	Heading 2 - 6.13.3 Transferring Data

	Bulleted List - • When using the Group 1, or extended form of, REA...
	Bulleted List - • A standard READ or WRITE command uses only • one...
	Heading 1 - 6.14 CONFIGURING THE REMOVABLE HARD DISK DRIVE
	Heading 2 - 6.14.1 Operating Modes
	Heading 2 - 6.14.2 Operating Mode Tables


	Bulleted List - • The Changeable Parameters Table informs an • ini...
	Bulleted List - • The Default Mode Table allows the user to restor...
	Section - Section 7 Section 7 SCSI COMMAND Section 7 DESCRIP...
	Heading 1 - 7.1 SCSI COMMANDS
	Heading 2 - 7.1.1 Mandatory Commands
	Heading 2 - 7.1.2 FORMAT UNIT Command, Opcode = 04H
	Heading 3 - 7.1.2.1 Command Structure


	TableCap - Table 7-19 FORMAT UNIT Command



	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - FMTDAT
	CellBody - CMPLST
	CellBody - DEFECT LIST FORMAT
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 4 - FMTDAT—FORMAT DATA (Byte 1, Bit 4)
	Heading 4 - CMPLST—COMPLETE LIST (Byte 1, Bit 3)
	Heading 4 - DEFECT LIST FORMAT (Byte 1, Bits 2–0)
	Heading 4 - DATA PATTERN (Byte 2)
	Heading 4 - INTERLEAVE FIELD (Bytes 3–4)
	TableCap - Table 7-20 FORMAT UNIT Command Variations�


	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - 1
	CellBody - –
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - 2
	CellBody - –
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - 3
	CellBody - –
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - X
	CellBody - X
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - 4
	CellBody - No Defect List
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 1
	CellBody - 1
	CellBody - –
	CellBody - 5
	CellBody - –
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 0
	CellBody - 0
	CellBody - –
	CellBody - 6
	CellBody - –
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 1
	CellBody - 1
	CellBody - –
	CellBody - 7
	CellBody - –
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 0
	CellBody - 0
	CellBody - –
	CellBody - 8
	CellBody - –
	CellBody - 1
	CellBody - 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - Bytes Offset from Index Format
	CellBody - 1
	CellBody - 0
	CellBody - 1
	CellBody - 0
	CellBody - 1
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - Physical Sector Format
	CellBody - 1
	CellBody - X
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - Vendor Unique (Not Used)
	CellBody - 1
	CellBody - X
	CellBody - 1
	CellBody - 1
	CellBody - 1
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - –
	CellBody - Reserved
	TableCap - Table 7-21 Defect List—Logical Block Format�

	CellBody - 
	CellBody - Defect List Header:
	CellBody - 0
	CellBody - RESERVED
	CellBody - 1
	CellBody - FOV
	CellBody - DPRY
	CellBody - DCRT
	CellBody - STPF
	CellBody - RESERVED
	CellBody - 2 – 3
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 
	CellBody - Defect Descriptor(s):
	CellBody - 0 – 4
	CellBody - (MSB)
	CellBody - DEFECT LOGICAL BLOCK ADDRESS
	CellBody - (LSB)
	Heading 4 - FOV—FORMAT OPTIONS VALID (Byte 1, Bit 7)
	Bulleted List - • Format with absolutely no defects
	Bulleted List - • Format with original factory defects only
	Bulleted List - • Format with grown, or field-found, defects only—...
	Bulleted List - • Format with existing defects—factory and grown •...
	Bulleted List - • Format with provided defects only—disregarding •...
	Bulleted List - • Format with provided defects and factory defects...
	Bulleted List - • Format with provided defects and existing grown ...
	Bulleted List - • Format with provided defects and existing defect...
	TableCap - Table 7-22 FORMAT UNIT – Format with Absolutely No...



	CellBody - 
	CellBody - FORMAT UNIT Command:
	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU=0
	CellBody - RESERVED = 0
	CellBody - F
	CellBody - L
	CellBody - 
	CellBody - Defect List Header:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 1
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - (MSB)
	CellBody - DEFECT LENGTH = 0
	CellBody - (LSB)
	TableCap - Table 7-23 FORMAT UNIT – Format with Original Fact...

	CellBody - 
	CellBody - FORMAT UNIT Command:
	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU=0
	CellBody - RESERVED = 0
	CellBody - 
	CellBody - Defect List Header:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - (MSB)
	CellBody - DEFECT LENGTH = 0
	CellBody - (LSB)
	TableCap - Table 7-24 FORMAT UNIT – Format with Grown Defects...

	CellBody - 
	CellBody - FORMAT UNIT Command:
	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU=0
	CellBody - RESERVED = 0
	CellBody - 
	CellBody - Defect List Header:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 1
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - (MSB)
	CellBody - DEFECT LENGTH = 0
	CellBody - (LSB)
	TableCap - Table 7-25 FORMAT UNIT – Format with Existing Defe...

	CellBody - 
	CellBody - FORMAT UNIT Command:
	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - X
	CellBody - X
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU=0
	CellBody - RESERVED = 0
	TableCap - Table 7-26 FORMAT UNIT – Format with Provided Defe...

	CellBody - 
	CellBody - FORMAT UNIT Command:
	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU=0
	CellBody - RESERVED = 0
	CellBody - 
	CellBody - Defect List Header:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 1
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - (MSB)
	CellBody - DEFECT LENGTH
	CellBody - (LSB)
	TableCap - Table 7-27 FORMAT UNIT – Format with Provided Defe...

	CellBody - 
	CellBody - FORMAT UNIT Command:
	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU=0
	CellBody - RESERVED = 0
	CellBody - 
	CellBody - Defect List Header:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - (MSB)
	CellBody - DEFECT LENGTH
	CellBody - (LSB)
	TableCap - Table 7-28 FORMAT UNIT – Format with Provided Defe...

	CellBody - 
	CellBody - FORMAT UNIT Command:
	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU=0
	CellBody - RESERVED = 0
	CellBody - 
	CellBody - Defect List Header:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 1
	CellBody - 1
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - (MSB)
	CellBody - DEFECT LENGTH
	CellBody - (LSB)
	TableCap - Table 7-29 FORMAT UNIT – Format with Provided Defe...

	CellBody - 
	CellBody - FORMAT UNIT Command:
	CellBody - 0
	CellBody - OPCODE = 04H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - X
	CellBody - X
	CellBody - 2
	CellBody - DATA PATTERN
	CellBody - 3 – 4
	CellBody - (MSB)
	CellBody - INTERLEAVE = XX
	CellBody - (LSB)
	CellBody - 5
	CellBody - VU=0
	CellBody - RESERVED = 0
	CellBody - 
	CellBody - Defect List Header:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 1
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - (MSB)
	CellBody - DEFECT LENGTH
	CellBody - (LSB)
	Heading 2 - 7.1.3 INQUIRY Command, Opcode = 12H
	Heading 3 - 7.1.3.1 Command Structure

	TableCap - Table 7-30 INQUIRY Command�

	CellBody - 0
	CellBody - OPCODE = 12H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - RESERVED = 0
	CellBody - 4
	CellBody - ALLOCATION LENGTH (BYTES)
	CellBody - 5
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 4 - ALLOCATION LENGTH
	Heading 3 - 7.1.3.2 INQUIRY DATA Format
	TableCap - Table 7-31 INQUIRY DATA Format


	CellBody - 0
	CellBody - PERIPHERAL QUALIFIER = 0
	CellBody - PERIPHERAL DEVICE TYPE = 0
	CellBody - 1
	CellBody - RMB = 0
	CellBody - DEVICE TYPE MODIFIER = 0
	CellBody - 2
	CellBody - RESERVED = 0
	CellBody - ECMA VERSION = 0
	CellBody - ANSI VERSION = 2
	CellBody - 3
	CellBody - RESERVED = 0
	CellBody - RESPONSE DATA FORMAT = 1
	CellBody - 4
	CellBody - ADDITIONAL LIST LENGTH
	Heading 4 - PERIPHERAL QUALIFIERS (Byte 0, Bits 5–7)
	Heading 4 - PERIPHERAL DEVICE TYPE (Byte 0, Bits 0–4)
	Heading 4 - RMB—REMOVABLE MEDIUM BIT (Byte 1, Bit 7)
	Heading 4 - ECMA VERSION (Byte 2, Bits 5–3)
	Heading 4 - ANSI VERSION (Byte 2, Bits 2–0)
	Heading 4 - RESPONSE DATA FORMAT (Byte 3, Bits 3–0)
	Heading 4 - ADDITIONAL LIST LENGTH (Byte 4)
	TableCap - Table 7-32 Drive Identification Information�


	CellBody - 5
	CellBody - Vendor Unique = 0
	CellBody - 6
	CellBody - Reserved = 0
	CellBody - 7
	CellBody - Set to 18H to indicate support for synchronous dat...
	CellBody - 8 – 15
	CellBody - Vendor Identification'
	CellBody - 16 – 31
	CellBody - Product Identification (Model)
	CellBody - 32 – 35
	CellBody - Microcode Revision Level
	CellBody - 36 – 43
	CellBody - Microcode Date
	CellBody - 44 – 55
	CellBody - Drive Serial Number
	CellBody - 56 – 95
	CellBody - Reserved = 0
	CellBody - 96 – 119
	CellBody - Vendor Unique
	Heading 2 - 7.1.4 READ Command, Opcode = 08H
	Heading 3 - 7.1.4.1 Command Structure

	TableCap - Table 7-33 READ Command

	CellBody - 0
	CellBody - OPCODE = 08H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - (MSB)
	CellBody - LOGICAL BLOCK ADDRESS
	CellBody - 2 – 3
	CellBody - LOGICAL BLOCK ADDRESS
	CellBody - 4
	CellBody - TRANSFER LENGTH
	CellBody - 5
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 4 - LOGICAL BLOCK ADDRESS (Byte 1, Bits 4–0; Bytes 2–3...
	Heading 4 - TRANSFER LENGTH (Byte 4)
	Heading 4 - READ Command Operation
	Bulleted List - • The drive transfers data from the disk to the bu...
	Bulleted List - • The drive begins transferring data from the buff...
	Heading 2 - 7.1.5 READ EXTENDED Command, Opcode = 28H
	TableCap - Table 7-34 READ EXTENDED Command



	CellBody - 0
	CellBody - OPCODE = 28H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - DPO
	CellBody - FUA
	CellBody - RESERVED = 0
	CellBody - RELAD R=0
	CellBody - 2 – 5
	CellBody - (MSB)
	CellBody - LOGICAL BLOCK ADDRESS
	CellBody - (LSB)
	CellBody - 6
	CellBody - RESERVED = 0
	CellBody - 7 – 8
	CellBody - (MSB)
	CellBody - TRANSFER LENGTH
	CellBody - (LSB)
	CellBody - 9
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 4 - FUA (Byte 1, Bit 3)
	Heading 4 - DPO (Byte 1, Bit 4)
	Heading 4 - LOGICAL BLOCK ADDRESS (Bytes 2-5)
	Heading 4 - TRANSFER LENGTH (Bytes 7-8)
	Heading 2 - 7.1.6 READ CAPACITY Command, Opcode = 25H
	TableCap - Table 7-35 READ CAPACITY Command


	CellBody - 0
	CellBody - OPCODE = 25H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - RESERVED = 0
	CellBody - RELAD R=0
	CellBody - 2 – 5
	CellBody - (MSB)
	CellBody - LOGICAL BLOCK ADDRESS
	CellBody - (LSB)
	CellBody - 6 – 7
	CellBody - RESERVED = 0
	CellBody - 8
	CellBody - RESERVED = 0
	CellBody - PMI
	CellBody - 9
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 4 - PMI—PARTIAL MEDIUM INDICATOR (Byte 9, Bit 0)
	TableCap - Table 7-36 READ CAPACITY Data


	CellBody - 0 – 3
	CellBody - LOGICAL BLOCK ADDRESS
	CellBody - 4 – 7
	CellBody - BLOCK LENGTH
	Heading 2 - 7.1.7 RELEASE Command, Opcode = 17H
	TableCap - Table 7-37 RELEASE Command

	CellBody - 0
	CellBody - OPCODE = 17H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 3RDPT Y
	CellBody - 3RD PARTY DEVICE ID
	CellBody - EXTEN T
	CellBody - 2
	CellBody - RESERVATION IDENTIFICATION = XX
	CellBody - 3 – 4
	CellBody - RESERVED = 0
	CellBody - 5
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 4 - EXTENT—EXTENT RESERVATION (Byte 1, Bit 0)
	Heading 4 - 3RDPTY—THIRD-PARTY RESERVATION (Byte 1, Bit 4)
	Heading 2 - 7.1.8 REQUEST SENSE Command, Opcode = 03H
	Heading 3 - 7.1.8.1 Command Structure

	TableCap - Table 7-38 REQUEST SENSE Command


	CellBody - 0
	CellBody - OPCODE = 03H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - RESERVED = 0
	CellBody - 2 – 3
	CellBody - RESERVED = 0
	CellBody - 4
	CellBody - ALLOCATION LENGTH (BYTES)
	CellBody - 5
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 4 - ALLOCATION LENGTH
	Heading 3 - 7.1.8.2 Extended Sense Data Format
	TableCap - Table 7-39 Extended Sense Data Format


	CellBody - 0
	CellBody - VALID
	CellBody - ERROR CLASS AND CODE = 70H
	CellBody - 1
	CellBody - SEGMENT NUMBER = 0
	CellBody - 2
	CellBody - FM = 0
	CellBody - EOM=0
	CellBody - ILI = 0
	CellBody - R = 0
	CellBody - SENSE KEY
	CellBody - 3 – 6
	CellBody - INFORMATION BYTE
	CellBody - 7
	CellBody - ADDITIONAL SENSE LENGTH (BYTES) = 0AH
	CellBody - 8 – 11
	CellBody - RESERVED = 0
	CellBody - 12
	CellBody - ADDITIONAL SENSE CODE
	CellBody - 13
	CellBody - RESERVED = 0
	CellBody - 14
	CellBody - FRU FAILED = 0
	CellBody - 15
	CellBody - FPV
	CellBody - C/D
	CellBody - VENDOR UNIQUE
	CellBody - BPV
	CellBody - BIT POINTER = 0
	CellBody - 16 – 17
	CellBody - (MSB)
	CellBody - FIELD POINTER
	CellBody - (LSB)
	Heading 4 - VALID—INFORMATION VALID (Byte 0, Bit 7)
	Heading 4 - ERROR CLASS AND CODE (Byte 0, Bits 6–0)
	Heading 4 - SEGMENT NUMBER (Byte 1)
	Heading 4 - FM—FILE MARK (Byte 2, Bit 7)
	Heading 4 - EOM—END-OF-MEDIUM (Byte 2, Bit 6)
	Heading 4 - ILI—INCORRECT LENGTH INDICATOR (Byte 2, Bit 5)
	Heading 4 - R—RESERVED (Byte 2, Bit 4)
	Heading 4 - SENSE KEY (Byte 2, Bits 3–0)
	Heading 4 - INFORMATION (Bytes 3–6)
	Heading 4 - ADDITIONAL SENSE LENGTH (Byte 7)
	Heading 4 - ADDITIONAL SENSE CODE (Byte 12)
	Heading 4 - FRU—FIELD REPLACEABLE UNIT FAILED (Byte 14)
	Heading 4 - FPV—FIELD POINTER VALID (Byte 15, Bit 7)
	Heading 4 - C/D—CONTROL/DATA BIT (Byte 15, Bit 6)
	Heading 4 - BPV—BIT POINTER VALID (Byte 15, Bit 3)
	Heading 4 - BIT POINTER (Byte 15, Bits 2–0)
	Heading 4 - FIELD POINTER (Bytes 16–17)
	Heading 2 - 7.1.9 RESERVE Command, Opcode = 16H
	TableCap - Table 7-40 RESERVE Command


	CellBody - 0
	CellBody - OPCODE = 16H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - 3RDPT Y
	CellBody - 3RD PARTY DEVICE ID
	CellBody - EXTEN T
	CellBody - 2
	CellBody - RESERVATION IDENTIFICATION = XX
	CellBody - 3 – 4
	CellBody - EXTENT LIST LENGTH = XX
	CellBody - 5
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 4 - EXTENT—EXTENT RESERVATION (Byte 1, Bit 0)
	Heading 4 - 3RDPTY—THIRD-PARTY RESERVATION (Byte 1, Bit 4)
	Heading 2 - 7.1.10 TEST UNIT READY Command, Opcode = 00H
	TableCap - Table 7-41 TEST UNIT READY Command


	CellBody - 0
	CellBody - OPCODE = 00H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - RESERVED = 0
	CellBody - 2 – 4
	CellBody - RESERVED = 0
	CellBody - 5
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Heading 1 - 7.2 Optional Commands
	Heading 2 - 7.2.1 MODE SELECT Command, Opcode = 15H
	Heading 3 - 7.2.1.1 Command Structure


	TableCap - Table 7-42 MODE SELECT Command

	CellBody - 0
	CellBody - OPCODE = 15H
	CellBody - 1
	CellBody - LUN = 0
	CellBody - PF = 0
	CellBody - RESERVED = 0
	CellBody - SP
	CellBody - 2
	CellBody - RESERVED = 0
	CellBody - 3
	CellBody - RESERVED = 0
	CellBody - 4
	CellBody - PARAMETER LIST LENGTH (BYTES)
	CellBody - 5
	CellBody - VU = 0
	CellBody - RESERVED = 0
	Bulleted List - • If the drive cannot successfully read the parame...
	Bulleted List - • If the drive can successfully read the parameter...
	Heading 4 - PF—PARAMETER FORMAT (Byte 1, Bit 4)
	Heading 4 - SP—SAVE PARAMETERS (Byte 1, Bit 0)
	Heading 4 - PARAMETER LIST LENGTH (Byte 4)
	Heading 4 - MODE SELECT Parameter List
	TableCap - Table 7-43 MODE SELECT Parameter List


	CellBody - 
	CellBody - Mode Select Header:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - 1
	CellBody - MEDIUM TYPE = 0
	CellBody - 2
	CellBody - RESERVED = 0
	CellBody - 3
	CellBody - BLOCK DESCRIPTION LENGTH (BYTES)
	CellBody - 
	CellBody - Block Descriptor:
	CellBody - 0
	CellBody - DENSITY CODE = 0
	CellBody - 1 – 3
	CellBody - (MSB)
	CellBody - NUMBER OF BLOCKS
	CellBody - (LSB)
	CellBody - 4
	CellBody - RESERVED = 0
	CellBody - 5 – 7
	CellBody - BLOCK LENGTH
	CellBody - 
	CellBody - Page Descriptor:
	CellBody - 0
	CellBody - RESERVED = 0
	CellBody - PAGE CODE
	CellBody - 1
	CellBody - PAGE LENGTH
	CellBody - 2 - n
	CellBody - REFER TO PAGE DESCRIPTION
	Heading 4 - MEDIUM TYPE (Byte 1)
	Heading 4 - BLOCK DESCRIPTOR LENGTH (Byte 3)
	Heading 4 - BLOCK DESCRIPTOR
	Heading 4 - DENSITY CODE (Byte 0)
	Heading 4 - NUMBER OF BLOCKS (Byte 1-3)
	Heading 4 - BLOCK LENGTH (Bytes 5–7)
	Heading 3 - 7.2.1.2 PAGE DESCRIPTORS:

	Heading 4 - PAGE CODE (Byte 0, Bits 5–0)
	TableCap - Table 7-44 Supported Mode Pages�


	CellBody - 01H
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