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commands.
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Revision 3 - 3 May 1996
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• Modified PACKET protocol flowcharts as requested
• Added proposal D96102R2, Pins A-D on 44-pin connector
• Made text changes requested during review
• Added ATA3 letter ballot comment resolution
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ANSI®

X3.****-199x

American National Standard
for Information Systems 

AT Attachment
with Packet Interface Extension  (ATA/ATAPI-4)

Secretariat
Information Technology Industry Council

Approved mm dd yy

American National Standards Institute, Inc.

Abstract

This standard specifies the AT Attachment Interface between host systems and storage devices. It provides
a common attachment interface for systems manufacturers, system integrators, software suppliers, and
suppliers of intelligent storage devices. It includes the Packet Command feature set implemented by
devices commonly known as ATAPI devices.

This standard maintains a high degree of compatibility with the AT Attachment-3 Interface (ATA-3), X3.298-
1997, and while providing additional functions, is not intended to require changes to presently installed
devices or existing software.
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American
National
Standard

Approval of an American National Standard requires verification by ANSI that the
requirements for due process, consensus, and other criteria for approval have
been met by the standards developer. Consensus is established when, in the
judgment of the ANSI Board of Standards Review, substantial agreement has
been reached by directly and materially affected interests. Substantial agreement
means much more than a simple majority, but not necessarily unanimity.
Consensus requires that all views and objections be considered, and that effort be
made towards their resolution.

The use of American National Standards is completely voluntary; their existence
does not in any respect preclude anyone, whether he has approved the standards
or not, from manufacturing, marketing, purchasing, or using products, processes,
or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in
no circumstances give interpretation on any American National Standard.
Moreover, no person shall have the right or authority to issue an interpretation of
an American National Standard in the name of the American National Standards
Institute. Requests for interpretations should be addressed to the secretariat or
sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised or
withdrawn at any time. The procedures of the American National Standards
Institute require that action be taken periodically to reaffirm, revise, or withdraw
this standard. Purchasers of American National Standards may receive current
information on all standards by calling or writing the American National Standards
Institute.

CAUTION: The developers of this standard have requested that holders of patents that may be
required for the implementation of the standard, disclose such patents to the publisher.  However,
neither the developers nor the publisher have undertaken a patent search in order to identify
which, if any, patents may apply to this standard.

As of the date of publication of this standard and following calls for the identification of patents that
may  be required for the implementation of the standard, notice of one or more such claims has
been received.

By publication of this standard, no position is taken with respect to the validity of this claim or of
any rights in connection therewith. The patent holders have, however, filed a statement of
willingness to grant a license under these rights on reasonable and nondiscriminatory terms and
conditions to applicants desiring to obtain such a license. Details may be obtained from the
publisher.

No further patent search is conducted by the developer or the publisher in respect to any standard
it processes.  No representation is made or implied that licenses are not required to avoid
infringement in the use of this standard.

Published by
American National Standards Institute
11 West 42nd Street, New York, New York  10036

Copyright 199n by American National Standards Institute
All rights reserved.
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Table 7 − Security mode command actions
Command Locked mode Unlocked

mode
Frozen mode

CHECK POWER MODE Executable Executable Executable
CFA REQUEST EXTENDED ERROR CODE Executable Executable Executable

CFA ERASE SECTORS Command aborted Executable Executable
CFA TRANSLATE SECTOR Executable Executable Executable

CFA WRITE MULTIPLE WITHOUT ERASE Command aborted Executable Executable
CFA WRITE SECTORS WITHOUT ERASE Command aborted Executable Executable

DEVICE RESET Executable Executable Executable
DOWNLOAD MICROCODE Executable Executable Executable

EXECUTE DEVICE DIAGNOSTIC Executable Executable Executable
FLUSH CACHE Command aborted Executable Executable

GET MEDIA STATUS Command aborted Executable Executable
IDENTIFY DEVICE Executable Executable Executable

IDENTIFY PACKET DEVICE Executable Executable Executable
IDLE Executable Executable Executable

IDLE IMMEDIATE Executable Executable Executable
INITIALIZE DEVICE PARAMETERS Executable Executable Executable

MEDIA EJECT Command aborted Executable Executable
MEDIA LOCK Command aborted Executable Executable

MEDIA UNLOCK Command aborted Executable Executable
NOP Executable Executable Executable

PACKET Command aborted Executable Executable
READ BUFFER Executable Executable Executable

READ DMA Command aborted Executable Executable
READ DMA QUEUED Command aborted Executable Executable

READ MULTIPLE Command aborted Executable Executable
READ NATIVE MAX ADDRESS Executable Executable Executable

READ SECTORS Command aborted Executable Executable
READ VERIFY SECTORS Command aborted Executable Executable

SECURITY DISABLE PASSWORD Command aborted Executable Command aborted
SECURITY ERASE PREPARE Executable Executable Executable

SECURITY ERASE UNIT Executable Executable Command aborted
SECURITY FREEZE LOCK Command aborted Executable Executable

SECURITY SET PASSWORD Command aborted Executable Command aborted
SECURITY UNLOCK Executable Executable Command aborted

SEEK Executable Executable Executable
SERVICE Command aborted Executable Executable

SET FEATURES Executable Executable Executable
SET MAX ADDRESS Command aborted Executable Executable

SET MULTIPLE MODE Executable Executable Executable
SLEEP Executable Executable Executable

SMART DISABLE OPERATIONS Executable Executable Executable
SMART ENABLE/DISABLE AUTOSAVE Executable Executable Executable

SMART ENABLE OPERATIONS Executable Executable Executable
SMART EXECUTE OFF-LINE IMMEDIATE Executable Executable Executable

SMART READ DATA Executable Executable Executable
SMART RETURN STATUS Executable Executable Executable

SMART SAVE ATTRIBUTE VALUES Executable Executable Executable
STANDBY Executable Executable Executable

STANDBY IMMEDIATE Executable Executable Executable
WRITE BUFFER Executable Executable Executable

WRITE DMA Command aborted Executable Executable
WRITE DMA QUEUED Command aborted Executable Executable

WRITE MULTIPLE Command aborted Executable Executable
WRITE SECTORS Command aborted Executable Executable
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8 Command descriptions

Commands are issued to the device by loading the pertinent registers in the command block with the
needed parameters and then writing the command code to the Command register.

Each command description in the following clauses contains the following subclauses:

Command code - Indicates the command code for this command.

Feature set - Indicates feature set and if the command is:
− Mandatory - Required to be implemented by devices as specified.
− Optional - Implementation is optional but if implemented shall be implemented as specified.

Protocol - Indicates which protocol is used by the command (see clause 9).

Inputs - Describes the Command Block register data that the host shall supply.

Register 7 6 5 4 3 2 1 0
Features

Sector Count
Sector Number
Cylinder Low
Cylinder High
Device/Head
Command Command Code

NOTE − na indicates the content of a bit or field is not applicable to the particular
command. obs indicates that the use of this bit is obsolete.

Normal outputs - Describes the Command Block register data returned by the device at the end of a
command.

Register 7 6 5 4 3 2 1 0
Error

Sector Count
Sector Number
Cylinder Low
Cylinder High
Device/Head

Status
NOTE − na indicates the content of a bit or field is not applicable to the particular
command. obs indicates that the use of this bit is obsolete.

Error outputs - Describes the Command Block register data that shall be returned by the device at command
completion with an unrecoverable error.
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Register 7 6 5 4 3 2 1 0
Error

Sector Count
Sector Number
Cylinder Low
Cylinder High
Device/Head

Status
NOTE − na indicates the content of a bit or field is not applicable to the particular
command. obs indicates that the use of this bit is obsolete.

Prerequisites - Any prerequisite commands or conditions that shall be met before the command is issued.

Description - The description of the command function(s).
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8.1  CFA ERASE SECTORS

8.1.1 Command code

C0h

8.1.2 Feature set

CFA feature set.
− If the CFA feature set is implemented this command shall be implemented.

This command code is Vendor Specific for devices not implementing the CFA feature Set.

8.1.3 Protocol

Non-data command (see 9.9).

8.1.4 Inputs

The Cylinder Low, Cylinder High, Device/Head, and Sector Number specify the starting sector address to be
erased. The Sector Count register specifies the number of sectors to be erased.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA

Command C0h

Sector Count -
number of sectors to be erased. A value of 00h indicates that 256 sectors are to be erased.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head -
bit 6 set to one if LBA address, cleared to zero if CHS address starting head number or LBA address
bits (27:24).

8.1.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector

Number
na

Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY na na na na na ERR
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Status register
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
ERR shall be cleared to zero.

8.1.6 Error outputs

The device shall return command aborted if the command is not supported. An unrecoverable error
encountered during execution of this command results in the termination of the command.  The command
block registers contain the address of the sector where the first unrecovered error occurred.

Register 7 6 5 4 3 2 1 0
Error na na na IDNF na ABRT na MED

Sector Count na
Sector

Number
Sector number or LBA

Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na na na na ERR

Error Register -
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

ABRT shall be set to one if the command is not supported. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

MED shall be set to one if a media error is detected.
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
Status register -

BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
ERR shall be set to one if an Error register bit is set to one.

8.1.7 Prerequisites

DRDY set equal to one.

8.1.8 Description

This command pre-erases and conditions from 1 to 256 sectors as specified in the Sector Count register.
This command should be issued in advance of a CFA WRITE SECTORS WITHOUT ERASE or a CFA
WRITE MULTIPLE WITHOUT ERASE command to increase the execution speed of the write operation.
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8.2 CFA REQUEST EXTENDED ERROR CODE

8.2.1 Command code

03h

8.2.2 Feature set

CFA feature set.
− If the CFA feature set is implemented this command shall be implemented.

8.2.3 Protocol

Non-data command (see 9.9).

8.2.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Command 03h

8.2.5 Normal outputs

The extended error code written into the Error register is an 8-bit code. Table 8 defines these values.

Register 7 6 5 4 3 2 1 0
Error Extended error code

Sector Count Vendor specific
Sector

Number
Vendor specific

Cylinder Low Vendor specific
Cylinder High Vendor specific
Device/Head obs na obs DEV Vendor specific

Status BSY DRDY na na na na na ERR

Error register -
Extended error code.

Sector Number, Cylinder Low, Cylinder High, Device/Head -
May contain additional  information.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
ERR shall be cleared to zero.
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Table 8 −− Extended error codes
Extended error code Description

00h No error detected / no additional information
01h Self test passed
03h Write / Erase failed
05h Self test or diagnostic failed
09h Miscellaneous error
0Bh Vendor specific
0Ch Corrupted media format

0D-0Fh Vendor specific
10h ID Not Found / ID Error
11h Uncorrectable ECC error
14h ID Not Found
18h Corrected ECC error

1Dh, 1Eh Vendor specific
1Fh Data transfer error  / command aborted
20h Invalid command
21h Invalid address

22-23h Vendor specific
27h Write protect violation
2Fh Address overflow (address too large)

30-34h Self test or diagnostic failed
35h, 36h Supply or generated voltage out of tolerance
37h, 3Eh Self test or diagnostic failed

38h Corrupted media format
39h Vendor specific
3Ah Spare sectors exhausted

3Bh 3Ch, 3Fh Corrupted media format
3Dh Vendor specific

All other values Reserved

8.2.6 Error outputs

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector

Number
na

Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na na na na ERR

Error Register -
ABRT shall be set to one if the command is not supported. ABRT may be set to one if the device is
not able to complete the action requested by the command.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
ERR shall be set to one if an Error register bit is set to one.
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8.2.7 Prerequisites

DRDY set equal to one.

8.2.8 Description

This command provides an extended error code which identifies the cause of an error condition in more
detail than is available with Status and Error register values. The CFA REQUEST EXTENDED ERROR
CODE command must be issued to the device immediately following the command which ended with an
error condition to obtain valid extended error code information.
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8.3 CFA TRANSLATE SECTOR

8.3.1 Command code

87h

8.3.2 Feature set

CFA feature set.
− If the CFA feature set is implemented this command shall be implemented.

This command code is Vendor Specific for devices not implementing the CFA feature Set.

8.3.3 Protocol

PIO data in command (see 9.7).

8.3.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA

Command 87h

Sector Number -
sector number or LBA address bits (7:0).

Cylinder Low -
cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head -
bit 6 set to one if LBA address, cleared to zero if CHS address head number or LBA address bits
(27:24).

8.3.5 Normal outputs

A 512 byte information table is transferred to the host. Table 9 defines these values.

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector

Number
na

Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY na na na na na ERR
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Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
ERR shall be cleared to zero.

Table 9 −− CFA TRANSLATE SECTOR Information
Byte Description
00h Cylinder number MSB
01h Cylinder number LSB
02h Head number
03h Sector number
04h LBA bits (23:16)
05h LBA bits (15:8)
06h LBA bits (7:0)

07-12h Reserved
13h Sector erased flag (FFh = erased; 00h = not erased)

14-17h Reserved
18h Sector write cycles count bits (23:16)
19h Sector write cycles count bits (15:8)
1Ah Sector write cycles count bits (7:0)

1B-FFh Reserved

8.3.6 Error outputs

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector

Number
na

Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na na na na ERR

Error Register -
ABRT shall be set to one if the command is not supported. ABRT may be set to one if the device is
not able to complete the action requested by the command.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
ERR shall be set to one if an Error register bit is set to one.

8.3.7 Prerequisites

DRDY set equal to one.

8.3.8 Description

This command provides information related to a specific sector. The data indicates the erased or not erased
status of the sector, and the number of erase and write cycles performed on that sector. Devices may return
zero in fields that do not apply or that are not supported by the device.
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8.4 CFA WRITE MULTIPLE WITHOUT ERASE

8.4.1 Command code

CDh

8.4.2 Feature set

CFA feature set.
− If the CFA feature set is implemented this command shall be implemented.

8.4.3 Protocol

PIO data out command (see 9.8).

8.4.4 Inputs

The Cylinder Low, Cylinder High, Device/Head, and Sector Number specify the starting sector address to be
written. The Sector Count register specifies the number of sectors to be transferred.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA

Command CDh

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head -
bit 6 set to one if LBA address, cleared to zero if CHS address starting head number or LBA address
bits (27:24).

8.4.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector

Number
na

Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY na na na na na ERR
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Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
ERR shall be cleared to zero.

8.4.6 Error outputs

The device shall return command aborted if the command is not supported. An unrecoverable error
encountered during execution of this command results in the termination of the command.  The command
block registers contain the address of the sector where the first unrecovered error occurred. The amount of
data transferred is indeterminate.

Register 7 6 5 4 3 2 1 0
Error na na na IDNF na ABRT na MED

Sector Count na
Sector

Number
Sector number or LBA

Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error Register -
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

ABRT shall be set to one if the command is not supported. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

MED shall be set to one if a media error is detected
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
Status register -

BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.4.7 Prerequisites

DRDY set equal to one. If bit 8 of IDENTIFY DEVICE word 59 is equal to zero, a successful SET MULTIPLE
MODE command shall precede a CFA WRITE MULTIPLE WITHOUT ERASE command.

8.4.8 Description

This command is similar to the  WRITE MULTIPLE command. Interrupts are not generated on every sector,
but on the transfer of a block that contains the number of sectors defined by the SET MULTIPLE MODE.

Command execution is identical to the WRITE MULTIPLE operation except that the sectors are written
without an implied erase operation. The sectors should  be pre-erased by a preceding  CFA ERASE
SECTORS command.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 23 of 170



T13/1153D revision 18

Page 63

8.5 CFA WRITE SECTORS WITHOUT ERASE

8.5.1 Command code

38h

8.5.2 Feature set

CFA feature set.
− If the CFA feature set is implemented this command shall be implemented.

8.5.3 Protocol

PIO data out command (see 9.8).

8.5.4 Inputs

The Cylinder Low, Cylinder High, Device/Head, and Sector Number specify the starting sector address to be
written. The Sector Count register specifies the number of sectors to be transferred.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA

Command 38h

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head -
bit 6 set to one if LBA address, cleared to zero if CHS address starting head number or LBA address
bits (27:24).

8.5.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector

Number
na

Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY na na na na na ERR
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Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
ERR shall be cleared to zero.

8.5.6 Error outputs

The device shall return command aborted if the command is not supported. An unrecoverable error
encountered during execution of this command results in the termination of the command. The command
block registers contain the address of the sector where the first unrecovered error occurred. The amount of
data transferred is indeterminate.

Register 7 6 5 4 3 2 1 0
Error na na na IDNF na ABRT na MED

Sector Count na
Sector

Number
Sector number or LBA

Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error Register -
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

ABRT shall be set to one if the command is not supported. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

MED shall be set to one if a media error is detected
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
Status register -

BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault h as occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.5.7 Prerequisites

DRDY set equal to one.

8.5.8 Description

This command is similar to the  WRITE SECTORS command. Command execution is identical to the
WRITE SECTORS operation except that the sectors are written without an implied erase operation. The
sectors should  be pre-erased by a preceding  CFA ERASE SECTORS command.
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8.6 CHECK POWER MODE

8.6.1 Command code

E5h

8.6.2 Feature set

Power Management feature set.
− Power Management feature set is mandatory when power management is not implemented by a

PACKET power management feature set.
− This command is mandatory when the Power Management feature set is implemented.

8.6.3 Protocol

Non-data command (see 9.9).

8.6.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E5h

Device/Head register -
DEV shall indicate the selected device.

8.6.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count Result value
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

Device/Head register -
DEV shall indicate the selected device.
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Sector Count result value -
00h - device is in Standby mode.
80h - device is in Idle mode.
FFh - device is in Active mode or Idle mode.

8.6.6 Error outputs

The device shall return command aborted if the device does not support the Power Management feature
set.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na  obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if Power Management feature set is not supported. ABRT may be set to
          one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.6.7 Prerequisites

DRDY set equal to one.

8.6.8 Description

The CHECK POWER MODE command allows the host to determine the current power mode of the device.
The CHECK POWER MODE command shall not cause the device to change power or affect the operation
of the Standby timer.
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8.7 DEVICE RESET

8.7.1 Command code

08h

8.7.2 Feature set

General feature set
− Use prohibited when the PACKET Command feature set is not implemented.
− Mandatory when the PACKET Command feature set is implemented.

8.7.3 Protocol

Device reset (see 9.4 ).

8.7.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command 08h

Device/Head register -
DEV shall indicate the selected device.

8.7.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error Diagnostic results

Sector Count signature
Sector Number signature
Cylinder Low signature
Cylinder High signature
Device/Head 0 0 0 DEV 0 0 0 0

Status see 9.4

Error register -
The diagnostic code as described in 8.9 is placed in this register.

Sector Count, Sector Number, Cylinder low, Cylinder High -
Signature (see 9.1).

Device/Head register -
DEV shall indicate the selected device.

Status register -
see 9.4.

8.7.6 Error outputs

If supported, this command cannot end in an error condition. If this command is not supported and the
device has the BSY bit or the DRQ bit set to one when the command is written, the results of this command
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are indeterminate. If this command is not supported and the device has the BSY bit and the DRQ bit cleared
to zero when the command is written, the device shall respond command aborted.

8.7.7 Prerequisites

This command shall be accepted when BSY or DRQ is set to one, DRDY is cleared to zero, or DMARQ is
asserted. This command shall be accepted when in Sleep mode.

8.7.8 Description

The DEVICE RESET command enables the host to reset an individual device without affecting the other
device.
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8.8 DOWNLOAD MICROCODE

8.8.1 Command code

92h

8.8.2 Feature set

General feature set
− Optional for devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.8.3 Protocol

PIO data out (see 9.8).

8.8.4 Inputs

The head bits of the Device/Head register shall always be cleared to zero. The Cylinder High and Low
registers shall be cleared to zero. The Sector Number and Sector Count registers are used together as a 16-
bit sector count value. The Feature register specifies the subcommand code.

Register 7 6 5 4 3 2 1 0
Features Subcommand code

Sector Count Sector count (low order)
Sector Number Sector count (high order)
Cylinder Low 00h
Cylinder High 00h
Device/Head obs na obs DEV 0 0 0 0
Command 92h

Device/Head register -
DEV shall indicate the selected device.

8.8.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.8.6 Error outputs

The device shall return command aborted if the device does not support this command or did not accept the
microcode data. The device shall return command aborted if subcommand code is not a supported value.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if the device does not support this command or did not accept the

microcode data. ABRT may be set to one if the device is not able to complete the action
requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.8.7 Prerequisites

DRDY set equal to one.

8.8.8 Description

This command enables the host to alter the device’s microcode.  The data transferred using the
DOWNLOAD MICROCODE command is vendor specific.

All transfers shall be an integer multiple of the sector size.  The size of the data transfer is determined by
the contents of the Sector Number Register and the Sector Count register.  The Sector Number Register
shall be used to extend the Sector Count register to create a sixteen bit sector count value.  The Sector
Number Register shall be the most significant eight bits and the Sector Count register shall be the least
significant eight bits.  A value of zero in both the Sector Number Register and the Sector Count register
shall indicate no data is to be transferred.  This allows transfer sizes from 0 bytes to 33,553,920 bytes, in
512 byte increments.

The Features register shall be used to determine the effect of the DOWNLOAD MICROCODE command.
The values for the Feature Register are:

− 01h - download is for immediate, temporary use.
− 07h - save downloaded code for immediate and future use.

Either or both values may be supported. All other values are reserved.
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8.9 EXECUTE DEVICE DIAGNOSTIC

8.9.1 Command code

90h

8.9.2 Feature set

General feature set
− Mandatory for all devices.

8.9.3 Protocol

Device diagnostics (see 9.5 ).

8.9.4 Inputs

None. The device selection bit in the Device/Head register is ignored.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs na na na na na
Command 90h

Device/Head register -
DEV shall indicate the selected device.

8.9.5 Normal outputs

The diagnostic code written into the Error register is an 8-bit code. Table 10 defines these values. The
values of the bits in the Error register are not as defined in 7.11.6.

Register 7 6 5 4 3 2 1 0
Error Diagnostic code

Sector Count Signature
Sector Number Signature
Cylinder Low Signature
Cylinder High Signature
Device/Head Signature

Status see 9.5

Error register -
Diagnostic code.

Sector Count, Sector number, Cylinder Low, Cylinder High, Device/Head registers -
device signature (see 9.1).

Device/Head register -
DEV shall indicate the selected device.

Status register -
see 9.5.
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Table 10 −− Diagnostic codes
Code (see note

1)
Description

When this code is in the Device 0 Error register
01h Device 0 passed, Device 1 passed or not present

00h, 02h-7Fh Device 0 failed, Device 1 passed or not present
81h Device 0 passed, Device 1 failed

80h, 82h-FFh Device 0 failed, Device 1 failed
When this code is in the Device 1 Error register

01h Device 1 passed (see note 2)
00h,02h-7Fh Device 1 failed (see note 2)

NOTE −
1 Codes other than 01h and 81h may indicate additional information
about the failure(s).
2 If Device 1 is not present, the host may see the information from
Device 0 even though Device 1 is selected.

8.9.6 Error outputs

Table 10 shows the error information that is returned as a diagnostic code in the Error register.

8.9.7 Prerequisites

This command shall be accepted regardless of the state of DRDY.

8.9.8 Description
This command shall perform the internal diagnostic tests implemented by the device.  The DEV bit in the
Device/Head register is ignored.  Both devices, if present, shall execute this command regardless of which
device is selected.

If the host issues an EXECUTE DEVICE DIAGNOSTIC command while a device is in or going to a power
management mode except Sleep, then the device shall execute its EXECUTE DEVICE DIAGNOSTIC
sequence.
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8.10 FLUSH CACHE

8.10.1 Command code

E7h

8.10.2 Feature set

General feature set
− Optional for all devices.

8.10.3 Protocol

Non-data command (see 9.9).

8.10.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E7h

Device/Head register -
DEV shall indicate the selected device.

8.10.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.10.6 Error outputs

If the command is not supported, the device shall return command aborted. An unrecoverable error
encountered during execution of writing data results in the termination of the command and the Command
Block registers contain the sector address of the sector where the first unrecoverable error occurred. The
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sector is removed from the cache. Subsequent FLUSH CACHE commands continue the process of flushing
the cache.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if device does not support this command. ABRT may be set to one if the
            device is not able to complete the action requested by the command.

Sector Number, Cylinder Low, Cylinder High, Device/Head -
shall be written with the address of the first unrecoverable error.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.10.7 Prerequisites

DRDY set equal to one.

8.10.8 Description

This command is used by the host to request the device to flush the write cache. If the write cache is to be
flushed, all data cached shall be written to the media. The BSY bit shall remain set to one until all data has
been successfully written or an error occurs. The device should use all error recovery methods available to
ensure the data is written successfully. The flushing of write cache may take several seconds to complete
depending upon the amount of data to be flushed and the success of the operation.

NOTE − This command may take longer than 30 s to complete.
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8.11 GET MEDIA STATUS

8.11.1 Command code

DAh

8.11.2 Feature set

Removable Media Status Notification feature set
− Mandatory for devices implementing the Removable Media Status Notification feature set.

Removable Media feature set
− Optional for devices implementing the Removable Media feature set.

8.11.3 Protocol

Non-data command (see 9.9).

8.11.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command DAh

Device/Head register -
DEV shall indicate the selected device.

8.11.5 Normal outputs

Normal outputs are returned if Media Status Notification is disabled or if no bits are set to one in the Error
register.

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.11.6 Error outputs

If the device does not support this command, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na WP MC na MCR ABRT NM obs

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if device does not support this command. ABRT may be set to one if the

device is not able to complete the action requested by the command.
NM (No Media) shall be set to one if no media is present in the device. This bit shall be set to one

for each execution of GET MEDIA STATUS until media is inserted into the device.
MCR (Media Change Request) shall be set to one if the eject button is pressed by the user and

detected by the device. The device shall reset this bit after each execution of the GET
MEDIA STATUS command and only set the bit again for subsequent eject button presses.

MC (Media Change) shall be set to one when the device detects media has been inserted. The
device shall reset this bit after each execution of the GET MEDIA STATUS command and
only set the bit again for subsequent media insertions.

WP (Write Protect) shall be set to one for each execution of GET MEDIA STATUS while the media
is write protected.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.11.7 Prerequisites

DRDY set equal to one.

8.11.8 Description

This command returns media status bits WP, MC, MCR, and NM, as defined above. When Media Status
Notification is disabled this command returns zeros in the WP, MC, MCR, and NM bits.
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8.12 IDENTIFY DEVICE

8.12.1 Command code

ECh

8.12.2 Feature set

General feature set
− Mandatory for all devices.
− Devices implementing the PACKET Command feature set (see 8.12.5.2).

8.12.3 Protocol

PIO data in (see 9.7).

8.12.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command ECh

Device/Head register -
DEV shall indicate the selected device.

8.12.5 Outputs

8.12.5.1 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.12.5.2 Outputs for PACKET Command feature set devices

In response to this command, devices that implement the PACKET Command feature set shall post
command aborted and place the PACKET Command feature set signature in the Command Block registers
(see 9.1).

8.12.6 Error outputs

Devices not implementing the PACKET Command feature set shall not report an error.

8.12.7 Prerequisites

DRDY set equal to one.

8.12.8 Description

The IDENTIFY DEVICE command enables the host to receive parameter information from the device.

Some devices may have to read the media in order to complete this command.

When the command is issued, the device sets the BSY bit to one, prepares to transfer the 256 words of
device identification data to the host, sets the DRQ bit to one, clears the BSY bit to zero, and asserts INTRQ
if nIEN is cleared to zero.  The host may then transfer the data by reading the Data register. Table 11
defines the arrangement and meaning of the parameter words in the buffer. All reserved bits or words shall
be zero.

Some parameters are defined as a 16-bit value.  A word that is defined as a 16-bit value places the most
significant bit of the value on bit DD15 and the least significant bit on bit DD0.

Some parameters are defined as 32-bit values (e.g., words 57 and 58).  Such fields are transferred using
two successive word transfers.  The device shall first transfer the least significant bits, bits 15 through 0 of
the value, on bits DD (15:0) respectively.  After the least significant bits have been transferred, the most
significant bits, bits 31 through 16 of the value, shall be transferred on DD (15:0) respectively.

Some parameters are defined as a string of ASCII characters. ASCII data fields shall contain only graphic
codes (i.e., code values 20h through 7Eh). For the string “Copyright”, the character “C” is the first byte, the
character “o” is the 2nd byte, etc.  When such fields are transferred, the order of transmission is:

  the 1st character (“C”) is on bits DD (15:8) of the first word,
  the 2nd character (“o”) is on bits DD (7:0) of the first word,
  the 3rd character (“p”) is on bits DD (15:8) of the second word,
  the 4th character (“y”) is on bits DD (7:0) of the second word,
  etc.
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Table 11 −− IDENTIFY DEVICE information
Word F/V

0 General configuration bit-significant information:
F
F
F
F
F
F

15
14-8

7
6

5-1
0

0=ATA device
retired
1=removable media device
1=not removable controller and/or device
retired
Reserved

1 V Number of logical cylinders
2 R Reserved
3 F Number of logical heads

4-5 X retired
6 F Number of logical sectors per logical track

7-9 X retired
10-19 F Serial number (20 ASCII characters)
20-21 X retired

22 F obsolete
23-26 F Firmware revision (8 ASCII characters)
27-46 F Model number (40 ASCII characters)

47 X
R
F

15-8
7-0

80h
00h =Reserved
01h-FFh = Maximum number of sectors that shall be transferred
                per interrupt on READ/WRITE MULTIPLE commands

48 R Reserved
49 Capabilities

R
F

R
F

F
R
R
X

15-14
13

12
11

10
9
8

7-0

Reserved for the IDENTIFY PACKET DEVICE command.
1=Standby timer values as specified in this standard are supported
0=Standby timer values shall be managed by the device
Reserved for the IDENTIFY PACKET DEVICE command.
1=IORDY supported
0=IORDY may be supported
1=IORDY may be disabled
Shall be set to one. Utilized by IDENTIFY PACKET DEVICE command.
Shall be set to one. Utilized by IDENTIFY PACKET DEVICE command.
retired

50 F Capabilities
15
14

13-1
0

Shall be cleared to zero.
Shall be set to one.
Reserved.
Shall be set to one to indicate a device specific Standby timer value
minimum.

51 F
X

15-8
7-0

PIO data transfer mode number
retired

52 R retired
53 R

F

F

V

15-3
2

1

0

Reserved
1=the fields reported in word 88 are valid
0=the fields reported in word 88 are not valid
1=the fields reported in words 64-70 are valid
0=the fields reported in words 64-70 are not valid
1=the fields reported in words 54-58 are valid
0=the fields reported in words 54-58 may be valid

54 V Number of current logical cylinders
(continued)
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Table 11 −− IDENTIFY DEVICE information (continued)
Word F/V

55 V Number of current logical heads
56 V Number of current logical sectors per track

57-58 V Current capacity in sectors
59 R

V
V

15-9
8

7-0

Reserved
1=Multiple sector setting is valid
xxh=Current setting for number of sectors that shall be
           transferred per interrupt on R/W Multiple command

60-61 F Total number of user addressable sectors (LBA mode only)
62 R retired
63 R

V

V

V

R
F
F
F

15-11
10

9

8

7-3
2
1
0

Reserved
1= Multiword DMA mode 2 is selected
0= Multiword DMA mode 2 is not selected
1= Multiword DMA mode 1 is selected
0= Multiword DMA mode 1 is not selected
1= Multiword DMA mode 0 is selected
0= Multiword DMA mode 0 is not selected
Reserved
1= Multiword DMA mode 2 and below are supported
1= Multiword DMA mode 1 and below are supported
1= Multiword DMA mode 0 is supported

64 R
F

15-8
7-0

Reserved
Advanced PIO modes supported

65 Minimum Multiword DMA transfer cycle time per word
F 15-0 Cycle time in nanoseconds

66 Manufacturer’s recommended Multiword DMA transfer cycle time
F 15-0 Cycle time in nanoseconds

67 Minimum PIO transfer cycle time without flow control
F 15-0 Cycle time in nanoseconds

68 Minimum PIO transfer cycle time with IORDY flow control
F 15-0 Cycle time in nanoseconds

69-70 R Reserved (for future command overlap and queuing)
71-74 R Reserved for IDENTIFY PACKET DEVICE command.

75 F Queue depth
15-5
4-0

Reserved
Maximum queue depth

76-79 R Reserved
80 F Major version number

0000h or FFFFh = device does not report version
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

Reserved
Reserved for ATA/ATAPI-14
Reserved for ATA/ATAPI-13
Reserved for ATA/ATAPI-12
Reserved for ATA/ATAPI-11
Reserved for ATA/ATAPI-10
Reserved for ATA/ATAPI-9
Reserved for ATA/ATAPI-8
Reserved for ATA/ATAPI-7
Reserved for ATA/ATAPI-6
Reserved for ATA/ATAPI-5
1=supports ATA/ATAPI-4
1=supports ATA-3
1=supports ATA-2
1=supports ATA-1
Reserved

(continued)
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Table 11 − IDENTIFY DEVICE information (continued)
Word F/V

81 F Minor version number
0000h or FFFFh=device does not report version
0001h-FFFEh=see 8.12.44

82 F Command set supported.  If words 82 and 83 =0000h or FFFFh command set
notification not supported.

15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

Obsolete
1=NOP command supported
1=READ BUFFER command supported
1=WRITE BUFFER command supported
Obsolete
1=Host Protected Area feature set supported
1=DEVICE RESET command supported
1=SERVICE interrupt supported
1=release interrupt supported
1=look-ahead supported
1=write cache supported
1=supports PACKET Command feature set
1=supports Power Management feature set
1=supports Removable Media feature set
1=supports Security Mode feature set
1=supports SMART feature set

83 F Command sets supported. If words 82 and 83 =0000h or FFFFh command set
notification not supported.

15
14

13-5
4
3
2
1
0

Shall be cleared to zero
Shall be set to one
Reserved
1=Removable Media Status Notification feature set supported
1=Advanced Power Management feature set supported
1=CFA feature set supported
1=READ/WRITE DMA QUEUED supported
1=DOWNLOAD MICROCODE command supported

84 F Command set/feature supported extension. If words 82, 83, and 84 = 0000h or FFFFh
command set notification extension is not supported.

15
14

13-0

Shall be cleared to zero
Shall be set to one
Reserved

85 V Command set/feature enabled. If words 85, 86, and 87 = 0000h or FFFFh command
set enabled notification is not supported.

15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

Obsolete
1=NOP command supported
1=READ BUFFER command supported
1=WRITE BUFFER command supported
Obsolete
1=Host Protected Area feature set supported
1=DEVICE RESET command supported
1=SERVICE interrupt enabled
1=release interrupt enabled
1=look-ahead enabled
1=write cache enabled
1=supports PACKET Command feature set
1=supports Power Management feature set
1=supports Removable Media feature set
1= Security Mode feature set enabled
1= SMART feature set enabled

(continued)
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Table 11 −− IDENTIFY DEVICE information (concluded)
Word F/V

86 V Command set/feature enabled. If words 85, 86, and 87 = 0000h or FFFFh command
set enabled notification is not supported.
15-5

4
3
2
1
0

Reserved
1=Removable Media Status Notification feature set enabled
1=Advanced Power Management feature set enabled
1=CFA feature set supported
1=READ/WRITE DMA QUEUED command supported
1=DOWNLOAD MICROCODE command supported

87 V Command set/feature default. If words 85, 86, and 87 = 0000h or FFFFh command
set default notification is not supported.

15
14

13-0

Shall be cleared to zero
Shall be set to one
Reserved

88 R
V

V

V

R
F
F
F

15-11
10

9

8

7-3
2
1
0

Reserved
1=Ultra DMA mode 2 is selected
0=Ultra DMA mode 2 is not selected
1=Ultra DMA mode 1 is selected
0=Ultra DMA mode 1 is not selected
1=Ultra DMA mode 0 is selected
0=Ultra DMA mode 0 is not selected
Reserved
1=Ultra DMA mode 2 and below are supported
1=Ultra DMA mode 1 and below are supported
1=Ultra DMA mode 0 is supported

89 F Time required for security erase unit completion
90 F Time required for Enhanced security erase completion
91 V Current advanced power management value

92-126 R Reserved
127 F Removable Media Status Notification feature set support

15-2
1-0

Reserved
00=Removable Media Status Notification feature set not supported
01=Removable Media Status Notification feature supported
10=Reserved
11=Reserved

128 V Security status
15-9

8
7-6
5
4
3
2
1
0

Reserved
Security level  0=High,  1=Maximum
Reserved
1=Enhanced security erase supported
1=Security count expired
1=Security frozen
1=Security locked
1=Security enabled
1=Security supported

129-159 X Vendor specific
160-255 R Reserved

Key:
F = the content of the word is fixed and does not change. For removable media devices, these values may
change when media is removed or changed.
V = the contents of the word is variable and may change depending on the state of the device or the
commands executed by the device.
X = the content of the word is vendor specific and may be fixed or variable.
R = the content of the word is reserved and shall be zero.
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8.12.9 Word 0: General configuration

Devices that conform to this standard shall clear bit 15 to zero.

Devices reporting a value of 848Ah in this word shall support the CFA feature set.

8.12.10 Word 1: Number of cylinders

This word contains the number of user-addressable logical cylinders in the default CHS translation (see 6.2).

8.12.11 Word 2: Reserved.

8.12.12 Word 3: Number of logical heads

This word contains the number of user-addressable logical heads per logical cylinder in the default CHS
translation (see 6.2).

8.12.13 Word 4-5: Retired.

8.12.14 Word 6: Number of logical sectors per logical track

This word contains the number of user-addressable logical sectors per logical track in the default CHS
translation (see 6.2).

8.12.15 Words 7-9: Retired.

8.12.16 Words 10-19: Serial number

This field contains the serial number of the device. The contents of this field is an ASCII character string of
twenty bytes.  The device shall pad the character string with spaces (20h), if necessary, to ensure that the
string is the proper length. The combination of Serial number (words 10-19) and Model number (words 27-
46) shall be unique for a given manufacturer.

8.12.17 Word 20-21: Retired.

8.12.18 Word 22: Obsolete.

8.12.19 Word 23-26: Firmware revision

This field contains the firmware revision number of the device.  The contents of this field is an ASCII
character string of eight bytes.  The device shall pad the character string with spaces (20h), if necessary, to
ensure that the string is the proper length.

8.12.20 Words 27-46: Model number

This field contains the model number of the device. The contents of this field is an ASCII character string of
forty bytes. The device shall pad the character string with spaces (20h), if necessary, to ensure that the
string is the proper length. The combination of Serial number (words 10-19) and Model number (words 27-
46) shall be unique for a given manufacturer.

8.12.21 Word 47: READ/WRITE MULTIPLE support.

Bits 7-0 of this word define the maximum number of sectors per block that the device supports for
READ/WRITE MULTIPLE commands.

8.12.22 Word 48: Reserved.
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8.12.23 Word 49-50: Capabilities

Bits 15 and 14 of word 49 are reserved for use in the IDENTIFY PACKET DEVICE command response.

Bit 13 of word 49 is used to determine whether a device utilizes the Standby timer values as defined in this
standard. Table 14 specifies the Standby timer values utilized by the device if bit 13 is set to one. If bit 13 is
cleared to zero, the timer values shall be vendor specific.

Bit 12 of word 49 is reserved for use in the IDENTIFY PACKET DEVICE command response.

Bit 11 of word 49 is used to determine whether a device supports IORDY.  If this bit is set to one, then the
device supports IORDY operation.  If this bit is zero, the device may support IORDY.  This ensures
backward compatibility. If a device supports PIO mode 3 or higher, then this bit shall be set to one.

Bit 10 of word 49 is used to indicate a device’s ability to enable or disable the use of IORDY.  If this bit is set
to one, then the device supports the disabling of IORDY. Disabling and enabling of IORDY is accomplished
using the SET FEATURES command.

Bits 9 and 8 of word 49 shall be set to one for backward compatibility. These bits are defined for use in the
IDENTIFY PACKET DEVICE command response.

Bits 7 through 0 of word 49 are retired.

Bit 15 of word 50 shall be cleared to zero to indicate that the contents of word 50 are valid.

Bit 14 of word 50 shall be set to one to indicate that the contents of word 50 are valid.

Bits 13 through 1 of word 50 are reserved.

Bit 0 of word 50 set to one indicates that the device has a minimum Standby timer value that is device
specific.

8.12.24 Word 51: PIO data transfer mode number

The PIO transfer timing for each device falls into modes that have unique parametric timing specifications
that are specified in 10.2.2. The value returned in Bits 15-8 shall be 00h for mode 0, 01h for mode 1, or 02h
for mode 2. Values 03h through FFh are reserved.

8.12.25 Word 52: Retired

8.12.26 Word 53: Field validity

If bit 0 of word 53 is set to one, the values reported in words 54 through 58 are  valid.  If this bit is cleared to
zero, the values reported in words 54 through 58 may be valid.  If bit 1 of word 53 is set to one, the values
reported in words 64 through 70 are valid.  If this bit is cleared to zero, the values reported in words 64-70
are not valid.  Any device that supports PIO mode 3 or above, or supports Multiword DMA mode 1 or above,
shall set bit 1 of word 53 to one and support the fields contained in words 64 through 70. If the device
supports Ultra DMA and the values reported in word 88 are valid, then bit 2 of word 53 shall be set to one.  If
the device does not support Ultra DMA and the values reported in word 88 are not valid, then this bit is
cleared to zero.

8.12.27 Word 54: Number of current logical cylinders

This field contains the number of user-addressable logical cylinders in the current CHS translation (see 6.2).
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8.12.28 Word 55: Number of current logical heads

This field contains the number of user-addressable logical heads per logical cylinder in the current CHS
translation (see 6.2).

8.12.29 Word 56: Number of current logical sectors per logical track

This field contains the number of user-addressable logical sectors per logical track in the current CHS
translation (see 6.2).

8.12.30 Word (58:57): Current capacity in sectors

This field contains the current capacity in sectors in the current CHS translation (see 6.2).

8.12.31 Word 59: Multiple sector setting

If bit 8 is set to one, bits 7-0 reflect the number of sectors currently set to transfer on a READ/WRITE
MULTIPLE command.  If word 47 bits 7-0 are zero then word 59 bits 8-0 shall also be zero. This field may
default to the preferred value for the device.

8.12.32 Word (61:60): Total number of user addressable sectors

This field contains the total number of user addressable sectors (see 6.2).

8.12.33 Word 62: Retired

8.12.34 Word 63: Multiword DMA transfer

Word 63 indentifies the Multiword DMA transfer modes supported by the device and indicates the mode that
is currently selected.

8.12.34.1 Reserved

Bits 15 though 11 of word 63 are reserved.

8.12.34.2 Multiword DMA mode 2 selected

If bit 10 of word 63 is set to one, then Multiword DMA mode 2 is selected.  If this bit is cleared to zero, then
Multiword DMA mode 2 is not selected.  If bit 9 is set to one or if bit 8 is set to one, then this bit shall be
cleared to zero.

8.12.34.3 Multiword DMA mode 1 selected

If bit 9 of word 63 is set to one, then Multiword DMA mode 1 is selected.  If this bit is cleared to zero then
Multiword DMA mode 1 is not selected.  If bit 10 is set to one or if bit 8 is set to one, then this bit shall be
cleared to zero.

8.12.34.4 Multiword DMA mode 0 selected

If bit 8 of word 63 is set to one, then Multiword DMA mode 0 is selected.  If this bit is cleared to zero then
Multiword DMA mode 0 is not selected.  If bit 10 is set to one or if bit 9 is set to one, then this bit shall be
cleared to zero.

8.12.34.5 Reserved

Bits 7 through 3 of word 63 are reserved.
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8.12.34.6 Multiword DMA mode 2 supported

If bit 2 of word 63 is set to one, then Multiword DMA modes 2 and below are supported.  If this bit is cleared
to zero, then Multiword DMA mode 2 is not supported.  If Multiword DMA mode 2 is supported, then
Multiword DMA modes 1 and 0 shall also be supported. If this bit is set to one, bits 1 and 0 shall be set to
one.

8.12.34.7 Multiword DMA mode 1 supported

If bit 1 of word 63 is set to one, then Multiword DMA modes 1 and below are supported.  If this bit is cleared
to zero, then Multiword DMA mode 1 is not supported.  If Multiword DMA mode 1 is supported, then
Multiword DMA mode 0 shall also be supported. If this bit is set to one, bit 0 shall be set to one.

8.12.34.8 Multiword DMA mode 0 supported

If bit 0 of word 63 is set to one, then Multiword DMA mode 0 is supported.

8.12.35 Word 64: PIO transfer modes supported

Bits 7 through 0 of word 64 of the Identify Device parameter information is defined as the advanced PIO
data transfer supported field. If this field is supported, bit 1 of word 53 shall be set to one. This field is bit
significant.  Any number of bits may be set to one in this field by the device to indicate the advanced PIO
modes it is capable of supporting.

Of these bits, bits 7 through 2 are Reserved for future advanced PIO modes.  Bit 0, if set to one, indicates
that the device supports PIO mode 3. Bit 1, if set to one, indicates that the device supports PIO mode 4.

8.12.36 Word 65: Minimum Multiword DMA transfer cycle time per word

Word 65 of the parameter information of the IDENTIFY DEVICE command is defined as the minimum
Multiword DMA transfer cycle time per word.  This field defines, in nanoseconds, the minimum cycle time
that the device supports when performing Multiword DMA transfers on a per word basis.

If this field is supported, bit 1 of word 53 shall be set to one.  Any device that supports Multiword DMA mode
1 or above shall support this field, and the value in word 65 shall not be less than the minimum cycle time
for the fastest DMA mode supported by the device.

If bit 1 of word 53 is set to one because a device supports a field in words 64-70 other than this field and the
device does not support this field, the device shall return a value of zero in this field.

8.12.37 Word 66: Device recommended Multiword DMA cycle time

Word 66 of the parameter information of the IDENTIFY DEVICE command is defined as the device
recommended Multiword DMA transfer cycle time.  This field defines, in nanoseconds, the minimum cycle
time per word during a single sector host transfer while performing a multiple sector READ DMA or WRITE
DMA command for any location on the media under nominal conditions.  If a host runs at a faster cycle rate
by operating at a cycle time of less than this value, the device may negate DMARQ for flow control.  The
rate at which DMARQ is negated could result in reduced throughput despite the faster cycle rate.  Transfer
at this rate does not ensure that flow control will not be used, but implies that higher performance may
result.

If this field is supported, bit 1 of word 53 shall be set to one.  Any device that supports Multiword DMA mode
1 or above shall support this field, and the value in word 66 shall not be less than the value in word 65.

If bit 1 of word 53 is set to one because a device supports a field in words 64-70 other than this field and the
device does not support this field, the device shall return a value of zero in this field.
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8.12.38 Word 67: Minimum PIO transfer cycle time without flow control

Word 67 of the parameter information of the IDENTIFY DEVICE command is defined as the minimum PIO
transfer without flow control cycle time.  This field defines, in nanoseconds, the minimum cycle time that, if
used by the host, the device guarantees data integrity during the transfer without utilization of flow control.

If this field is supported, Bit 1 of word 53 shall be set to one.

Any device that supports PIO mode 3 or above shall support this field, and the value in word 67 shall not be
less than the value reported in word 68.

If bit 1 of word 53 is set to one because a device supports a field in words 64-70 other than this field and the
device does not support this field, the device shall return a value of zero in this field.

8.12.39 Word 68: Minimum PIO transfer cycle time with IORDY

Word 68 of the parameter information of the IDENTIFY DEVICE command is defined as the minimum PIO
transfer with IORDY flow control cycle time.  This field defines, in nanoseconds, the minimum cycle time
that the device supports while performing data transfers while utilizing IORDY flow control.

If this field is supported, Bit 1 of word 53 shall be set to one.

Any device that supports PIO mode 3 or above shall support this field, and the value in word 68 shall be the
fastest defined PIO mode supported by the device.

If bit 1 of word 53 is set to one because a device supports a field in words 64-70 other than this field and the
device does not support this field, the device shall return a value of zero in this field.

8.12.40 Words 69-74: Reserved

8.12.41 Word 75: Queue depth

Bits 4 through 0 of word 75 indicate the maximum queue depth supported by the device. If bit 1 of word 83
is cleared to zero indicating that the device does not support READ/WRITE DMA QUEUED commands, the
value in this field shall be 00h. If bit 1 of word 83 is set to one, bits 4 through 0 indicate the maximum queue
depth supported. A device may support READ/WRITE DMA QUEUED commands to provide overlap only
(i.e., queuing not supported), in this case, bit 1 of word 83 shall be set to one and the queue depth shall be
set to 00h.

8.12.42 Words 76-79: Reserved

8.12.43 Word 80: Major version number

If not 0000h or FFFFh, the device claims compliance with the major version(s) as indicated by bits 1 through
4 being equal to one. Values other than 0000h and FFFFh are bit significant. Since ATA standards maintain
downward compatibility, it is allowed for a device to set more than one bit.

8.12.44 Word 81: Minor version number

If an implementor claims that the revision of the standard they used to guide their implementation does not
need to be reported or if the implementation was based upon a standard prior to  the ATA-3 standard, word
81 shall be 0000h or FFFFh.

Table 12 defines the value that may optionally be reported in word 81 to indicate the revision of the standard
that guided the implementation.
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Table 12 −− Minor version number
Value Minor revision
0001h ATA (ATA-1) X3T9.2 781D prior to revision 4
0002h ATA-1 published, ANSI X3.221-1994
0003h ATA (ATA-1) X3T10 781D revision 4
0004h ATA-2 published, ANSI X3.279-1996
0005h ATA-2 X3T10 948D prior to revision 2k
0006h ATA-3 X3T10 2008D revision 1
0007h ATA-2 X3T10 948D revision 2k
0008h ATA-3 X3T10 2008D revision 0
0009h ATA-2 X3T10 948D revision 3
000Ah ATA-3 published, ANSI X3.298-199x
000Bh ATA-3 X3T10 2008D revision 6
000Ch ATA-3 X3T13 2008D revision 7 and 7a
000Dh ATA/ATAPI-4 X3T13 1153D revision 6
000Eh ATA/ATAPI-4 T13 1153D revision 13
000Fh ATA/ATAPI-4 X3T13 1153D revision 7
0010h Reserved
0011h ATA/ATAPI-4 T13 1153D revision 15

0012h-0013h Reserved
0014h ATA/ATAPI-4 T13 1153D revision 14

0015h-0016h Reserved
0017h ATA/ATAPI-4 T13 1153D revision 17

0018h-FFFFh Reserved

8.12.45 Words 82-84: Features/command sets supported

Words 82, 83, and 84 shall indicate features/command sets supported. The value 0000h or FFFFh was
placed in each of these words by devices prior to ATA-3 and shall be interpreted by the host as meaning
that features/command sets supported are not indicated. Bits 1 through 13 of word 83 and bits 0 through 13
of word 84 are reserved. Bit 14 of word 83 and word 84 shall be set to one and bit 15 of word 83 and word
84 shall be cleared to zero to provide indication that the features/command sets supported words are valid.

If bit 0 of word 82 is set to one, the SMART feature set is supported.

If bit 1 of word 82 is set to one, the Security Mode feature set is supported.

If bit 2 of word 82 is set to one, the Removable Media feature set is supported.

If bit 3 of word 82 is set to one, the Power Management feature set is supported.

If bit 4 of word 82 is set to one, the PACKET Command feature set is supported.

If bit 5 of word 82 is set to one, write cache is supported.

If bit 6 of word 82 is set to one, look-ahead is supported.

If bit 7 of word 82 is set to one, release interrupt is supported.

If bit 8 of word 82 is set to one, SERVICE interrupt is supported.

If bit 9 of word 82 is set to one, the DEVICE RESET command is supported.

If bit 10 of word 82 is set to one, the Host Protected Area feature set is supported.

Bit 11 of word 82 is obsolete.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 49 of 170



T13/1153D revision 18

Page 89

If bit 12 of word 82 is set to one, the device supports the WRITE BUFFER command.

If bit 13 of word 82 is set to one, the device supports the READ BUFFER command.

If bit 14 of word 82 is set to one, the device supports the NOP command.

Bit 15 of word 82 is obsolete.

If bit 0 of word 83 is set to one, the device supports the DOWNLOAD MICROCODE command.

If bit 1 of word 83 is set to one, the device supports the READ DMA QUEUED and WRITE DMA QUEUED
commands.

If bit 2 of word 83 is set to one, the device supports the CFA feature set.

If bit 3 of word 83 is set to one, the device supports the Advanced Power Management feature set.

If bit 4 of word 83 is set to one, the device supports the Removable Media Status feature set.

8.12.46 Words 85-87: Features/command sets enabled

Words 85, 86, and 87 shall indicate features/command sets enabled. The value 0000h or FFFFh was placed
in each of these words by devices prior to ATA-4 and shall be interpreted by the host as meaning that
features/command sets enabled are not indicated. Bits 1 through 15 of word 86 are reserved. Bits 0-13 of
word 87 are reserved. Bit 14 of word 87 shall be set to one and bit 15 of word 87 shall be cleared to zero to
provide indication that the features/command sets enabled words are valid.

If bit 0 of word 85 is set to one, the SMART feature set has been enabled via the SMART ENABLE
OPERATIONS command.

If bit 1 of word 85 is set to one, the Security Mode feature set has been enabled via the SECURITY SET
PASSWORD command.

If bit 2 of word 85 is set to one, the Removable Media feature set is supported.

If bit 3 of word 85 is set to one, the Power Management feature set is supported.

If bit 4 of word 85 is set to one, the PACKET Command feature set is supported.

If bit 5 of word 85 is set to one, write cache has been enabled via the SET FEATURES command (see
8.37.9).

If bit 6 of word 85 is set to one, look-ahead has been enabled via the SET FEATURES command (see
8.37.13).

If bit 7 of word 85 is set to one, release interrupt has been enabled via the SET FEATURES command (see
8.37.14).

If bit 8 of word 85 is set to one, SERVICE interrupt has been enabled via the SET FEATURES command
(see 8.37.15).

If bit 9 of word 85 is set to one, the DEVICE RESET command is supported.

If bit 10 of word 85 is set to one, the Host Protected Area feature set is supported.

Bit 11 of word 85 is obsolete.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 50 of 170



T13/1153D revision 18

Page 90

If bit 12 of word 85 is set to one, the device supports the WRITE BUFFER command.

If bit 13 of word 85 is set to one, the device supports the READ BUFFER command.

If bit 14 of word 85 is set to one, the device supports the NOP command.

Bit 15 of word 85 is obsolete.

If bit 0 of word 86 is set to one, the device supports the DOWNLOAD MICROCODE command.

If bit 1 of word 86 is set to one, the device supports the READ DMA QUEUED and WRITE DMA QUEUED
commands.

If bit 2 of word 86 is set to one, the device supports the CFA feature set.

If bit 3 of word 86 is set to one, the Advanced Power Management feature set has been enabled via the
SET FEATURES command.

If bit 4 of word 86 is set to one, the Removable Media Status feature set has been enabled via the SET
FEATURES command.

8.12.47 Word 88: Ultra DMA modes

Only one Ultra DMA mode shall be selected at any time. If an Ultra DMA mode is enabled, no Multiword
DMA mode shall be enabled. If a Multiword DMA mode is enabled, no Ultra DMA mode shall be enabled.

8.12.47.1 Reserved

Bits 15 though 11 of word 88 are reserved.

8.12.47.2 Ultra DMA mode 2 selected

If bit 10 of word 88 is set to one, then Ultra DMA mode 2 is selected.  If this bit is cleared to zero, then Ultra
DMA mode 2 is not selected.  If bit 9 is set to one or if bit 8 is set to one, then this bit shall be cleared to
zero.

8.12.47.3 Ultra DMA mode 1 selected

If bit 9 of word 88 is set to one, then Ultra DMA mode 1 is selected.  If this bit is cleared to zero then Ultra
DMA mode 1 is not selected.  If bit 10 is set to one or if bit 8 is set to one, then this bit shall be cleared to
zero.

8.12.47.4 Ultra DMA mode 0 selected

If bit 8 of word 88 is set to one, then Ultra DMA mode 0 is selected.  If this bit is cleared to zero then Ultra
DMA mode 0 is not selected.  If bit 10 is set to one or if bit 9 is set to one, then this bit shall be cleared to
zero.

8.12.47.5 Reserved

Bits 7 through 3 of word 88 are reserved.

8.12.47.6 Ultra DMA mode 2 supported

If bit 2 of word 88 is set to one, then Ultra DMA modes 2 and below are supported.  If this bit is cleared to
zero, then Ultra DMA mode 2 is not supported.  If Ultra DMA mode 2 is supported, then Ultra DMA modes 1
and 0 shall also be supported. If this bit is set to one, bits 1 and 0 shall be set to one.
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8.12.47.7 Ultra DMA mode 1 supported

If bit 1 of word 88 is set to one, then Ultra DMA modes 1 and below are supported.  If this bit is cleared to
zero, then Ultra DMA mode 1 is not supported.  If Ultra DMA mode 1 is supported, then Ultra DMA mode 0
shall also be supported. If this bit is set to one, bit 0 shall be set to one.

8.12.47.8 Ultra DMA mode 0 supported

If bit 0 of word 88 is set to one, then Ultra DMA mode 0 is supported.  If this bit is cleared to zero, then Ultra
DMA is not supported.

8.12.48 Word 89: Time required for Security erase unit completion

Word 89 specifies the time required for the SECURITY ERASE UNIT command to complete.

Value Time
0 Value not specified

1-254 (Value*2) minutes
255 >508 minutes

8.12.49 Word 90: Time required for Enhanced security erase unit completion

Word 90 specifies the time required for the ENHANCED SECURITY ERASE UNIT command to complete.

Value Time
0 Value not specified

1-254 (Value*2) minutes
255 >508 minutes

8.12.50 Word 91: Advanced power management level value

Bits 7-0 of word 91 contain the current Advanced Power Management level setting.

8.12.51 Words 92-126: Reserved

8.12.52 Word 127: Removable Media Status Notification feature set support

If bit 0 of word 127 is set to one and bit 1 of word 127 is cleared to zero, the device supports the Removable
Media Status Notification feature set. Bits 15 through 2 shall be cleared to zero.

8.12.53 Word 128: Security status

Bit 8 of word 128 indicates the security level. If security mode is enabled and the security level is high, bit 8
shall be cleared to zero. If security mode is enabled and the security level is maximum, bit 8 shall be set to
one. When security mode is disabled, bit 8 shall be cleared to zero.

Bit 5 of word 128 indicates the Enhanced security erase unit feature is supported. If bit 5 is set to one, the
Enhanced security erase unit feature set is supported.

Bit 4 of word 128 indicates that the security count has expired. If bit 4 is set to one, the security count is
expired and SECURITY UNLOCK and SECURITY ERASE UNIT are command aborted until a power-on
reset or hard reset.

Bit 3 of word 128 indicates security Frozen. If bit 3 is set to one, the security is Frozen.

Bit 2 of word 128 indicates security locked. If bit 2 is set to one, the security is locked.
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Bit 1 of word 128 indicates security enabled. If bit 1 is set to one, the security is enabled.

Bit 0 of word 128 indicates the Security Mode feature set supported. If bit 0 is set to one, security is
supported.

8.12.54 Words 129-159: Vendor specific.

8.12.55 Words 160-255: Reserved.
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8.13 IDENTIFY PACKET DEVICE

8.13.1 Command code

A1h

8.13.2 Feature set

PACKET Command feature set
− Use prohibited for devices not implementing the PACKET Command feature set.
− Mandatory for devices implementing the PACKET Command feature set.

8.13.3 Protocol

PIO data in (see 9.7).

8.13.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command A1h

Device/Head register -
DEV shall indicate the selected device.

8.13.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.13.6 Error outputs

The device shall return command aborted if the device does not implement this command, otherwise, the
device shall not report an error.
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8.13.7 Prerequisites

This command shall be accepted regardless of the state of DRDY.

8.13.8 Description

The IDENTIFY PACKET DEVICE command enables the host to receive parameter information from a
device that implements the PACKET Command feature set.

Some devices may have to read the media in order to complete this command.

When the command is issued, the device sets the BSY bit to one, prepares to transfer the 256 words of
device identification data to the host, sets the DRQ bit to one, clears the BSY bit to zero, and asserts INTRQ
if nIEN is cleared to zero.  The host may then transfer the data by reading the Data register. Table 13
defines the arrangement and meanings of the parameter words in the buffer. All reserved bits or words shall
be zero.

Some parameters are defined as a group of bits.  A word that is defined as a set of bits is transmitted with
indicated bits on the respective data bus bit (e.g., bit 15 appears on DD15).

Some parameters are defined as a 16-bit value.  A word that is defined as a 16-bit value places the most
significant bit of the value on bit DD15 and the least significant bit on bit DD0.

Some parameters are defined as 32-bit values (e.g., words 57 and 58).  Such fields are transferred using
two word transfers.  The device shall first transfer the least significant bits, bits 15 through 0 of the value, on
bits DD (15:0) respectively.  After the least significant bits have been transferred, the most significant bits,
bits 31 through 16 of the value, shall be transferred on DD (15:0) respectively.

Some parameters are defined as a string of ASCII characters. For the string “Copyright”, the character “C” is
the first byte, the character “o” is the 2nd byte, etc.  When such fields are transferred, the order of
transmission is:

  the 1st character (“C”) is on bits DD (15:8) of the first word,
  the 2nd character (“o”) is on bits DD (7:0) of the first word,
  the 3rd character (“p”) is on bits DD (15:8) of the second word,
  the 4th character (“y”) is on bits DD (7:0) of the second word,
  etc.
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Table 13 − IDENTIFY PACKET DEVICE information (continued)
Word F/V

0 General configuration bit-significant information:
F

R
F
F
F

R
F

15-14

13
12-8

7
6-5

4-2
1-0

10=ATAPI device
11=reserved
reserved
Field indicates command packet set used by device
1=removable media device
00=Device shall set DRQ to one within 3 ms of receiving PACKET
command.
01=Device shall assert INTRQ when DRQ is set to one after receiving
PACKET.
10=Device shall set DRQ to one within 50 µs of receiving PACKET
command.
11=reserved
reserved
00=12 byte command packet
01=16 byte command packet
1x=reserved

1-9 R Reserved
10-19 F Serial number (20 ASCII characters)
20-22 R Reserved
23-26 F Firmware revision (8 ASCII characters)
27-46 F Model number (40 ASCII characters)
47-48 R Reserved

49 Capabilities
F
F
F
F
F
F
F
F
X

15
14
13
12
11
10
9
8

7-0

1=interleaved DMA supported
1=command queuing supported
1=overlap operation supported
1=ATA software reset required (obsolete)
1=IORDY supported
1=IORDY may be disabled
1=LBA supported
1=DMA supported
Vendor specific

50 R Reserved
51 F

X
15-8
7-0

PIO data transfer mode number
Vendor specific

52 R Reserved
53 R

F

F

V

15-3
2

1

0

Reserved
1=the fields reported in word 88 are valid
0=the fields reported in word 88 are not valid
1=the fields reported in words 64-70 are valid
0=the fields reported in words 64-70 are not valid
1=the fields reported in words 54-58 are valid
0=the fields reported in words 54-58 may be valid

54-62 R Reserved
(continued)
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Table 13 −− IDENTIFY PACKET DEVICE information(continued)
Word F/V

63 R
V

V

V

R
F
F
F

15-11
10

9

8

7-3
2
1
0

Reserved
1= Multiword DMA mode 2 is selected
0= Multiword DMA mode 2 is not selected
1= Multiword DMA mode 1 is selected
0= Multiword DMA mode 1 is not selected
1= Multiword DMA mode 0 is selected
0= Multiword DMA mode 0 is not selected
Reserved
1= Multiword DMA mode 2 and below are supported
1= Multiword DMA mode 1 and below are supported
1= Multiword DMA mode 0 is supported Multiword DMA mode selected

64 R
F

15-8
7-0

Reserved
Advanced PIO transfer modes supported

65 Minimum Multiword DMA transfer cycle time per word
F 15-0 Cycle time in nanoseconds

66 Manufacturer’s recommended Multiword DMA transfer cycle time
F 15-0 Cycle time in nanoseconds

67 Minimum PIO transfer cycle time without flow control
F 15-0 Cycle time in nanoseconds

68 Minimum PIO transfer cycle time with IORDY flow control
F 15-0 Cycle time in nanoseconds

69-70 R Reserved (for future command overlap and queuing)
71 F Typical time in ns from receipt of PACKET command to bus release.
72 F Typical time in ns from receipt of SERVICE command to BSY cleared to zero

73-74 R Reserved
75 F Queue depth

15-5
4-0

Reserved
Maximum queue depth supported

76-79 R Reserved
80 F Major version number

0000h or FFFFh = device does not report version
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

Reserved
Reserved for ATA/ATAPI-14
Reserved for ATA/ATAPI-13
Reserved for ATA/ATAPI-12
Reserved for ATA/ATAPI-11
Reserved for ATA/ATAPI-10
Reserved for ATA/ATAPI-9
Reserved for ATA/ATAPI-8
Reserved for ATA/ATAPI-7
Reserved for ATA/ATAPI-6
Reserved for ATA/ATAPI-5
1=supports ATA/ATAPI-4
1=supports ATA-3
1=supports ATA-2
1=supports ATA-1
Reserved

81 F Minor version number
0000h or FFFFh=device does not report version
0001h-FFFEh=see 8.12.44

(continued)
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Table 13 − IDENTIFY PACKET DEVICE information (continued)
Word F/V

82 F Command set supported.  If words 82 and 83 =0000h or FFFFh command set
notification not supported.

15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

Obsolete
1=NOP command supported
1=READ BUFFER command supported
1=WRITE BUFFER command supported
Obsolete
1=Host Protected Area feature set supported
1=DEVICE RESET command supported
1=SERVICE interrupt supported
1=release interrupt supported
1=look-ahead supported
1=write cache supported
1=supports PACKET Command feature set
1=supports Power Management feature set
1=supports Removable Media feature set
1=supports Security Mode feature set
1=supports SMART feature set

83 F Command sets supported. If words 82 and 83 =0000h or FFFFh command set
notification not supported.

15
14

13-5
4

3-1
0

Shall be cleared to zero
Shall be set to one
Reserved
1=Removable Media Status Notification feature set supported
Reserved
1=DOWNLOAD MICROCODE command supported

84 F Command set/feature supported extension. If words 82, 83, and 84 = 0000h or FFFFh
command set notification extension is not supported.

15
14

13-0

Shall be cleared to zero
Shall be set to one
Reserved

85 V Command set/feature enabled. If words 85, 86, and 87 = 0000h or FFFFh command
set enabled notification is not supported.

15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

Obsolete
1=NOP command supported
1=READ BUFFER command supported
1=WRITE BUFFER command supported
Obsolete
1=Host Protected Area feature set supported
1=DEVICE RESET command supported
1=SERVICE interrupt enabled
1=release interrupt enabled
1=look-ahead enabled
1=write cache enabled
1=supports PACKET Command feature set
1=supports Power Management feature set
1=supports Removable Media feature set
1= Security Mode feature set enabled
1= SMART feature set enabled

(continued)
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Table 13 − IDENTIFY PACKET DEVICE information (concluded)
Word F/V

86 V Command set/feature enabled. If words 85, 86, and 87 = 0000h or FFFFh command
set enabled notification is not supported.
15-5

4

3-1
0

Reserved
1=Removable Media Status Notification feature set enabled via the SET
FEATURES command.
Reserved
1=DOWNLOAD MICROCODE command supported

87 V Command set/feature default. If words 85, 86, and 87 = 0000h or FFFFh command
set default notification is not supported.

15
14

13-0

Shall be cleared to zero
Shall be set to one
Reserved

88 R
V

V

V

R
F
F
F

15-11
10

9

8

7-3
2
1
0

Reserved
1=Ultra DMA mode 2 is selected
0=Ultra DMA mode 2 is not selected
1=Ultra DMA mode 1 is selected
0=Ultra DMA mode 1 is not selected
1=Ultra DMA mode 0 is selected
0=Ultra DMA mode 0 is not selected
Reserved
1=Ultra DMA mode 2 and below are supported
1=Ultra DMA mode 1 and below are supported
1=Ultra DMA mode 0 is supported

89-126 R Reserved
127 F Removable Media Status Notification feature set support

15-2
1-0

Reserved
00=Removable Media Status Notification feature set not supported
01=Removable Media Status Notification feature set supported
10=Reserved
11=Reserved

128 V Security status
15-9

8
7-6
5
4
3
2
1
0

Reserved
Security level  0=High,  1=Maximum
Reserved
1=Enhanced security erase supported
1=Security count expired
1=Security frozen
1=Security locked
1=Security enabled
1=Security supported

129-159 X Vendor specific
160-255 R Reserved

Key:
F = the content of the word is fixed and does not change. For removable media devices, these values may
change when media is removed or changed.
V = the contents of the word is variable and may change depending on the state of the device or the
commands executed by the device.
X = the content of the word is vendor specific and may be fixed or variable.
R = the content of the word is reserved and shall be zero.
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8.13.9 Word 0: General configuration

Bits 15 and 14 of word 0 indicate the type of device. If bit 15 is cleared to zero the device does not
implement the PACKET Command feature set. If bit 15 is set to one and bit 14 is cleared to zero, the device
implements the PACKET Command feature set. The value bit 15 and bit 14 both set to one is reserved.

Bits 12 through 8 of word 0 indicate the command packet set implemented by the device. This value follows
the peripheral device type value as defined in X3T10/995D, SCSI-3 Primary Commands.

Value Description
00h Direct-access device
01h Sequential-access device
02h Printer device
03h Processor device
04h Write-once device
05h CD-ROM device
06h Scanner device
07h Optical memory device
08h Medium changer device
09h Communications device

0A-0Bh Reserved for ACS IT8
0Ch Array controller device

0D-1Eh Reserved
1Fh Unknown or no device type

Bit 7 if set to one indicates that the device has removable media.

Bits 6 and 5 of word 0 indicates the DRQ response time when a PACKET command is received. A value of
00b indicates a maximum time of 3 ms from receipt of PACKET to the setting of DRQ to one. A value of
01b indicates that INTRQ shall be asserted when DRQ is set to one and that this action will occur within 10
ms of the receipt of PACKET. A value of 10b indicates a maximum time of 50 µs from the receipt of
PACKET to the setting of DRQ to one. The value 11b is reserved.

Bits 1 and 0 of word 0 indicate the packet size the device supports. A value of 00b indicates that a 12 byte
packet is supported; a value of 01b indicates a 16 byte packet. The values 10b and 11b are reserved.

8.13.10 Words 1-9: Reserved

8.13.11 Words 10-19: Serial number
The use of these words is optional. If not implemented, the content shall be zeros. If implemented, the
content shall be as described in words 10-19 of the IDENTIFY DEVICE command (see 8.12.16).

8.13.12 Words 20-22: Reserved

8.13.13 Words 23-26: Firmware revision

Words 23 through 26 shall have the content described for words 23 through 26 of the IDENTIFY DEVICE
command.

8.13.14 Words 27-46: Model number

Words 27 through 46 shall have the content described for words 27 through 46 of the IDENTIFY DEVICE
command.

8.13.15 Words 47-48: Reserved
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8.13.16 Word 49: Capabilities

Bit 15 of word 49 is used to indicated that the device supports interleaved DMA data transfer for overlapped
DMA commands.

Bit 14 of word 49 is used to indicated that the device supports command queuing for overlapped commands.
If bit 14 is set to one, bit 13 shall be set to one.

Bit 13 of word 49 is used to indicated that the device supports command overlap operation.

Bit 12 of word 49 indicates that the device requires a software reset to reset the device when BSY is set to
one. Some devices produced before this standard are unable to process a DEVICE RESET when the BSY
bit is set to one. The use of this bit is obsolete.

Bit 11 of word 49 is used to determine whether a device supports IORDY.  If this bit is set to one, then the
device supports IORDY operation.  If this bit is zero, the device may support IORDY.  This ensures
backward compatibility. If a device supports PIO mode 3 or higher, then this bit shall be set to one.

Bit 10 of word 49 is used to indicate a device’s ability to enable or disable the use of IORDY.  If this bit is set
to one, then the device supports the disabling of IORDY. Disabling and enabling of IORDY is accomplished
using the SET FEATURES command.

Bit 9 of word 49 indicates that an LBA translation is supported

Bits 8 of word 49 indicates that DMA is supported.

8.13.17 Word 50: Reserved

8.13.18 Word 51: PIO data transfer mode number

Word 51 shall have the content described for word 51 of the IDENTIFY DEVICE command.

8.13.19 Word 52: Reserved

8.13.20 Word 53: Field validity

Word 53 shall have the content described for word 53 of the IDENTIFY DEVICE command.

8.13.21 Words 54-62: Reserved

8.13.22 Word 63: Multiword DMA transfer

Word 63 shall have the content described for word 63 of the IDENTIFY DEVICE command.

8.13.23 Word 64: PIO transfer mode supported

Word 64 shall have the content described for word 64 of the IDENTIFY DEVICE command.

8.13.24 Word 65: Minimum multiword DMA transfer cycle time per word

Word 65 shall have the content described for word 65 of the IDENTIFY DEVICE command.

8.13.25 Word 66: Device recommended multiword DMA cycle time

Word 66 shall have the content described for word 66 of the IDENTIFY DEVICE command.

8.13.26 Word 67: Minimum PIO transfer cycle time without flow control
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Word 67 shall have the content described for word 67 of the IDENTIFY DEVICE command.

8.13.27 Word 68: Minimum PIO transfer cycle time with IORDY

Word 68 shall have the content described for word 68 of the IDENTIFY DEVICE command.

8.13.28 Word 69-70: Reserved

8.13.29 Word 71: PACKET to bus release time

Word 71 shall contain the typical time (99.7 % of the time) in microseconds from the receipt of a PACKET
command until the device performs a bus release.

8.13.30 Word 72: SERVICE to bus release time

Word 72 shall contain the typical time (the mean plus three standard deviations) in microseconds from the
receipt of a SERVICE command until the device performs a bus release.

8.13.31 Word 73-74: Reserved

8.13.32 Word 75: Queue depth

Bits 4 through 0 of word 75 shall have the content described for word 75 of the IDENTIFY DEVICE
command.

8.13.33 Words 76-79: Reserved

8.13.34 Word 80: Major revision number

Word 80 shall have the content described for word 80 of the IDENTIFY DEVICE command.

8.13.35 Word 81: Minor revision number

Word 81 shall have the content described for word 81 of the IDENTIFY DEVICE command.

8.13.36 Words 82-84: Features/command sets supported

Words 82, 83, and 84 shall have the content described for words 82, 83, and 84 of the IDENTIFY DEVICE
command.

8.13.37 Words 85-87: Features/command sets enabled

Words 85, 86, and 87 shall have the content described for words 85, 86, and 87 of the IDENTIFY DEVICE
command.

8.13.38 Word 88:Ultra DMA modes

Word 88 shall have the content described for word 88 of the IDENTIFY DEVICE command.

8.13.39 Word 89: Time required for Security erase unit completion

Word 89 shall have the content described for word 89 of the IDENTIFY DEVICE command.

8.13.40 Word 90: Time required for Enhanced security erase unit completion

Word 90 shall have the content described for word 90 of the IDENTIFY DEVICE command.
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8.13.41 Word 127: Removable Media Status Notification feature set support

Word 127 shall have the content described for word 127 of the IDENTIFY DEVICE command.

8.13.42 Word 128: Security status

Word 128 shall have the content described for word 128 of the IDENTIFY DEVICE command.

8.13.43 Words 129-255: Reserved
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8.14 IDLE

8.14.1 Command code

E3h

8.14.2 Feature set

 Power Management feature set.
− Power Management feature set is mandatory when power management is not implemented by a

PACKET power management feature set.
− This command is mandatory when the Power Management feature set is implemented.

8.14.3 Protocol

Non-data command (see 9.9).

8.14.4 Inputs

Values other than zero in the Sector Count register when the IDLE command is issued shall determine the
time period programmed into the Standby timer. Table 14 defines these values.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Timer period value
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E3h

Device/Head register -
DEV shall indicate the selected device.

Table 14 − Automatic Standby timer periods
Sector Count register

contents
Corresponding timeout period

0 (00h) Timeout disabled
1-240 (01h-F0h) (value * 5) s

241-251 (F1h-FBh) ((value - 240) * 30) min
252 (FCh) 21 min
253 (FDh) Period between 8 and 12 hrs
254 (FEh) Reserved
255 (FFh) 21 min 15 s

NOTE − Times are approximate.
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8.14.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.14.6 Error outputs

The device shall return command aborted if the device does not support the Power Management feature
set.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if Power Management feature set is not supported. ABRT may be set to
                one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.14.7 Prerequisites

DRDY set equal to one.

8.14.8 Description

The IDLE command allows the host to place the device in the Idle mode using the Standby timer. INTRQ
may be asserted even though the device may not have fully transitioned to Idle mode.
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If the Sector Count register is non-zero then the Standby timer shall be enabled.  The value in the Sector
Count register shall be used to determine the time programmed into the Standby timer (see 6.8). If the
Sector Count register is zero then the Standby timer is disabled.
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8.15 IDLE IMMEDIATE

8.15.1 Command code

E1h

8.15.2 Feature set

Power Management feature set.
− Power Management feature set is mandatory when power management is not implemented by a

PACKET power management feature set.
− This command is mandatory when the Power Management feature set is implemented.

8.15.3 Protocol

Non-data command (see 9.9).

8.15.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E1h

Device/Head register -
DEV shall indicate the selected device.

8.15.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.15.6 Error outputs

The device shall return command aborted if the device does not support the Power Management feature
set.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if Power Management feature set is not supported. ABRT may be set to
          one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.15.7 Prerequisites

DRDY set equal to one.

8.15.8 Description

The IDLE IMMEDIATE command allows the host to immediately place the device in the Idle mode. INTRQ
may be asserted even though the device may not have fully transitioned to Idle mode (see 6.8).
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8.16 INITIALIZE DEVICE PARAMETERS

8.16.1 Command code

91h

8.16.2 Feature set

General feature set
− Mandatory for devices not implementing the PACKET Command feature set if a CHS

translation is supported.
− Not mandatory for devices not implementing the PACKET command feature set if the device

capacity is greater then 8 Gbytes and only LBA translation is supported.
− Use prohibited for devices implementing the PACKET Command feature set.

8.16.3 Protocol

Non-data (see 9.9).

8.16.4 Inputs

The Sector Count register specifies the number of logical sectors per logical track, and the Device/Head
register specifies the maximum head number.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Logical sectors per logical track
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV Max head
Command 91h

Device/Head register -
DEV shall indicate the selected device.

8.16.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY na DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.16.6 Error outputs

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY na DF na DRQ na na ERR

Error register -
ABRT shall be set to one if the device does not support the requested CHS translation. ABRT may
be
           set to one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.16.7 Prerequisites

This command shall be accepted regardless of the state of DRDY.

8.16.8 Description

This command enables the host to set the number of logical sectors per track and the number of logical
heads minus 1, per logical cylinder for the current CHS translation mode.

If the capacity of the device is less than 16,514,064 sectors, a device shall support the CHS translation
described in words 1, 3, and 6 of the IDENTIFY DEVICE information.  Support of other CHS translations is
optional.

If the host requests a CHS translation that is not supported by the device, the device shall return command
aborted.  The device shall also clear bit 0 of word 53 in the IDENTIFY DEVICE data to zero, and the content
of words 54, 55, 56, and (58:57) may be zero until a supported translation is requested by the host.

If the requested CHS translation is not supported, the device shall fail all media access commands with an
ID Not Found error until a valid CHS translation is established.

After a successful INITIALIZE DEVICE PARAMETERS command the content of all IDENTIFY DEVICE
words shall comply with 6.2.1 in addition to the following:
1) The content of words 1, 3, 6, and (61:60) shall be unchanged.
2) The content of word 55 shall equal the  (Max head value requested by the host + 1).
3) The content of word 56 shall equal the (Logical sectors per logical track value requested by the host).
4) If the content of word (61:60) is less than or equal to 16,514,064, then word 54 shall equal the whole

number result of [[(the content of words (61:60)) ÷ [(the new content of word 55 as determined by the
successful INITIALIZE DEVICE PARAMETERS command) * (the new content of word 56 as determined
by the successful INITIALIZE DEVICE PARAMETERS command)]], or 65,535 whichever is less.

5) If the content of word (61:60) is greater than 16,514,064, then word 54 shall equal the whole number
result of [[(16,514,064) ÷ [(the new content of word 55 as determined by the successful INITIALIZE
DEVICE PARAMETERS command) * (the new content of word 56 as determined by the successful
INITIALIZE DEVICE PARAMETERS command)]] or 65,535 whichever is less.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 70 of 170



T13/1153D revision 18

Page 110

6) Words (58:57) shall equal [(the new content of word 54) * (the new content of word 55) * (the new
content of word 56)].
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8.17 MEDIA EJECT

8.17.1 Command code

EDh

8.17.2 Feature set

Removable Media Status Notification feature set
− Mandatory for devices not implementing the PACKET command feature set and implementing

the Removable Media Status Notification feature set.
− Prohibited for devices implementing the PACKET command feature set.

Removable Media feature set
− Mandatory for devices not implementing the PACKET command feature set and implementing

the Removable Media feature set.
− Prohibited for devices implementing the PACKET command feature set.

8.17.3 Protocol

Non-data command (see 9.9).

8.17.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command EDh

Device/Head register -
DEV shall indicate the selected device.

8.17.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.17.6 Error outputs

If the device does not support this command, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT NM obs

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if device does not support this command. ABRT may be set to one if the

device is not able to complete the action requested by the command.
NM (No Media) shall be set to one if no media is present in the device.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.17.7 Prerequisites

DRDY set equal to one.

8.17.8 Description

This command causes any pending operations to complete, spins down the device if needed, unlocks the
media if locked, and ejects the media. The device keeps track of only one level of media lock.
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8.18 MEDIA LOCK

8.18.1 Command code

DEh

8.18.2 Feature set

Removable Media Status Notification feature set
− Optional for devices not implementing the PACKET command feature set and implementing the

Removable Media Status Notification feature set.
− Prohibited for device implementing the PACKET command feature set.

Removable Media feature set
− Mandatory for devices not implementing the PACKET command feature set and implementing

the Removable Media feature set.
− Prohibited for devices implementing the PACKET command feature set.

8.18.3 Protocol

Non-data command (see 9.9).

8.18.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command DEh

Device/Head register -
DEV shall indicate the selected device.

8.18.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.18.6 Error outputs

If the device does not support this command, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na MCR ABRT NM obs

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if device does not support this command. ABRT may be set to one if the

device is not able to complete the action requested by the command.
NM (No Media) shall be set to one if no media is present in the device.
MCR (Media Change Request) shall be set to one if the device is locked and a media change

request has been detected by the device.
Device/Head register -

DEV shall indicate the selected device.
Status register -

BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.18.7 Prerequisites

DRDY set equal to one.

8.18.8 Description

This command can be used to lock the media, if Media Status Notification is disabled. If Media Status
Notification is enabled, this command will return good status (no ERR bit in the Status register) and perform
no action.

If the media is unlocked and media is present, the media shall be set to the LOCKED state and no Error
register bit shall be set to one. The device keeps track of only one level of media lock. Subsequent MEDIA
LOCK commands, while the media is in the LOCKED state, do not set additional levels of media locks.

If the media is locked, the status returned shall indicate whether a media change request has been detected
by the device. If a media change request has been detected, the MCR bit in the Error register and the ERR
bit in the Status register shall be set to one.

When media is in the LOCKED state, the device shall respond to the media change request button, by
setting the MCR bit in the Error register and the ERR bit in the Status register to one, until the media
LOCKED condition is cleared.
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8.19 MEDIA UNLOCK

8.19.1 Command code

DFh

8.19.2 Feature set

Removable Media Status Notification feature set
− Optional for devices not implementing the PACKET command feature set and implementing the

Removable Media Status Notification feature set.
− Prohibited for devices implementing the PACKET command feature set.

Removable Media feature set
− Mandatory for devices not implementing the PACKET command feature set and implementing

the Removable Media feature set.
− Prohibited for devices implementing the PACKET command feature set.

8.19.3 Protocol

Non-data command (see 9.9).

8.19.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command DFh

Device/Head register -
DEV shall indicate the selected device.

8.19.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.19.6 Error outputs

If the device does not support this command, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT NM obs

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if device does not support this command. ABRT may be set to one if the

device is not able to complete the action requested by the command.
NM (No Media) shall be set to one if no media is present in the device.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.19.7 Prerequisites

DRDY set equal to one.

8.19.8 Description

This command can be used to unlock the device, if Media Status Notification is disabled. If Media Status
Notification is enabled, this command will return good status (no ERR bit in the Status register) and perform
no action.

If the media is present, the media shall be set to the UNLOCKED state and no Error register bit shall be set
to one. The device keeps track of only one level of media lock. A single MEDIA UNLOCK command unlocks
the media.

If a media change request has been detected by the device prior to the issuance of this command, the
media shall be ejected at MEDIA UNLOCK command completion.
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8.20 NOP

8.20.1 Command code

00h

8.20.2 Feature set

General feature set
− Optional for devices not implementing the PACKET Command feature set.
− Mandatory for devices implementing the PACKET Command feature set.
− Mandatory for devices implementing the Overlapped feature set.

8.20.3 Protocol

Non-data (see 9.9).

8.20.4 Inputs

Register 7 6 5 4 3 2 1 0
Features Subcommand code

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command 00h

Features register -

Subcommand code Description Action
00h NOP Return command aborted and abort any

outstanding queue.
01h NOP Auto Poll Return command aborted and do not abort any

outstanding queue.
02h-FFh Reserved Return command aborted and do not abort any

outstanding queue.

Device/Head register -
DEV shall indicate the selected device.

8.20.5 Normal outputs

This command always fails with an error.

8.20.6 Error outputs

The Command Block registers, other than the Error and Status registers, are not changed by this command.
This command always fails with the device returning command aborted.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 78 of 170



T13/1153D revision 18

Page 118

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count Initial value
Sector Number Initial value
Cylinder Low Initial value
Cylinder High Initial value
Device/Head Initial value

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one.

Sector Count, Sector Number, Cylinder Low, Cylinder High, Device/Head -
value set by host is not changed.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one.

8.20.7 Prerequisites

DRDY set equal to one.

8.20.8 Description

The device shall respond with command aborted. For devices implementing the Overlapped feature set,
subcommand code 00h in the Features register shall abort any outstanding queue. Subcommand codes 01h
through FFh in the Features register shall not affect the status of any outstanding queue.
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8.21 PACKET

8.21.1 Command code

A0h

8.21.2 Feature set

PACKET Command feature set
− Use prohibited for devices not implementing the PACKET Command feature set.
− Mandatory for devices implementing the PACKET Command feature set.

8.21.3 Protocol

Packet (see 9.11).

8.21.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na na na na na na OVL DMA

Sector Count Tag na
Sector Number na
Byte count low
(Cylinder Low)

Byte count limit (7-0)

Byte count high
(Cylinder High)

Byte count limit (15-8)

Device/Head obs na obs DEV na na na na
Command A0h

Features register -
OVL - This bit is set to one to inform the device that the PACKET command is to be overlapped.
DMA - This bit is set to one to inform the device that the data transfer (not the command packet

transfer) associated with this command is via DMA or Ultra DMA mode.
Sector Count register -

Tag - If the device supports command queuing, this field contains the command Tag for the
command being delivered. If queuing is not supported, this field is not applicable.

Byte count low and Byte count high registers -
These registers are written by the host with the maximum byte count that is to be transferred in any
single DRQ assertion for PIO transfers. The byte count does not apply to the command PACKET
transfer. If the PACKET command does not transfer data, the byte count is ignored.

If the PACKET command results in a data transfer:
1) the host shall not set the byte count limit to zero. If the host sets the byte count limit to zero

the device shall return command aborted;
2) the value set into the byte count limit shall be even if the total requested data transfer length

is greater than the byte count limit;
3) the value set into the byte count limit may be odd if the total requested data transfer length

is equal to or less than the byte count limit;
4) the value FFFFh is interpreted by the device as though it were FFFEh.

Device/Head register -
DEV shall indicate the selected device.
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8.21.5 Normal outputs

8.21.5.1 Awaiting command

When the device is ready to accept the command packet from the host the register content shall be as
shown below.

Register 7 6 5 4 3 2 1 0
Error na

Interrupt reason
(Sector Count)

Tag REL I/O C/D

Sector Number na
Byte count low
(Cylinder Low)

Byte count (7:0)

Byte count high
(Cylinder High)

Byte count (15:8)

Device/Head obs na obs DEV na na na na
Status BSY DRDY DMRD SERV DRQ na na CHK

Byte count High/Low - shall reflect the value set by the host when the command was issued.
Interrupt reason register -

Tag - If the device supports command queuing and overlap is enabled, this field contains the
command Tag for the command. If the device does not support command queuing or overlap is
disabled, this field is not applicable.

REL - Shall be cleared to zero.
I/O - Shall be cleared to zero indicating transfer to the device.
C/D -  Shall be set to one indicating the transfer of a command packet.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY - Shall be cleared to zero.
DRDY - na.
DMRD (DMA ready) - Shall be cleared to zero.
SERV (Service) - Shall be set to one if another command is ready to be serviced. If overlap is not

supported, this bit is command specific.
DRQ - Shall be set to one.
CHK - Shall be cleared to zero.

8.21.5.2 Data transmission

When the device is ready to transfer data requested by a data transfer command, the device sets the
following register content to initiate the data transfer.

Register 7 6 5 4 3 2 1 0
Error na

Interrupt reason
(Sector Count)

Tag REL I/O C/D

Sector Number na
Byte count low
(Cylinder Low)

Byte count (7:0)

Byte count high
(Cylinder High)

Byte count (15:8)

Device/Head obs na obs DEV na na na na
Status BSY DRDY DMRD SERV DRQ na na CHK

Byte count High/Low - If the transfer is to be in PIO mode, the byte count of the data to be transferred for
this DRQ assertion shall be presented.
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Valid byte count values are as follows:
1) the byte count shall be less than or equal to the byte count limit value from the host;
2) the byte count shall not be zero;
3) the byte count shall be less than or equal to FFFEh;
4) the byte count shall be even except for the last transfer of a command;
5) if the byte count is odd, the last valid byte transferred is on DD[7:0] and the data on

DD[15:8] is a pad byte of undefined value;
6) if the last transfer of a command has a pad byte, the byte count shall be odd.

Interrupt reason register -
Tag - If the device supports command queuing and overlap is enabled, this field contains the

command Tag for the command. If the device does not support command queuing or overlap is
disabled, this field is not applicable.

REL - Shall be cleared to zero.
I/O - Shall be cleared to zero if the transfer is to the device. Shall be set to one if the transfer is to

the host.
C/D -  Shall be cleared to zero indicating the transfer of data.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY - Shall be cleared to zero.
DRDY - na.
DMRD (DMA ready) - Shall be set to one if the transfer is to be a DMA or Ultra DMA transfer and

the device supports overlap DMA.
SERV (Service) - Shall be set to one if another command is ready to be serviced. If overlap is not

supported, this bit is command specific.
DRQ - Shall be set to one.
CHK - Shall be cleared to zero.

8.21.5.3 Bus release (overlap feature set only)

After receiving the command packet, the device sets BSY to one and clears DRQ to zero. If the command
packet requires a data transfer, the OVL bit is set to one, and the device is not prepared to immediately
transfer data, the device may perform a bus release by placing the following register content. If the
command packet requires a data transfer, the OVL bit is set to one, and the Release interrupt is enabled,
the device shall perform a bus release by setting the register content as follows.

Register 7 6 5 4 3 2 1 0
Error na

Interrupt reason
(Sector Count)

Tag REL I/O C/D

Sector Number na
Byte count low
(Cylinder Low)

na

Byte count high
(Cylinder High)

na

Device/Head obs na obs DEV na na na na
Status BSY DRDY DMRD SERV DRQ na na CHK

Byte count High/Low - na.
Interrupt reason register -

Tag - If the device supports command queuing and overlap is enabled, this field contains the
command Tag for the command. If the device does not support command queuing or overlap is
disabled, this field is not applicable.

REL - Shall be set to one.
I/O - Shall be cleared to zero.
C/D -  Shall be cleared to zero.
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Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY - Shall be cleared to zero indicating bus release.
DRDY - na.
DMRD (DMA ready) - Shall be cleared to zero.
SERV (Service) - Shall be set to one if another command is ready to be serviced. If overlap is not

supported, this bit is command specific.
DRQ - Shall cleared to zero.
CHK - Shall be cleared to zero.

8.21.5.4 Service request (overlap feature set only)

When the device is ready to transfer data or complete a command after the command has performed a bus
release, the device shall set the SERV bit and not change the state of any other register bit (see 6.6).

8.21.5.5  Successful command completion

When the device has command completion without error, the device sets the following register content.

Register 7 6 5 4 3 2 1 0
Error na

Interrupt reason
(Sector Count)

Tag REL I/O C/D

Sector Number na
Byte count low
(Cylinder Low)

na

Byte count high
(Cylinder High)

na

Device/Head obs na obs DEV na na na na
Status BSY DRDY DMRD SERV DRQ na na CHK

Byte count High/Low -na.
Interrupt reason register -

Tag - If the device supports command queuing and overlap is enabled, this field contains the
command Tag for the command. If the device does not support command queuing or
overlap is disabled, this field is not applicable.

REL - Shall be cleared to zero.
I/O - Shall be set to one.
C/D -  Shall be set to one.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY - Shall be cleared to zero indicating command completion.
DRDY - Shall be set to one.
DMRD (DMA ready) - na.
SERV (Service) - Shall be set to one if another command is ready to be serviced. If overlap is not

supported, this bit is command specific.
DRQ - Shall be cleared to zero.
CHK - Shall be cleared to zero.

8.21.6 Error outputs

The device shall not terminate the PACKET command with an error before the last byte of the command
packet has been written (see 9.11).
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Register 7 6 5 4 3 2 1 0
Error Sense key na ABRT EOM ILI

Interrupt reason
(Sector Count)

Tag REL I/O C/D

Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF SERV DRQ na na CHK

Error register -
Sense Key is a command packet set specific error indication.
ABRT shall be set to one if the requested command has been command aborted because the

command code or a command parameter is invalid. ABRT may be set to one if the device is
not able to complete the action requested by the command.

EOM - the meaning of this bit is command set specific. See the appropriate command set standard
for its definition.

ILI - the meaning of this bit is command set specific. See the appropriate command set standard for
its definition.

Interrupt reason register -
Tag - If the device supports command queuing and overlap is enabled, this field contains the

command Tag for the command. If the device does not support command queuing or
overlap is disabled, this field is not applicable.

REL - Shall be cleared to zero.
I/O - Shall be set to one.
C/D -  Shall be set to one.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
SERV (Service) - Shall be set to one if another command is ready to be serviced. If overlap is not

supported, this bit is command specific.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
CHK shall be set to one if an Error register sense key or code bit is set.

8.21.7 Prerequisites

 This command shall be accepted regardless of the state of DRDY.

8.21.8 Description

The PACKET command is used to transfer a device command via a command packet. If the native form of
the encapsulated command is shorter than the packet size reported in bits 1 and 0 of word 0 of the
IDENTIFY PACKET DEVICE response, the encapsulated command shall begin at byte 0 of the packet.
Packet bytes beyond the end of the encapsulated command are reserved.

If the device supports overlap, the OVL bit is set to one in the Features register and the Release interrupt
has been disabled via the SET FEATURES command, the device may or may not perform a bus release. If
the device is ready for the data transfer, it may begin the transfer immediately as described in the non-
overlapped protocol (see 9.11). If the data is not ready, the device may perform a bus release and complete
the transfer after the execution of a SERVICE command.
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8.22 READ BUFFER

8.22.1 Command code

E4h

8.22.2 Feature set

General feature set
− Optional for devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.22.3 Protocol

PIO data in (see 9.7).

8.22.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E4h

Device/Head register -
DEV shall indicate the selected device.

8.22.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.22.6 Error outputs

The device shall return command aborted if the command is not supported.
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Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported. ABRT may be set to one if the device is
          not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.22.7 Prerequisites

DRDY set equal to one. A WRITE BUFFER command shall immediately proceed a READ BUFFER
command.

8.22.8 Description

The READ BUFFER command enables the host to read the current contents of the device’s sector buffer.

The READ BUFFER and WRITE BUFFER commands shall be synchronized such that sequential WRITE
BUFFER and READ BUFFER commands access the same 512 bytes within the buffer.
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8.23 READ DMA

8.23.1 Command code

C8h or C9h

NOTE − The host should not use the C9h value.

8.23.2 Feature set

General feature set
− Mandatory for devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.23.3 Protocol

DMA (see 9.10).

8.23.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA

Command C8h or C9h

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head  -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).

8.23.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 87 of 170



T13/1153D revision 18

Page 127

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.23.6 Error outputs

An unrecoverable error encountered during the execution of this command results in the termination of the
command. The Command Block registers contain the address of the sector where the first unrecoverable
error occurred. The amount of data transferred is indeterminate.

Register 7 6 5 4 3 2 1 0
Error ICRC UNC MC IDNF MCR ABRT NM obs

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error register -
ICRC shall be set to one if an interface CRC error has occurred during an Ultra DMA data transfer.

The content of this bit is not applicable for Multiword DMA transfers.
UNC shall be set to one if data is uncorrectable
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
Device/Head register -

DEV shall indicate the selected device.
Status register -

BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.23.7 Prerequisites

DRDY set equal to one. The host shall initialize the DMA channel.
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8.23.8 Description

The READ DMA command allows the host to read data using the DMA data transfer protocol.
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8.24 READ DMA QUEUED

8.24.1 Command code
C7h

8.24.2 Feature set

Overlapped feature set
− Mandatory for devices implementing the Overlapped feature set but not implementing the PACKET

command feature set.
− Use prohibited for devices implementing the PACKET command feature set.

8.24.3 Protocol

DMA QUEUED (see 9.12).

8.24.4 Inputs

Register 7 6 5 4 3 2 1 0
Features Sector Count

Sector Count Tag na na na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA

Command C7h

Features -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector count -
if the device supports command queuing, bits (7:3) contain the Tag for the command being
delivered. If queuing is not supported, this field is not applicable.

Sector number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).

8.24.5 Normal outputs

8.24.5.1 Release

If the device performs a bus release before transferring data for this command, the register content upon
performing a bus release shall be as shown below.
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Register 7 6 5 4 3 2 1 0
Error na

Sector Count Tag REL I/O C/D
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF SERV DRQ na na ERR

Sector Count register -
Tag - If the device supports command queuing, this field shall contain the Tag of the command

being bus released. If the device does not support command queuing, this field shall be
zeros.

REL bit shall be set to one indicating that the device has bus released an overlap command.
I/O shall be zero.
C/D shall be zero.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating bus release.
DRDY shall be set to one.
SERV (Service) shall be cleared to zero when no other queued command is ready for service. It

shall be set to one when another queued command is ready for service. It shall be set to
one when the device has prepared this command for service.

DF (Device Fault) shall be cleared to zero
DRQ bit shall be cleared to zero.
ERR bit shall be cleared to zero.

8.24.5.2 Command completion

When the transfer of all requested data has occurred without error, the register content shall be as shown
below.

Register 7 6 5 4 3 2 1 0
Error 00h

Sector Count Tag REL I/O C/D
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF SERV DRQ na na ERR

Sector Count register -
Tag - If the device supports command queuing, this field shall contain the Tag of the completed

command. If the device does not support command queuing, this field shall be zeros.
REL shall be cleared to zero.
I/O shall be set to one.
C/D shall be set to one.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
SERV (Service) shall be cleared to zero when no other queued command is ready for service. It

shall be set to one when another queued command is ready for service.
DF (Device Fault) shall be cleared to zero.
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DRQ bit shall be cleared to zero.
ERR bit shall be cleared to zero.

8.24.6 Error outputs
The Sector Count register contains the Tag for this command if the device supports command queuing. The
device shall return command aborted if the command is not supported or if the device has not had
overlapped interrupt enabled. The device shall return command aborted if the device supports command
queuing and the Tag is invalid.  An unrecoverable error encountered during the execution of this command
results in the termination of the command and the Command Block registers contain the sector where the
first unrecoverable error occurred. If a queue existed, the unrecoverable error shall cause the queue to
abort.

Register 7 6 5 4 3 2 1 0
Error ICRC UNC MC IDNF MCR ABRT NM obs

Sector Count Tag REL I/O C/D
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs D Head number or LBA

Status BSY DRDY DF SERV DRQ na na ERR

Error register -
ICRC shall be set to one if an interface CRC error has occurred during an Ultra DMA data transfer.

The content of this bit is not applicable for Multiword DMA transfers.
UNC shall be set to one if data is uncorrectable.
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if ABRT is not set to one.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Count register -

Tag - If the device supports command queuing, this field shall contain the Tag of the completed
command. If the device does not support command queuing, this field shall be zeros.

REL shall be cleared to zero.
I/O shall be set to one.
Bit 0 - C/D shall be set to one.

Sector Number, Cylinder Low, Cylinder High, Device/Head -
shall be written with the address of first unrecoverable error.
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
SERV (Service) shall be cleared to zero when no other queued command is ready for service. It

shall be set to one when another queued command is ready for service.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.
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8.24.7 Prerequisites
DRDY set to one. The host shall initialize the DMA channel.

8.24.8 Description
This command executes in a similar manner to a READ  DMA command. The device may perform a bus
release or it may execute the data transfer without performing a bus release if the data is ready to transfer.
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8.25 READ MULTIPLE

8.25.1 Command code

C4h

8.25.2 Feature set

General feature set
− Mandatory for devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.25.3 Protocol

PIO data in (see 9.7).

8.25.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA
Command C4h

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head  -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).

8.25.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
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DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.25.6 Error outputs

An unrecoverable error encountered during the execution of this command results in the termination of the
command. The Command Block registers contain the address of the sector where the first unrecoverable
error occurred. The amount of data transferred is indeterminate.

Register 7 6 5 4 3 2 1 0
Error na UNC MC IDNF MCR ABRT NM obs

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error register -
UNC shall be set to one if data is uncorrectable.
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.25.7 Prerequisites

DRDY set equal to one. If bit 8 of IDENTIFY DEVICE word 59 is cleared to zero, a successful SET
MULTIPLE MODE command shall precede a READ MULTIPLE command.

8.25.8 Description

The READ MULTIPLE command performs similarly to the READ SECTOR(S) command.  Interrupts are not
generated on every sector, but on the transfer of a block that contains the number of sectors defined by a
SET MULTIPLE MODE command or the default if no intervening SET MULTIPLE command has been
issued.  Command execution is identical to the READ SECTOR(S) operation except that the number of

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 95 of 170



T13/1153D revision 18

Page 135

sectors defined by a SET MULTIPLE MODE command are transferred without intervening interrupts.  The
DRQ bit qualification of the transfer is required only at the start of the data block, not on each sector.

The block count of sectors to be transferred without intervening interrupts is programmed by the SET
MULTIPLE MODE command, that shall be executed prior to the READ MULTIPLE command.  When the
READ MULTIPLE command is issued, the Sector Count register contains the number of sectors (not the
number of blocks or the block count) requested.

If the number of requested sectors is not evenly divisible by the block count, as many full blocks as possible
are transferred, followed by a final, partial block transfer.  The partial block transfer shall be for n sectors,
where n = remainder (sector count/ block count).

If the READ MULTIPLE command is received when READ MULTIPLE commands are disabled, the READ
MULTIPLE operation shall be rejected with command aborted.

Device errors encountered during READ MULTIPLE commands are posted at the beginning of the block or
partial block transfer, but the DRQ bit is still set to one and the data transfer shall take place, including
transfer of corrupted data, if any. The contents of the Command Block Registers following the transfer of a
data block that had a sector in error are undefined.  The host should retry the transfer as individual requests
to obtain valid error information.

Subsequent blocks or partial blocks are transferred only if the error was a correctable data error.  All other
errors cause the command to stop after transfer of the block that contained the error.
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8.26 READ NATIVE MAX ADDRESS

8.26.1 Command code

F8h

8.26.2 Feature set

Host Protected Area feature set.
− Mandatory when the Host Protected Area feature set is implemented.
− Use prohibited when Removable feature set is implemented.

8.26.3 Protocol

Non-data command (see 9.9).

8.26.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs LBA obs DEV na
Command F8h

Device/Head -
If LBA is set to one, the maximum address shall be reported as an LBA value.
If LBA is cleared to zero, the maximum address shall be reported as a CHS value.
DEV shall indicate the selected device.

8.26.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number Native max address sector number or LBA
Cylinder Low Native max address cylinder low or LBA
Cylinder High Native max address cylinder high or LBA
Device/Head obs na obs DEV Native max address head or

LBA
Status BSY DRDY DF na DRQ na na ERR

Sector Number -
maximum native sector number (IDENTIFY DEVICE word 6) or LBA bits (7:0) for native max
address on the device.

Cylinder Low -
maximum native cylinder number low or LBA bits (15:8) for native max address on the device.

Cylinder High -
maximum native cylinder number high or LBA bits (23:16) for native max address on device.

Device/Head -
maximum native head number (IDENTIFY DEVICE word 3 minus one) or LBA bits (27:24) for native

max address on the device.
DEV shall indicate the selected device.
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Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.26.6 Error outputs

If this command is not supported the device shall return command aborted. The device shall return
command aborted if a CHS address is requested and the device does not support a CHS translation.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY na na na na na ERR

Error register -
ABRT shall be set to one if this command is not supported. ABRT may be set to one if the device is
           not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
ERR shall be set to one if an Error register bit is set to one.

8.26.7 Prerequisites

DRDY set equal to one.

8.26.8 Description

This command returns the native maximum address. The native maximum address is the highest address
accepted by the device in the factory default condition. The native maximum address is the maximum
address that is valid when using the SET MAX ADDRESS command.
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8.27 READ SECTOR(S)

8.27.1 Command code

20h or 21h

NOTE − The host should not use the 21h value.

8.27.2 Feature set

General feature set
− Mandatory for all devices.
− PACKET Command feature set devices (see 8.27.5.2).

8.27.3 Protocol

PIO data in (see 9.7).

8.27.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA
Command 20h or 21h

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head  -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 99 of 170



T13/1153D revision 18

Page 139

8.27.5 Outputs

8.27.5.1 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.27.5.2 Outputs for PACKET Command feature set devices

In response to this command, devices that implement the PACKET Command feature set shall post
command aborted and place the PACKET Command feature set signature in the Cylinder High and the
Cylinder Low register (see 9.1).

8.27.6 Error outputs

An unrecoverable error encountered during the execution of this command results in the termination of the
command. The Command Block registers contain the address of the sector where the first unrecoverable
error occurred. The amount of data transferred is indeterminate.

Register 7 6 5 4 3 2 1 0
Error na UNC MC IDNF MCR ABRT NM obs

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error register -
UNC shall be set to one if data is uncorrectable.
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
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address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.27.7 Prerequisites

DRDY set equal to one.

8.27.8 Description

This command reads from 1 to 256 sectors as specified in the Sector Count register.  A sector count of 0
requests 256 sectors.  The transfer shall begin at the sector specified in the Sector Number register.

The DRQ bit is always set to one prior to data transfer regardless of the presence or absence of an error
condition.
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8.28 READ VERIFY SECTOR(S)

8.28.1 Command code

40h or 41h

NOTE − The host should not use the 41h value.

8.28.2 Feature set

General feature set
− Mandatory for all devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.28.3 Protocol

Non-data (see 9.9).

8.28.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA
Command 40h or 41h

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head  -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).

8.28.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR
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Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.28.6 Error outputs

An unrecoverable error encountered during the execution of this command results in the termination of the
command. The Command Block registers contain the address of the sector where the first unrecoverable
error occurred.

Register 7 6 5 4 3 2 1 0
Error na UNC MC IDNF MCR ABRT NM obs

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error register -
UNC shall be set to one if data is uncorrectable.
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.28.7 Prerequisites

DRDY set equal to one.

8.28.8 Description
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This command is identical to the READ SECTOR(S) command, except that the DRQ bit is never set to one,
and no data is transferred to the host.
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8.29 SECURITY DISABLE PASSWORD

8.29.1 Command code

F6h

8.29.2 Feature set

Security Mode feature set.
− Mandatory when the Security Mode feature set is implemented.

8.29.3 Protocol

PIO data out (see 9.8).

8.29.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command F6h

Device/Head register -
DEV shall indicate the selected device.

8.29.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.29.6 Error outputs

The device shall return command aborted if the command is not supported, the device is in Locked mode,
or the device is in Frozen mode.
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Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported. ABRT may be set to one if the device is
           not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.29.7 Prerequisites

DRDY set equal to one. Device shall be in Unlocked mode.

8.29.8 Description

The SECURITY DISABLE PASSWORD command requests a transfer of a single sector of data from the
host. Table 15 defines the content of this sector of information. If the password selected by word 0 matches
the password previously saved by the device, the device disables the Lock mode. This command does not
change the Master password that may be reactivated later by setting a User password (see 6.10).

Table 15 − Security password content
Word Content

0 Control word
Bit 0 Identifier         0=compare User password

                       1=compare Master password
Bit 1-15 Reserved

1-16 Password (32 bytes)
17-255 Reserved
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8.30 SECURITY ERASE PREPARE

8.30.1 Command code

F3h

8.30.2 Feature set

Security Mode feature set.
− Mandatory when the Security Mode feature set is implemented.

8.30.3 Protocol

Non-data (see 9.9).

8.30.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command F3h

Device/Head register -
DEV shall indicate the selected device.

8.30.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.30.6 Error outputs

The device shall return command aborted if the command is not supported or the device is in Frozen mode.
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Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported or device is in Frozen mode. ABRT may
            be set to one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.30.7 Prerequisites

DRDY set equal to one.

8.30.8 Description

The SECURITY ERASE PREPARE command shall be issued immediately before the SECURITY ERASE
UNIT command to enable device erasing and unlocking. This command prevents accidental erase of the
device.
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8.31 SECURITY ERASE UNIT

8.31.1 Command code

F4h

8.31.2 Feature set

 Security Mode feature set.
− Mandatory when the Security Mode feature set is implemented.

8.31.3 Protocol

PIO data out (see 9.8).

8.31.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command F4h

Device/Head register -
DEV shall indicate the selected device.

8.31.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 109 of 170



T13/1153D revision 18

Page 149

8.31.6 Error outputs

The device shall return command aborted if the command is not supported, the device is in Frozen mode,
not preceded by a SECURITY ERASE PREPARE command, or if the data area is not successfully
overwritten.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported, device is in Frozen mode, not preceded

by a SECURITY ERASE PREPARE command, or if the data area is not successfully
overwritten. ABRT may be set to one if the device is not able to complete the action
requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.31.7 Prerequisites

DRDY set equal to one. This command shall be immediately preceded by a SECURITY ERASE PREPARE
command.

8.31.8 Description

This command requests transfer of a single sector of data from the host. Table 16 defines the content of this
sector of information. If the password does not match the password previously saved by the device, the
device rejects the command with command aborted.

The SECURITY ERASE PREPARE command shall be completed immediately prior to the SECURITY
ERASE UNIT command. If the device receives a SECURITY ERASE UNIT command without an
immediately prior SECURITY ERASE PREPARE command, the device command aborts the SECURITY
ERASE UNIT command.

When normal erase mode is selected, the  SECURITY ERASE UNIT command writes binary zeroes to all
user data areas. The enhanced erase mode is optional. When enhanced erase mode is selected, the device
writes predetermined data patterns to all user data areas. In enhanced mode, all previously written user data
is overwritten, including sectors that are no longer in use due to reallocation.

This command disables the device Lock mode, however, the Master password is still stored internally within
the device and may be reactivated later when a new User password is set.
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Table 16 − SECURITY ERASE UNIT password
Word Content

0 Control word
Bit 0 Identifier 0=compare User password

1=compare Master password
Bit 1 Erase mode 0=Normal erase

1=Enhanced erase
Bit 2-15 Reserved

1-16 Password (32 bytes)
17-255 Reserved
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8.32 SECURITY FREEZE LOCK

8.32.1 Command code

F5h

8.32.2 Feature set

Security Mode feature set.
− Mandatory when the Security Mode feature set is implemented.

8.32.3 Protocol

Non-data (see 9.9).

8.32.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command F5h

Device/Head register -
DEV shall indicate the selected device.

8.32.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.32.6 Error outputs

The device shall return command aborted if the command is not supported, or the device is in Locked
mode.
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Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported or device is in locked mode. ABRT may
           be set to one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.32.7 Prerequisites

DRDY set equal to one.

8.32.8 Description

The SECURITY FREEZE LOCK command sets the device to Frozen mode. After command completion any
other commands that update the device Lock mode are rejected. Frozen mode is disabled by power off or
hardware reset. If SECURITY FREEZE LOCK is issued when the device is in Frozen mode, the command
executes and the device remains in Frozen mode.

Commands disabled by SECURITY FREEZE LOCK are:
− SECURITY SET PASSWORD
− SECURITY UNLOCK
− SECURITY DISABLE PASSWORD
− SECURITY ERASE UNIT
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8.33 SECURITY SET PASSWORD

8.33.1 Command code

F1h

8.33.2 Feature set

Security Mode feature set.
− Mandatory when the Security Mode feature set is implemented.

8.33.3 Protocol

PIO data out (see 9.8).

8.33.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command F1h

Device/Head register -
DEV shall indicate the selected device.

8.33.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.33.6 Error outputs

The device shall return command aborted if the command is not supported, the device is in Locked mode,
or the device is in Frozen mode.
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Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported, if device is in Frozen mode, or if device

is in locked mode. ABRT may be set to one if the device is not able to complete the action
requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.33.7 Prerequisites

DRDY set equal to one.

8.33.8 Description

This command requests a transfer of a single sector of data from the host. Table 17 defines the content of
this sector of information. The data transferred controls the function of this command. Table 18 defines the
interaction of the identifier and security level bits.

Table 17 − SECURITY SET PASSWORD data content
Word Content

0 Control word
Bit 0

Bits 1-7
Bit 8

Bits 9-15

Identifier

Reserved
Security level

Reserved

0=set User password
1=set Master password

0=High
1=Maximum

1-16 Password (32 bytes)
17-255 Reserved

Table 18 − Identifier and security level bit interaction
Identifier Level Command result

User High The password supplied with the command shall be saved as the new User password.
The Lock mode shall be enabled from the next power-on or hardware reset. The
device shall then be unlocked by either the User password or the previously set
Master password.

User Maximum The password supplied with the command shall be saved as the new User password.
The Lock mode shall be enabled from the next power-on or hardware reset. The
device shall then be unlocked by only the User password. The Master password
previously set is still stored in the device but shall not be used to unlock the device.

Master High or
Maximum

This combination shall set a Master password but shall not enable or disable the
Lock mode. The security level is not changed.
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8.34 SECURITY UNLOCK

8.34.1 Command code

F2h

8.34.2 Feature set

Security Mode feature set.
− Mandatory when the Security Mode feature set is implemented.

8.34.3 Protocol

PIO data out (see 9.8).

8.34.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command F2h

Device/Head register -
DEV shall indicate the selected device.

8.34.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.34.6 Error outputs

The device shall return command aborted if the command is not supported, or the device is in Frozen mode.
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Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported or if device is in Frozen mode. ABRT
may
             be set to one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.34.7 Prerequisites

DRDY set equal to one.

8.34.8 Description

This command requests transfer of a single sector of data from the host. Table 15 defines the content of this
sector of information.

If the Identifier bit is set to Master and the device is in high security level, then the password supplied shall
be compared with the stored Master password. If the device is in maximum security level then the unlock
shall be rejected.

If the Identifier bit is set to user then the device compares the supplied password with the stored User
password.

If the password compare fails then the device returns command aborted to the host and decrements the
unlock counter. This counter is initially set to five and is decremented for each password mismatch when
SECURITY UNLOCK is issued and the device is locked. When this counter reaches zero then SECURITY
UNLOCK and SECURITY ERASE UNIT commands are command aborted until a power-on reset or a
hardware reset. SECURITY UNLOCK commands issued when the device is unlocked have no effect on the
unlock counter.
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8.35 SEEK

8.35.1 Command code

70h

8.35.2 Feature set

General feature set
− Mandatory for devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.35.3 Protocol

Non-data (see 9.9).

8.35.4 Inputs

The Cylinder High register, the Cylinder Low register, the head portion of Device/Head register, and the
Sector Number register contain the address of a sector that the host may request in a subsequent
command.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA
Command 70h

Sector Number -
sector number or LBA address bits (7:0).

Cylinder Low -
cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head  -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) head number or LBA address bits (27:24).

8.35.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF DSC DRQ na na ERR
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Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DSC (Device Seek Complete) shall be set to one concurrent with or after the setting of DRDY to
one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.35.6 Error outputs

Some devices may not report IDNF because they do not range check the address values requested by the
host.

Register 7 6 5 4 3 2 1 0
Error na na MC IDNF MCR ABRT NM na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Device/Head register -

DEV shall indicate the selected device.
Status register -

BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.35.7 Prerequisites

DRDY set equal to one.

8.35.8 Description
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This command allows the host to provide advanced notification that particular data may be requested by the
host in a subsequent command.  DSC shall be set to one concurrent with or after the setting of DRDY to one
when updating the Status register for this command.
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8.36 SERVICE

8.36.1 Command code

A2h

8.36.2 Feature set

Overlap and Queued feature sets
− Mandatory when the PACKET, Overlapped feature set is implemented.

8.36.3 Protocol

PACKET or READ/WRITE DMA QUEUED (see 9.11 and 9.12).

8.36.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command A2h

Device/Head register -
DEV shall indicate the selected device.

8.36.5 Outputs

Outputs as a result of a SERVICE command are described in the command description for the command for
which SERVICE is being requested.

8.36.6 Prerequisites

The device shall have performed a bus release for a previous overlap PACKET, READ DMA QUEUED, or
WRITE DMA QUEUED command and shall have set the SERV bit to one to request the SERVICE
command be issued to continue data transfer and/or provide command status (see 8.37.15).

8.36.7 Description

The SERVICE command is used to provide data transfer and/or status of a command that was previously
bus released.
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8.37 SET FEATURES

8.37.1 Command code

EFh

8.37.2 Feature set

General feature set
− Mandatory for all devices.
− Set transfer mode subcommand is mandatory.
− Enable/disable write cache subcommands are mandatory when a write cache is implemented.
− Enable/Disable Media Status Notification sub commands are mandatory if the Removable

Media feature set is implemented.
− All other subcommands are optional.

8.37.3 Protocol

Non-data (see 9.9).

8.37.4 Inputs

Table 19 defines the value of the subcommand in the Feature register.  Some subcommands use other
registers, such as the Sector Count register to pass additional information to the device.

Register 7 6 5 4 3 2 1 0
Features Subcommand code

Sector Count Subcommand specific
Sector Number Subcommand specific
Cylinder Low Subcommand specific
Cylinder High Subcommand specific
Device/Head obs na obs DEV na na na na
Command EFh

Device/Head register -
DEV shall indicate the selected device.

8.37.5 Normal outputs

See the subcommand descriptions.

8.37.6 Error outputs

If any subcommand input value is not supported or is invalid, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR
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Error register -
ABRT shall be set to one if this subcommand is not supported or if value is invalid. ABRT may be
set
           to one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.37.7 Prerequisites

DRDY shall be set to one.

8.37.8 Description

This command is used by the host to establish parameters that affect the execution of certain device
features. Table 19 defines these features.

At power on, or after a hardware reset, the default setting of the functions specified by the subcommands
are vendor specific.
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Table 19 − SET FEATURES register definitions
Value

(see note)
01h Retired
02h Enable write cache
03h Set transfer mode based on value in Sector Count register. Table 20 defines

values.
04h Obsolete
05h Enable advanced power management
31h Disable Media Status Notification
33h Obsolete
44h Obsolete
54h Obsolete
55h Disable read look-ahead feature
5Dh Enable release interrupt
5Eh Enable SERVICE interrupt
66h Disable reverting to power on defaults
77h Obsolete
81h Retired
82h Disable write cache
84h Obsolete
85h Disable advanced power management
88h Obsolete
95h Enable Media Status Notification
99h Obsolete
9Ah Obsolete
AAh Enable read look-ahead feature
ABh Obsolete
BBh Obsolete
CCh Enable reverting to power on defaults
DDh Disable release interrupt
DEh Disable SERVICE interrupt

NOTE − All values not shown are reserved for future definition.

8.37.9 Enable/disable write cache

Subcommand codes 02h and 82h allow the host to enable or disable write cache in devices that implement
write cache. When the subcommand disable write cache is issued, the device shall initiate the sequence to
flush cache to non-volatile memory before command completion (see 8.10).

8.37.10 Set transfer mode

A host selects the transfer mechanism by Set Transfer Mode, subcommand code 03h, and specifying a
value in the Sector Count register.  The upper 5 bits define the type of transfer and the low order 3 bits
encode the mode value. One PIO mode and one DMA mode shall be selected at all times. The host may
change the selected modes by the SET FEATURES command.
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Table 20 − Transfer mode values
 Mode Bits (7:3) Bits (2:0)

PIO default mode 00000b 000b
PIO default mode, disable IORDY 00000b 001b
PIO flow control transfer mode 00001b mode
Retired 00010b na
Multiword DMA mode 00100b mode
Ultra DMA mode 01000b mode
Reserved 10000b na
mode = transfer mode number

If a device supports this standard, and receives a SET FEATURES command with a Set Transfer Mode
parameter and a Sector Count register value of “00000000b”, it shall set its default PIO mode.  If the value
is “00000001b” and the device supports disabling of IORDY, then the device shall set its default PIO mode
and disable IORDY. A device shall support all PIO modes below the highest mode supported, e.g., if PIO
mode 1 is supported PIO mode 0 shall be supported.

Support of IORDY is mandatory when PIO mode 3 or above is the current mode of operation.

Devices reporting support for Multi Word DMA mode 1 shall also support Multi Word DMA mode 0. A device
shall support all Multi Word DMA modes below the highest mode supported, e.g., if Multi Word DMA mode
1 is supported Multi Word DMA mode 0 shall be supported.

A device shall support all Ultra DMA modes below the highest mode supported, e.g., if Ultra DMA mode 1 is
supported Ultra DMA mode 0 shall be supported.

If an Ultra DMA mode is enabled any previously enabled Multi Word DMA mode shall be disabled by the
device. If a Multiword DMA mode is enabled any previously enabled Ultra DMA mode shall be disabled by
the device.

8.37.11 Enable/disable advanced power management

Subcommand code 05h allows the host to enable Advanced Power Management. To enable Advanced
Power Management, the host writes the Sector Count register with the desired advanced power
management level and then executes a SET FEATURES command with subcommand code 05h. The
power management level is a scale from the lowest power consumption setting of 01h to the maximum
performance level of FEh. Table 21 shows these values.

Table 21 − Advanced power management levels
Level Sector Count value

Maximum performance FEh
Intermediate power management levels without Standby 81h-FDh
Minimum power consumption without Standby 80h
Intermediate power management levels with Standby 02h-7Fh
Minimum power consumption with Standby 01h
Reserved FFh
Reserved 00h

Device performance may increase with increasing power management levels. Device power consumption
may increase with increasing power management levels. The power management levels may contain
discrete bands. For example, a device may implement one power management method from 80h to A0h
and a higher performance, higher power consumption method from level A1h to FEh. Advanced power
management levels 80h and higher do not permit the device to spin down to save power.

Subcommand code 85h disables Advanced Power Management. Subcommand 85h may not be
implemented on all devices that implement SET FEATURES subcommand 05h.
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8.37.12 Enable/disable Media Status Notification

Subcommand code 31h disables Media Status Notification and leaves the media in an unlocked state. If
Media Status Notification is disabled when this subcommand is received, the subcommand has no effect.

Subcommand code 95h enables Media Status Notification and clears any previous media lock state. This
subcommand returns the device capabilities for media eject, media lock, previous state of Media Status
Notification and the current version of Media Status Notification supported in the Cylinder Low and Cylinder
High registers as described below.

Register 7 6 5 4 3 2 1 0
Cylinder Low VER
Cylinder High r r r r r PEJ LOCK PENA

Cylinder Low register -
VER shall contain the Media Status Notification version supported by the device (currently 0x00h)

Cylinder High register -
PENA shall be set to one if Media Status Notification was enabled prior to the receipt of this

command,
LOCK shall be set to one if the device is capable of locking the media preventing manual ejection.
PEJ shall be set to one if the device has a power eject mechanism that is capable of physically

ejecting the media when a MEDIA EJECT command is sent to the device. This bit must be set
to zero if the device only unlocks the media when it receives a MEDIA EJECT command.

r (reserved) shall be cleared to zero.

8.37.13 Enable/disable read look-ahead

Subcommand codes AAh and 55h allow the host to request the device to enable or disable read look-ahead.
Error recovery performed by the device is vendor specific.

8.37.14 Enable/disable release interrupt

Subcommand codes 5Dh and DDh allow a host to enable or disable the asserting INTRQ if nIEN is cleared
to zero when a device releases the bus for an overlapped PACKET command.

8.37.15 Enable/disable SERVICE interrupt

Subcommand codes 5Eh and DEh allow a host to enable or disable the asserting of an interrupt when DRQ
is set to one in response to a SERVICE command.

8.37.16 Enable/disable reverting to defaults

Subcommand codes CCh  and 66h allow the host to enable or disable the device from reverting to power on
default values. A setting of 66h allows settings that may have been modified since power on to remain at the
same setting after a software reset.
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8.38 SET MAX ADDRESS

8.38.1 Command code

F9h

8.38.2 Feature set

Host Protected Area feature set.
− Mandatory when the Host Protected Area feature set is implemented.
− Use prohibited when the Removable feature set is implemented.

8.38.3 Protocol

Non-data command (see 9.9).

8.38.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na V V
Sector Number Native max address sector number or set max

LBA
Cylinder Low Set max cylinder low or LBA
Cylinder High Set max cylinder high or LBA
Device/Head obs LBA obs DEV Native max address

head number or set
max LBA

Command F9h

Sector Count -
V V (Value volatile). If bit 0 is set to one, the device shall preserve the maximum values over power-
up or hardware reset. If bit 0 is cleared to zero, the device shall revert to the most recent non-
volatile maximum address value setting over power-up or hardware reset.

Sector Number -
contains the native max address sector number (IDENTIFY DEVICE word 6) or LBA bits (7:0) value

to be set.
Cylinder Low -

contains the maximum cylinder low or LBA bits (15:8) value to be set.
Cylinder High -

contains the maximum cylinder high or LBA bits (23:16) value to be set.
Device/Head -

if LBA is set to one, the maximum address value is an LBA value.
If LBA is cleared to zero, the maximum address value is a CHS value.
DEV shall indicate the selected device.
Bits (3:0) contain the native max address head number (IDENTIFY DEVICE word 3 minus one) or
LBA bits (27:24) value to be set.
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8.38.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number Native max sector number or max LBA
Cylinder Low Max cylinder low or LBA
Cylinder High Max cylinder high or LBA
Device/Head obs na obs DEV Native max head or max LBA

Status BSY DRDY DF na DRQ na na ERR

Sector Number -
maximum native sector number or LBA bits (7:0) set on the device.

Cylinder Low -
maximum cylinder number low or LBA bits (15:8) set on the device.

Cylinder High -
maximum cylinder number high or LBA bits (23:16) set on device.

Device/Head -
DEV shall indicate the selected device.
maximum native head number or LBA bits (27:24) set on the device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.38.6 Error outputs

If this command is not supported or the maximum value to be set exceeds the capacity of the device, the
device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na IDNF na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY na na na na na ERR

Error register -
ABRT shall be set to one if this command is not supported, maximum value requested exceeds the

device capacity, the set max cylinder number is greater than 16,383, or the command is not
immediately preceded by a READ NATIVE MAX ADDRESS command. ABRT may be set to
one if the device is not able to complete the action requested by the command.

IDNF shall be set to one if the command was the second non-volatile SET MAX ADDRESS
command after power on or hardware reset.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
ERR shall be set to one if an Error register bit is set to one.
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8.38.7 Prerequisites

DRDY set equal to one. A successful READ NATIVE MAX ADDRESS command shall immediately precede
a SET MAX ADDRESS command.

8.38.8 Description

This command allows the host to redefine the maximum address of the user-accessible address space in
either LBA translation or the current CHS translation.  The host may either set a new maximum cylinder
number for CHS translation or a new maximum LBA address for LBA translation. After a successful SET
MAX ADDRESS command using a new maximum cylinder number value the content of all IDENTIFY
DEVICE words shall comply with 6.2.1 in addition to the following:
1) The content of words 3, 6, 55, and 56 are unchanged
2) The content of word 1 shall equal (the new Set max cylinder number + 1) or 16,383, whichever is less
3) The content of words (61:60) shall equal [(the new content of word 1 as determined by the successful

SET MAX ADDRESS command) * (the content of word 3) * (the content of word 6)]
4) If the content of words (61:60) as determined by a successful SET MAX ADDRESS command is less

than 16,514,064, then the content of word 54 shall be equal to [(the content of words (61:60)) ÷ ((the
content of IDENTIFY DEVICE word 55) * (the content of word 56)] or 65,535, whichever is less

5) If the content of word (61:60) as determined by a successful SET MAX ADDRESS command is greater
than 16,514,064, then word 54 shall equal the whole number result of [[(16,514,064) ÷ [(the content of
word 55) * (the content of word 56)]] or 65,535 whichever is less) The content of words (58:57) shall
be equal to [(the new content of word 54 as determined by the successful SET MAX ADDRESS
command) * (the content of word 55) * (the content of word 56)]

After a successful SET MAX ADDRESS command using a new maximum LBA address the content of all
IDENTIFY DEVICE words shall comply with 6.2.1 in addition to the following:
− The content of words (61:60) shall be equal to the new Maximum LBA address + 1.
− If the content of words (61:60) is greater than 16,514,064 and if the device does not support CHS

addressing, then the content of words 1, 3, 6, 54, 55, 56, and (58:57) shall equal zero.

If the device supports CHS addressing:
− The content of words 3, 6, 55, and 56 are unchanged.
− If the new content of words (61:60) is less than 16,514,064, then the content of word 1 shall be equal to

[(the new content of words (61:60)) ÷ [(the content of word 3) * (the content of word 6)]] or 65,535,
whichever is less.

− If the new content of words (61:60) is greater than or equal to 16,514,064, then the content of word 1
shall be equal to 16,383.

− If the new content of words (61:60) is less than 16,514,064, then the content of word 54 shall be equal to
[(the new content of words (61:60)) ÷ [(the content of word 55) * (the content of word 56)]].

− If the new content of words (61:60) is greater than or equal to 16,514,064, then the content of word 54
shall be equal to 16,383.

− Words (58:57) shall be equal to [(the content of word 54) * (the content of word 55) * (the content of
word 56).

After successful command completion, all read and write access attempts to addresses greater than
specified by the successful SET MAX ADDRESS command shall be rejected with an “ID Not Found” error.

Hosts should not issue more than one non-volatile SET MAX ADDRESS command after a power on or
hardware reset.  Devices shall report an “ID Not Found” error upon receiving a second non-volatile SET
MAX ADDRESS command after a power on or hardware reset.

The contents of IDENTIFY DEVICE words shall not be changed if a SET MAX ADDRESS command fails for
any reason.
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8.39 SET MULTIPLE MODE

8.39.1 Command code

C6h

8.39.2 Feature set

General feature set
Mandatory for devices not implementing the PACKET Command feature set.
Use prohibited for devices implementing the PACKET Command feature set.

8.39.3 Protocol

Non-data (see 9.9).

8.39.4 Inputs

The Sector Count register contains number of sectors per block to use on all following READ/WRITE
MULTIPLE commands. The host shall set Sector Count values equal to 2, 4, 8, 16, 32, 64, or 128.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sectors per block
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command C6h

Device/Head register -
DEV shall indicate the selected device.

8.39.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.39.6 Error outputs

If a block count is not supported, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if the block count is not supported. ABRT may be set to one if the device
is
             not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.39.7 Prerequisites

DRDY set equal to one.

8.39.8 Description

This command establishes the block count for READ MULTIPLE and WRITE MULTIPLE commands.

Devices shall support the block size specified in the IDENTIFY DEVICE parameter word 47, bits 7 through
0, and may also support smaller values.

Upon receipt of the command, the device checks the Sector Count register.  If the Sector Count register
contains a valid value and the block count is supported, the value is used for all subsequent READ
MULTIPLE and WRITE MULTIPLE commands and their execution is enabled.
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8.40 SLEEP

8.40.1 Command code

E6h

8.40.2 Feature set

Power Management feature set.
− Power Management feature set is mandatory when power management is not implemented by a

PACKET power management feature set.
− This command is mandatory when the Power Management feature set is implemented.

8.40.3 Protocol

Non-data command (see 9.9).

8.40.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E6h

Device/Head register -
DEV shall indicate the selected device.

8.40.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.40.6 Error outputs

The device shall return command aborted if the device does not support the Power Management feature
set.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if the device does not support the Power Management feature set. ABRT

may be set to one if the device is not able to complete the action requested by the
command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.40.7 Prerequisites

DRDY set equal to one.

8.40.8 Description

This command is the only way to cause the device to enter Sleep mode.

This command causes the device to set the BSY bit to one, prepare to enter Sleep mode, clear the BSY bit
to zero and assert INTRQ.  The host shall read the Status register in order to clear the interrupt and allow
the device to enter Sleep mode. In Sleep mode, the device only responds to the assertion of the RESET
signal and the writing of the SRST bit in the Device Control register and releases its driven signal lines. The
host shall not attempt to access the Command Block registers while the device is in Sleep mode.

Because some host systems may not read the Status register and clear the interrupt, a device may
automatically release INTRQ and enter Sleep mode after a vendor specific time period of not less than 2 s.

The only way to recover from Sleep mode is with a software reset, a hardware reset, or a DEVICE RESET
command.

A device shall not power on in Sleep mode nor remain in Sleep mode following a reset sequence.
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8.41 SMART

Individual SMART commands are identified by the value placed in the Feature register. Table 22 shows
these Feature register values.

Table 22 −− SMART Feature register values
Value Command

00h-CFh reserved
D0h SMART READ DATA
D1h obsolete
D2h SMART ENABLE/DISABLE ATTRIBUTE AUTOSAVE
D3h SMART SAVE ATTRIBUTE VALUES
D4h SMART EXECUTE OFF-LINE IMMEDIATE

D5h-D6h reserved
D7h obsolete
D8h SMART ENABLE OPERATIONS
D9h SMART DISABLE OPERATIONS
DAh SMART RETURN STATUS
DBh obsolete

DCh-DFh reserved
E0h-FFh vendor specific
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8.41.1 SMART DISABLE OPERATIONS

8.41.1.1 Command code

B0h with a Feature register value of D9h.

8.41.1.2 Feature set

SMART feature set.
− Mandatory when the SMART feature set is implemented.
− Use prohibited when the PACKET Command feature set is implemented.

8.41.1.3 Protocol

Non-data command (see 9.9).

8.41.1.4 Inputs

The Features register shall be set to D9h. The Cylinder Low register shall be set to 4Fh. The Cylinder High
register shall be set to C2h.

Register 7 6 5 4 3 2 1 0
Features D9h

Sector Count na
Sector Number na
Cylinder Low 4Fh
Cylinder High C2h
Device/Head obs na obs DEV na na na na
Command B0h

Device/Head register -
DEV shall indicate the selected device.

8.41.1.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.41.1.6 Error outputs

If the device does not support this command, if SMART is not enabled, or if the values in the Features,
Cylinder Low, or Cylinder High registers are invalid, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported, if SMART is not enabled, or if input

register values are invalid. ABRT may be set to one if the device is not able to complete the
action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.41.1.7 Prerequisites

DRDY set equal to one. SMART enabled.

8.41.1.8 Description

This command disables all SMART capabilities within the device including any and all timer and event count
functions related exclusively to this feature. After receipt of this command the device shall disable all
SMART operations. SMART data shall no longer be monitored or saved by the device. The state of SMART
(either enabled or disabled) shall be preserved by the device across power cycles.

After receipt of this command by the device, all other SMART commands (including SMART DISABLE
OPERATIONS commands), with the exception of SMART ENABLE OPERATIONS, are disabled and invalid
and shall be command aborted by the device.
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8.41.2 SMART ENABLE/DISABLE ATTRIBUTE AUTOSAVE

8.41.2.1 Command code

B0h with a Feature register value of D2h.

8.41.2.2 Feature set

SMART feature set.
− Mandatory when the SMART feature set is implemented.
− Use prohibited when the PACKET Command feature set is implemented.

8.41.2.3 Protocol

Non-data command (see 9.9).

8.41.2.4 Inputs

The Features register shall be set to D2h. The Cylinder Low register shall be set to 4Fh. The Cylinder High
register shall be set to C2h. The Sector Count register is set to 00h to disable attribute autosave and a value
of F1h is set to enable attribute autosave.

Register 7 6 5 4 3 2 1 0
Features D2h

Sector Count 00h or F1h
Sector Number na
Cylinder Low 4Fh
Cylinder High C2h
Device/Head obs na obs DEV na na na na
Command B0h

Device/Head register -
DEV shall indicate the selected device.

8.41.2.5 Normal outputs
Register 7 6 5 4 3 2 1 0

Error na
Sector Count na

Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.41.2.6 Error outputs

If the device does not support this command, if SMART is disabled, or if the values in the Features, Cylinder
Low, or Cylinder High registers are invalid, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported, if SMART is disabled, or if the input

register values are invalid. ABRT may be set to one if the device is not able to complete the
action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.41.2.7 Prerequisites

DRDY set equal to one. SMART enabled.

8.41.2.8 Description

This command enables and disables the optional attribute autosave feature of the device. Depending upon
the implementation, this command may either allow the device, after some vendor specified event, to
automatically save its updated attribute values to non-volatile memory; or this command may cause the
autosave feature to be disabled. The state of the attribute autosave feature (either enabled or disabled) shall
be preserved by the device across power cycles.

A value of zero written by the host into the device’s Sector Count register before issuing this command shall
cause this feature to be disabled. Disabling this feature does not preclude the device from saving SMART
data to non-volatile memory during some other normal operation such as during a power-on or power-off
sequence or during an error recovery sequence.

A value of F1h written by the host into the device’s Sector Count register before issuing this command shall
cause this feature to be enabled. Any other meaning of this value or any other non-zero value written by the
host into this register before issuing this command may differ from device to device. The meaning of any
non-zero value written to this register at this time shall be preserved by the device across power cycles.

If this command is not supported by the device, the device shall return command aborted upon receipt from
the host.

During execution of the autosave routine the device shall not set BSY to one nor clear DRDY to zero. If the
device receives a command from the host while executing its autosave routine it shall respond to the host
within two seconds.
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8.41.3 SMART ENABLE OPERATIONS

8.41.3.1 Command code

B0h with a Feature register value of D8h.

8.41.3.2 Feature set

SMART feature set.
− Mandatory when the SMART feature set is implemented.
− Use prohibited when the PACKET Command feature set is implemented.

8.41.3.3 Protocol

Non-data command (see 9.9).

8.41.3.4 Inputs

The Features register shall be set to D8h. The Cylinder Low register shall be set to 4Fh. The Cylinder High
register shall be set to C2h.

Register 7 6 5 4 3 2 1 0
Features D8h

Sector Count na
Sector Number na
Cylinder Low 4Fh
Cylinder High C2h
Device/Head obs na obs DEV na na na na
Command B0h

Device/Head register -
DEV shall indicate the selected device.

8.41.3.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.41.3.6 Error outputs

If the device does not support this command or if the values in the Features, Cylinder Low, or Cylinder High
registers are invalid, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported or if the input register values are invalid.

ABRT may be set to one if the device is not able to complete the action requested by the
command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.41.3.7 Prerequisites

DRDY set equal to one.

8.41.3.8 Description

This command enables access to all SMART capabilities within the device. Prior to receipt of this command
SMART data are neither monitored nor saved by the device. The state of SMART (either enabled or
disabled) shall be preserved by the device across power cycles. Once enabled, the receipt of subsequent
SMART ENABLE OPERATIONS commands shall not affect any SMART data or functions.
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8.41.4 SMART EXECUTE OFF-LINE IMMEDIATE

8.41.4.1 Command code

B0h with the content of the Features register equal to D4h

8.41.4.2 Feature set

SMART feature set.
− Optional when the SMART feature set is implemented.
− Use prohibited when the PACKET Command feature set is implemented.

8.41.4.3 Protocol

Non-data command (see 9.9).

8.41.4.4 Inputs

The Features register shall be set to D4h.  The Cylinder Low register shall be set to 4Fh.  The Cylinder High
register shall be set to C2h.

Register 7 6 5 4 3 2 1 0
Features D4h

Sector Count na
Sector Number na
Cylinder Low 4Fh
Cylinder High C2h
Device/Head obs na obs DEV na

Command B0h

Device/Head register -
DEV shall indicate the selected device.

8.41.4.5 Normal Outputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one indicating that the device is capable of receiving any command.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.41.4.6 Error Outputs

If the device does not support this command, if SMART is disabled, or if the values in the Features, Cylinder
Low, or Cylinder High registers are invalid, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na IDNF na ABRT na obs

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
IDNF shall be set to one if SMART data sector’s ID field could not be found.
ABRT shall be set to one if this command is not supported, if SMART is not enabled, or if register

values are invalid. ABRT may be set to one if the device is not able to complete the action
requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one indicating that the device is capable of receiving any command.
DF (Device Fault) shall be set to one indicating that a device fault has occurred.
DRQ shall be cleared to zero indicating that there is no data to be transferred.
ERR shall be set to one if any Error register bit is set to one.

8.41.4.7 Prerequisites

DRDY set to one.  SMART enabled.

8.41.4.8 Description

This command causes the device to immediately initiate the optional set of activities that collect SMART
data in an off-line mode and then save this data to the device's non-volatile memory.

During execution of its off-line activities the device shall not set BSY nor clear DRDY.

If the device is in the process of performing its set of off-line data collection activities as a result of receiving
a SMART EXECUTE OFF-LINE IMMEDIATE command from the host and is interrupted by any new
command from the host except a SMART DISABLE OPERATIONS, SMART EXECUTE OFF-LINE
IMMEDIATE, or STANDBY IMMEDIATE command, the device shall suspend or abort its off-line data
collection activities and service the host within two seconds after receipt of the new command.  After
servicing the interrupting command from the host the device may immediately re-initiate or resume its off-
line data collection activities without any additional commands from the host (see the definition for Bit 2 in
the Off-line data collection capability byte in 8.41.5).

If the device is in the process of performing its off-line data collection activities and is interrupted by a
STANDBY IMMEDIATE command from the host, the device shall suspend or abort its off-line data
collection activities, and service the host within two seconds after receipt of the command.  After receiving a
new command that causes the device to exit a power saving mode, the device shall initiate or resume off-
line data collection activities without any additional commands from the host unless these activities were
aborted by the device (see 8.41.5.8).

If the device is in the process of performing its off-line data collection activities and is interrupted by a
SMART DISABLE OPERATIONS command from the host, the device shall suspend or abort its off-line data
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collection activities and service the host within two seconds after receipt of the command.  Upon receipt of
the next SMART ENABLE OPERATIONS command the device may, after the next vendor specified event,
either re-initiate its off-line data collection activities or resume those activities from where they had been
previously suspended.

If the device is in the process of performing its off-line data collection activities and is interrupted by a
SMART EXECUTE OFF-LINE IMMEDIATE command from the host, the device shall abort its off-line data
collection activities and service the host within two seconds after receipt of the command.  The device shall
then re-initiate its off-line data collection activities in response to the new EXECUTE OFF-LINE IMMEDIATE
command.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 143 of 170



T13/1153D revision 18

Page 183

8.41.5 SMART READ DATA

8.41.5.1 Command code

B0h with the content of the Features register equal to D0h.

8.41.5.2 Feature set

SMART feature set.
− Optional when the SMART feature set is implemented.
− Use prohibited when the PACKET Command feature set is implemented.

8.41.5.3 Protocol

PIO data in (see 9.7).

8.41.5.4 Inputs

The Features register shall be set to D0h.  The Cylinder Low register shall be set to 4Fh.  The Cylinder High
register shall be set to C2h.

Register 7 6 5 4 3 2 1 0
Features D0h

Sector Count na
Sector Number na
Cylinder Low 4Fh
Cylinder High C2h
Device/Head obs na obs DEV na

Command B0h

Device/Head register -
DEV shall indicate the selected device.

8.41.5.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one indicating that the device is capable of receiving any command.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.41.5.6 Error outputs

If the device does not support this command, if SMART is disabled, or if the values in the Features, Cylinder
Low, or Cylinder High registers are invalid, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na UNC na IDNF na ABRT na obs

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
UNC shall be set to one if SMART data is uncorrectable.
IDNF shall be set to one if SMART data sector’s ID field could not be found or data structure

checksum occurred.
ABRT shall be set to one if this command is not supported, if SMART is not enabled, or if register

values are invalid. ABRT may be set to one if the device is not able to complete the action
requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one indicating that the device is capable of receiving any command.
DF (Device Fault) shall be set to one indicating that a device fault has occurred.
DRQ shall be cleared to zero indicating that there is no data to be transferred.
ERR shall be set to one if any Error register bit is set to one.

8.41.5.7 Prerequisites

DRDY set to one.  SMART enabled.

8.41.5.8 Description

This command returns the Device SMART data structure to the host.

Table 23 defines the 512 bytes that make up the Device SMART data structure.  All multi-byte fields shown
in this structure follow the byte ordering described in 3.2.7.
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Table 23 − Device SMART data structure
Byte F/V Descriptions
0-361 X Vendor specific

362 V Off-line data collection status
363 X Vendor specific

364-365 V Total time in seconds to complete off-line data collection activity
366 X Vendor specific
367 F Off-line data collection capability

368-369 F SMART capability
370-385 R Reserved
386-510 X Vendor specific

511 V Data structure checksum
Key:
F=the content of the byte is fixed and does not change.
V=the content of the byte is variable and may change depending on the state of the
device or the commands executed by the device.
X=the content of the byte is vendor specific and may be fixed or variable.
R=the content of the byte is reserved and shall be zero.

The value of the off-line data collection status byte defines the current status of the off-line activities of the
device. Table 24 lists the values and their respective definitions.

Table 24 − Off-line data collection status byte values
Value Definition

00h or 80h Off-line data collection activity was never started.
01h Reserved

02h or 82h Off-line data collection activity was completed without error.
03h Reserved

04h or 84h Off-line data collection activity was suspended by an interrupting command from
host.

05h or 85h Off-line data collection activity was aborted by an interrupting command from host.
06h or 86h Off-line data collection activity was aborted by the device with a fatal error.
07h-3Fh Reserved
40h-7Fh Vendor specific

81h Reserved
83h Reserved

87h-BFh Reserved
C0h-FFh Vendor specific

The total time in seconds to complete off-line data collection activity word specifies how many seconds the
device requires to complete its sequence of off-line data collection activity. Valid values for this word are
from 0001h to FFFFh.

Off-line data collection capability.

The following describes the definition for the off-line data collection capability bits.  If the value of all of
these bits is equal to zero, then no off-line data collection is implemented by this device.

− Bit 0 (EXECUTE OFF-LINE IMMEDIATE implemented bit) - If the value of this bit equals one, then the
SMART EXECUTE OFF-LINE IMMEDIATE command is implemented by this device.  If the value of
this bit equals zero, then the SMART EXECUTE OFF-LINE IMMEDIATE command is not implemented
by this device.

− Bit 1 (vendor specific).
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− Bit 2 (abort/restart off-line by host bit) - If the value of this bit equals one, then the device shall abort all
off-line data collection activity initiated by an SMART EXECUTE OFF-LINE IMMEDIATE command
upon receipt of a new command.  Off-line data collection activity must be restarted by a new SMART
EXECUTE OFF-LINE IMMEDIATE command from the host.  If the value of this bit equals zero, the
device shall suspend off-line data collection activity after an interrupting command and resume off-line
data collection activity after some vendor-specified event.

− Bits 3-7 (reserved).

SMART capability

The following describes the definition for the SMART capabilities bits.  If the value of all of these bits is
equal to zero, then automatic saving of SMART data is not implemented by this device.

− Bit 0 (power mode SMART data saving capability bit) - If the value of this bit equals one, the device
shall save its SMART data prior to going into a power saving mode (Idle, Standby, or Sleep) or
immediately upon return to Active or Idle mode from a Standby mode.  If the value of this bit equals
zero, the device shall not save its SMART data prior to going into a power saving mode (Idle, Standby,
or Sleep) or immediately upon return to Active or Idle mode from a Standby mode.

− Bit 1 (SMART data autosave after event capability bit) - The value of this bit shall be equal to one for
devices complying with this standard.

− Bits 2-15 (reserved).

The data structure checksum is the two's compliment of the result of a simple eight-bit addition of the first
511 bytes in the data structure.
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8.41.6 SMART RETURN STATUS

8.41.6.1 Command code

B0h with a Feature register value of DAh.

8.41.6.2 Feature set

SMART feature set.
− Mandatory when the SMART feature set is implemented.
− Use prohibited when the PACKET Command feature set is implemented.

8.41.6.3 Protocol

Non-data command (see 9.9).

8.41.6.4 Inputs

The Features register shall be set to DAh. The Cylinder Low register shall be set to 4Fh. The Cylinder High
register shall be set to C2h.

Register 7 6 5 4 3 2 1 0
Features DAh

Sector Count na
Sector Number na
Cylinder Low 4Fh
Cylinder High C2h
Device/Head obs na obs DEV na na na na
Command B0h

Device/Head register -
DEV shall indicate the selected device.

8.41.6.5 Normal outputs

If the device has not detected a threshold exceeded condition, the device sets the Cylinder Low register to
4Fh and the Cylinder High register to C2h. If the device has detected a threshold exceeded condition, the
device sets the Cylinder Low register to F4h and the Cylinder High register to 2Ch.

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low 4Fh or F4h
Cylinder High C2h or 2Ch
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Cylinder Low -
4Fh if threshold not exceeded, F4h if threshold exceeded.

Cylinder High -
C2h if threshold not exceeded, 2Ch if threshold exceeded.

Device/Head register -
DEV shall indicate the selected device.
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Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.41.6.6 Error outputs

If the device does not support this command, if SMART is disabled, or if the values in the Features, Cylinder
Low, or Cylinder High registers are invalid, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported, if SMART is disabled, or if the input

register values are invalid. ABRT may be set to one if the device is not able to complete the
action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.41.6.7 Prerequisites

DRDY set equal to one. SMART enabled.

8.41.6.8 Description

This command is used to communicate the reliability status of the device to the host at the host’s request. If
a threshold exceeded condition is not detected by the device, the device shall set the Cylinder Low register
to 4Fh and the Cylinder High register to C2h. If a threshold exceeded condition is detected by the device,
the device shall set the Cylinder Low register to F4h and the Cylinder High register to 2Ch.
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8.41.7 SMART SAVE ATTRIBUTE VALUES

8.41.7.1 Command code

B0h with a Feature register value of D3h.

8.41.7.2 Feature set

SMART feature set.
− Optional and not recommended when the SMART feature set is implemented.
− Use prohibited when the PACKET Command feature set is implemented.

8.41.7.3 Protocol

Non-data command (see 9.9).

8.41.7.4 Inputs

The Features register shall be set to D3h. The Cylinder Low register shall be set to 4Fh. The Cylinder High
register shall be set to C2h.

Register 7 6 5 4 3 2 1 0
Features D3h

Sector Count na
Sector Number na
Cylinder Low 4Fh
Cylinder High C2h
Device/Head obs na obs DEV na na na na
Command B0h

Device/Head register -
DEV shall indicate the selected device.

8.41.7.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.41.7.6 Error outputs

If the device does not support this command, if SMART is disabled, or if the values in the Features, Cylinder
Low, or Cylinder High registers are invalid, the device shall return command aborted.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported, if SMART is disabled, or if the input

register values are invalid. ABRT may be set to one if the device is not able to complete the
action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero..
ERR shall be set to one if an Error register bit is set to one.

8.41.7.7 Prerequisites

DRDY set equal to one. SMART enabled.

8.41.7.8 Description

This command causes the device to immediately save any updated attribute values to the device’s non-
volatile memory regardless of the state of the attribute autosave timer.
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8.42 STANDBY

8.42.1 Command code

E2h

8.42.2 Feature set

Power Management feature set.
− Power Management feature set is mandatory when power management is not implemented by a

PACKET power management feature set.
− This command is mandatory when the Power Management feature set is implemented.

8.42.3 Protocol

Non-data command (see 9.9).

8.42.4 Inputs

The value in the Sector Count register when the STANDBY command is issued shall determine the time
period programmed into the Standby timer. Table 14 defines these values.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Time period value
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E2h

Device/Head register -
DEV shall indicate the selected device.

8.42.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.42.6 Error outputs

The device shall return command aborted if the device does not support the Power Management feature
set.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if the Power Management feature set is not supported. ABRT may be set
to
         one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.42.7 Prerequisites

DRDY set equal to one.

8.42.8 Description

This command causes the device to enter the Standby mode.

If the Sector Count register is non-zero then the Standby timer shall be enabled.  The value in the Sector
Count register shall be used to determine the time programmed into the Standby timer (see Table 14).

If the Sector Count register is zero then the Standby timer is disabled.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 153 of 170



T13/1153D revision 18

Page 193

8.43 STANDBY IMMEDIATE

8.43.1 Command code

E0h

8.43.2 Feature set

Power Management feature set.
− Power Management feature set is mandatory when power management is not implemented by a

PACKET power management feature set.
− This command is mandatory when the Power Management feature set is implemented.

8.43.3 Protocol

Non-data command (see 9.9).

8.43.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E0h

Device/Head register -
DEV shall indicate the selected device.

8.43.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.
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8.43.6 Error outputs

The device shall return command aborted if the device does not support the Power Management feature
set.

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if the Power Management feature set is not supported. ABRT may be set
to
              one if the device is not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.43.7 Prerequisites

DRDY set equal to one.

8.43.8 Description

This command causes the device to immediately enter the Standby mode.
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8.44 WRITE BUFFER

8.44.1 Command code

E8h

8.44.2 Feature set

General feature set
− Optional for devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.44.3 Protocol

PIO data out (see 9.8).

8.44.4 Inputs

Register 7 6 5 4 3 2 1 0
Features na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na
Command E8h

Device/Head register -
DEV shall indicate the selected device.

8.44.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.44.6 Error outputs

The device shall return command aborted if the command is not supported.

Datanet Exhibit 2012
Dropbox, Inc. and Microsoft Corp. v. Datanet LLC

IPR2024-00079
Page 156 of 170



T13/1153D revision 18

Page 196

Register 7 6 5 4 3 2 1 0
Error na na na na na ABRT na na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF na DRQ na na ERR

Error register -
ABRT shall be set to one if this command is not supported. ABRT may be set to one if the device is
            not able to complete the action requested by the command.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.44.7 Prerequisites

DRDY set equal to one.

8.44.8 Description

This command enables the host to write the contents of one sector in the device’s buffer.

The READ BUFFER and WRITE BUFFER commands shall be synchronized within the device such that
sequential WRITE BUFFER and READ BUFFER commands access the same 512 bytes within the buffer.
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8.45 WRITE DMA

8.45.1 Command code

CAh or CBh

NOTE − The host should not use the CBh value.

8.45.2 Feature set

General feature set
Mandatory for devices not implementing the PACKET Command feature set.
Use prohibited for devices implementing the PACKET Command feature set.

8.45.3 Protocol

DMA (see 9.10).

8.45.4 Inputs

The Cylinder Low, Cylinder High, Device/Head, and Sector Number specify the starting sector address to be
written.  The Sector Count register specifies the number of sectors to be transferred.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA
Command CAh or CBh

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head  -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).
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8.45.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.45.6 Error outputs

An unrecoverable error encountered during the execution of this command results in the termination of the
command. The Command Block registers contain the address of the sector where the first unrecoverable
error occurred. The amount of data transferred is indeterminate.

Register 7 6 5 4 3 2 1 0
Error ICRC WP MC IDNF MCR ABRT NM obs

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error register -
ICRC shall be set to one if an interface CRC error has occurred during an Ultra DMA data transfer.

The content of this bit is not applicable for Multiword DMA transfers.
WP shall be set to one if the media in a removable media device is write protected.
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with address of first unrecoverable error.
DEV shall indicate the selected device.

Status register -
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BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.45.7 Prerequisites

DRDY set equal to one. The host shall initialize the DMA channel.

8.45.8 Description

The WRITE DMA command allows the host to write data using the DMA data transfer protocol.
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8.46 WRITE DMA QUEUED

8.46.1 Command code
CCh

8.46.2 Feature set

Overlapped feature set
− Mandatory for devices implementing the Overlapped feature set but not implementing the

PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.46.3 Protocol
DMA QUEUED (see 9.12).

8.46.4 Inputs

Register 7 6 5 4 3 2 1 0
Features Sector Count

Sector Count Tag na na na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA

Command CCh

Features -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector count -
if the device supports command queuing, bits (7:3) contain the Tag for the command being
delivered. If queuing is not supported, this field is not applicable.

Sector number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).

8.46.5 Normal outputs

8.46.5.1 Bus release

If the device performs a bus release before transferring data for this command, the register content upon
performing a bus release shall be as shown below.
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Register 7 6 5 4 3 2 1 0
Error na

Sector Count Tag REL I/O C/D
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF SERV DRQ na na ERR

Sector Count register -
Tag - If the device supports command queuing, this field shall contain the Tag of the command

being bus released. If the device does not support command queuing, this field shall be
zeros.

REL bit shall be set indicating that the device has bus released an overlap command.
I/O shall be cleared to zero.
C/D shall be cleared to zero.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating bus release.
DRDY shall be set to one.
SERV (Service) shall be cleared to zero if no other queued command is ready for service. It shall be

set to one when another queued command is ready for service. This bit shall be set to one
when the device has prepared this command for service.

DF (Device Fault) shall be cleared to zero.
DRQ bit shall be cleared to zero.
ERR bit shall be cleared to zero.

8.46.5.2 Command completion

When the transfer of all requested data has occurred without error, the register content shall be as shown
below.

Register 7 6 5 4 3 2 1 0
Error 00h

Sector Count Tag RE
L

I/O C/D

Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na

Status BSY DRDY DF SERV DRQ na na ERR

Sector Count register -
Tag - If the device supports command queuing, this field shall contain the Tag of the completed

command. If the device does not support command queuing, this field shall be zeros.
REL shall be cleared to zero.
I/O shall be set to one.
C/D shall be set to one.

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
SERV (Service) shall be cleared to zero when no other queued command is ready for service. It

shall be set to one when another queued command is ready for service.
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DF (Device Fault) shall be cleared to zero.
DRQ bit shall be cleared to zero.
ERR bit shall be cleared to zero.

8.46.6 Error outputs
The Sector Count register contains the Tag for this command if the device supports command queuing. The
device shall return command aborted if the command is not supported or if the device has not had
overlapped interrupt enabled. The device shall return command aborted if the device supports command
queuing and the Tag is invalid.  An unrecoverable error encountered during the execution of this command
results in the termination of the command and the Command Block registers contain the sector where the
first unrecoverable error occurred. If a queue existed, the unrecoverable error shall cause the queue to
abort. The device may remain BSY for some time when responding to these errors.

Register 7 6 5 4 3 2 1 0
Error ICRC WP MC IDNF MCR ABRT NM na

Sector Count Tag REL I/O C/D
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF SERV DRQ na na ERR

Error register -
ICRC shall be set to one if an interface CRC error has occurred during an Ultra DMA data transfer.

The content of this bit is not applicable for Multiword DMA transfers.
WP shall be set to one if the media in a removable media device is write protected.
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Count register -

Tag - If the device supports command queuing, this field shall contain the Tag of the completed
command. If the device does not support command queuing, this field shall be zeros.

REL shall be cleared to zero.
I/O shall be set to one.
C/D shall be set to one.

Sector Number, Cylinder Low, Cylinder High, Device/Head -
shall be written with the address of first unrecoverable error.
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
SERV (Service) shall be cleared to zero when no other queued command is ready for service. It

shall be set to one when another queued command is ready for service.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.
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8.46.7 Prerequisites
DRDY set to one. The host shall initialize the DMA channel.

8.46.8 Description
This command executes in a similar manner to a WRITE DMA command. The device may perform a bus
release the bus or it may execute the data transfer without performing a bus release if the data is ready to
transfer.

If the device performs a bus release, the host shall reselect the device using the SERVICE command.

Once the data transfer is begun, the device shall not perform a bus release until the entire data transfer has
been completed.
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8.47 WRITE MULTIPLE

8.47.1 Command code

C5h

8.47.2 Feature set

General feature set
− Mandatory for devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.47.3 Protocol

PIO data out (see 9.8).

8.47.4 Inputs

The Cylinder Low, Cylinder High, Device/Head, and Sector Number specify the starting sector address to be
written.  The Sector Count register specifies the number of sectors to be transferred.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA
Command C5h

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head  -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).

8.47.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR
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Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.47.6 Error outputs

An unrecoverable error encountered during the execution of this command results in the termination of the
command. The Command Block registers contain the address of the sector where the first unrecoverable
error occurred. The amount of data transferred is indeterminate.

Register 7 6 5 4 3 2 1 0
Error na WP MC IDNF MCR ABRT NM na

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error register -
WP shall be set to one if the media in a removable media device is write protected.
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.47.7 Prerequisites

DRDY set equal to one. If bit 8 of IDENTIFY DEVICE word 59 is equal to zero, a successful SET MULTIPLE
MODE command shall proceed a WRITE MULTIPLE command.
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8.47.8 Description

This command is similar to the WRITE SECTOR(S) command. Interrupts are not generated on every
sector, but on the transfer of a block that contains the number of sectors defined by SET MULTIPLE MODE
or the default if no intervening SET MULTIPLE command has been issued.

Command execution is identical to the WRITE SECTOR(S) operation except that the number of sectors
defined by the SET MULTIPLE MODE command are transferred without intervening interrupts.  The DRQ
bit qualification of the transfer is required only at the start of the data block, not on each sector.

The block count of sectors to be transferred without intervening interrupts is the default or programmed by
the SET MULTIPLE MODE command, that shall be executed prior to the WRITE MULTIPLE command.

When the WRITE MULTIPLE command is issued, the Sector Count register contains the number of sectors
(not the number of blocks or the block count) requested.

If the number of requested sectors is not evenly divisible by the block count, as many full blocks as possible
are transferred, followed by a final, partial block transfer.  The partial block transfer is for n sectors, where:

 n = Remainder (sector count/ block count).

If the WRITE MULTIPLE command is received when WRITE MULTIPLE commands are disabled, the Write
Multiple operation shall be rejected with command aborted.

Device errors encountered during WRITE MULTIPLE commands are posted after the attempted device
write of the block or partial block transferred.  The Write command ends with the sector in error, even if it
was in the middle of a block.  Subsequent blocks are not transferred in the event of an error.

The contents of the Command Block Registers following the transfer of a data block that had a sector in
error are undefined.  The host should retry the transfer as individual requests to obtain valid error
information.  Interrupts are generated when the DRQ bit is set to one at the beginning of each block or
partial block.
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8.48 WRITE SECTOR(S)

8.48.1 Command code

30h or 31h

NOTE − The host should not use the 31h value.

8.48.2 Feature set

General feature set
− Mandatory for devices not implementing the PACKET Command feature set.
− Use prohibited for devices implementing the PACKET Command feature set.

8.48.3 Protocol

PIO data out (see 9.8).

8.48.4 Inputs

The Cylinder Low, Cylinder High, Device/Head, and Sector Number specify the starting sector address to be
written.  The Sector Count register specifies the number of sectors to be transferred.

Register 7 6 5 4 3 2 1 0
Features na

Sector Count Sector count
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs LBA obs DEV Head number or LBA
Command 30h or 31h

Sector Count -
number of sectors to be transferred. A value of 00h indicates that 256 sectors are to be transferred.

Sector Number -
starting sector number or LBA address bits (7:0).

Cylinder Low -
starting cylinder number bits (7:0) or LBA address bits (15:8).

Cylinder High -
starting cylinder number bits (15:8) or LBA address bits (23:16).

Device/Head  -
bit 6 set to one if LBA address, cleared to zero if CHS address.
DEV shall indicate the selected device.
bits (3:0) starting head number or LBA address bits (27:24).
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8.48.5 Normal outputs

Register 7 6 5 4 3 2 1 0
Error na

Sector Count na
Sector Number na
Cylinder Low na
Cylinder High na
Device/Head obs na obs DEV na na na na

Status BSY DRDY DF na DRQ na na ERR

Device/Head register -
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
DF (Device Fault) shall be cleared to zero.
DRQ shall be cleared to zero.
ERR shall be cleared to zero.

8.48.6 Error outputs

An unrecoverable error encountered during the execution of this command results in the termination of the
command. The Command Block registers contain the address of the sector where the first unrecoverable
error occurred. The amount of data transferred is indeterminate.

Register 7 6 5 4 3 2 1 0
Error na WP MC IDNF MCR ABRT NM na

Sector Count na
Sector Number Sector number or LBA
Cylinder Low Cylinder low or LBA
Cylinder High Cylinder high or LBA
Device/Head obs na obs DEV Head number or LBA

Status BSY DRDY DF na DRQ na na ERR

Error register -
WP shall be set to one if the media in a removable media device is write protected.
MC shall be set to one if the media in a removable media device changed since the issuance of the

last command. The device shall clear its internal media change detected state.
IDNF shall be set to one if a user-accessible address could not be found and after an unsuccessful

INITIALIZE DEVICE PARAMETERS command until a valid CHS translation is established
(see 8.16.8). IDNF shall be set to one if an address outside of the range of user-accessible
addresses is requested if command aborted is not returned.

MCR shall be set to one if a media change request has been detected by a removable media
device. This bit is only cleared by a GET MEDIA STATUS or a media access command.

ABRT shall be set to one if this command is not supported or if an error, including an ICRC error,
has occurred during an Ultra DMA data transfer. ABRT may be set to one if the device is
not able to complete the action requested by the command. ABRT shall be set to one if an
address outside of the range of user-accessible addresses is requested if IDNF is not set to
one.

NM shall be set to one if no media is present in a removable media device.
Sector Number, Cylinder Low, Cylinder High, Device/Head -

shall be written with the address of first unrecoverable error.
DEV shall indicate the selected device.

Status register -
BSY shall be cleared to zero indicating command completion.
DRDY shall be set to one.
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DF (Device Fault) shall be set to one if a device fault has occurred.
DRQ shall be cleared to zero.
ERR shall be set to one if an Error register bit is set to one.

8.48.7 Prerequisites

DRDY set equal to one.

8.48.8 Description

This command writes from 1 to 256 sectors as specified in the Sector Count register.  A sector count of 0
requests 256 sectors.
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