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1.0 General

This document describes the specifications of the Hitachi Travelstar 40GNX, a 2.5-inch hard disk drive
with ATA/IDE interface:

Model Number  Capacity (GB) Height (mm) Rotation speed (rpm)
IC25N040ATCS05 40 9.5 5,400
IC25N0O20ATCS05 20 9.5 5,400

Part 1 of this document beginning on page 7 defines the hardware functional specification. Part 2 of this
document beginning on page 57 defines the interface specification

1.1 Abbreviations

Abbreviation Meaning

32 KB 32 x 1024 bytes

64 KB 64 x 1024 bytes

" inch

A amp

AC alternating current

AT Advanced Technology

ATA Advanced Technology Attachment
Bels unit of sound power

BIOS Basic Input/Output System

°C degrees Celsius

CSA Canadian Standards Association
C-UL Canadian-Underwriters Laboratory
Cyl cylinder

DC direct current

DFT Drive Fitness Test

DMA Direct Memory Access

ECC error correction code

EEC European Economic Community
EMC electromagnetic compatibility

ERP Error Recovery Procedure

ESD electrostatic discharge

FCC Federal Communications Commission
FRU field replacement unit

G gravity, a unit of force

Gb 1 000 000 000 bits

GB 1 000 000 000 bytes

GND ground

h hexadecimal

HDD hard disk drive

Hz hertz

| Input

ILS integrated lead suspension

imped impedance

I/O Input/Output

ISO International Standards Organization
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KB
Kbit/mm
Kbit/sg-mm
KHz

LBA

Lw

m

max. or Max.

MB
Mbps
Mb/sec
MB/sec
MHz
MLC
mm

ms

us, us
Nm

No. or #
oct/min
(@]

oD
PI1O
POH
Pop.
P/N

p-p
PSD
RES
RFI

RH

% RH
RMS
RPM
RST
R/W
sec
Sect/Trk
SELV
S.MA.RT
Trk.
TTL

UL

\Y

VDE

w
3-state

1,000 bytes

1,000 bits per mm

1000 bits per square mm
kilohertz

logical block addressing
unit of A-weighted sound power
meter

maximum

1,000,000 bytes

1,000,000 Bit per second
1,000,000 Bit per second
1,000,000 bytes per second
megahertz

Machine Level Control
millimeter

millisecond

microsecond

Newton meter

number

oscillations per minute
Output

Open Drain Programmed Input/Output

power on hours

population

part number

peak-to-peak

power spectral density

radiated electromagnetic susceptibility
radio frequency interference

relative humidity

per cent relative humidity

root mean square

revolutions per minute

reset

read/write

second

sectors per track

secondary low voltage
Self-monitoring, analysis, and reporting technology
track

transistor-transistor logic
Underwriters Laboratory

volt

Verband Deutscher Electrotechniker
watt

transistor-transistor tristate logic

1.2 References

ATA/ATAPI-5 (T13/1321D Revision 3)

Hitachi Travelstar 40GNX hard disk drive specifications
2



1.3 General caution

* Do not apply force to the top cover (See figure below).
* Do not cover the breathing hole on the top cover (See figure below).
* Do not touch the interface connector pins or the surface of the printed circuit board.

* The drive can be damaged by shock or ESD (Electric Static Discharge). Any damages incurred to
the drive after removing it from the shipping package and the ESD protective bag are the
responsibility of the user

1.4 Drive handling precautions

Do not press!

Do not press on the drive cover during handling.

Do not cover this hole

Covering this hole will result in loss of data

Hitachi Travelstar 40GNX hard disk drive specifications
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2.0 General features

= 2.5-inch, 9.5-mm Height MCC Compliance

= Formatted capacities of 40 GB, and 20 GB

= 512 bytes/sector

» AT Interface (Enhanced IDE) conforming to ATA/ATAPI-5
= Integrated controller

= No-ID recording format

= Coding : 96/104 MTR

= Multi zone recording

= Enhanced ECC On-The-Fly

+ 40 bytes 3 way Interleaved Reed Solomon Code
+ 5 bytes per interleave On-The-Fly correction

=  Segmented Buffer with write cache
+ 8.0 MB - Upper 300 KB is used for firmware
= Fast data transfer rate (up to 100 MB/s)
= Media data transfer rate (max):
+ 297 Mb/s
= Average seek time: 12 ms for read
= Closed-loop actuator servo (Embedded Sector Servo)
= Rotary voice coil motor actuator
» Load/Unload mechanism
= Mechanical latch
= Adaptive power save control
+ 0.85 Watts at idle state
= Power on to ready
¢ 5.0sec
= Operating shock
¢+ 1960 m/sec2 (200 G)/2ms
= Nonoperating shock
¢+ 7840 m/sec2 (800 G)/1ms
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Part 1. Functional specification
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3.0 Fixed disk subsystem description

3.1 Control Electronics

The control electronics works with the following functions:

AT Interface Protocol

Embedded Sector Servo

No-ID (TM) formatting

Multizone recording

Code: 96/104 MTR

ECC On-The-Fly

Enhanced Adaptive Battery Life Extender

3.2 Head disk assembly data

The following technologies are used in the drive:

Pico Slider

Smooth glass disk

GMR head

Integrated lead suspension (ILS)
Load/unload mechanism

Mechanical latch

Hitachi Travelstar 40GNX hard disk drive specifications
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4.0 Fixed disk characteristics

4.1 Formatted capacity by model number

Description IC25N040ATCS05 IC25N020ATCS05
Physical Layout

Bytes per Sector 512 512
Sectors per Track 336-633 330-633
Number of Heads 4 2
Number of Disks 2 1
Logical Layout

Number of Heads 16 16
Number of Sectors/ Track 63 63
Number of Cylinders 16,383 16,383
Number of Sectors 78,140,160 39,070,080
Total Logical Data Bytes 40,007,761,920 20,003,880,960

Figure 1. Formatted capacity by model number

4.2 Data sheet

Rotational Speed (RPM) 5,400
Data transfer rates (buffer to/from media) (Mbps) 297
Data transfer rates (Mbyte/sec) 100
ULTRA DMA 100
Recording density (Kbit/mm)(Max) 19.9
(KBPI) (Max) 506
Track density (Ktracks/mm) 2.61
(Ktpi) 66.4
Areal density (Kbit/sg-mm - Max) 52
(Gbit/sg-inch.- Max) 34
Number of zones 16

Figure 2. Data sheet

Hitachi Travelstar 40GNX hard disk drive specifications
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4.3 Cylinder allocation

Zone Cylinder No. of Sectors/Trk
0 0-1023 633
1 1024-3071 624
2 3072-6143 608
3 6144-8447 595
4 8448-12031 576
5 12032-14847 556
6 14848-16383 544
7 16384-18943 528
8 1894421247 512
9 21248-22527 499
10 22528-25599 480
11 25600-28159 448
12 28160-31999 416
13 32000-35839 384
14 35840-37631 364
15 37632-39935 336

Figure 3. Cylinder allocation
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4.4 Performance characteristics

Drive performance is characterized by the following parameters:
* Command Overhead
* Mechanical Positioning
¢ Seek Time
+ Latency
» Data Transfer Speed
» Buffering Operation (Look ahead/Write Cache)

Note: All the above parameters contribute to drive performance. There are other parameters which contri-
bute to the performance of the actual system. This specification defines the essential characteristics of
the drive. This specification does not include the system throughput as this is dependent upon the system
and the application.

The following table gives a typical value for each parameter. The detailed descriptions are found in
section 5.0 on page 17.

Function

Average Random Seek Time - Read (ms) 12
Average Random Seek Time - Write (ms) 14
Rotational Speed (RPM) 5400
Power-on-to-ready (sec) 5.0
Command overhead (ms) 1.0
Disk-buffer data transfer (Mb/s) 160 - 297
Buffer-host data transfer (MB/s) 100

Figure 4. Performance characteristics

4.4.1 Command overhead

Command overhead time is defined as the interval from the time that a drive receives a command to the
time that the actuator starts its motion.

Hitachi Travelstar 40GNX hard disk drive specifications
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4.4.2 Mechanical positioning

4.4.2.1 Average seek time (including settling)

Command Type Typical (ms) Max. (ms)
Read 12 16
Write 14 17

Figure 5. Mechanical positioning performance

Typical and Max. are defined throughout the performance specification as follows:
Typical
Max.

Average of the drive population tested at nominal environmental and voltage conditions.

Maximum value measured on any one drive over the full range of the environmental and
voltage conditions. (See section 6.1, "Environment" on page 21 and section 6.2, "DC power
requirements” on page 23)

The seek time is measured from the start of motion of the actuator to the start of a reliable read or write
operation. A reliable read or write operation implies that error correction/recovery is not employed to cor-
rect arrival problems. The Average Seek Time is measured as the weighted average of all possible seek
combinations.

max.

¥ (max. + 1 —n)(Tnin + TNow)
n=1

Weighted Average =
(max. + 1)(max)

Where: max. = maximum seek length
n = seek length (1-to-max.)
TNin = inward measured seek time for an n-track seek
TNout = outward measured seek time for an n-track seek

4.4.2.2 Full stroke seek

Command Type Typical (ms) Max. (ms)
Read 23.0 30.0
Write 24.0 31.0

Figure 6. Full stroke seek time

Full stroke seek time in milliseconds is the average time of 1000 full stroke seeks.
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4.4.2.3 Single track seek time (without command overhead, including settling)

Command Type Typical (ms) Maximum (ms)
Read 25 4.0
Write 3.0 4.5

Figure 7. Single track seek time

Single track seek is measured as the average of one (1) single track seek from every track in both
directions (inward and outward).

4.4.2.4 Average latency

Rotational Speed

Time for one revolution

Average Latency

(RPM) (ms) (ms)
5400 11.1 5.5
Figure 8. Latency time
4.4.2.5 Drive ready time
Condition Typical (sec) Max. (sec)
Power On To Ready 5.0 9.5

Figure 9. Drive ready time

Ready

The condition in which the drive is able to perform a media access command

(for example—read, write) immediately.

Power On To Ready This includes the time required for the internal self diagnostics.

Hitachi Travelstar 40GNX hard disk drive specifications
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4.4.3 Operating modes

Operating mode Description

Spin-Up Start up time period from spindle stop or power down.

Seek Seek operation mode

Write Write operation mode

Read Read operation mode

Performance The device is capable of responding immediately to idle media access requests.
All electronic components remain powered and the full frequency servo remains
operational.

Active idle The device is capable of responding immediately to media access requests.

Some circuitry—including servo system and R/W electronics—is in power saving
mode. The head is parked near the mid-diameter the disk without servoing.

A device in Active idle mode may take longer to complete the execution of a
command because it must activate that circuitry.

Low power idle The head is unloaded onto the ramp position.
The spindle motor is rotating at full speed.

Standby The device interface is capable of accepting commands.
The spindle motor is stopped. All circuitry but the host interface is in power
saving mode.

The execution of commands is delayed until the spindle becomes ready.

Sleep The device requires a soft reset or a hard reset to be activated.
All electronics, including spindle motor and host interface, are shut off.

Figure 10. Operating mode

4.4.3.1 Mode transition time

From To Transition Time (typ) Transition Time (max.)

Standby Idle 4.5 9.5

Figure 11. Drive ready time

4.4.3.2 Operating mode at power on

The device goes into Idle mode after power on or hard reset as an initial state. Initial state may be
changed to Standby mode using pin C on the interface connector. Refer to section 7.10 on page 54,
"Drive address setting" for details.

4.4.3.3 Adaptive power save control

The transient timing from Performance Idle mode to Active Idle mode and Active Idle mode to Low Power
Idle mode is controlled adaptively according to the access pattern of the host system. The transient
timing from Low Power Idle mode to Standby mode is also controlled adaptively, if it is allowed by Set
Features Enable Advanced Power Management subcommand.

Hitachi Travelstar 40GNX hard disk drive specifications
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5.0 Data integrity

5.1 Data loss on power off

» Data loss will not be caused by a power off during any operation except the write operation.

* A power off during a write operation causes the loss of any received or resident data that has not
been written onto the disk media.

* A power off during a write operation might make a maximum of one sector of data unreadable. This
state can be recovered by a rewrite operation.

5.2 Write Cache

When the write cache is enabled, the write command may complete before the actual disk write operation
finishes. This means that a power off, even after the write command completion, could cause the loss of
data that the drive has received but not yet written onto the disk.

In order to prevent this data loss, confirm the completion of the actual write operation prior to the power
off by issuing a

* Soft reset

* Hard reset

* Flush Cache command

» Standby command

» Standby Immediate command

* Sleep command

Confirm the command’s completion.

5.3 Equipment status

The equipment status is available to the host system any time the drive is not ready to read, write, or
seek. This status normally exists at the power-on time and will be maintained until the following conditions
are satisfied:

* The access recalibration/tuning is complete.

* The spindle speed meets the requirements for reliable operation.

* The self-check of the drive is complete.
The appropriate error status is made available to the host system if any of the following conditions occur
after the drive has become ready:

* The spindle speed lies outside the requirements for reliable operation.

¢ The occurrence of a Write Fault condition.

Hitachi Travelstar 40GNX hard disk drive specifications
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5.4 WRITE safety

The drive ensures that the data is written into the disk media properly. The following conditions are moni-
tored during a write operation. When one of these conditions exceeds the criteria, the write operation is
terminated and the automatic retry sequence is invoked.

* Head off track

» External shock

* Low supply voltage

* Spindle speed out of tolerance

* Head open/short

5.5 Data buffer test

The data buffer is tested at power on reset and when a drive self-test is requested by the host. The test
consists of a write/read '00'x and 'ff'x pattern on all buffers.

5.6 Error recovery

Errors occurring on the drive are handled by the error recovery procedure.

Errors that are uncorrectable after application of the error recovery procedure are reported to the host
system as nonrecoverable errors.

5.7 Automatic reallocation

The sectors that show some errors may be reallocated automatically when specific conditions are met.
The drive does not report any auto reallocation to the host system. The conditions for auto reallocation
are described below.

5.7.1 Nonrecovered write errors

When a write operation cannot be completed after the Error Recovery Procedure (ERP) is fully carried
out, the sectors are reallocated to the spare location. An error is reported to the host system only when
the write cache is disabled and the auto reallocation has failed.

5.7.2 Nonrecoverable read error

When a read operation fails after ERP is fully carried out, a hard error is reported to the host system. This
location is registered internally as a candidate for the reallocation. When a registered location is specified
as a target of a write operation, a sequence of media verification is performed automatically. When the
result of this verification meets the required criteria, this sector is reallocated.

5.7.3 Recovered read errors

When a read operation for a sector fails and is recovered at the specific ERP step, the sector is real-
located automatically. A media verification sequence may be run prior to the reallocation according to the
predefined conditions.

Hitachi Travelstar 40GNX hard disk drive specifications
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5.8 ECC

The 40 byte three interleaved ECC processor provides user data verification and correction capability.
The first 4 bytes of ECC are check bytes for user data and the other 36 bytes are Read Solomon ECC.
Each interleave has 12 bytes for ECC. Hardware logic corrects up to 15 bytes (5 bytes for each inter-
leave) errors on-the-fly.

Following are some examples of error cases. An "O" means that the byte contains no error. An "X"
means that at least one bit of the byte is bad.

On The Fly correctable

11111111 Error byte # for
ByTe# 0123456789012 345¢67 each interleave
Interleave AB CABCABCABCABCABC A B C
Error pattern XXX X XXX XX X XXX XX 0 O0Oo0 5 5 5
Error pattern XXX X XXX XX 00 O0XXX X XX 5 5 5

Uncorrectable

11111111 Error byte # for
Byte # 0123456789012 3452¢67 each interleave
Interleave AB CABCABCABCABCARBC A B C
Error pattern XXX X XXX XX X XXX XX X 00 6 5 5
Error pattern XOOX O0OX O0O0X O 0OX 00 X OO0 6 0 O

Figure 12. Examples of error cases.
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6.0 Specification

6.1 Environment

6.1.1 Temperature and humidity

Operating conditions

Temperature 5 to 55°C (See note below)
Relative humidity 8 to 90% noncondensing
Maximum wet bulb temperature 29.4°C noncondensing
Maximum temperature gradient 20°C/hour
Altitude —300 to 3048 m (10,000 ft)

Nonoperating conditions
Temperature —40 to 65°C
Relative humidity 5 to 95% noncondensing
Maximum wet bulb temperature 40°C noncondensing
Maximum temperature gradient 20°C/hour
Altitude —300to 12,192 m (40,000 ft)

Figure 13. Environmental condition

The system is responsible for providing sufficient air movement to maintain surface temperatures below
60°C at the center of top cover and below 63°C at the center of the drive circuit board assembly.

The maximum storage period in the shipping package is one year.

Specification (Environment)

100 ‘
| 41'C/95%
9 |
| 31'C/90% i X W
80 \/
-
& I
£ 60 |
-'g Non Operating
s 50
I 40'C/47% b
2 sl
® T
< - Operating
© 30 |
2 | 65'C/23%
10 |
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-45 35 -25 -15 -5 5 15 25 35 45 55 65

Temperature (°C)

Figure 14. Limits of temperature and humidity
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6.1.1.1 Corrosion test

The hard disk drive must be functional and show no signs of corrosion after being exposed to a temper-
ature humidity stress of 50°C/90%RH (relative humidity) for one week followed by a temperature and
humidity drop to 25'C/40%RH in 2 hours.

6.1.2 Radiation noise

The disk drive shall work without degradation of the soft error rate under the following magnetic flux
density limits at the enclosure surface.

Frequency (KHz) Limits (uT RMS)
0-60 500
61-100 250
101-200 100
201-400 50

Figure 15. Magnetic flux density limits

6.1.3 Conductive noise

The disk drive shall work without soft error degradation in the frequency range from DC to 20 Mhz
injected through any two of the mounting screw holes of the drive when an AC current of up to 45 mA
(p-p) is applied through a 50-ohm resistor connected to any two mounting screw holes.

6.1.4 Magnetic fields

The disk drive will withstand radiation and conductive noise within the limits shown below. The test
method is defined in the Noise Susceptibility Test Method specification, P/N 95F3944.
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6.2 DC power requirements

Connection to the product should be made in a safety extra low voltage (SELV) circuits. The voltage
specifications are applied at the power connector of the drive.

Item Requirements
Nominal supply +5 Volt dc
Supply voltage —0.3 Volt to 6.0 Volt
Power supply ripple (0-20 MHz)* 100 mV p-p max.
Tolerance 2 +5%
Supply rise time 7-100 ms
Watts (RMS Typical)
Performance Idle average > 2.00
Active Idle average 1.30
Low Power Idle average 0.85
Read average * 2.5
Write average 2.5
Seek average ° 2.6
Standby 0.25
Sleep 0.1
Startup (maximum peak) ° 5.0
Average from power on to ready 3.8
Footnotes:
1. The maximum fixed disk ripple is measured at the 5 volt input of the drive.
2. The disk drive shall not incur damage for an over voltage condition of +25% (maximum duration of
20 ms) on the 5 volt nominal supply.
3. The idle current is specified at an inner track.
4. The read/write current is specified based on three operations of 63 sector read/write per 100 ms.
5. The seek average current is specified based on three operations per 100 ms.
6. The worst case operating current includes motor surge.

Figure 16. DC Power requirements

6.2.1 Power consumption efficiency

Capacity 40-GB model 20-GB model

Power Consumption Efficiency
(Watts/GB)

0.021 0.042

Figure 17. Power consumption efficiency

Note: Power consumption efficiency is calculated as Power Consumption of Low Power Idle Watt/
Capacity (GB).
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6.3 Start up Current

0.2A/div

i

0.95sec/div

O
192]
o)

Figure 18. Typical current wave form at start up
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6.4 Reliability
6.4.1 Data reliability

* Probability of not recovering data is 1 in 10*®bits read
* ECC implementation

On-the-fly correction performed as a part of read channel function recovers up to 15 symbols of error in
1 sector (1 symbol is 8 bits).

6.4.2 Failure prediction (S.M.A.R.T.)

The drive supports Self-monitoring, analysis and reporting technology (S.M.A.R.T.) function. The details
are described in section 11.8, "S.M.A.R.T. Function" on page 80 and 13.32, "S.M.A.R.T. Function Set
(BOh)" on page 161.

6.4.3 Cable noise interference

To avoid any degradation of performance throughput or error when the interface cable is routed on top or
comes in contact with the HDA assembly, the drive must be grounded electrically to the system frame by
four screws. The common mode noise or voltage level difference between the system frame and power
cable ground or AT interface cable ground should be in the allowable level specified in the power require-
ment section.

6.4.4 Service life and usage condition

The drive is designed to be used under the following conditions:

* The drive should be operated within specifications of shock, vibration, temperature, humidity,
altitude, and magnetic field.

* The drive should be protected from ESD.

* The breathing hole in the top cover of the drive should not be covered.

* Force should not be applied to the cover of the drive.

* The specified power requirements of the drive should be satisfied.

* The drive frame should be grounded electrically to the system through four screws.
* The drive should be mounted with the recommended screw depth and torque.

* The interface physical and electrical requirements of the drive should satisfy ATA-5.

* The power-off sequence of the drive should comply with the 6.4.6.2,"Required power-off sequence.
Service life of the drive is approximately 5 years or 20,000 power on hours, whichever comes first, under
the following assumptions:

* Less than 333 power on hours per month.

* Seeking/Writing/Reading operation is less than 20% of power on hours.

This does not represent any warranty or warranty period. Applicable warranty and warranty period are
covered by the purchase agreement.
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6.4.5 Preventive maintenance

None.

6.4.6 Load/unload

The product supports a minimum of 300,000 normal load/unloads.
Load/unload is a functional mechanism of the hard disk drive. It is controlled by the drive micro code.
Specifically, unloading of the heads is invoked by the following commands:
* Hard reset
» Standby
» Standby immediate
* Sleep
Load/unload is also invoked as one of the idle modes of the drive.

The specified start/stop life of the product assumes that load/unload is operated normally, not in emer-
gency mode.

6.4.6.1 Emergency unload

When hard disk drive power is interrupted while the heads are still loaded the micro code cannot operate
and the normal 5-volt power is unavailable to unload the heads. In this case, normal unload is not possi-
ble. The heads are unloaded by routing the back EMF of the spinning motor to the voice coil. The
actuator velocity is greater than the normal case and the unload process is inherently less controllable
without a normal seek current profile.

Emergency unload is intended to be invoked in rare situations. Because this operation is inherently
uncontrolled, it is more mechanically stressful than a normal unload.

The drive supports a minimum of 20,000 emergency unloads.

6.4.6.2 Required Power-Off Sequence
The required BIOS sequence for removing power from the drive is as follows:
» Step 1: Issue one of the following commands.
e Standby
» Standby immediate
* Sleep

Note: Do not use the Flush Cache command for the power off sequence because this command
does not invoke Unload.

» Step 2: Wait until the Command Complete status is returned.

In a typical case 350 ms are required for the command to finish completion; however, the BIOS time
out value needs to be 30 seconds considering error recovery time. Refer to section 14.0, "Time-out
values," on page 191.

¢ Step 3: Terminate power to HDD.
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This power-down sequence should be followed for entry into any system power-down state, system
suspend state, or system hibernation state. In a robustly designed system, emergency unload is limited
to rare scenarios, such as battery removal during operation.

6.4.6.3 Power switch design considerations

In systems that use the Hitachi Travelstar 40GNX consideration should be given to the design of the
system power switch.

Hitachi Global Storage Systems recommends that the switch operate under control of the BIOS, as
opposed to being hardwired. The same recommendation is made for cover-close switches. When a
hardwired switch is turned off, emergency unload occurs, as well as the problems cited in section 5.1,
"Data loss by power off" on page 17 and section 5.2, “Write Cache” on page 17.

6.4.6.4 Test considerations

Start/stop testing is classically performed to verify head/disk durability. The heads do not land on the disk,
so this type of test should be viewed as a test of the load/unload function.

Start/Stop testing should be done by commands through the interface, not by power cycling the drive.
Simple power cycling of the drive invokes the emergency unload mechanism and subjects the HDD to
nontypical mechanical stress.

Power cycling testing may be required to test the boot-up function of the system. In this case Hitachi
Global Storage Systems recommends that the power-off portion of the cycle contain the sequence
specified in section 6.4.6.2, "Required Power-Off Sequence” on page 26. If this is not done, the
emergency unload function is invoked and nontypical stress results.
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6.5 Mechanical specifications

6.5.1 Physical dimensions and weight

The following figure lists the dimensions for the drive.

Height (mm)

Width (mm)

Length (mm)

Weight (grams)

9.54+0.2

69.85+0.25

100.2+0.25

102 Max

Figure 19. Physical dimensions and weight

6.5.2 Mounting hole locations

The mounting hole locations and size of the drive are shown below.

(4X) M 3.0

61.72+0.25

® o
CONNECTOR
& -3
OO
o, o o) .
/ || 3.86t0.2
T
(4X) M 3 1440.25
90.6+0.25
VIEW B

REF 75.92

REF @1.8

BREATHER HOLE

10.14+0.25

4

o

-

0 O

3.99+0.25

)

VIEW A

REF 8.25

Figure 20. Mounting hole locations
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6.5.3 Connector and jumper description

A jumper is used to designate the drive address as either master or slave. The jumper setting method is
described in section 7.10, "Drive address setting" on page 54.

Connector specifications are included in section 7.2, "Interface connector” on page 37.

6.5.4 Mounting orientation

The drive will operate in all axes (six directions) and will stay within the specified error rates when tilted
+5 degrees from these positions.

Performance and error rate will stay within specification limits if the drive is operated in the other permis-
sible orientations from which it was formatted. Thus a drive formatted in a horizontal orientation will be
able to run vertically and vice versa.

The recommended mounting screw torque is 0.3£0.05 Nm.

The recommended mounting screw depth is 3.0+0.3 mm for bottom and 3.5+0.5 mm for horizontal
mounting.

The user is responsible for using the appropriate screws or equivalent mounting hardware to mount the
drive securely enough to prevent excessive motion or vibration of the drive at seek operation or spindle
rotation.

6.5.5 Load/unload mechanism

The head load/unload mechanism is provided to protect the disk data during shipping, movement, or
storage. Upon power down, a head unload mechanism secures the heads at the unload position. See
section 6.6.4, "Nonoperating shock" on page 31 for additional details.
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6.6 Vibration and shock

All vibration and shock measurements in this section are for drives without mounting attachments for sys-
tems. The input level shall be applied to the normal drive mounting points.

Vibration tests and shock tests are to be conducted by mounting the drive to a table using the bottom four
mounting holes.

6.6.1 Operating vibration

The drive will operate without a hard error while being subjected to the following vibration levels.

6.6.1.1 Random vibration
The test consists of 30 minutes of random vibration using the power spectral density (PSD) levels below.
The vibration test level is 6.57 m/sec2 RMS (Root Mean Square) (0.67 G RMS).

Random vibration PSD profile Breakpoint
m x 10n

Hz (m¥sec)/Hz (GHz)

5 1.9xE-5 (2.0. x E-5)
17 1.1 xE-3 (1.1.x E-3)
45 1.1 xE-3 (1.1.x E=3)
48 7.7 X E-3 (8.0. x E-3)
62 7.7 X E-3 (8.0. x E-3)
65 9.6 x E-3 (1.0. x E=-3)
150 9.6 x E-3 (1.0. x E=-3)
200 4.8 x E-4 (5.0. x E-4)
500 4.8 x E4 (5.0. x E-4)

Figure 21. Random vibration PSD profile breakpoints (operating)

6.6.1.2 Swept sine vibration

Swept sine vibration
(zero to peak 5 to 500 to 5 Hz sine wave)

9.8 m/sec? (1 G) (5-500 Hz) 2.0

Sweep rate (oct/min)

Figure 22. Swept sine vibration
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6.6.2 Nonoperating vibration
The disk drive withstands the following vibration levels without any loss or permanent damage.

6.6.2.1 Random vibration

The test consists of a random vibration applied in each of three mutually perpendicular axes for a
duration of 15 minutes per axis. The PSD levels for the test simulating the shipping and relocation
environment is shown below.

Hz (m/sec?)/Hz (G*/Hz)
2.5 0.096 0.001
5 2.88 0.03
40 1.73 0.018
500 1.73 0.018

Figure 23. Random Vibration PSD Profile Breakpoints (nonoperating)

Note: Overall RMS level of vibration is 29.50 m/sec2 (3.01 G).

6.6.2.2 Swept sine vibration
* 49 m/sec2 (5 G) (zero-to-peak), 5 to 500 to 10 Hz sine wave

* 0.5 oct/min sweep rate

e 25.4 mm (peak-to-peak) displacement, 5to 10 to 5 Hz

6.6.3 Operating shock

The hard disk drive meets the criteria in the table below while operating under these conditions:
* The shock test consists of 10 shock inputs in each axis and direction for a total of 60.
* There must be a minimum delay of 3 seconds between shock pulses.

* The disk drive will operate without a hard error while subjected to the following half-sine shock pulse.

Duration of 2 ms Duration of 11 ms
1960 m/sec2 (200 G) 147 m/sec2 (15 G)

Figure 24. Operating shock

The input level shall be applied to the normal disk drive subsystem mounting points used to secure the
drive in a normal system.

6.6.4 Nonoperating shock

The drive withstands the following half-sine shock pulse without any data loss or permanent damage.

Duration of 1 ms Duration of 11 ms
7840 m/sec2 (800 G) 1176 m/sec2 (120 G)

Figure 25. Nonoperating shock
The shocks are applied for each direction of the drive for three mutually perpendicular axes, one axis at a

time. Input levels are measured on a base plate where the drive is attached with four screws.
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6.7 Acoustics

6.7.1 Sound power level

The criteria of A-weighted sound power level are described below.

Measurements are to be taken in accordance with ISO 7779. The mean of the sample of 40 drives is to
be less than the typical value. Each drive is to be less than the maximum value. The drives are to meet
this requirement in both board down orientations.

A-weighted Sound Power Typical (Bels) Maximum (Bels)
Idle 2.5 2.7
Operating 3.1 3.3

Figure 26. Weighted sound power

The background power levels of the acoustic test chamber for each octave band are to be recorded.

Sound power tests are to be conducted with the drive supported by spacers so that the lower surface of
the drive be located 25+3 mm above from the chamber floor. No sound absorbing material shall be used.

The acoustical characteristics of the disk drive are measured under the following conditions:

Mode definitions

* Idle mode: Power on, disks spinning, track following, unit ready to receive and respond to control
line commands.

e  Operating mode: Continuous random cylinder selection and seek operation of the actuator with a
dwell time at each cylinder. The seek rate for the drive can be calculated as shown below.

Ns = 0.4/(Tt + T1)
where:
Ns = average seek rate in seeks/s

Tt = published seek time from one random track to another without including rotational
latency

T1= equivalent time in seconds for the drive to rotate by half a revolution
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6.7.2 Discrete tone penalty

Discrete tone penalties are added to the A-weighted sound power (Lw) with the following formula only
when determining compliance.

Lwt(spec) = Lw = 0.1Pt + 0.3 < 4.0 (Bels)
where
Lw = A-weighted sound power level
Pt = Value of desecrate tone penalty = dLt — 6.0(dBA)

dLt = Tone-to-noise ratio taken in accordance with ISO 7779 at each octave band.
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6.8 Identification labels

The following labels are affixed to every drive:

A label which is placed on the top of the head disk assembly containing the statement "Made by
Hitachi" or equivalent, part number, EC number, and FRU number.

A bar code label which is placed on the disk drive based on user request. The location on the disk
drive is to be designated in the drawing provided by the user.

Labels containing the vendor's name, disk drive model number, serial number, place of manu-
facture, and UL/CSA logos.

The presence of labels containing jumper information depends on the customer.

6.9 Electromagnetic compatibility

When installed in a suitable enclosure and exercised with a random accessing routine at maximum data
rate, the drive meets the following worldwide electromagnetic compatibility (EMC) requirements:

United States Federal Communications Commission (FCC) Rules and Regulations (Class B), Part
15. RFI Suppression German National Requirements

RFI Japan VCCI, Requirements of IBM products

EU EMC Directive, Technical Requirements and Conformity Assessment Procedures

6.9.1 CE Mark

The product is certified for compliance with EC directive 89/336/EEC. The EC marking for the certification
appears on the drive.

6.9.2 C-Tick Mark

The product complies with the Australian EMC standard "Limits and methods of measurement of radio
disturbance characteristics of information technology equipment, AS/NZS 3548:1995 Class B."
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6.10 Safety
6.10.1 UL and CSA approval

The product is qualified per UL (Underwriters Labratory) 1950 Third Edition and CAN/CSA C22.2
N0.950-M95 Third Edition, for the use in Information Technology Equipment, including Electric Business
Equipment. The UL Recognition or the CSA certification is maintained for the product life. The UL and
C-UL recognition mark or the CSA monogram for CSA certification appears on the drive.

6.10.2 IEC compliance

All models of the Hitachi Travelstar 40GNX comply with IEC 950:1991 +A1-4.

6.10.3 German Safety Mark

All models of the Hitachi Travelstar 40GNX are approved by TUV on Test Requirement:
EN 60950:1992+A1-4, but the GS mark has not been obtained.

6.10.4 Flammability

The printed circuit boards used in this product are made of material with a UL recognized flammability
rating of V-1 or better. The flammability rating is marked or etched on the board. All other parts not con-
sidered electrical components are made of material with a UL recognized flammability rating of V-1 or
better except minor mechanical parts.

6.10.5 Secondary circuit protection

This product utilizes printed circuit wiring that must be protected against the possibility of sustained
combustion due to circuit or component failures as defined in C-B 2-4700-034 (Protection Against
Combustion). Adequate secondary over current protection is the responsibility of the using system.

The user must protect the drive from its electrical short circuit problem. A 10 amp limit is required for
safety purpose.

6.11 Packaging

Drives are packed in ESD protective bags and shipped in appropriate containers.
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7.0 Electrical interface specifications

7.1 Cabling

The maximum cable length from the host system to the hard disk drive plus circuit pattern length in the
host system shall not exceed 18 inches.

7.2 Interface connector

The signal connector for AT attachment is designed to mate with the 50 pin plug specified in Annex A,
Connectors and Cable Assembly, of the ATA/ATAPI-5 document.

The figure below and Figure 6.5.2 on page 28 show the connector location and physical pin location.

Pin
I i T
[ aamaanimnann ammananns ::'f
I I Y
44 22 2 DB
Pin

Pin position 20 is left blank for correct connector insertion.

Pin positions A, B, C, and D are used for the drive address setting. (Refer to Figure 41 on page 54 for
correct address setting.)

Figure 27. Interface connector pin assignments
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7.3 Signal definitions

The pin assignments of interface signals are listed as follows:

PIN SIGNAL I/O Type PIN SIGNAL I/O Type
01 —RESET I TTL 02 GND
03 DDO07 1/0 3—state 04 DDO08 /O 3-state
05 DDO06 I/O 3-state 06 DD09 /O 3-state
07 DDO05 I/O 3-state 08 DD10 I/O 3-state
09 DD04 I/O 3-state 10 DD11 I/O 3-state
11 DDO03 I/O 3-state 12 DD12 I/O 3-state
13 DDO02 I/O 3-state 14 DD13 I/O 3-state
15 DDO01 I/O 3-state 16 DD14 I/O 3-state
17 DD00 I/O 3-state 18 DD15 I/O 3-state
19 GND (20) Key
21 DMARQ @) 3-state 22 GND
23 —DIOW(*) I TTL 24 GND
25 —DIOR(*) I TTL 26 GND
27 IORDY(*) O oD 28 CSEL I TTL
29 —DMACK I TTL 30 GND
31 INTRQ @) 3-state 32 —10CS16(*) ©) oD
33 DAO1 I TTL 34 —PDIAG I/O oD
35 DAOQO I TTL 36 DAO02 I TTL
37 —CS0 I TTL 38 —-CS1 I TTL
39 —DASP I/O oD 40 GND
41 + 5V logic power 42 + 5V motor power
43 GND 44 (reserved)

(0] designates an output from the drive

I designates an input to the drive

1/0 designates an input/output common

oD designates an Open-Drain output

power designates a power supply to the drive

reserved designates reserved pins which must be left unconnected

Figure 28. Signal definition

The signal lines marked with (*) are redefined during the Ultra DMA protocol to provide special functions.
These lines change from the conventional to special definitions at the moment the host decides to allow a
DMA burst, if the Ultra DMA transfer mode was previously chosen via SetFeatures. The drive becomes
aware of this change upon assertion of the -DMACK line. These lines revert back to their original defini-
tions upon the deassertion of DMACK at the termination of the DMA burst.
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Special Definition
(for Ultra DMA)

Conventional Definition

—DDMARDY IORDY

Write Operation HSTROBE —-DIOR
STOP -DIOW

—HDMARDY -DIOR

Read Operation DSTROBE IORDY
STOP -DIOW

Figure 29. Special signal definitions for Ultra DMA
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7.4 Signal descriptions

DD00-DD15

A 16-bit bi-directional data bus between the host and the drive. The lower 8 lines, DD00-07, are used
for Register and ECC access. All 16 lines, DD00-15, are used for data transfer. These are 3-state
lines with 24 mA current sink capability.

DAO00-DAO02
These are addresses used to select the individual register in the drive.

-CS0
The chip select signal generated from the Host address bus. When active, one of the Command
Block Registers [Data, Error (Features when written), Sector Count, Sector Number, Cylinder Low,
Cylinder High, Drive/Head and Status (Command when written) register] can be selected.

-Csl
The chip select signal generated from the Host address bus. When active, one of the Control Block
Registers [Alternate Status (Device Control when written) and Drive Address register] can be
selected.

-RESET
This line is used to reset the drive. It shall be kept at a Low logic state during power up and kept High
thereafter.

-DIOW
The rising edge of this signal holds data from the data bus to a register or data register of the drive.

-DIOR
When this signal is low, it enables data from a register or data register of the drive onto the data bus.
The data on the bus shall be latched on the rising edge of -DIOR.

INTRQ
The interrupt is enabled only when the drive is selected and the host activates the -IEN bit in the
Device Control Register. Otherwise, this signal is in high impedance state regardless of the state of
the IRQ bit. The interrupt is set when the IRQ bit is set by the drive CPU. The IRQ is reset to zero by
a host read of the status register or a write to the Command Register. This signal is a 3-state line with
24 mA of sink capability.

-l0CS16
A signal indicating to the host that a 16-bit wide data register has been addressed and that the drive
is prepared to send or receive a 16-bit wide data word. This signal is an Open-Drain output with
24 mA sink capability and an external resistor is needed to pull this line to 5 volts.

-DASP
This is a time-multiplexed signal which indicates that a drive is active or that device 1 is present. This
signal is driven by an Open-Drain driver and internally pulled up to 5 volts through a 10 kQ resistor.
During a Power-On initialization or after -RESET is negated, -DASP shall be asserted by Device 1
within 400 ms to indicate that device 1 is present. Device 0 shall allow up to 450 ms for device 1 to
assert -DASP. If device 1 is not present, device 0 may assert -DASP to drive an LED indicator. The
-DASP signal shall be negated following acceptance of the first valid command by device 1. Anytime
after negation of -DASP, either drive may assert -DASP to indicate that a drive is active.
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-PDIAG
This signal shall be asserted by device 1 to indicate to device 0 that it has completed the diagnostics.
This line is pulled up to 5 volts in the drive through a 10 kQ resistor.

Following a Power On Reset, software reset, or -RESET, drive 1 shall negate -PDIAG within 1 ms (to
indicate to device 0 that it is busy). Drive 1 shall then assert -PDIAG within 30 seconds to indicate
that it is no longer busy and is able to provide status.

Following the receipt of a valid Execute Drive Diagnostics command, device 1 shall negate -PDIAG
within 1 ms to indicate to device 0 that it is busy and has not yet passed its drive diagnostics. If
device 1 is present then device 0 shall wait up to 6 seconds from the receipt of a valid Execute Drive
Diagnostics command for drive 1 to assert -PDIAG. Device 1 should clear BSY before asserting
-PDIAG, as -PDIAG is used to indicate that device 1 has passed its diagnostics and is ready to post
status. If -DASP was not asserted by device 1 during reset initialization, device 0 shall post its own
status immediately after it completes diagnostics and clears the device 1 Status register to 00h.
Device 0 may be unable to accept commands until it has finished its reset procedure and is ready
(DRDY=1).

CSEL (Cable Select)
This signal is monitored to determine the drive address (master or slave) when the jumper on the
interface connector is at Position-3.

When CSEL is at ground or is at a low level, the drive works as a Master. If CSEL is open or is at a
logical high level, the drive works as a Slave.

The signal level of CSEL to one drive should be different from the signal level to another drive on the
same AT interface cable to avoid master-master or slave-slave configurations.

KEY
Pin position 20 has no connection pin. It is recommended to close the respective position of the cable
connector in order to avoid incorrect insertion.

IORDY
This signal is an indication to the host that the drive is ready to complete the current I/O cycle. This
line is driven low at the falling edge of -DIOR or -DIOW when the drive needs some additional WAIT
cycle(s) to extend the PIO cycle. This line can be connected to the host IORDY signal in order to
insert a WAIT state(s) into the host P1O cycle. This signal is an Open-Drain output with 24 mA sink
capability.

5V Power
There are two input pins for the +5 V power supply. One is the "+5 V Logic" input pin and the second
is the "+5 V Motor" input pin. These two input pins are tied together within the drive.

-DMACK
This signal shall be used by the host in response to DMARQ to either acknowledge that data has
been accepted, or that data is available.

This signal is internally pulled up to 5 Volt through a 15 kQ resistor with a resistor tolerance value of
—50% to +100%.

DMARQ
This signal is used for DMA data transfers between the host and drive. It shall be asserted by the
drive when it is ready to transfer data to or from the host. The direction of data transfer is controlled
by -HIOR and -HIOW signals. This signal is used in a handshake mode with -DMACK. This signal is
a 3-state line with 24 mA sink capability and internally pulled down to GND through a 10 kQ resistor.
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-HDMARDY (Ultra DMA)
This signal is used only for Ultra DMA data transfers between host and drive.

The signal -HDMARDY is a flow control signal for Ultra DMA data in bursts. This signal is held
asserted by the host to indicate to the device that the host is ready to receive Ultra DMA data in
transfers. The host may negate -HDMARDY to pause an Ultra DMA data in transfer.

HSTROBE (Ultra DMA)
This signal is used only for Ultra DMA data transfers between host and drive.

The signal HSTROBE is the data out strobe signal from the host for an Ultra DMA data out transfer.
Both the rising and falling edge of HSTROBE latch the data from DD (15:0) into the device. The host
may stop toggling HSTROBE to pause an Ultra DMA data out transfer.

STOP (Ultra DMA)
This signal is used only for Ultra DMA data transfers between host and drive.

The STOP signal shall be asserted by the host prior to initiation of an Ultra DMA burst. A STOP shall
be negated by the host before data is transferred in an Ultra DMA burst. Assertion of STOP by the
host during or after data transfer in an Ultra DMA mode signals the termination of the burst.

-DDMARDY (Ultra DMA)
This signal is used only for Ultra DMA data transfers between host and drive.

The signal -DDMARDY is a flow control signal for Ultra DMA data out bursts. This signal is held
asserted by the device to indicate to the host that the device is ready to receive Ultra DMA data out
transfers. The device may negate -DDMARDY to pause an Ultra DMA data out transfer.

DSTROBE (Ultra DMA)
This signal is used only for Ultra DMA data transfers between host and drive.

The signal DSTROBE is the data in strobe signal from the device for an Ultra DMA data in transfer.
Both the rising and the falling edge of DSTROBE latch the data from DD (15:0) into the host. The
device may stop toggling DSTROBE to pause an Ultra DMA data in transfer.
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7.5 Interface logic signal levels

The interface logic signals have the following electrical specifications:

Inputs Input High Voltage 2.0 V min./5.5 V max.

Input Low Voltage —0.5V min./0.8 V max.
Outputs: Output High Voltage 2.4 V min.

Output Low Voltage 0.5 V max.
Current Driver Sink Current 24 mA min.

Driver Source Current —400 pA min.

7.6 Reset timings

RESET
t— t10 —»
BUSY
PARAMETER DESCRIPTION Min. Max.
(us) (us)
tL | RESET high to Not BUSY - 95
10 | RESET low width 25 -

Figure 30. System reset timings
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7.7 PIO timings

The PIO cycle timings meet Mode 4 of the ATA-3 description.

CS(1:0)-
DA(2:0)

- t] —-

— {9 —»

DIOR-,
DIOW-

Write data

DD(15:0)

Read data

t2 - t2i | -

DD(15:0)

> {7(*) |-

I0CS16-(*)

— t8(*) -—

—» tRD r=—

IORDY —| tA

~ 5~

(*) Up to ATA-2 (mode-0,1,2)

PARAMETER DESCRIPTION MIN (ns) MAX. (ns)
t0 Cycle time 120 -
t1 Address valid to DIOR-/DIOW- setup 25 —
t2 DIOR-/DIOW- pulse width 70 -
t2i DIOR-/DIOW- recovery time 25 -
t3 DIOW- data setup 20 -
t4 DIOW- data hold 10 —
t5 DIOR- data setup 20 -
t6 DIOR- data hold 5 -
t6z DIOR- data tristate - 30
t7(*) | Address valid to IOCS16- assertion — 30
t8(*) | Address valid to IOCS16- released — 30
t9 DIOR-/DIOW- to address valid hold 10 -
tRD Read data valid to IORDY active 0 —
tA IORDY setup width - 35
tB IORDY pulse width — 1,250

Figure 31. PIO cycle timings
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7.8 Multiword DMA timings

The Multiword DMA timings meet Mode 2 of the ATA-3 description.

DMARQ

DMACK-

DIOR-/DIOW-

READ DD(15:0)

tLRALW — -
- t0 L
—» tl | D tKRAKW = - tJ -
G- tF —

-—tG = tH -—

WRITE DD(15:0)

PARAMETER DESCRIPTION MIN (ns) | MAX (ns)
t0 Cycle time 120 —
tD DIOR-/DIOW- asserted pulse width 70 —
tE DIOR- data access - 50
tF DIOR- data hold 5 —
tG DIOR-/DIOW- data setup 20 —
tH DIOW- data hold 10 —
tl DMACK- to DIOR-/DIOW- setup 0 -
tJ DIOR-/DIOW- to DMACK- hold 5 -
tKR/tKW | DIOR negated pulse width / DIOW- negated pulse 25 -

width
tLR/(LW | DIOR- to DMARQ delay / DIOW- to DMARQ delay - 35
tZ DMACK- to read data released — 25

Figure 32. Multiword DMA cycle timings
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7.9 Ultra DMA timings

The Ultra DMA timings meet Mode 0, 1, 2, 3, and 4 of the Ultra DMA Protocol.

7.9.1 Initiating Read DMA

DMARQ
—tUl—>
DMACK-
| tACK [=-tENV
STOP
— tACK = tENV-»
HDMARDY- ~—— t2CcYC >
{ZIORDY -»~ <~ = {FS = {CYC >={CYC >
|
o150 " ‘*tAZD > {DH -
(150) XOOOOAOONXX — XXX RD Data —xxx+RD Data rxxx1 RD Data
Host drives DD % }4 Device drives DD
MODEO | MODE1 | MODE2 | MODE3 | MODE4
PARAMETER DESCRIPTION MIN | MAX | MIN [MAX | MIN [MAX | MIN [MAX | MIN [MAX
(ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
tul Unlimited interlock time 0 — 0 — 0 — 0 — 0 -
tACK Setup time for DMACK- assertion 20l — |20 — |20 — |20 — |20 | -
tENV Envelope time 20170 | 20| 70|20 |70 | 20 | 55 | 20 | 55
tZIORD | Minimum time before driving IORDY o|-10]-]1]0]-10]-10]-
tFS First DSTROBE time 0 [230| O |200| O |170| O |130| O |120
tCYC Cycle time 112 — | 73| — |54 | — |39 | - | 25| —
t2CYC | Two cycle time 230| — |154| - |115| — |86 | — | 57 | —
tAZ Maximum time allowed for output drivers| 10l - l10! =110l - 1l10! - |10
to release
tAZD Drivers to assert 0 - 0 - 0 - 0 - 0 —
tDS Data setup time at host 5| - 10| - | 7 | - | 7| —-1]5|-
tDH Data hold time at host 5 - 5 - 5 - 5 - 5 —

Figure 33. Ultra DMA cycle timings (Initiating Read)
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7.9.2 Host Pausing Read DMA

DMARQ
DMACK-
STOP
-4— {SR
HDMARDY-
~4— tRFS —»
DSTROBE

MODEO | MODE1 | MODE2 | MODE3 | MODE4
PARAMETER DESCRIPTION MIN | MAX | MIN | MAX| MIN | MAX | MIN | MAX | MIN | MAX
(ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (nS) | (ns)
tSR DSTROBE to HDMARDY- time - |50 - ]3| - 20| - - - -
tRFS | HDMARDY- to final DSTROBE time - | 7% | -]7] - 60| - | 60| - | 60
Note: When a host does not satisfy the tSR timing, the host should be ready to receive two more data
words after HDMARDY- is negated.

Figure 34. Ultra DMA cycle timings (Host Pausing Read)
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7.9.3 Host Terminating Read DMA

DMARQ
- Ll — o VL]
DMACK-
~— {RP— ~-tACK»
STOP
‘ ‘tACK"
\47 Ll —— tIORDYZ—» ‘F
DSTROBE —» {DH <—
= tAZl< - {DS =
DD(15:0) %xxx RD Data — XXXXXXXXXXXXXXXXXX ——XXX—  CRC  XXXXXXXXXX
—» tZAH -
> -
Device drives DD Host drives DD
MODE 0|MODE 1|MODE 2|MODE 3|MODE 4
PARAMETER DESCRIPTION MIN |[MAX| MIN [IMAX| MIN [MAX| MIN [MAX| MIN [MAX
(ns) | (ns) [ (ns) [ (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (nS)
tRFS HDMARDY- to final DSTROBE time - |75| - |70| — |60| — |60| — | 60
tRP Minimum time to assert STOP 160| — |125| — |100| — |100| — |100| —
tLI Limited interlock time 0 |150| O |150| O |150| O |100| O |100
A7 Maximum time allowed for output drivers 110l =110l = 110l = 110! = | 10
to release
tZAH Minimum delay time required for output 200 — |20 — |20 — |20 — | 20| —
tMLI Interlock time with minimum 20l — |20 — |20 — | 20| — |20 | —
tDS CRC word setup time at device 5| -]10|-]17]|-]17]-=-15]-=-
tDH CRC word hold time at device 5| -15|-]|5|-]5|-1]151]-
tACK Hold time DMACK- negation 20l - |20 - |20 — |20 — |20 | —
tIORDYZ | Maximum time before releasing IORDY - 120 - |20 — |20 — |20| — | 20

Figure 35. Ultra DMA cycle timings (Host Terminating Read)
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7.9.4 Device Terminating Read DMA

DMARQ
— > {SS - - MLl

DMACK-

-t —» ‘¢ tACKP'
STOP

- ~ tACKs]
HDMARDY-

< | > {IORDYZ > -
DSTROBE \—
—» {DH |-
- - tAZ — - {{DS |-

DD(15:0) fxxxxx‘ XOXKXXKXXXXXXXXXK - CRC [ XXXXXXXXXX

- {ZAH—>

Device drives DD Host drives DD
MODEO | MODE1 | MODE2 | MODE3 | MODE4
PARAMETER DESCRIPTION MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX| MIN |MAX
(ns) [ (ns) [ (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
tSS Time from DSTROBE edge to negation
of DMARQ 50| — |50 — |50 | — |50 | — | 50| -
tLI Limited interlock time 0 |150| O |150| O |150| O |100| O 100
tAZ ngmum time allowed for output _ 110l 2110l = 110! = 10l = | 10
drivers to release
tZAH Maximum delay time required foroutput |20 | — (20| — | 20| — |20 | — | 20| —
tMLI Interlock time with minimum 200 — |20 — |20 — |20 — |20 | -
tDS CRC word setup time at device 5| -]110| - | 7| -7 | —-1]5]|-
tDH CRC word hold time at device 5| -|5]-]15|-15]-15]-
tACK Hold time for DMACK- negation 20 — |20 - |20 — |20 - | 20| —
tIORDYZ | Maximum time before releasing IORDY - 120 — |20 — 20| — |20| - |20

Figure 36. Ultra DMA cycle timings (Device Terminating Read)
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7.9.5 Initiating Write DMA

DMARQ ]
‘*tUI*‘
DMACK-
—» tENV |-——
—»{ tACK -
STOP
——»={ Ll ri
tZIORDY —» |
DDMARDY- = 2cyc >
— ™ {ACK|+— < tU| >~ {CYC ™ {CYC >
HSTROBE R
——m tDH ‘«—
tDS —»| -
DD(15:0
( ) XOOOOAOAOOXIIONXX —— WT Data - xxx- WT Datar xxx- WT Data
- Host drives DD >
MODEO | MODE1 | MODE2 | MODE3 | MODE4
PARAMETER DESCRIPTION MIN [MAX| MIN [MAX| MIN |MAX| MIN |MAX| MIN |MAX
(ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
tul Unlimited interlock time o|-|O0O|-|O0|-=]101]-=1]0]-
tACK | Setup time for DMACK- assertion 20| - |20 — |20 - |20 | — | 20| -
tENV | Envelope time 201701207020 | 70|20 |55|20 |55
tg\'(OR Minimum time before driving HSTROBE | 0 | - |0 | - |0 | |0 | -] 0 | -
tLI Limited interlock time 0 |150| 0 |150| O |150| O |100| O |100
tCYC | Cycle time 112 — | 73| — |54 | — |39 | — | 25| —
T2CYC| Two cycle time 230| — |154| - [115| — |86 | — | 57| —
tDS Data setup time at device 5| -110| - |7 | -7 ] —-|5] -
tDH Data Hold time at device 5| -|5]|-|5]|-]5]-1]5]-
Figure 37. Ultra DMA cycle timings (Initiating Write)
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7.9.6 Device Pausing Write DMA

DMARQ
DMACK-
STOP
*tSRﬂ
DDMARDY-
-a4—— tRFS—»
HSTROBE
MODEO | MODE1 | MODE2 | MODE3 | MODE4
PARAMETER DESCRIPTION MIN [MAX| MIN [MAX| MIN |MAX| MIN |MAX| MIN |MAX
(ns) [ (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
tSR HSTROBE to DDMARDY- time - |50 —-]3 | -]20]| -] =-]1-]-
tRFS | DDMARDY- to final HSTROBE time - |75 - |70 - |60 — 60| — |60
Note: When a device does not satisfy the tSR timing, the device is ready to receive two more data words
after DDMARDY- is negated.

Figure 38. Ultra DMA cycle timings (Device Pausing Write)
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7.9.7 Device Terminating Write DMA

DMARQ
- tRP > = tLl - {MLI—
DMACK-
| ~-{ACK ™
STOP
| | | tIORDYZ—» -
L
DDMARDY -
%tRFS}i S e (1 ~tACK®™
HSTROBE
—» {DH|=-—
—{tDS |-
DD(15:0) %xxx XXX T CRC = XXXXOXXXXX
- Host drives DD -
MODEO | MODE1 | MODE2 | MODE3 | MODE4
PARAMETER DESCRIPTION MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX
(ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
tRFS DDMARDY- to final HSTROBE time - | 75| - |70] — |60 — | 60| — | 60
tRP Minimum time to negate DMARQ 160| — |125| — [100| — |[100| — |100| —
tLl Limited interlock time 0 |150| O |150| O |150| O |100| O |100
tMLI Interlocking time 20| - 120 - |20 - |20 - | 20| -
tDS CRC word setup time at device 5| -]110| - |7 | -7 ]| —-1|5]-
tDH CRC word hold time at device 5| -5 -]5]-]15]-156]-
tACK Hold time for DMACK- negation 20| - |20 — |20 - |20 | — | 20| —
tIORDYZ | Maximum time before releasingIORDY | — |20 | — |20 | — |20 | — |20 | — | 20

Figure 39. Ultra DMA cycle timings (Device Terminating Write)
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7.9.8 Host Terminating Write DMA

DMARQ
- tL| > < tMLI—>|
DMACK-
1SS - ~<tACK™]
STOP
-l tORDYZ—% -
I
DDMARDY -
- {L|— ‘tACK}‘
HSTROBE
—»|{DH ——
. —»{tDS =
DD(15:0) — XXX IXHIKIHXKHIIKKKXKXXXXXXX — CRC = XXXXXXXXXX
- Host drives DD L
MODEO | MODE1 | MODE2 | MODE3 | MODE4
PARAMETER DESCRIPTION MIN [MAX| MIN [MAX| MIN |MAX| MIN [MAX| MIN |MAX
(ns) [ (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
Time from HSTROBE edge to assertion
tSS of STOP 50| - |50 — |50 | - |50 | - |50 | —
tL Limited interlock time 0 |150| 0 |150| O |150| O |100| O |100
tMLI Interlock time 20| - |20 - |20 - |20 | — | 20| —
tDS CRC word setup time at device 5| -110| - |7 | -7 ]| —-|5] -
tDH CRC word hold time at device 5| -|5|-|5]|-]5]|-1]56]-
tACK Hold time for DMACK- negation 20| — |20 — |20 — | 20| — | 20| -
tIORDYZ | Maximum time before releasing IORDY | — |20 | — |20 | — | 20| — | 20| — | 20

Figure 40. Ultra DMA cycle timings (Host Terminating Write)
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7.10 Drive address setting

A jumper placed on the interface connector determines the drive address. The three drive addresses are
shown below.

31 CA

.
A—H .

O—m =
0O— 1 .

=
HE RS \

Figure 41. Drive address setting

Setting 1—Device 0 (Master) (no jumper is used)
Setting 2—Device 1 (Slave)

Setting 3—Cable Select

Setting 4—Never attach a jumper here

Setting 5—Never attach a jumper here

When pin C is grounded, the drive does not spin up at POR.

When the drive address is Cable Select, the address depends on the condition of pin 28 of the AT inter-
face cable. If pin 28 is ground (or low), the drive is a Master. If pin 28 is open (or logic high), the drive is a
Slave.

7.10.1 Drive default address setting

The default setting of jumper at shipment is Setting 1: no jumper.
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7.11 Addressing of HDD registers

The host addresses the drive through a set of registers called a Task File. These registers are mapped
into the host's I/O space. Two chip select lines (-CS0 and -CS1) and three address lines (DA00-02) are
used to select one of these registers, while a -DIOR or -DIOW is provided at the specified time.

The chip select line -CS0 is used to address the Command Block registers while the -CS1 is used to

address Control Block registers.

The following table shows the I/ O address map.

—CS0 | —CS1 | DA02 | DAO1 | DAOO | -DIOR =0 (Read) | —DIOW = 0 (Write)

Command Block Registers

0 1 0 0 0 Data Reg. Data Reg.

0 1 0 0 1 Error Reg. Features Reg.

0 1 0 1 0 Sector count Reg. Sector count Reg.

0 1 0 1 1 Sector number Reg. | Sector number Reg.

0 1 1 0 0 Cylinder low Reg. Cylinder low Reg.

0 1 1 0 1 Cylinder high Reg. Cylinder high Reg.

0 1 1 1 0 Drive/Head Reg. Drive/Head Reg.

0 1 1 1 1 Status Reg. Command Reg.
Control Block Registers

1 0 1 1 0 Alt. Status Reg. Device control Reg.

1 0 1 1 1 Drive address Reg. -

Figure 42. 1/0 address map
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Part 2. Interface specification
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8.0 General

8.1 Introduction

This specification describes the host interface of the Hitachi Travelstar 40GNX.

The interface conforms to the Working Document of Information technology, AT Attachment with Packet
Interface Extension (ATA/ATAPI-5) Revision 3, dated 29 February 2000, with certain limitations described
in section 9.0, "Deviations From Standard” on page 61.

The drive supports the following new functions included by ATA/ATAPI-5 standards or newer standards:

* Device Configuration Overlay

The drive supports the following functions as Vendor Specific Functions:

* Address Offset Feature

* Format Unit Function

* ENABLE/DISABLE DELAYED WRITE
* SENSE CONDITION command

8.2 Terminology

Device The Hitachi Travelstar 40GNX drive
Host The system to which the device is attached

The first command which is executed after the power on reset (also known as a

First Command hard reset) is the Standby mode command.

INTRQ Interrupt request (Device or Host)
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9.0 Deviations from standard

The device conforms to the referenced specifications, with deviations described below.

The interface conforms to the Working Document of Information Technology, AT Attachment with Packet
Interface Extension (ATA/ATAPI-5) Revision 3, dated 29 February 2000, with the following deviation:

Standby Timer Standby timer is enabled by STANDBY command or IDLE command. The
value in the Sector Count register shall be used to determine the time pro-
grammed into the Standby timer. If the Sector Count register is zero, the
Standby timer is automatically set to 109 minutes.

Write Verify WRITE VERIFY command does not include read verification after write
operation. The function is the same as WRITE SECTORS command.

S.M.A.R.T. Return Status S.M.A.R.T. RETURN STATUS subcommand does not check advisory
attributes. This means that the device will not report a threshold exceeded
condition unless the prefailure attributes exceed their corresponding thres-
holds. For example, a Power-On Hours Attribute never results in a
negative reliability status.
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10.0 Registers

Addr esses Functi ons

CS0- CSl1- DA2 | DA1 | DAO READ (Dl OR-) VWRI TE (DI OW)

N N X X X i[)an't)gdggzehl gh Not used

Control Dblock registers

N A 0 X X i[)an;)gdgﬁiehl gh Not used

N A 1 0 Pan%gdggieh' gh Not used

N A 1 1 0 Al ternate Status Devi ce Contr ol

N A 1 1 1 Devi ce Address Not used

Command bl ock registers

A N 0 0 0 Dat a Dat a

A N 0 0 1 Error Register Feat ur es

A N 0 1 0 Sect or Count Sect or Count

A N 0 1 1 Sect or Nunber Sect or Nunber

A N 0 1 1 * LBA bits 0-7 * LBA bits 0-7

A N 1 0 0 Cylinder Low Cylinder Low

A N 1 0 0 * LBA bits 8-15 * LBA bits 8-15

A N 1 0 1 Cylinder Hi gh Cylinder High

A N 1 0 1 * LBA bits 16-23 * LBA bits 16-23

A N 1 1 0 Devi ce/ Head. Devi ce/ Head

A N 1 1 0 * LBA bits 24-27 * LBA bits 24-27

A N 1 1 1 St at us Conmand

A A X X X I nval i d address I nval i d address
Logi ¢ conventi ons: A = signal asserted

N = signal not asserted
X = either Aor N

* = Mapping of registers in LBA node

Figure 43. Register Set

Communication to or from the device is through an 1/0 Register that routes the input or output data to or
from the registers addressed by the signals from the host (CS0-, CS1-, DA2, DAL, DAO, DIOR- and
DIOW-).

The Command Block Registers are used for sending commands to the device or posting status from the
device.

The Control Block Registers are used for device control and to post alternate status.
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10.1 Alternate Status Register

Alternate Status Register

7 6 5 4 3 2 1 0
BSY RDY DF DSC DRQ COR IDX ERR

Figure 44. Alternate Status Register

This register contains the same information as the Status Register. The only difference between this
register and the Status Register is that reading the Alternate Status Register does not imply an interrupt
acknowledge or a clear of a pending interrupt. See 10.13, "Status Register" on page 68 for the definition
of the bits in this register.

10.2 Command Register

This register contains the command code being sent to the device. Command execution begins immedi-
ately after this register is written. The command set is shown in Figure 65 on page 103. All other registers
required for the command must be set up before writing to the Command Register.

10.3 Cylinder High Register

This register contains the high order bits of the starting cylinder address for any disk access. At the end of
the command, this register is updated to reflect the current cylinder number.

In LBA Mode this register contains Bits 16—23. At the end of the command, this register is updated to re-
flect the current LBA Bits 16-23.

The cylinder number may be from zero to the number of cylinders minus one.

10.4 Cylinder Low Register
This register contains the low order 8 bits of the starting cylinder address for any disk access. At the end
of the command, this register is updated to reflect the current cylinder number.

In LBA Mode this register contains Bits 8—15. At the end of the command, this register is updated to
reflect the current LBA Bits 8-15.

The cylinder number may be from zero to the number of cylinders minus one (1).
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10.5 Data Register

This register is used to transfer data blocks between the device data buffer and the host. It is also the re-
gister through which sector information is transferred on a Format Track command and the configuration
information is transferred on an ldentify Device command.

All data transfers are 16 bits wide, except for ECC byte transfers, which are 8 bits wide. Data transfers

are PIO only.

The register contains valid data only when DRQ = 1 is in the Status Register.

10.6 Device Control Register

Drive Control Register

7 6 5 4 3 2 1
- - - - SRST | —IEN
Figure 45. Device Control Register
Bit Definitions
SRST Software Reset. The device is held at reset when RST = 1. Setting RST =0 again

enables the device. To ensure that the device recognizes the reset, the host must set

RST =1 and wait for at least 5 ps before setting RST = 0.

-IEN Interrupt Enable. When IEN = 0, and the device is selected, the device interrupts to the
host will be enabled. When IEN = 1, or the device is not selected, the device interrupts to

the host will be disabled.
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10.7 Drive Address Register

Drive Address Register

7 6 5 4 3 2 1 0
HIZ | -WTG| —H3 —-H2 -H1 —-HO | -DS1 | -DsSO

Figure 46. Drive Address Register

This register contains the inverted drive select and head select addresses of the currently selected drive.

Bit

HIZ

WTG
-H3, -H2,-H1,-HO

-DS1

-DSO

Definitions

High Impedance. This bit is not a device and will always be in a high impedance
state.

-Write Gate. This bit is 0 when writing to the disk device is in progress.

-Head Select. These four bits are the one's complement of the binary coded
address of the currently selected head. Bit -HO is the least significant.

-Drive Select 1. The Drive Select bit for device 1 is active low. DS1 = 0 when
device 1 (slave) is selected and active.

-Drive Select 0. The Drive Select bit for device 0 is active low. DS0 = 0 when device
0 (master) is selected and active.

10.8 Device/Head Register

Devi ce/ Head Regi ster

7 6 5 4 3 2 1 0
1 L 1 DRV | HS3 | HS2 | HS1 | HSO

Figure 47. Device/Head Register

This register contains the device and head numbers.

Bit

L

DRV

HS3, HS2, HSO

Definitions

Binary encoded address mode select. When L = 0, addressing is by CHS mode.
When L =1, addressing is by LBA mode.

Device. When DRV = 0, device 0 (master) is selected. When DRV =1, device 1
(Slave) is selected.

Head Select. These four bits indicate the binary encoded address of the head. Bit
HSO is the least significant bit. At command completion, these bits are updated to
reflect the currently selected head. The head number may be from zero to the
number of heads minus one. In LBA mode, HS3 through HSO contain bits 24-27 of
the LBA. At command completion, these bits are updated to reflect the current LBA
bits 24-27.

Hitachi Travelstar 40GNX hard disk drive specifications
66



10.9 Error Register

Error Register

7 6 5 4 3 2 1 0
CRC | UNC 0 IDNF| O ABRT | TKONF|{ AMNF

Figure 48. Error Register

This register contains the status from the last command executed by the device or a diagnostic code. At
the completion of any command, except Execute Device Diagnostic, the contents of this register are
always valid even if ERR = 0 is in the Status Register.

Following a power on, a reset, or completion of an Execute Device Diagnostic command, this register
contains a diagnostic code. See Figure 52 on page 71 for the definitions.

Bit Definitions

ICRCE (CRC) Interface CRC Error. When CRC =1, it indicates that a CRC error has occurred on the
data bus during a Ultra DMA transfer.

UNC Uncorrectable Data Error. When UNC = 1 it indicates that an uncorrectable data error
has been encountered.

IDNF (IDN) ID Not Found. When IDN = 1, it indicates that the requested sector's ID field could not
be found.

ABRT (ABT)  Aborted Command. When ABT =1, it indicates that the requested command has been
aborted due to a device status error or an invalid parameter in an output register.

TKONF (TON)  Track 0 Not Found. When TON = 1, it indicates that track 0 was not found during a
Recalibrate command.

AMNF (AMN)  Address Mark Not Found. When AMN = 1, it indicates that the data address mark has
not been found after finding the correct ID field for the requested sector.

10.10 Features Register

This register is command specific. This register is used with the Set Features command, the S.M.A.R.T.
Function Set command, and the Format Unit command.

10.11 Sector Count Register

This register contains the number of sectors of data requested to be transferred on a read or write
operation between the host and the device. If the value in the register is set to 0, a count of 256 sectors is
specified.

If the register is zero at command completion, the command was successful. If it is not successfully com-
pleted, the register contains the number of sectors which need to be transferred in order to complete the
request.

The contents of the register are defined differently on some commands. These definitions are given in
section 13.0, “Command descriptions” on 103.
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10.12 Sector Number Register
This register contains the starting sector number for any disk data access for the subsequent command.
The sector number is from one to the maximum number of sectors per track.

In LBA mode, this register contains Bits 0—7. At the end of the command, this register is updated to reflect
the current LBA Bits 0-7.

10.13 Status Register

St at us Regi ster

7 6 5 4 3 2 1 0
BSY | DRDY | DF DSC | DRQ | COR | IDX | ERR

Figure 49. Status Register

This register contains the device status. The contents of this register are updated whenever an error
occurs and at the completion of each command.

If the host reads this register when an interrupt is pending, it is considered to be the interrupt acknow-
ledge. Any pending interrupt is cleared whenever this register is read.

If BSY=1, no other bits in the register are valid.

Bit Definitions

BSY Busy. Bit BSY=1 whenever the device is accessing the registers. The host should not
read or write any registers when BSY=1. If the host reads any register when BSY=1, the
contents of the Status Register will be returned.

DRDY (RDY) Device Ready. When bit RDY=1 it indicates that the device is capable of responding to a
command. Bit RDY will be set to 0 during power on until the device is ready to accept a

command.

DF Device Fault. It DF=1 it indicates that the device has detected a write fault condition. Bit
DF is set to O after the Status Register is read by the host.

DSC Device Seek Complete. If DSC=1, it indicates that a Seek has completed and the device

head is settled over a track. Bit DSC is set to 0 by the device just before a Seek begins.
When an error occurs, this bit is not changed until the Status Register is read by the host
and at that time the bit again indicates the current Seek complete status. When the de-
vice enters into or is in Standby mode or Sleep mode, this bit is set by device in spite of
the drive not spinning up.

DRQ Data Request. Bit DRQ=1 indicates that the device is ready to transfer a word or byte of
data between the host and the device. The host should not write the Command register
when DRQ=1.

CORR (COR) Corrected Data. Always 0.

IDX Index. Bit IDX=1 once per revolution. Since IDX=1, only for a very short time during each

revolution, the host may not see it set to 1 even if the host is reading the Status Register
continuously. Therefore the host should not attempt to use IDX bit for timing purposes.

ERR Error. Bit ERR=1 indicates that an error occurred during execution of the previous com-
mand. The Error Register should be read to determine the error type. The device sets bit
ERR=0 when the next command is received from the host.
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11.0 General operation descriptions

11.1 Reset response

ATA has the following three types of resets:

Power On Reset (POR) The device executes a series of electrical circuitry diagnostics, spins up
the head disk assembly, tests speed and other mechanical parametric,
and sets default values.

Hard Reset (Hardware Reset) The RESET signal is negated in the ATA Bus. The device resets the
interface circuitry and sets the default values.

Soft Reset (Software Reset) The SRST bit in the Device Control Register is set and then is reset. The
device resets the interface circuitry according to the Set Features
requirement.

The actions of each reset are shown in Figure 50 on page 70.
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har d sof t
reset | reset

( (

3

Aborting Host interface

Aborting Device operation
Initialization of hardware

I nternal diagnostic

Starting or Spinning Up spindle notor
Initialization of registers (*2)
DASP handshake

PDI AG handshake

Reverting progranmed paraneters to
def aul t

e Nunber of CHS (set by Initialize
Devi ce Paraneters)

Mul ti pl e node

Wite Cache

Del ayed Wite

Read | ook- ahead

ECC bytes

Vol atil e nmax. Address

Addr ess of fset npde

Power node (*6) (*4) (*4)
Reset Standby timer val ue (*5) o o o

o|o|!

—
*
(o))
N—|

*
O><O><><><HO
N—

*
OOOO><><><HO
N—

o|o|o|o

—|
*
w
N—r|

o—execute
x—does not execute
Notes.
(*1)  Execute after the data in write cache has been written.
(*2)  The default value on POR is shown in Figure 51 on page 71.

(*3) The Set Features command with Feature register = CCh enables the device to revert
these parameters to the power on defaults.

(*4) In the case of sleep mode, the device goes to standby mode. In other cases, the device
does not change current mode.

(*5)  After reset the Standby timer value is set to 109 minutes.
(*6)  Setaccording to the initial power mode selection.

Figure 50. Reset response table
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11.2 Register initialization

After a power on, a hard reset, or a software reset, the register values are initialized as shown in the table
below.

Regi st er Def aul t Val ue
Error Di aghosti ¢ Code
Sect or Count 01h
Sect or Nunber 01h
Cyli nder Low 00h
Cyl i nder High 00h
Devi ce/ Head AOh
St at us 50h
Al ternate Status 50h

Figure 51. Default Register Values

If an Execute Device Diagnostic command is carried out, if the system is powered on, or if a hard reset
occurs, the system generates an Error Register diagnostic code. See the table below for a description of
the codes.

Code Descri ption

01h No error detected

02h Formatter device error
03h Sector buffer error

04h ECC circuitry error

05h g?ptO:oI | er m croprocessor
8xh Device 1 failed

Figure 52. Diagnostic Codes
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11.3 Diagnostic and Reset considerations

The Set Max password, the Set Max security mode and the Set Max unlock counter are not retained over
a Power On Reset but are retained over a Hard Reset or Soft Reset.

For each Reset and Execute Device Diagnostic, the diagnostic is done as follows:

Power On Reset,

Hard Reset

Soft Reset

Execute Device
Diagnostic

DASP-is read by Device 0 to determine if Device 1 is present. If Device 1 is pre-
sent Device 0 shall read PDIAG- to determine when it is valid to clear the BSY bit
and whether Device 1 has powered on or reset without error, otherwise Device 0
clears the BSY bit whenever it is ready to accept commands. Device 0 may assert
DASP- to indicate device activity. If Device 1 is not present, Device 0 does not
Assert DASP- at POR.

If Device 1 is present, Device 0 shall read PDIAG- to determine when it is valid to
clear the BSY bhit and whether Device 1 has reset without any errors; otherwise,
Device 0 shall simply reset and clear the BSY bit. DASP- is asserted by Device 0
(and Device 1 if it is present) in order to indicate device active.

If Device 1 is present, Device 0 shall read PDIAG- to determine when it is valid to
clear the BSY bit and if Device 1 passed or failed the EXECUTE DEVICE
DIAGNOSTIC command; otherwise, Device 0 shall simply execute its diagnostics
and then clear the BSY bit. DASP- is asserted by Device 0 (and Device 1 if it is
present) in order to indicate that the device is active.

In each case — Power On Reset [Hard Reset], Soft Reset, and the Execute Device Diagnostic com-
mand — the Device 0 Error register value is interpreted using the table below.

The "x"
Soft Reset,

Device 1 PDI AG Device O Error
present? Asserted? Passed Regi st er
Yes Yes Yes 01h
Yes Yes No Oxh
Yes No Yes 81h
Yes No No 8xh
No (not read) Yes 01h
No (not read) No Oxh

or

Devi ce Di agnostic error.

i ndi cates the appropriate Di agnostic Code for the Power on,

RESET-,

Figure 53. Reset error register values
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11.4 Power-off considerations

11.4.1 Load/Unload

Load/Unload is a functional mechanism of the hard disk drive. It is controlled by the drive microcode.
Specifically, unloading of the heads is invoked by the following commands.

Command Response

Standby UL -> Comp.

Standby Immediate UL -> Comp.

Sleep UL -> Comp.

Reset Response

Soft Reset Rdy (*1)

Hard Reset UL -> Rdy
UL =unload

Comp =complete
Rdy = interface ready
(*1) Load/Unload condition is not changed by Soft Reset

Figure 54. Device behavior by ATA commands.

Load/unload is also invoked as one of the idle modes of the drive.

The specified start/stop life of the product assumes that load/unload is operated normally, NOT in emer-
gency mode.

11.4.2 Emergency unload

When the drive power is interrupted with the heads still loaded, the microcode cannot operate and the
normal 5V power is unavailable to unload the heads. In this case, normal unload is not possible, so the
heads are unloaded by routing the back EMF of the spinning motor to the voice coil. The actuator velocity
is greater than the normal case, and the unload process is inherently less controllable without a normal
seek current profile.

Emergency unload is intended to be invoked in rare situations. Because th