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1.0 General

This documentescribes the characteristics of tH@M-H3xxx-Ax 3.5-Inch harddisk driveswhich conform
to the AT Attachment ointegrated Drive Electroni¢IDE) interface as defined by the Common Access
Method (CAM) committee. Italsodefines thehardware functionaspecifications. For detailabout the
interface specificationrefer to ATA Interface Specification

1.1 References

« ATA Interface Specification (IBMForm No.SC18-2275-00)
ISO/IEC Draft. ANSI X3.221 (Information Technology ATAttachmentinterface forDisk Drive)

0 Copyright IBM Corp. 1993 1



2 OEM FunctionalSpecifications for IBM3.5-InchHard Disk Drive



2.0 General Features

The 3.5-Inch hardlisk drivesconsist of the following foumodels.
H3133- A2 (133MB, two R/W heads)
H3171- A2 (171MB, two R/W heads)
H3256- A3 (256MB, three R/W heads)
H3342- A4 (342MB, four R/W heads)
The drivesprovide thefollowing commonfeatures for alimodels.
- Sectorformat of 512 bytes/sector
Close-loop actuatoservo
Dedicated head-landing zone
- Automatic actuator lock
Interleave factor 1:1
« Threesegmente®@2KB of bufferimplementation withreadlook-aheadbuffer
96KB sector buffer
ECC On The Fly (EOF)
- Automaticerrorrecoveryprocedures for read andrite commands
Self diagnostics apower on andesident diagnostics

PIO DataTransfer Mode 2
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3.0 Fixed Disk Subsystem Description

This chapterdescribes thesubsystems.

3.1 Control Electronics

The drive is electronicallycontrolled by an microprocessoseveral logicmodules, digital/analogue modules,
and variouddrivers and receivers. Theontrol electronicsperform thefollowing major functions.

Controls the power-ugequence and calibrates the semechanism.
Monitors various timers fotheadsettle, servdailures, and so on.

« Analyzes serveaignals toprovide closed loopcontrol.
Controls thevoice-coil motor driver to position the actuator.
Monitors the actuatoposition anddetermines the target track feeekoperations.
Constantly monitor®rror conditions of theservo and takes correspondiagtion if an error occurs.
Controlsstarting, stopping, anchonitoring of thespindle.
Controls andinterprets allinterface signalbetween thehostcontroller and thedrive.
Controlsread/writeaccessing of the disknedia, includingdefectmanagement andrror recovery.
Performsself-checkout (diagnostics).

3.2 Head Disk Assembly

The headdisk assembly(HDA) is assembled in a cleanoom environment and contains thdisk and
actuatorassembly. Air is constantlgirculated andfiltered when the drive iperational. Ventilation of
HDA is accomplished via an absolute breatfiéer.

The spindle is directly driven by am-hub, brushless, sensorless Ddtive motor. Dynamicbraking is used
to quickly stop thespindle.

3.3 Actuator

The read/write heads amaounted in theactuator. The actuator is swing-arm assembly driven by \ice
coil motor. A closed-loop positioning servoontrols themovement of the actuator. Armbeddedservo
pattern supplies feedback to theositioning servo to keep the read/write heads centered ovedésaed
track.

The actuatormssembly is balanced to allovertical or horizontamounting without adjustment.

When thedrive is stopped by gpower-off condition, the actuator automatically moves the head tbedi-
cated landingzone outside of the datarea, where thactuator idocked.
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4.0 Fixed Disk Characteristics

This chaptemprovides the characteristics of thiged disk.

4.1 Formatted Capacity

Description H3133-A2 H3171-A2 H3256-A3 H3342-A4

Physical Layout

Bytes per sector 512 512 512 512
Sectors per trackiID/OD) 56/84 56/84 56/84 56/84
Number ofheads 2 2 3 4
Number ofdisks 1 1 2 2
Datasectors per cylinder 112/168 112/168 168/252 224/336
Spare sectors perone 224/336 224/336 336/504 448/672
Datacylinder 620/1140 1280/1140 1280/1140 1280/1140
No. of ID datasectors 69440 143360 215040 286720
No. of OD datasectors 191520 191520 287280 383040
Total databytes(Note 1) 133611520 171458560 257187840 342917120
Logical Layout (Note 2)

Number ofheads 15 10 16 16
Number ofsectors/track 17 34 36 48
Number ofcylinders(Note 3) 1023 984 872 872
No. of sectors 260865 334560 502272 669696
Total logical databytes 133562880 171294720 257163264 342884352

Table 1. FormattedCapacity

Notes:

1. Totaldatabytes

- The maximumphysical usable data capacity.

2. Logicallayout

Logical layout is aimaginable HDDparameteftnumber ofheads) which is used taccess the HDD
from the system interface. Logicdhyout to physicallayout (actual headsector) translation islone
automatically in theHDD. The default setting can bebtained byissuing thelDENTIFY DRIVE

command.

3. Logical cylinders

« This numberincludes one cylindewhich is used for the diagnostrogram.
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4.2 Data Sheet

Datatransfer rates

Buffer to/from media 19.0(1D)/26.4(0OD) MB/sec

Host to/frombuffer 8.3 MB/sec
Databuffer size 96 KB

Number ofbuffer segments 3 x 32KB
Rotationalspeed 3600 RPM
Recordingdensity 55000(ID)/53000(0OD) BPI
Track density 2800 TPI
Areal density 154(1D)/148(0OD) Mb/sq.in.
Databands(for ZBR) 2

Table 2. Data Sheet

8 OEM FunctionalSpecifications for IBM3.5-InchHard Disk Drive



4.3 Performance Characteristics

The driveperformance is characterized by tfa@lowing parameters:

Commandoverhead

Mechanical positioning

— Seektime

— Latency

Datatransfer speed

Buffering operation (look-ahead)

Note: All of the above parameters contribute tirive performance. Other parameters contribute to the
performance on the actual system. Tfodlowing specifications define thbaredrive characteristics, not the
systemthroughputwhich depends on the system and the application.

4.3.1 Command Overhead

Commandoverhead idefined as theluration:

From thetime thecommandfrom a hostsystem is writterinto the commandregister
« To the assertion of DRQ for thirst databyte of a READcommand when theequested data is not in
the buffer.
but excludes the timeequiredfor:
— Physicalseektime.
- Latency time.

Read CommandCase Drive is in quiescencestate) Time

Total Less than 4 msec

Table 3. CommandOverhead

Note: The above table shows ttererage time and includes the selimberrupt processing time.

4.3.2 Mechanical Positioning
The following tablesshow the positioningime.

4.3.2.1 Average Seek Time (Including Settling Time)

Command Type Typical Max.
Read 14 msec. 15 msec.
Write 16 msec. 17 msec.

Table 4. MechanicaPositioningPerformance

“Typical” and “Max” for the performancespecificationanean:

Typical Average of the drivesested atnominal environmental andoltageconditions.

Max Maximum value measured on any onérive over thefull range of theenvironmental and
voltage conditions. (See 7.2, “Environment” on page 26 and 7.3, “DCPower
Requirement” orpage 27 for ranges.)

Fixed Disk Characteristics 9



The seektime is measured from the start of tlaetuator'smotion to thestart ofa reliable Read/Write opera-
tion. Reliable read or write implieshat error correction/recovery is not used to correct éorival problems.
The seekime does not include thecommandoverhead”described earlier.

4.3.2.2 Full Stroke Seek

Function Typical Max.
Read 28 msec. 30 msec.
Write 30 msec. 32 msec.

Table 5. Full StrokeSeekTime

Full stroke seek ismeasured as thaverage of 1000 fulktroke seeks with arandom head switch from both
directions (inward anautward). Thefull strokeseek timealso does not include theommandoverhead.

4.3.2.3 Average Latency

Rotational speed Time for a revolution Average Latency

3600 rpm 16.7 msec. 8.33 msec.
Table 6. Latency Time

4.3.3 Drive Ready Time

Condition Typical Max.

Power-On to Ready 10 sec. 31 sec.

Table 7. DriveReadyTime

Legend:

Ready The condition in which thedrive is able toperform a mediaaccesscommand (for
example read, write) immediately.

Power On This includes the time required for the interrs&lif diagnostics.

4.3.4 Data Transfer Speed

Description H3171-A2 H3342-A4
Disk-Buffer Transfer (Outer)
(Instantaneous) 2.5 MB/sec. 2.5 MB/sec.
(Sustained) 2.08 MB/sec. 2.17 MB/sec.
Disk-Buffer Transfer (Inner)
(Instantaneous) 1.7 MB/sec. 1.7 MB/sec.
(Sustained) 1.39 MB/sec. 1.45 MB/sec.
Buffer-Host 8.3 MB/sec. 8.3 MB/sec.

Table 8.Data T Transfer Speed

Legend:
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Instantaneouslisk-buffer transferate (MB/sec)equals:
(Number ofsectors on a track) * 512 fRevolution/second)

Note: The number ofkectors per trackvill vary because of the linear density recording.

Sustaineddisk-buffer transferate (MB/sec) isdefined by considering theead/cylinder change time. This
gives alocal average data transfeate.

(Sustained transfer rate) = AB+C+D)

A = (Number of datasectors per cylinder) * 512

B = (Number ofsurface per cylinder) - 1) fHeadswitch time)
C = (Cylinder change time)

D =

(Number of suface) * (Onerevolution time)

Instantaneousuffer-host transfer ratéMB/sec) defines themaximum datatransfer rate on an ABus.
It is alsodependent on thepeed of thehost.

4.3.5 Buffering Operation (Look-Ahead)

To improve the total performance, thdrive uses its own buffer fotook-ahead. 96KB of the buffer is
divided into three segmented blocks; two of the three segmentsnamtained as independent look-ahead
buffers in least-recently-useddshion and one segment is used for the whtdfer.
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5.0 File Organization

5.1 File Format

When thedrive is manufactured, thesectorcontinuity in the physical format is maintained by thelefect
flagging strategy (described in the following section) poovide maximumperformance taisers.

5.2 Cylinder Allocation

Logical Cylinder Block/Track

Microcode -4/-3 64
Primary map -2 8
Reserved -1 64
CE cylinder 0 64
Reserved 1 16
OD data zone 2..1141 84
OD spare cylinder 1142..1443 84
ID data cylinder 1144..2423 56
ID spare cylinder 2424..2425 56
Dummy write 2426 N/A

Table 9. Cyinder Allocation

Microcode cylinder
The microcodecylinders are on cylinders -1 to -4They contain the down-loadedhicrocode,
which is loaded when power imirned on to run with the ROMode. Two copies of the same
executable code are written.

Data cylinder
This cylindercontains the user data, which can be sent agtdeved viaread/writecommands.
Since the drive has twaones, the value of sector-per-trackdidferent between theouter cylin-
ders and the innecylinders.

Spare cylinder
The spare cylinder includeeassigned datérom a defectivelocation. Data from an outercyl-
inder is reassigned to the Ofpare cylinder, androm an innercylinder to the ID spare cylinder.

Primary map
The primary map is dist of defectiveareas of the recording surfacésund during the manufac-
turing process and is used by theve for formatting.

Dummy write
The dummywrite cylinder is allocated for thealibration andextensiveerror recovery by the
drive.
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6.0 Defect Flagging Strategy

Media defects areremapped to the nexavailable sector during thenanufacturing formatprocess.

mapping from LBA to thephysicallocation iscalculatedwith an internallymaintained table.

The

6.1 Shipped Format

Dataareas areptimally utilized.
Extra sectors are not wasted as a spreoughout the user dat@reas.
All spare sectors are located on one of four spare tracks spread on the user data area.

All sectors generated bgefectflagging areabsorbed by the fouspare tracks.

N N+1 N+2 N+3
Defect Defect

Skip Skip

Defects areskipped without any constrain, such wack orcylinder boundaries. The calculation from LBA fohys-

ical isdonewith aninternal table.

0 Copyright IBM Corp. 1993
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7.0 Specification

This chaptemprovides specifications of thdrives.

7.1 Electrical Interface Specifications

This section provides the interface specifications.

7.1.1 Connectors
Refer toAppendix B for location of the connectors.
7.1.1.1 Power

The DC power connector idesigned tomate with AMP (partl-480424-0) using AMPpins (part350078-4)
strip or (part61173-4)loose piece, otheir equivalents. Pin assignments ateown in Table 10.

Pin Voltage
4 3 2 1 1 + 12V
OROROR®: 2 GND
3 GND
4 + 5V

Table 10. Power Connector Piissignments
7.1.1.2 Alternate Power

The 3-pin DC power connector gesigned tomate with theMOLEX (5480-03) usingMOLEX pins (5479)
or their equivalents. The pin assignments ap@wn in Table 11.

Eachline is connected to the correspondingltage lines of thgpower connector as shown in Table 10.

4 5 1 Pin Voltage
1 + 5V

2 F 12V
3 GND

Table 11. AlternatdPower Connector Pi\ssignments

7.1.1.3 AT Signal Connector
The AT signalconnector is at0-pin connector.

0 Copyright IBM Corp. 1993 17



7.1.2 Signal Definitions

The pin assignments of interfasggnals areshown inFigure 1.

PIN SIGNAL 110 Type PIN SIGNAL 110 Type
01 —HRESET | TTL 02 GND
03 HDO7 110 3—state 04 HDO08 1/10 3—state
05 HDO06 110 3—state 06 HDO09 1/10 3—state
07 HDO05 110 3—state 08 HD10 110 3—state
09 HDO04 110 3—state 10 HD11 110 3—state
11 HDO3 110 3—state 12 HD12 110 3—state
13 HDO02 /0 3—state 14 HD13 110 3—state
15 HDO1 /0 3—state 16 HD14 110 3—state
17 HDOO 110 3—state 18 HD15 110 3—state
19 GND (20) Key
21 (Resv) 22 GND
23 —HIOW | TTL 24 GND
25 —HIOR | TTL 26 GND
27 (Resv) 28 CSEL | TTL
29 (Resv) 30 GND
31 HIRQ (@] 3—state 32 —HIOCS16 (0] ocC
33 HAO1 | TTL 34 —PDIAG 110 oC
35 HAO00 | TTL 36 HAO02 | TTL
37 —HCSO0 | TTL 38 —HCS1 | TTL
39 —DASP 1/0 ocC 40 GND

Figure 1. InterfaceSignal Pin Assignments

Legend
O

I

/1O

ocC
Resv
TTL

Meaning

Outputfrom adrive.

Input to adrive.

Common input/output.

Open-collector or open-draioutput.
Reserved pin; the pin has no connection.
Transistor transistologic.

HDO00-HD15 A 16-bit, bi-directional data bus between thest and theHDD. HDOO throughHDO7 are

HAO00-HAO02
- HCSO

HCS1

HRESET

HIOW
HIOR

used forregister and ECC accessdDO00 throughHD15 areused for data transferThese
signal lines arghree-statdines andhave a 24 mA currensink capability.

The address used telect theindividual register in theHDD.

A chip select signabeneratedrom the hostaddressbus. When active, one of theeommand
block registers (dataerror; features when written, sectoount; sectornumber;cylinder low,
cylinder high,drive/head and statugommand whermwritten, registers) can be selected. (See
Figure 4 onpage 22.)

A chip select signalgeneratedrom the hostaddressbus. When active, one of thecontrol
block registers(alternate statusgevice control whenwritten, anddrive address registers) can
be selected. (Sekigure 4 onpage 22.)

This line isused to reset thelDD. It is kept in a lowlogic state whenpower is turned on
and is kept in a high logistateafter power is turned on.

The rise ofthis line gates datdrom the data bus to eegister or data register of théDD.

When in a lowstate, thissignal gates daté&rom aregister or data register of the drive onto
the data bus. The data on the bus kEtehed on theise of - HIOR.
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HIRQ

- HIOCS16

- DASP

- PDIAG

The interrupt isactive onlywhen thedrive is selected and thieostactivates the- IEN bit in
the devicecontrol register. At all other times, thissignal is in a highimpedance state
irregardless of thestate of the IRQ bit. Thenterrupt is set when the IRQ bit is set by the
drive CPU. IRQ isreset to zero by ahostread of the statusegister or a write to the
commandregister. This signal is athree-statdine with a 24 mA sink capability.

This indicates to théhost that al6-bit dataregister haseenaddressed anthat thedrive is
prepared to send oreceive al6-bit data word. This signal is anopen-drainoutput with a
24 mA sink capability. An external resistor is needed to pull thie to +5Volt.

This is a time-multiplexedsignal which indicatesthat adrive is active, orthat drive 1 is
present. Thissignal isdriven by aopen-draindriver and internallypulled-up to +5 Volt
through a 10 kilohnresistor.

During power-oninitialization or after—- HRESET is ngated,— DASP isasserted by drive
1 within 400 milliseconds to indicatéhat drive 1 ispresent. Drive Qallows up to 450 milli-
seconds fodrive 1 to assert DASP. Ifdrive 1 is notpresentdrive 0 may assert DASP

to drive a LEDindicator.

- DASP is negated following theacceptance of thdirst valid command bydrive 1.
Anytime after— DASP isnegated, eithedrive may assert DASP toindicatethat adrive is
active.

This signal is asserted by drive 1 indicate to drive Othat it hascompleted itsdiagnostic
tests. This line is pulled-up to +5 Volt in the HDDthrough a 10 kilohnresistor.

After a power-on-reset, a softwameset, or—- HRESET,drive 1 negatess PDIAG within 1
millisecond (to indicate to drive @hat it isbusy). Drive 1 therasserts- PDIAG within 30
seconds to indicatéhat it is nolonger busy, and is able to provide status.

After the receipt of a validExecute Drive Diagnosticeommand,drive 1 negatess PDIAG
within 1 millisecond to indicate to drive @hat it is busy and has not ygtassed itsdrive
diagnostics. If drive 1 ipresentthendrive 0 waits for up tdfive seconddrom thereceipt of
a valid Execute Drive Diagnosticcommand fordrive 1 to assert PDIAG. Drive 1 stould
clear BSY before asserting PDIAG, because- PDIAG is used to indicatd¢hat drive 1 has
passed its diagnostic tests and is readypost status.

If — DASP is notasserted by drive Huring thereset initialization, drive Oposts its own
status immediatelafter it completes its diagnostic tests, anelts the drive ktatusregister to
00h. Drive 0 may bainable toacceptcommandauntil it hasfinished its reseprocedure and
is ready(DRDY equals 1).

CSEL (Cable Select)(Optional)

KEY

The drive is configured as either drive 0 ordgépending on the value &SEL.

If CSEL isgrounded, thedrive address is 0.
If CSEL isopen, thedrive address is 1.

Pin 20 does not exist. The corresponding femsige should beblocked out to prevent
incorrect insertion of the&onnector.

Note: IORDY (Pin 20: I/O channelready) is notsupported.
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7.1.3 Interface Logic Signal Levels

The interface logic signalkave thefollowing electrical specifications:

Inputs:

Outputs:

Input High Voltage -
Input Low Voltage -

Output High Voltage -
Output Low Voltage -

7.1.4 Reset Timings

The HDD re

setiming is shownbelow.

2.0 V min.
0.8 V max.

2.4 V min.
0.5 V max.

—HRESET
| ¢— TO —»
BUSY XXXXXXX
“— Tl —>
PARAMETER DESCRIPTION Min. Typ. Max.
(usec) |(sec) (sec)

TO —HRESET low width 25
T1 —HRESET high to Not BUSY — 6 18

Figure 2. SystemReset Timing
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7.1.5 PIO Timings

The PIO cycletimings meet theMode 2specification of the ATA description.

—HCS0,—HCS1
+HAQ-2
| ¢—T9—>
“—T1» |« TO
—HIOR, —HIOW
¢t—— 22—
Write data
+HDO00-15
| ¢——T3—> | «T4»|
Read data
+HDO00-15
+——T5—>| —»>|T6| <
- T7 |+ —-»>|T8| <
—HIOCS16
PARAMETER DESCRIPTION MIN MAX |Note
(nsec) |(nsec)
TO Cycle time 240 - 1
T1 | —HCSG-1, +HA00 —02 valid to  —HIOR,—HIOW active 30 -
T2 | —HIOR,—HIOW pulse width 100 -
T3 +HDO00-15 setup to  —HIOW high 30 -
T4 —HIOW high to +HDOO —15 hold 15 -
T5 —HIOR low to +HDOO —15 valid — 60
T6 —HIOR high to +HD00 —15 hold 5 -
T7 | —HCSG-1, +HA00 —02 valid to —HIOCS16 assertion - 40
T8 | —HCSG-1, +HA00 —02 invalid to —HIOCS16 negation - 30
T9 —HIOR, —HIOW high to —HCS06-1, +HA00 —02 hold 10

Note 1. The drives do not support less than 240 nsec of cycle time.

Figure 3. PIOCycle Timings

Specification 21



7.1.6 Addressing of HDD Registers

The hostaddresses the driviiroughtaskfile registers. Theseregisters aranapped into the host's I/Gpace.
Two chip select lines{ HCSO and— HCS1) andthree address linegHA00-02) are used to select one of
theseregisters, while & HIOR or — HIOW is provided at thespecifiedtime.

The - HCSO isused to addressommandblock registers, while the- HCS1 isused to address theontrol
block registers. The followingable shows the I/Gaddresamap.

Addr. |—CSO|—CS1|HA2|HA1|HAO —IOR = 0 (Read) —IOW = 0 (Write)
Command Block Registers

1F0 0 1 0 0 0 Data Data

1F1 0 1 0 0 1 Error Features

1F2 0 1 0 1 0 Sector count Sector count

1F3 0 1 0 1 1 Sector number Sector number

1F4 0 1 1 0 0 Cylinder low Cylinder low

1F5 0 1 1 0 1 Cylinder high Cylinder high

1F6 0 1 1 1 0 Drive/Head Drive/Head

1F7 0 1 1 1 1 Status Command
Control Block Registers

3F6 1 0 1 1 0 Alt. Status Device control

3F7 1 0 1 1 1 Drive address -

Figure 4. TaskFile

Note: The “Addr.” field in the figure isshown only anexample.

7.1.7 Cabling

The maximumcable lengthfrom the hostsystem to theHDD, plus thecircuit patternlength in thehost
system,cannotexceed 45.7 cm.

22 OEM FunctionalSpecifications for IBM3.5-InchHard Disk Drive



7.1.8 Jumper Settings

The seven-positiofjumper block shownbelow is used to select the master slave, thecable selection, and
the LED outputport.

Pin pitch is 2 mm.
JP1 JP2 JP3 JP4 JP5 JP6 JP7
Master Slave Cable Sel
ON ON ON NC NC NC LED
— [— — [— — [— —
1 3 5 7 9 11 13
2 4 6 8 10 14
/ /
Raw Card
/ /

Figure 5. JumperPins

Notes:
1. The JP1, JP2, and JP3 jumpmositions should not beelectedconcurrently.

2. JP1 is the position for master, JP2 is &ave, and JP3 is for theable selectiomode.

3. To enable theCSEL mode(cable selectiormode), the JP3 jumpemust beinstalled. In theCSEL
mode, thedrive address isetermined adollows:

When CSEL isgrounded or at a lovievel, the driveaddress is {Master).
« When CSEL is open or at a highvel, the driveaddress is 1 (Slave).

The CSELsignal, ATA interface pin 28, is controlled by thestsystem.

4. JP7 is the position for aexternal LED.
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7.1.8.1 The Jumper Pin Assignments

JP Pin No. Status Description Signal Name
1 1 — GND
2 In —Device Address Select Line —C/+D
2 3 — NC (Slave position)
4 — NC
3 5 In Cable Selection (Pin 28)
6 In —Device Address Select Line —C/+D
4 7 — NC
8 — NC
5 9 — NC
10 — NC
6 11 — NC
12 — NC
7 13 Out +LED +LED
14 Out —LED —LED

Figure 6.Jumper PinAssignments

7.1.8.2 Signal Description

In Figure 7 onpage 25,0n” means a shunt jumper isstalled, and “off’means the shunt jumper is not
installed.

LED output(+LED pin 13)

This pin has a maximunturrent source capability of +18 mA at mominal condition. This pin is
designed to drive ahED.

LED output ¢ LED pin 14)

This pin has a currengink capability of-100 mA at 0.25 V for the worstcase. This pin is designed to
drive anLED.
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7.1.8.3 Shipping Default Condition

The jumper is set tdDevice ID = Master” when thedrive isshipped.

1-2 3-4 5-6 8§ 9-10 1112 13-14

on off off off off off off
L——— No LED load

Cable selection (28PIN)

Device ID = Slave

Device ID = Master

Figure 7. JumperDefault Condition
7.1.8.4 Jumper Location

The jumperlocation on the card ishown inFigure 8.

1
<— JP7
AT I/F Back Side of Drive
Connector <+ JP1
Logic Card
T

Figure 8. JumperLocation
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7.2 Environment

The following environmental conditions should be maintained doive operation.

7.2.1 Temperature and Humidity

Operating Conditions

Temperature 5to 55°C (Seenote)
Relative Humidity 8 to 90 % non-condensing
Maximum WetBulb Temperature 29.4° Cnon-condensing
Maximum Temperature Gradient 15°C / hour

Altitude -300 to 3,000 m

Shipping Conditions

Temperature -40 to 65°C

Relative Humidity 510 95 % non-condensing
Maximum WetBulb Temperature 35°C non-condensing
Altitude -300 to 12,000 m

Storage Conditions

Temperature 0to 65°C
RelativeHumidity 5to 95 % non-condensing
Maximum WetBulb Temperature 35°C non-condensing
Altitude -300 to 12,000 m

Note:

The system has to providaifficient airmovement to maintain aurfacetemperature below 60°C at the
center of the top cover of thérive.

7.2.2 Corrosion Test

The harddisk drive must notshow anysigns ofcorrosion,(inside andoutside of theHDA) and befunc-
tional after beingsubjected toseven days of a 50° @mperature with a 90 %elative humidity.
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7.3 DC Power Requirement

The following voltage specificationapply when measured at thdrive power connector. Damage to the
electronic circuits of the drive may result if thower supplycable isconnected or disconnectadhile power

is applied to thedrive (hot plug/unplug is notallowed). There areinductive loads in thelrive which can
cause high voltage spikes on tldeive if the power connection is opened. There is gpecialpower on/off
sequencing required.

Input Voltage

+5 Volts Supply 5V (+/ — 5% during run and spin up)
+12 Volts Supply 12V (+10%, —8% during run and spin up)

Power Supply Current

+5 Volts +12 Volts
(All values in amperes) Pop Mean Std. Dev Pop Mean Std. Dev
Idle average 0.16 0.02 0.14 0.02
Idle ripple(peak —to —peak) 0.15 0.02 0.13 0.02
Seek peak N/A N/A 0.54 0.03
Seek average 0.30 0.02 0.20 0.02
Start up(max) 0.50 0.02 1.10 0.03
RND R/W peak 0.46 0.02 0.54 0.03
RND R/W average 0.37 0.02 0.25 0.02

The power supply generated ripple as seen at the drive power connector is:

Maximum Notes
+5 V DC 100 mV pp 6-10 MHz
+12 V DC 150 mV pp 0-10 MHz

During drive start up andseek, a 120lt ripple is generated by thdrive (referred to aslynamic loading). If
several driveshave theirpower daisy chained togetherthen the power supplyipple plus other drive's
dynamic loadingmustremain within the regulation tolerance #fL0/-8%. A commonpower supply with
separatgpowerleads toeachdrive is amore desirablemethod ofpower distribution.

To prevent external electrical noigeom interfering with the drive's performance, thdrive must besecured

with four screws in the usesystem frame which has neoltage differences at the four screwositions, and
has less thar/-300 millivolts peak to peaklevel difference to thgground lead of the power connector.
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7.4 Reliability

This section provides theeliability data for the drives.

7.4.1 Data Integrity

No more than onesector can be lost at laardreset orpowerlossconditionduring a writeoperation.

7.4.2 Cable Noise Interference

To avoid any degradation of performanteroughput orerror rate when thénterface cable isouted on top
or comes in contact with the HD Aassembly, thalrive must begroundedelectrically to thesystem frame by
four screws. Thecommon modenoise or voltagdevel differencebetween the system frame apdwer cable
ground or AT interface cableground should be in thallowable level specified in thepower requirement
section.

7.4.3 Mean Time Between Failures (MTBF)

The MTBF is250,000power-on hourgPOH).

7.4.4 Usage

The drivewithstands 720 POH pemonth (43200 POH for 5 years)yith 50 on/off cycles pemonth and a
drive accesgseek/read/writeperation)rate of 20% of power on time. Théxed disk subsystem meets the
maximumfailure rate described in theeliability section.

7.4.5 Contact Start Stop (CSS)

The drivewithstands aminimum of 20,000contact start/stop cycles under the 40°C environment.

7.4.6 Useful Life

The usefullife of the drives is aminimum of five years.

7.4.7 Preventive Maintenance

None.
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7.4.8 Data Reliability

Probability of notrecovering data ....... 1in 10E13 bits read
ECC implementation

A Read Solomon ErroCorrectingCode ofdegree 8with non-interleaved is used toover the datdields.
The ECC polynomial iglerivedfrom:

g(X) = (X + 1)(X + A)(X + A**2) - = (X + A®T7)

ECC On The Fly covers one or tweymbols of error in one sector. €@ymbol = 10bits)

7.4.9 Seek/ID Mis-Compare Errors

A non-recoverableseek/ID mis-comparerror isdefined as a seeéperation that cannot beorrected by the
fixed disk error recoveryprocedure. Seek errorsoccurring forfield format operations areonsidered to be
non-recoverable.

No drive hasmore than onenon-recoverableseek/ID mis-comparerror per 5 millionseekoperations (1 in
5 x 10E6)when operated at thiill range of voltage anénvironmental conditions.

7.4.10 Equipment Errors
A recoverableequipmenterror is any errorother than a seek/ID mis-compaggror or read errotthat is
detected and corrected by tlieive error recoveryprocedure. Examples angrite fault, drive not ready and

internaldrive errors.

No drive hasmore than oneecoverableequipmenterror per 10E8 bits reads, 10E6 bitsites, or 10E6seeks
operations when operated at thdl range of voltage anénvironmental conditions.
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7.5 Mechanical Specifications
This section provides the mechanicgdecifications of the drives.

7.5.1 Physical Dimensions

The following chart describes thedimensions for the IBM-H3xxx-Ax hardlisk drive form factor. (See
Appendix B.)

Dimension Value (mm)

Height 254+ 0.4

Width 101.6 + 0.4

Length 146.0 + 0.6

Weight 480 gram(maximum)

7.5.2 Mounting Holes

The mountinghole location andsize for thehard disk drive isshownbelow. For thedetails, see Apendix
B.

Side View +
— . . . _|
@+ |10
4“—»|¢——) —»|¢—1) —>»
I/[F connector
Bottom View +
3
—{l) —»|—2) —>»
Table 12. Hole Locations
Thread (1) (2) (3) 4) %) (6) (7)
6-32 UNC 60.3 44.45 95.25 6.35 16.0 60.0 41.6

30 OEM FunctionalSpecifications for IBM3.5-InchHard Disk Drive



7.5.3 Connector and Jumper Description

Refer toAppendix B for locations of thénterfaceconnector and the jumpers.

7.5.4 Drive Mounting

The drivefunctions in allaxes (6directions). Performance and error ragtay within specification limits even
if the drive isoperated in other orientations fromhich it was formatted.

For reliableoperation, it is recommended taount thedrive in thesystemsecurelyenough to prevengxces-

sive motion or vibration of thedrive during seekoperation orspindle rotation, using appropriate screws or
equivalentmounting hardware. Consult with theissuer ofthis specification for theactual application, if
necessary.

The drivelevel vibration test and the shock test are to t@enducted when therive is mounted to atable
using thebottom fourscrews.

7.5.5 Shipping Zone and Lock
A dedicated“shipping” (or “landing”) zone on thedisk, not on the data area of the disk,dsovided to

protect thedisk dataduring shipping,movement, orstorage. Atpower down, theheads are automatically
parked and a healbcking mechanisnsecures thédneads in this zone.
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7.6 Vibration and Shock

All vibration and shock measurements in thgsction are for the diskirive without the mounting attach-
ments for thesystems. Thenput level isapplied to thenormaldrive mountingpoints.

7.6.1 Operating Vibration
7.6.1.1 Random Vibration

The harddisk drivemeets IBM Standard C-$-9711-002 (1990-03) for the V5hroductclassification.

The test is 30minutes ofrandomyvibration using thepower spectral densityfPSD) levels shown below in
each of three mutually perpendiculaxes. The disk drivewill operate withoutnon-recoverable errors or
degradation irthroughput more than 5% whesubjected to the belowandomvibration levels.

Table 13.RandomVibration PSDProfile Breakpoints (Operating)
5 17 45 48 62 65 150 200 500 Hz
0.02 11 1.1 8.0 8.0 1.0 1.0 0.5 0.5 x10% G2/Hz

Note: Overall RMS (root meansquare)level of vibration is0.67 G rms.

7.6.1.2 Swept Sine Vibration

The harddisk drivewill meet thecriteriashownbelow while operating in therespectiveconditions.

No errors 0.5 G 0-peak5-300-5 Hz sine wave, 0.6ct/min sweep rate
with 3 minutesdwells at 2major resonances

No data loss 1 G 0-peak5-300-5 Hz sine wave, 0.6ct/min sweep rate
with 3 minutesdwells at 2major resonances

7.6.2 Non-Operating Vibration

The disk drivedoes not sustaipermanenthardware damage doss of previouslyrecorded data after being
subjected to thenvironmentdescribed below.

7.6.2.1 Random Vibration

The test consists of aandomyvibration applied in each of three mutually perpendicudaeswith the time
duration of 10 minutes peaixis. The PSDevels for thetest simulating the shipping and relocation environ-
ment are showmelow. (IBM STD C-H 1-9711-005)

Table 14. RandomVibration PSDProfile Breakpoints (Non-operating)
2 4 8 40 55 70 200 Hz
0.001 0.03 0.03 0.003 0.01 0.01 0.001 G2/Hz

Note: Overall RMS (root meansquare)level of vibration is1.04 G rms.
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7.6.2.2 Swept Sine Vibration

2 G 0-peak5-500-5 Hz sine wave
0.5 oct/minsweep rate
« Three minutedwells at twomajor resonances

7.6.3 Operating Shock

The harddisk drivemeets IBM Standard C-$-9711-007 for the Sproductclassification.

The harddisk drive meets thefollowing criteria while operating in therespectiveconditionsdescribed below.
The shock testonsists of ten shocks inputs in eagkis anddirection fortotal of 60. Theremust be adelay
between shoclpulses, longenough toallow the drive tocomplete allnecessarerror recoveryprocedures.

No errors 5 G, 11 ms half-sinshock pulse

No data loss, seelerrors or permanent damage
10 G, 11 ms half-sinshock pulse

No data loss orpermanent damage
15 G, 5 ms half-sinshock pulse
30 G, 4 ms half-sinshock pulse

7.6.4 Non-Operating shock

The drivewill operate with no degradation of performance parmanentdamageafter subjected to shock
pulseswith the following characteristics.

7.6.4.1 Trapezoidal shock wave

« Approximate squarétrapezoidal) pulse shape.
« Approximaterise and fall time ofpulse = 1 ms.
« Averaged acceleratiolevel = 50 G.
(Averagedresponse curve value during thiene following the 1 msrise
time andbefore the 1 mdall with a time “duration of 11msec”.)
Minimum velocity change = 4.23 meters/sec

7.6.4.2 Sinusoidal shock wave

« Approximatehalf-sine pulseshape.
Maximum acceleratiorlevel = 75 G.
Shock duration = 1Insec.

All shock input shall beapplied to the drive's three mutually perpendicuétes. Theheads are notis-
placedfrom thelandingzone as aesult of this test.
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7.7 Acoustics

7.7.1 Sound Power
7.7.1.1 Unit Sound Power Level Testing

Sound power emission levels are measured according to 1S@779. The statisticaupper limit of the
A-weightedsound powellevelsgiven in Bels relative to bico Watt are shown in théollowing table.

Mode Statistical upper limit
Idle 4.5 Bels
Operating 4.8 Bels

Table 15.A-weightedSound Poweltevel

Mode definition

Idle mode Power on,disksspinning, trackfollowing, unit ready toreceive andrespond tointerfacecom-
mands.

Operating mode
Continuous randoneylinder selection and seelperation of the actuator with dwell time at
eachcylinder. Seekrate for thedrive can be calculated ahownbelow.

Dwell time = (0.5 + N) x60/RPM
Seekrate = 1 /(Average seek time +Dwell time)
where N = number of maximum data siaces(N=4 for H3342-A4)
7.7.1.2 Sound Power Acceptance Criteria
Statisticalupperlimit (L yya,)stat IS calculated with the followindormula.

(Lwawstat= (Lwawm + K % (S)wau

where:

(Lwauwm isthe mearvalue of the A-weightedound powelevel for samples of Ndrives.

(S)wau is the total standardeviation for A-weightedsound powelevel
(SHwau = SQRT( (®R)w? + ()wau® )
(SR)w is the standard deviation of reproducibility feound poweltevel.

Assume (g)w = 0.075 B.
(Sp)wau is the standard deviation of the samples foweightedsound powetdevel.
k is a coefficient @termined bynumber ofsamples (N) ashownbelow.

N| 3 4 5 6 7 8 9 10 11 12 13 14 15
k| 319 | 274 | 274 | 249 | 233 | 222 | 213 | 207 | 2.01 | 1.97 | 1.93 | 1.90 | 1.87
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7.8 ldentification

7.8.1 Labels

The following labels areaffixed to everyhard disk drive shipped from thedrive manufacturing location in
accordance witlappropriate hardlisk driveassembly drawing.

« A label containing the IBM logo, IBMpart number and thetatementMade by IBM JapanLtd.”.

« A label containing thedrive model number,date code, formatted¢apacity, place ofmanufacture, and
UL/CSA/TUYV logos.

« A bar code labetontaining thedrive serialnumber.

« An user designed label pagreement.

The labels may béntegrated with theotherlabels.

7.9 Safety

7.9.1 Underwriters Lab (UL) Approval

The product igrecognized for use ifnformation Processing and Busine&juipmentaccording to UL1950.
The UL Recognitionwill be maintained for thdife of the product. Vendor/manufacturenarking for UL
approval appears on thdrive.

7.9.2 Canadian Standards Authority (CSA) Approval

The product iscertified for use ininformation Processing and Businedsquipmentaccording to thefol-
lowing CSA standards.

- C22.2 No. 0-M1989
- C22.2 No. 0.4-M1982
- C22.2 No. 950-M1989

The CSA Certificationwill be maintained for thdife of the product. Vendor/manufacturenarking for the
CSA certificationappears on thdrive.

7.9.3 IEC Compliance

The product iscertified for compliance to IEC380, IEC 435, and IEC 950. Theroductwill comply with
these IEC requirements for tHiée of the product.

7.9.4 Flammability

Printed circuit boardsused in thisproduct is made ofnaterial with a ULrecognized flammability rating of
V-1 or better. The flammability rating isnarked oretched on théoard. All other parts notonsidered
electrical components are made ohaterial with a UL recognized flammability rating of V-1 dvetter.

However,small mechanicaparts such agable tieswashersscrews, and P®oard mounts may be made of
material with a ULrecognized flammability rating of V-2.

7.9.5 Safe Handling

The product is conditioned for safe handlingregards tasharpedges andorners.
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7.9.6 Environment
The productdoes notcontain anyknown orsuspected carcinogens.

Environmental controls meet @xceed allapplicablegovernmentregulations in thecountry of origin. Safe
chemical usage andchanufacturing control aresed toprotect the environment. An environmental impact
assessment hdseen done on the manufacturipgocess used to build thdrive, the driveitself and thedis-
posal of thedrive at the end of itdife.

Production also meets therequirements of the international treaty on chloroflurocard@+C) control
known as the United Nations Environment Program MontrBabtocol, and agatified by the member
nations. Material to be controllethclude CFC-11, CFC-12, CFC-113, CFC-114, CFC-115, Halb211,
Halon 1301 andHalon 2402. Although notspecified by theProtocol, CFC-112 islso controlled. In addi-
tion to the Protocol IBMrequires the following:

- All packaging used for theshipment of the product do not use controll€FCs in themanufacturing
process.

« All manufacturingprocesses foparts orassemblies includerinted circuit boards, do not use controlled
CFC materials after May 15,993.

7.9.7 Secondary Circuit Protection

Fuses are provided in both 5V and 128put of the harddisk drive forover currentprotection.

7.10 Electromagnetic Compatibility

The harddisk drive, when installed in théost system andexercised with arandom accessingroutine at
maximumdata rate meets thimllowing worldwide EMC requirements:

United States FederaCommunications Commissio(FCC) Rules and Regulation&Class B),Part 15.
IBM Corporate Standard (A 6 dBuffer shall bemaintained on the emission requirements).
European Economic Community (EEQG)irective number 76/889 related to thecontrol of radio fre-
guency interference and the/erband Deutscher ElektrotechnikdWDE) requirements ofGermany
(GOP).
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Appendix A. Test Paints

The driveprovidesaccess tacertain electricabignals to facilitatemanufacturing anderification tests.

A.l1 R/W Channel

A.1.1 Analog
1. Read Data

Readdata is adifferential signalthat hasbeenamplified and filtered and represents tkignalbeing read
by whatever head is currentgelected. The filtration ibandwidthlimiting only, not differentiation.
The signaldoes not have anjiutomatic Gain Control (AGC).

2. AGC Read Data

AGC readdata is thedifferential readsignal afterbeingbandwidth filtered and hagassedhrough an
automaticgain control (AGC) amplifier that isused to keep theveralltrack amplitude set to &ixed

value.

A.1.2 Digital
1. Read Data

Readdata is apulse forevery validtransition recorded on thdisk surface.

2. ReadClock

Readclock is a pulse owindow that isused by the data decoder as a basic clock to decodedaizd
3. Read Gate

Read gate isctive any time a physical sector or Hield is being read.
4, Write Gate(indicates when a writeperation is occurring)

Write gate isactive any time writecurrent isbeing applied to one of the R/W heads.

5. Write Fault

Write fault becomesactive whenconditions in section “WriteéSafety” are notsatisfied.

A.2 Servo Channel

A.2.1 Digital

All digital test pants are TTL compatible andapable of sinking aninimum of 250 micoampere.

1. SRV_AREA
When theservo system is working correctly inreormal operation, th&RV_AREA shows the timing of
embeddedservo area. The area|sotected from thevrite operation.

2. AGC_HOLD

When theservo system is working correctlyith locking to theembeddedervopattern, the
AGC_HOLD signal isactivated on the servpattern to get PES frormedgeburst patterrexcept the

write operation.
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3. Index Pulse

The index tespoint mustcorrespond with théeginning of thefirst physical sector of a track. The
minimum pulse width is 2 microseconds.
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Mechanical Drawings

Appendix B.

Isometric View

B.1

39

Alternate
Connector
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B.2 Outline Dimensions
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B.3 Mounting Holes
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B.4 Interface Connector
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