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1.0 Description
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Figure 1.Ultrastar 2XP Disk Drive Assembly

1.1 Features

General Features
4.55GB/9.11GB(512 bytes/sector)
Industry-standardnterface:
— Serial Storage Architecture (SSAgttachmenidual port)
Rotary voice coilmotor actuator
Closed-loopdigital actuatorservo
Embeddedsector servo
Magnetoresistivé MR) heads
8/9 rate encoding
EnhancedPartial ResponseMaximum Likelihood (EPRML) datachannel withdigital filter
No-1D0 sectorformat
All mounting orientations supported
Jumperable autspindlemotor start
Jumperablewrite protection
Spindle synchronization
x2 LED Driver
512KB segmented cache buffer, 1IM@ptional on somanodels)
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Bezel(Optional on somenodels)

Performance Summary
« Average readeek time4.55GB : 7.5milliseconds
« Average readeek time9.11GB, : 8.5milliseconds
« AveragelLatency: 4.17 milliseconds
Media datatransfer rate10.2881 to 15.432MegaBytes/second (8 bands)

Interface Controller Features
UIG-95 SSA Compliant
Split Read/Write
Nearly Contiguous Read/Write
Multiple (up to 16) initiators

NOTE: Please see 2.3Capacities byFormatLength” onpage 14 formore detail.

Read-aheadaching
- Adaptive cachingalgorithm
« Write Caching
Back-to-backwrites (merged writes)
- Automaticretry and data correction on read errors
« Automatic sector reallocation
In-line alternate sector assignment for high-performance
Down-loadablefirmware
Customizing controller jumpers

Reliability Features
Self-diagnostics opower up
Dedicated headandingzone
Magnetic actuatofatch
EmbeddedSector Servo
Entire Read/Write data path protected by a 16 Bit LRC polynomial
ECC on the fly
18 Byte Error CorrectingCode (ECC)
PredictiveFailure Analysis. (PFA) O
Data Recovery Procedure®RP)
Probability of notrecoveringdata: 10 in 10' bits read

Page 10 of 62 Sourcefilename=DESC7_12
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1.2 Models

The Ultrastar 2XP disk drive is available in the followingnodels:

« 4.55GBcapacity
+ 9.11GBcapacity

4.55GB Models HDA Type 1" Capacity GB SSA Pins/ConnectorType
DCHC 04 P9 4.55GB 38-Pin Unitized

9.11GB Models HDA Type 1.6" Capacity GB SSA Pins/Connector Type
DCHC 09 Pl 9.11GB 38-Pin Unitized

size.

Note: For exact capacitiesefer to 2.3, “Capacities by Formatength” on page 14 for exactapacities based onser block

Sourcefilename=DESC7_12
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2.0 Specifications

All specificationnumbers are mean populatimalues unless otherwissoted.

2.1 General

Note: The recordingband located nearest the diséuter diameter (OD) is referred to afdNotch #1', the
recordingband located nearest the inner diametf@b) is called 'Notch #8'.'Average'values are weighted
with respect to thenumber of LBAs per notch when thdrive isformatted with 512 byte blocks.

Data transfer rates
Notch #1 Notch #8 Average

Buffer to/from media 15.4321 10.2881 13.2281 | MB/s (instantaneous)

Host to/from buffer up to 20.0 MB/s(sustained)
Buffer Size (Bytes) 512K
Rotational speed(RPM) 7202.7
Average latency (milliseconds) 4.17
Track Density (TPI) 6160

Minimum  Maximum

Recording density (BPI) 116,585 134,544
Areal density (Megabits/square inch) 758.4 828.7
Models 4.55GB 9.11GB
Disks 5 9
Heads 9 18

SeekTiming in milli seconds (measured at nominaloltage andtemperature)

Single cylinder (Read) 0.7 0.7
(Write) 2.0 2.0

Average weighted(Read) 7.5 8.5
(Write) 9.5 10.5

Full Stroke (Read) 14.5 18.0
(Write) 16.5 20.0

Page 12 of 62 Sourcefilename=SPEC7_13
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2.2 Notch Details

User bytes/Sector (ub/sct) 512
Sectors/logicalblock (sct/lba) 1

User bytes/logicalblock (ub/lba) 512
Maximum addressible cylinders 6076

2.2.1 Models 4.55GB and 9.11GB

Notch Start Cylinder User Data glin- Media DataRate Sectors Per
ders Track
1 0 1876 15.4321 184
2 1890 1400 14.2504 176
3 3290 300 13.9028 165
4 3590 700 12.9296 154
5 4290 450 12.4430 146
6 4740 250 11.8869 140
7 4990 600 10.9832 132
8 5590 500 10.2881 120

Table 1. LBA andcylinder notchtable for 512Byte Format

Notch Last Cylinder User Data glin- Media DataRate Sectors Per
ders Track
8 6092 500 10.2881 120

Table 2. Maximum LBA's andcylinders

Sourcefilename=SPEC_GEN
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User bytes/Sector (ub/sct) 512 to 740 (everbyte numbersonly)

2.3 Capacities by Format Length

Maximum User Logical Block Address / drive

User bytes / logicalblock 4.55GB Model 9.11GB Model
512 8,888,543 17,796,077
514 8,871,650 17,762,201
520 8,639,864 17,298,449
522 8,612,171 17,242,973
524 8,555,471 17,129,573
528 8,493,749 17,005,769
536 8,400,149 16,818,569
688 6,696,665 13,408,181
740 6,263,171 12,540,473

Table 3. User LBAcapacity
User bytes / drive

User bytes / logicalblock 4.55GB Model 9.11GB Model
512 4,550,934,528 9,111,591,936
514 4,560,028,614 9,129,771,828
520 4,492,729,800 8,995,194,000
522 4,495,553,784 9,000,832,428
524 4,483,067,328 8,975,896,776
528 4,484,700,000 8,979,046,560
536 4,502,480,400 9,014,753,520
688 4,607,306,208 9,224,829,216
740 4,634,747,280 9,279,950,760

Table 4. Usemyte capacity

Note: The tablerefers toLogical Block AddresgLBA). Minimum is 0 and Maximum ispecified.

The capacity is calculated as theaximum LBAPLUS 1;multiplied by the blocksize

Page 14 of 62
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2.4 Power Requirements

2.4.1 Specifications Common to All Models

The following voltage specificationapply at thedrive power connector. There is ngpecialpower on/off
sequencing required.

Input Voltage

+5 Volts Supply 5V (£ 5% during run andspin-up)
+12 Volts Supply 12V (x 5% during run) (+5% / -7% duringpin-up)
Population Population
Power Supply Current Mean Stand. Dev.

Minimum voltageslewrate = 4.5 V/sec

Maximum voltageslewrate = 100 V/sec

4.55GB Models

+5VDC (idle avg) 1.24 Amps 0.025Amps
+5VDC (R/W baseline) Typical 1.26Amps 0.010Amps
+5VDC (R/W pulse) Peak 1.448Amps 0.032Amps
Minimum voltageslewrate = 7.4 V/sec
+12VDC (Idle) 0.41 Amps 0.025Amps
+12VDC (seek peak) Peak 1.40 Amps 0.012Amps
+12VDC (Start Current) Maximum 1.71 Amps 0.10 Amps

Power Supply Current

9.11GB Model

+5VDC (idle avg) 1.242Amps 0.030Amps
+5VDC (R/W baseline) Typical 1.260Amps 0.030Amps
+5VDC (R/W pulse) Peak 1.468Amps 0.030Amps

Minimum voltageslewrate = 7.4 V/sec
+12VDC (Idle) 0.850 Amps 0.025Amps
+12VDC (seek peak) Peak 2.05 Amps 0.052Amps
+12VDC (Start Current) Maximum 2.71 Amps 0.10 Amps
Energy Consumption (JapaneseRequirement Only)
4.55GB 0.002 per MB
9.11GB 0.001 per MB

Note: EnergyConsumptionindex = Idle Power/CapacitfW/MB)

1 The StartCurrent is thetotal 12 volt current required by théle.

Sourcefilename=PWRS7_12 Page 15 of 62
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2.4.2 RMS Power Measurements

4.55GB 9.11GB
Idle 11.2 Watts 15.6 Watts
15 ops/second 12.1 Watts 16.7 Watts
30 ops/second 12.7 Watts 17.7 Watts
60 ops/second 13.7 Watts 19.0 Watts

Table 5. Power Measurementsadeusing Clarke Hess Model 25®igital Wattmeter
Note: For the purpose otalculations0.036 Watts per op can besed for and 4.55GB).038 Watts per op

for 9.11GB This is notcompletely accurate because of the non lineeale but can beised for approxi-
mations.

Example

If 4.55GB power wagequired for 90 ops per second the calculatwould be asfollows
Idle power = 11.2 Watts
90 ops/second = 9006.036 = 3.24Watts
Total Power = 11.2 + 3.24 =14.44Watts

2.4.3 Power Supply Graphs

These graphsvere obtained bymeasuring apopulation ofdrives from the normalmanufacturingprocess.
The results are the averagm this population taken at nominaloltageconditions.

All power supplies arenominal.

The results exclude inductive spikes caused by lepdsyer supplies andcomponents thawill vary with
different setupconfigurations.
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Figure 3. Typical Seekwith Read 12Volt Current1.0" Models
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Figure 5. Typical SequentiaReadOperation 5Volt Current all Models
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Figure 7. Typical Seekwith Read 12Volt Current1.6" Models
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2.4.4 Power Supply Ripple

Externally Generated Ripple
as seen atdrive power connector

Maximum Notes
+5VDC 200 mV 0-20 MHz
peak-to-peak
+12VDC 200 mV 0-20 MHz
peak-to-peak

During drive start up andseeking, 12volt ripple is generated by thérive (referred to aslynamic loading). If
several driveshave theirpower daisy chained togethethen the power supplyipple plus other drive's
dynamic loadingmustremain within the regulation tolerance window of +/- 5%. cdmmon spply with
separatgpowerleads toeachdrive is amore desirablemethod ofpower distribution.

2.4.5 Input Capacitance

Internal bulk capacitance
as seen atdrive power connector
+5VDC 82 microfarad

+12VDC 60 microfarad

2.4.6 Grounding Requirements of the  Disk Enclosure

The disk enclosure is a@Power Supply groungotential. It isallowable for the usemounting scheme to
common theDisk Enclosure tocFrame Groundpotential or toleave itisolatedfrom Frame Ground.

From aElectroMagnetic Compatibilitf EMC) standpoint itwill, in most cases, be preferable ttommon
the Disk Enclosure to the systemisountingframe.With this in mind, it is important that théisk Enclo-
sure not become amxcessivereturn current path from theystem frame topower supply. Thedrive's
mounting frame must bewithin +/- 150 millivolts of the drive'spower supply ground. At no time should
more than 35milliamps of current (0 to 100Mhz) bimjectedinto thedisk enclosure.

2.4.7 'Hot Plug/Unplug' support
Powersupply and SSAink hot plug andun-plug isallowed for all SSA models.

For Form Factor models there is nospecialsequence required for connecting 5 volt, 12 volt, ground.
During a hotplug-in event thedrive being pluggedwill draw alarge amount ofcurrent at the instant of
plug-in. This currentspike is due to charging the bypass capacitors ondtiee. This current pulse may
cause thepower supply to go out ofegulation. If this supply is shared bgther drivesthen a lowvoltage
power onreset may be initiated othosedrives. Therefore the recommendation for hplugging is tohave
one supply for eachdrive. Never daisy chain the powereads if hot plugging isplanned. Hotplugging
should be minimized to prevemtear on thepower connector.

Hot plugging the SSA linkwill be recognized by the nextode which will cause a configuration process to
be started by the Initiators.

During hot plugging, the suppliesnust not goover theuppervoltage limit. This means that proper ESD
protectionmust beused during theluggingevent.
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During hot un-plugging if the operating shodkmit specification can be exceedatien thedrive should be
issued aStart/Stop Unitcommand(spindown) that isallowed tocompletebefore un-plugging.
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2.5 Bring-up Sequence (and Stop) Times

Power Up Start Up
= = =
initialize Upload Reassigns
Spin Up Servo Code BATS—2 eic.
- il < il * . | * . | - =
I I I I
| | | |
| | | |
| | | |
Reset, Initialize I I I I
Test Drive Controlisr I I I I
| | | |
Y - o
a TN b4
{ ™~ /
{ ™~ /
{ ™~ /
{ ™~ /
i’ ™~ //
/ Auto Start Function enabled File Ready to accept
or Start Unit Command Read or Write Commands

Power On Issued at this time

Figure 8. Start TimeDiagram

Note: BATS is theabbreviation forBasic Assurance Tests.Start-upsequence spins up the spindtetor,
initializes theservo subsystemyploadscode, perform8ATS2 (verifies read/write hardware), resumes "Reas-
sign in Progress'operations, and more. For more information §HraStar2-XP Interface Specification for
additionaldetails.

Note: If a TOTAL RESET isissued before the driveomesready, thepower onsequencewill startagain.
In all othercases when aOTAL RESET isissued thepresent state of themotor is notaltered.

Note: Reference3.7.1.3,“Start/Stop Unit Time” onpage 33 for additionadletails.
Note: See 5.6,'Spindle Synchronization” ompage 45

Note: There is a 1Gseconddelaybetween a "Unit Stop" and "Unistart". back to back commands.
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Event Nominal Maximum Notes

Power-up 1.5 sec 2.0 sec *SeeFigure 8 onpage 22
Start-up 25 sec 60 sec *SeeFigure 8 onpage 22
Spin-up 9 sec 25 sec *SeeFigure 8 onpage 22
Spindle Stop 6.0 sec 15.0 sec

Table 6.Bring-up Sequence Times and Stop Tinde55GB

Event Nominal Maximum Notes

Power-up 1.5 sec 2.0 sec *SeeFigure 8 onpage 22
Start-up 30 sec 90 sec *SeeFigure 8 onpage 22
Spin-up 11 sec 27 sec *SeeFigure 8 onpage 22
Spindle Stop 9.0 sec 15.0 sec

Table 7.Bring-up Sequence Times and Stop Tin%ellGB

2.5.1 Spin Down Times

After power is removed therive should be allowed 15econds tgark theheads and spin down before any
attempt is made tthandle thedrive.

It is recommended thaafter power is removed a period of econds stuld beallowed before DC is reap-

plied to the drive.

In theevent of apower glitch the drive will normally issue aPower On Reset.

Depending on the duration of thgditch the drive mayspin down and then spin back up or megsetitself.
If the hostsystem detects power glitch it is recommended that eeset is issued to all @&theddrives. This
allows the drive to bérought up in a cotrolled manner.
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3.0 Performance

Drive performancecharacteristics ar@lependentupon theworkloads run and the environments in which
they are run.

All times listed in this chapter araypical valuesprovided for information only, sdahat theperformance for
environments and workloadsther than those shown agxamples can bapproximated. Actuaminimum
and maximunwvalueswill vary dependingipon factorssuch as workloadlogical andphysicaloperatingenvi-
ronments.

3.1 Environment Definition

Drive performance criteria is based on tf@lowing operating environment. Deviations frothis environ-
ment maycause deviationfrom values listed irthis specification.

Block lengths ardormatted at 512 bytes per block.

The number ofdatabuffer segments is 8. Thiotal databuffer length is512K bytes. Of the 8 segments
in the buffer, at least oneegment is allocated for thO-ID tables, andorobably more. Thisnumber
is dependant on theaumber ofdefectsfound on thedrive.

The number ofblocks of customer datahat can fit into onesegment is reduced because 2 bytes of
buffer LRC information isalso stored in the segment for eablock of customer data stored in the
segment.

The number ofsegments is also reduced by laaist one. This segment is used to store thiefect irfor-
mation for theNO-ID architecture. Insomecasesmore than onesegment may be needed to store this
information. Thisvaries on a drive to drive basis due to defeapulationdistributions. Thissize is
also affected by thecapacity of the drive. Larger capacigrives have more defects andthus require
more space.

There isalso thepotential to have gartially used orunt segment. This is allows for themaximum use
of all availablememory.

Ten byte Read an#@Vrite commands areised.

SSA environmentonsists of asingleinitiator andsingletargetwith no SSAlink contention.
The Initiatordelay inresponding tamessage$rom the Target is assumed to kero.

All performance enhancing functions adésabled, except wheneoted. Morespecifically,

- Commands are noqueued

— Data Ready/Replynessages are exchanged Read(DDRM=0)
Caching isdisabled(RCD=1, WCE=0)

Out of ordertransfers are not allowe@© OT=0)

The media is formatted with thekew definition that optimizes thedisk data transferate for un-
synchronized spindleperation.

« All Current Mode Parameters are set to their Defau#tlues except wherpoted.

« Averages are based on a sampiee 0f10,0000perations.

Page 24 of 62 Sourcefilename=PERMSSA



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE
Ultrastar 2XP Hardware/FunctionaSpecification January 131997

3.2 Workload Definition

The drive'sperformance criteria is based on thellowing commandworkloads. Deviations fronthese
workloads may cause deviatiofr®m this specification.

Operations areeither all Reads or allWrites. The specifications fo€ommandExecution Time with
Read Ahead dscribe exceptions tdhis restriction. Forthat scenario allcommands argreceded by a
Read commandexcept for sequential writeommands.

The DataTransfersize is set to 648locks.

The time between the end of an operation, and when the next operatissuisd is 50 msec, +/- a
randomvalue of 0 to 50 msec, unless otherwiseted.

3.2.1 Sequential
No Seeks. Thearget LBA for alloperations is the previous LBA + 64.

3.2.2 Random

- All operations are taandomLBAs. The average seek is an average weighted seek.

3.3 Command Execution Time

Commandexecution, orservice,times are the sum cfeveral BasicComponents:

1. Seek

2. Latency

3. CommandExecution Overhead
4. DataTransferto/from Disk

5. DataTransferto/from SSA Link

The impact or contribution of thosBasic Components to CommanBxecution Time is a&unction of the
workload being sent to tharive and theenvironment in which thealrive is beingoperated.

3.3.1 Basic Component Descriptions

Seek
The averagdime from the initiation of theseek, to theacknowledgementhat the R/Whead is
on the trackthat contains thefirst requested LBA. Values angopulationaverages, and vary as
a function of operating conditions. Thealues used taletermineCommandExecution Times
for sequentialcommands is Omilliseconds and the values faandom commands are shown in
section2.0, “Specifications” on page 12.

Latency

The averagdime required from the activation of the read/write hardware until tgdt sector
has rotated to the head and thead/write begins. Thisime is 1/2 of a revolution of thelisk, or
4.17 milliseconds.

Command Execution Overhead
The average timeadded to theCommand Execution Time due to theprocessing of the
command. Itincludes alltime the drive spends not doing alisk operation or SSAink data
transfer.

The following values areised when calculating theommandExecution Times.
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Workload Command Execution
SequentiaRead 1.30 ms
Sequential Write 1.60 ms
RandomRead .26 ms
RandomWrite .30 ms

Table 8. Overhead Values
A number oflInitiator controlledfactorsaffect CommandExecution Overhead. These are exam-
ined separately ir8.4, “Approximating Performance foDifferent Environments” onpage 28.

The Post Command Processingme of .26 ms is defined as the average tineguired for process
cleanupafter thecommand hasompleted. If a re-instruct periof@ster thanthis time is used, the
difference isadded to theCommandExecution Overhead of the next operation.

Data Transfer to/from Disk

The averagdaime used totransfer the data between the media and the drive's internallddter.
This iscalculated from:

(DataTransferred)/(Media TransfdRate).

There are four interpretations of MedieransferRate. How it is to beused helpdecidewhich
interpretation is appropriate tase.

1. Instantaneou®ata TransferRate

The same for aiven notchformatted at any of the supportddgical block lengths. Itvaries
by notchonly and does not include any overhead.

2. TrackDataSector TransfeRate

Variesdependingupon theformattedlogical block length andvariesfrom notch to notch. It
includes theoverhead associatadith eachindividual sector. This iscalculated from:

(user bytes/sector)/(individual sector time)

(Contact an IBM CustomeRepresentative foindividual sector times of the various for-
matted blocklengths.)

3. TheoreticalData Sector TransfeRate

Also includestime required for track anaylinder skew andoverhead associated with each
track. (See 3.3.2.1'TheoreticalData Sector TransfeRate” onpage 28 for a description on
how to calculate it.)

4. Typical Data Sector TransfeRates

Also includes theeffects of defectivesectors and skipped revolutions due to errecovery.
See Appendix B of thelltrastar 2XP (DCHC) SSAModels InterfaceSpecificationfor a
description of errorecoveryprocedures.

Rates fordrivesformatted at 512 bytes/block are locatedTiable 9 onpage 27.
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#"y"pdee' ALL 9.11GB 4.55GB
Notch # Instant. Track Theoret- Typical Theoret- Typical
ical ical
Average 13.796 10.002 9.201 9.191 9.127 9.117
1 15.432 11.309 10.391 10.380 10.307 10.297
2 14.250 10.817 9.939 9.929 9.859 9.849
3 13.902 10.141 9.035 9.026 8.963 8.954
4 12.930 9.465 8.584 8.575 8.515 8.506
5 12.443 8.974 8.075 8.067 8.010 8.002
6 11.887 8.605 7.624 7.616 7.562 7.555
7 10.983 8.113 7.228 7.221 7.170 7.163
8 10.288 7.376 6.777 6.770 6.722 6.715
Note: The values for TypicaData SectorTransfer Rates assumetgpically worst casevalue of lerror in 1 bits read atnominal conditions forsoft error rate.
Note: Contact an IBM CustomeRepresentative fovalues wherformatted at otheblock lengths.

Table 9. Data SectorTransfer Rates. (All rates are in MB/sec)

Data Transfer to/from SSA Link

The time required tdransfer data between the SSiik and the drive's internal datduffer, that
is not overlapped with the time for th®eek,Latency orData Transferto/from Disk.

When thedrive is reading, data is transferrédcbm the medium to its datéduffer andfrom the
buffer across the SSA linlsimultaneously. However, dataansfer to the linkfrom the data
buffer bufferlagstransferfrom the medium to thduffer by oneblock. At the end of the transfer
from the medium, one blocktill has to betransferred across the link.

For a write operation, the data is normallransferred to the data buffeturing the seek and
latency time. In the rareasethat these are both zero, the writmnnotbegin until one sector is

transferred, and théme to do this becomepart of theoverhead.

Each block of data isransferred as one anore frames on the SSAink. Eachframe requires
10 bytes of overhead and mapntain up to 12&ytes of data. The time téransfer oneblock
depends on th@umber offrames required. For example, a 7B9te blockneeds 6 frames (5 x
128 byte, 1 x100). Thisadds 60 bytes of overhead making 800 bytes total. Afrestantaneous
transfer rate 020OMB/s, that is 40microseconds per block (18.5MB/s sustained).

3.3.2 Comments

Overlap has been removed from tH@ommand Execution Timecalculations.
CommandExecution Times are trulpdditive times to the entireperation. Forexample,

Thecomponents of the

The PostCommandProcessing times are natomponents of th&CommandExecution timetherefore
they are not included in the calculation ehvironmentswhere the re-instruct periodxceeds theéPost

CommandProcessing time.

The effects of idletime functions are not included in thabove examples.

The3.2.1, “Sequential” on

page 25 and 3.2.2;Random” on page 25 both definenvironmentswhere theeffects due toincreased
commandoverhead of IdleTime Functionsupon CommandExecution time ardess than0.15%.
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3.3.2.1 Theoretical Data Sector Transfer Rate

This Ratedoes notaccount for timerequired for errorrecovery ordefective sectors.(The Typical Data
Sector TransferRate described in 3.3.1YBasic ComponentDescriptions” onpage 25 does includéhose
effects.) Each group ofcylinders with a differennumber ofgross sectors petrack is called anotch. The
following showsvalues fornotch #1 of4.55GB models. ThéAverage" valuesused in this specification are
sums of theindividual notch values weighted by th@umber of LBAs in theassociatechotches. For the
other notches and blodlengths use valuethat correspond to those notches and bldekgths.

Data Sector Transfer Rate =

Bytes/cylinder
time for 1 cyl + trackskews + 1 cyl skew

Bytes/cylinder = (tracks/cyl)(gross sectors/track) (bytes/sector)
= (9)(184)(512)
= 847,872Bytes/cyl
time for 1 cyl of data = (tracks/cyl)(revolution time)
(9)(8.333)
75.000msec/cyl
time for track skews = (tracks/cyl - 1)(track skewiime)
= (9-1)(8.333*9/88)
6.818msec/cyl
(cylinder skewtime)
= (8.333*23/88)
= 2.178msec/cyl
Data Sector Transfer Rate =

time for 1 cyl skew

1,085,440Bytes
130.815msec +6.818msec +2.178 msec

= 10.094 MB/sec(Notch #1)

3.4 Approximating Performance for Different  Environments

3.4.1 For Different Transfer Sizes

The primary performance change due to a changeafsfersize is theData Transferto/from Disk param-
eter. See 3.3.1'Basic ComponentDescriptions” onpage 25 for anexplanation of the calculation of this
parameter.

The CommandExecution Overhead maglso change if the transfaize isreduced to thgoint where certain
internal control functions can nlmnger be overlapped with either the S$Ank or Disk datatransfer.

For example, ashortread may incur up to .65ms extra overhead if th@ta Ready/Replgxchange does not
overlap thedisk transfer.

3.4.2 When Read Caching is Enabled

For read commandswith Read Caching EnabledCommand Execution time can be approximated by
deleting Seek|.atency, andData Transferto/from Disk components if all of theequested data iavailable
in a cache segment (cache hitCtommandExecution Overheaéhcreases byapproximately .1ms in thisase
as there is no overlap with seek/latency.
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When some, but not all, of the requested dataaigailable in a cachesegment (partial cache hitpata
Transferto/from Disk will be reduced but not eliminated.Seek andLatency may or may not be reduced
dependingupon thelocation of requested data not in the cache and location of the read/write heads at the
time thecommand waseceived.

The contribution of theData Transferto/from SSAlink to the CommandExecution time mayncrease since
a larger, orentire, portion of thetransfer may no longer be overlapped with themponents thaivere
reduced.

3.4.3 When Write Caching is Enabled

For writecommands with th&Vrite CachingEnabled(WCE) Mode parameter biset, CommandExecution
time can be approximated bgeleting SeeklLatency, andData Transferto/from Disk components. The
contribution of theData Transferto/from SSAlink to the CommandExecution time mayincrease since a
larger, or entire, portion of the transfer may no longer be overlappedth the components thatwere
reduced. The reduced time$fectively areadded to thePostCommandProcessingrime.

Commandcompletion status is returned when datac@mpletely stored in thduffer. The time to transfer
this group of data to thelisk will be added to the performance of any nedmmand that was in thqueue.

3.4.4 When Adaptive Caching is Enabled

The Adaptive Caching featurattempts toincreaseRead Cache hit ratios bymonitoring workload and
adjusting cacheontrol parameters, normally determined by thsng system via thd&lode Parameters, with
algorithms using theollectedworkload information.

3.45 When Read-ahead is Enabled

If read-ahead isctive, the service time is affected in several ways:

If the data requested by @adcommand is all in the datauffer already, thecommand can bserviced
very quickly.

If the beginning of the requested data is in thffer, and theread-ahead istill in progress, data transfer
for the command castart immediately. This effectively avoids latency time for readperations sequen-
tial on aprevious read.

If the data requested by eead operation isnot in the read-aheadbuffers, there is anincrease in the
commandoverhead time due to the time spesdarching the buffersThis time depends on theumber
of buffer segmentselected by thévlode Selectcommand.

If read-ahead isstill in progress when thenext command isreceived and the dataequested is not
sequential, thedrive aborts read-ahead and starts tmommand. The time tgperform this abort
increases th€ommandExecution Overhead by24ms.

3.4.6 When No Seek is Required

For a Read command, thadditional CommandExecution Overhead when ngeek isrequired is approxi-
mately .50ms. For a Write, it is approximately .70ms.

3.4.7 For Queued Commands

If commands aresent to thedrive when it isbusy performing a previousommand,they can be queued. In
this case,some of thecommandprocessing igperformed during the previousommand and theverhead for
the queuedcommand igeduced by approximately .2@illiseconds.
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3.4.7.1 Reordered Commands

If the Queue AlgorithmModifier Mode Parametefield is set toallow it, commands in thelevicecommand
gueue may beexecuted in adifferent order than theywere received. Comands arereordered sahat the
seek portion of CommandExecution time is minimized. Themount ofreduction is a function of the
location of the 1st requested block pesmmand and theate at which thecommands arsent to thedrive.

A Queue AlgorithmModifier Mode Parametewalue of 9 enables amalgorithm that gives theusing system
the ability to place newcommands into thedrive commandqueue execution orderrelative to theout-
standingcommands in thejueue. Forexample, if a request is sent to tlieive that theusing systenprior-
itizes suchthatit's completion time ianore important than one or more of tloaitstanding commands, the
using system can increase the likelihodtht command iexecuted beforéhose others bysing a tag value
greaterthanthose outstanding commands.

3.4.7.2 Back-To-Back Commands

If consecutive read/writcommandsaccess ontiguous data, they can bgervicedwithout incurring disk
latency betweerommands.

Note: There is aminimum transfer length for agiven environmentwherecontinuousaccess to the disk can
not be maintained withoumissing amotor revolution. For Writecommandswith Write Caching enabled
the likelihood is increasedhat shortertransfers carfulfill the requirements needed toaimtain continuous
writing to the disk.

3.4.8 Disable Data Ready Message (DDRM)

This bit in the SCSICommandmessage applies only tRead commands. Wheset, theData Ready/Data
Reply message exchangdoes not take place and thieata Channelsupplied by theSCSI Command
message isised for the transfer.

For mostoperations,DDRM does notaffect the CommandExecution Overhead as thmessage exchange
takes place in parallelvith the disk transfer. However, if thedisk transfer isshort or non-existan{eg. a
cache hit), up to .70ms can tsaved by settin@ DRM=1.

The primary reason fosettingDDRM=1 is to minimize the time betweemneceiving the firstblock of data
into the buffer and starting to transfer it on the SSAnk.

Note: WhenusingDDRM=1, thenumber of DataChannelsavailable to thelnitiator will become aim-
iting factor in thenumber of commands that it mayvequeued in the Target(s).

3.49 Out of Order Transfers

Two bits in theSCSICommandmessagecontrol out of ordertransfers. OOT applies to transfets/from
the media and OOT applies toansfersto/from theinterface (SSALink).

The benefitfrom setting OOT increases as the transfength approaches ondisk revolution. Thisaffects
both reads and writes and is due to theduction inlatency.

The full benefit of out ofordertransfers in only achieved if OOT is also seRead data igransferred on the
interface in thesame order as it was redbm the media.

3.5 Skew
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3.5.1 Cylinder to Cylinder Skew

Cylinder skew is the sum of the sectamsquired forphysically moving the heads, which is a function of the
formatted block length andecording densitynotch #). Cyinder skew is always dixed time andtherefore
the number ofsectorsvaries depending on whichmotch isbeing accessed. Cylinder skew isbased on the
number of SIDsrequired to accomplish thphysicalmovement. There are 88 SIDs ontrack, andcylinder
skew requires 2%IDs. Therefore theamount of timerequired for acylinder switch is 2.17 mS (8.33*23/88).

3.5.2 Track to Track Skew

Track skew is thetime required to perform a&awitch between heads on the same track. Toacept is
exactly thesame agylinder skew, except it can bgerformedmore quickly. The trackskew value is SIDs.
Therefore the traclskew time is .85 mS (8.33*9/88).

3.6 Idle Time Functions

The execution of various functions by thdrive during idle times may result indelays of commands
requested bySCSl initiators. 'ldle time' is defined astime spent by thedrive not executing acommand
requested by &CSlinitiator. The functions performed durinigle time are:

1. PredictiveFailure Analysis (PFA)
2. Channel Calibration

3. SavelLogs and Pointers

4. Disk Sweep

The commandexecution time forSCSI commandgeceived whileperforming idle time activities may be
increased by thamount of time ittakes tocomplete thadle time activity.

Note: CommandTimeoutLimits do not change due tmlle time functions.

Following are descriptions of the various typesidlie functions, how often theyxecute and theiduration.
Duration isdefined to be thanaximum amount ofime theactivity can add to a&aommandwhen noerrors
occur. Nomore than onddle function will be interleavedwith eachSCSIcommand. Mechasms tolessen

performance impacts, and in sonsases virtuallyeliminatethose impacts from an Initiatorjgoint of view,
are alsomentioned.

Following the descriptions is aummary of thepossibleimpacts to performance.

3.6.1 Performance considerations for Predictive  Failure Analysis
This is anidle time function.
Predictive Failure Analysismeasuresirive parameters and can predict ifdsive failure isimminent.

Seven different PFAneasurements are taken feach head. All measurements for all heads taleen over a
period of 4 hourstherefore the frequency of PFA ,ependent on theumber ofheads a particulamodel
has. Thedrive attempts tospread the measuremerggenly in time andeachmeasurementakesabout 80
milliseconds.

For example, a model with 9 heads will perform one PFA measurement
every 3.8 minutes (240 / 7*9).

For the lastheadtested for a particulameasurement type (onaavery 1/2hour), the data isnalyzed and
stored. The extra execution time froseoccurrences is approximately 40illiseconds.
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This measurement/analysisature can be disabled for criticeésponse time periods aperation bysetting
the Page OhMode ParameterLITF = 1. The using system also has theption of forcing execution at
known times byissuing theSCSI Rezero Unitommand if thePage OhMode Parameter TCC = 1. All
tests for all head®ccur at thosdimes. see thadlltrastar 2XP (DCHC) SSAModels InterfaceSpecification
for more detailsaboutPFA, LITF and TCC.

3.6.2 Channel Calibration

The drive periodically calibrates thehannel to insureghat theread and write circuitfunction optimally,
thusreducing the likelihood of soft errors.

Channelcalibration isdone onceevery 4hours andtypically completes in 20milliseconds, but may take up
to 64 milliseconds pemeasurement.

The measuremenwill only be started if thedrive has not received 8CSIcommand for atleast 5 seconds.
This means thamultiple SCSIcommands areaccepted and executadithout delay if the commands are
received by the drivevithin 5 secondsafter thecompletion of apreviousSCSIcommand. Thifunction also
makes use of the mechanism #dter theidle detection period tdimit execution for critical response time
periods ofoperation, ifneeded.

3.6.3 Save Logs and Pointers

The drive periodically saves data in logs in the reseraegla of the disks. Thénformation isused by the
drive to supportvariousSCSI commands and for the purposefaiure analysis.

Logs aresaved every 26-3minutes. Theamount of time ittakes toupdate thdogs variesdepending on the
number oferrorssince the lasupdate. Inmostcasesupdating thosdogs and thepointers to thosdogs will
occur inless than 30milliseconds.

If the Page OhMode ParametelLITF = 1, the savingwill only be started if thedrive has not received a
SCSlcommand for ateast 5 seconds. Thismeans thamultiple SCSlcommands araccepted and executed
without delay if thecommands areeceived by the drivevithin 5 secondsafter thecompletion of aprevious
SCSI command. Thisfunction also makes use of the mechanism adter theidle detection period tdimit
execution forcritical response time periods afperation, ifneeded.

3.6.4 Disk Sweep

The heads arenoved to anothenrea of the disk if thadrive has not received 8CSlcommand for atleast
40 seconds. Afteflying in the samespot for 9 minutes, théeads arenoved to another position. Execution
time is less than 1 fulbtrokeseek.

3.6.5 Summary

Idle Time Function Type Period of Occurance Duration (ms) Mechanism to

(minutes) Delay/Disable
PFA 30/(trk/cyl) 80 LITF, TCC
Channel Calibration 240 64 Re-instruction Period
Savelogs & Pointers 26 30 LITF & Re-instruction
Period
Note: "Re-instruction Period" is the time betweepnnsecutiveSCSIcommandrequests.
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Table 10. Summary ofdle Time Function Performance Impacts

3.7 Command Timeout Limits

The 'CommandTimeout Limit' is defined as the timgeriod fromreceipt of theSCSI command through
STATUS, associatedvith a particularcommand.

The following times are foenvironmentsvhere Automatic Reallocation iglisabled andhere are noqueued
commands.

3.7.1.1 Reassignment Time
The driveshould beallowed aminimum of 25 sec tacomplete a'Reassign Blockstommand.
3.7.1.2 Format Time

9.11GB models should ballowed an average of 6fhinutes to complete aFormat Unit" command. The
maximumformat time is 100 minutes.

4.55GB models should ballowed an average of 3fhinutes to complete dFormat Unit" command. The
maximumformat time is 60 minutes.

3.7.1.3 Start/Stop Unit Time

The driveshould beallowed aminimum of 30 sec tocomplete a "Start/Stop Unittommand(with Immed
bit = 0).

Initiators shouldalso use this time to allovstart-up sequences initiated by auto start ups di&tart/Stop
Unit" commands(with Immed bit = 1) tocomplete andlace the drive in a "ready for usetate.

Note: A timeout of one minute or more is recommended but N@RQuired. Thelarger systemtimeout
limit allows the system to takadvantage of thextensiveERP/DRPthat thedrive mayattempt inorder to
successfullycomplete the start-upequence.

3.7.1.4 Medium Access Command Time

The timeoutlimit for medium accesscommands thatransfer user datand/or non-user data should be a
minimum of 30sec. Thesecommandsare:

Log Sense + Read Long « Skip Mask (Write)
Mode Select (6) + Release « Write (6)

Mode Sense (6) + Reserve « Write (10)
Pre-Fetch « Rezero Unit « Write andVerify
Read (6) « Seek (6) « Write Buffer
Read (10) « Seek (10) « Write Long
ReadCapacity « Send Diagnostic « Write Same
ReadDefectData « Skip Mask (Read) « Verify

Note: The 30 sec limit assumes the absence of bastention and user dataansfers of 64 blocks oless.
This time should be adjusted for anticipated mtention and ifonger user data transfers are requested.

3.7.1.5 Timeout limits for other commands

The driveshould beallowed aminimum of 5 sec tacompletethesecommands:
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Inquiry « Start/Stop Unit(with Immed bit = 1)
RequestSense « Synchronize Cache
ReadBuffer « Test Unit Ready

When AutomaticReallocation is enabled add 45 sec to timeout of thefollowing commands;Read(6),
Read(10), Write (6), Write (10), Write andVerify, and Write Same.

The command timeout for a command that is rotated at the head of theommandqueue should be
increased by the sum @lommandtimeouts for all of the commands that goerformed before it is.
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4.0 Mechanical

4.1 Weight and Dimensions

4.55GB Models 9.11GB Model
U.S. S.I. Metric U.S. §.I.Metric
Weight | 1.00 pounds 0.46 kilograms 1.87 pounds  0.82| kilograms
Height | 1.00 inches 254 milimeters  1.63 |nches  41.3 milimeters
Width 4.00 inches  [101.6 milimeters  4.00 [inches  101.6 milimeters
Depth 575 inches  |146.0 millimeters  5.75(inches  146.0 millimeters

4.2 Clearances

A minimum of 2 mmclearance should be given to th@ttom surface except for a 10 mmaximumdiam-
eter areaaround thebottom mountingholes. Figure 11 ompage 38 shows thelearancaequirements

There should be 7 mm oflearancebetween thesdarivesthat are mounted withheir top sides facingeach
other.Drives from other manufactures magquire additionabpacing due to stray magnefields.

Note: For propercooling it is suggestedhat a minimumclearance of 7 mm be providednder thedrive
and on top of the drive. Fofurther information se&.1.1,“Temperature Measurement Points” on
page 50.

4.3 Mounting Guidelines

The drive can bemounted with anysurface facingdown.

The drive is availablevith both side andbottom mounting holes. Refer to Figure 9 orpage 36,Figure 11
on page 38 andrigure 10 onpage 37 for thdocation of thesenountingholes for each configuration.

The maximumallowable penetration of the mounting screws is 3.8 mnscrewslonger than 3.8 mm may
causeperminentdamage to thearive.

The recommended torque to kapplied to themounting screws is 0.8 Newton-meters +/- 0.2 Newton-
meters. The manufacturewill provide technicalsupport tousersthat wish to investigate higher
mounting torques irnheir application.

For more information on mountinguidelines sesection7.5, “Drive Mounting Guidelines” on page 55

WARNING: The drive may be sensitive to usarounting implementation due tisame distortion effects.
The manufacturewill provide technicabupport toassist users tovercomemountingsensitivity.
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4.4 Electrical Connector Locations

The electricalconnectors are located akown in

QA MMALMCEATAD
—_— 0O LUNNLEUIUR
/
/ R
/ VAR
/ f
/ /
/ !
/ !
» /
POWER PORT UPTION FORT ~ SSAPORT  maForT #

| Figure 12. SSAElectricalconnector (realView)
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5.1 SSA Unitized Connector

Electrical connections are provided by single connectormounted on the rear of thdrive Connections are

provided for two SSA portsfault sensors and indicatorgption customization, and power.

Figure 13 and Table 11 opage 41 forcontactassignments.

Refer to

SSA UNMZED CONNECTOR
I — _ — [ [
— \ 7/ \N/ /™ n 1 3 =
| \ /] A | [ |
I_I N——/ LN\ AN Y e | | I_I
SSA PORTS
{long pin) {leng pin}
— Lina In Gnd + Lina Dut — Lina Qut &nd + Lina In
N 7/ 5 3 AN 7 /7 2 4 s\
AN L hY 4 /S L AYAN
AN Vd V4 AN
N / 7 AN
NV i/ /s ~ = s 7 N
Ny, ¢ 4+ 2 /s / A = / N
+ Une in Gnd — Line Out + Line Out Grd — Line in
{iong pin) {iong pin)
OPTION PORT i
— Mria
Program— Gnd Test
meble 1 v (Iong) ~ Syne Mods
] 7 ] 3 1
10 a 6 4 2
Pragram— - Devica — Device — Virita - Auto
mable 2 Fault Activity Protect Start
POWER PORT +12v
Gnd — Power Gnd Gnd Charge
(ongy T Fail V' liong) v {iong) (lang)
15 13 11 9 7 5 3 1
16 14 12 10 8 [:] 4 2
Gnd Gnd Gnd T VS Y + 5V
(long) 3N (long) % (long) G

Figure

13. Unitized Connector(looking in thefile at the connector end)
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Pin | SSA PORT SSA PORT OPTION PORT POWER PORT

1 + Line Out + Line Out -MTM + 12V Charge (long)
2 - Line Out - Line Out - Auto Start + 5V Charge (long)
3 Gnd (long) Gnd (long) - Sync Gnd (long)

4 Gnd (long) Gnd (long) - Write Protect + 12V

5 - Line In - Line In Gnd (long) + 12V

6 + Lineln + Lineln - Device Activity + 12V

7 N/A N/A + 5V Gnd (long)

8 N/A N/A - DeviceFault Gnd (long)

9 N/A N/A Programmable 1 + 5V

10 N/A N/A Programmable 2 + 5V

11 N/A N/A N/A - Power Fail

12 N/A N/A N/A GND (long)

13 N/A N/A N/A + 3.3V

14 N/A N/A N/A + 3.3V

15 N/A N/A N/A Gnd (long)

16 N/A N/A N/A Gnd (long)

Table 11.ElectricalConnector ContacAssignments —

5.2 SSA Link Cable

The SSA link cablemust meet thespecifications described in the Electrical Specifications sectioSesfal
Storage Architecturd 995 PhysicalSSA-1A/9sPH) rev.0

5.3 SSA Link Electrical Characteristics

The drive SSA link line driver, lingeceiver, and line receiveermination ardully compliant with thespecifi-
cations described in the Electrical Specifications section ®érial Storage Architecturel995 Physical
(SSA-1A/9sPH) rev.0

5.4 Option Pins and Indicators

Ultrastar 2XP drivescontainoption pins and/orindicators used tsense andeportfault conditions, and
to enable certain features of tltgive. The electrical characteristics anelquirements of these pins afidly
compliant with thespecifications described in the Electrical Specification sectiosefial Storage Architec-
ture 1995 Physica(SSA-IA/9sPH) rev.0 The existence and definition of thepins are model dependent.
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| Figure 14. OptiorBlock Definitions

5.4.1 Manufacturing Test Mode (Option Port Pin 1)

A low active input pin, that whenactive (pulled below.8V) makes pins 2, 3, 4, 6, 8 ,9 and &ailable to
be redefinedPins 5 and "mustremainGround and +5 Vrespectively. One possibleurpose forthis pin is
to allow a manufacturingtester to redefine th@ption pins to whatever functions itlesires, while allowing
the shippedproduct to return to the standadefinitions in thecustomers environment. All modeteserve

this pin but it is not connected to any interrlagic.

5.4.2 Auto Start Pin (Option Port Pin 2)

A low active input pin, that whenactive (pulled below 0.8 V) thedrive motor tospin up and becomeeady
for mediaaccessoperationsafter power isappliedwithout the need toreceive aStart/Stop Unit command.
Wheninactive (pulledabove 2.0 V), thedrive motor shall notspin up untilafter the receipt of &tart/Stop
Unit command. Thesignal is to besampled by thedevice atpower on, or hardeset or soft resetondi-
tions. Refer to thé'Option Pins" section of the for a detailed fational description of operationsssociated

with this pin.
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5.4.3 Sync Pin (Option Port Pin 3)

The Syncinput/output pin can be used for synchroniziamongdevices. Thesynchronization isachieved by
having onedevice useghis pin asoutput totransmit onesync characteonce perspindle revolution. The
other nodes may usthis pin as aninput andsynchronize their spindleevolution position tomatch the
Syncsignal. The SSAnetwork provide Sync character over SSA link, but tliption pinallows synchroniza-
tion acrosamultiple SSA networks, or allow tighter latency of the Sync pulse. Refefigure 15 onpage 46
for examples ofSynchronization connection.

The width, period, and tolerance of tegative active Synpulse ismanufacturer dependent, and thus syn-

chronization acrosslifferent manufacturers oeven differentproductlines of thesame manufacturer is not
guaranteed. The Sync pumsage is comblled by modepageswithin the mode seleatommand.

5.4.4 Write Protect (Option Port Pin 4)

a low activeinput pin, that whenactive (pulled below 0.8 V), thadrive will prohibit commands thaalter the
customer datareaportion of the themedia frombeing performed. The state of this pinrnsonitored on a
per commandasis. Refer td'Option pins" section of the for a detailed figtional description of this pin.

5.4.5 Ground long (Option Port Pin 5)

The Ground long output pinshall becapable of sinking 1.0 Amp o€urrent. This pin islonger than any
others in theoption block to allow for the ground to matdirst or last in ahot-plug or hot-unplugsituation.

5.4.6 Device Activity Pin/Indicator (Option Port Pin 6)

A low active LED output pin can beused todrive anexternal LightEmitting Diode. for adetailed func-
tional description of thigpin/LED.

All models provide up to 24 mA of TTUevel LED sink currentcapability. Currentlimiting for the LED is
provided on the electronics card. Tlaode may bdied to the +5V power source (provided on the the
unitized connector). The LERCathode is theronnected to thdeviceActivity pin to complete theircuit.
A 150 OHM resistor is in sges with the LED as aurrentlimiter.

54.7 + 5V (Option Port Pin 7)

The + 5V output pinshall supply up to 1.0 Amp ofurrentlimited +5 V (+/- 10%), as long apower is
supplied to thedevice.

5.4.8 Device Fault Pin/Indicator (Option Port Pin 8)

The Device Fault pin can be used tdrive an external Light Emitting Diode. for adetailed functional
description of thigpin/LED.

All models provide up to 24 mA of TTUevel LED sink currentcapability. Currentlimiting for the LED is
provided on the electronics card. Tlamode may bdied to the +5V power source (provided on the the
unitized connector). The LETathode is themonnected to th®evice Faultpin to complete thesircuit. A
150 OHM resistor is irseries with the LED as aurrentlimiter.
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5.4.9 Programmable pin 1 (Option Port Pin 9)

This pin can be used by a manufacturer fshat ever purposes itdesireswithin the specified definition,
electrical characteristic and the availability oficrocode. This pin is completely controlled by microcode.
Refer to the"Option Pins" section of the for a detailed functional description of thiis.

5.4.10 Programmable pin 2 (Option Port Pin 10)

This pin is reserved and it is n@onnected to any internabgic.

5.4.11 Early Power Off Warning or Power Fail (Power Port Pin 11 )

The Early Power Off Warning input pin can beused to indicate to thdrive that apowerlosswill occur by
pulling this signal toground. The inputmust provide aminimum of 6 milliseconds warning befor@power
falls below operatingspecifications inorder for thedrive to stop itsactivities andhandle thefault. Refer to
the "OptionPins" section of the for a detailed functional description of the fault handling assoaiatiedhis

pin..

5.4.12 12V Charge and 5V Charge (Power Port pin 1 and 2)

These pins aréonger than theothers.They help to reduce currergpikesduring hot plug.Each pinrequire a
resistor(not in thedrive) in seriesbetween the powesource and thelrive connector. Thisallows for more
controlled current draw as prior tother voltage pins. It is up to thesubsystem to determine th@oper
resistance to add to thegpéns to meet the +/- 10%oltagedrop limitations and the current draw limitation
of the connector.

5.5 Front Jumper Connector

There is no fronjumperblock.
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5.6 Spindle Synchronization

5.6.1 Synchronization overview

Spindle synchronization oflrives is achieved by onaode transmitting aspecial Synccharacter or a Sync
pulse once perevery revolution of itsdrive. The transmitting isdone either on SSA Link (sendin§ync
character) or on a hard-wire (Sending Sync puleat connects all thedrives via the SSAOption Port
'Sync' pin. Thesynchronization mode is controlled by the RRield of the Mode SelectPage 04h parameter
(seeUltrastar 2XP (DCHC) SSAModels InterfaceSpecificationfor more details). The drive camperate in
one of three modes:

Note: Sync characters and sync pulssnnot bemixed.

5.6.2 Synchronization Mode

Mode Operation
No Sync Spindle synchronization idisabled.
Slave Sync Spindle synchronization iattempted bysynchronizing the spindlenotor to theSync

specialcharacter on SSA link (or the Sync pulse on Sync hard-wihelt isdriven by
another node.

Master Sync Spindle synchronization is nodttempted bythis device. It generates 8ync special
character via SSA link (or a Sync pulse via a hard-wiog)ce per itsspindle revo-
lution.

Master Sync Control MasterSyncControl is not supported.

5.6.3 Synchronization time

It will take 6 seconds to synchronize tH&lave drive to theMasterdrive. While the Slave drive issynchro-
nizing to these characters, it is not able to read or wdié¢a. Oncesynchronized thalrive will maintain *
20 microseconds synchronization tolerance.

Whenoperating inSlaveSyncmode, thedrive mustreceive theSpindle Syncspecialcharacters at a period of
8.333 millisecondaith a tolerance of £.025% (2.08 microseconds).

5.6.4 Synchronization with  Offset

The Rotational Offset value is theamount ofrotationalskewthat theTargetuseswhensynchronized. The
rotational skew isapplied in the retarded directioftagging thesynchronized spindlenaster control). The
value in thefield is the numerator of afractional multiplierthat has 256 as its denominat(a.g., avalue of
128 indicates a one-halevolution skew). A value of 00h indicatethat rotational offset is notused. The
rotational offset isonly used when the Drive isunning in theSlaveSync RPLmode.

5.6.5 Synchronization Route
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Spindle Syncspecial characters are forwardefom one SSAlink to the other with a delay of 350

nanoseconds with a tolerance of + 50 nanosecontlbis delay can be increased by 3@anoseconds when
the drive is sending theecond of a doubleharacter sequence (RR &CK) and by 50nanoseconds when
sending a SAT oiSAT' character.

The spindlesynchronization timing requirements are met irstaing composed ofUltrastar 2XP drives
when there are nanore thanseventeerdrives between the one operating in Mast8ync mode and the
furthestdrive operating inSlaveSyncmode.

5.6.5.2 Over Sync Hard-wire

Therewill be a singlewire that connects all thaedrivestogetherthrought the SSA OptioPort pin 3 (-Sync
pin). One of thesarives will be a Masterdrive. Two potential configurations of this hard-wireonnection
are shown in thdollowing figures:

MASTER SLAVE SLAVE SLAVE
DRVE DRIVE DRVE ° ° ° DRIVE
LL1] L LL 1] L
SSA CONNECTOR f J-TJTI T * SSA LINK J-f‘_l
SYNC WIRE

2§
o

ONE SSA STRING OR LOOP

SLAVE
DRIVE

o

SYNC WIRE

o

SSA STRING OR LOOP

MULTIPLE SSA STRINGS OR LOOPS

Figure 15. Two examples of Daisy-Chain Connection of Synchronization
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Termination

Bus termination of the SYNC signals isinternal to thedrive. This signal has &.1K ohm pulled-up to
the +5 volt supply. Amaximum of 30drives canhave their -SYNC line daisychained together. Vio-
lating thiscould damage the Mastelrive line driver on the SYNC line

It is the using system's responsibility to provide the cabledmnect the SYNC line where needed, of
the synchronizedirives.

Bus Characteristics

— 2 micro-seconchegative activgpulse(when sourced byrive)

- minimum of 1 micro-secondhegative activgpulse when externallgourced
— 0.8 volts = valid low input

- 2.2 volts = valid highinput

- 0.4 volts = lowoutput

- Vcc volts = High output

— 30 milli-amps = maximum output lowlevel sink current

The driverused for these twaignal lines is a OpeDrain buffer.
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6.0 Relability

6.1 Error Detection

Error reporting = 99%

All detected errors excluding interface aATs #1 (Basic Assur-
ance Testerrors

Error detection=> 99%
FRU isolation = 100%

To the device when théRecommended Initiator ErroRecovery
Procedur Procedures" in the Ultrastar2 XP Interface
Specificationare followed.

No isolation to sub-assemblies within tllevice are specified.

6.2 Data Reliability

Probability of not recovering data 10 in 10° bits read

Recoverableread errors (Mean of the Population)
10 in 10° bits read(Measured at nominal DC conditions amdom
environment withdefault errorrecovery -QPE* enabled.)

With QPE enabled and the default thresholds, error reporting only
occursafterstep 172

6.3 SPQL (Shipped product quality level)

All units are functionallytested immediatelprior to packaging andhipment from the manufacturerWhen
subsequentlynstalled and functionally tested in aapprovedsystem,somedrives may notpass. In general,
the percentage afrivesthat fail will dependupon adherence to shipping and handliggidelines, funtional
testcriteria andsystemdesigncompatibility. Contact yourtechnicalsupportrepresentative for further infor-
mation andassistance.

6.4 Failure Rate

This product isdesigned for use impplications where higheliability and availability are critical. In general,
actualfailure rateswill depend onusageconditions and systermdesigncompatibility.

Parameters such as ambient temperatoomling airflow rate, relative humidity, ambientpressure (altitude),
applied voltage, Isock, vibration, on/off cycles and dutgycle will affect failure rates. Failure rate
projections may only be determined froanive system testing.Contact yourtechnicalsupportrepresentative
for further information andassistance.

2 * please reference QPualify post error)definition in theUltrastar2 XP Interfacé&pecification

Page 48 of 62 Sourcefilename=RELI7_13



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE
Ultrastar 2XP Hardware/FunctionaSpecification January 131997

6.5 Shelf Life

It is recommended that thérive does not remain inoperative fdonger than 180 daysspecially if the shelf
environment is at high temperature and humidity.

6.6 Start Stop Cycles

The drive is designed tsupport1800startstop cycles at 50° ase castingemperature with dailure proba-
bility of 0.11% orless.
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7.0 Operating Limits

The IBM Corporatespecifications and bulletinssuch as C-S1-9700-000 in thecontaminantssection,that
are referenced ithis document arevailable for review.

7.1 Environmental

. Temperature

Operating Ambient 41to 122°F (5 to 50°C)

Note:

Operating Disk Enclosure
Storage
Shipping

« Temperature Gradient

Operating
Shipping and storage
Humidity

Operating
Storage
Shipping

+ Wet Bulb Temperature

Operating
Shipping and Storage

Elevation

Operating and Storage
Shipping

41 to 149°F (5 to 65°C)
34 to 149°F (1 to 65°C) SeNote
-40 to 149°F (-40 to 65°C)

36°F (20°C) pethour
below condensation

5% to 90% noncondensing
5% to 95% noncondensing
5% to 100%  (Applies at the packaged level)

80°F (26.7°C)maximum
85°F (29.4°C)maximum

-1000 to 10,000 feet (-304.8 to 3048eters)
-1000 to 40,000 feet (-304.8 to 12,19%ters)

Guidelines for storage below 1°C agiven in IBM TechnicalReport TR 07.2112.

Points

7.1.1 Temperature Measurement

The following is a list ofmeasurement points antieir temperatures.Maximum temperaturesnust not be
exceeded at thevorst case drive andystem operating conditions with thdrive reading and writing at the
maximumsystemoperations per seconate.

Note: Figure 17 onpage 52defineswhere measurements should be made to determine thedisk enclo-
sure temperaturéuring drive operation. Figure 16 ompage 51defines themodulesthat arelocated on the
bottom side of thecard and themeasurement location on thmttom of thedisk enclosure.

There must besufficient air flow through thedrive so that the disk enclosure andnodule temperature
maximumlimits defined inTable 12 onpage 51 are not exceeded.
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Table 12. Maximum andReliable Operatinglemperaturd.imits
Maximum Maximum Recommended

Disk Enclosure Top 149°F (65°C) 122°F (50°C)
Disk EnclosureBottom 149°F (65°C) 122°F (50°C)
Channel Modulé 194°F  (90°C) 176°F (80°C)
SSA Module 203°F (95°C) 176°F (80°C)
Microprocessor Mdule 203°F (95°C) 167°F (75°C)
Controller Module 212°F (100°C) 167°F (75°C)
SpindleMotor Driver Module 194°F (90°C) 176°F (80°C)
Voice Coil Driver 221°F (105°C) 176°F (80°C)
Note: - Operating thedrive above themaximumtemperatures magausepermanentdamage.

| et 88.7 [
DISK ENCLOSURE - L
. r—— CDINDI B MFY P NRPNVER
DulIvM —_ T NN A bl TVIR I WIS WPIRY AT
\ / MODULE
Y a -+ Y Y —T
S L2 / ~ 7 LI '—'_5 A
o ==-5 D Q o Ry |
I s VCD
DD: 1 oSO N
] ! . MODULE ©
. O\ » B
P 1|
1
oot 1
CONTROLLER E
MODULE
| n
/| —~ |
[ . D
LI |
SSA HH
HH
INTERFACE ‘ j:t = D
MODULE ‘ \ HH
=i
[ O :0

BLUFFER MGR _/

\_

MICROPROCESSOR

\__ CHANNEL MODULE

Figure 16. Temperature Measuremdhdints (bottomview)

3 For continuousread applications the channahodule will run at higher temperatures andavill require additional

cooling.
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Figure 17. Temperature Measuremdidints (topview)
7.1.1.1 Module Temp. Measurement Notes

1. Center on the topurface of themodule.

2. If copper tape isised toattach temperatureensors, it should be nlargerthan 6 mmsquare.

7.2 Vibration and Shock

The operating vibration and shodiknits in this specification areerified in two mountconfigurations:

1. By mountingwith the 6-32 bottom holes with thedrive on 2 mm high by 10 mndiameterspacers as
required by sectiod.2,“Clearances” on page 35

2. By mounting on any two opposingairs of the6-32 sidemountholes.

Othermountconfigurations may result idifferent operating vibration and shock performance.

7.2.1 Output Vibration Limits

spindle imbalance

1.0 gram-millimetensaximum4.55GB

spindle imbalance

1.5 gram-millimetensaximum9.11GB
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7.2.2 Operating Vibration

The vibration is applied in each of the three mutually perpendicabas, one axis at dime. Referring to
Figure 1 onpage 9, the x-axis is defined as a linermal to thefront/rearfaces, the y-axis islefined as a
line normal to theleft side/rightside faces, and the z-axisim®rmal to the x-yplane.

WARNING The drives are sensitive tootary vibration. Mounting within using systems
should minimize the rotationalnput to the drive mounting points due to
external vibration. IBMwill provide technicakupport toassist users tover-
come problems due to vibration.

RandomVibration

For excitation in the x-direction and the y-direction, tdeve meets the requirethroughputspecifications
when subjected to vibratiolevels notexceeding the V4ibration level definedbelow.

For excitation in the z-direction, thdrive meets the requiredhroughputspecificationswhen subjected to
vibration levels notexceeding the V4Sibration level definedbelow.

Note: The RMS value in the table below @btained bytaking the squareoot of the area defined by the
g2/hz spectrum from 5 to 500 hz.

Table 13.RandomVibration Levels

Class| 5 hz 17 hz 45 hz 48 hz 62 hz 65 hz 150 hz 200 hz 500 hz RMS
V4 2.0E-5| 1.1E-3| 1.1E-3| 8.0E-3| 8.0E-3 | 1.0E-3| 1.0E-3 8.0E-5 8.0E-5 0.56
V4S 2.0E-5| 1.1E-3| 1.1E-3| 8.0E-3| 8.0E-3 | 1.0E-3| 1.0E-3 4.0E-5 4.0E-5 0.55

units g?hz g

SweptSine Vibration

The drivewill operate without hararrors when subjected to the swegphe vibration of 1.0 G peak from 5
to 300 hz in the x- and y direction. Fdnput in thez-direction, aninput of 1.0 G peak amplitude can be
applied from 5 hz to 250 hz, the amplitude at 300 hz is 0.5 G peak. Linear interpolatissedsto deter-
mine theacceleratiorievelsbetween 250 hz and 300 hz.

The testwill consist of a sweefrom 5 to 300 hz and back to 5 hz. Thsawveep ratewill be one hz per
second.

Note: 1.0 G acceleration at 5 hz requir8s78inch double amplitudelisplacement.

7.2.3 Nonoperating Vibration

No damagewill occur as long as vibration at the unpackagkive in all three directiongefinedabove does
not exceed the leveldefined in thetable below. The teswill consist of a sweeffrom 5 hz to 200 hz and
back to 5 hz at aweep rate of eighdecades pehour.

Table 14. Non-operating Vibratiobevels

Frequency 5hzto 7 hz 7 hz to 200 hz

Amplitude 0.8 inch DA 2.0 G peak

Sourcefilename=0PLM7_12 Page 53 of 62



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE
Ultrastar 2XP Hardware/FunctionaSpecification January 131997

7.2.4 Operating Shock

No permanentdamagewill occur to thedrive when subjected to a 10 Ghalf sine waveshock pulse of
11 millisecondsduration.

The shockpulses are applied in each of three mutually perpendicakisg, one axis at éime.

7.2.5 Non-Operating Shock

Translational Shock

No damagewill occur if the unpackagedrive issubjected to a square wave shdeks than 35 Gapplied to
all threeaxis for aperiod of 20 milliseconds, one direction at a time.

No damagewill occur if the unpackagedrive issubjected to a 11 milliseconitialf sine waveshockless than
70 Gs applied to all threaxis, onedirection at a time.

RotationalShock

No damagewill occur if the unpackagedrive issubjected to a 11 milliseconldalf sine waveshockless than
7,000 radians per second squared applied to all thagis, onedirection at a time.

7.3 Contaminants

The corrosive gasoncentratiorexpected to be typicallgncountered iSubclass G1; the particulaemviron-
ment isexpected to be P1 of C-3-9700-000(1/89).
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7.4 Acoustic Levels

Upper Limit Sound Power Requirements(Bels) for 25mm Models
OctaveBand Center Frequency (Hz) A-weighted
125 250 500 1K 2K 4K 8K Bel
Idle 4.5 3.5 3.3 3.5 4.5 4.5 4.7 5.0
Operating 4.5 4.0 3.6 4.5 4.8 5.0 4.7 5.4

Additionally, the populationaverage of thesoundpressure measured omeeter above theenter of thedrive
in idle mode will not exceed 36BA.

Upper Limit Sound Power Requirements(Bels) for 41mm Models
OctaveBand Center Frequency (Hz) A-weighted
125 250 500 1K 2K 4K 8K Bel
Idle 4.6 3.5 3.3 3.5 4.5 4.8 4.8 5.0
Operating 4.6 4.0 3.6 4.1 5.1 5.3 4.8 5.5

Additionally, thepopulationaverage of thesoundpressure measured omeeter above theenter of thedrive
in idle mode will not exceed 44BA.

Notes:

1.

The above octavéband andA-weighted sound powerlevels arestatistical upper limits of the sound
powerlevels. See C-B 1-1710-027 and C-S 1-1710-006ftother explanation.

The drives argested after aninimum of 20minutes warm-up iridle mode.
The operating mode is simulated bgeking at aate at 32seeks pesecond.

The values for @amplesize of 5 orgreaterwill be less than orequal to the statedpperlimits with 90%
confidence.

7.5 Drive Moun ting Guidelines

1. Use of the extremeside mountswill align the drive Center of Gravity(CG) closer to thecenter of

Sourcefilename=0OPLM7_12

stiffness.This will minimize off axis coupling andn-plane yawrotationabout thespindleaxis.
Orient thespindleaxis parallel to thairection of minimum shockloading.
The carriershould notallow the drive to rotate in thelane of thedisk.

If any isolation between thdevice and thdrame is to be used,it can be soft in they,z, pitch androll
axis butshould bestiff for the yawaxis. Yawmotion isrotation about thespindle axis which couples
directly into offtrack.

If isolators are used, they should providetural frequenciesabout 25%lower than themotor speed.
The idea is to place theigid body modesbelow primary excitationfrequencies and drivetructural
modes. Isolatorsnust be well damped and @ufficient strength so thewill not be torn by high non
operational shocks.

Otherwise, keep thegid body resonances of thdrive awayfrom harmonics of thespindle speed.
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7200 RPMharmonics: 120Hz, 240Hz, 360Hz, 480Hz....

4. It is desirablethat thecarrier be asstiff as possible while allowingoom for theisolatormounts (ifused).
Rather thencreating a weak carriethat flexes to fit thedrive, hold the mounting gap taighter toler-
ances. Aflexible carrier maycontain resonanceghat causeoperational vibrationand/or shock prob-
lems.

5. If isolators are to be usedgsign formaximumsway. Adequate clearan@round alledges aresecessary
for cooling andshock impacts. Maximum sway is usually deermined by geometry and compressibility
limits of the isolatorgrommetplus somecarrier/rackflexibility. Metal to metal impactsnust beavoided
because theyesult in short duration, high impactfads; such waveforms canexcite highfrequency
modes of the componentsside the drive.

6. To minimize acoustic radiatiomountdrives sothere is na"line of sight" between arive anduser.

7.6 Drive/System Compatibility

Ultrastar 2XP drives aresupplied to using system$iat demonstrate kevel of drive/system compatibility
to this specification.

Verification prior to a formal system qualification iecommended to determine whether tihéve/system is
capable ofachieving thequality andreliability requirements found ithis specification.

Preliminary testing toverify compatibility may be performed usingommon laboratory instrumentation
equipped with the appropriate transducer (thermal, power, shock, vibratioa@nstics). Final verification
must beperformed by measuring functional performance (error rates) ofdiinee when installedwvithin the
system.

The following sections describe thearameters to beerified prior to and as a part of theystem qualifica-
tion test in order toachieve thequality andreliability requirements set forth by thipecification.

Power The systemmust becapable of providingadequate power to thérive as described in
Section2.4, “ Power Requirements” opage 15 Inaddition tovoltage, current and
capacitance, the systemmust becapable of remaining within regulatiowhen the
maximum number ofirives are installed in theystem.

Specialconsiderationmust begiven to hot plugRefer t02.4.7,“'Hot Plug/Unplug’
support” onpage 20 of this specification faequirements anduidelines.

Thermal The systemmust supply adequatecooling and airflow to maintain casting and
module temperaturdisted in Table 12 onpage 51. Operating Limits in accordance
with the Temperature measurement poiab®wnFigure 17 onpage 52. The system
must demonstratesufficient cooling to operate below the recommended temperatures
for any givenlocationthat thedrive may be installedvithin the system.

Special consideration forminimum clearancesmust be given to achieveadequate
cooling of the drive.

Shock (Operating and Non-Operating)
The systemmust maintain anenvironment that iscompatible with operating and
non-operating shoclspecificationsfound in sections 7.2.4,"Operating Shock” on
page 54 and 7.2.5)Non-Operating Shock” onpage 54. Both operating andnon-
operating shock should be measured in all 3 planesfandd to be within thdimits
set in this specification.
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Vibration (Operating and Non-Operating)
The systemmust maintain an environment that isompatible with the operating
vibration specificationfound in section7.2.2, “Operating Vibration” onpage 53 .
Randomvibration must bemeasured in all three planes afaund to be compatible
with the vibrationlevel in Table 13 onpage 53. SwepSine Vibration mustalso be
measured and be compatible wift2.2,“Operating Vibration” onpage 53.

To achieve systentompatibility for vibration, it is recommendethat the system
conform tosection 7.5, “Drive Mounting Guidelines” on page 55 .

Also, drives are sensitive tootary vibration. Mounting within using systemanust
minimize the rotationalnput to drive mounting points due t@xternal vibration.

Electromagnetic Compatibility(EMC)
The systemmust bedesigned toinsure that stray fields are notplacedclose to the
device.Minimum clearancesnust bemaintained. Clearancguidelines arefound in
section4.2, “Clearances” on page 35.

Electrostatic Discharge(ESD)
The drive contains electricalcomponentssensitive to ESD. System design and
assembly processnust protect thedrive andmust beverified to conform the the pro-
tection, care and halling guidelinesfound in section 7.10, “ESD Protection” on
page 59.

Interface Compatibility
The drive/system, irtonjunction withassociatedperatingsoftware,must becapable
of conforming to the pin configurationszabling, command andiming parameters
found in section5.0, “Electricallnterface” on page 40.

Verification of the precedingparameters is recommended prior to startingystem test or qualification.
Most parameters may beerified by using common laboratory instrumentation or simple inspection of
design,handling and process. For furtherformationregarding verification testing, pleasentact yourtech-
nical supportrepresentative.

Final verification of drive/systemcompatibility must bedeterminedthrough finctional testing. Adegate
system testingnust beperformed to demonstrate conformance to thata Reliability requirementsyefer-
ence 6.2,'Data Reliability” on page 48.

7.7 Recommendations for Handling of  Disk Drives

Disk Drives arevery fragile and can balamaged ifdropped or impactedgainstanotherobject. Amount of
damage to tharive will depend on magnitude and duration of the impact. Peoptalliveg the disk drive
should be trained in theroper handlingprocedures. Manufacturingrocessesequipment, and DislDrive
holding containers/fixtures should be characterized gndlified to lessthan 50 G's in themanufacturing
environment. Thdollowing are things to consider in the hdling andprotection of thedisk drive.
Damage may be caused by:

Dropping adrive onto ahardsurface, everover small distances

Drives mayfall over after being set ordge

Tapping adrive with a screw driver tip orother hard implement

Tapping adrive into position wheninstallinginto a userframe

Clicking 2 drivestogether metal to metal

Precautions to take durinigandling:

« Wear ESD protection at atimes
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Treatdrives as yowould "Eggs" or"Glass Stemware"
Handle onedrive at atime

Handledrive by the side®nly, avoid grasping the card
Replacedrive into original packaging fotransport

Pad ALL drivework areas (1'foam underl/4" ESD pad)
Pad ALL drivetransportareas (1'foam under 1/4" ESD pad)
Pad All driveholding areas (1foam under 1/4" ESD pad)
Clearwork areas ofpotential metal contact

Remove / Instaldrives separately

Report anydrive that mayhave beerdropped ormishandled
Do Not stack diskdrives(Even in ESDBags)

Do Not contactdrive or card with tooling(drivers, etc)

Do Not rush installation

Do Not "Slam" a driveinto acarrier or frame

Do Not "Seat" a drivénto placewith tooling

Do Not stand arive on end or sid€Tipping Hazard)

Do Not allowdrives tocontacteachother

Shipping Handling Precautions:
Check for andReportshipping damage to a Pallet
Do Not stackmore than 2pallets
Do Not contactpallet package with ForklifEorks
Do Not drop aPallet
Do Not dropDrive Boxes(Singles orMultiples)
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7.8 Breather Filter Hole

Under nocircumstances should the Filter Breathtole be obstructed olabels placedver the hole.
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Figure 18. Breather Hole foFilter

7.9 Periodic Maintenance

None required

7.10 ESD Protection

The Ultrastar 2XP disk drivescontain eletrical componentssensitive todamage due to electrostatiis-
charge (ESD). Proper ESDproceduresmust befollowed during handling, installation, ancemoval. This
includes the use of ESD wristraps and ESD protective shipping containers.
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7.11 ESD Handling

This product issensitive toElectro Static Discharge.

Precautions such assing ESDmats, wrist straps and grounding aflurfacesthat areallowed totouch or
comeclose to the device anecommended.

Known ESD dangerssuch aswalking across acarpet catying the deviceshould beavoided. It isrecom-
mended that thelevice is alwaysstored in its anti-static package until it is ready for installation.

7.12 Stray Magnetic Fields

This device is sensitive tetrong magnetidields.

Magnets and othesources of magnetifields must not beplacedclose to the device.
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8.0 Standards

8.1 Safety

UNDERWRITERSLABORATORY (UL) APPROVAL:

The product is approved as RecognizedComponent for use innformation TechnologyEquipment
according to UL 1950 Standard, third editioffwithout any D3deviations). The UL Recognized Com-
ponentmarking is located on thproduct.

UL E133560 Vol 16 Section 1
CANADIAN STANDARDS ASSOCIATION (CSA) APPROVAL:

The product iscertified to CAN/CSA-C22.2 No0.950-M95 Third Edition (without any D3deviations).
The CSA certificatiormark islocated on theproduct.

LR-34074C

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC ) STANDARDS
The product iscertified tocomply to EN60950 by &uropeantest agency Certifie@ody.
FLAMMABILITY REQUIRE MENTS

Printedcircuit boards and all foam and othetastic materials are UlRecognizedv-1, HF-1, or VTM-1
or better. Smalplasticpartsthat will not contribute to dfire will meet V-2flame class.

SAFEHANDLING:
The product is conditioned for safe handlingregards tasharpedges andorners.
ENVIRONMENT:

IBM will not knowingly or intentionally ship any units which duringormalintended use oforeseeable
misuse,would expose the user to toxic, carcinogenic, or otherwiszardous substances lavels above
the limitationsidentified in thecurrent publications of the organizatiotisted below.

InternationalAgency forResearch on CancgtARC)

National Toxicology Program(NTP)

OccupationalSafety andHealth Administration(OSHA)

American Conference déovernmentalndustrial Hygienists(ACGIH)

California Governor'sList of Chemical Restricted undeCalifornia Safe Drinking Water and Toxic
Enforcement Act1986 (Also known asCalifornia Proposition 65)

SECONDARY CIRCUITPROTECTION REQUIRED INUSING SYSTEMS

Care has beemrxercised to not use anynprotected components @onstructionsthat areparticularly
likely to causefire. However, adequate secondary overcurrngrdtection is theresponsibility of the user
of the product. Additional protectioagainst the possibility of sustainexbmbustion due tccircuit or
componentfailure mayneed to be implemented by the user wiihncuitry external to thgroduct. Over-
currentlimits of the voltageinto thefile of 10 amps orless slould besufficient protection.
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8.2 Electromagnetic Compatibility (EMC)

FCC Requirements

Pertaining to thdJltrastar 2XP disk drive, IBM will provide technicasupport toassist users icom-
plying with the United States Federal Communications Commission(FCC) Rules and Regulations,
Part 15, Subpart B Digital Devices"Class A and B Limits" . Tests for conformance to this requirement
are performed with thelisk drivemounted in theusing system.

CISPR 22Requirements

Pertaining to thelltrastar 2XP disk drive, IBM will provide technicabupport toassist users icom-
plying with the Comite International Special des Perturbations Radio Electriques(International Special
Committee on Radio Interference)CISPR 22"Class A and B Limits" .

EuropeanDeclaration of Conformity.

Pertaining to thdJltrastar 2XP disk drive, IBM will provide technicasupport toassist users icom-
plying with the European Council Directive 89/336/EECso the finalproduct canthereby bear the "CE"
Mark of Conformity.

This is obtained byintegrating the drives in an IBMbroduct. Productsntegrating thesalrives inalternative
enclosurewwill still need to test the system to ensure it complys with the Eurofsesctive.
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