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1.0 Description

Figure 1. Ultrastar 2XP Disk Drive Assembly

1.1 Features
General Features

| 4.55GB/9.11GB(512 bytes/sector)
Industry-standardinterface:
− SerialStorage Architecture (SSA)attachment(dual port)
Rotary voice coil motor actuator
Closed-loopdigital actuatorservo
Embeddedsector servo
Magnetoresistive(MR) heads
8/9 rate encoding
EnhancedPartial ResponseMaximum Likelihood (EPRML) datachannel withdigital filter
No-ID sectorformat
All mounting orientations supported
Jumperable autospindlemotor start
Jumperablewrite protection
Spindle synchronization
x2 LED Driver
512KB segmented cache buffer, 1MB(Optional on somemodels)
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Bezel (Optional on somemodels)

Performance Summary
Average readseek time4.55GB : 7.5milliseconds
Average readseek time9.11GB, : 8.5milliseconds
AverageLatency: 4.17 milliseconds
Media datatransfer rate:10.2881 to 15.4321MegaBytes/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 2.3,“Capacities byFormatLength” on page 14 formore detail.

Read-aheadcaching
Adaptive cachingalgorithm
Write Caching
Back-to-backwrites (merged writes)
Automatic retry 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 onpower up
Dedicated headlandingzone
Magnetic actuatorlatch
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) 
Data Recovery Procedures(DRP)
Probability of notrecoveringdata:10 in 1015 bits read
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1.2 Models

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

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 PI 9.11GB 38-Pin Unitized

Note: For exact capacitiesrefer to 2.3, “Capacities by FormatLength” on page 14 for exactcapacities based onuser block
size.
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2.0 Specifications

All specificationnumbers are mean populationvalues unless otherwisenoted.

2.1 General
Note: The recordingband located nearest the diskouter diameter (OD) is referred to as'Notch #1', the
recording band located nearest the inner diameter(ID) is called 'Notch #8'. 'Average'values are weighted
with respect to thenumber of LBAs per notch when thedrive is formatted 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 nominalvoltage 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
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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

Table 1. LBA andcylinder notch table for 512Byte Format

Table 2. Maximum LBA's and cylinders

Notch Start Cylinder User Data cylin-
ders

Media DataRate Sectors Per
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

Notch Last Cylinder User Data cylin-
ders

Media DataRate Sectors Per
Track

8 6092 500 10.2881 120
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User bytes/Sector (ub/sct) 512 to 740 (evenbyte numbersonly)

2.3 Capacities by Format Length

| Table 3. User LBAcapacity

| Table 4. Userbyte capacity

| Note: The tablerefers toLogical Block Address(LBA). Minimum is 0 and Maximum isspecified.

| The capacity is calculated as themaximum LBA PLUS 1;multiplied by the blocksize

| 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

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
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2.4 Power Requirements

2.4.1 Specifications Common to All Models

The following voltage specificationsapply at thedrive power connector. There is nospecialpower on/off
sequencing required.

Input Voltage

+ 5 Volts Supply 5V (± 5% during run andspin-up)
+ 1 2 Volts Supply 12V (± 5% during run) ( + 5 % / -7% duringspin-up)

Population Population
Power Supply Current Mean Stand. Dev.

Minimum voltageslew rate = 4.5 V/sec

Maximum voltageslew rate = 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 voltageslew rate = 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 Amps1 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 voltageslew rate = 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 Amps1 0.10 Amps

Energy Consumption (JapaneseRequirement Only)
4.55GB 0.002 per MB
9.11GB 0.001 per MB

Note: EnergyConsumptionIndex = Idle Power/Capacity(W/MB)

1 The StartCurrent is thetotal 12 volt current required by thefile.
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2.4.2 RMS Power Measurements

Table 5. Power Measurementsmadeusing Clarke Hess Model 259Digital Wattmeter

Note: For the purpose ofcalculations0.036Watts per op can beused for and 4.55GB,0.038Watts per op
for 9.11GB This is notcompletely accurate because of the non linearscale but can beused for approxi-
mations.

Example

If 4.55GB power wasrequired for 90 ops per second the calculationwould be asfollows

Idle power = 11.2 Watts

90 ops/second = 90 *0.036 = 3.24Watts

Total Power = 11.2 + 3.24 =14.44Watts

2.4.3 Power Supply Graphs

These graphswere obtained bymeasuring apopulation ofdrives from the normalmanufacturingprocess.
The results are the averagefrom this population taken at nominalvoltageconditions.

All power supplies arenominal.

The results exclude inductive spikes caused by leads,power supplies andcomponents thatwill vary with
different setupconfigurations.

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
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Figure 2. 12Volt Start Current1.0" Models

Figure 3. Typical Seekwith Read 12Volt Current1.0" Models
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Figure 4. Typical Seekwith Read 5Volt Current all Models

Figure 5. Typical SequentialReadOperation 5Volt Current all Models

Source filename=PWRS7_12Page 18 of 62



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

Ultrastar 2XP Hardware/FunctionalSpecification January 13,1997

Figure 6. 12Volt Start Current1.6" Models

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 thedrive (referred to asdynamic loading). If
several driveshave their power daisy chained togetherthen the power supplyripple plus other drive's
dynamic loadingmust remain within the regulation tolerance window of + / - 5%. Acommon supply with
separatepower leads 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 atPower Supply groundpotential. It isallowable for the usermounting scheme to
common theDisk Enclosure toFrame Groundpotential or toleave it isolatedfrom Frame Ground.

From a ElectroMagnetic Compatibility(EMC) standpoint itwill, in most cases, be preferable tocommon
the Disk Enclosure to the system'smounting frame.With this in mind, it is important that theDisk Enclo-
sure not become anexcessivereturn current path from thesystem 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) beinjectedinto the disk enclosure.

2.4.7 'Hot Plug/Unplug' support

Powersupply and SSAlink hot plug andun-plug isallowed for all SSA models.

For Form Factor models, there is nospecial sequence required for connecting 5 volt, 12 volt, orground.
During a hot plug-in event thedrive being pluggedwill draw a large amount of current at the instant of
plug-in. This currentspike is due to charging the bypass capacitors on thedrive. This current pulse may
cause thepower supply to go out ofregulation. If this supply is shared byother drives then a lowvoltage
power onreset may be initiated onthosedrives. Therefore the recommendation for hotplugging is tohave
one supply for eachdrive. Never daisy chain the powerleads if hot plugging isplanned. Hotplugging
should be minimized to preventwear on thepower connector.

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

During hot plugging, the suppliesmust not goover theupper voltage limit. This means that proper ESD
protectionmust beused during thepluggingevent.

Source filename=PWRS7_12Page 20 of 62



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

Ultrastar 2XP Hardware/FunctionalSpecification January 13,1997

During hot un-plugging if the operating shocklimit specification can be exceededthen thedrive should be
issued aStart/Stop Unitcommand(spin down) that isallowed tocompletebefore un-plugging.
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2.5 Bring-up Sequence (and Stop) Times

Figure 8. Start TimeDiagram

Note: BATS is the abbreviation forBasic Assurance Tests.Start-upsequence spins up the spindlemotor,
initializes theservo subsystem,uploadscode, performsBATS2 (verifies read/write hardware), resumes "Reas-
sign in Progress"operations, and more. For more information seeUltraStar2-XP Interface Specification for
additionaldetails.

Note: If a TOTAL RESET isissued before the drivecomesready, thepower onsequencewill start again.
In all other cases when aTOTAL RESET isissued thepresent state of themotor is notaltered.

Note: Reference3.7.1.3,“Start/Stop Unit Time” onpage 33 for additionaldetails.

Note: See 5.6,“Spindle Synchronization” onpage 45

Note: There is a 10seconddelaybetween a "Unit Stop" and "UnitStart". back to back commands.
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| Table 6. Bring-up Sequence Times and Stop Time.4.55GB

Table 7. Bring-up Sequence Times and Stop Time.9.11GB

2.5.1 Spin Down Times
After power is removed thedrive should be allowed 15seconds topark theheads and spin down before any
attempt is made tohandle thedrive.

It is recommended thatafter power is removed a period of 2seconds should be allowed before DC is reap-
plied to the drive. In theevent of a power glitch the drive will normally issue a Power On Reset.
Depending on the duration of theglitch the drive mayspin down and then spin back up or mayresetitself.
If the hostsystem detects apower glitch it is recommended that areset is issued to all attacheddrives. This
allows the drive to bebrought up in a controlled manner.

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

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
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3.0 Performance

Drive performancecharacteristics aredependentupon the workloads run and the environments in which
they are run.

All times listed in this chapter aretypical valuesprovided for information only, sothat theperformance for
environments and workloadsother than those shown asexamples can beapproximated. Actualminimum
and maximumvalueswill vary dependingupon factorssuch as workload,logical andphysicaloperatingenvi-
ronments.

3.1 Environment Definition

Drive performance criteria is based on thefollowing operating environment. Deviations fromthis environ-
ment maycause deviationsfrom values listed inthis specification.

Block lengths areformatted at 512 bytes per block.

The number ofdata buffer segments is 8. Thetotal databuffer length is512K bytes. Of the 8 segments
in the buffer, at least onesegment is allocated for theNO-ID tables, andprobably more. Thisnumber
is dependant on thenumber ofdefectsfound on thedrive.

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

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

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

Ten byte Read andWrite commands areused.

SSA environmentconsists of asingle initiator andsingle targetwith no SSAlink contention.

The Initiator delay in responding tomessagesfrom the Target is assumed to bezero.

All performance enhancing functions aredisabled, except wherenoted. Morespecifically,

− Commands are notqueued
− Data Ready/Replymessages are exchanged forRead(DDRM=0)
− Caching isdisabled(RCD=1, WCE=0)
− Out of ordertransfers are not allowed(OOT=0)

The media is formatted with theskew definition that optimizes thedisk data transferrate for un-
synchronized spindleoperation.

All Current Mode Parameters are set to their Defaultvalues except wherenoted.

Averages are based on a samplesize of10,000operations.
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3.2 Workload Definition

The drive's performance criteria is based on thefollowing commandworkloads. Deviations fromthese
workloads may cause deviationsfrom this specification.

Operations areeither all Reads or allWrites. The specifications forCommand Execution Time with
Read Ahead describe exceptions tothis restriction. Forthat scenario allcommands arepreceded by a
Read command,except for sequential writecommands.

The DataTransfersize is set to 64Blocks.

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

3.2.1 Sequential
No Seeks. Thetarget LBA for all operations is the previous LBA + 64.

3.2.2 Random
All operations are torandomLBAs. The average seek is an average weighted seek.

3.3 Command Execution Time

Commandexecution, orservice,times are the sum ofseveral BasicComponents:

1. Seek
2. Latency
3. CommandExecution Overhead
4. DataTransferto/from Disk
5. DataTransferto/from SSA Link

The impact or contribution of thoseBasic Components to CommandExecution Time is afunction of the
workload being sent to thedrive and theenvironment in which thedrive is beingoperated.

3.3.1 Basic Component Descriptions
Seek

The averagetime from the initiation of theseek, to theacknowledgementthat the R/Whead is
on the trackthat contains thefirst requested LBA. Values arepopulationaverages, and vary as
a function of operating conditions. Thevalues used todetermineCommandExecution Times
for sequentialcommands is 0milliseconds and the values forrandom commands are shown in
section2.0, “Specifications” on page 12.

Latency
The averagetime required from the activation of the read/write hardware until the target sector
has rotated to the head and theread/write begins. Thistime is 1/2 of a revolution of thedisk, or
4.17 milliseconds.

Command Execution Overhead
The average timeadded to theCommand Execution Time due to theprocessing of the
command. It includes all time the drive spends not doing adisk operation or SSAlink data
transfer.

The following values areused when calculating theCommandExecution Times.
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Table 8. Overhead Values

A number ofInitiator controlledfactorsaffect CommandExecution Overhead. These are exam-
ined separately in3.4, “Approximating Performance forDifferent Environments” onpage 28.

The Post Command Processingtime of .26 ms is defined as the average timerequired for process
cleanupafter thecommand hascompleted. If a re-instruct periodfaster thanthis time is used, the
difference isadded to theCommandExecution Overhead of the next operation.

Data Transfer to/from Disk
The averagetime used totransfer the data between the media and the drive's internal databuffer.
This is calculated from:

(Data Transferred)/(Media TransferRate).

There are four interpretations of MediaTransferRate. How it is to beused helpsdecidewhich
interpretation is appropriate touse.

1. InstantaneousData TransferRate

The same for agiven notch formatted at any of the supportedlogical block lengths. Itvaries
by notchonly and does not include any overhead.

2. TrackData Sector TransferRate

Varies dependingupon theformattedlogical block length andvariesfrom notch to notch. It
includes theoverhead associatedwith eachindividual sector. This is calculated from:

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

(Contact an IBM CustomerRepresentative forindividual sector times of the various for-
matted blocklengths.)

3. TheoreticalData Sector TransferRate

Also includestime required for track andcylinder skew andoverhead associated with each
track. (See 3.3.2.1,“TheoreticalData Sector TransferRate” on page 28 for a description on
how to calculate it.)

4. Typical Data Sector TransferRates

Also includes theeffects of defectivesectors and skipped revolutions due to errorrecovery.
See Appendix B of theUltrastar 2XP (DCHC) SSAModels InterfaceSpecification for a
description of errorrecoveryprocedures.

Rates fordrivesformatted at 512 bytes/block are located inTable 9 onpage 27.

Workload Command Execution

SequentialRead 1.30 ms

Sequential Write 1.60 ms

RandomRead .26 ms

RandomWrite .30 ms
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Table 9. Data SectorTransfer Rates. (All rates are in MB/sec)

Model
Type

ALL 9.11GB 4.55GB

Notch # Instant. Track
Theoret-

ical
Typical

Theoret-
ical

Typical

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 TypicalData SectorTransfer Rates assume atypically worst casevalue of 1error in 108 bits read atnominal conditions forsoft error rate.

Note: Contact an IBM CustomerRepresentative forvalues whenformatted at otherblock lengths.

Data Transfer to/from SSA Link
The time required totransfer data between the SSAlink and the drive's internal databuffer, that
is not overlapped with the time for theSeek,Latency orData Transferto/from Disk.

When thedrive is reading, data is transferredfrom the medium to its databuffer and from the
buffer across the SSA linksimultaneously. However, datatransfer to the linkfrom the data
buffer buffer lagstransferfrom the medium to thebuffer by oneblock. At the end of the transfer
from the medium, one blockstill has to betransferred across the link.

For a write operation, the data is normallytransferred to the data bufferduring the seek and
latency time. In the rarecasethat these are both zero, the writecannotbegin until one sector is
transferred, and thetime to do this becomespart of theoverhead.

Each block of data istransferred as one ormore frames on the SSALink. Each frame requires
10 bytes of overhead and maycontain up to 128bytes of data. The time totransfer oneblock
depends on thenumber offrames required. For example, a 740byte blockneeds 6 frames (5 x
128 byte, 1 x100). Thisadds 60 bytes of overhead making 800 bytes total. At aninstantaneous
transfer rate of20MB/s, that is 40microseconds per block (18.5MB/s sustained).

3.3.2 Comments

Overlap has been removed from theCommand Execution Timecalculations. Thecomponents of the
CommandExecution Times are trulyadditive times to the entireoperation. Forexample,

The PostCommandProcessing times are notcomponents of theCommandExecution timetherefore
they are not included in the calculation ofenvironmentswhere the re-instruct periodexceeds thePost
CommandProcessing time.

The effects of idletime functions are not included in theabove examples. The3.2.1, “Sequential” on
page 25 and 3.2.2,“Random” on page 25 both defineenvironmentswhere the effects due toincreased
commandoverhead of IdleTime Functionsupon CommandExecution time areless than0.15%.
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3.3.2.1 Theoretical Data Sector Transfer Rate
This Rate does notaccount for timerequired for errorrecovery or defective sectors.(The Typical Data
Sector TransferRate described in 3.3.1,“Basic ComponentDescriptions” onpage 25 does includethose
effects.) Each group ofcylinders with a differentnumber ofgross sectors pertrack is called a notch. The
following showsvalues fornotch #1 of4.55GB models. The"Average" valuesused in this specification are
sums of theindividual notch values weighted by thenumber of LBAs in theassociatednotches. For the
other notches and blocklengths use valuesthat correspond to those notches and blocklengths.

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 skewtime)
= (9-1)(8.333*9/88)
= 6.818msec/cyl

time for 1 cyl skew = (cylinder skewtime)
= (8.333*23/88)
= 2.178msec/cyl

Data Sector Transfer Rate =

1,085,440Bytes

130.815msec +6.818msec +2.178msec

= 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 change oftransfersize 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 mayalso change if the transfersize isreduced to thepoint where certain
internal control functions can nolonger be overlapped with either the SSALink or Disk datatransfer.

For example, ashort read may incur up to .65ms extra overhead if theData Ready/Replyexchange 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,Latency, andData Transferto/from Disk components if all of therequested data isavailable
in a cache segment (cache hit).CommandExecution Overheadincreases byapproximately .1ms in thiscase
as there is no overlap with seek/latency.
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When some, but not all, of the requested data isavailable in a cachesegment (partial cache hit)Data
Transfer to/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 wasreceived.

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 overlapped with thecomponents thatwere
reduced.

3.4.3 When Write Caching is Enabled

For write commands with theWrite CachingEnabled(WCE) Mode parameter bitset,CommandExecution
time can be approximated bydeleting Seek,Latency, andData Transfer to/from Disk components. The
contribution of theData Transferto/from SSA link to the CommandExecution time mayincrease since a
larger, or entire, portion of the transfer may no longer be overlappedwith the components thatwere
reduced. The reduced timeseffectively areadded to thePostCommandProcessingTime.

Commandcompletion status is returned when data iscompletely stored in thebuffer. The time to transfer
this group of data to thedisk will be added to the performance of any nextcommand that was in thequeue.

3.4.4 When Adaptive Caching is Enabled

The Adaptive Caching featureattempts toincreaseRead Cache hit ratios bymonitoring workload and
adjusting cachecontrol parameters, normally determined by theusing system via theMode Parameters, with
algorithms using thecollectedworkload information.

3.4.5 When Read-ahead is Enabled

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

If the data requested by aread command is all in the databuffer already, thecommand can beserviced
very quickly.

If the beginning of the requested data is in thebuffer, and theread-ahead isstill in progress, data transfer
for the command canstart immediately. This effectively avoids latency time for readoperations sequen-
tial on aprevious read.

If the data requested by aread operation isnot in the read-aheadbuffers, there is anincrease in the
commandoverhead time due to the time spentsearching the buffers.This time depends on thenumber
of buffer segmentsselected by theMode Selectcommand.

If read-ahead isstill in progress when thenext command isreceived and the datarequested is not
sequential, thedrive aborts read-ahead and starts thecommand. The time toperform this abort
increases theCommandExecution Overhead by.24ms.

3.4.6 When No Seek is Required

For a Read command, theadditional CommandExecution Overhead when noseek 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 previouscommand,they can be queued. In
this case,some of thecommandprocessing isperformed during the previouscommand and theoverhead for
the queuedcommand isreduced by approximately .20milliseconds.
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3.4.7.1 Reordered Commands

If the Queue AlgorithmModifier Mode Parameterfield is set toallow it, commands in thedevicecommand
queue may beexecuted in adifferent order than theywere received. Commands arereordered sothat the
seek portion of Command Execution time is minimized. Theamount of reduction is a function of the
location of the 1st requested block percommand and therate at which thecommands aresent to thedrive.

A Queue AlgorithmModifier Mode Parametervalue of 9 enables analgorithm that gives theusing system
the ability to place newcommands into thedrive command queue execution orderrelative to the out-
standingcommands in thequeue. Forexample, if a request is sent to thedrive that theusing systemprior-
itizes suchthat it's completion time ismore important than one or more of theoutstanding commands, the
using system can increase the likelihoodthat command isexecuted beforethose others byusing a tag value
greaterthan those outstanding commands.

3.4.7.2 Back-To-Back Commands

If consecutive read/writecommandsaccess contiguous data, they can beserviced without incurring disk
latency betweencommands.

Note: There is aminimum transfer length for agiven environmentwherecontinuousaccess to the disk can
not be maintained withoutmissing amotor revolution. For Writecommandswith Write Caching enabled
the likelihood is increasedthat shorter transfers canfulfill the requirements needed to maintain continuous
writing to the disk.

3.4.8 Disable Data Ready Message (DDRM)

This bit in the SCSICommandmessage applies only toRead commands. Whenset, theData Ready/Data
Reply message exchangedoes not take place and theData Channel supplied by theSCSI Command
message isused for the transfer.

For most operations,DDRM does notaffect theCommandExecution Overhead as themessage exchange
takes place in parallelwith the disk transfer. However, if thedisk transfer isshort or non-existant(eg. a
cache hit), up to .70ms can besaved by settingD D R M = 1 .

The primary reason forsettingD D R M = 1 is to minimize the time betweenreceiving the firstblock of data
into the buffer and starting to transfer it on the SSALink.

Note: When using D D R M = 1 , the number of DataChannelsavailable to theInitiator will become alim-
iting factor in thenumber of commands that it mayhavequeued in the Target(s).

3.4.9 Out of Order Transfers

Two bits in theSCSI Commandmessagecontrol out of ordertransfers. OOT applies to transfersto/from
the media and OOT applies totransfersto/from theinterface (SSALink).

The benefitfrom setting OOT increases as the transferlength approaches onedisk revolution. Thisaffects
both reads and writes and is due to thereduction inlatency.

The full benefit of out oforder transfers in only achieved if OOT is also set.Read data istransferred on the
interface in thesame order as it was readfrom the media.

3.5 Skew
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3.5.1 Cylinder to Cylinder Skew
Cylinder skew is the sum of the sectorsrequired forphysically moving the heads, which is a function of the
formatted block length andrecording density(notch #). Cylinder skew is always afixed time andtherefore
the number ofsectorsvaries depending on whichnotch is being accessed. Cylinder skew isbased on the
number of SIDsrequired to accomplish thephysicalmovement. There are 88 SIDs on atrack, andcylinder
skew requires 23SIDs. 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 aswitch between heads on the same track. Theconcept is
exactly thesame ascylinder skew, except it can beperformedmore quickly. The trackskew value is 9SIDs.
Therefore the trackskew time is .85 mS (8.33*9/88).

3.6 Idle Time Functions

The execution of various functions by thedrive during idle times may result indelays of commands
requested bySCSI initiators. 'Idle time' is defined astime spent by thedrive not executing acommand
requested by aSCSI initiator. The functions performed duringidle time are:

1. PredictiveFailure Analysis (PFA)
2. Channel Calibration
3. SaveLogs and Pointers
4. Disk Sweep

The commandexecution time forSCSI commandsreceived whileperforming idle time activities may be
increased by theamount of time ittakes tocomplete theidle time activity.

Note: CommandTimeout Limits do not change due toidle time functions.

Following are descriptions of the various types ofidle functions, how often theyexecute and theirduration.
Duration isdefined to be themaximum amount oftime theactivity can add to acommandwhen noerrors
occur. No more than oneidle function will be interleavedwith eachSCSI command. Mechanisms to lessen
performance impacts, and in somecases virtuallyeliminate those impacts from an Initiator'spoint of view,
are alsomentioned.

Following the descriptions is asummary of thepossibleimpacts to performance.

3.6.1 Performance considerations for Predictive Failure Analysis

This is anidle time function.

PredictiveFailure Analysismeasuresdrive parameters and can predict if adrive failure isimminent.

Seven different PFAmeasurements are taken foreach head. All measurements for all heads aretaken over a
period of 4 hours,therefore the frequency of PFA isdependent on thenumber ofheads a particularmodel
has. Thedrive attempts tospread the measurementsevenly in time andeach measurementtakes about 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 particularmeasurement type (onceevery 1/2hour), the data isanalyzed and
stored. The extra execution time forthoseoccurrences is approximately 40milliseconds.
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This measurement/analysisfeature can be disabled for criticalresponse time periods ofoperation bysetting
the Page 0hMode ParameterLITF = 1. The using system also has theoption of forcing execution at
known times by issuing theSCSI Rezero Unitcommand if thePage 0hMode Parameter TCC = 1. All
tests for all headsoccur at thosetimes. see theUltrastar 2XP (DCHC) SSAModels InterfaceSpecification
for more detailsaboutPFA, LITF and TCC.

3.6.2 Channel Calibration

The drive periodically calibrates thechannel to insurethat the read and write circuitsfunction optimally,
thus reducing the likelihood of soft errors.

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

The measurementwill only be started if thedrive has not received aSCSI command for atleast 5 seconds.
This means thatmultiple SCSI commands areaccepted and executedwithout delay if the commands are
received by the drivewithin 5 secondsafter thecompletion of apreviousSCSI command. Thisfunction also
makes use of the mechanism toalter the idle detection period tolimit execution for critical response time
periods ofoperation, ifneeded.

3.6.3 Save Logs and Pointers

The drive periodically saves data in logs in the reservedarea of the disks. Theinformation is used by the
drive to supportvariousSCSI commands and for the purpose offailure analysis.

Logs aresaved every 26-35minutes. Theamount of time ittakes toupdate thelogs variesdepending on the
number oferrorssince the lastupdate. Inmost cases,updating thoselogs and thepointers to thoselogs will
occur in less than 30milliseconds.

If the Page 0hMode ParameterLITF = 1, the saving will only be started if thedrive has not received a
SCSI command for atleast 5 seconds. Thismeans thatmultiple SCSIcommands areaccepted and executed
without delay if thecommands arereceived by the drivewithin 5 secondsafter thecompletion of aprevious
SCSI command. Thisfunction also makes use of the mechanism toalter the idle detection period tolimit
execution forcritical response time periods ofoperation, ifneeded.

3.6.4 Disk Sweep

The heads aremoved to anotherarea of the disk if thedrive has not received aSCSI command for atleast
40 seconds. Afterflying in the samespot for 9 minutes, theheads aremoved to another position. Execution
time is less than 1 fullstrokeseek.

3.6.5 Summary

Idle Time Function Type Period of Occurance
(minutes)

Duration (ms) Mechanism to
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 betweenconsecutiveSCSI commandrequests.
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Table 10. Summary ofIdle Time Function Performance Impacts

3.7 Command Timeout Limits
The 'CommandTimeout Limit' is defined as the timeperiod from receipt of theSCSI command through
STATUS, associatedwith a particularcommand.

The following times are forenvironmentswhereAutomatic Reallocation isdisabled andthere are noqueued
commands.

3.7.1.1 Reassignment Time

The driveshould beallowed aminimum of 25 sec tocomplete a"Reassign Blocks"command.

3.7.1.2 Format Time

9.11GB models should beallowed an average of 60minutes to complete a"Format Unit" command. The
maximumformat time is 100 minutes.

4.55GB models should beallowed an average of 30minutes to complete a"Format 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 Unit"command(with Immed
bit = 0).

Initiators shouldalso use this time to allowstart-up sequences initiated by auto start ups and"Start/Stop
Unit" commands(with Immed bit = 1) tocomplete andplace the drive in a "ready for use"state.

Note: A timeout of one minute or more is recommended but NOTrequired. Thelarger systemtimeout
limit allows the system to takeadvantage of theextensiveERP/DRPthat thedrive mayattempt inorder to
successfullycomplete the start-upsequence.

3.7.1.4 Medium Access Command Time

The timeout limit for medium accesscommands thattransfer user dataand/or non-user data should be a
minimum of 30sec. Thesecommandsare:

Log Sense
Mode Select (6)
Mode Sense (6)
Pre-Fetch
Read (6)
Read (10)
ReadCapacity
ReadDefectData

Read Long
Release
Reserve
Rezero Unit
Seek (6)
Seek (10)
Send Diagnostic
Skip Mask (Read)

Skip Mask (Write)
Write (6)
Write (10)
Write andVerify
Write Buffer
Write Long
Write Same
Verify

Note: The 30 sec limit assumes the absence of buscontention and user datatransfers of 64 blocks orless.
This time should be adjusted for anticipated buscontention and iflonger user data transfers are requested.

3.7.1.5 Timeout limits for other commands

The driveshould beallowed aminimum of 5 sec tocompletethesecommands:
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Inquiry
RequestSense
ReadBuffer

Start/Stop Unit(with Immed bit = 1)
Synchronize Cache
Test Unit Ready

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

The command timeout for a command that is notlocated at the head of thecommandqueue should be
increased by the sum ofcommandtimeouts for all of the commands that areperformed 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. S.I.Metric

Weight 1.00 pounds 0.46 kilograms 1.87 pounds 0.82 kilograms

Height 1.00 inches 25.4 millimeters 1.63 inches 41.3 millimeters

Width 4.00 inches 101.6 millimeters 4.00 inches 101.6 millimeters

Depth 5.75 inches 146.0 millimeters 5.75 inches 146.0 millimeters

4.2 Clearances

A minimum of 2 mm clearance should be given to thebottom surface except for a 10 mmmaximumdiam-
eter areaaround thebottom mountingholes. Figure 11 onpage 38 shows theclearancerequirements

There should be 7 mm ofclearancebetween thesedrives that are mounted withtheir top sides facingeach
other.Drives from other manufactures mayrequire additionalspacing due to stray magneticfields.

Note: For propercooling it is suggestedthat a minimumclearance of 7 mm be providedunder thedrive
and on top of the drive. Forfurther information see7.1.1, “Temperature Measurement Points” on
page 50.

4.3 Mounting Guidelines

The drive can bemounted with anysurface facingdown.

The drive is availablewith both side andbottom mounting holes. Refer to Figure 9 onpage 36,Figure 11
on page 38 andFigure 10 onpage 37 for thelocation of thesemountingholes for each configuration.

The maximumallowablepenetration of the mounting screws is 3.8 mm.Screwslonger than 3.8 mm may
causeperminentdamage to thedrive.

The recommended torque to beapplied to themounting screws is 0.8 Newton-meters + / - 0.2 Newton-
meters. The manufacturerwill provide technicalsupport to users that wish to investigate higher
mounting torques intheir application.

For more information on mountingguidelines seesection7.5, “Drive Mounting Guidelines” on page 55

WARNING: The drive may be sensitive to usermounting implementation due toframe distortion effects.
The manufacturerwill provide technicalsupport toassist users toovercomemountingsensitivity.
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Note: Clearance = 7 mm

| Figure 9. Location ofSideMounting Holes of 4.55GBModel
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Note: Dimensions are inmillimeters.

Note: Clearance = 7 mm

Figure 10. Location ofSideMounting Holes of 9.11GBModel
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Note: Dimensions are inmillimeters.

Figure 11. Location of Bottom Mounting Holes
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4.4 Electrical Connector Locations

The electricalconnectors are located asshown in

| Figure 12. SSAElectrical connector (rearView)
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5.0 Electrical Interface

5.1 SSA Unitized Connector

Electrical connections are provided by asingle connectormounted on the rear of thedrive Connections are
provided for two SSA ports,fault sensors and indicators,option customization, and power. Refer to
Figure 13 and Table 11 onpage 41 forcontactassignments.

Figure 13. Unitized Connector(looking in thefile at the connector end)
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Table 11. Electrical Connector ContactAssignments —

5.2 SSA Link Cable

The SSA link cablemust meet thespecifications described in the Electrical Specifications section ofSerial
Storage Architecture1995 Physical(SSA-IA/9sPH) rev 0.

5.3 SSA Link Electrical Characteristics

The drive SSA link line driver, linereceiver, and line receivertermination arefully compliant with thespecifi-
cations described in the Electrical Specifications section ofSerial Storage Architecture1995 Physical
(SSA-IA/9sPH) rev 0.

5.4 Option Pins and Indicators

Ultrastar 2XP drives containoption pins and/or indicators used tosense andreport fault conditions, and
to enable certain features of thedrive. The electrical characteristics andrequirements of these pins arefully
compliant with thespecifications described in the Electrical Specification section ofSerial Storage Architec-
ture 1995 Physical(SSA-IA/9sPH) rev 0. The existence and definition of thesepins are model dependent.

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 + Line In + Line In - 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)
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| Figure 14. OptionBlock 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 10available to
be redefined.Pins 5 and 7must remain Ground and + 5 Vrespectively. One possiblepurpose forthis pin is
to allow a manufacturingtester to redefine theoption pins to whatever functions itdesires, while allowing
the shippedproduct to return to the standarddefinitions in thecustomers environment. All modelsreserve
this pin but it is not connected to any internallogic.

5.4.2 Auto Start Pin (Option Port Pin 2)

A low active input pin, that whenactive (pulled below 0.8 V) thedrive motor to spin up and becomeready
for media accessoperationsafter power isapplied without the need toreceive aStart/Stop Unit command.
When inactive (pulledabove 2.0 V), thedrive motor shall not spin up untilafter the receipt of aStart/Stop
Unit command. Thesignal is to besampled by thedevice atpower on, or hardreset or soft resetcondi-
tions. Refer to the"Option Pins" section of the for a detailed functional description of operationsassociated
with this pin.
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5.4.3 Sync Pin (Option Port Pin 3)

The Sync input/output pin can be used for synchronizingamongdevices. Thesynchronization isachieved by
having onedevice usesthis pin asoutput to transmit onesync characteronce perspindle revolution. The
other nodes may usethis pin as aninput and synchronize their spindlerevolution position tomatch the
Sync signal. The SSAnetwork provide Sync character over SSA link, but thisoption pin allows synchroniza-
tion acrossmultiple SSA networks, or allow tighter latency of the Sync pulse. Refer toFigure 15 onpage 46
for examples ofSynchronization connection.

The width, period, and tolerance of thenegative active Syncpulse ismanufacturer dependent, and thus syn-
chronization acrossdifferent manufacturers oreven differentproduct lines of thesame manufacturer is not
guaranteed. The Sync pinusage is controlled by modepageswithin the mode selectcommand.

5.4.4 Write Protect (Option Port Pin 4)

a low activeinput pin, that whenactive (pulled below 0.8 V), thedrive will prohibit commands thatalter the
customer dataareaportion of the themedia frombeing performed. The state of this pin ismonitored on a
per commandbasis. Refer to"Option pins" section of the for a detailed functional description of this pin.

5.4.5 Ground long (Option Port Pin 5)

The Ground long output pinshall be capable of sinking 1.0 Amp ofcurrent. This pin islonger than any
others in theoption block to allow for the ground to matefirst 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 an external Light Emitting Diode. for adetailed func-
tional description of thispin/LED.

All models provide up to 24 mA of TTLlevel LED sink currentcapability. Current limiting for the LED is
provided on the electronics card. Theanode may betied to the + 5 V power source (provided on the the
unitized connector). The LEDCathode is thenconnected to theDeviceActivity pin to complete thecircuit.
A 150 OHM resistor is in series with the LED as acurrentlimiter.

5.4.7 + 5V (Option Port Pin 7)

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

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

The Device Fault pin can be used todrive an external Light Emitting Diode. for a detailed functional
description of thispin/LED.

All models provide up to 24 mA of TTLlevel LED sink currentcapability. Current limiting for the LED is
provided on the electronics card. Theanode may betied to the + 5 V power source (provided on the the
unitized connector). The LEDCathode is thenconnected to theDevice Faultpin to complete thecircuit. A
150 OHM resistor is inseries with the LED as acurrentlimiter.
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5.4.9 Programmable pin 1 (Option Port Pin 9)

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

5.4.10 Programmable pin 2 (Option Port Pin 10)

This pin is reserved and it is notconnected to any internallogic.

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 thedrive that apower loss will occur by
pulling this signal to ground. The inputmust provide aminimum of 6 milliseconds warning beforepower
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 associatedwith this
pin..

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

These pins arelonger than theothers.They help to reduce currentspikesduring hot plug.Each pinrequire a
resistor(not in the drive) in seriesbetween the powersource and thedrive connector. Thisallows for more
controlled current draw as prior toother voltage pins. It is up to thesubsystem to determine theproper
resistance to add to thesepins to meet the + / - 10%voltagedrop limitations and the current draw limitation
of the connector.

5.5 Front Jumper Connector
There is no frontjumper block.
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5.6 Spindle Synchronization

5.6.1 Synchronization overview

Spindle synchronization ofdrives is achieved by onenode transmitting aspecial Synccharacter or a Sync
pulse once perevery revolution of its drive. The transmitting isdone either on SSA Link (sendingSync
character) or on a hard-wire (Sending Sync pulse)that connects all thedrives via the SSAOption Port
'Sync' pin. Thesynchronization mode is controlled by the RPLfield of the Mode SelectPage 04h parameter
(seeUltrastar 2XP (DCHC) SSAModels InterfaceSpecificationfor more details). The drive canoperate in
one of three modes:

Note: Sync characters and sync pulsescannot bemixed.

5.6.2 Synchronization Mode
Mode Operation

No Sync Spindle synchronization isdisabled.

SlaveSync Spindle synchronization isattempted bysynchronizing the spindlemotor to theSync
specialcharacter on SSA link (or the Sync pulse on Sync hard-wire)that isdriven by
another node.

Master Sync Spindle synchronization is notattempted bythis device. It generates aSync special
character via SSA link (or a Sync pulse via a hard-wire)once per itsspindle revo-
lution.

Master Sync Control MasterSyncControl is not supported.

5.6.3 Synchronization time

It will take 6 seconds to synchronize theSlave drive to theMaster drive. While the Slave drive issynchro-
nizing to these characters, it is not able to read or writedata. Oncesynchronized thedrive will maintain ±
20 microseconds synchronization tolerance.

When operating inSlaveSyncmode, thedrive must receive theSpindle Syncspecialcharacters at a period of
8.333 millisecondswith a tolerance of ±.025%(2.08 microseconds).

5.6.4 Synchronization with Offset

The Rotational Offset value is theamount ofrotationalskew that theTargetuseswhen synchronized. The
rotational skew is applied in the retarded direction(lagging thesynchronized spindlemaster control). The
value in thefield is the numerator of afractional multiplier that has 256 as its denominator(e.g., avalue of
128 indicates a one-halfrevolution skew). A value of 00h indicatesthat rotational offset is notused. The
rotationaloffset isonly used when the Drive isrunning in theSlaveSync RPLmode.

5.6.5 Synchronization Route
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5.6.5.1 Over SSA Link

Spindle Sync special characters are forwardedfrom one SSA link to the other with a delay of 350
nanoseconds with a tolerance of ± 50 nanoseconds.This delay can be increased by 50nanoseconds when
the drive is sending thesecond of a doublecharacter sequence (RR orACK) and by 50nanoseconds when
sending a SAT orSAT' character.

The spindlesynchronization timing requirements are met in astring composed ofUltrastar 2XP drives
when there are nomore thanseventeendrives between the one operating in MasterSync mode and the
furthestdrive operating inSlaveSyncmode.

5.6.5.2 Over Sync Hard-wire

There will be a singlewire that connects all thedrives togetherthrought the SSA OptionPort pin 3 (-Sync
pin). One of thesedrives will be a Master drive. Two potential configurations of this hard-wireconnection
are shown in thefollowing figures:

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 a5.1K ohm pulled-up to
the + 5 volt supply. Amaximum of 30drives canhave their -SYNC line daisychained together. Vio-
lating thiscould damage the Masterdrive line driver on the -SYNC line

It is the using system's responsibility to provide the cable toconnect the -SYNC line where needed, of
the synchronizeddrives.

Bus Characteristics

− 2 micro-secondnegative activepulse(when sourced bydrive)
− minimum of 1micro-secondnegative activepulse when externallysourced
− 0.8 volts = valid low input
− 2.2 volts = valid high input
− 0.4 volts = lowoutput
− Vcc volts = High output
− 30 milli-amps = maximum output lowlevel sink current

The driverused for these twosignal lines is a OpenDrain buffer.
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6.0 Reliability

6.1 Error Detection
Error reporting ≥ 99%

All detected errors excluding interface andBATs #1 (Basic Assur-
ance Test)errors

Error detection ≥ 99%

FRU isolation = 100%

To the device when the"Recommended Initiator ErrorRecovery
Procedur Procedures" in the Ultrastar2 XP Interface
Specificationare followed.

No isolation to sub-assemblies within thedevice are specified.

6.2 Data Reliability
Probability of not recovering data 10 in 1015 bits read

Recoverableread errors (Mean of the Population)
10 in 1013 bits read(Measured at nominal DC conditions androom
environment withdefault errorrecovery -QPE* enabled.)

With QPE enabled and the default thresholds, error reporting only
occursafter step 17.2

6.3 SPQL (Shipped product quality level)

All units are functionallytested immediatelyprior to packaging andshipment from the manufacturer.When
subsequentlyinstalled and functionally tested in anapprovedsystem,somedrives may notpass. In general,
the percentage ofdrives that fail will dependupon adherence to shipping and handlingguidelines, functional
test criteria andsystemdesigncompatibility. Contact yourtechnicalsupportrepresentative for further infor-
mation andassistance.

6.4 Failure Rate

This product isdesigned for use inapplications where highreliability and availability are critical. In general,
actualfailure rateswill depend onusageconditions and systemdesigncompatibility.

Parameters such as ambient temperature,cooling air flow rate, relative humidity, ambientpressure (altitude),
applied voltage, shock, vibration, on/off cycles and dutycycle will affect failure rates. Failure rate
projections may only be determined fromdrive system testing.Contact yourtechnicalsupportrepresentative
for further information andassistance.

2 * Please reference QPE(qualify post error)definition in theUltrastar2 XP InterfaceSpecification.
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| 6.5 Shelf Life

| It is recommended that thedrive does not remain inoperative forlonger than 180 days especially if the shelf
| environment is at high temperature and humidity.

6.6 Start Stop Cycles
The drive is designed tosupport1800start stop cycles at 50˚Cbase castingtemperature with afailure proba-
bility of 0.11% orless.
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7.0 Operating Limits

The IBM Corporatespecifications and bulletins,such as C-S1-9700-000 in thecontaminantssection,that
are referenced inthis document areavailable for review.

7.1 Environmental
Temperature

Operating Ambient 41 to 122˚F (5 to 50˚C)
Operating Disk Enclosure 41 to 149˚F (5 to 65˚C)
Storage 34 to 149˚F (1 to 65˚C) SeeNote
Shipping -40 to 149˚F (-40 to 65˚C)

Temperature Gradient

Operating 36˚F (20˚C) perhour
Shipping and storage below condensation

Humidity

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

Wet Bulb Temperature

Operating 80˚F (26.7˚C)maximum
Shipping and Storage 85˚F (29.4˚C)maximum

Elevation

Operating and Storage -1000 to 10,000 feet (-304.8 to 3048meters)
Shipping -1000 to 40,000 feet (-304.8 to 12,192meters)

Note: Guidelines for storage below 1˚C aregiven in IBM TechnicalReport TR 07.2112.

7.1.1 Temperature Measurement Points

The following is a list ofmeasurement points andtheir temperatures.Maximum temperaturesmust not be
exceeded at theworst case drive andsystem operating conditions with thedrive reading and writing at the
maximumsystemoperations per secondrate.

Note: Figure 17 onpage 52defineswheremeasurements should be made to determine the topdisk enclo-
sure temperatureduring drive operation. Figure 16 onpage 51defines themodulesthat arelocated on the
bottom side of thecard and themeasurement location on thebottom of thedisk enclosure.

There must be sufficient air flow through the drive so that the disk enclosure andmodule temperature
maximumlimits defined inTable 12 onpage 51 are not exceeded.
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Table 12. Maximum andReliable OperatingTemperatureLimits

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 Module3 194˚F (90˚C) 176˚F (80˚C)

SSA Module 203˚F (95˚C) 176˚F (80˚C)

Microprocessor Module 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 maycausepermanentdamage.

Figure 16. Temperature MeasurementPoints (bottomview)

3 For continuousread applications the channelmodule will run at higher temperatures andwill require additional
cooling.
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Figure 17. Temperature MeasurementPoints (topview)

7.1.1.1 Module Temp. Measurement Notes

1. Center on the topsurface of themodule.

2. If copper tape isused toattach temperaturesensors, it should be nolarger than 6 mmsquare.

7.2 Vibration and Shock

The operating vibration and shocklimits in this specification areverified in two mount configurations:

1. By mountingwith the 6-32 bottom holes with thedrive on 2 mm high by 10 mmdiameterspacers as
required by section4.2, “Clearances” on page 35

2. By mounting on any two opposingpairs of the6-32 sidemount holes.

Other mount configurations may result indifferent operating vibration and shock performance.

7.2.1 Output Vibration Limits
spindle imbalance 1.0 gram-millimetersmaximum4.55GB

spindle imbalance 1.5 gram-millimetersmaximum9.11GB
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7.2.2 Operating Vibration

The vibration is applied in each of the three mutually perpendicularaxis, one axis at atime. Referring to
Figure 1 onpage 9, the x-axis is defined as a linenormal to thefront/rear faces, the y-axis isdefined as a
line normal to theleft side/rightside faces, and the z-axis isnormal to the x-yplane.

WARNING The drives are sensitive torotary vibration. Mounting within using systems
should minimize the rotationalinput to the drive mounting points due to
external vibration. IBMwill provide technicalsupport toassist users toover-
come problems due to vibration.

RandomVibration

For excitation in the x-direction and the y-direction, thedrive meets the requiredthroughputspecifications
when subjected to vibrationlevels notexceeding the V4vibration level definedbelow.

For excitation in the z-direction, thedrive meets the requiredthroughputspecificationswhen subjected to
vibration levels notexceeding the V4Svibration level definedbelow.

Note: The RMS value in the table below isobtained bytaking the squareroot 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 g2/hz g

SweptSineVibration

The drivewill operate without harderrors when subjected to the sweptsine vibration of 1.0 G peak from 5
to 300 hz in the x- and y direction. Forinput in the z-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 interpolation isused to deter-
mine theaccelerationlevelsbetween 250 hz and 300 hz.

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

Note: 1.0 G acceleration at 5 hz requires0.78 inch double amplitudedisplacement.

7.2.3 Nonoperating Vibration

No damagewill occur as long as vibration at the unpackageddrive in all three directionsdefinedabove does
not exceed the levelsdefined in thetable below. The testwill consist of a sweepfrom 5 hz to 200 hz and
back to 5 hz at asweep rate of eightdecades perhour.

Table 14. Non-operating VibrationLevels

Frequency 5 hz to 7 hz 7 hz to 200 hz

Amplitude 0.8 inch DA 2.0 G peak
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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 perpendicularaxis, one axis at atime.

7.2.5 Non-Operating Shock

Translational Shock

No damagewill occur if the unpackageddrive is subjected to a square wave shockless than 35 Gsapplied to
all threeaxis for aperiod of 20 milliseconds, one direction at a time.

No damagewill occur if the unpackageddrive is subjected to a 11 millisecondhalf sine waveshockless than
70 Gs applied to all threeaxis, onedirection at a time.

RotationalShock

No damagewill occur if the unpackageddrive is subjected to a 11 millisecondhalf sine waveshock less than
7,000 radians per second squared applied to all threeaxis, onedirection at a time.

7.3 Contaminants

The corrosive gasconcentrationexpected to be typicallyencountered isSubclass G1; the particulateenviron-
ment isexpected to be P1 of C-S1-9700-000(1/89).
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7.4 Acoustic Levels

Additionally, the populationaverage of thesoundpressure measured onemeter above thecenter of thedrive
in idle mode will not exceed 36dBA.

Additionally, thepopulationaverage of thesoundpressure measured onemeter above thecenter of thedrive
in idle mode will not exceed 41dBA.

Notes:

1. The above octaveband andA-weighted sound powerlevels arestatistical upper limits of the sound
power levels. See C-B 1-1710-027 and C-S 1-1710-006 forfurther explanation.

2. The drives aretested after aminimum of 20minutes warm-up inidle mode.

3. The operating mode is simulated byseeking at arate at 32seeks persecond.

4. The values for asamplesize of 5 orgreaterwill be less than orequal to the statedupperlimits with 90%
confidence.

7.5 Drive Moun ting Guidelines
1. Use of the extremeside mounts will align the driveCenter of Gravity(CG) closer to thecenter of

stiffness.This will minimize off axis coupling andin-plane yawrotation about thespindleaxis.

2. Orient thespindleaxis parallel to thedirection ofminimum shockloading.

3. The carriershould notallow the drive to rotate in theplane of thedisk.

If any isolation between thedevice and theframe is to be used,it can be soft in thex,y,z, pitch androll
axis but should bestiff for the yaw axis. Yaw motion is rotation about thespindle axis which couples
directly into offtrack.

If isolators are used, they should providenatural frequenciesabout 25%lower than themotor speed.
The idea is to place therigid body modesbelow primary excitationfrequencies and drivestructural
modes. Isolatorsmust be well damped and ofsufficient strength so theywill not be torn by high non
operational shocks.

Otherwise, keep therigid body resonances of thedrive away from harmonics of thespindle speed.

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

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
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7200 RPMharmonics: 120Hz, 240Hz, 360Hz, 480Hz....

4. It is desirablethat thecarrier be asstiff as possible while allowingroom for theisolator mounts (ifused).
Rather thencreating a weak carrierthat flexes to fit thedrive, hold the mounting gap totighter toler-
ances. Aflexible carrier maycontain resonancesthat causeoperational vibrationand/or shock prob-
lems.

5. If isolators are to be used,design formaximumsway. Adequate clearancearound alledges arenecessary
for cooling andshock impacts. Maximum sway is usually determined by geometry and compressibility
limits of the isolatorgrommetplus somecarrier/rackflexibility. Metal to metal impactsmust beavoided
because theyresult in short duration, high impactsloads; such waveforms canexcite high frequency
modes of the componentsinside the drive.

6. To minimize acoustic radiation,mount drives sothere is no"line of sight" between adrive anduser.

7.6 Drive/System Compatibility

Ultrastar 2XP drives aresupplied to using systemsthat demonstrate alevel of drive/system compatibility
to this specification.

Verification prior to a formal system qualification isrecommended to determine whether thedrive/system is
capable ofachieving thequality andreliability requirements found inthis specification.

Preliminary testing toverify compatibility may be performed usingcommon laboratory instrumentation
equipped with the appropriate transducer (thermal, power, shock, vibration andacoustics). Final verification
must beperformed by measuring functional performance (error rates) of thedrive when installedwithin the
system.

The following sections describe theparameters to beverified prior to and as a part of thesystem qualifica-
tion test in order toachieve thequality andreliability requirements set forth by thisspecification.

Power The systemmust becapable of providingadequate power to thedrive as described in
Section2.4, “ Power Requirements” onpage 15 Inaddition to voltage,current and
capacitance, the systemmust be capable of remaining within regulationwhen the
maximum number ofdrives are installed in thesystem.

Special considerationmust begiven to hot plugRefer to 2.4.7, “'Hot Plug/Unplug'
support” onpage 20 of this specification forrequirements andguidelines.

Thermal The systemmust supply adequatecooling and air flow to maintain casting and
module temperaturelisted in Table 12 onpage 51. Operating Limits in accordance
with the Temperature measurement pointsshownFigure 17 onpage 52. The system
must demonstratesufficient cooling to operate below the recommended temperatures
for any givenlocation that thedrive may be installedwithin 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 shockspecificationsfound 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 planes andfound to be within thelimits
set in this specification.
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Vibration (Operating and Non-Operating)
The systemmust maintain an environment that iscompatible with the operating
vibration specification found in section 7.2.2, “Operating Vibration” on page 53 .
Randomvibration must bemeasured in all three planes andfound to be compatible
with the vibrationlevel in Table 13 onpage 53. SweptSine Vibration must also be
measured and be compatible with7.2.2,“Operating Vibration” onpage 53.

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

Also, drives are sensitive torotary vibration. Mounting within using systemsmust
minimize the rotationalinput to drive mounting points due toexternal vibration.

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

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

Interface Compatibility
The drive/system, inconjunction withassociatedoperatingsoftware,must becapable
of conforming to the pin configurations,cabling, command andtiming parameters
found in section5.0, “ElectricalInterface” on page 40.

Verification of the precedingparameters is recommended prior to starting asystem test or qualification.
Most parameters may beverified by using common laboratory instrumentation or simple inspection of
design,handling and process. For furtherinformation regarding verification testing, pleasecontact yourtech-
nical supportrepresentative.

Final verification of drive/systemcompatibility must bedeterminedthrough functional testing. Adequate
system testingmust beperformed to demonstrate conformance to theData Reliability requirements,refer-
ence 6.2,“Data Reliability” on page 48.

7.7 Recommendations for Handling of Disk Drives
Disk Drives arevery fragile and can bedamaged ifdropped or impactedagainstanotherobject. Amount of
damage to thedrive will depend on magnitude and duration of the impact. People handling the disk drive
should be trained in theproper handlingprocedures. Manufacturingprocesses,equipment, and DiskDrive
holding containers/fixtures should be characterized andqualified to less than 50 G's in themanufacturing
environment. Thefollowing are things to consider in the handling andprotection of thedisk drive.

Damage may be caused by:

Dropping adrive onto ahard surface, evenover small distances

Drives mayfall over after being set onedge

Tapping adrive with a screw driver tip orother hard implement

Tapping adrive into position wheninstalling into a userframe

Clicking 2 drivestogether metal to metal

Precautions to take duringhandling:

Wear ESD protection at alltimes
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Treat drives as youwould "Eggs" or "Glass Stemware"

Handle onedrive at atime

Handledrive by the sidesonly, avoid grasping the card

Replacedrive into original packaging fortransport

Pad ALL drivework areas (1"foam under1/4" ESD pad)

Pad ALL drive transportareas (1"foam under 1/4" ESD pad)

Pad All driveholding areas (1"foam under 1/4" ESD pad)

Clearwork areas ofpotential metal contact

Remove / Installdrives separately

Report anydrive that mayhave beendropped 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 a carrier or frame

Do Not "Seat" a driveinto placewith tooling

Do Not stand adrive on end or side(Tipping Hazard)

Do Not allow drives tocontacteachother

Shipping Handling Precautions:

Check for andReportshipping damage to a Pallet

Do Not stackmore than 2pallets

Do Not contactpallet package with ForkliftForks

Do Not drop aPallet

Do Not dropDrive Boxes(Singles orMultiples)
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7.8 Breather Filter Hole
Under nocircumstances should the Filter BreatherHole be obstructed orlabels placedover the hole.

Figure 18. Breather Hole forFilter

7.9 Periodic Maintenance
None required

7.10 ESD Protection

The Ultrastar 2XP disk drivescontain electrical componentssensitive todamage due to electrostaticdis-
charge (ESD). Proper ESDproceduresmust befollowed during handling, installation, andremoval. This
includes the use of ESD wriststraps and ESD protective shipping containers.
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7.11 ESD Handling
This product issensitive toElectro Static Discharge.

Precautions such asusing ESDmats, wrist straps and grounding allsurfacesthat areallowed to touch or
comeclose to the device arerecommended.

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

7.12 Stray Magnetic Fields
This device is sensitive tostrong magneticfields.

Magnets and othersources of magneticfields must not beplacedclose to the device.
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8.0 Standards

8.1 Safety
UNDERWRITERSLABORATORY (UL) APPROVAL:

The product is approved as aRecognizedComponent for use inInformation TechnologyEquipment
according to UL 1950 Standard, third edition(without any D3deviations). The UL Recognized Com-
ponentmarking is located on theproduct.

UL E133560 Vol 16 Section 1

CANADIAN STANDARDS ASSOCIATION (CSA) APPROVAL:

The product iscertified to CAN/CSA-C22.2 No.950-M95 Third Edition (without any D3deviations).
The CSA certificationmark is located on theproduct.

LR-34074C

INTERNATIONAL ELECTROTECHNICAL COMMISSION ( IEC ) STANDARDS

The product iscertified to comply to EN60950 by aEuropeantest agency CertifiedBody.

FLAMMABILITY REQUIRE MENTS

Printedcircuit boards and all foam and otherplastic materials are ULRecognizedV-1, HF-1, or VTM-1
or better. Smallplasticpartsthat will not contribute to afire will meet V-2flame class.

SAFE HANDLING:

The product is conditioned for safe handling inregards tosharpedges andcorners.

ENVIRONMENT:

IBM will not knowingly or intentionally ship any units which duringnormal intended use orforeseeable
misuse,would expose the user to toxic, carcinogenic, or otherwisehazardous substances atlevels above
the limitationsidentified in thecurrent publications of the organizationslisted below.

InternationalAgency forResearch on Cancer(IARC)

National Toxicology Program(NTP)

OccupationalSafety andHealth Administration(OSHA)

American Conference ofGovernmentalIndustrial Hygienists(ACGIH)

California Governor'sList of Chemical Restricted underCalifornia SafeDrinking Water and Toxic
Enforcement Act1986(Also known asCalifornia Proposition 65)

SECONDARY CIRCUITPROTECTION REQUIRED INUSING SYSTEMS

Care has beenexercised to not use anyunprotected components orconstructionsthat areparticularly
likely to causefire. However, adequate secondary overcurrentprotection is theresponsibility of the user
of the product. Additional protectionagainst the possibility of sustainedcombustion due tocircuit or
componentfailure mayneed to be implemented by the user withcircuitry external to theproduct. Over-
currentlimits of the voltageinto the file of 10 amps orless should besufficient protection.
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8.2 Electromagnetic Compatibility (EMC)
FCC Requirements

Pertaining to theUltrastar 2XP disk drive, IBM will provide technicalsupport toassist users incom-
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 thedisk drivemounted in theusing system.

CISPR 22Requirements

Pertaining to theUltrastar 2XP disk drive, IBM will provide technicalsupport toassist users incom-
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 theUltrastar 2XP disk drive, IBM will provide technicalsupport toassist users incom-
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 IBMproduct. Productsintegrating thesedrives inalternative
enclosureswill still need to test the system to ensure it complys with the EuropeanDirective.
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