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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:
− 50 pin ANSI SCSI-2 Single-Ended
− 68 pin ANSI SCSI-3 Single-Ended orDifferential
− SingleConnector Attachment (SCA-2/80-pin)
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
Jumperabledrive suppliedterminator power on some models
Jumperable on boardactiveSCSI terminators (Optional on somemodels)
Jumperablewrite protection
Spindle synchronization
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LED Driver
512KB segmented cache buffer, 1MB(Optional on somemodels)
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)
SCSI datatransfer rate: 10MegaTransfers/second (sustainedsynchronous)
Fast-20 SCSI datatransfer rate: 20MegaTransfers/second (sustainedsynchronous)
SCSI BusOverhead: < 40 microseconds

Interface Controller Features
SCSI busparity
SCSI disconnect and reconnect capability
Multiple initiator support
FastSCSI supported
Fast-20 SCSI supported
Wide SCSI models
Integrateddifferential tranceivers(Optional on somemodels)
Variable logical block lengths (512 - 740 supported)

NOTE: Please see 2.3,“Capacities by FormatLength” on page 14 formore detail.

Read-aheadcaching
Adaptive cachingalgorithm
Write Caching
Tagged and untaggedcommandqueuing
Commandreordering
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
SCSI behaviorcustomizing jumpers

For example:-
− Disable Target InitiatedSynchronous Negotiation
− Disable UnitAttention
− DisableSCSI Parity
− Auto Start Delay

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

50 pin SCSI connector modelsoffer an 8 bitSCSI bususing theSCSI 'A' connector. 68 pin SCSI con-
nector modelsoffer an 8/16 bitSCSI bususing theSCSI 'P' connector whichsupports Wide data trans-
fers.

80 pin SCSI connector modelsoffer an 8/16 bitSCSI bususing theSCA-2' connector.

All models support FastSCSI datatransfers

Fast-20 modelssupports Fast-20 SCSI datatransfers

Pleaserefer to section2.3, “Capacities by FormatLength” on page 14 for exact capacities based on user
block size.

The following options arealso available:

− 512kB or, 1MB cache

− Jumperableactive terminators on 50, 68-pinsingle-endedmodels.

4.55GB
Models

HDA Type
1"

Capacity GB SCSI Pins/ConnectorType SCSI Electrical Signal Type

DCHS 04F P9 4.55GB 50/'A' Connector Single Ended Fast

DCHS 04Z P9 4.55GB 50/'A' Connector Single Ended F20

DCHS 04W P9 4.55GB 68/UnitizedConnector Single Ended Fast/Wide

DCHS 04D P9 4.55GB 68/UnitizedConnector Differential Fast/Wide

DCHS 04S P9 4.55GB 80 SCA-2 Single Ended Fast/Wide

DCHS 04U P9 4.55GB 68/UnitizedConnector Single Ended Fast/Wide F20

DCHS 04X P9 4.55GB 68/UnitizedConnector Differential Fast/Wide F20

DCHS 04Y P9 4.55GB 80 SCA-2 Single Ended Fast/Wide F20

9.11GB
Models

HDA Type
1.6"

Capacity GB SCSI Pins/ConnectorType SCSI Electrical Signal Type

DCHS 09F PI 9.11GB 50/'A' Connector Single Ended Fast

DCHS 09Z P9 4.55GB 50/'A' Connector Single Ended F20

DCHS 09W PI 9.11GB 68/UnitizedConnector Single Ended Fast/Wide

DCHS 09D PI 9.11GB 68/UnitizedConnector Differential Fast/Wide

DCHS 09S PI 9.11GB 80 SCA-2 Single Ended Fast/Wide

DCHS 09U PI 9.11GB 68/UnitizedConnector Single Ended Fast/Wide F20

DCHS 09X PI 9.11GB 68/UnitizedConnector Differential Fast/Wide F20

DCHS 09Y PI 9.11GB 80 SCA-2 Single Ended Fast/Wide F20

Note: Please refer to section2.3, “Capacities by FormatLength” on page 14 for exactcapacities based onuser blocksize.
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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(synchronous)(sustained)
up to 40.0 MB/s(synchronous)(sustained) Fast-20

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 (even bytenumbersonly)

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

The following voltage specificationsapply at thedrive power connector. There is nospecialpower on/off
sequencing required. ForDifferential SCSI modelssee:2.4.8,“Additional 5V Current Requirements for Dif-
ferentialSCSI” on page 21.

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

Power Supply On/Off Requirements

+ 5 V 4.5 V/secMinimum Slew.
The + 5 Volt supplymust maintain aminumum of 0.20volts for a period of
200 milli seconds after either the + 5 volts decaysbelow 4.1 volts or the + 1 2
volts decaysbelow 9.25 volts duringpower off.

+12V 7.4 V/secMinimum Slew. 200V/sec MaxSlew.

| Population
| Power Supply Current 4 .55GB Model Mean Range

| +5VDC (idle avg) 1.068Amps1 + / - 10%

| +5VDC (R/W baseline) Typical 1.094Amps + / - 10%

| +5VDC (R/W pulse) Peak 1.30 Amps + / - 10%

| +12VDC (Idle) 0.486 Amps + / - 10%

| +12VDC (seek peak) Peak 2.07 Amps Max

| +12VDC (Start Current) Maximum 1.71 Amps2 + / - 0.3

| Power Supply Current 9 .11GB Model

| +5VDC (idle avg) 1.085Amps1 + / - 10%

| +5VDC (R/W baseline) Typical 1.133Amps + / - 10%

| +5VDC (R/W pulse) Peak 1.37 Amps + / - 10%

| +12VDC (Idle) 0.850 Amps + / - 10%

| +12VDC (seek peak) Peak 2.43 Amps Max

| +12VDC (Start Current) Maximum 2.71 Amps2 + / - 0.3

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

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

1 5 Volt Current isgiven with termination power provided by theusing system.

2 The StartCurrent is thetotal 12 volt current required by thedrive.
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2.4.2 RMS Power Measurements

Table 5. Power Measurementsmadeusing Clarke Hess Model 259Digital Wattmeter

Note: For the purpose ofcalculations 0.036Watts per op can be used for the 4.55GB and0.038 Watts per
op for 9.11GB This is not completely 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 = 11.03Watts

90 ops/second = 90 *0.036 = 3.24Watts

Total Power = 11.03 + 3.24 = 14.27Watts

Table 6. Power Measurementsmadeusing Clarke Hess Model 259Digital Wattmeter

2.4.2.1 Differential Models
The powerincrease for differentialmodels will bebetween 0.5 watts atidle to 1.0watts for 60 ops/s.

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.

DCHS 4.55GB 9.11GB

Idle 11.03Watts 15.6 Watts

15 ops/second 11.73Watts 17.4 Watts

30 ops/second 12.38Watts 17.8 Watts

60 ops/second 13.25Watts 18.6 Watts

DCHS Fast-20 4.55GB 9.11GB

Idle 10.95Watts 16.04Watts

15 ops/second 11.50Watts 16.55Watts

30 ops/second 12.41Watts 17.42Watts

60 ops/second 13.75Watts 18.64Watts
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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
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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 together then 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 aElectroMagnetic Compatibility(EMC) standpoint itwill, in most cases bepreferable tocommon the
Disk Enclosure to the system'smounting frame. With this in mind, it is important that theDisk Enclosure
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 shouldmore than
35 milliamps of current (0 to 100Mhz) beinjectedinto the disk enclosure.

2.4.7 'Hot Plug/Unplug' support

The term 'Hot Plug', refers to theaction of mechanicallyengaging a device topower and / or SCSI bus
when otherdevices may be active on thesame bus.

A comprehensiveclassification of thestate of theSCSI busduring this event is located in the SCSI-3 Parallel
InterfaceStandard, Annex'A'.

Note: Case 3 isdefined as'Current I/Oprocesses not allowed during insertion orremoval'

Case 4 isdefined as'Current I/Oprocesses allowed during insertion orremoval'

While every effort was made to design the drive not to influence theSCSI busduring these events, it is a
system responsibility to insure voltage regulation andconformance to operational and non-operational shock
limits.

During Hot un-Plug the operational shocklimit specifications should not be exceeded. Ifthis cannot be
guaranteed then thedrive should beissued aSCSI Stop Unitcommand that isallowed to completebefore
un-plugging. The basicrequirement isthat while the drive isoperational or spinning down (as aresult of a
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UNIT STOP orUn-Plug) the operationalshock limits are in effect. Once thedrive hascompletelystopped
(15 secondsmax) the non-operational shocklimits are in effect. Therecommended procedure is toallow the
un-pluggeddrive to rest in the drive bay for aminimum of 15seconds and then complete the removal.

During Hot Plug events thenon-operational shocklevels should not beexceeded. Theoperational shock
levels of adjacentdrives should not beexceeded as well. Therecommended procedure is to prohibitwrite
operations to adjacentdrivesduring the HOTPLUG andduring the HOTUN-PLUG actions.

Reference section7.2, “Vibration and Shock” onpage 72 for theOperating andNon-Operating Shock
limits.

During Hot Plug or Unplugevents thepower supplyripple on adjacentoperationaldrives should not go
outside of the+ / - 5 % regulation tolerance.

2.4.7.1 (SCA-2 models)

Based on thisclassification, theUltrastar 2XP 80pin SCA-2 drive is designed to be'Case 4' compliant
when the system has properlyimplemented the SFF-8046guidelines.

2.4.7.2 (50,68 pin models)

Based on theSCSI Parallel Interface classification, it isrecommended that theusing systemcomply with
'Case 3'guidelines toeliminate the chance ofaffecting an activebus.

In systemsthat cannotafford to quiesce theSCSI bus, but can meet the requirements ofvoltage regulation,
operational and non-operational shock, thefollowing guidelines arerecommended tominimize the chance of
interfering with theSCSI Bus:

Plug

1. Common ground should be made betweendevice andpower supply ground

2. Plug device onto the bus

3. Power updevice ( no special sequencing of 5 or 12 volts)

4. Device is ready to beaccessed

Un-Plug

1. Power downdevice (no special sequencing of 5 or 12 volts)

2. Un-plugdevicefrom the bus

3. Remove commonground

2.4.8 Additional 5V Current Requirements for Differential SCSI

Population
Additional Power Supply Current Notes Mean

+5VDC (idle avg) 0.10 Amps

+5VDC (R/W baseline) Typical 0.06Amps

+5VDC (R/W pulse) Base-to-peak 1.0Amps
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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: Reference3.10.1.3,“Start/Stop Unit Time” onpage 39 for additionaldetails.

Note: See 5.4,“Spindle Synchronization forUltrastar 2XP Drives Only” on page 65

Note: There is a 10seconddelaybetween a "Unit Stop" and "UnitStart". back to back commands.
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Table 7. Bring-up Sequence Times and Stop Time.4.55GB

Table 8. Bring-up Sequence Times and Stop Time.9.11GB

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

It is recommended thatafter power is removed a period of 2seconds should beallowed 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 acontrolled 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 environments. Deviations fromthese environ-
ments maycause deviationsfrom values listed inthis specification.

Block lengths areformatted at 512 bytes per block.

The number of databuffer segments is 16. Thetotal databuffer length is512K bytes. Of the 16 seg-
ments in thebuffer, at least onesegment is allocated for theNO-ID tables, andprobably more. This
number isdependent on thenumber ofdefectsfound on thedrive.

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

The number ofsegments is also reduced by atleastone. Thissegment 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 thepontential tohave a partially used orrunt segment for themaximum use of allavail-
able memory.

Ten byte SCSIRead andWrite commands areused.

SCSI environmentconsists of asingle initiator andsingle target with noSCSI Bus contention.

Buffer full/empty ratios are set to theiroptimum valuessuch that a minimum number ofintermediate
disconnects occur during theSCSI datatransfer and the overlap of theSCSI anddisk data transfer is
maximized. This minimizesCommandExecution Times with no bus contention.

ReadCaching andReadAhead functions areenabled except wherenoted.

The initiator delay while transferringSCSI command,status,message, and data bytes isassumed to be
zero.

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

TaggedCommandQueuing is notused, unless otherwisespecified.

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

SCSI datatransfers are successfullynegotiated to be 20MB/sec.

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

The drive'sperformance criteria is based on thefollowing commandworkloads. Deviations fromthesework-
loads may cause deviationsfrom this specification.

Operations are either all Reads or allWrites. The specifications forCommandExecution Time with
Read Ahead describeexceptions to this restriction. Forthat scenario allcommands arepreceded by a
Read command,except for sequential writecommands.

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. The target LBA for all operations is the previous LBA + Transfer Length.

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

3.3 Command Execution Time
Command Execution, orService,Times are the sum ofseveral BasicComponents. Those Components are -

1. Seek
2. Latency
3. CommandExecution Overhead
4. DataTransferto/from Disk
5. DataTransferto/from SCSI Bus

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.

The following graphsshow CommandExecution Times for fourgenericworkloads

SequentialReads
Sequential Writes

RandomReads
RandomWrites

with several differentrequested Transfer Lengthswhile running in various environments whose keyfactors
are identifiedwithin each graph.

Note: Times arecalculated with TypicalData Sector TransferRates for4.55GB models and areaveraged
over the entiredrive.

Note: In the following Graphs, "TCQing" meansTagged Command Queueing and "Qd" is theaverage
number of commandsqueued by thedrive at onetime.
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Figure 9. All caching disabled, Re-instruction Times =
0-100ms, noTCQing

Figure 10. All Cachingdisabled, Re-instruction Times
= 50-150ms, withTCQing

Figure 11. ReadCaching enabled, no TCQing Figure 12. ReadCaching enabled, With TCQing
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Figure 13. Read Ahead, With TCQing used (Queue
Depth = 4)

Figure 14. Read Ahead, With TCQing used (Queue
Depth = 32)

3.3.1 SCSI Data Transfer Rate
The SCSI datatransfer rate isdependent on the mode, either synchronous or asynchronous. Italso depends
upon thewidth of the data path used. 8 and 16 bittransfers aresupported.

When thedrive is configured for an 8 bit wide transfer asynchronous datatransfer rate of 10 MB/sec can be
realized. The 16 bit widemaximumsynchronous datatransfer rate is 20MB/sec.

The asynchronous datatransfer rate isdependent on both the initiator and targetdelays to theassertion and
negation of the SCSI REQ and ACK signals. It is also dependent on SCSIcable delays. The drive is
capable of supporting up to 5 MegaTransfer/secasynchronous datatransfer rates.

The SCSI datatransfer rate specification only applies to theData phase forlogical block data forRead,
Write, Write andVerify, etc... commands. The datarate for parameter/sense data forRequest Sense,Mode
Select, etc...commands is notspecified.

3.3.2 Basic Component Descriptions
Seek

The average timefrom the initiation of theseek, to theacknowledgementthat the R/Whead is
on the trackthat contains thefirst requestedLBA. Values arepopulationaverages, and vary as a
function of operating conditions. Thevalues used in thegraphs showingCommandExecution
Times for sequentialcommands is 0 ms and thevalues for random commands are shown in
section2.0, “Specifications” on page 12.

Latency
The average timerequired from the activation of the read/write hardware until the targetsector
has rotated to the head and theread/write begins. This time is 1/2 of arevolution of thedisk, or
4.17 ms.

Command Execution Overhead
The average timeadded to theCommandExecution Time due to theprocessing of theSCSI
command. Itincludes all time the drivespends not doing adisk operation or SCSI datatransfer,
whether or not it is connected to the bus.(See 3.6,“Read CommandPerformance” onpage 33
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and 3.7, “Write CommandPerformance” onpage 35 for examples of detailed descriptions of the
components ofCommandExecution Overhead.)

The CommandExecution Overheadspecification is based on anormal operation with theRead
Ahead functiondisabled. The value of thisparametervaries greatlydependingupon workloads
and environments.

When ReadAhead is enabled, overhead forrandom commandsimmediately following a read
command isincreased byapproximately .24msec.

Overhead for sequential readcommandsimmediatelyfollowing a readcommand isdecreased by
approximately .89msec.

The following values areused when calculating theCommandExecution Times.

Table 9. OverheadValues. (All times are in milliseconds.)

Other Initiator controlled factors such as use of disconnects,TaggedCommand Queueing and
the setting ofMode Parameterslike DWD, DRD, DPSDP andASDPE also affect Command
Execution Overhead.They also affect SCSI Bus Overhead which ispartially a subset of
CommandExecution Overhead.

SCSI BusOverheadis defined as the time the device isconnected to the bustransferring allSCSI
Command, Status andMessagephase information bytes. Thisincludes any processing delays
between SCSI Busphaseswhile remaining connected to theSCSI Bus. Initiatordelays while
transferringinformation bytes are assumed to be zero. This time does not include theSCSI Data
phasetransfer. (See 3.6,“Read CommandPerformance” onpage 33 and 3.7, “Write Command
Performance” onpage 35 formore detailed descriptions of thecomponents of SCSI BusOver-
head.)

Post Command Processingtime of 0.40 ms is defined as the average timerequired for process
cleanup after the command hascompleted. This timeindicates theminimum re-instruct time
which the device supports. If are-instruct periodfaster thanthis time is used, thedifference is
added to theCommandExecution Overhead of the next operation.

Data Transfer to/from Disk
The average timeused to transfer 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 notch only anddoes not include any overhead.

2. TrackData Sector TransferRate

Varies dependingupon theformattedlogical block length andvaries from notch to notch. It
includes theoverhead associated with each individual sector. This is calculated from:

Workload Command Execution SCSI Bus

SequentialRead 1.20 .03

Sequential Write 1.06 .04

RandomRead .25 .03

RandomWrite .40 .04
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(user bytes/sector)/(individual sector time)

Note: Theserates are used to help estimateoptimum SCSI Buffer Full/Empty Ratios.

3. TheoreticalData Sector TransferRate

Also includes time required fortrack andcylinder skew andoverhead associated with each
track. (See 3.6.1.3,“TheoreticalData Sector TransferRate” on page 34 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 SCSI Interface Specification Release 2.03for a
description of errorrecoveryprocedures.)

Rates fordrivesformatted at 512 bytes/block are located inTable 10.

Table 10. Data SectorTransfer Rates. (All rates are in MB/sec)

Model Type 9.11GB 4.55GB

Notch # Theoretical Typical Theoretical Typical

Average 9.201 9.191 9.127 9.117

1 10.178 10.168 10.098 10.088

2 9.736 9.726 9.659 9.649

3 9.127 9.118 9.055 9.046

4 8.519 8.510 8.452 8.443

5 8.076 8.068 8.013 8.004

6 7.744 7.737 7.683 7.676

7 7.302 7.295 7.244 7.237

8 6.638 6.631 6.586 6.579

Note: The values for TypicalData SectorTransfer Rates assume atypically worst casevalue of 1error in 108 bits read atnominal conditions forsoft error rate.

Data Transfer to/from SCSI Bus
The time required to transfer data between theSCSI bus and thedrive's internal databuffer, that
is not overlapped with the time for theSeek,Latency orData Transferto/from Disk. This time
is based on aSCSI synchronous datatransfer rate of 20.0MB/sec.

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

The SCSI Bus Overhead data is notincluded in the calculationsince some of it'scomponents arealso
components ofCommand Execution Overhead and the remainingcomponentsoverlap the Data
Transferto/from Disk. (See 3.6,“Read CommandPerformance” onpage 33 and 3.7, “Write Command
Performance” onpage 35 for details.)

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

With Read Ahead enabled, this specification measures aRead orWrite command when theimmediately
precedingcommand is a Read command(which starts up theRead Ahead function). If thepreceding
command is aWrite command, then the timedifference due toReadAhead iszero.
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Longer inter-opdelay, or low re-instruction rate,environments are suchthat the ReadAhead function has
filled the drive's internal data cache segment before the nextRead orWrite command isreceived.

Environments with inter-opdelays less than 1revolution period, or high re-instructionrates, aresuch that
the ReadAhead function isstill in the process offilling the drive's internal data cache segment when the next
Read orWrite command isreceived. Forsequential reads,CommandExecution Time is 1revolution less
than similaroperations with equal inter-opdelays andReadAheaddisabled.

The effects of idle timefunctions are not included in theaboveexamples. The sections3.2.1,“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 than0.01%.

3.4 Disconnection During Read/Write Data Phase

If a nonzeroMaximum Burst Size parameter isspecified, the drivedisconnectsafter transferring thenumber
of blocks specified by theMaximum Burst Size parameter. This disconnectionrequiresapproximately 33
µsec and the subsequent reconnectionrequiresapproximately 20 µsec.

The drive alsodisconnects prior tocompletion of theData phase if thedrive's internal databuffer cache
segment becomesempty during a Read command orfull during a Write command. Thisdisconnection
occurs regardless of theMaximum Burst Size parameter. This intermediate disconnectcauses apause of
approximately 0.24 msec during theData phase. This disconnection requiresapproximately 33 µsec and the
subsequent reconnectionrequiresapproximately 20 µsec.

3.5 Approximating Performance for Different Environments

3.5.1 For Different Transfer Sizes

The primary performance change due to a change of the TransferSize, is theData Transfer to/from Disk
component. See3.3.2, “Basic ComponentDescriptions” onpage 27,Data Transfer to/from Disk, for an
explanation of the calculation of this parameter.

The values for severalother Basic Components mayalso change if the transfersize is reduced to thepoint
where certain internalcontrol functions can nolonger be overlapped with either theSCSI or disk data
transfer. Thecomponentschanged vary based on the type ofenvironment and workload.

The following four sections, give anapproximation ofperformancechanges for read, write, sequential and
randomworkloads with a 0.5KBytetransfersize.

3.5.1.1 0.5 KByte Sequential Read

For this workload, theData Transfer to/from SCSI Bus isreduced by0.104 msec (since asingle block of
data is transferred). TheCommand Execution Overheadincreases byapproximately 0.28 msecsince the
starting of the SCSI datatransfer can no longer be overlapped with thedisk data transfer.

The magnitude of the performance advantage with theReadAhead functionenabled and opdelaysbetween
50 and 150 ms is reduced due to the smaller transfersize. TheCommandExecution time isreduced by
approximately 0.5msec.

Note: This time difference can beapproximated for othertransfersizes byusing the followingequation:

-(Latency + (Xfer Size)/(DiskData Rate) -(Xfer Size)/(SCSIData Rate))= R e a dAheadsavings
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The magnitude of the performance advantage of theReadAhead with opdelays of 0-8msecvaries with the
size of thedelay. Since the range of delays isless than the time for onerevolution, the operation is"synchro-
nized to the disk". TheReadAheadsavings can beroughly approximated by:

DELAY - (time for one revolution) = ReadAheadsavings

Note: This time alsovaries with thesize of the datatransfer due to thedifferencebetween the SCSI data
transfer rate andDisk datatransfer rate. This time is insignificant for a0.5KByte transfersize and hasbeen
ignored in theabove equation.

3.5.1.2 0.5 KByte Sequential Write

For this workload theData Transferto/from SCSI Bus isreduced by 0.05 msec(since a singleblock of data
is transferred). TheCommandExecution Overheadincreases byapproximately0.068msec.

3.5.1.3 0.5 KByte Random Read

For this workload, theData Transfer to/from SCSI Bus isreduced by0.104 msec (since asingle block of
data is transferred). TheCommand Execution Overheadincreases byapproximately 0.28 msecsince the
starting of theSCSI datatransfer can no longer be overlapped with thedisk data transfer.

3.5.1.4 0.5 KByte Random Write

For this workload, only theData Transfer to/from Disk changes as described in 3.5.1,“For Different
TransferSizes” on page 30.

3.5.2 When Read Caching is Enabled

For read commands with ReadCaching EnabledCommand Execution time can be approximated by
deleting Seek,Latency andData Transfer to/from Disk times from those shown on thegraphs if all of the
requested data isavailable in a cachesegment (cache hit).When some, but not all, of the requested data is
available in a cachesegment (partial cache hit)Data Transfer to/from Disk will be reduced but notelimi-
nated.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. Thecontribution of
the DataTransferto/from SCSI Bus to theCommandExecution time mayincrease since a larger, orentire,
portion of thetransfer may no longer be overlapped with thecomponents thatwere reduced.

3.5.3 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 times from those
shown in thegraphs. Thecontribution of theData Transferto/from SCSI Bus to theCommandExecution
time may increase since a larger, orentire, portion of the transfer may no longer be overlapped with the
components thatwere reduced.

The reduced timeseffectively areadded to thePostCommandProcessingTime.

Like TaggedCommandQueuing, the potential toreduceCommandExecution Overheadexists due tocon-
currentcommandprocessing.

Like TaggedCommandQueuing, when the WCE bit is set Back-To-Backwrite commands are supported.
See 3.5.5.2,“Back-To-BackWrite Commands” onpage 32 formore information.
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3.5.4 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 theSCSI Mode Parame-
ters, with algorithms using thecollectedworkload information.

3.5.5 For Queued Commands

The effects ofCommandExecution Overhead can bereducedsignificantly if TaggedCommandQueuing is
enabledsincemore than 1 command can beoperated on concurrently. For instance,while a diskoperation
is being performed for onecommandanothercommand can bereceived via theSCSI bus andplaced in the
devicecommandqueue. Certain environments maycauseCommandExecution Overhead toincrease if the
added function to process thequeue and themessages associated withqueuing is not permitted to overlap
with a diskoperation.

3.5.5.1 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.

3.5.5.2 Back-To-Back Write Commands

If all of the requirements are met as stated in theUltrastar 2XP SCSI Interface Specification Release 2.03
section describingBack-To-Backwrite commands, contiguous data from 2 or moreconsecutive writecom-
mands can bewritten to thedisk without requiring any diskLatency.

Note: There is a minimum write command transfer length for agiven environmentwhere continuous
writing to the disk can not bemaintained withoutmissing a motor revolution. When Write Caching is
enabled the likelihood isincreasedthat shorter transfer writecommands canfulfill the requirements needed
to maintain continuouswriting to the disk.
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3.6 Read Command Performance
Note: This case is forRandomSCSI Read commands, with ReadAheaddisabled.

Figure 15. SCSIRead commandperformance measurements

3.6.1.1 SCSI Bus Overhead

Note: All times listed in this section are provided forinformation only sothat theperformance forother
environments/workloads can be approximated. Thesecomponenttimes should not be measured against the
specification.

S1 Selection,Identify Msg., Command Descriptor Block (CDB) 10 µsec
S2a SaveData Pointers (SDP) Msg. 1 µsec
S2b DisconnectMsg., BusFree 1 µsec
S3 Arbitrate, Reselect,Identify Msg. 6 µsec
S4 Start SCSI transfer in 3 µsec
S5 SCSI busdata transfer in (Transfer size)/(SCSIData TransferRate)
S6 SCSIread ending processing 2 µsec
S7 Status,Command CompleteMsg., BusFree 3 µsec

Note: The SCSI bus overhead for aRead Command iscomposed ofS1,S2(a&b),S3,S4,S6,and S7. (0.03
msec total).
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3.6.1.2 Command Execution Overhead

P1 Selection,Identify Msg., CDB 10 µsec
P2a SDP Msg. 1 µsec
P2b DisconnectMsg., BusFree 1 µsec
P3 Start seek orhead switch 258 µsec
P4 Seek orhead switch (for example, average seek)(ReadSeek = 7.5 or 8.5msec)
P5 Set up read disktransfer 0 µsec
P6 Latency (for example,half revolution) (latency = 4.17 msec)
P7 Disk data transfer (Data transferred)/(TypicalData Sector TransferRate)
P8 End read disk transfer (Sector size)/(SCSIData TransferRate)
P9 Transfer last few SCSI blocks in (5)(Sector size)/(SCSIData TransferRate)
P10 SCSIread ending processing 2 µsec
P11 Status,Command CompleteMsg., BusFree 3 µsec

Note: The Commandexecution overhead for a readcommand iscomposed of P1,P2(a&b),P3,P5,P10,and
P11. (0.28 msec total).

Time to Read data = P 1 + P 2 + P 3 + P 4 + P 5 + P 6 + P 7 + P 8 + P 9 + P 1 0 + P 1 1

Use the followingformula to approximate theTypical Data Sector TransferRate.

3.6.1.3 Theoretical Data Sector Transfer Rate
This Rate does notaccount for timerequired for errorrecovery or defective sectors.(The Typical Data
Sector TransferRate described in 3.3.2,“Basic ComponentDescriptions” onpage 27 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 SectorTransfer 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 SectorTransfer Rate =

847,872Bytes

75.000msec + 6.818msec +2.178msec

= 10.094 MB/sec(Notch #1)
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3.7 Write Command Performance
Note: This case is forRandomSCSI Write commands, with ReadAheaddisabled.

Figure 16. SCSI Writecommandperformance measurements

3.7.1.1 SCSI Bus Overhead

Note: All times listed in this section are provided forinformation only sothat theperformance forother
environments can be approximated. Thesecomponenttimes should not be measuredagainst thespecifica-
tion.

S1 Selection,Identify Msg., CDB 10 µsec
S2a SDP Msg. 1 µsec
S2b DisconnectMsg., BusFree 1 µsec
S3 Arbitrate, Reselect,Identify Msg. 6 µsec
S4 start SCSI transfer out 3 µsec
S5 SCSI busdata transfer out (Transfer size)/(SCSIData TransferRate)
S6 End SCSItransfer out 4 µsec
S7A SDP Msg. 1 µsec
S7B DisconnectMsg., BusFree 1 µsec
S8 Arbitrate, Reselect,Identify Msg. 6 µsec
S9 Status,Command CompleteMsg., BusFree 3 µsec

Note: The SCSI bus overhead for awrite command iscomposed ofS1,S2(a&b),S3,S4,S6,S7,S8 and S9.
(0.04 msec total).
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3.7.1.2 Command Execution Overhead

P1 Selection,Identify Msg., CDB 10 µsec
P2a SDP Msg. 1 µsec
P2b DisconnectMsg., BusFree 1 µsec
P3 Start seek 258 µsec
P4 Seek (forexample, average seek) (Write Seek = 9.5 or 10.5msec)
P5 Set up write disk transfer 0 µsec
P6 Latency (for example,half revolution) (Latency = 4.17 msec)
P7 Disk data transfer (Data transferred)/(TypicalData Sector TransferRate)
P8 End write disk transfer 75 µsec
P9 SCSI write ending processing 25 µsec
P10 Arbitrate, Reselect,Identify Msg. 6 µsec
P11 Status,Command CompleteMsg., BusFree 3 µsec

Note: The Commandexecution overhead for awrite command iscomposed of P1, P2(a&b), P3, P5, P8,
P9, P10 and P11.(0.38 msec total).

Time to Write data = P 1 + P 2 + P 3 + P 4 + P 5 + P 6 + P 7 + P 8 + P 9 + P 1 0 + P 1 1

Note: Use the 3.6.1.3,“Theoretical Data Sector TransferRate” on page 34 for anapproximation of the
Typical Data Sector TransferRate.

3.8 Skew

3.8.1 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 #). Cylinderskew 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).

3.8.2 Track to Track Skew
Track skew is the timerequired 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).

3.9 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 as timespent 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. Arbitration, Selection, Message
and Commandphases, and disconnects controlled by thedrive are not affected by idle time activities.

Note: CommandTimeout Limits do not change due toidle time functions.
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Following are descriptions of the various types ofidle functions, how often theyexecute and theirduration.
Duration isdefined to be themaximum amount of time theactivity can add to acommand when noerrors
occur. No more than oneidle function will be interleaved with eachSCSI command. Mechanisms tolessen
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.

3.9.1 Performance considerations for Predictive Failure Analysis

This is an idle timefunction.

PredictiveFailure Analysismeasuresdrive parameters and can predict if adrive failure isimminent.

Seven different PFAmeasurements are taken foreach head. All measurements for all heads aretakenover a
period of 4 hours,therefore the frequency of PFA isdependent on thenumber ofheads a particularmodel
has. Thedrive attempts tospread the measurementsevenly in time andeachmeasurementtakesabout 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.

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 SCSI Interface Specification Release 2.03for
more detailsaboutPFA, LITF and TCC.

3.9.2 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.

3.9.3 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.
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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.

3.9.4 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.

3.9.5 Summary

Table 11. Summary ofIdle Time Function Performance Impacts

3.10 Command Timeout Limits
The 'CommandTimeout Limit' is defined as the timeperiod from the SCSI Arbitration phasethrough the
SCSI CommandCompletemessage, associated with aparticularcommand.

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

3.10.1.1 Reassignment Time

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

The drive iscapable of substantial consecutivereassigns to maintainperformance howevergreater than 25
consecutivereassigns may takelonger than 60 seconds.Hardware resets should not beissued when reassigns
are in progress.

3.10.1.2 Format Time

9.11GB models should beallowed an average of 60minutes to complete a"Format Unit" command. The
maximumformat time is 120 minutes

4.55GB models should beallowed an average of 30minutes to complete a"Format Unit" command. The
maximumformat time is 60 minutes

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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3.10.1.3 Start/Stop Unit Time

The drive should beallowed aminimum of 90 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.

3.10.1.4 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.

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.

3.10.1.5 Timeout limits for other commands

The drive should beallowed aminimum of 5 sec tocompletethesecommands:

Inquiry
RequestSense
ReadBuffer

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

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 1.12 pounds 0.506 kilograms 1.79 pounds 0.812 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 begiven to thebottom surface except for a 10 mmmaximumdiam-
eter areaaround thebottom mounting holes.Figure 19 onpage 43 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 70.

4.3 Mounting Guidelines

The drive can bemounted with anysurface facingdown.

The drive is available with bothside andbottom mounting holes.Refer to Figure 17 onpage 41,Figure 19
on page 43 andFigure 18 onpage 42 for thelocation of thesemountingholes for each configuration.

The maximumallowable penetration of the mountingscrews 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 75
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4.3.1 SCA Mounting Guidelines

Since the SCAmounting systemlacks the compliant cabling of alternate connectors(50/68), the system
designermust nowconsider the followingmounting situations anddesign thesystem appropriately for long
term reliability. This list of guidelines is not intended to be exhaustive.

1. The SCA-2 connector should not berequired tosupport theweight of the drive.

2. Operational vibrationoccurring between the matinghalves of the SCAconnector should beavoided.

3. The drive should befirmly securedonce the connector mate hasoccured.

4. The connector wasdesigned to allow for'mismate' or offsetduring theplugging operation. Excessive
offsets between thedrive connector and the backplanewill induce stress on theconnectorsystem and
card.

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

Note: Clearance = 7 mm

Figure 17. Location ofSideMounting Holes of 4.55GBModel

Source filename=SCAMOUNT Page 41 of 82



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

Ultrastar 2XP Hardware/FunctionalSpecification April 16, 1997

Note: Dimensions are in millimeters.

Note: Clearance = 7 mm

Figure 18. Location ofSideMounting Holes of 9.11GBModel
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Note: Dimensions are in millimeters.

Figure 19. Location of Bottom Mounting Holes for 68 Pin Models
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Figure 20. Location of Bottom Mounting Holes for 80 pinSCA-2 models.

4.4 Electrical Connector Locations

The electrical connectors are located asshown in Figure 21 onpage 45,Figure 22 onpage 46,Figure 23
on page 47, andFigure 24 onpage 48.
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Figure 21. Electrical connectors (rearview) -- 80 pin SCA-2 models.
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Figure 22. Electrical connectors (rearview) -- 68 pin models.
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Figure 23. Electrical connectors (rearview) -- 50 pin models.
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Note: Dimensions are in millimeters.

Figure 24. Jumper pinlocations (frontview)
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5.0 Electrical Interface

5.1 Power Connector

The DC power connectorsused on all models(50, 68 and 80 pinSCA-2) are an integralportion of the 50/
68 pin SCSI 'Unitized' Connectors or the 80 pin'SingleConnector Attachment'(SCA-2) Connector.

50 pin models use an AMP connector (PN84160-1)that is compatible with theANSI SCSI "A" connector
specifications.

68 pin models use a Molex connector (PN87360-0001)that is compatible with theANSI SCSI "P" con-
nectorspecifications.

The 80 pin SCA-2 models use a AMP connector (PN5-917593-9)that is compatible with theSpecification
of: 'Single Connector Attachment forSmall SCSI Disk Drives' SFF-8046draft document,revision 2.3,
dated Dec 2,1995. Placement of the connector is in compliance with the SFF-8337,revision 1.2,dated July
27, 1995.

This connector uses 30 micro-inchGold plating for highreliability.

Pin assignments for the 50 and 68 pin models areshown in Table 12.

Table 12. Power connector pin
assignments

Refer to the section entitled2.4, “ Power Requirements” onpage 15 and 2.4.8,“Additional 5V Current
Requirements forDifferential SCSI” on page 21, for details on drivepower requirements.

5.2 SCSI Bus Connector

Ultrastar 2XP has differentmodel types that support 50 or 68 pinSingle-Ended or 68 pin Differential
configurations. Alsosupported is the 80 pin SCA-2 in aSingle-Ended configuration. This sectiondescribes

the signalassignments of theUltrastar 2XP SCSI connectors.

These connectors use 30 micro-inchGold plating for highreliability.

Pin # Voltage
Level

1 +12V

2 Ground

3 Ground

4 + 5 V
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5.2.1 50 Pin Signal Connector

50 pin models use an AMP PN 84160-1connector. The connector is compatible with theANSI SCSI "A"
connectorspecifications. It is limited to 8 bit data transfersonly. Refer to Figure 23 onpage 47 for a rear
view of the 50 pinmodel connector.

The SCSI connector contactassignments for the 50 pin single-endedmodel is shown in Table 13 on
page 50.

Table 13. 50 PinSingle-Ended SCSIConnector ContactAssignments

5.2.2 68 Pin Signal Connector

68 pin models use an AMP connector (PN786963-1)that iscompatible with theANSI SCSI "P" connector
specifications. It can transfer data in both 8 bit(narrow) and 16 bit(wide) modes. Refer to Figure 22 on
page 46 for a rearview of a 68 pinmodel.

The SCSI connector contactassignments for the 68 pin single-ended models areshown in Table 14 on
page 51.

The SCSI connector contactassignments for the 68 pindifferential models are shown in Table 15 on
page 52.

Signal Name Connector Contact
Number

Signal Name

GROUND 1 2 -DB(0)

GROUND 3 4 -DB(1)

GROUND 5 6 -DB(2)

GROUND 7 8 -DB(3)

GROUND 9 10 -DB(4)

GROUND 11 12 -DB(5)

GROUND 13 14 -DB(6)

GROUND 15 16 -DB(7)

GROUND 17 18 -DB(P)

GROUND 19 20 GROUND

GROUND 21 22 GROUND

GROUND 23 24 GROUND

OPEN 25 26 TERMPWR

GROUND 27 28 GROUND

GROUND 29 30 GROUND

GROUND 31 32 -ATN

GROUND 33 34 GROUND

GROUND 35 36 -BSY

GROUND 37 38 -ACK

GROUND 39 40 -RST

GROUND 41 42 -MSG

GROUND 43 44 -SEL

GROUND 45 46 -C/D

GROUND 47 48 -REQ

GROUND 49 50 -I/O
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Table 14. 68 PinSingle-Ended SCSIConnector ContactAssignments

Signal Name Connector Contact
Number

Signal Name

GROUND 1 35 -DB(12)

GROUND 2 36 -DB(13)

GROUND 3 37 -DB(14)

GROUND 4 38 -DB(15)

GROUND 5 39 -DB(P1)

GROUND 6 40 -DB(0)

GROUND 7 41 -DB(1)

GROUND 8 42 -DB(2)

GROUND 9 43 -DB(3)

GROUND 10 44 -DB(4)

GROUND 11 45 -DB(5)

GROUND 12 46 -DB(6)

GROUND 13 47 -DB(7)

GROUND 14 48 -DB(P)

GROUND 15 49 GROUND

GROUND 16 50 GROUND

TERMPWR 17 51 TERMPWR

TERMPWR 18 52 TERMPWR

OPEN 19 53 OPEN

GROUND 20 54 GROUND

GROUND 21 55 -ATN

GROUND 22 56 GROUND

GROUND 23 57 -BSY

GROUND 24 58 -ACK

GROUND 25 59 -RST

GROUND 26 60 -MSG

GROUND 27 61 -SEL

GROUND 28 62 -C/D

GROUND 29 63 -REQ

GROUND 30 64 -I/O

GROUND 31 65 -DB(8)

GROUND 32 66 -DB(9)

GROUND 33 67 -DB(10)

GROUND 34 68 -DB(11)

Note: 8 bit devices whichconnect to theP-cable should tie thefollowing signals inactive: -DB(8),
-DB(9), -DB(10), -DB(11), -DB(12), -DB(13), -DB(14), -DB(15),-DB(P1). All other signals shall
be connected as defined.
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Table 15. 68 PinDifferential SCSI Connector ContactAssignments

5.2.3 80 Pin (Single Connector Attachment) Connector

The 80 pin SCA-2 models use a AMP connector (PN5-917593-9)that iscompatible with theSpecification
of: 'Single Connector Attachment forSmall SCSI Disk Drives' SFF-8046draft document,revision 2.3,
dated Dec 2,1995. Placement of the connector is in compliance with the SFF-8337,revision 1.2,dated July
27, 1995.

This connector uses 30 micro-inchGold plating for highreliability.

Data transfers in both 8 bit(narrow) and 16 bit(wide) modes are supported.Refer to Figure 21 onpage 45
for a rear view of an 80 pinmodel.

Signal Name Connector Contact
Number

Signal Name

+DB(12) 1 35 -DB(12)

+DB(13) 2 36 -DB(13)

+DB(14) 3 37 -DB(14)

+DB(15) 4 38 -DB(15)

+DB(P1) 5 39 -DB(P1)

GROUND 6 40 GROUND

+DB(0) 7 41 -DB(0)

+DB(1) 8 42 -DB(1)

+DB(2) 9 43 -DB(2)

+DB(3) 10 44 -DB(3)

+DB(4) 11 45 -DB(4)

+DB(5) 12 46 -DB(5)

+DB(6) 13 47 -DB(6)

+DB(7) 14 48 -DB(7)

+DB(P) 15 49 -DB(P)

DIFFSENS 16 50 GROUND

TERMPWR 17 51 TERMPWR

TERMPWR 18 52 TERMPWR

OPEN 19 53 OPEN

+ A T N 20 54 -ATN

GROUND 21 55 GROUND

+ B S Y 22 56 -BSY

+ A C K 23 57 -ACK

+ R S T 24 58 -RST

+ M S G 25 59 -MSG

+ S E L 26 60 -SEL

+ C / D 27 61 -C/D

+ R E Q 28 62 -REQ

+ I / O 29 63 -I/O

GROUND 30 64 GROUND

+DB(8) 31 65 -DB(8)

+DB(9) 32 66 -DB(9)

+DB(10) 33 67 -DB(10)

+DB(11) 34 68 -DB(11)

Note: 8 bit devices whichconnect to theP-cable should tie thefollowing signals inactive:
+/-DB(8), +/-DB(9), +/-DB(10), +/-DB(11), +/-DB(12), +/-DB(13), +/-DB(14), +/-DB(15),
+/-DB(P1). All other signals shall beconnected as defined.
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The SCSI connector contactassignments for the 80 pin single-ended models areshown in Table 16 on
page 53.

Table 16. 80 PinSCA-2 Connector ContactAssignments

Signal Name Connector Contact
Number

Signal Name

12 V Charge 1 41 12V Ground

12 Volt 2 42 12V Ground

12 Volt 3 43 12V Ground

12 Volt 4 44 Mated 1

Reserved /NC 5 45 Reserved /NC

Reserved /NC 6 46 Ground

DB(11) 7 47 Ground

DB(10) 8 48 Ground

DB(9) 9 49 Ground

DB(8) 10 50 Ground

I/O 11 51 Ground

REQ 12 52 Ground

C/D 13 53 Ground

SEL 14 54 Ground

MSG 15 55 Ground

RST 16 56 Ground

ACK 17 57 Ground

BSY 18 58 Ground

ATN 19 59 Ground

DB(P0) 20 60 Ground

DB(7) 21 61 Ground

DB(6) 22 62 Ground

DB(5) 23 63 Ground

DB(4) 24 64 Ground

DB(3) 25 65 Ground

DB(2) 26 66 Ground

DB(1) 27 67 Ground

DB(0) 28 68 Ground

DB(P1) 29 69 Ground

DB(15) 30 70 Ground

DB(14) 31 71 Ground

DB(13) 32 72 Ground

DB(12) 33 73 Ground

5 Volt 34 74 Mated 2

5 Volt 35 75 5 V Ground

5 V Charge 36 76 5 V Ground

SLAVE SYNC 37 77 Active LED Out

AUTO START 38 78 AUTO START DELAY

SCSI ID(0) 39 79 SCSI ID(1)

SCSI ID(2) 40 80 SCSI ID(3)

Note: 8bit devices whichconnect to the SCA connector should tie thefollowing signals inactive
high: DB(8), DB(9), DB(10), DB(11), DB(12), DB(13), DB(14), DB(15),DB(P1) or select
"ENABLE NARROW MODE" on the Front Option JumperBlock and 'float' the samesignals.
All other signals shall beconnected as defined.
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5.2.4 SCSI Bus Cable

Single-endedmodels permitcable lengths of up to 6 meters (19.68feet). It should be notedhowever that
users who plan to use "Fast" data transfers withsingle-endedmodels shouldfollow all of the ANSI SCSI
guidelines for single-ended"Fast" operations. This mayinclude a cable length ofless than 6meters.

Fast-20 models permitcable lengths of up to 3 meters(3.25 feet)

SCA-2 connector models are notdesigned for direct cableattachment due to the combination of power and
SCSI bus signals. "Fast" data transfers with SCA models shouldfollow all of the ANSI SCSI guidelines for
single-ended"Fast" operations.

Differential models permitcable lengths of up to 25 meters (82.02feet). Cablesmust meet the requirements
for differential cables as setforth in the ANSI SCSI standard under"Cable Requirements -Differential
Cable".

The ANSI SCSI standardstatesthat any stubfrom main cablemust notexceed 0.1meters forsingle-ended

cables and 0.2meters fordifferential cables.Ultrastar 2XP has a maximuminternal stub length of 0.05
meters on all'single ended' SCSI signals, and 0.1meters on all 'differential'SCSI signals. To remain
compliant with the standard the SCSI buscablemust not add more than 0.05meters additionalstub length
to any of the single-endedSCSI signals or 0.1meters to anydifferential SCSI signals.

5.2.5 SCSI Bus Terminators (Optional)

Upon request,SingleEnded 50 and 68 pinmodels are available with on cardSCSI busActive terminators.

For thosecards having the ActiveTermination feature, thisfunction can be enabled byinstalling a jumper
between pins 13 and 14 of theFront Option JumperBlock or connecting pins 9 and 11 of theAuxiliary
Connector on 68 SCSI pinmodels. (Refer to Figure 25 onpage 57,Figure 26 onpage 58, andFigure 29
on page 61.) The usingsystem is responsible for making surethat all requiredsignals areterminated at both
ends of the cable. See5.2.7, “SCSI Bus Electrical Characteristics” on page 55 forinput capacitancevalues
when terminators aredisabled and whenterminators are not populated on thecard.

80 pin SCA-2 Models do nothave internalSCSI bus terminators.

Some externalterminatorpossibilities forsingleended cabled systems arelisted below: .

Table 17. SingleEndedSCSI Terminators

Differential models do not have internalSCSI bus terminators. Someexternal terminator possibilities are
listed below: .

Table 18. Differential SCSI Terminators

50 Pin Model Terminators 68 Pin Model Terminators

Data MateDM2000-02-R

Data Mate DM500-06-R

Data MateDM2050-02-68S

Data MateDM2050-02-68R

50 Pin Model Terminators 68 Pin Model Terminators

Data MateDM550-05-0

Data MateDM1050-02-0

Data MateDM2050-01-68D
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5.2.6 SCSI Bus Termination Power

Termination power isoptionally provided forsystemsthat desire to use it. Inorder to use the termination
power, the userneeds to install ajumper between pins 1 and 2 of theTermPower Block. (Refer to
Figure 25 onpage 57,Figure 26 onpage 58.) Thejumper should only beinstalled on one device,which
should be thelast device on theSCSI bus(i.e. the drivethat is physically closest to aterminator). 68 pin
models can source up to 2.0Amps of current at 5.0 Volts ( + - 5%) fortermination power. 50 pin models
can source up to 1.5Amps of current at 5.0 Volts ( + - 5%) fortermination power.

5.2.6.1 SCSI Bus Termination Power Short Circuit Protection

The ANSI SCSI specification recommends fordevices that optionally supply TERMPWR, to include
current limiting protection foraccidentalshort circuits. It alsorecommends that themaximumcurrentavail-
able for TERMPWR should be 2 Amps. UL has adifferent requirementthat they call the 8 Amp rule.
This rule statesthat when apower source leaves anenclosure(like SCSI TERMPWR in theSCSI cable), it
must trip 8 Amps of current within 1 minute.

The Ultrastar 2XP drive limits current to 5.0Amps thru the use of a permanent fuse mounted on the
electronics card.

Systems may also provideshort circuit protection fordrive suppliedTERMPWR by limiting the current of
the 5 Volt power itsupplies to the drive.

5.2.7 SCSI Bus Electrical Characteristics

The following DC operatingcharacteristicspertain to thesingle-endedSCSI bustransceivers. All of these
parameters meet theANSI SCSI-2 requirements.

Ta = 0 to 70 deg. C

Table 19. Single-Ended Bus Electrical Characteristics

Differential models meet all electrical requirements asdefined in theANSI SCSI-2 standard under"Electrical
Description -Differential Alternative".

Symbol SCSI I/O Parameters min max Units Notes

Vol low level output voltage 0.4 V Iout = 48 mA

Fast-20Models 0.5 V

Voh high level output voltage 2.5 V Iout = -400 uA

Vil low level input voltage -0.2 0.8 V

Fast-20 1.0 V

Vih high level input voltage 2.0 5.5 V

Fast-20 1.9 V

Iil low level input current 10 uA

Iih high level input current 50 uA

Vihys input hysteresis 0.3 V

Ci input capacitance 25 pF w/terminators disabled, Typ. = 19 pF

Ci input capacitance 19 pF w/o terminators, Typ. = 14 pF
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5.3 Option Block Connector (Jumper Blocks)
Ultrastar 2XP models contain a jumperblock that can beused to enable certain features and select the
SCSI ID of the drive. This jumper block is refered to as the'Front' Option JumperBlock due to its
location on thedrive (opposite the SCSI connector). This jumperblock varies in pindefinition based on
interface type ( 50, 68, Differential,SCA-2).

The OptionBlock connector(2x16) used on50,68 and 80 pin models is an AMP connector (PN84156-5)
having a pin spacing of 2mm.

The IBM Part Number for the 2mmjumpers is45G9800 and theTermination Power Enable jumperPart
Number is21H0793.

The 45G9800 PN is:-

2mm spacing,w/tab 8.5mmlong, connector is 3.5 mm long

Contact --30micro-inch gold plating withnickel underplate

Supplier --HIROSE A3-SP(B)(13), or approvedequivalent.

The 21H0793 PN is:-

2.54mmspacing,wo/tab connector is 5.08 mm long

Contact --30Uin Gold

Supplier --METHODE 9608-202-35, orapprovedequivalent.
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Figure 25. 50 pinSingleEndedFront Option JumperBlock andTermPowerBlock
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Figure 26. 68 pinSingleEndedFront Option JumperBlock andTermPowerBlock
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Figure 27. SCA-2 Front Option JumperBlock
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Figure 28. 68 pinDifferential Front Option JumperBlock
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5.3.1 68 Pin Auxiliary Connector

Figure 29. Auxiliary Connector on the 68 pin Connector

Note: Either theFront Option Block "OR" the Auxiliary block may be used but notboth.

The 68 pin models contain an 'Auxiliary' connectorthat replicatessome of the functions contained in the
Front Option JumperBlock. The Auxiliary connectorsignal definition conforms to the SCSI document:
SFF-8009 Rev 2.0definition with the following exceptions:

1. EXTERNAL FAULT (XTFALT-) is not supported on pin 2

2. AUTO SPIN START waschosen as the 'vendorunique' signal assignment (on pin 4.) (Thissignal is
an input to thedrive. The SCSI spec (SCSI SFF-8009)specifiesthis pin as anoutput.) This signal
should beuseful for those applicationsthat want to"auto-start" thedrive based on location dependent
SCSI ID.

This pin should be handled in one of thefollowing ways:

a. tied toground (autospin start enabled)

b. allowed to'float' (no connection)

c. driven with anopencollector driver(>1mA sink capability)

The Auxiliary Connector is shown infigure Figure 29.
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5.3.2 SCSI ID (Address) Pins
Information on how to select aparticular address for theSCSI device ID is given inTable 20 and Table 21.

Note: In the addressdeterminationtables,"off" means jumper is not inplace and "on"means jumper is in
place.

Table 20. Address Determination of 68
and 80 Pin Models

Table 21. Address Determination
of 50 Pin Models

5.3.3 Auto Start (& Delay) Pins

The Auto Start andAuto Start Delay pins control when and how thedrive can spin up and comeready.
When configured forAuto-Startup, themotor spins up afterpower isapplied without the need of aSCSI
Start Unit command. For no Auto-Startup, aSCSI Start Unitcommand isrequired to make thedrive spin
and be ready for mediaaccessoperations. When in Auto-Startup mode, thedrive will delay itsstart time by
a period of time multiplied by its ownSCSI address.Table 22 onpage 63 andTable 23 onpage 63show
whether or notAuto-Startup mode isactive and the delayperiods, where applicable, for allcombinations of
the pins.

BIT
3

BIT
2

BIT
1

BIT
0

ADDRESS

off off off off 0

off off off on 1

off off on off 2

off off on on 3

off on off off 4

off on off on 5

off on on off 6

off on on on 7

on off off off 8

on off off on 9

on off on off 10

on off on on 11

on on off off 12

on on off on 13

on on on off 14

on on on on 15

BIT
2

BIT
1

BIT
0

ADDRESS

off off off 0

off off on 1

off on off 2

off on on 3

on off off 4

on off on 5

on on off 6

on on on 7
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Table 22. Auto-StartupModesselectable byAuto-Start/Delay Pin Combinations

Table 23. Auto-StartupModesselectable byAuto-Start/Delay Pin Combinations

5.3.4 External Activity (LED) Pins

The LED pins can be used todrive an external LightEmitting Diode. Pleaserefer to the LED pinsection
of the Ultrastar2 XP Interface Specification for a detailed functional description of this pin.

Up to 33 mA ( + / - 5%) of TTL level LED sink current capability is provided.Current limiting for the
LED is as shown in thefollowing diagram.

Pins (50 & 68 interface pin models) Drive Behavior

AUTO START
DELAY

AUTO START Auto-Startup Mode ? Delay (sec) Multiplier

off off NO na

off on YES 0

on off YES 10

on on YES 4

Pins (80 interface pin models) Drive Behavior

AUTO START
DELAY

AUTO START Auto-Startup Mode ? Delay (sec) Multiplier

off off YES 0

off on NO na

on off YES 10

on on NO na

Figure 30. LEDCircuit Diagram
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5.3.5 Write Protect Pin

If the Write Protect pin is jumpered to ground thedrive will prohibit SCSI commands thatalter the cus-
tomer dataareaportion of themedia from being performed. The state of this pin ismonitored on a per
commandbasis. See theUltrastar2 XP Interface Specification for functional details. detailed functional
d

5.3.6 Option Block Mode Pin

The OptionBlock Mode pin isused to modify the function of theFront Option JumperBlock. When the
Option Block Mode Pin is not grounded (refer to Figure 25 on page 57, Figure 26 on page 58 and
Figure 27 onpage 59) the pinfunction of theFront Option JumperBlock will be as defined by theupper
portion of thereferenced figures.When the OptionBlock Mode Pin isgrounded the pins(25,27,29,31)will
be redefined tocontrol what is referred to as'ALTERNATE MODE'. ALTERNATE MODE allows tai-
loring of SCSI options such as'boot up' characteristics andother operationalfeatures on a percustomer
basis.

The state of these pins immediatelyafter power isapplied to thedrive will determine their function.

5.3.7 Disable Sync. Negotiation Pin
If a Disable Target InitiatedSynchronous Negotiation pin is grounded then an Initiator isrequired to start a
negotiation handshake if Synchronousand/or 'Wide' (DoubleByte) SCSI transfers are desired. Pleaserefer
to Ultrastar2 XP Interface Specification for more details onthis feature.

5.3.8 Disable SCSI Parity Pin
Groundingthis pin will disableSCSI Paritychecking.

5.3.9 Disable Unit Attention Pin
Grounding this pin will disable the drivefrom building Unit Attention Senseinformation for commands
immediately following a Power On Reset(POR) or SCSI Bus Reset. Any pending UnitAttention condi-
tions will also be cleared at POR orSCSI Resettimes.

5.3.10 Customizing Pin

The customizing pin is currentlyreserved forfuture use.

5.3.11 Enable Narrow Mode

Jumpering pin 14 to pin 13(refer to Figure 27 onpage 59),will cause the 68 pin Differential or the 80 pin
SCA-2 to operate in aSingle Byte mode. Thedrive will not negotiate for'Wide' (DoubleByte) operation.
The drivewill terminate the unusedupper byte and upper byteparity on theSCSI bus.

5.3.12 Enable Active Termination

Upon request,SingleEnded 50 and 68 pinmodels are available with on cardSCSI busActive terminators.

For thosecards having the ActiveTermination feature, thisfunction can be enabled byinstalling a jumper
between pins 13 and 14 of theFront Option JumperBlock or connecting pins 9 and 11 of theAuxiliary
Connector on 68 SCSI pinmodels. (Refer to Figure 25 onpage 57,Figure 26 onpage 58, andFigure 29
on page 61.)
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5.4 Spindle Synchronization for Ultrastar 2XP Drives Only

5.4.1 Spindle Synchronization Overview

There are four modes ofspindle synchronization. Reference Figure 31 for alist of how the -MASTER
SYNC and -SLAVE SYNC pins on theOption JumperBlock are used for thedifferent modes. Thefol-
lowing paragraphs give a shortdescription of each spindlesynchronization mode:

The Slave drive (SlaveSync mode) receives theindex from the Masterdrive on the -SLAVE SYNC line
and synchronizes itsINDEX (Slave index) to it.
Should thedrive be theMaster drive, (Master Sync mode), it outputs its INDEX on the -MASTER
SYNC and the -SLAVE SYNC lines. TheMaster drive does not synchronize its index to anyother
device. It simply outputs itsINDEX.
In the MasterSync Control mode, adrive will synchronize its spindle to thesignal it receives on the
-SLAVE SYNC input. It outputs to-MASTER SYNC a pulse that has thesame period as thedrive
INDEX, but is not synchronized to thedrive INDEX generatedfrom the disk.
In the non-sync mode, thedrive will receive the -SLAVE SYNC signal, but it is notused by thedrive.

Reference theUltrastar2 XP InterfaceSpecificationfor further information on thedifferent synchroniza-
tion modes.

SpindleSynchronizationControl Lines FunctionalMode

-MASTER SYNC -SLAVE SYNC

released receive Slavesync

drive drive MasterSync.

drive receive MasterSyncControl

released receive nonsync

Figure 31. Spindle SynchronizationFunctional Modes

Drive Synchronization withOffset.

The drive electronicsreceives theMaster Index andcreates the delayed SlaveIndex from the drive
INDEX. The delay is determined by using theSCSI Mode Selectcommand,Rigid Disk Drive Geometry
Parameters (Page 4). A rotational offset of0/256 of arevolution up to255/256 of arevolution may be
selected inincrements of 1/256 of a revolution. Reference theUltrastar2 XP InterfaceSpecification
for further information on the rotational offset of synchronizedspindles.

SynchronizationTime

The SCSIMode Selectcommand isused to select the Spindle Sync. Itcould take up to 5.0 seconds (
2.5 sec.nominally ) to synchronize theSlave drive to theMasterdrive. While the Slave drive issynchro-
nizing to theMaster, itwill not be able toread and writedata. Once synchronized, thedrive will main-
tain + / - 20usecsynchronization tolerance.

Source filename=SYNC7_12 Page 65 of 82



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

Ultrastar 2XP Hardware/FunctionalSpecification April 16, 1997

Figure 32. Slave-Sync toSlave-Index Timing

5.4.2 Spindle Synchronization Bus

The spindlesynchronization Busconsists of the twosignal lines,-MASTER SYNC and -SLAVE SYNC.
which show the location ofthesesignal lines on theOption JumperBlock connector. One potentialconfig-
uration of this bus fordrives that are to beused in a synchronized mode isshown in thefollowing figure.
This example requires the -SLAVE SYNC lines to be daisychained together.

Figure 33. Daisy-Chain Connection of Synchronization Bus
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Termination

Bus termination of the-MASTER SYNC and -SLAVE SYNC signals isinternal to thedrive. These
two signalseach have a 5K ohmpullup to the + 5 volt supply. A maximum of 30drives canhave their
-MASTER SYNC or -SLAVE SYNC lines daisychained together. Violating thiscould damage the
Masterdrive line driver on the-MASTER SYNC and/or -SLAVESYNC line.

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

Bus Characteristics

− maximum Buslength = 6 meters
− 2 micro-secondnegative activepulse(when sourced bydrive)
− minimum of 1micro-secondnegative activepulse when externallysourced
− 0.8 volts = maxvalid low input
− 2.2 volts = minvalid high input
− 0.4 volts = lowoutput
− Vcc volts = High output
− 60 milli-amps = maximum output lowlevel sink current

The driverused for these twosignal lines is anopen collector.

-SLAVE SYNC Input Timing Requirements

If the input to -SLAVE SYNC is supplied by an external sourceother than aUltrastar 2XP drive,
the period of theinput signalmust be8.333msec with a tolerance of+/- .025%.
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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 17.3

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 and systemdesigncompatibility. 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 duty cycle will affectfailure rates. Failure rate
projections may only be determined fromdrive system testing.Contact yourtechnicalsupportrepresentative
for further information andassistance.

3 * 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 35 onpage 72defineswheremeasurements should be made to determine the topdisk enclo-
sure temperatureduring drive operation. Figure 34 onpage 71defines 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 24 onpage 71 are not exceeded.
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Table 24. 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 Module4 194˚F (90˚C) 176˚F (80˚C)

SCSI Module 176˚F (80˚C) 140˚F (60˚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 34. Temperature MeasurementPoints (bottomview)

4 For continuousread applications the channelmodule will run at higher temperatures andwill require additional
cooling.
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Figure 35. 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 mounting with the6-32 bottom holes with thedrive on 2 mm high by 10 mmdiameterspacers as
required by section4.2, “Clearances” on page 40

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 requiredthroughputspecifications whensubjected 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 25. 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

Swept Sine Vibration

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. For input 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 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 requires 0.78 inchdouble 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 26. 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).

Source filename=OPLM7_12Page 74 of 82



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

Ultrastar 2XP Hardware/FunctionalSpecification April 16, 1997

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 Mounting Guidelines
1. Use of the extremeside mounts will align the driveCenter of Gravity(CG) closer to thecenter of

stiffness. This willminimize off axis coupling and in-plane yawrotation about thespindleaxis.

2. Orient thespindleaxis parallel to thedirection ofminimum shockloading.

3. The carrier should 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 provide naturalfrequenciesabout 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 awayfrom 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 themounting gap totighter toler-
ances. Aflexible carrier maycontain resonancesthat causeoperational vibrationand/or shock prob-
lems.

5. If isolators are to be used,design formaximumsway. Adequateclearancearound alledges arenecessary
for cooling andshock impacts. Maximum sway is usuallydetermined by geometry and compressibility
limits of the isolatorgrommetplus somecarrier/rackflexibility. Metal to metal impactsmust beavoided
because they result inshort 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 regulation when the
maximum number ofdrives are installed in thesystem.

Specialconsiderationmust begiven to hot plug and differentialdrive/systemdesigns.
Refer to 2.4.7, “'Hot Plug/Unplug' support” onpage 20 of this specification for
requirements andguidelines.

Thermal The systemmust supply adequatecooling and air flow to maintain casting and
module temperaturelisted in Table 24 onpage 71. Operating Limits in accordance
with the Temperature measurement points shownFigure 35 onpage 72. 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 74 and 7.2.5,“Non-Operating Shock” onpage 74. Both operating andnon-
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operating shock should be measured in all 3planes andfound to be within thelimits
set in this specification.

Vibration (Operating and Non-Operating)
The systemmust maintain anenvironment that iscompatible with the operating
vibration specification found in section 7.2.2, “Operating Vibration” on page 73 .
Randomvibration must bemeasured in all three planes andfound to be compatible
with the vibrationlevel in Table 25 onpage 73. Swept SineVibration must also be
measured and be compatible with7.2.2,“Operating Vibration” onpage 73.

To achieve systemcompatibility for vibration, it is recommendedthat the system
conform tosection 7.5, “Drive Mounting Guidelines” on page 75 .

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 40.

Electrostatic Discharge(ESD)
The drive contains electrical componentssensitive to ESD. System design and
assembly process,must protect thedrive andmust beverified to conform the the pro-
tection, care andhandling guidelines found in section 7.10, “ESD Protection” on
page 79.

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 49.

Verification of the precedingparameters is recommended prior to starting a system 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 be determinedthrough functional testing. Adequate
system testingmust beperformed to demonstrate conformance to theData Reliability requirements,refer-
ence 6.2,“Data Reliability” on page 68.

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 and qualified toless than 50 G's in themanufacturing
environment. Thefollowing are things to consider in thehandling 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:
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Wear ESD protection at alltimes

Treat drives as youwould "Eggs" or "Glass Stemware"

Handle onedrive at a time

Handledrive by the sidesonly, avoid grasping the card

Replacedrive into original packaging fortransport

Pad ALL drivework areas (1"foam under 1/4" 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 place with 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 36. 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 all surfaces that areallowed to touch or
come close to the device arerecommended.

Known ESD dangerssuch aswalking across acarpet carrying thedevice should 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 a European test agency CertifiedBody. The TUV
mark is located on theproduct.

TUV R 9371775Page 7

FLAMMABILITY REQUIREMENTS

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 safehandling 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 under California Safe Drinking Water and Toxic
Enforcement Act1986(Also known as California 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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