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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-standardnterface:
— 50 pin ANSI SCSI-2 Single-Ended
— 68 pin ANSI SCSI-3 Single-Ended obifferential
— SingleConnector Attachment (SCA-80-pin)
Rotary voice coilmotor actuator
Closed-loopdigital actuatorservo
Embeddedsector servo
Magnetoresistivé MR) heads
8/9 rate encoding
EnhancedPartialResponseMaximum Likelihood (EPRML) datachannel withdigital filter
No-ID0O sectorformat
All mounting orientations supported
Jumperable autgpindlemotor start
Jumperabldrive suppliedterminator power on some models
Jumperable on boardctive SCSI terminators (Optional on sonmeodels)
Jumperablewrite protection
Spindle synchronization
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LED Driver
512KB segmented cache buffer, 1IM@ptional on somanodels)
Bezel(Optional on someanodels)

Performance Summary

« Average readeek time4.55GB : 7.5milliseconds

« Average readeek time9.11GB, : 8.5milliseconds

« AveragelLatency: 4.17 milliseconds
Media datatransfer rate10.2881 to 15.432MegaBytes/second (8 bands)
SCSI datatransfer rate: 1MegaTransfers/second (sustaingthchronous)
Fast-20 SCSI dat&ransfer rate: 20MegaTransfers/second (sustaingthchronous)
SCSI BusOverhead: < 40 microseconds

Interface Controller Features

SCSI busparity
SCSldisconnect and reconnect capability
Multiple initiator support
FastSCSI supported

« Fast-20 SCSI supported

- Wide SCSI models
Integrateddifferential tranceivergOptional on somenodels)
Variablelogical block lengths 6§12 - 740 supported

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

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

For example:-

— Disable Target Initiate®ynchronous Negotiation
Disable UnitAttention

Disable SCSI Parity

Auto Start Delay

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

The Ultrastar 2XP disk drive is available in the followingnodels:
« 4.55GBcapacity
+ 9.11GBcapacity

50 pin SCSI connector modelsffer an 8 bitSCSI bususing theSCSI 'A' connector. 68 pin SCSI con-
nector models offer an 8/16 b&CSI bususing theSCSI 'P' connector whickupportsWide data trans-
fers.

80 pin SCSI connector modetdfer an 8/16 bitSCSI bususing theSCA-2' connector.
All models support FasbCSI datatransfers
Fast-20 models supports Fast-20 SCSI dadasfers

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

The following options arealso available:
- 512kB or, 1MB cache

— Jumperableactiveterminators on 50, 68-pisingle-endednodels.

4.55GB HDA Type Capacity GB SCSI Pins/Connector Type SCSI Electrical Signal Type
Models 1"
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 HDA Type Capacity GB SCSI Pins/Connector Type SCSI Electrical Signal Type
Models 1.6"
DCHS 09F Pl 9.11GB 50/'A' Connector Single Ended Fast
DCHS 09z P9 4.55GB 50/'A' Connector Single Ended F20
DCHS oow Pl 9.11GB 68/UnitizedConnector Single Ended Fast/Wide
DCHS 09D Pl 9.11GB 68/UnitizedConnector Differential Fast/Wide
DCHS 09S Pl 9.11GB 80 SCA-2 Single Ended Fast/Wide
DCHS 09U Pl 9.11GB 68/UnitizedConnector Single Ended Fast/Wide F20
DCHS 09X Pl 9.11GB 68/UnitizedConnector Differential Fast/Wide F20
DCHS 09Y Pl 9.11GB 80 SCA-2 Single Ended Fast/Wide F20
Note: Please refer to sectio®.3, “Capacities by Formatength” onpage 14 for exactapacities based omser blocksize.
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2.1 General

Note:

The recordingband located nearest the diskuter diameter (OD) is referred to a®Notch #1', the

recordingband located nearest the inner diametf@b) is called ‘Notch #8'.'Average'values are weighted
with respect to thenumber of LBAs per notch when thdrive isformatted with 512 byte blocks.

Data transfer rates

Notch #1

Notch #8

Average

Buffer to/from media

15.4321

10.2881

13.2281

Host to/from buffer

MB/s (instantaneous)

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 (measu

red at nominaloltage and temperature)

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

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

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

Page 12 of 82
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2.2 Notch Details

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

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

2.2.1 Models 4.55GB and 9.11GB

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

Table 1. LBA andcylinder notchtable for 512Byte Format

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

Table 2. Maximum LBA's andcylinders

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

2.3 Capacities by Format Length

Maximum User Logical Block Address / drive
User bytes / logicalblock 4.55GB Model 9.11GB Model

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

Table 3. User LBAcapacity

User bytes / drive
User bytes / logicalblock 4.55GB Model 9.11GB Model

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

Table 4. Usemyte capacity

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

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

Page 14 of 82
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2.4 Power Requirements

2.4.1 Specifications

The following voltage specificationapply at thedrive power connector. There is ngpecialpower on/off
sequencing required. Fddifferential SCSI modelssee:2.4.8,“Additional 5V Current Requirements for Dif-
ferential SCSI” onpage 21.

Input Voltage
+5 Volts Supply
+12 Volts Supply

5V (£ 5% during run andspin-up)
12V (x 5% during run) (+5% / -7% duringpin-up)

Power Supply On/Off Requirements

+5V 4.5 V/secMinimum Slew.
The +5 Volt supply musimaintain aminumum of 0.20volts for a period of
200 milli seconds after either the +5 volts decdysmow 4.1 volts or the +12
volts decays below 9.25 volts durimgpwer off.

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

Population
Power Supply Current 4.55GB Model Mean Range

+5VDC (idle avg) 1.068Ampst +/- 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 Amp3 +/- 0.3

Power Supply Current 9.11GB Model

+5VDC (idle avg) 1.085Ampst +/- 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 Amp3 +/- 0.3

Energy Consumption (JapaneseRequirement Only)

4.55GB
9.11GB

Note: EnergyConsumptionindex =

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

0.002 per MB
0.001 per MB

Idle Power/Capacity W/MB)

2 The StartCurrent is thetotal 12volt current required by thdrive.

Sourcefilename=PWR7_12
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2.4.2 RMS Power Measurements

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

Table 5. Power Measurementsadeusing Clarke Hess Model 25®igital Wattmeter

Note: For the purpose otalculations 0.036Watts per op can be used for the 4.55GB0a®8B Watts per
op for 9.11GB This is not completely accurate because of the non lsezde but can beised for approxi-

mations.

Example

If 4.55GB power wagequired for 90 ops per second the calculatwould be asfollows

Idle power = 11.03Watts
90 ops/second = 9006.036 = 3.24Watts

Total Power = 11.03 + 3.24 = 14.2¥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

Table 6. Power Measurementsadeusing Clarke Hess Model 25®igital Wattmeter

2.4.2.1 Differential Models
The powerincrease for differential modelwill be between 0.5 watts dtlle to 1.0watts for 60 ops/s.

2.4.3 Power Supply Graphs

These graphsvere obtained bymeasuring apopulation ofdrives from the normalmanufacturingprocess.
The results are the averafi|mm this population taken at nominaloltage conditions.

All power supplies arenominal.

The results exclude inductive spikes caused by lepdsyer supplies andcomponents thawill vary with
different setupconfigurations.
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2.4.4 Power Supply Ripple

Externally Generated Ripple
as seen adrive power connector

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

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

2.4.5 Input Capacitance

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

+12VDC 60 microfarad

2.4.6 Grounding Requirements of the  Disk Enclosure

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

From aElectroMagnetic Compatibilit{ EMC) standpoint itwill, in mostcases bereferable tocommon the
Disk Enclosure to the systemfsounting frame. With this in mind, it is important that thédisk Enclosure
not become arexcessivereturn current path from theystem frame tgower supply. Thedrive'smounting
frame must bewithin +/- 150 nillivolts of the drive'spower supply ground. At no time shouldore than
35 milliamps of current (0 to 100Mhz) bi@jectedinto the disk enclosure.

2.4.7 'Hot Plug/Unplug' support

The term'Hot Plug', refers to theaction of mechanicallyengaging a device t@power and / or SCSI bus
when otherdevices may be active on tleame bus.

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

Note: Case 3 igdefined asCurrent I/Oprocesses not allowed during insertionremoval'

Case 4 igdefined asCurrent 1/Oprocesses allowed during insertion m@moval’
While every effort was made to design the drive not to influence $I@&SI| busduring these events, it is a
system responsibility to insure voltage regulation amhformance to operational and non-operational shock
limits.
During Hot un-Plug the operational shodinit specifications should not be exceeded.tifis cannot be

guaranteedhen thedrive should be issued 8CSI Stop Unitcommand that isallowed to completebefore
un-plugging. The basicequirement ighat while the drive isoperational or spinning down (asrasult of a
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UNIT STOP orUn-Plug) the operationathocklimits are in effect. Once thedrive hascompletelystopped
(15 secondsnax) the non-operational shodinits are ineffect. Therecommended procedure is élow the
un-pluggeddrive to rest in the drive bay for minimum of 15seconds and then complete the removal.

During Hot Plugevents thenon-operational shockevels should not beexceeded. Theperational shock
levels of adjaentdrives should not be exceeded as well. Tieeommended procedure is to prohibitite
operations to adjacerdrivesduring the HOTPLUG andduring the HOTUN-PLUG actions.

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

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

2.4.7.1 (SCA-2 models)

Based on thisclassification, theUltrastar 2XP 80pin SCA-2drive is designed to b&ase 4' compliant
when the system has properilpplemented the SFF-804guidelines.

2.4.7.2 (50,68 pin models)

Based on theSCSI Parallel Interface classification, it isecommended that thasing systemcomply with
'‘Case 3'guidelines toeliminate the chance diffecting an activebus.

In systemsthat cannotafford to quiesce th&sCSI bus, but can meet the requirements/oltage regulation,
operational and non-operational shock, fodowing guidelines areecommended taninimize the chance of
interferingwith the SCSI Bus:

Plug
Common ground should be made betwekerice andpower supply ground
Plug device onto the bus

Power updevice ( no special segucing of 5 or 12 volts)

P W bd PR

Device is ready to baccessed

Un-Plug

=

Power downdevice (no specialeqjuencing of 5 or 12 volts)
2. Un-plugdevicefrom the bus

3. Removecommonground

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 1.8mps
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2.5 Bring-up Sequence (and Stop) Times

Power-Up Start-Up
sl Bo s .
] = e | Ll
o o N o ~__Complete
Spin-Up Init. Servo Upload Gode BATSZ2  Heassigns etc.
e B -3 . -3 o o . o B
e | -l B B, Lol B | B [l
£
£
£
£
Reset, Inifalize and f
Test of drive's controller.
Then enable SGSI bus.

Auto Start function enabled
or Start Unit command
issued at this time.

File ready to accept
Read and Write commands.

Power On

Figure 8. Start TimeDiagram

Note: BATS is theabbreviation forBasic Assurance Tests.Start-upsequence spins up the spindtetor,
initializes theservo subsystemyploadscode, perform8ATS2 (verifies read/write hardware), resumes "Reas-

sign in Progress'operations, and more. For more information §HraStar2-XP Interface Specification for
additionaldetails.

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

Note: Reference3.10.1.3,“Start/Stop Unit Time” onpage 39 for additionadietails.

Note: See 5.4/Spindle Synchronization foJltrastar 2XP Drives Only” on page 65

Note: There is a 1Gseconddelaybetween a "Unit Stop" and "Unistart". back to back commands.
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Event Nominal Maximum Notes
Power-up 1.5 sec 2.0 sec *SeeFigure 8 onpage 22
Start-up 25 sec 60 sec *SeeFigure 8 onpage 22
Spin-up 9 sec 25 sec *SeeFigure 8 onpage 22
Spindle Stop 6.0 sec 15.0 sec

Table 7.Bring-up Sequence Times and Stop Tinde55GB
Event Nominal Maximum Notes
Power-up 1.5 sec 2.0 sec *SeeFigure 8 onpage 22
Start-up 30 sec 90 sec *SeeFigure 8 onpage 22
Spin-up 11 sec 27 sec *SeeFigure 8 onpage 22
Spindle Stop 9.0 sec 15.0 sec

Table 8.Bring-up Sequence Times and Stop TingellGB

2.5.1 Spin Down Times

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

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

plied to the drive.

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

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

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

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

3.1 Environment Definition

Drive performance criteria is based on tf@lowing operating environments. Deviations frofflnese environ-
ments maycause deviationfrom values listed inthis specification.

Block lengths ardormatted at 512 bytes per block.

The number ofdata buffer segments is 16. Thtotal databuffer length is 512K bytes. Of the 16 seg-
ments in thebuffer, at least onesegment is allocated for thHO-ID tables, andprobably more. This
number isdependent on thaumber ofdefectsfound on thedrive.

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

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

There isalso thepontential tohave a partially used orunt segment for themnaximum use of all avail-
ablememory.

Ten byte SCSRead andWrite commands areised.
SCSI environmentonsists of asingleinitiator andsingletargetwith no SCSI Bus contention.

Buffer full/empty ratios are set to themptimum valuessuchthat a minimum number ointermediate
disconnects occur during th8CSI datatransfer and the overlap of th8CSI anddisk data transfer is
maximized. This minimize€ommandExecution Times with no bus contention.

ReadCaching andReadAhead functions arenabled except wheneoted.

The initiator delay while transferringsCSIl command,status,message, and data bytesassumed to be
zero.

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

TaggedCommandQueuing is notused, unless otherwisspecified.
All Current Mode Parameters are set to their Defaulflues except whereoted.
SCSI datatransfers are successfulhegotiated to be 2MB/sec.

Averages are based on a sampiee of 10,0000perations.
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3.2 Workload Definition

The drive'sperformancecriteria isbased on thdollowing commandworkloads. Deviations fronthesework-
loads may cause deviatioffiiom this specification.

Operations areeither all Reads or allWrites. The specifications foCommandExecution Time with
ReadAhead desdbe exceptions tahis restriction. Forthat scenario allcommands arg@receded by a
Read commandexcept for sequential writeommands.

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

3.2.1 Sequential
No Seeks. Thaarget LBA for alloperations is the previous LBA + Transfer Length.

3.2.2 Random

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

3.3 Command Execution Time

Command Execution, oBervice,Times are the sum adeveral Basi€omponents. Those Components are -

Seek

Latency

CommandExecution Overhead
DataTransferto/from Disk

5. DataTransferto/from SCSI Bus

PobdPR

The impact or contribution of thosBasic Components to CommanHBxecution Time is aunction of the
workload being sent to tharive and theenvironment in which thalrive is beingoperated.

The following graphsshow CommandExecution Times for fougenericworkloads

SequentiaReads - RandomReads
Sequential Writes « RandomWrites

with several differentrequested Transfer Lengthghile running in various environments whose kéactors
are identifiedwithin each graph.

Note: Times arecalculatedwith Typical Data Sector TransfeRates for4.55GB models and araveraged
over the entirerive.

Note: In the following Graphs,"TCQing" meansTagged CommandQueueing and "Qd" is theverage
number of commandgqueued by tharive at onetime.
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Figure 12.ReadCaching enabled, With TCQing
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Figure 13.Read Ahead, With TCQing used (Queue Figure 14.Read Ahead, With TCQing used (Queue
Depth = 4) Depth = 32)

3.3.1 SCSI Data Transfer Rate
The SCSI datdransfer rate islependent on the mode, either synchronous or asynchronoatsdtdepends
upon thewidth of the data path used. 8 and 16 binsfers aresupported.

When thedrive is configured for an 8 bit wide transfersynchronous dat&ransfer rate of 10 MB/sec can be
realized. The 16 bit widenaximumsynchronous dat&ransfer rate is 20MB/sec.

The asynchronous dataansfer rate islependent on both the initiator and targietlays to theassertion and
negation of the SCSI REQ and ACK signals. It atso dependent on SCStable delays. The drive is
capable of supporting up to 5 MegaTransfer/ssgnchronous dataansfer rates.

The SCSI dataransfer rate specificationnly applies to theData phase forlogical block data forRead,

Write, Write andVerify, etc... commands. The dateate for parameter/sense data RequestSenseMode
Select, etc..commands is nospecified.

3.3.2 Basic Component Descriptions

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

Latency

The averagdime required from the activation of the read/write hardware until tgdt sector
has rotated to the head and thead/write beginsThis time is 1/2 of a revolution of thdisk, or
4.17 ms.

Command Execution Overhead
The average timeadded to theCommandExecution Time due to th@rocessing of thesCSI
command. Itincludes all time the drivespends not doing disk operation or SCSI dat&ransfer,
whether or not it is connected to the bySee 3.6,'Read CommandPerformance” orpage 33
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and 3.7, “WriteCommandPerformance” orpage 35 for examples of detailed descriptions of the
components ofommandExecution Overhead.)

The CommandExecution Overheadpecification is based on @mormal operation with th&kead
Ahead functiondisabled. The value of thiparametervaries greatlydependingupon workloads
and environments.

When ReadAhead isenabled, overhead forandom commandsmmediatelyfollowing a read
command igncreased byapproximately .24nsec.

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

The following values are@ised when calculating théommandExecution Times.

Workload Command Execution SCSI Bus
SequentiaRead 1.20 .03
Sequential Write 1.06 .04

RandomRead .25 .03
RandomWrite .40 .04

Table 9. Overhea&alues. (All times are in milliseconds.)

Other Initiator controlledfactors such as use of disconnectfaggedCommandQueueing and
the setting ofMode Parameterdike DWD, DRD, DPSDP andASDPE also affect Command
Execution Overhead.They also affect SCSI Bus Overhead which ipartially a subset of
CommandExecution Overhead.

SCSI BusOverheadis defined as the time the devicedsnnected to the busansferring allSCSI
Command, Status anMessagephase information bytes. Thigcludes any processing delays
between SCSI Bughaseswhile remaining connected to th8CSI Bus. Initiatordelays while
transferringinformation bytes are assumed to be zefidis time does not include th&CSl Data
phasetransfer. (See 3.6;Read CommandPerformance” onpage 33 and 3.7, “Writ€ommand
Performance” onpage 35 formore detailed descriptions of theomponents of SCSI Bu®ver-
head.)

Post Command Processindime of 0.40 ms is defined as the averafime required for process
cleanupafter the command hascompleted. This timendicates theminimum re-instruct time
which the device supports. If are-instruct periodfaster thanthis time is used, thdifference is
added to theCommandExecution Overhead of the next operation.

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

(DataTransferred)/(Media TransfdRate).

There are four interpretations of MediransferRate. How it is to beused helpsdecidewhich
interpretation is appropriate tase.

1. Instantaneou®ata TransferRate

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

2. TrackDataSector TransfeRate

Variesdependingupon theformattedlogical block length andvariesfrom notch to notch. It
includes theoverhead associateaith eachindividual sector.This is calculated from:
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(user bytes/sector)/(individual sector time)
Note: Theserates are used thelp estimateoptimum SCSIBuffer Full/Empty Ratios.
3. TheoreticalData Sector TransfeRate

Also includes time required fotrack andcylinder skew andoverhead associated with each
track. (See 3.6.1.3'Theoretical Data Sector TransfeRate” onpage 34 for a description on
how to calculate it.)

4. Typical DataSector TransfeRates

Also includes theeffects of defectivesectors and skipped revolutions due to errecovery.
(See Appendix B. of theUltrastar 2XP SCSI Interface Specification Release 2.08r a
description of errorecoveryprocedures.)

Rates fordrivesformatted at 512 bytes/block are locatedTiable 10.

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

8.519

8.510

8.452

8.443

8.076

8.068

8.013

8.004

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 TypicaData SectorTransfer Rates assumetgpically worst casevalue of Lerror in 18 bits read atnominal conditions forsoft error rate.

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

Data Transfer to/from SCSI Bus

The time required tdransfer data between tH&CSI bus and thdrive's internal datduffer, that
is not overlapped with the time for th8eek,Latency orData Transferto/from Disk. This time
is based on &CSI synchronous dataansfer rate 020.0 MB/sec.

3.3.3 Comments
Overlap has been removed from tl@ommand Execution Timecalculations. Thecomponents of the
CommandExecution Times are trulpdditive times to the entireperation. Forexample,

The SCSI Bus Overhead data is nintluded in the calculatiorsince some of it'scomponents aralso
components ofCommand Execution Overhead and the remainimpmponentsoverlap the Data
Transferto/from Disk. (See 3.6,'Read CommandPerformance” orpage 33 and 3.7, “Writ€ommand
Performance” ompage 35 for details.)

The PostCommandProcessing times are natomponents of theCommandExecution timetherefore
they are not included in the calculation ehvironmentswhere the re-instruct periodxceeds thePost
CommandProcessing time.

With Read Ahead enabled, this specification measureRaad orWrite commandwhen theimmediately
precedingcommand is a Read comman@vhich starts up theRead Ahead function). If thepreceding
command is aNrite command, then théme difference due tdReadAhead iszero.
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Longer inter-opdelay, or lowre-instruction rategnvironments are sucthat the ReadAhead function has
filled the drive's internal data cache segment beforenbgt Read orWrite command igeceived.

Environments with inter-oplelaysless than 1revolution period, or high re-instructiorates, aresuchthat
the ReadAhead function isstill in the process ofilling the drive's internal data cache segment when et
Read orWrite command isreceived. Forsequential readsCommandExecution Time is Irevolution less
than similar operations with equal inter-ogelays andReadAheaddisabled.

The effects of idletime functions are not included in treboveexamples. The sectior&2.1,“Sequential” on
page 25 and 3.2.2;Random” on page 25both defineenvironmentswhere theeffects due toincreased
commandoverhead of ldleTime Functionsupon CommandExecution time ardess than0.01%.

3.4 Disconnection During Read/Write Data Phase

If a nonzeroMaximum Burst Size parameter ispecified, the drivelisconnectsafter transferring theaumber
of blocks specified by theMaximum Burst Size parameter. This disconnectiomequiresapproximately 33
psec and the subsequent reconnecti@guiresapproximately 20 gec.

The drive alsodisconnects prior tacompletion of theData phase if thedrive's internal datebuffer cache
segment becomesmpty during a Read command ofull during a Write command. Thisdisconnection
occurs regardless of theMaximum Burst Size parameter. Thisgntermediate disconnectauses gause of
approximately0.24 msec during theData phase. This disconnection requirapproximately 33 pusec and the
subsequent reconnectigaquiresapproximately 20 pec.

3.5 Approximating Performance for Different  Environments

3.5.1 For Different Transfer Sizes

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

The values for severadther Basic Components maylso change if the transfesize isreduced to theoint
where certain internatontrol functions can ndonger be overlappedvith either the SCSI ordisk data
transfer. Thecomponentshanged vary based on thgpe of environment and workload.

The following four sectionsgive anapproximation ofperformancechanges for read, write, sequential and
randomworkloads with a 0.5KBytdransfersize.

3.5.1.1 0.5 KByte Sequential Read

For this workload, theData Transferto/from SCSI Bus isreduced by0.104 msec (since asingle block of
data istransferred). TheCommandExecution Overheadncreases byapproximately 0.28 msesince the
starting of theSCSI datatransfer can no longer be overlapped with tiek data transfer.

The magnitude of the performance advantage with ReadAhead functionenabled and oplelaysbetween

50 and 150 ms is reduced due to the smaller transie. TheCommandExecution time isreduced by
approximately 0.5msec.

Note: This timedifference can bapproximated for othetransfersizes byusing the followingequation:

-(Latency + (Xfer Size)/(DiskData Rate) {Xfer Size)/(SCSIData Rate))=ReadAheadsavings
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The magnitude of the performance advantage of ReadAhead with opdelays of 0-8msecvaries with the
size of thedelay. Since the range of delaysléssthan the time for one@evolution, the operation i%synchro-
nized to thedisk". TheReadAheadsavings can beoughly approximated by:

DELAY - (time for one revolution) = ReadAheadsavings

Note: This time also varies with thesize of the dataransfer due to thealifferencebetween the SCSI data
transfer rate andisk datatransfer rate. This time isinsignificant for a0.5KByte transfersize and hadeen
ignored in theabove equation.

3.5.1.2 0.5 KByte Sequential Write

For this workload theData Transferto/from SCSI Bus igeduced by 0.05 mseince a singlélock of data
is transferred). Th&€ommandExecution Overheathcreases byapproximately0.068 msec.

3.5.1.3 0.5 KByte Random Read

For this workload, theData Transferto/from SCSI Bus isreduced by0.104 msec (since aingle block of
data istransferred). TheCommandExecution Overheadncreases byapproximately 0.28 msesince the
starting of theSCSI datatransfer can no longer be overlappeith the disk data transfer.

3.5.1.4 0.5 KByte Random Write

For this workload, only theData Transfer to/from Disk changes as described in 3.5.1For 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|.atency andData Transferto/from Disk times from those shown on thgraphs if all of the
requested data iavailable in a cacheegment (cache hit)When some, but not all, of the requested data is
available in a cacheegment (partial cache hifpata Transferto/from Disk will be reduced but notlimi-
nated.Seek andLatency may or may not be reduced dependuppn thelocation of requested data not in
the cache and location of the read/write heads at the timectremand wageceived. Thecontribution of
the DataTransferto/from SCSI Bus to theCommandExecution time mayincrease since a larger, entire,
portion of thetransfer may no longer be overlappa4th the components thatverereduced.

3.5.3 When Write Caching is Enabled

For write commands with théVrite CachingEnabled(WCE) Mode parameter biset, CommandExecution
time can be approximated bgeleting Seek,Latency andData Transferto/from Disk times from those
shown in thegraphs. Thecontribution of theData Transferto/from SCSI Bus to th&CommandExecution
time may increase since a larger, antire, portion of thetransfer may no longer be overlapped with the
components thaterereduced.

The reduced timesffectively areadded to thePostCommandProcessinglrime.

Like TaggedCommandQueuing, the potential toeduceCommandExecution Overheaaxists due tocon-
currentcommandprocessing.

Like TaggedCommandQueuing, when the WCE bit is set Back-To-Bawkite 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 featurattempts toincreaseRead Cache hit ratios bymonitoring workload and
adjusting cachecontrol parameters, normally determined by th&ing system via th&CSI Mode Parame-
ters,with algorithmsusing the collecteavorkload information.

3.5.5 For Queued Commands

The effects ofCommandExecution Overhead can breducedsignificantly if TaggedCommandQueuing is
enabledsincemore than 1 command can loperated on concurrently. For instaneehile a diskoperation
is being performed for oneommandanothercommand can beeceived via theSCSI bus andlaced in the
devicecommandqueue. Certain environments magpuseCommandExecution Overhead tincrease if the
added function to process tlgueue and thenessages associat@dth queuing is not permitted to overlap
with a disk operation.

3.5.5.1 Reordered Commands

If the Queue AlgorithmModifier Mode Parameteffield is set toallow it, commands in thelevicecommand
gueue may bexecuted in adifferent order than they were receivedCommands are@eordered sahat the
Seek portion of CommandExecution time is minimized. Themount ofreduction is a function of the
location of the 1st requested block pesmmand and theate at which theecommands arsent to thedrive.

3.5.5.2 Back-To-Back Write Commands

If all of the requirements are met as stated in tbkrastar 2XP SCSlInterface Specification Release03
section describin@@ack-To-Backwrite commands, contiguous data from 2 or mar@ensecutive writecom-
mands can bevritten to thedisk without requiring any disk_atency.

Note: There is aminimum write command transfer length for agiven environmentwhere continuous
writing to the disk can not benaintained withoutmissing amotor revolution. When Write Caching is
enabled the likelihood isncreasedthat shortertransfer writecommands carulfill the requirements needed
to maintain continuousvriting to the disk.
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3.6 Read Command Performance

Note: This case is foRandomSCSIRead commandsyith ReadAheaddisabled.

Figure 15. SCSRead commangyerformance measurements

3.6.1.1 SCSI Bus Overhead

Note: All times listed in this section are provided foinformation only sothat theperformance forother
environments/workloads can be approximated. Thes@ponenttimes $iould not be measuredgainst the
specification.

S1 Selectionldentify Msg., Command Descriptor Block (CDB) 10 psec

S2a SaveData Pointers (SDP) Msg. 1 usec
S2b DisconnectMsg., BusFree 1 usec
S3 Arbitrate, Reselect,Identify Msg. 6 usec
S4 Start SCSI transfer in 3 psec
S5 SCSI busdata transfer in (Transfer size)/(SCSData TransferRate)
S6 SCSlread ending processing 2 usec

S7 Status,Command CompleteMsg., BusFree 3 psec

Note: The SCSI bus overhead for Read Command iscomposed ofS1,S2(a&b),S3,54,S6,and S7. (0.03
msec total).
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3.6.1.2 Command Execution Overhead

P1 Selection,ldentify Msg., CDB 10 psec

P2a SDP Msg. 1 usec

P2b DisconnectMsg., BusFree 1 usec

P3 Start seek orhead switch 258 psec

P4 Seek orhead switch (for example, average seeklReadSeek = 7.5 or 8.5nsec)

P5 Set up read disktransfer 0 psec

P6 Latency (for example, half revolution) (latency = 4.17 msec)

P7 Disk data transfer (Datatransferred)/(TypicaData Sector TransfeRate)
P8 End read disktransfer (Sector size)/(SCSDhata TransferRate)
P9 Transfer last few SCSI blocks in (5)(Sector size)/(SCData TransferRate)
P10 SCSilread ending processing 2 usec

P11 Status,Command CompleteMsg., BusFree 3 psec

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

Time to Read data= P1+P2+P3+P4+P5+P6+P7+P8+P9+P10+P11

Use the followingformula to approximate th&ypical Data Sector TransfeRate.

3.6.1.3 Theoretical Data Sector Transfer Rate

This Ratedoes notaccount for timerequired for errorrecovery ordefective sectors.(The Typical Data
Sector TransferRate described in 3.3.2YBasic ComponentDescriptions” onpage 27 does includéhose
effects.) Each group ofcylinders with a differennumber ofgross sectors petrack is called anotch. The
following showsvalues fornotch #1 of4.55GB models. ThéAverage" valuesused in this specification are
sums of theindividual notch values weighted by th@umber of LBAs in theassociatechotches. For the
other notches and blodlengths use valuethat correspond to those notches and bldekgths.

Data Sector Transfer Rate =

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

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

time for 1 cyl skew

847,872Bytes
75.000msec + 6.81Bsec +2.178msec

= 10.094 MB/sec(Notch #1)
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3.7 Write Command Performance

Note: This case is foRandomSCSIWrite commandswith ReadAheaddisabled.

SCSI bus usage time (Write command)

M4 N4 Nk NaNe N4 Nt N B—>—n
N O S e A A M

Figure 16. SCSI Writeommandperformance measurements

3.7.1.1 SCSI Bus Overhead

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

S1 Selectionldentify Msg., CDB 10 psec

S2a SDP Msg. 1 psec

S2b DisconnectMsg., BusFree 1 usec

S3 Arbitrate, Reselect,Identify Msg. 6 usec

S4 start SCSI transfer out 3 psec

S5 SCSI busdata transfer out (Transfer size)/(SCSData TransferRate)
S6 End SCSltransfer out 4 usec

S7A SDP Msg. 1 usec

S7B DisconnectMsg., BusFree 1 psec

S8 Arbitrate, Reselect,ldentify Msg. 6 pusec

S9 Status,Command CompleteMsg., BusFree 3 usec

Note: The SCSI bus overhead for warite command iscomposed 0fS1,S2(a&b),S3,54,56,57,S8 and S9.
(0.04 msec total).
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3.7.1.2 Command Execution Overhead

P1 Selection,ldentify Msg., CDB 10 psec

P2a SDP Msg. 1 usec

P2b DisconnectMsg., BusFree 1 usec

P3 Start seek 258 psec

P4 Seek(for example, average seek) (Write Seek = 9.5 or 10.®nsec)
P5 Set up write disk transfer 0 psec

P6 Latency (for example, half revolution) (Latency = 4.17 msec)

P7 Disk data transfer (Datatransferred)/(TypicaData Sector TransfeRate)
P8 End write disk transfer 75 psec

P9 SCsSlwrite ending processing 25 usec

P10 Arbitrate, Reselect,|dentify Msg. 6 usec

P11 Status,Command CompleteMsg., BusFree 3 psec

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

Time to Write data= P1+P2+P3+P4+P5+P6+P7+P8+P9+P10+P11

Note: Use the 3.6.1.3)Theoretical Data Sector TransfeRate” on page 34 for anapproximation of the
Typical Data Sector TransfeRate.

3.8 Skew

3.8.1 Cylinder to Cylinder Skew

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

3.8.2 Track to Track Skew

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

3.9 Idle Time Functions

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

1. PredictiveFailure Analysis(PFA)
2. Channel Calibration

3. SavelLogs and Pointers

4. Disk Sweep

The commandexecution time forSCSI commandgeceived whileperforming idle time activities may be
increased by theamount oftime it takes tocomplete theidle time activity. Arbitration, Selection, Message
and Commandghases, and disconnects controlled by thiwe are not affected by idle time activities.

Note: CommandTimeoutLimits do not change due tmlle time functions.
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Following are descriptions of the various typesidle functions, how often thegxecute and theiduration.
Duration isdefined to be themaximum amount of time thactivity can add to a&aommandwhen noerrors
occur. Nomore than onddle function will be interleaved with eacl8CSIcommand. Mechanisms tlessen
performance impacts, and in somsases virtuallyeliminatethose impacts from an Initiatorgoint of view,
are alsomentioned.

Following the descriptions is aummary of thepossibleimpacts to performance.

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

Seven different PFAmeasurements are taken feach head. All measurements for all heads tateenover a
period of 4 hourstherefore the frequency of PFA dependent on theumber ofheads a particulamodel
has. Thedrive attempts tospread the measuremergsenly in time andeachmeasurementakesabout 80
milliseconds.

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

For the lastheadtested for a particulameasurement type (oncevery 1/2hour), the data ismnalyzed and
stored. The extra execution time froseoccurrences is approximately 40illiseconds.

This measurement/analysfeature can be disabled for criticaésponse time periods afperation bysetting
the Page OhMode Parametel.ITF = 1. The using system also has theption of forcing execution at
known times by issuing theSCSI RezerdUnit command if thePage OhMode Parameter TCC = 1. All
tests for all head®ccur at thosdimes. See thalltrastar 2XP SCSlInterface Specification Releage03 for

more detailsaboutPFA, LITF and TCC.

3.9.2 Channel Calibration

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

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

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

3.9.3 Save Logs and Pointers

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

Logs aresaved every 26-3minutes. Theamount of time ittakes toupdate thdogs variesdepending on the

number oferrorssince the lasupdate. Inmostcasesupdating thosdogs and thepointers to thosdogs will
occur inless than 30nilliseconds.
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If the Page OhMode ParametelLITF = 1, the savingwill only be started if thedrive has not received a
SCSIcommand for ateast 5 seconds. Thiseans thamultiple SCSIicommands araccepted and executed
without delay if thecommands areeceived by the drivevithin 5 secondsafter thecompletion of aprevious
SCSI command. Thisfunction also makes use of the mechanism adter theidle detection period tdimit
execution forcritical response time periods afperation, ifneeded.

3.9.4 Disk Sweep

The heads arenoved to anothenrea of the disk if thedrive has not received 8CSIcommand for ateast
40 seconds. Afteflying in the samespot for 9 minutes, théaeads aranoved to another position. Execution
time is less than 1 fulstrokeseek.

3.9.5 Summary

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

(minutes) Delay/Disable
PFA 30/(trk/cyl) 80 LITF, TCC
Channel Calibration 240 64 Re-instruction Period
Savelogs & Pointers 26 30 LITF & Re-instruction
Period
Note: "Re-instruction Period" is the time betweennsecutiveSCSIcommandrequests.

Table 11. Summary ofdle Time Function Performance Impacts

3.10 Command Timeout Limits

The 'CommandTimeout Limit' is defined as the timgeriod from the SCSI Arbitration phadérough the
SCSICommandCompletemessage, associated withparticularcommand.

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

3.10.1.1 Reassignment Time

The driveshould beallowed aminimum of 25 sec tacomplete a'Reassign Blockstommand.

The drive iscapable of substantial consecutiveassigns to matain performanceénowevergreaterthan 25
consecutivereassigns may takenger than 60 secondsHardwareresets should not be issued when reassigns
are in progress.

3.10.1.2 Format Time

9.11GB models should ballowed an average of 6fhinutes to complete aFormat Unit" command. The
maximumformat time is 120 minutes

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

The driveshould beallowed aminimum of 90 sec tocomplete a "Start/Stop Unittommand(with Immed
bit = 0).

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

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

3.10.1.4 Medium Access Command Time

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

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

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

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

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

3.10.1.5 Timeout limits for other commands

The driveshould beallowed aminimum of 5 sec tacompletethesecommands:

Inquiry « Start/Stop Unit(with Immed bit = 1)
RequestSense « Synchronize Cache
ReadBuffer « Test Unit Ready

The command timeout for a command that is rdotated at the head of theommandqueue should be
increased by the sum @fommandtimeouts for all of the commands that guerformed 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. §.|.Metric
Weight | 1.12 pounds 0.506 kilograms 1.79 pounds 0.8[2 kilograms
Height | 1.00 inches 254 milimeters  1.63 |nches  41.3 milimeters
Width 4.00 inches  [101.6 milimeters  4.00 [inches  101.6 milimeters
Depth 575 inches  |146.0 millimeters ~ 5.75(inches  146.0 millimeters

4.2 Clearances

A minimum of 2 mmclearance should be given to th@ttom surface except for a 10 mmaximumdiam-
eter areaaround thebottom mounting holes.Figure 19 onpage 43 shows thelearanceaequirements

There should be 7 mm oflearancebetween thesdrivesthat are mountedvith their top sides facingeach
other.Drives from other manufactures magquire additionabpacing due to stray magnefields.

Note: For propercooling it is suggestedhat a minimumclearance of 7 mm be providednder thedrive
and on top of the drive. Fofurther information se&.1.1,“Temperature Measurement Points” on
page 70.

4.3 Mounting Guidelines

The drive can bemountedwith any surface facingdown.

The drive is availablavith both side andbottom mounting holes.Refer to Figure 17 ompage 41Figure 19
on page 43 andrigure 18 onpage 42 for thdocation of thesenountingholes for each configuration.

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

The recommended torque to lepplied to themounting scews is 0.8Newton-meters +/- 0.2 Newton-
meters. The manufacturewill provide technicalsupport tousersthat wish to investigate higher

mounting torques inheir application.

For more information on mountinguidelines sesection7.5, “Drive Mounting Guidelines” on page 75
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4.3.1 SCA Mounting Guidelines

Since the SCAmounting systemlacks thecompliant cabling of alternate connectoré50/68), the system
designermust now consider théollowing mounting situations anddesign thesystem appropriately for long
term reliability. This list of guidelines is nointended to be exhaustive.

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

2. Operational vibratiomccurring between the matingalves of the SCAconnector should bavoided.
3. The driveshould befirmly securedonce the connector mate hascured.
4

The connector wadesigned to allow formismate' or offsetiuring theplugging operation. Excessive
offsetsbetween thedrive connector and the backplangill induce stress on theonnectorsystem and
card.

WARNING: The drive may be sensitive to usarounting implementation due tisrame distortion effects.
The manufacturewill provide technicabupport toassist users tovercomemountingsensitivity.
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Figure 17. Location ofSide Mounting Holes of 4.55GBJodel
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Figure 19. Location of Bottom Mounting Holes for 68 Pin Models
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Figure 20. Location of Bottom Mounting Holes for 80 pBCA-2 models.

4.4 Electrical Connector

Locations

The electricalconnectors are located ahown inFigure 21 onpage 45,Figure 22 onpage 46,Figure 23
on page 47, an@rigure 24 onpage 48.
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Figure 21.Electricalconnectors (reaview) -- 80 pin SCA-2 models.
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Figure 22.Electricalconnectors (reaview) -- 68 pinmodels.
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Figure 24.Jumper pinlocations (frontview)
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5.0 Electrical Interface

5.1 Power Connector

The DC power connectorgsed on all model¢50, 68 and 80 pin SCA-2) are an integgartion of the 50/
68 pin SCSI 'Unitized' Connectors or the 80 p8ingle Connector Attachmen{SCA-2) Connector.

50 pin models use an AMP connector (F8¥160-1)that iscompatible with theANSI SCSI "A" connector
specifications.

68 pin models use a Molex connector (P3¥360-0001)that is compatible with theANSI SCSI "P" con-
nector specifications.

The 80 pin SCA-2 models use a AMP connector (BM17593-9)that iscompatible with theSpecification
of: 'Single Connector Attachment foSmall SCSI Disk Drives' SFF-804@&iraft document,revision 2.3,
dated Dec 2]1995. Placement of the connector is in compliance with the SFF-88&7ision 1.2,dated July
27, 1995.

This connector uses 30 micro-in€hold plating for highreliability.

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

Pin # Voltage
Level

1 +12V

2 Ground

3 Ground
4 +5V

Table 12. Power connector pin
assignments

Refer to the section entitle@.4, “ Power Requirements” opage 15 and 2.4.8,Additional 5V Current
Requirements foDifferential SCSI” on page 21, for details on driveower requirements.

5.2 SCSI Bus Connector

Ultrastar 2XP has differentmodel typesthat support 50 or 68 pirSingle-Ended or 68 pin Differential
configurations. Alsocsupported is the 80 pin SCA-2 in Single-Ended configuration. This sectialescribes

the signalassignments of th&JItrastar 2XP SCSI connectors.

These connectors use 30 micro-inGold plating for highreliability.
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5.2.1 50 Pin Signal Connector

50 pin models use an AMP PI84160-1connector. The connector is compatible with thBISI SCSI "A"
connectorspecifications. It is limited to 8 bit data transfessly. Refer to Figure 23 ompage 47 for a rear
view of the 50 pinmodel connector.

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

Signal Name Connector Contact Signal Name
Number
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 -110

Table 13. 50 PirSingle-Ended SCSConnector ContacAssignments

5.2.2 68 Pin Signal Connector
68 pin models use an AMP connector (P186963-1)that iscompatible with theANSI SCSI "P" connector
specifications. It can transfer data in both 8 fritarrow) and 16 bifwide) modes. Refer to Figure 22 on

page 46 for a reaview of a 68 pinmodel.

The SCSI connector conta@ssignments for the 68 pin single-ended models sttewn in Table 14 on
page 51.

The SCSI connector contaassignments for the 68 pidifferential models areshown in Table 15 on
page 52.
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Signal Name

Connector Contact

Signal Name

Number

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/ID
GROUND 29 63 -REQ
GROUND 30 64 -1/0
GROUND 31 65 -DB(8)
GROUND 32 66 -DB(9)
GROUND 33 67 -DB(10)
GROUND 34 68 -DB(11)

be connected as defined.

Note: 8 bit devices whichconnect to theP-cable should tie théollowing signals inactive: -DB(8),
-DB(9), -DB(10), -DB(11), -DB(12), -DB(13), -DB(14), -DB(15},DB(P1). All othersignals shall

Table 14. 68 PirSingle-Ended SCSConnector ContacAssignments
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Signal Name

Connector Contact

Signal Name

Number
+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
+ATN 20 54 -ATN
GROUND 21 55 GROUND
+BSY 22 56 -BSY
+ACK 23 57 -ACK
+RST 24 58 -RST
+MSG 25 59 -MSG
+SEL 26 60 -SEL
+C/D 27 61 -C/D
+REQ 28 62 -REQ
+1/0 29 63 -1/0
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)

+/-DB(P1). All othersignals shall beeonnected as defined.

Note: 8 bit devices whichconnect to theP-cable should tie thdollowing signals inactive:
+/-DB(8), +/-DB(9), +/-DB(10), +/-DB(11), +/-DB(12), +/-DB(13), +/-DB(14), +/-DB(15),

Table 15. 68 PirDifferential SCSIConnector ContacAssignments

5.2.3 80 Pin (Single Connector Attachment) Connector

April 16, 1997

The 80 pin SCA-2 models use a AMP connector (BM17593-9)that iscompatible with theSpecification
of: 'Single Connector Attachment foSmall SCSI Disk Drives' SFF-804&iraft document,revision 2.3,
dated Dec 2]1995. Placement of the connector is in compliance with the SFF-88&vision 1.2,dated July

27, 1995.

This connectowuses 30micro-inch Gold plating for highreliability.

Datatransfers in both 8 bifnarrow) and 16 bi{wide) modes are supportedRefer to Figure 21 orpage 45
for a rearview of an 80 pinmodel.
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The SCSI connector conta@ssignments for the 80 pin single-ended models sltewn in Table 16 on
page 53.

Signal Name Connector Contact Signal Name
Number
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
110 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(PO) 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 5V Ground
5V Charge 36 76 5V Ground
SLAVE SYNC 37 77 Active LED Out
AUTO START 38 78 AUTO START DELAY
SCSIID(0) 39 79 SCSIID(1)
SCSIID(2) 40 80 SCSIID(3)
Note: 8bit devices whichconnect to the SCA connector should tie tfidlowing signals inactive
high: DB(8), DB(9), DB(10), DB(11), DB(12), DB(13), DB(14), DB(15)DPB(P1) or select
"ENABLE NARROW MODE" on the Front Option JumperBlock and'float' the samesignals.
All other signals shall beonnected as defined.

Table 16. 80 PinrSCA-2 Connector ContacAssignments
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5.2.4 SCSI Bus Cable

Single-ended modelpermit cable lengths of up to 6 meters (19.88et). It should benoted howeverthat
users who plan to use "Fast" data transfesish single-ended modelshould follow all of the ANSI SCSI
guidelines for single-endetFast" operations. This mawclude a cable length déss than @neters.

Fast-20 models permitable lengths of up to 3 mete(8.25 feet)

SCA-2 connector models are ndesigned for direct cablattachment due to the combination of power and
SCSI bussignals. "Fast" data transferarith SCA models shouldollow all of the ANSI SCSI guidelines for
single-endedFast" operations.

Differential modelspermit cable lengths of up to 25 mete(82.02 feet). Cablesmust meet the requirements
for differential cables as sdbrth in the ANSI SCSI standard undetCable Requirements -Differential
Cable".

The ANSI SCSI standardtatesthat any stubfrom main cable must notexceed 0.Imeters forsingle-ended
cables and 0.2 meters falifferential cablesUltrastar 2XP has a maximuminternal stub length of 0.05
meters on all'single ended' SCSI gnals, and 0.1meters on all 'differentialSCSI signals. To remain
compliant with the standard the SCSI boablemust not add more than 0.08%eters additionaktub length
to any of the single-ende8CSlsignals or 0.Imeters to anyifferential SCSI signals.

5.2.5 SCSI Bus Terminators (Optional)

Upon request,SingleEnded 50 and 68 pimodels areavailable with on car®8CSI busActive terminators.

For thosecards having the Activeerminationfeature, thisfunction can be enabled bipstalling ajumper
between pins 13 and 14 of thieront Option JumperBlock or connecting pins 9 and 11 of th&uxiliary

Connector on 68 SCSI pimodels. (Refer to Figure 25 opage 57,Figure 26 onpage 58, andrigure 29
on page 61.) The usingystem is responsible for making suteat all requiredsignals aregerminated at both
ends of the cable. Se&2.7,“SCSI BusElectrical Characteristics” on page 55 forput capacitancevalues
when terminators ardisabled and wheterminators are not populated on thard.

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

Some externalerminatorpossibilities forsingleended cabled systems disted below:

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

Table 17.SingleEndedSCSITerminators

Differential models do nothave internalSCSI bus terminators.

listed below:

Somexternalterminator possibilities are

50 Pin Model Terminators

68 Pin Model Terminators

Data MateDM550-05-0
Data MateDM1050-02-0

Data MateDM2050-01-68D

Table 18. Differential SCSITerminators
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5.2.6 SCSI Bus Termination Power

Termination power ioptionally provided forsystemsthat desire to use it. Irorder to use the termination
power, theuser needs to install gumper between pins 1 and 2 of th&ermPowerBlock. (Refer to
Figure 25 onpage 57,Figure 26 onpage 58.) Thgumper shouldonly beinstalled on one devicayhich
should be thdast device on theSCSI bus(i.e. the drivethat is physically closest to derminator). 68 pin
models can source up to 28mps of current at 5.0 Volts (+- 5%) fotermination power. 50 pin models
can source up to 1.Bmps ofcurrent at 5.0 Volts (+- 5%) fotermination power.

5.2.6.1 SCSI Bus Termination Power Short Circuit Protection

The ANSI SCSI specification recommends fordevices that optionally supply TERMPWR, to include
currentlimiting protection foraccidentalshortcircuits. It alsorecommends that themaximumcurrent aail-
able for TERMPWR should be 22mps. UL has adifferent requirementthat they call the 8 Amprule.
This rule stateghat when apower source leaves an enclosufiike SCSITERMPWR in theSCSI cable), it
musttrip 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 providehort circuit protection fordrive supplied TERMPWR by limiting the current of
the 5 Volt power itsupplies to the drive.

5.2.7 SCSI Bus Electrical Characteristics

The following DC operatingcharacteristicgpertain to thesingle-endedSCSI bustransceivers. All of these
parameters meet theNSI| SCSI-2 requirements.

Ta= 0to 70 deg. C

Symbol SCSI 1/0 Parameters min max Units Notes
Vol low level outputvoltage 0.4 \ lout = 48 mA
Fast-20Models 0.5 \Y
Voh high leveloutputvoltage 2.5 \% lout = -400 uA
Vil low level input voltage -0.2 0.8 \%
Fast-20 1.0 \Y
Vih high levelinput voltage 2.0 5.5 \
Fast-20 1.9 \%
lil low level input current 10 uA
lih high levelinput current 50 uA
Vihys input hysteresis 0.3 \%
Ci input capacitance 25 pF w/terminators disabled, Typ. = 19 pF
Ci input capacitance 19 pF w/o terminators, Typ. = 14 pF

Table 19.Single-Ended Bus Electrical Characteristics

Differential modelsmeet all éectrical requirements asefined in theANSI| SCSI-2 standard undé€Electrical
Description -Differential Alternative".
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5.3 Option Block Connector (Jumper Blocks)

Ultrastar 2XP models contain a jumpeblock that can beused to enable certain features and select the
SCSI ID of thedrive. This jumperblock is refered to as théFront' Option JumperBlock due to its
location on thedrive (opposite the SCSI connector). This jump&ock varies in pindefinition based on
interface type ( 50, 68, Differentia§CA-2).

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

The IBM PartNumber for the 2mmjumpers is45G9800 and th&ermination Power Enable jumpédtart
Number is21H0793.
The 45G9800 PN is:-

2mm spacingw/tab 8.5mmlong, connector is 3.5 mm long

Contact --30micro-inch gold plating witmickel underplate

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

The 21H0793 P Ns:-
2.54mmspacing,wo/tab connector is 5.08 mm long
Contact --30Uin Gold
Supplier --METHODE 9608-202-35, omapprovedequivalent.
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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 pirDifferential Front Option JumperBlock
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5.3.1 68 Pin Auxiliary Connector
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Figure 29.Auxiliary Connector on the 68 pin Connector
Note: Either theFront Option Block "OR" the Auxiliary block may be used but ndioth.

The 68 pin models contain an 'Auxiliary’ connectibrat replicatessome of the functions contained in the
Front Option JumperBlock. The Auxiliary connectorsignal definition conforms to the SCSI document:

SFF-8009 Rev 2.@efinition with the following exceptions:
1. EXTERNAL FAULT (XTFALT-) is not supported on pin 2

2. AUTO SPIN START waschosen as the 'vendamique'signalassignment (on pin 4.) (Thisignal is
an input to thedrive. The SCSI spec(SCSI SFF-8009)specifiesthis pin as anoutput.) Thissignal
should beuseful forthose applicationshat want to"auto-start" thedrive based on location dependent

SCSI ID.
This pin should be handled in one of tha@lowing ways:
a. tied toground (autospin start enabled)
b. allowed to'float' (no connection)
c. drivenwith anopencollector driver(>1mA sink capability)

The Auxiliary Connector is shown ifigure Figure 29.
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5.3.2 SCSI ID (Address) Pins

Information on how toselect aparticular address for th8CSldevice ID is given inTable 20 and Table 21.

Note: In the addressleterminationtables,"off' means jumper is not iplace and "on"means jumper is in
place.

BIT BIT BIT BIT ADDRESS
3 2 1 0
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

Table 20. Address Determination of 68
and 80 Pin Models

BIT BIT BIT ADDRESS
2 1 0
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

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 thigive canspin up and comeaeady.
When configured for Auto-Startup, themotor spins up aftepower isappliedwithout the need of aSCSI
Start Unitcommand. For no Auto-Startup, &CSI Start Unitcommand isrequired to make therive spin
and be ready for mediaccesoperations. When in Auto-Startup mode, thérive will delay itsstart time by
a period of time multiplied by its owrSCSl addressTable 22 onpage 63 andlrable 23 onpage 63show
whether or notAuto-Startup mode isictive and the delaperiods, where applicable, for albmbinations of
the pins.
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Pins (50 & 68 interface pin models)

Drive Behavior

AUTO START AUTO START Auto-Startup Mode ? Delay (sec) Multiplier
DELAY
off off NO na
off on YES 0
on off YES 10
on on YES 4

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

Pins (80interface pin models) Drive Behavior
AUTO START AUTO START Auto-Startup Mode ? Delay (sec) Multiplier
DELAY
off off YES 0
off on NO na
on off YES 10
on on NO na

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

5.3.4 External Activity

(LED) Pins

The LED pins can be used tdrive anexternal LightEmitting Diode. Pleaserefer to the LED pinsection
of the Ultrastar2 XP Interface Specification for a detailed functinal 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 thdollowing diagram.

EXTERNAL LED ATTACHAENT FOR

BB AND 68 PIN ADDELS

ALL 5@. BB

Rl OPTION BLOCK

BBSE OR BBDIFF
AUX CONNECTOR

EXTERNAL LED ATTACHAENT FOR

BB PIN [SCA) AODELS

LED DRIVER
OPTION BLOCK

SCA CONNECTOR

>

T

+BV

Figure 30. LEDCircuit Diag
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5.3.5 Write Protect Pin

If the Write Protect pin is jumpered to ground thdrive will prohibit SCSI commands thatlter the cus-
tomer dataareaportion of themedia frombeing performed. The state of this pin nsonitored on a per
commandbasis. See th&lltrastar2 XP Interface Specification for functional details. detailed furteonal
d

5.3.6 Option Block Mode Pin

The OptionBlock Mode pin isused to modify the function of thEront Option JumpemBlock. When the
Option Block Mode Pin is notgrounded (refer to Figure 25 onpage 57,Figure 26 onpage 58 and
Figure 27 onpage 59) the pirfunction of theFront Option JumpemBlock will be asdefined by theupper
portion of thereferenced figuresWhen the OptionBlock Mode Pin isgrounded the ping25,27,29,31)will
be redefined tocontrol what is referred to aALTERNATE MODE'. ALTERNATE MODE allows tai-
loring of SCSI options such a%oot up'characteristics anather operationafeatures on a pecustomer
basis.

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

5.3.7 Disable Sync. Negotiation Pin

If a Disable Target Initiatedynchronous Negotiation pin is ground#ten anlnitiator is required to start a
negotiation handshake if Synchronoaad/or 'Wide' (DoubleByte) SCSltransfers are desired. Pleasser
to Ultrastar2 XP Interface Specification for more details onthis feature.

5.3.8 Disable SCSI Parity Pin
Groundingthis pinwill disableSCSI Paritychecking.

5.3.9 Disable Unit Attention Pin

Grounding this pin will disable the drivefrom building Unit Attention Senseinformation for commands
immediatelyfollowing a Power On Rese{POR) or SCSI Bus Reset. Any pending UnKttention condi-
tionswill also be cleared at POR &CSI Resetimes.

5.3.10 Customizing Pin

The customizing pin is currentlgeserved forfuture use.

5.3.11 Enable Narrow Mode

Jumpering pin 14 to pin 18%refer to Figure 27 onpage 59)will cause the 68 pin Differential or the 80 pin
SCA-2 to operate in &ingle Byte mode. Thedrive will not negotiate forWide' (DoubleByte) operation.
The drivewill terminate the unusedpperbyte andupperbyte parity on theSCSI bus.

5.3.12 Enable Active Termination

Upon request,SingleEnded 50 and 68 pimodels areavailable with on car®8CSI busActive terminators.
For thosecards having the Activ& erminationfeature, thisfunction can be enabled bipstalling ajumper
between pins 13 and 14 of thieront Option JumperBlock or connecting pins 9 and 11 of th&uxiliary

Connector on 68 SCSI pimodels. (Refer to Figure 25 opage 57,Figure 26 onpage 58, and-igure 29
on page 61.)
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5.4 Spindle Synchronization for  Ultrastar 2ZXP Drives Only

5.4.1 Spindle Synchronization Overview

There are four modes ddpindle synchronization. Reference Figure 31 forlist of how the -MASTER
SYNC and-SLAVE SYNC pins on theOption JumperBlock are used for thalifferent modes. Thefol-
lowing paragraphs give a shodescription of each spindlgynchronization mode:

The Slave drive (Slav&yncmode)receives thandex from the Masterdrive on the-SLAVE SYNC line
and synchronizes ittNDEX (Slave index) to it.

Should thedrive be theMaster drive, (Master Sync male), it outputs itsINDEX on the -MASTER
SYNC and the-SLAVE SYNC lines. The Master drive does not synchronize its index to amgher
device. Itsimply outputs itsSINDEX.

In the MasterSync Control mode, adrive will synchronize its spindle to thsignal it receives on the
-SLAVE SYNC input. It outputs to-MASTER SYNC a pulsethat has thesame period as thdrive
INDEX, but is notsynchronized to thérive INDEX generatedrom the disk.

In the non-sync mode, thérive will receive the -SLAVESYNC signal, but it is notused by thedrive.

Reference thdJltrastar2 XP Interfacé&pecificationfor further information on thelifferent synchroniza-
tion modes.

SpindleSynchronizationControl Lines FunctionalMode
-MASTER SYNC -SLAVE SYNC
released receive Slawync
drive drive MasterSync.
drive receive MasterSync Control
released receive nosync

Figure 31.Spindle Synchronizatiofrunctional Modes

Drive Synchronization withOffset.

The drive electronicsreceives theMaster Index andcreates the delayed Slavaedex from thedrive
INDEX. The delay isdetermined by using th8CSIMode Selectcommand,Rigid Disk Drive Geometry
Parameters (Page 4). A rotational offset@d256 of arevolution up t0255/256 of arevolution may be
selected inincrements of 1/256 of a revolution. Reference thHrastar2 XP Interface&pecification
for further information on the rotational offset of synchronizgundles.

SynchronizationTime

The SCSIMode Selectcommand isused to select the Spindle Sync. dould take up to 5.0 seconds (
2.5 sec.nominally ) to synchronize th8lave drive to theMasterdrive. While the Slave drive issynchro-
nizing to theMaster, itwill not be able toread and writedata. Oncesynchronized, tharive will main-
tain +/- 20usecsynchronization tolerance.
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Figure 32.Slave-Sync taSlave-Index Timing

5.4.2 Spindle Synchronization Bus

The spindlesynchronization Busonsists of the twasignal lines,-MASTER SYNC and -SLAVESYNC.
which show the location ofhesesignal lines on théption JumpemBlock connector. One potentialonfig-
uration ofthis bus fordrivesthat are to beused in a synchronized mode sqiown in thefollowing figure.
This example requires the EAVE SYNC lines to be daisychained together.

MASTER DRIVE SLAVE DRIVE SLAVE DRIVE SLAVE DRIVE
[ N N )
s ] ] ]
BLOCK
-SLAVE SYNC

Figure 33. Daisy-Chain Connection of Synchronization Bus
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Termination

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

It is the using system's responsibility to provide the cablectmnect to the -SLAVESYNC lines, and
-MASTER SYNC lineswhere needed, of the synchronizddves.

Bus Characteristics

- maximum Buslength = 6 meters

— 2 micro-seconchegative activgpulse(when sourced bylrive)

— minimum of 1 micro-secondchegative activgpulse when externallgourced
— 0.8 volts = maxvalid low input

— 2.2 volts = minvalid highinput

- 0.4 volts = lowoutput

- Vcc volts = High output

— 60 milli-amps = maximum output lowlevel sink current

The driverused for these twaignal lines is aropen ollector.

-SLAVE SYNC InputTiming Requirements

If the input to -SLAVE SYNC is supplied by an external souragher than aUltrastar 2XP drive,
the period of thenput 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 aATs #1 (Basic Assur-
ance Testerrors

Error detection=> 99%
FRU isolation = 100%

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

No isolation to sub-assemblies within tllevice are specified.

6.2 Data Reliability

Probability of not recovering data 10 in 10° bits read

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

With QPE enabled and the default thresholds, error reporting only
occursafterstep 17

6.3 SPQL (Shipped product quality level)

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

6.4 Failure Rate

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

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

3 * Please reference QPualify post error)definition in theUltrastar2 XP Interfacé&pecification

Page 68 of 82 Sourcefilename=RELI7_13



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE
Ultrastar 2XP Hardware/FunctionaSpecification April 16, 1997

6.5 Shelf Life

It is recommended that thdrive does not remain inoperative féonger than 180 daysseecially if the shelf
environment is at high temperature and humidity.

6.6 Start Stop Cycles

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

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

7.1 Environmental

. Temperature

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

Note:

Operating Disk Enclosure
Storage
Shipping

« Temperature Gradient

Operating
Shipping and storage
Humidity

Operating
Storage
Shipping

+ Wet Bulb Temperature

Operating
Shipping and Storage

Elevation

Operating and Storage
Shipping

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

36°F (20°C) pethour
below condensation

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

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

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

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

7.1.1 Temperature Measurement Points

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

Note: Figure 35 onpage 72defineswhere measurements should be made to determine thedisk enclo-
sure temperaturéuring drive operation. Figure 34 ompage 71defines themodulesthat arelocated on the
bottom side of thecard and themeasurement location on thmttom of thedisk enclosure.

There must besufficient air flow through thedrive so that the disk enclosure andnodule temperature
maximumlimits defined inTable 24 onpage 71 are not exceeded.
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Table 24. Maximum andReliable Operatinglemperaturd.imits
Maximum Maximum Recommended

Disk Enclosure Top 149°F (65°C) 122°F (50°C)
Disk EnclosureBottom 149°F (65°C) 122°F (50°C)
Channel Modulé 194°F  (90°C) 176°F (80°C)
SCSI Module 176°F (80°C) 140°F (60°C)
Microprocessor Mdule 203°F (95°C) 167°F (75°C)
Controller Module 212°F (100°C) 167°F (75°C)
SpindleMotor Driver Module 194°F (90°C) 176°F (80°C)
Voice Coil Driver 221°F (105°C) 176°F (80°C)
Note: - Operating thedrive above themaximumtemperatures magausepermanentdamage.

. 89.7 o
DISK ENCLOSURE - L
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Figure 34. Temperature Measuremdtdints (bottomview)

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

cooling.
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Figure 35. Temperature Measuremdidints (topview)
7.1.1.1 Module Temp. Measurement Notes

1. Center on the topurface of themodule.

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

7.2 Vibration and Shock

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

1. By mountingwith the 6-32 bottom holes with thedrive on 2 mm high by 10 mndiameterspacers as
required by sectiod.2,“Clearances” on page 40

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

Othermountconfigurations may result idifferent operating vibration and shock performance.

7.2.1 Output Vibration Limits

spindle imbalance

1.0 gram-millimetensaximum4.55GB

spindle imbalance

1.5 gram-millimetensaximum9.11GB

Page 72 of 82

Sourcefilename=0OPLM7_12



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE
Ultrastar 2XP Hardware/FunctionaSpecification April 16, 1997

7.2.2 Operating Vibration

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

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

RandomVibration

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

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

Note: The RMS value in the table below @btained bytaking the squareoot of thearea 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 g?hz g

SweptSine Vibration

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

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

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

7.2.3 Nonoperating Vibration

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

Table 26. Non-operating Vibratiobevels

Frequency 5hzto 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 perpendicakisg, one axis at éime.

7.2.5 Non-Operating Shock

Translational Shock

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

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

RotationalShock

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

7.3 Contaminants

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

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

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

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

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

Notes:

1.

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

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

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

7.5 Drive Moun ting Guidelines

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

Sourcefilename=0OPLM7_12

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

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

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

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

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

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

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

7.6 Drive/System Compatibility

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

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

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

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

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

Specialconsideratiormust begiven to hot plug and differentiadrive/systemdesigns.
Refer to 2.4.7, “'"Hot Plug/Unplug' support” onpage 20 of this specification for
requirements angduidelines.

Thermal The systemmust supplyadequatecooling and airflow to maintain casting and
module temperaturéisted in Table 24 onpage 71. Operating Limits in accordance
with the Temperature measurement poiab®wnFigure 35 onpage 72. The system

must demonstratesufficient cooling to operate below the recommended temperatures

for any givenlocationthat thedrive may be installedvithin the system.

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

Shock (Operating and Non-Operating)
The systemmust maintain anenvironment that iscompatible with operating and
non-operating shoclspecificationsfound in sections 7.2.4,"Operating Shock” on
page 74 and 7.2.5|Non-Operating Shock” ompage 74. Both operating andnon-
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operating shock should be measured in all 3 planesfandd to be within thelimits
set in this specification.

Vibration (Operating and Non-Operating)
The systemmust maintain anenvironment that iscompatible with the operating
vibration specificationfound in section7.2.2, “Operating Vibration” onpage 73 .
Randomvibration must bemeasured in all three planes af@mund to be compatible
with the vibrationlevel in Table 25 onpage 73. Swept Sin¥ibration mustalso be
measured and be compatible witk2.2,“Operating Vibration” onpage 73.

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

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

Electromagnetic Compatibility(EMC)
The systemmust bedesigned toinsure that stray fields are notplacedclose to the
device.Minimum clearancesnust bemaintained. Clearancguidelines arefound in
section4.2, “Clearances” on page 40.

Electrostatic Discharge(ESD)
The drive contains etctrical componentssensitive to ESD. System design and
assembly processnust protect thedrive andmust beverified to conform the the pro-
tection, care and handling guidelindsund in section 7.10, “ESD Protection” on
page 79.

Interface Compatibility
The drive/system, irtonjunction withassociatedperatingsoftware,must becapable
of conforming to the pin configurationszabling, command andiming parameters
found insection5.0, “Electricallnterface” on page 49.

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

Final verification of drive/systemcompatibility must bedeterminedthrough finctional testing. Mequate
system testingnust beperformed to demonstrate conformance to fhata Reliability requirementsyefer-
ence 6.2,'Data Reliability” on page 68.

7.7 Recommendations for Handling of  Disk Drives

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

Dropping adrive onto ahardsurface, everover small distances

Drives mayfall over after being set ordge

Tapping adrive with a screw driver tip orother hard implement

Tapping adrive into position wheninstallinginto a userframe

Clicking 2 drivestogether metal to metal
Precautions to take durinigandling:
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« Wear ESD protection at atimes
Treatdrives as yowould "Eggs" or"Glass Stemware"
Handle onedrive at atime
Handledrive by the side®nly, avoid grasping the card
Replacedrive into original packaging fotransport
Pad ALL drivework areas (1'foam underl/4" ESD pad)
Pad ALL drivetransportareas (1'foam under 1/4" ESD pad)
Pad All driveholding areas (1foam under 1/4" ESD pad)
Clearwork areas ofpotential metal contact
Remove / Instaldrives separately
Report anydrive that mayhave beerdropped ormishandled
Do Not stack diskdrives(Even in ESDBags)
Do Not contactdrive or card with tooling(drivers, etc)
Do Not rush installation
Do Not "Slam" a driveinto acarrier or frame
Do Not "Seat" a drivanto placewith tooling
Do Not stand adrive on end or sidéTipping Hazard)

Do Not allowdrives tocontacteachother

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

Under nocircumstances should the Filter Breathtole be obstructed olabels placedver the hole.
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Figure 36. Breather Hole foFilter

7.9 Periodic Maintenance

None required

7.10 ESD Protection

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

This product issensitive toElectro Static Discharge.

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

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

7.12 Stray Magnetic Fields

This device is sensitive tetrong magnetidields.

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

8.1 Safety

UNDERWRITERSLABORATORY (UL) APPROVAL:

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

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

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

LR-34074C
INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC ) STANDARDS

The product iscertified to comply to EN60950 by a Eupeantest agency Certifiedody. The TUV
mark islocated on theproduct.

TUV R 9371775Page 7
FLAMMABILITY REQUIRE MENTS

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

SAFEHANDLING:
The product is conditioned for safe handlingriggards tosharpedges andtorners.
ENVIRONMENT:

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

InternationalAgency forResearch on CancétARC)

National Toxicology Program(NTP)

OccupationalSafety andHealth Administration(OSHA)

American Conference dBovernmentalndustrial Hygienists(ACGIH)

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

SECONDARY CIRCUITPROTECTION REQUIRED INUSING SYSTEMS

Care has beemxercised to not use anynprotected components @onstructionsthat areparticularly
likely to causefire. However, adequate secondary overcurrerdtection is theresponsibility of the user
of the product. Additional protectiomgainst the possibility of sustainebmbustion due taircuit or
componentfailure mayneed to be implemented by the user wiihncuitry external to thegproduct. Over-
currentlimits of the voltageinto thefile of 10 amps orless slould besufficient protection.
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8.2 Electromagnetic Compatibility (EMC)
FCC Requirements

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

CISPR 22Requirements

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

EuropeanDeclaration of Conformity.

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

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