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Preface

This documentcontains theHardware/FunctionalSpecifications for thetULTRASTAR 18XP/9LP
High Performance Family 08.5-inchDisk Drives.

The productdescription andother data found irthis documentrepresentiBM's design objectives and is
provided for information and comparative purposes. Actiedults may vary based on\ariety of factors
and the information herein is subject thange. THISPRODUCTDATA DOES NOTCONSTITUTE A
WARRANTY, EXPRESS OR IMPLIED. QuestionsregardinglBM's warranty terms or the methodology
used to derive the datéheuld be referred to your IBMepresentative.

Trademarks

IBM, NolD, and PredictiveFailure Analysis aretrademarks of International Business Machir@arporation
in the UnitedStatesand/or othercountries.
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1.0 Description

Figure 1. ULTRASTAR 18XP/9LP Disk Drive Assembly

1.1 Features

General Features
18.2GB/9.1GB(512 bytes/sector)
Industry-standardnterface:
— 68 pin ANSI SCSI-3 Single-Ended obifferential
— 50 pin ANSI SCSI-3 Single-Ended
— SingleConnector AttachmentSCA-2/80 pin)
- Low Voltage DifferentialSCA-2/80 pin and 68 pin
Rotary voice coilmotor actuator
Closed-loopdigital actuatorservo
Embeddedsector servo
Magnetoresistive (MR) heads
16/17 rate encoding
Partial ResponseMaximum Likelihood (PRML) datachannel with analodilter
NolD[O sectorformat

« All mounting orientations supported

1MB segmented cache buffer
Jumperabldrive suppliedterminator power (on some models)
Jumperable on boardctive SCSI terminators (optional on some models)
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LED Driver
Bezel(optional on some models)

Performance Summary

« Average readeek time9.1GB : 6.5milliseconds

« Average readeek timel8.2GB : 7.5milliseconds

« Averagelatency: 4.17 milliseconds
Media datatransfer rate11.52 to 22.40MegaBytes/second (16 bands)
Ultra SCSI dataransfer rate: 20MegaTransfers/second (sustaingthchronous)
Ultra2 SCSI datdransfer rate: 4AMegaTransfers/second (sustaingthchronous)
SCSI BusOverhead: < 40 microseconds
ReadCommandOverhead: < 350 microseconds

Interface Controller Features

Multiple initiator support
Integrateddifferential tranceivers (on differential ndels only)
Variablelogical block lengths 612 - 732 supported
Nearly ContiguousRead
Read-aheadaching

« Adaptive caching algorithms

« Write Caching
Back-to-backwrites (merged writes)
Tagged and untaggetbmmandqueuing
Commandreordering (4 user selectabégorithms)

- Automaticretry and data correction on read errors

« Automatic sector reallocation
In-line alternate sector assignment
Down-loadablefirmware
Customizing controller jumpers

For example:-

— Auto spindlemotor start

— Auto Start Delay

— Disable Target Initiatedynchronous Negotiation
- Disable UnitAttention

— DisableSCSI Parity

— Write protection

Reliability, Availability and Serviceability Features
.« Self-diagnostics ompower up
Dedicated headandingzone
Magnetic actuatofatch
Entire Read/Write customer data path protected by 32 Bit CRC
18 Byte Error CorrectingCode (ECC)
9 Byte ECC on the fly
PredictiveFailure Analysidg] (PFA)
Error Recovery ProcedurgERP)
DataRecovery Procedure®RP)
Probability of notrecoveringdata: 10 in 10' bits read
No preventativemaintenance required
Eventlogging and analysis
High temperature monitoring andgging
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1.2 Models

The ULTRASTAR 18XP/9LP disk drive is available irnvarious models with aariety of the following
options.

« Capacity of 9.1GB or 18.2GB

Pleaserefer to section2.3, “Capacities by Format.ength” on page 14 for exact capacities based on user

block size.
« Physicalconnectorsavailable

— 50 pin connector®ffer an 8 bit bususing theSCSI 'A' connector
— 68 pin connector®ffer an 8/16 bit(Narrow/Wide) bususing theSCSI 'P' connector
— 80 pin connector®ffer an 8/16 bitSCSI bususing the'SCA-2' connector

- Electrical Interfaces available

- SingleEnded(50, 68, and 8(in)
— Differential (68 pinonly)
- Low Voltage Differential(LVD) (68 and 80 pinonly)

The varioussupported combinations of the above options and the Mddehbers thatorrespond to those

availablecombinations ardisted in the followingtable.

9.1GB 1" Models

Ultra SCSI Pins/Connector Type

Ultra SCSI Electrical SignalType

DGHS 09U 68/UnitizedConnector Single Ended Fast & Wide)
DGHS 09X 68/UnitizedConnector Differential (Fast & Wide)

DGHS 09Y 80 SCA-2 Single Ended Fast & Wide)
DGHS 09z 50 pin/A Connector Single Ended (Fast)

DGHS 09V 68/UnitizedConnector Low Voltage Differential(Ultra 2)
DGHS 09D 80 SCA-2 Low Voltage Differential(Ultra 2)

18.2GB 1.6" Models

Ultra SCSI Pins/Connector Type

Ultra SCSI Electrical SignalType

DGHS 18U 68/UnitizedConnector Single Ended Fast & Wide)
DGHS 18X 68/UnitizedConnector Differential (Fast & Wide)
DGHS 18Y 80 SCA-2 Single Ended Fast & Wide)
DGHS 18z 50 pin/A Connector Single Ended (Fast)

DGHS 18V 68/UnitizedConnector Low Voltage Differential(Ultra 2)
DGHS 18D 80 SCA-2 Low Voltage Differential(Ultra 2)

Note: Please refer to sectio?.3, “Capacities by Formatength” onpage 14 for exactapacities based ouser blocksize.

Several of themodels listed in theabove table haveptions that are notdentified via themodel number.

They are adollows...

- Bezel(optional on some models)
« Jumperablectiveterminators (on 68 & 50 pisingle-ended models only).

Sourcefilename=DESC7_14
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2.0 Specifications

All specificationnumbers are mean populatimalues unless otherwissoted.

2.1 General

Note:

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

recordingbandlocated nearest the inner diamei@D) is called 'Notch #16'. 'Average'values are weighted
with respect to thenaumber of LBAs per notch when thdrive isformatted with 512 byte blocks.

Data transfer rates

Buffer to/from media
Buffer to/from media

Host to/from buffer
Rotational speed(RPM)
Average latency (milliseconds)

Track Density (TPI)

Recording density (bpi)
Areal density (Megabits/square inch

Models
Disks

Heads

SeekTiming in milli seconds (measured at nominaloltage andtemperature)

Single cylinder (Read)
(Write)

Average weighted(Read)
(Write)

Full Stroke (Read)
(Write)

Page 12 of 90

Notch #1 Notch #16 Average
22.40 11.52 18.27
15.47 7.75 12.66

up to 40.0 MB/s(synchronous Ultra)
up to 80.0 MB/s(synchronous Ultra2)

7200
4.17

8356

Minimum Maximum
132,670 150,000
1109.0 1253.4

1.0" 1.6"
9.1GB 18.2GB
5 10

10 20

1.0" 1.6"
0.7 0.7
2.0 2.0
6.5 7.5
7.5 8.5
14.0 17.0
16.0 19.0

MB/s (instantaneous)

MB/s (sustained)
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2.2 Notch Details (512 byte block length example)

User bytes/Sector (ub/sct) 512

Sectors/logicalblock (sct/lba) 1

User bytes/logicalblock (ub/lba) 512

Number of cylinders

2.2.1 Models 9.1GB and 18.2GB

8162

Notch Start Cylinder User Data cylin- Media DataRate | Sectors Per
ders Track
1 10/8 585/587 22.40 280
(9.1GB/18.2GB) | (9.1GB/18.2GB)
2 595 1471 21.145 270
3 2066 677 20.413 255
4 2743 483 19.784 247
5 3226 438 19.156 240
6 3664 420 18.528 230
7 4084 373 17.900 225
8 4457 306 17.377 216
9 4763 324 16.801 210
10 5087 433 16.016 198
11 5520 428 15.231 188
12 5948 612 14.132 180
13 6560 427 13.399 165
14 6987 386 12.771 157
15 7373 400 12.143 150
16 7773 389 11.52 140
Table 1. Cylinder notchable for 512Byte Format
Notch Last Cylinder User Data cylin- Media DataRate Sectors Per
ders Track
16 8161 389 11.52 140

Table 2. Maximum LBA's andcylinders

Sourcefilename=SPEC7_10
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User bytes/Sector (ub/sct) 512 to 732 (even byteumbersonly)

2.3 Capacities by Format Length
| User logical blocks / drive
User bytes / logicalblock 9.1GB Model 18.2GB Model

512 17916240 35843670
514 17779500 35570150
520 17429580 34870150
522 17334100 34678990
524 17264020 34538830
528 17207800 34426390
536 17012010 34034810
688 13630100 27268830
732 12859820 25727790

Table 3. User LBAcapacity

Note: Max Addressable LBA = (number oflogical blocks) - 1

| User bytes / drive
User bytes / logicalblock 9.1GB Model 18.2GB Model

512 9,173,114,880 18,351,959,040
514 9,138,663,000 18,283,057,100
520 9,063,381,600 18,132,478,000
522 9,048,400,200 18,102,432,780
524 9,046,346,480 18,098,346,920
528 9,085,718,400 18,177,133,920
536 9,118,437,360 18,242,658,160
688 9,377,508,800 18,760,955,040
732 9,413,388,240 18,832,742,280

Table 4. Usemyte capacity

Page 14 of 90
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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
High Voltage Differential SCSI” on page 24 and 2.4.9;Additional 5V Current Requirements for Low

Voltage Differential(Ultra 2)” on page 25.

Input Voltage
+5 Volts Supply
+12 Volts Supply
Power Supply On/Off Requirements

+5V 4.5 V/secMinimum Slew.
+12V 7.4 V/secMinimum Slew.

There are no power offlewrate requirements.

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

Population Population
Mean Range
Power Supply Current 9.1GB Model

+5VDC (Power Save Mode) 0.63 Amps +/- 10 %
+5VDC (idle avg) 0.78 Amps +/- 10%
+5VDC (R/W baseline) Typical 0.85Amps +/- 10%
+5VDC (R/W pulse) Peak 1.25 Amps +/- 10%
+12VDC (Idle) 0.45 Amps +/- 10%
+12VDC (seek peak) Peak 2.07 Amps Maximum
+12VDC (Start Current) Maximum 1.6 Amp$ +/- 0.3

Source filename=PWR7_10
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Power Supply Current 18.2GB Model

+5VDC (Power Save Mode) 0.63 Amps +/- 10%

+5VDC (idle avg) 0.78 Amps$ +/- 10%

+5VDC (R/W baseline) Typical 0.85Amps +/- 10%

+5VDC (R/W pulse) Peak 1.25 Amps +/- 10%

+12VDC (Idle) 0.770 Amps | +/- 10%

+12VDC (seek peak) Peak 2.43 Amps Maximum

+12VDC (Start Current) Maximum 2.7 Amps +/- 0.3
Energy Consumption

9.1GB 0.0010watts per MB

18.2GB 0.0007watts per MB

Note: EnergyConsumptionindex = Idle Power/CapacitfW/MB)

1 Power Savemode isautomatically invoked after 1 second bfactivity, except whenread ahead isctive. In which
casePowerSaveMode isinvoked after 40 seconds dfactivity.

2 5 Volt Current isgiven withtermination power provided by thesing system.

3 The StartCurrent is thetotal 12volt current required by the Drive.
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2.4.2 RMS Power Measurements

DGHS Fast-20 9.1GB 18.2GB

PowerSave 8.5 Watts 12.4 Watts
Idle 9.2 Watts 13.1 Watts
15 ops/second 10.5 Watts 14.4 Watts
30 ops/second 11.6 Watts 15.4 Watts
60 ops/second 13.4 Watts 17.4 Watts

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

For the purpose otalculations0.061 Watts per op can based for the9.1GB and0.064 Watts per op for
18.2GB This is not completely accurate because of the nogaliscale but can besed forapproximations.

For thesemeasurements an op defined as a read transfer of 4k Bytedeasurementsvere takenabout 5
minutesafter file was spun up toallow the 12 voltpowerreadings to stabilize.

Example

If 9.1GB power wagequired for 90 ops per second the calculatimould be asfollows
Idle power = 9.20 Watts
90 ops/second = 906.061 = 5.49Watts
Total Power = 9.20 + 5.49 =14.69Watts

2.4.2.1 Differential Models

The powerincrease for differentianodels will bebetween 0.5 watts dtlle to 1.0watts for 60 ops/s.
2.4.2.2 Low Voltage Differential Models

The powerincrease for low voltage differentiahodels will bebetween 0.1 watts atlle to 0.2watts for 60
ops/s.

2.4.3 Power Supply Current Profiles

These graphswvere obtained bymeasuring apopulation ofdrives from the manufacturingorocess. The
results are the averadeom this population taken at nominaloltageconditions.

All power supplies arenominal.

The results exclude inductive spikes caused by lepadsyer supplies andcomponents thawill vary with
different setupconfigurations.

The graphsshown on thefollowing pages areapproximate representations of the power supply currents
based on lab measurements.
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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 together then the power suppiypple plus other drive's
dynamic loadingmustremain within the regulation tolerance window of +/- 5%. cdmmon sipply with
separatgpowerleads toeachdrive is amore desirablemethod ofpower distribution.

2.4.5 Input Capacitance

Internal bulk capacitance
as seen aftdrive power connector
+5VDC 72 +20% microfarad

+12VDC 510 +20% microfarad

2.4.6 Grounding Requirements of the  Disk Enclosure
The disk enclosure is @ower Supply groungotential.

From anElectroMagnetic Compatibilitf EMC) standpoint itwill, in most cases bepreferable to provide a
common ground connection between thadisk enclosure and theystem'smounting frame. With this in

mind, it is important that thalisk enclosure nobecome anexcessivereturn current path from theystem

frame to power supply. Thesystem framemust bewithin +/- 150 nillivolts of the drive's power supply
ground. At no time should more than 3&illiamps of current (O to 100Mhz) bénjected into 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 SI@&SI| busduring these events, it is a
system responsibility to insure voltage regulation amhformance to operational and non-operational shock
limits.
During Hot Plugevents thenon-operational shockevels $ould not beexceeded. Theperational shock

levels of adacentdrives $ould not beexceeded as well. Theecommended procedure is to prohibitite
operations to adjacerdrivesduring the HOTPLUG andduring the HOTUN-PLUG actions.
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Reference sectiory.2, “Vibration and Shock” onpage 79 for theOperating andNon-Operating Shock
limits.

During Hot un-Plug the operational shodimnit specifications should not be exceeded.tifis cannot be
guaranteed then thdrive should beissued aSCSI Stop Unitcommand that isallowed to completebefore
un-plugging. The basicequirement ighat while the drive isoperational or spinning down (asrasult of a
UNIT STOP orUn-Plug) the operationathocklimits are in effect. Once thalrive hascompletelystopped
(15 secondsnax) the non-operational shodimits are ineffect. Therecommended procedure is &low the
un-pluggeddrive to rest in the drive bay for minimum of 15seconds and then complete the removal.

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

2.4.7.1 (SCA-2 models)

Based on theconnectorclassification called out irSFF-8046, thetULTRASTAR 18XP/9LP 80pin
SCA-2drive is'Case 4' compliant, when thegystem has properlynplemented 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 ddffecting an activebus.

In systemsthat cannotafford to quiesce th&sCSI bus, but can meet the requirementssoltage regulation,
operational and non-operational shock, fodowing guidelines areecommended taninimize the chance of
interfering with theSCSI Bus:

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

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

A

Device is ready to baccessed

Un-Plug

=

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

3. Remove commoiground

2.4.8 Additional 5V Current Requirements for  High Voltage Differential SCSI

Population
Additional Power Supply Current Notes Mean
+5VDC (idle avg) 0.10 Amps
+5VDC (R/W baseline) Typical 0.16Amps
+5VDC (R/W pulse) Base-to-peak 1.8mps
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2.4.9 Additional 5V Current Requirements for Low Voltage

Additional Power Supply Current
+5VDC (idle avg)
+5VDC (R/W baseline)
+5VDC (R/W pulse)

Sourcefilename=SCSIMODL

Population
Notes Mean

0.0 Amps
Typical 0.07Amps
Base-to-peak 0.0Amps

Differential (Ultra 2)
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2.5 Bring-up Sequence (and Stop) Times

Power-Up Start-Up
B B
Complete
Spin-Up Init. Servo BATS2 Reassigns,etc.
B | <@ B - B

g

Reset, Initialize and

Test of drive's controller.

Then enable SGSI bus.

Figure 7. Start TimeDiagram
A full Bring-Up Sequenceonsists of @ower-upSequence and StaUp Sequence, as Figure 7 shows.

"Power On" isdefined as when thpower at thedrive meets all of the powespecifications as defined ithis

performs

document.
the servo subsystem,

The Start-Up sequence spins up the spindlenotor, initializes
Basic-Assurance-TestsBATs2) (verifies read/write hardware), resumes "ReassignPimogress"operations
See th&LTRASTARL8XP/9LP SCSI Logical Interface Specificatiofior additional details on

and more.
the Start-Upsequence.
If a SCSI Reset igssued while the drive is in either Rower-Up or Start-UBequencethat same Sequence

starts again. In albthercases when &CSI| Reset isssued thepresent state of thenotor is notaltered.

Reference3.10.1.3,“Start/Stop Unit Time” onpage 43 for additionadletails.

A startupsequence initiated b CSI "Start/Stop Unit'‘command thatfollows a spindlestop initiated by a

SCSI "Start/Stop Unit'command byless than 1Gseconds, may result in th®tartupsequencencreasing by
as much as 10 seconds. For example, deday of only 3secondsexistsbetween the Zommands, the 2nd
command can take 3econds longer than if 10 seconds more had beemllowed between théStart/Stop

Unit" commands.

Sourcefilename=BRUP7_14
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Model = = = = = 18.2GB 9.1GB

Event Nominal Maximum Nominal Maximum
Power-up 2.5 sec 3.0 sec 2.5 sec 3.0 sec
Start-up 16.5 sec 45 sec 17 sec 45 sec
Spin-up 10.5 sec 30 sec 11 sec 30 sec
Spindle Stop 15 sec 15 sec 15 sec 15 sec

Table 6.Bring-up Sequence and Stop Times

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

It is recommended thaafter power is removed, a period of 2econds Bould beallowed beforepower is
reapplied to therive.

In the event of apower glitch the drivewill normally execute aPower On Reset and then go throuit's
Power-UpsequenceDepending on the duration of thglitch the drive mayspin down and then spin back
up or may reseitself in which case thespindlemotor isturnedoff. If the hostsystem detects power glitch

it is recommended that a SCSI Bleset be performed. Thigllows the drive to bebrought to a Ready
condition in a controllednannerfrom a known state.
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3.0 Performance

Drive performancecharacteristics listed ithis chapter ardypical valuesprovided for information only, so
that theperformance for environments and workloaglther than those shown &xamples can bapproxi-
mated. Actualminimum and maximunwvalueswill vary dependingupon factors such asworkload,logical
and physicalbperating environments and manufacturipgpcess variations.

3.1 Environment Definition

Drive performance iiteria is based on thdollowing operating environments. Deviations frotlnese environ-
ments maycause deviationfrom values listed inthis specification.

Nominal physicalenvironment(voltage,temperature, vibratiorgtc.) as defined elsewhere this specifi-
cation.

Block lengths ardormatted at 512 bytes per block.

The number of databuffer segments is 16. Theotal databuffer length is671KB. The size of each
equally sized segment, in either bytes or blocks, is determined via &S| Mode Page 8h parameter
called "CacheSegmentSize".

Ten byte SCSRead andWrite commands areised.
SCSI environmentonsists of asingleinitiator andsingle target with nd&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.

Read Caching andRead Ahead functions areenabled and Write Caching idisabled, except where
noted.

The initiator delay while transferringsCSI command,status,message, and data bytesaissumed to be
zero.

TaggedCommandQueuing is notused, unless otherwisspecified.
« All Current Mode Parameters are set to their Defau#tlues except wherpoted.
SCSI dataransfers are successfulhegotiated to be 4MB/s.

« Averages ardased on a samplsize of10,0000perations.

3.2 Workload Definition

The drive'sperformance gdteria isbased on thdollowing commandworkloads. Deviations fronthesework-
loads may cause deviatiofiiom this specification.

Operations are either all Reads or &llrites. The specifications foCommandExecution Time with
ReadAhead describeexceptions to this restriction. Faihat scenario allcommands argreceded by a
Read commandexcept for sequential writeommands.

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

No Seeks. The target LBA for all operations is the previous LBA + Transfer Length.

3.2.2 Random

. All operations are 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

PR

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

The following graphsshow CommandExecution Times for fougenericworkloads

SequentiaReads - RandomReads
Sequential Writes « RandomWrites

with several differentrequested Transfer Lengthghile running in various environments whose kéctors
are identifiedundereach graph.

Note: Times arecalculated with TypicaData Sector TransfeRates forl8.2GB models in Ultra mode and
are averaged over the entideive.

Note: In the following Graphs,"TCQing" meansTaggedCommandQueueing.
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Baq. Read Seg Write Rnd. Read  Rnd. Write

Figure 8. Allcaching disabled, Re-instruction Times = 0-100ms,Tr@Qing
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Figure 9. Re-instruction Times = 0ms, no TCQing Figure 10. WCE vs noNCE, Re-instruction Times =
0Oms, no TCQing
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Sourcefilename=PERF7_14

enabled,w/TCQing (Queubepth = 32)

Page 31 of 90



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

ULTRASTAR 18XP/9LPHardware/FunctionaSpecification

3.3.1 Basic Component Descriptions

Seek
The average timdrom the initiation of theseek, to theacknowledgementhat the R/Whead is
on the trackthat contains thefirst requested.BA. Values arepopulationaverages, 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
section2.1, “General” onpage 12.

Latency

The average timeequired from the activation of the read/write hardware until the tasgetor
has rotated to the head and thead/write begins. This time is 1/2 ofravolution of thedisk, or
4.17 ms.

Command Execution Overhead
The average timeadded to theCommandExecution Time due to th@rocessing of thesCSI
command. ltincludes all time the drivespends processing eommandwhile not doing a disk
operation or SCSI dataransfer,whether or not it is connected to the bugSee 3.6,"Read
CommandPerformance” onpage 38 and 3.7, “Wte CommandPerformance” onpage 39 for
examples of detailed descriptions of tlw®emponents ofCommandExecution Overhead.) The
value of thisparametewaries greatlydependinguponworkloads and environments.

The following values areused when calculating th€ommandExecution Times.'RA' means
ReadAhead isenabled.

Workload Command Execution SCSI Bus
Sequentiz;ﬁ;ig(wolRA - 22/ 20 03
(V\%C'E”fgm é’\g :el) 82/.23 04
Randomvlilza:)(wo/RA - 22/ 32 03
RandomWrite .35 .04

Table 7. Overhea&alues. (All times are in milliseconds.)

Other Initiator controlledfactors such as use of disconnectfaggedCommand Queeing and
the setting ofMode Parameterdike DIMM, DPSDP andASDPE also affect CommandExe-
cution OverheadThey also affect SCSI Bus Overhead which jgartially a subset oCommand
Execution Overhead.

SCSI BusOverheadis defined as the time the devicedsnnected to the busansferring allSCSI
Command, Status anMessagephase information bytes. Thigicludes any processing delays
between SCSI Bughaseswhile remaining connected to th8CSI Bus. Initiatordelays while
transferringinformation bytes are assumed to be zero. This time does not includ&@®l Data
phasetransfer. (See 3.6}Read CommandPerformance” onpage 38 and 3.7, “Wte Command
Performance” onpage 39 formore detailed descriptions of theomponents of SCSI Bu®ver-
head.)

Post Command Processingme of 0.1 ms is defined as the average timexjuired for process
cleanupafter thecommand hasompleted. If a re-instruct periof@ster thanthis time is used, the
difference isadded to theCommandExecution Overhead of the next operation.

Data Transfer to/from Disk
The average timeised to transfer the data between the media and the drive's internabuff¢a
This is calculated from:
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(DataTransferred)/(Media TransfdRate).

There are four interpretations of MedieransferRate. 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 notch only anddoes not include any overhead. It is calculated from:

1/(individual byte time)
2. TrackDataSector TransfeRate

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

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

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

Note: Theserates are used to help estimatptimum SCSI Buffer Full/Empty Ratios.
3. TheoreticalData Sector TransfeRate

Also includes time required fotrack andcylinder skew andoverhead associated with each
track. Use theollowing to calculate it.

Data Sector Transfer Rate =

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

4. Typical Data Sector TransfeRates

Also includes theeffects of defectivesectors and skipped revolutions due to errecovery.
(See Apendix B. of theULTRASTARL8XP/9LPSCSILogical Interface Specificatiofor a
description of errorecoveryprocedures.)

Rates fordrivesformatted at 512 bytes/block are locatedTiable 8 onpage 34.
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Model Type All 18.2GB 9.1GB

Notch # Instantaneous Track Theoretical Typical Theoretical Typical
Average 18.27 14.08 12.72 12.66 12.63 12.57
1 224 17.21 15.55 15.47 15.44 15.36
2 21.15 16.59 14.99 14.92 14.89 14.82
3 20.41 15.67 14.14 14.07 14.04 13.97
4 19.78 15.18 13.7 13.64 13.61 13.54
5 19.16 14.75 13.33 13.27 13.23 13.17
6 18.53 14.13 12.78 12.71 12.69 12.63
7 17.9 13.83 12.47 12.41 12.39 12.33
8 17.38 13.27 11.98 11.92 11.89 11.84
9 16.8 12.9 11.67 11.61 11.58 11.53
10 16.02 12.17 10.99 10.94 10.91 10.86
11 15.23 11.55 10.43 10.38 10.36 10.31
12 14.13 11.06 10 9.95 9.93 9.89
13 134 10.14 9.14 9.1 9.08 9.04
14 12.77 9.65 8.71 8.67 8.65 8.61
15 12.14 9.22 8.34 8.3 8.28 8.24
16 11.52 8.6 7.78 7.75 7.73 7.69
Note: The values for TypicaData SectorTransfer Rates assumetygpically worst casevalue of 3 errors in 19 bits read atnominal conditions forsoft error rate.
Note: Contact an IBM CustomeRepresentative fovalues wherformatted at otheblock lengths.

Note: Each group oftylinders with adifferentnumber ofgrosssectors per track isalled anotch."Average" valuesused in thisspecification aresums of theindividual
notchvalues weighted by theumber ofLBAs in the associatedhotches.

Table 8.Data SectorTransfer Rates. (All rates are in MB/s)

Data Transfer to/from SCSI Bus
The time required to transfer data between 8@SI| bus and thdrive's internal datduffer, that
is not overlapped with the time for th®eek,Latency orData Transferto/from Disk. This time
is based on &CSI synchronous dataansfer rate of 40.0/1B/s.

The SCSI dataransfer rate iddependent on the mode, either synchronous or asynchronous. It
also dependsipon thewidth of the data path used. 8 and 16 biinsfers aresupported.

When thedrive is configured for an 8 bit wide transfer synchronous dataransfer rate of 20
MB/s can berealized. The 16 bit widanaximum synchronous dataransfer rate is 4(MB/s.
For Low Voltage Differential drivesynchronous dataransfer rates of 20MB/s for 8 bit wide
transfers, and 8MB/s for 16 bitwide transfers can be realized.

The asynchronous dat@mansfer rate isdlependent on both the initiator and targiglays to the
assertion and negation of tH@CSlI REQ and ACK gnals. It is alsodependent on SCStable
delays. The drive ixapable of supporting up to 5 MegaTransfer/sec¢Mil/s) asynchronous
data transfer rates.

The SCSI dataransfer rate specification only applies to tbata phase forlogical block data for
Read, Write, Write and Verify, etc... commands. The dataate for parameter/sense data for
RequestSenseMode Select, etccommands is nospecified.
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3.3.2 Comments
Overlap has been removed from th@ommand Execution Time calculations. Thecomponents of the
CommandExecution Times are trulpdditive times to the entireperation. Forexample,

The SCSI Bus Overhead data is niocluded in the calculatiorsince some of its components amdso
components ofCommand Execution Overhead and the remainir@pmponentsoverlap the Data
Transferto/from Disk. (See 3.6,'Read CommandPerformance” orpage 38 and 3.7, “Wte Command
Performance” orpage 39 for details.)

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

With Read Ahead enabled, this specification measuresRaad orWrite command when thémmediately
precedingcommand is a Read comman@vhich starts up theRead Ahead function). If thepreceding
command is aVrite command, then the timdifference due tdReadAhead iszero.

Longer inter-opdelay, or lowre-instruction rategnvironments are sucthat the ReadAhead function has
filled the drive's internal data cache segment before the Redad orWrite command igeceived.

Environments with inter-oplelaysless than lrevolution period, or high re-instructiorates, aresuch that

the ReadAhead function isstill in the process ofilling the drive's internal data cache segment when the next
Read orWrite command isreceived. Forsequential readsCommandExecution Time is 1revolution less
than similaroperations with equal inter-ogelays andReadAheaddisabled.

The effects of idle timdunctions are not included in theboveexamples. The sectiorg2.1,“Sequential”’ on
page 29 and 3.2.2Random” on page 29 both defineenvironmentswhere theeffects due toincreased
commandoverhead of IdleTime Functionsupon CommandExecution time ardess than0.07%.

3.4 Disconnection During Read/Write Data Phase

If a nonzeroMaximum Burst Size parameter specified, the drivadisconnectsafter transferring thenumber
of blocks specified by theMaximum Burst Size parameter. This disconnectitagquiresapproximately 6 ps
and the subsequent reconnecti@yuiresapproximately 15 us.

The drive alsodisconnects prior tacompletion of theData phase if thedrive's internal datebuffer cache
segment becomesmpty during a Read command ofull during a Writecommand. Thisdisconnection
occursregardless of theMaximum Burst Size parameter. This disconnectioaquiresapproximately 6 ps
and the subsequent reconnecti@yuiresapproximately 15 ps.

3.5 Approximating Performance for Different  Environments

The values for several BasiComponents mayghange based on the type efvironment and workload. For
example,CommandOverhead may change because certain intecoatrol functions may ndonger be over-
lapped with either the SCSI atisk data transfers, etc. The followimmaragraphs deribewhich parameters
are affected bywhich features.
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3.5.1 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 iagvailable in a cachsegment (cache hit)When some, but not all, of the requested data is
available in a cachesegment (partial cache hifpata Transferto/from Disk will be reduced but noelimi-
nated.Seek andLatency may or may not be reduced dependiupgpn thelocation of requested data not in
the cache and location of the read/write heads at the timecttremand wageceived. Thecontribution of
the DataTransferto/from SCSI Bus to th&CommandExecution time mayincrease since a larger, @ntire,
portion of thetransfer may no longer be overlapped with th@mponents thatverereduced.

3.5.2 When Read Ahead is Enabled

The reduction in sequential (contigous amwbn-contiguous)read workload with long inter-opdelays
Commandexecution times can bapproximated bysing the followingequation:

-(Latency + (Xfer Size)/(DiskData Rate) {Xfer Size)/(SCSIData Rate)) = Readheadsavings

The magnitude of the performance advantage ofRe@adAhead with opdelays of 0 to 1 rev varies with the
size of thedelay. Since the range of delaysléss than the time for oneevolution, the operation issynchro-
nized to the disk". ThdReadAheadsavings can beoughly approximated by:

DELAY - (time for one revolution) = ReadAheadsavings

Note: This time alsovaries with thesize of the datdaransfer due to thdifferencebetween the SCSI data
transfer rate andisk datatransfer rate. This time is insignificant for @5KByte transfersize and hadveen
ignored in theabove equation.

3.5.3 When Write Caching is Enabled

For writecommands with th&Vrite 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, entire, portion of thetransfer may no longer be overlapped with the
components thaierereduced.

The reduced timesffectively areadded to thePostCommandProcessingrime.

Like TaggedCommandQueuing, the potential toeduceCommandExecution Overhea@xists 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” ormpage 37 formore information.

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 thsing system via th&CSI Mode Parame-
ters, with algorithms using theollectedworkload information.

Page 36 of 90 Sourcefilename=PERF7_14



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

ULTRASTAR 18XP/9LPHardware/FunctionaSpecification

3.5.,5 For Queued Commands

The effects ofCommandExecution Overhead can beducedsignificantly 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 mapuseCommandExecution Overhead ticrease if the
added function to process thgueue and thenessages associated witjueuing is not permitted to overlap
with a diskoperation.

3.5.5.1 Reordered Commands

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

3.5.5.2 Back-To-Back Write Commands

If all of the requirements are met as stated in theTRASTARL8XP/9LPSCSILogical Interface Specifica-
tion section describingBack-To-Backwrite commands, contiguous data from 2 or marensecutive write
commands can bweritten to thedisk without requiring any disk.atency.

Note: There is aminimum write commandtransfer 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 commands, with Reakheaddisabled.

SCSI bus usage time (Read command)

Sl s2 S3 54‘ S5 ‘55 ‘57\

Command Executfon Time (Read command)

= bl n el o el

1

Figure 15. SCSRead commangerformance 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. Thesmponenttimes diould not be measuredgainst the
specification.

S1 Selectionldentify Msg., Command Descriptor Block (CDB) 15 ps

S2a SaveData Pointers (SDP) Msg. 1 s
S2b DisconnectMsg., BusFree 1 us
S3 Arbitrate, Reselect,Identify Msg. 6 us
S4 Start SCSI transfer in 4 us
S5 SCSI busdata transfer in (Transfer size)/(SCSData TransferRate)
S6 SCsSlread ending processing 2 us

S7 Status,Command CompleteMsg., BusFree 3 us

Note: The SCSI bus overhead forReadCommand icomposed 051,S2(a&b),S3,54,S6,and S7. (0.03 ms
total).

3.6.1.2 Command Execution Overhead

P1 Selection,ldentify Msg., CDB 15 us

P2a SDP Msg. 1pus

P2b DisconnectMsg., BusFree 1 s

P3 Start seek orhead switch 258 us

P4 Seek orhead switch (for example, average seekjReadSeek = 6.5 or 7.5 ms)

P5 Set up read disktransfer 0 s

P6 Latency (for example,half revolution) 4.17 ms

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

P11 Status,Command CompleteMsg., BusFree 3 us

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

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

3.7 Write Command Performance

Note: This case is foRandomSCSIWrite commands, with Readdheaddisabled.

SCSI bus usage time (Write command)

51 ‘52\ ‘53‘54 s5 ‘Sﬁ 57\ ‘ S8 ‘59\

Command Execution Time (Write command)

Note: Timings shown are not tec scale

Figure 16. SCSI Writeommandperformance measurements

3.7.1.1 SCSI Bus Overhead

Note: All times listed in this section are provided fomformation only sothat the performance forother
environments can be approximated. Thesanponenttimes $ould not be measuredgainst thespecifica-
tion.

S1 Selectionldentify Msg., CDB 15 us

S2a SDP Msg. 1us

S2b DisconnectMsg., BusFree 1 us

S3 Arbitrate, Reselect,Ildentify Msg. 6 us

S4 start SCSI transfer out 4 us

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

S7A SDP Msg. 1pus

S7B DisconnectMsg., BusFree 1pus

Sourcefilename=PERF7_14 Page 39 of 90



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

ULTRASTAR 18XP/9LPHardware/FunctionaSpecification

S8 Arbitrate, Reselect,Ildentify Msg. 6 us
S9 Status,Command CompleteMsg., BusFree 3 ps

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

3.7.1.2 Command Execution Overhead

P1 Selection,ldentify Msg., CDB 15 us

P2a SDP Msg. 1us

P2b DisconnectMsg., BusFree 1 us

P3 Start seek 258 us

P4 Seek (forexample, average seek) (Write Seek = 7.5 or 8.5 ms)
P5 Set up write disk transfer 0 us

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

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

P9 SCsSlwrite ending processing 25 us

P10 Arbitrate, Reselect,|dentify Msg. 6 us

P11 Status,Command CompleteMsg., BusFree 3 us

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

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

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 #). Cylhder skew is always éixed minimum amount of
time and therefore th@umber ofsectorsvariesdepending on whichotch isbeingaccessed and thiglock
length. Theminimum amount of timeequired for acylinder switch is 2.13 ms.

3.8.2 Track to Track Skew

Track skew is the timerequired to perform aswitch between heads on the samyinder. That time is .83
ms.

3.9 Idle Time Function Considerations

The execution of various functions by thérive 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 duringle time are:

1. PredictiveFailure Analysis(PFA)
2. SavelLogs and Pointers
3. Disk Sweep

The commandexecution time forSCSI commandgeceived whileperforming idle time activities may be
increased by theamount of time ittakes tocomplete theidle time activity. Arbitration, Selection, Message
and Commandhases, and disconnects controlled by thige 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 typesidie functions, how often thegxecute and theiduration.
Duration isdefined to be themaximum amount of time thactivity can add to a&aommand when nerrors
occur. No more than oneidle function will be interleaved with eachSCSI command. Following the
descriptions is aummary of thepossibleimpacts to performance.

There are mechanisms fessenperformance impacts, and in soneases virtuallyeliminate those impacts
from an Initiator'spoint of view.

1. Normalrecommended operation

Idle Time Functions are onlytarted if thedrive has not received &CSI command for atleast 5
seconds. Thisneans thamultiple SCSIcommands araccepted and executedthout delay if thecom-
mands arereceived by the drivewithin 5 secondsafter the completion of aprevious SCSI command.
This mechanism has theenefit of not requiringspecialsystem softwargsuch asissuing SCSI Rezero
Unit commands at known &ixed time intervals) inorder to control if and whemhis functionexecutes.

2. Synchronizedperation

Applications whichcannot accommodatmterruptions at all may consider synchroniziigje activities
to the system need$firough use of the TCC bit iMode Page Oh and th®ezero Unitcommand.

Note: An example of this limitingmechanism's use would be ifsystem isknown toissueSCSI com-
mands for anapplicationgreater than 5 secondspart and anldle Time Functiondelay could not be
tolerated by the system on any tffose commands. This wouldiminatedrive initiated Idle Time Func-
tion from even starting while thesystem/application is in aritical response time period of operation.

3. No PFA operation

Idle Time initiated PFA can be disabled by setting th®erf" bit in Mode Page 1Ch. See the
ULTRASTARL8XP/9LPSCSILogical Interface Specificatiofor details.

3.9.1 Predictive Failure Analysis (PFA)

PFA monitorsdrive parameters and can predict ifdaive failure isimminent. There are "symptordriven"
PFA processesvhich occur duringError Recovery Procedures. The impacts of thagson perceived per-
formance are not included hesgnce they ardncluded in thenormal error recovery timeswhich are taken
into account by théTypical Data Sector TransfeRate".

There arealso "measurementriven” PFA processewhich occur duringldle Time. Seven different PFA
measurements are taken feach head. The measurements for all headstakenover a period of 4hours,
therefore the frequency of PFA idependent on th@umber ofheads a particulamodel has. Thedrive
attempts tospread the measurements awvenly in time andeachmeasurementakesabout 80milliseconds.

For example, a model with 20 heads will perform one PFA measurement
every 1.7 minutes (240 /(7*20)). Models with 10 heads perform a
measurement every 3.4 minutes.

For the lastheadtested for a particulameasurement type (onavery 34minutes), the data ianalyzed and
stored. The extra execution time ftroseoccurrences is approximately 40illiseconds.

This measurement/analysisature can be disabled for criticeésponse time periods aperation bysetting

the Page 1ChMode Parameter PERF = 1. Thasing system also has thaption of forcing execution at
known times by issuing theSCSI Rezero Unittommand if thePage OhMode Parameter TCC = 1. All
tests for all head®ccur at thosdimes. See th&JLTRASTARL8XP/9LPSCSILogical Interface Specifica-
tion for more detailsaboutPFA, PERF and TCC.
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3.9.2 Save Logs and Pointers

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

Logs areattempted to besaved every 26-3minutesduringidle time. Theamount of time ittakes toupdate
the logs variedepending on thenumber oferrorssince the lasuupdate. Inmost cases,updating thosdogs
and the pointers to thodegs will occur inless than 30 ms.

3.9.3 Disk Sweep

The heads arenoved to anothearea of the disk if thedrive has not received 8CSlcommand for ateast
40 seconds. Afteflying in the samespot for 9 minutes withoubaving receivedanother SCSctommand, the
heads aranoved to another position. If no other SC8bmmand isreceived, theheads aranovedevery 9
minutesthereafter. Assoon as &8CSlcommand igeceived, theperiod for the 1st occurance is reduced back
down to 40 seconds. The period iiscreasedback to 9 minutes for subsequeotcurances should nmore
SCSI commands beeceivedduring thattime. Execution time isess than 1 fullstrokeseek.

3.9.4 Summary
Idle Time Func- Period of Duration (ms) Mechanism to Mechanism to
tion Type Occurance Delay Disable
(minutes)
PFA 34/(trk/cyl) 80 Re-instruction PERF
Period, TCC
Savelogs & 26 30 Re-instruction
Pointers Period, TCC
Disk Sweep 2/3 - since last 17 Re-instruction
command Period
9 - since last
occurance
Note: "Re-instruction Period" is the time betweennsecutiveSCSIcommandrequests.

Table 9. Summary ofdle Time Function Performance Impacts

3.10 Command Timeout Limits

The 'Commandlimeout Limit' is defined as the timgeriod from the SCSI Arbitration phagt@rough the

SCSICommandCompletemessage, associated withparticularcommand.

The following times are foenvironmentswhere Automatic Reallocation islisabled andhere are naqqueued

commands.

3.10.1.1 Reassignment Time

The drive $iould beallowed aminimum of 45 s tocomplete d'Reassign Blockstommand.
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3.10.1.2 Format Time

18.2GB models should ballowed 110minutes to complete d&Format Unit" command. If theVendor
Unique ModePage 00h binamed"FFMT" is setequal to'1l'b, then they Bould beallowed 60 seconds to
complete.

9.1GB models should ballowed 55minutes to complete &Format Unit" command. If theVendorUnique
Mode Page 00h binamed"FFMT" is setequal to'1l'b, then they lBould beallowed 30 seconds toomplete.

3.10.1.3 Start/Stop Unit Time

The drive $iould beallowed aminimum of 45 s tocomplete a "Start/Stop Unittommand(with Immed bit
= 0).

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

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 30 s.Thesecommandsare:

Log Sense + Read Long « Write (6)

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

Note: The 30 s limit assumes the absence of mesmtention and user datmansfers of 64 blocks oless.
This time should be adjusted for anticipated mmntention and ifonger data transfers are requested.

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

3.10.1.5 Timeout limits for other commands

The drive $iould beallowed aminimum of 5 s tocompletethesecommands:

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

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

4.1 Weight and Dimensions

u.s. 10" S.l. Metric 1.0" Models U.S. 16" S.l. Metric 1.6" Models
Models Models
Weight 1.41 0.64 Kilograms 2.38 1.08 Kilograms
pounds pounds
Height 1.02 inches 25.97millimeters 1.61 inches 41.0 millimeters
Width 4.00 inches 101.85 millimeters 4.00 inches 101.85 millimeters
Depth 5.79 inches 147.0millimeters 5.79 inches 147.0millimeters

Note:
These are nominakeights anddimensions provided foreferenceonly.

The dimensional tolerances ashown in thenext 4figures.

The weight tolerance is +/10%. Cardinterface typesietermine thaveight variability.

Table 10.Weights andDimensions

4.2 Clearances

A minimum of 2 mm clearance Isould begiven to thebottom surface except for a 10 mmaximumdiam-
eter areaaround thebottom mounting holes. A minimum of 1 mnelearance lsould begiven to thecover
flangesaround the topedge of thefile.

There should be 7 mm oflearancebetweenULTRASTAR 18XP/9LP drivesthat are mounted with
their top sides facingeachother. Drives from other manufactures magquire additionakpacing due to stray
magneticfields.

Note: For propercooling it is suggestedhat a minimumclearance of 7 mm be providegnder thedrive
and on top of the drive. Fofurther information se&/.1.1,“Temperature Measurement Points” on
page 77.

4.3 Mounting Guidelines

The drive can benounted with anysurface facingdown.

The drive is available with botkide andbottom mounting holes.Refer to Figure 17 ompage 46Figure 18
on page 47Figure 19 onpage 48, and-igure 20 onpage 49 for thdocation of thesemounting holes for
each configuration.

The maximumallowable penetration of the mounting screws is 3.8 mnscrewslonger than 3.8 mm may
causepermanentdamage to tharive.
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The recommended torque to kapplied to themounting screws is 0.8Newton-meters +/- 0.2 Newton-
meters. IBMwill provide technicalsupport tousersthat wish to investigate highemounting torques in
their application.

For more information on mountinguidelines sesection7.5, “Drive Mounting Guidelines” on page 83.

4.3.1 SCA Mounting Guidelines

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

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

2. Operational vibratiomccurring between the matintalves of the SCAconnector should bavoided.
3. The drive sould befirmly securedonce the connector mate hascured.
4

The connector wadesigned to allow formismate' or offsetluring theplugging operation. Excessive
offsets between thedrive connector and the backplaneill induce stress on theconnectorsystem and
card.

WARNING: The drive may be sensitive to usarounting implementation due tisame distortion effects.
IBM will provide technicabupport toassist users tovercomemountingsensitivity.

Sourcefilename=MECH7_10 Page 45 of 90



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

ULTRASTAR 18XP/9LP Hardware/FunctionaSpecification

{RYY A1 INCOR Y 2R MAY g
WAV JaVING LD A U IVIRA |
T e
AY —
Lo AY =5
o AY Lo
Lt ) \ od
| A
+ N
o _— == e 5
Sk 1 1 3\ ) .v =~ TL ] M
A I L' e || | j——_
[ AN I 1 \
P L 21 [\ r] 1
\lf | ™, | N—rs
. S I Y | s | m—
== LY ) [—1 L J —— \l/
: A\ i I R ] L'}
i
60+/-02
."-i-_
=N
. il NnC
MR +/-09 JI UL
MLV T VL
——— }
70 +4/-026
e 0N

SIDE VEW

Note: Dimensions are in iHimeters.

Note: Clearance =

7 mm

Figure 17. Location oSide Mounting Holes of 1.0nch Models
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Figure 19. Location of Bottom Mounting Holes for 50 and 68 Pin Models. (68gaird shown.)
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Figure 20. Location of Bottom Mounting Holes for 80 pBCA-2 models.
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4.4 Electrical Connector Locations

The electrical connectors are located skeown inFigure 21 onpage 50,Figure 22 onpage 51,Figure 23
on page 51, andrigure 24 onpage 52.

80 PIN MODELS

Dimensions are foreferenceonly.

Figure 21.Electricalconnectors (reaview) -- 80 pin SCA-2 models.
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Figure 22.Electricalconnectors (reaview) -- 68 pinmodels.
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Figure 23.Electricalconnectors (reaview) -- 50 pinmodels.

Page 51 of 90

Sourcefilename=MECH7_10



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

ULTRASTAR 18XP/9LP Hardware/FunctionaSpecification

Note: Dimensions are in iHimeters.

Note: Dimensions are foreferenceonly.

\J1

Figure 24.Jumper pinlocations (frontview)
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5.0 Electrical Interface

5.1 Power Connector

The DC power connectongsed on all model$50, 68 and 80 pirBCA-2) are an integrgbortion of the50/68
pin SCSI 'Unitized' Connectors and the 80 p&ingle Connector Attachmen{'SCA-2) Connector.

50 pin models use an AMP connector (F8¥412-1)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-
nectorspecifications.

The 80 pin SCA-2 models use an AMP connector (B1917593-9)that iscompatible with theSpecification
of: 'Single Connector Attachment foEmall SCSI Disk Drives' SFF-804@ocument,revision 2.7. Place-
ment of theconnector is in compliance with the SFF-833@yision 1.2.

The connector pindave a plating of 30 micro-inches gbld.

Power pinassignments for the 50 and 68 pin models sihewn in Table 11.

Pin # Voltage
Level

1 +12V

2 Ground

3 Ground
4 +5V

Table 11. Power connector pin
assignments

Refer to the sections entitle@.4, “ Power Requirements” orpage 15,2.4.8,"Additional 5V Current
Requirements for Higlvoltage DifferentialSCSI” onpage 24 , and 2.4.9Additional 5V Current Require-
ments for LowVoltage Differential(Ultra 2)” on page 25, for details on driveower requirements.

5.2 SCSI Bus Connector

ULTRASTAR 18XP/9LP has differentmodel typesthat support 50 or 68 pirsingle-Ended or 68 pin
Differential configurations. Also supported is the 80 pin SCA-2 in 8ingle-Ended configuration. This

sectiondescribes the signassignments of tht) LTRASTAR 18XP/9LP SCSI connectors.

These connectors havefimish metallurgy 30 micro-inchsold plating.
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5.2.1 50 Pin Signal Connector

50 pin models use an AMP PN 84412ebnnector. The connector is compatible with thBISI SCSI "A"
connectorspecifications. It is limited to 8 bit data transfessly. Refer to Figure 23 ompage 51 for a rear
view of the 50 pinmodel connector.

The SCSI connector contaassignments for the 50 pin single-endatbdel are shown in Table 12 on
page 54.

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 -1/0

Table 12. 50 PirSingle-Ended SCSConnector ContacAssignments

5.2.2 68 Pin Signal Connector
68 pin models use a Molex connector (P8¥360-0001)that is compatible with theANSI SCSI "P" con-
nector specifications. It can transfer data in both 8 Kitarrow) and 16 bit(wide) modes. Refer to

Figure 22 onpage 51 for a reaview of a 68 pinmodel.

The SCSI connector contaassignments for the 68 pin single-ended and L\iibdels are shown in
Table 13 onpage 55.

The SCSI connector contaassignments for the 68 pidifferential malels areshown in Table 14 on
page 56.
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Signal Name (LVD Signal Name) Connector Contact Signal Name (LVD Signal Names are the
Number same)
GROUND (+DB(12)) 1 35 -DB(12)
GROUND (+DB(13)) 2 36 -DB(13)
GROUND (+DB(14)) 3 37 -DB(14)
GROUND (+DB(15)) 4 38 -DB(15)
GROUND (+DB(P1)) 5 39 -DB(P1)
GROUND (+DB(0)) 6 40 -DB(0)
GROUND (+DB(1)) 7 41 -DB(1)
GROUND (+DB(2)) 8 42 -DB(2)
GROUND (+DB(3)) 9 43 -DB(3)
GROUND (+DB(4)) 10 44 -DB(4)
GROUND (+DB(5)) 11 45 -DB(5)
GROUND (+DB(6)) 12 46 -DB(6)
GROUND (+DB(7)) 13 47 -DB(7)
GROUND (+DB(P)) 14 48 -DB(P)
GROUND (GROUND) 15 49 GROUND
GROUND (GROUND) 16 50 GROUND
TERMPWR (TERMPWR) 17 51 TERMPWR
TERMPWR (TERMPWR) 18 52 TERMPWR
OPEN (OPEN) 19 53 OPEN
GROUND (GROUND) 20 54 GROUND
GROUND (+ATN) 21 55 -ATN
GROUND (GROUND) 22 56 GROUND
GROUND (+BSY) 23 57 -BSY
GROUND  (+ACK) 24 58 -ACK
GROUND (+RST) 25 59 -RST
GROUND (+MSG) 26 60 -MSG
GROUND  (+SEL) 27 61 -SEL
GROUND (+C/D) 28 62 -C/D
GROUND (+REQ) 29 63 -REQ
GROUND (+1/0) 30 64 -1/0
GROUND (+DB(8)) 31 65 -DB(8)
GROUND (+DB(9)) 32 66 -DB(9)
GROUND (+DB(10)) 33 67 -DB(10)
GROUND (+DB(11)) 34 68 -DB(11)
Note:
8 bit SE devices whicttonnect to theP-cable should tie théollowing signals inactivehigh: -DB(8), -DB(9), -DB(10),
-DB(11), -DB(12), -DB(13), -DB(14), -DB(15)-DB(P1) or select "Disable Wide Negotiations" on tifeont Option
JumperBlock and'float' the samesignals.
For 8 bit LVD devices in LVD or SEmode thefollowing signalsmust be tied inactive (+ = inactive low, - = inactive
high). +/-DB(8), +/-DB(9), +/-DB(10), +/-DB(11), +/-DB(12), +/-DB(13), +/-DB(14), +/-DB(15),+/-DB(P1)
Floating these signals in not sufficient.
All other signals shall beonnected as defined.

Table 13. 68 PirSingle-Ended SCSI and LVIZonnector 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)
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)t+/-DB(P1). All other signals shall becon-
nected as defined.

Table 14. 68 PirDifferential SCSIConnector ContacAssignments

5.2.3 80 Pin (Single Connector Attachment) Connector

The 80 pin SCA-2 models use an AMP connector (B1917593-9)that iscompatible with theSpecification
of: 'SingleConnector Attachment foBmall SCSI Disk Drives' SFF-804@ocument,revision 2.7. Place-

ment of theconnector is in compliance with the SFF-833@yision 1.2.

The connector has finish metallurgy of 30 micro-inchGold plating.

Datatransfers in both 8 bifnarrow) and 16 bi{wide) modes are supportedRefer to Figure 21 orpage 50

for a rear view of an 80 pimodel.
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| The SCSI connector conta@ssignments for the 80 pin single-ended and LVD models sttewn in
| Table 15 onpage 58.
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Signal Name (LVD Signal Names are the Connector Contact Signal Name (LVD Signal Name)
same) Number
12 V Charge 1 41 12V Ground (12 VCharge)
12 Volt 2 42 12V Ground (12volt)
12 Volt 3 43 12V Ground (12volt)
12 Volt 4 44 Mated 1 (Mated 1)
Reserved /NC 5 45 Reserved /NC (Diffsens)
Reserved /NC 6 46 Ground (ReservedNC)
-DB(11) 7 47 Ground (+DB(11))
-DB(10) 8 48 Ground (+DB(10))
-DB(9) 9 49 Ground (+DB(9))
-DB(8) 10 50 Ground (+DB(8))
-1/10 11 51 Ground (+1/0)
-REQ 12 52 Ground (+REQ)
-C/D 13 53 Ground (+C/D)
-SEL 14 54 Ground (+SEL)
-MSG 15 55 Ground (+MSG)
-RST 16 56 Ground (+RST)
-ACK 17 57 Ground (+ACK)
-BSY 18 58 Ground (+BSY)
-ATN 19 59 Ground (+ATN)
-DB(PO) 20 60 Ground (+DB(P0))
-DB(7) 21 61 Ground (+DB(7))
-DB(6) 22 62 Ground (+DB(6))
-DB(5) 23 63 Ground (+DB(5))
-DB(4) 24 64 Ground (+DB(4))
-DB(3) 25 65 Ground (+DB(3))
-DB(2) 26 66 Ground (+DB(2))
-DB(1) 27 67 Ground (+DB(1))
-DB(0) 28 68 Ground (+DB(0))
-DB(P1) 29 69 Ground (+DB(P1))
-DB(15) 30 70 Ground (+DB(15))
-DB(14) 31 71 Ground (+DB(14))
-DB(13) 32 72 Ground (+DB(13))
-DB(12) 33 73 Ground (+DB(12))
5 Volt 34 74 Mated 2 (Mated 2)
5 Volt 35 75 5V Ground (5V Ground)
5V Charge 36 76 5V Ground (5V Ground)
Reserved 37 77 Active LED Out (Active LED Out)
AUTO START 38 78 AUTO START DELAY (AUTO START
DELAY)
-SCSIID(0) 39 79 -SCSIID(1) (-SCSIID(1))
-SCSIID(2) 40 80 -SCSIID(3) (-SCSIID(3))

Note:

8 bit SE devices whictconnect to the SCA connector should tie tf@lowing signals inactivehigh: -DB(8), -DB(9),
-DB(10), -DB(11), -DB(12), -DB(13), -DB(14), -DB(15);DB(P1) or select"Disable Wide Negotiations" on thé&ront
Option JumpeBlock and'float' the samesignals.

For 8 bit LVD devices in LVD or SEmode, thefollowing signalsmust be tied inactive (+ = inactive low, - = inactive
high). +/-DB(8), +/-DB(9), +/-DB(10), +/-DB(11), +/-DB(12), +/-DB(13), +/-DB(14), +/-DB(15),+/-DB(P1)
Floating these signals is not sufficient.

All other signals shall beonnected as defined.

Table 15. 80 PinrSCA-2 SE and LVDConnector ContacAssignments
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5.2.4 SCSI Bus Cable

Single-endedmodels permitcable lengths of up to 6 meters (19.88et). It should be notedhoweverthat
users who plan to use "Fast" data transfers wdthgle-ended mdels shouldfollow all of the ANSI SCSI
guidelines for single-endet-ast" operations. This mawclude a cable length déss than @neters.

Whenoperating in Fast-20 modeable lengths of up to 3 mete(8.84 feet) aresupported.

SCA-2 connector models are ndesigned for direct cablattachment due to the combination of power and
SCSI bus gjnals. "Fast" data transfers with SCA rmdels shouldfollow all of the ANSI SCSI guidelines for
single-endedFast" operations.

High Voltage Differentialmodels permitcable lengths of up to 25 meters (82.fizt). Cablesmustmeet the
requirements fodifferential cables as sdibrth in the Information Technology SCSParallel Interface 2
(SPI-2) standard undé€able Requirements".

Low Voltage Differentialmodels permitcable lengths of up to 12 mete(89.4 feet) wheroperating in LVD
mode. Cablesmustmeet the requirements for LVRables as seforth in the Information Technology SCSI
Parallel Interface ZSPI-2) standard undéCable Requirements".

The ANSISCSI standardtatesthat any stubfrom main cable must notexceed 0.Imeters forsingle-ended

or LVD cables and 0.2neters for high voltagaifferential cablesULTRASTAR 18XP/9LP has a
maximuminternal stub length of 0.06 meters on aflingle-ended and LVISCSI sgnals, and 0.10 meters on
all high voltage differentiaSCSI sgnals. To remain compliant with the standard the SCSI balsle must
not add more than 0.0Beters additionaktub length to any of the single-ende8iCSI and LVDsignals or
0.10 meters to any HVIBCSI sgnals.

5.2.5 SCSI Bus Terminators (Optional)

Upon requestSingleEnded 50 and 68 pin nuels areavailable with on car&8CSI busActive terminators.

For thosecards having the Activ erminationfeature, thisfunction can be enabled binstalling ajumper
between pins 13 and 14 of theront Option JumperBlock or connecting pins 9 and 11 of th&uxiliary
Connector on 68 SCSI pimodels. (Refer to Figure 26 opage 67, and=igure 29 onpage 70.) The using
system is responsible for making suteat all requiredsignals areterminated at both ends of thmable. See
5.2.7, “Single-ended&CSI BuskElectrical Characteristics” on page 61 forput capacitancevalues when ter-
minators are disabled and wheégrminators 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 MateDM2050-02-68S
Data Mate DM500-06-R Data MateDM2050-02-68R

Table 16.SingleEndedSCSITerminators

High Voltage Differentialmodels do not have intern&CSI bus terminators. Sonexternalterminator pos-
sibilities are listedbelow:
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68 Pin Differential Model Ter-
minators

Data MateDM2050-01-68D

Table 17.Differential SCSITermina-
tors

Low Voltage Differentialmodels do not have intern&CSI bus terminators. Sonexternalterminator pos-
sibilities for Low Voltage Differential systems are listdzklow:

68 Pin Model Terminators

DM2750-01-LVD (LVD only)

AMPHENOL 497040001
(Multimode)

Table 18. LVD Terminators

5.2.6 SCSI Bus Termination Power

Termination power iooptionally provided forsystemsthat desire to use it. Imorder to use the termination
power, the usemeeds to install gumper between pins 1 and 2 of th&@ermPowerBlock. (Refer to
Figure 25 onpage 66,Figure 26 onpage 67.) Thgumper should only benstalled 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 280mps 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 fordevicesthat optionally supply TERMPWR, to include
current limting protection foraccidentalshortcircuits. It alsorecommends that themaximumcurrentavail-
able for TERMPWR bould be 2 Amps. UL has different requirementthat theycall the 8 Amprule.
This rule stateghat when apower source ¢aves arenclosure(like SCSITERMPWR in theSCSl cable), it
musttrip 8 Amps of current within 1 minute.

The ULTRASTAR 18XP/9LP drive limits current to 2.0Amps thru the use of aesettable fuse
mounted on theelectronics card.

Systems may also providghort circuit protection fordrive suppliedTERMPWR by liniting the current of
the 5 Volt power itsupplies to the drive.
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5.2.7 Single-ended SCSI Bus Electrical Characteristics

The following DC operatingcharacteristicgpertain to thesingle-endedSCSI bustransceivers. All of these
parameters meet tHaformation Technology SCSParallel Interface ZSPI-2) requirements.

Ta= 0to 70 deg. C

Symbol SCSI I/0O Parameters min max Units Notes
Vol low level outputvoltage 0.5 \% lol = 48 mA
Fast-20Models 0.5 \%
Voh high level outputvoltage 2.5 \ loh = -400 uA
Vil low level input voltage 1.0 1.3 \
Vih high level input voltage 1.6 1.9 \
lil low level input current 20 uA
lih high level input current 20 uA
Vihys input hysteresis 0.33 \%
Ci input capacitance 25 pF w/terminators disabled, Typ. = 15 pF
Ci input capacitance 19 pF w/o terminators, Typ. = 14 pF

Table 19.Single-Ended Bus Electrical Characteristics

5.2.8 High Voltage Differential SCSI Bus Electrical Characteristics

High Voltage Differentialmodels meet all electrical requirements defined in thelnformation Technology
SCSIlParallel Interface ZSPI-2) requirements.

5.2.9 Low Voltage Differential SCSI Bus Electrical Characteristics
The following DC operatingcharacteristicpertain to the LowVoltage DifferentialSCSI bustransceivers.
5.2.9.1 Stub Length

Minimum and Maximumtrace lengths, between tIi®CSI connector and the SC8bntroller die pad, on the
ULTRASTAR 18XP/9LPscsiI productcard are defined in theable below.

Measurement Parameter Minimum Maximum SpecLimit Unit
(Maximum)
Stub Length 32 58 100 mm

Table 20. LVD SCSI Controller to SCSConnector Stub Length

5.2.9.2 Capacitive Loading

The test system used for capacitance measurements, is calilstadkthat total capacitance of the system is
zero at themating connector without a SCSlrive pluggedinto thetest system. The tesbnditions used for

measurement purposes are thasdined in theSCSI Parallel Interface-2 (SPI-2) specification. The test

data provided is based on small lab samples.

LVD SCSI Single-Ended (SE) Test Results

Sourcefilename=ELCT7_10 Page 61 of 90



DOCUMENT SUBJECT TOCHANGE WITHOUT NOTICE

ULTRASTAR 18XP/9LPHardware/FunctionaSpecification

Measurement Parameter Maximum SpecLimit Unit
Measured (Maximum)

68-Pin Connector (No Active Termination)

C1 (-sig/ignd) | 9.4 | 25.0 | pf

80-Pin Connector (No Active Termination)

C1 (-sig/gnd) | 10.2 | 25.0 | pf

Table 21. LVD SCSI Controller Single-Ended Capacitit®ad Data

LVD SCSI Differential Test Results

Measurement Parameter Maximum SpecLimit Unit
Measured (Maximum)

68-Pin Connector (No Active Termination)

C1 (-sig/gnd) 9.2 20.0 pf
C2 (+sig/gnd) 9.1 20.0 pf
C3 (-sig/+sig) 9.1 20.0 pf
]C1-C2] (Data, Parity, REQ, 0.6* 0.5 pf
ACK)

]C1-C2] (All Other Signals) 0.8 3.0 pf
]C1(i)-C1(REQ)] (Data, Parity) 1.8 2.0 pf
1C2(i)-C2(REQ)] (Data, Parity) 1.9 2.0 pf
]C1(i)-C1(ACK)] (Data, Parity) 1.2 2.0 pf
]C2(i)-C2(ACK)] (Data, Parity) 1.3 2.0 pf
80-Pin Connector (No Active Termination)

C1 (-sig/gnd) 9.7 20.0 pf
C2 (+sig/gnd) 9.7 20.0 pf
C3 (-sig/+sig) 9.0 20.0 pf
]C1-C2] (Data, Parity, REQ, 0.5 0.5 pf
ACK)

]JC1-C2] (All Other Signals) 0.8 3.0 pf
]C1(i))-C1(REQ)] (Data, Parity) 1.0 2.0 pf
]C2(i)-C2(REQ)] (Data, Parity) 1.4 2.0 pf
]C1(i)-C1(ACK)] (Data, Parity) 1.4 2.0 pf
]C2(i)-C2(ACK)] (Data, Parity) 1.2 2.0 pf

Table 22. LVD SCSI ControllerDifferential CapacitiveLoad Data

* Note: This out-of-spec condition was found on tH&8-pin product cards, and only on one differential

signalpair (DBP).

5.2.9.3 Driver Slew Rates

The SlewRates (kise tra) for Data and REQ areneasured on a synchronous datansfer. The testondi-
tions and load circuits used faneasurement purposes are thasfined in theSCSI Parallel Interface-2
(SPI-2) specification. The test daarovided is based on small lab samples.

LVD SCSI Single-Ended (SE) Test Results
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Measurement Parameter Maximum SpecLimit Unit
Measured (Maximum)
80-Pin Connector (No Active Termination)
trise (Data) 510 520 mV/ns
tpan (Data) 465 520 mV/ns
trise (REQ) 482 520 mV/ns
tran (REQ) 482 520 mV/ns
Table 23. LVDSCSI Controller Single-EndeSlew RateData
LVD SCSI Differential Test Results
Measurement Parameter Minimum SpecLimit Unit
Measured (Minimum)
80-Pin Connector (No Active Termination)
trise (Data) 4.3 1.0 ns
tpan (Data) 4.3 1.0 ns
trise (REQ) 3.3 1.0 ns
tran (REQ) 3.3 1.0 ns

Table 24. LVD SCSI ControllerDifferential Slew Rate Data

5.2.9.4 Assertion/Negation Periods

The Assertion/Negation Periods for the RES@gnal aremeasured on a synchronous datansfer. The test
conditions and load circuits used faneasurement purposes are thodefined in the SCSI Parallel
Interface-2 (SPI-2) specification. The test datarovided is based on small lab samples.

LVD SCSI Single-Ended (SE) Test Results

Measurement Parameter Minimum SpecLimit Unit
Measured (Minimum)

80-Pin Connector (No Active Termination)

Assertion Period (REQ) 27.0 15.0 ns

Negation Period (REQ) 15.9 15.0 ns

Table 25. LVD SCSI Controller Single-Ended Assertion/NegatiBariodData

LVD SCSI Differential Test Results

Measurement Parameter Minimum SpecLimit Unit
Measured (Minimum)

80-Pin Connector (No Active Termination)

Assertion Period (REQ) 9.3 8.0 ns

Negation Period (REQ) 13.1 8.0 ns

Table 26. LVD SCSI ControllerDifferential Assertion/NegatiorPeriodData

5.2.9.5 Data Setup/Hold Time

The DataSetup andHold Times with respect to the RE(signal aremeasured on a synchronous data
transfer. The testonditions and load circuits used fareasurement purposes are thatfined in theSCSI
Parallel Interface-2 (SPI-2) specification. The test dafarovided is based on small lab samples.

LVD SCSI Single-Ended (SE) Test Results
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Measurement Parameter Minimum SpecLimit Unit
Measured (Minimum)
80-Pin Connector (No Active Termination)
Setup Time (Data to REQ) 15.8 11.5 ns
Hold Time (REQ to Data) 23.1 16.5 ns
Table 27. LVD SCSI Controller Single-Ended Setup ahi@ld Time Data
LVD SCSI Differential Test Results
Measurement Parameter Minimum SpecLimit Unit
Measured (Minimum)
80-Pin Connector (No Active Termination)
Setup Time (Data to REQ) 10.8 9.25 ns
Hold Time (REQ to Data) 10.6 9.25 ns

Table 28. LVD SCSI ControllerDifferential Setup anddold Time Data

5.2.9.6 Receiver Hysteresis

Single-Ended Receiver Hysteresis isreeasurement of theoltagelevels atwhich thereceiverchanges state
as defined in thesCSI Parallel Interface-2 (SPI-2) specification. The test datprovided is based on small

lab samples.

LVD SCSI Single-Ended (SE) Test Results

Measurement Parameter Minimum SpecLimit Unit
Measured (Minimum)

80-Pin Connector (No Active Termination)

Hysteresis 530 300 mV

Table 29. LVD SCSI Controller Single-EndeHysteresisData
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5.3 Option Block Connector (Jumper Blocks)

ULTRASTAR 18XP/9LP models contain a jumpeblock that can beused to enable certain features
and select the SCSI ID of thdrive. Thisjumper block is refered to as théFront' Option JumperBlock
due to its location on tharive (opposite the SCSI connector). This jump@ock varies in pindefinition
based oninterface type (50, 68, DifferentiaGCA-2).

The OptionBlock connector(2x16) used on 50, 68 and 80 pin models is an AMBnnector (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 PN is:-
« 2.54mmspacingwo/tab connector is 5.08 mm long
- Contact --30micro-inch gold plating witmickel underplate

« Supplier -METHODE 9608-202-35, oapprovedequivalent.
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5.3.1 68 Pin Auxiliary Connector

\: FTeT]

ENABLE ACTIVE h’ERMINﬁTIDN

(UNUSED FOR DIFI%ERENTIQL MODELS?>
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WRITE PROTECT / K AUTD SPIN START
EXTERNAL ACTIVITY LED RESERVED

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

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

Information on how to select particular address for th8CSldevice ID is given inTable 30.

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 30. 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 31. 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, therive will delay itsstart time by
a period of time multiplied by its owisCSl addressTable 32 onpage 72 andlrable 33 onpage 72show
whether or notAuto-Startup mode isictive and the delaperiods, where applicable, for albmbinations of
the pins.
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Pins (68 and 50 pin interface models) Drive Behavior
AUTO START AUTO START Auto-Startup Mode ? Delay (sec) Mdtiplier
DELAY
off off NO na
off on YES 0
on off YES 10
on on YES 4

Table 32. 68p and 50p Auto-Startufodes selectable byAuto-Start/Delay Pin Combinations.. TH®n" condition
indicatesthat a jumper is irplace to theadjacent groungin. The"off* condition indicategshat no jumper

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

Table 33. 80p Auto-Startuplodes selectable byAuto-Start/Delay Pin Combinations. Th®n" condition indicates
that a jumper is inplace to theadjacent groundpin. The "off" condition indicatesthat no jumper is in

place.

5.3.4 External Activity (LED) Pins

The LED pins can be used tdrive anexternal LightEmitting Diode. Pleaserefer to the LED pinsection
of the ULTRASTARL8XP/9LPSCSILogical Interface Specificatiofior a detailed @inctional description of

this pin.

Up to 33 mA (+/- 5%) of TTL level LED sink current capability is provided.Current limting for the

LED is as shown in thdollowing diagram.
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EXTERNAL LED ATTACHAENT FOR 5B AND 6B PIN AODELS
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Figure 30. LEDCircuit Diagram

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 risonitored on a per
command basis. See thdJLTRASTAR18XP/9LP SCSI Logical Interface Specificatiorfor functional
details.

5.3.6 Disable Sync. Negotiation Pin

If a Disable Target Initiatedynchronous Negotiation pin is grounded then an Initiatoreguired to start a
negotiation handshake if Synchronoaad/or 'Wide' (DoubleByte) SCSI transfers are desired. Pleasfer
to the ULTRASTARL8XP/9LPSCSILogical Interface Specificatiofor more details onthis feature.

5.3.7 Disable SCSI Parity Pin
Groundingthis pinwill disableSCSI Paritychecking.

5.3.8 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 Un#ttention condi-
tions will also be cleared at POR &CSI| Resetimes.

5.3.9 Disable Wide Negotiations

Jumpering pin 31 to pin 34refer to Figure 26 onpage 67,Figure 27 onpage 68, orFigure 28 on

page 69),will cause the 68 pin SE, 80 piSCA, the 68 pindifferential, or the 80 pin and 68 pin Low
Voltage Differentialmodels to operate in a "NarrowSingle Byte) mode. Thedrive will not negotiate for

'Wide' (DoubleByte) operation.
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5.3.10 Enable Active Termination

Upon request, 68 pidingle Ended, or 50 pin models amvailable with on cardSCSI busActive termina-
tors.

For thosecards having the Activ erminationfeature, thisfunction can be enabled binstalling ajumper
between pins 13 and 14 of theront Option JumperBlock or connecting pins 9 and 10 of th&uxiliary
Connector on 68 SCSI pimodels. (Refer to Figure 26 opage 67, andrigure 29 onpage 70.)

5.3.11 Force Single Ended Mode (LVD Only)

Jumpering pin 23 to pin 2&refer to Figure 26 onpage 67, orFigure 27 onpage 68)will cause the 68 pin
and 80 pin SCA Low Voltage Differentiahodels to operate in &ingle Ended modeonly. The drive will
not use the DIFFSENS8ne to determine SE or LVD modes.

5.4 Spindle Synchronization

Spindle Synchronization is not &ature of thetULTRASTAR 18XP/9LP drives.
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6.0 Relability

6.1 Error Detection

Error reporting = 99%

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

Error detection=> 99%
FRU isolation = 100%

To the device when théRecommended Initiator ErroRecovery
Procedures” in thdJLTRASTAR18XP/9LP SCSI Logical Inter-
face Specificatiorare 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 103 bits read(Measured at nominal DC conditions andom
environment withdefault errorrecovery -QPE* enabled.)

With QPE enabled and the default thresholds, error reporting only
occursafterstep 18

6.3 SPQL (Shipped product quality level)

All units are functionallytested immediatelyprior to packaging andshipment fromIBM. When subse-

guently installed and functionally tested in aapprovedsystem,somedrives may notpass. In general, the
percentage oflrivesthat fail will dependuponadherence to shipping and handliggidelines, @inctional test

criteria and systendesigncompatibility. Contact yourtechnicalsupportrepresentative for further informa-
tion andassistance.

6.4 Failure Rate

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

Parameters such as ambient temperatao®ling air flow rate, relative humidity, ambientpressure (altitude),
applied voltage, lsock, vibration, on/off cycles and duty cycle will affecffailure rates. Failure rate
projections may only be determined frodmive system testing.Contact yourtechnicalsupportrepresentative
for further information andassistance.

4 * Please reference QPualify post error)definition in theULTRASTARL8XP/9LPSCSILogical Interface Spec-
ification.
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6.5 Shelf Life

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

6.6 Start Stop Cycles

The maximum number aftartstop cyclessupported isl800.
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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 5to 50°C (41 to 122°F)

Operating Disk Enclosure 5 to 65°C (41 to 149°F)

Storage 1to 65°C (34 to 149°F) SeWote

Shipping -40 to 65°C (-40 to 149°F)
« Temperature Gradient

Operating 20°C (36°F) pethour maximum

Shipping and storage below condensation

Humidity

Operating 5% to 90% noncondensing

Storage 5% to 90% noncondensing

Shipping 5% to 95% (Applies at the packageevkl)
« Wet Bulb Temperature

Operating 26.7°C (80°F)maximum

Shipping and Storage 29.4°C (85°F)maximum

Elevation

Operating and Storage -304.8 to 3048mneters(-1000 to 10,000 feet)

Shipping -304.8 to 12,192neters(-1000 to 40,000 feet)

Note: Guidelines for storage below 1°C agéven in IBM TechnicalReport TR 072112.

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 32 onpage 79defineswhere measurements should be made to determine thedislp enclo-
sure temperaturéuring drive operation. Figure 31 ompage 78defines 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 34 onpage 78 are not exceeded.
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Table 34.Maximum and Maximum Recommendd&Zhse Temperaturkimits
Maximum Maximum Recommended

Disk Enclosure Top 65°C (149°F) 50°C (122°F)
Disk EnclosureBottom 65°C (149°F) 50°C (122°F)
Channel Modulé 95°C (203°F) 75°C (167°F)
SCSI Module 90°C (194°F) 70°C (158°F)
Microprocessor Mdule 80°C (176°F) 60°C (140°F)
Controller Module 90°C (194°F) 70°C (158°F)
Motor Driver Module 90°C (194°F) 70°C (158°F)
Note: - Operating thdfile above themaximumtemperatures magausepermanentdamage.
Note: - Maximum Recommendetemperatures are for nominal ambient temperature.
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— [T+
—
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4
= 4
SCsT / MICROFROCESSOR J CHANNEL
MODULE MODULE MODULE

Bottom View

Figure 31. Temperature Measuremdtdints (bottomview)

5 For continuousread applications the channahodule will run at higher temperatures andavill require additional
cooling.
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Figure 32. Temperature Measurement Pditop view)

7.1.1.1 Module Temp. Measurement Notes
1. Center on the topurface of themodule.

2. If copper tape isised toattach temperatureensors, it Bould be nolarger than 6 mnsquare.

7.2 Vibration and Shock

The operating vibration and shodiknits in this specification areerified in two mount configurations:

1. By mounting with the6-32 bottom holes with thedrive on 2 mm high by 10 mndiameterspacers as
required by sectiod.2, “Clearances” on page 44

2. By mounting on any two opposingairs of the6-32 sidemount holes.
Othermountconfigurations may result idifferent operating vibration and shock performance.
7.2.1 Output Vibration Limits
Spindle residualmbalance not texceed 0.gram-millimeters for either 1.0 inch or 1.6 inch models.

7.2.2 Operating Vibration

The vibration is applied in each of the three maily perpendicularaxes, one axis at e#me. 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.
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WARNING All drives are sensitive torotary vibration. Mounting within using systems
should minimize the rotationainput to the drive mounting points due to
external vibration. IBMwill provide technicakupport toassist users tmver-
come problems due to vibration.

RandomVibration

For excitation in the x-direction and the y-direction, thdave will operate without harerrors when sub-
jected tovibration levels notexceeding the V4ibration level definedbelow.

For excitation in the z-direction, thérive will operate without har@rrors when subjected to vibratidevels
not exceeding the V48ibration 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 35.RandomVibration Levels

Class| 5 hz 17hz | 45hz | 48hz | 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

Swept Sine Vibration

The drivewill operate without harérrors when subjected to the sweghe vibration of 1.0 G peak from 5
to 300 hz in the x, y, and z directions.

This measurement is takeduring a frequency sweefsom 5 to 300 hz and back to 5 hz. Thswveep rate
will be one hz persecond.

Note: 1.0 G acceleration at 5 hz requires 0.78 irbduble amplitudalisplacement.

7.2.3 Nonoperating Vibration

No physicaldamage or degradethroughputwill occur as long as vibration at the unpackagidre in all
three directionsdefined above does noéexceed the levelslefined in thetable below. This measurement is
performed bysweepingfrom 5 hz to 300 hz and back to 5 hz atsweep rate of eightlecades pehour.

Table 36. Nonoperatin¥ibration Levels
Frequency 5hzto 7 hz 7 hz to 300 hz
Amplitude 0.8 inch DA 2.0 G peak

7.2.4 Operating Shock

No permanentdamagewill occur to thedrive whensubjected to a 10 CGhalf sine waveshock pulse of
11 millisecondsduration.

No permanentdamagewill occur to thedrive when subjected to a 10 Ghalf sine waveshock pulse of
2 millisecondduration.

The shockpulses are applied in each of three mutually perpendicakas, one axis at aime.
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7.2.5 Nonoperating Shock

Translational Shock

For both the 1.0" and the 1.6" models, no hador will occur if the unpackagedrive is subjected to a
20 millisecondssquare pulse shock of 35 Gs mssapplied to all threeaxes, ondlirection at a time.

For the 1.0" models, no hardrror will occur if the unpackagedrive is subjected to a 2 millisecondsalf
sine pulseshock of 150 Gs ofessapplied to all threeaxes, onealirection at a time.

For the 1.6" models, no hardrror will occur if the unpackagedrive is subjected to a 2 millisecondsalf
sine pulseshock of 140 Gs ofessapplied to all threeaxes, onealirection at a time.

RotationalShock

The actuatomwill remain latched in thelisk landingzone if the unpackagedrive issubjected to a 2nillisec-
onds half sinepulse shock 0fL5,000 radians per second squared lessapplied to all threeaxes, one direc-
tion at atime.

7.3 Contaminants

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

Upper Limit Sound Power Requirements(Bels) for 1.0 inch Models
OctaveBand Center Frequency (Hz) A-weighted
125 250 500 1K 2K 4K 8K 16K | Bel
Idle 4.4 3.2 3.2 3.4 4.0 4.1 3.8 3.8 4.4
Operating 4.4 3.2 3.2 3.9 4.2 5.2 4.5 4.2 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 1.6 inch Models
OctaveBand Center Frequency (Hz) A-weighted
125 250 500 1K 2K 4K 8K 16K | Bel
Idle 4.5 2.6 3.2 3.5 4.4 4.5 4.8 3.9 5.0
Operating 4.5 3.3 3.3 4.1 5.1 5.3 4.8 4.0 5.5

Additionally, thepopulationaverage of thesoundpressure measured omeeter above theenter of thedrive
in idle mode will not exceed 41BA.

Notes:

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

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

4. The values for aamplesize of 5 orgreaterwill be less than orqual to the statedpperlimits with 90%
confidence.

Acoustic Degradatiomesultingfrom Nonoperating Shock

For the 1.0" models, no degradation in A-weightelte sound powemwill occur if the unpackagedrive is
limited to a 2 milliseconds half sinpulse shock of 150 Gs dessapplied in theaxial direction (z axis), or
300 Gs or lesapplied in radial direction (x-y plane).

For the 1.6" models, no degradation in A-weightelte sound powemwill occur if the unpackagedrive is
limited to a 2 milliseconds half sinpulse shock of 70 Gs olessapplied in theaxial direction (z axis), or
150 Gs or lessapplied in the radial direction (x-y plane). ThaverageA-weightedidle sound powemwill
increase by 0.3 Bels if thanpackagedirive is subjected to a 2 millisecondsalf sinepulse shock of 110 Gs
applied in theaxial direction (zaxis), or 210 Gsapplied in the radial direction (x-y plane).
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7.5 Drive Mounting Guidelines

1. Use of the extremeide mountswill align the drive Center of Gravity(CG) closer to thecenter of
stiffness. This willminimize off axis coupling and in-plane yawotationabout thespindleaxis.

2. Orient thespindleaxis parallel to thelirection of minimum shockloading.
3. The carrier bould 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 tRkgy,z, pitch androll
axis but $iould bestiff for the yawaxis. Yawmotion isrotation about thespindle axis which couples
directly into offtrack.

If isolators are used, theyhsuld provide naturafrequenciesabout 25%lower than themotor speed.
The idea is to place theigid body modesbelow primary excitationfrequencies and drivestructural
modes. Isolatorsnust be well damped and alufficient strength so thewill not be torn by high non-
operating shocks.

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

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

5. If isolators are to be usedgsign formaximumsway. Adegateclearancearound alledges areecessary
for cooling andshock impacts. Maximum sway is usually determined bgeometry and compressibility
limits of the isolatorgrommetplus somecarrier/rackflexibility. Metal to metal impactsnust beavoided
because they result ishort duration, high impactsoads; 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 18XP/9LP drives aresupplied to using systenthat demonstrate kvel of drive/system
compatibility to thisspecification.

Verification prior to a formal system qualification iecommended to determine whether ttheve/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@nttics). Final verification
must beperformed by measuring functional performance (error rates) ofdiinee when installedwithin the
system.

The following sections describe thgarameters to beerified prior to and as a part of theystem qualifica-
tion test in order toachieve thequality andreliability requirements set forth by thipecification.
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Power The systenmust becapable of providingadequate power to thérive as described in
Section2.4, “ Power Requirements” opage 15 Inaddition to voltage, current and
capacitance, the systemust becapable of remaining within regulation when 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 23 of this specification for
requirements angduidelines.

Thermal The systemmust sipply adequatecooling and airflow to maintain casting and
module temperaturdisted in Table 34 onpage 78. Operating Limitsmust be in
accordance with theTemperature measurement points shown Rigure 32 on
page 79 and-igure 31 onpage 78. The systemnust demonstratesufficient cooling
to operate below the recommended temperatures forgawgn locationthat 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 80 and 7.2.5)Nonoperating Shock” onpage 81. Both operating andnon-
operating shock should be measured in apl@8nes andound to be within thelimits
set in this specification.

Vibration (Operating and Non-Operating)
The systemmust mainain an environment that isompatible with the operating
vibration specificationfound in section 7.2.2, “Operating Vibration” on page 79.
Randomvibration must bemeasured in all three planes af@und to be compatible
with the vibrationlevel in Table 35 onpage 80. Swept Sin¥ibration mustalso be
measured and be compatible wift2.2,“Operating Vibration” onpage 79.

To achieve systentompatibility for vibration, it is recommendethat the system
conform tosection 7.5, “Drive Mounting Guidelines” on page 83.

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 clearancesmust bemaintained. Clearancguidelines arefound in
section4.2, “Clearances” on page 44.

Electrostatic Discharge(ESD)
The drive contains elettical componentssensitive to ESD. System design and
assembly processnust protect thedrive and must beverified to conform the pro-
tection, care and handling guidelindsund in section 7.10, “ESD Protection” on
page 87.

Interface Compatibility
The drive/system, irtonjunction withassociatedperatingsoftware,must becapable
of conforming to the pin configurationszabling, command andiming parameters
found in section5.0, “Electricallnterface” on page 53.

Verification of the precedingparameters is recommended prior torstey a system 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 be @terminedthrough furctional testing. Adequate

system testingnust beperformed to demonstrate conformance to fhata Reliability requirementsyefer-
ence 6.2,'Data Reliability” on page 75.
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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. Peoplalanthe disk drive
should be trained in theroper handlingorocedures. Manufacturingrocessesequipment, and DislDrive
holding containers/fixturesh®uld becharacterized and qualified tless than 50 G's in thenanufacturing
environment. Thdollowing are things to consider in thigandling andprotection of thedisk drive.
Damage may be caused by:

Dropping adrive onto ahard surface, everover small distances

Drives mayfall over after being set ordge

. Tapping adrive with a screw driver tip oother hard implement

« Tapping adrive into position wheninstallinginto a userframe

Clicking 2 drivestogether metal to metal
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Precautions to take durinigandling:
« Wear ESD protection at atimes

Treatdrives as yowould "Eggs" or"Glass Stemware"
Handle onedrive at a time
Handledrive by the side®nly, avoid grasping the card
Replacedrive into original packaging fotransport
Pad ALL drivework areas (1'foam under 1/4" 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 drivaénto place with tooling
Do Not stand arive 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 nocircumstancestmould the Filter BreatheHole be obstructed olabels placedver the hole.
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Figure 33. Breather Hole foFilter

7.9 Periodic Maintenance

None required

7.10 ESD Protection

The ULTRASTAR 18XP/9LP disk drivescontain electrical componentsensitive todamage due to
electrostatic dischargeESD). Proper ESDproceduresmust befollowed during handling, installation, and
removal. Thisincludes the use of ESD wristraps and ESD protective shipping containers.

7.11 ESD Handling

This product issensitive toElectro Static Discharge.

Precautions such assing ESDmats, wrist straps and grounding all surfacéisat areallowed totouch or
come close to the device arecommended.

Known ESD dangerssuch aswalking across ecarpet carrying thelevice $iould beavoided. It isrecom-
mended that thelevice is alwaysstored in its anti-static package until it is ready for installation.
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7.12 Stray Magnetic Fields

This device is sensitive tetrong magnetidields.
Magnets and othesources of magnetifields must not beplacedclose to the device.

Stray field magnetic susceptibility is af®llows. Field strengthmust beequal to or below thevaluesshown
at these frequencies where thave ismounted.

Table 37.Stray Magnetic Field Strength

Frequency DC 47 Hz 400 Hz 5 kHz 50 kHz
(Static to 400 to 5 to 50 to 200
Field) Hz kHz kHz kHz

Magnitude (Gauss)| 5 5 2 0.5 0.1
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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 editiofwithout any D3deviations). The UL Recognized Com-
ponentmarking is located on thproduct.

UL E133560 Vol 19 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
FLAMMABILITY REQUIREMENTS

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

SAFEHANDLING:
The product is conditioned for safeandling inregards tasharpedges andorners.
ENVIRONMENT:

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

InternationalAgency forResearch on CancgtARC)

National Toxicology Program(NTP)

OccupationalSafety andHealth Administration(OSHA)

American Conference déovernmentalndustrial Hygienists(ACGIH)

California Governor'sList of Chemical Restricted under Gfrnia SafeDrinking Water and Toxic
Enforcement Act1986 (Also known as Céhfornia Proposition 65)

SECONDARY CIRCUITPROTECTION REQUIRED INUSING SYSTEMS

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

FCC Requirements

Pertaining to thdJLTRASTAR 18XP/9LP disk drive, IBM will provide technicabupport toassist
users in complying with théJnited StatesFederal Communications Commission(FCC) Rules and Regu-
lations, Part 15, Subpart B Digital Devices"Class A and B Limits". Tests for conformance to this
requirement are performed with thisk drivemounted in theusing system.

CISPR 22Requirements

Pertaining to thdJLTRASTAR 18XP/9LP disk drive, IBM will provide technicabupport toassist
users in complying 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 18XP/9LP disk drive, IBM will provide technicakupport toassist
users in complying with the European Council Directive 89/336/EEC so the finalproduct canthereby
bear the "CE" Mark of Conformity.

This is obtained byntegrating the drives in an IBMroduct. Productsntegrating thesalrives in alternative
enclosureswill still need to test the system to ensure it complies with the BeamDirective.
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