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Preface

Preface

This documentdetails theHardwareSpecifications for themodels usingSCSI interface of the0662product,
a 1 GByte,3.5-inchform factor, 1-inch high directaccessstoragedevice.

The productdescription andother data found inthis documentrepresentIBM's design objectives and is
provided for information and comparative purposes. Actualresults may vary based on avariety of factors
and the information herein is subject tochange. THISPRODUCT DATA DOES NOT CONSTITUTE A
WARRANTY, EXPRESS OR IMPLIED. QuestionsregardingIBM's warranty terms or the methodology
used to derive the data should be referred toyour IBM representative.

Document Distribution

Distribution of this document should comedirectly from your IBM CustomerRepresentative to ensure you
are receiving thecurrentspecification.

Replacement anddisposal of downlevel versions is the responsibility of the holder.
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1. Description

1. Description

Figure 1. 0662Drive Assembly Orientation

1.1 Features
General Features

1.05 gigabytesformattedcapacity(512 bytes/sector)
Industry-standardinterface:ANSI SCSI-2 (optional 68 pinfrom SCSI-3)
Rotary voice coil motor actuator
Closed-loopdigital actuatorservo (dedicated disk servo surfaceplus datareference)
Magnetoresistive(MR) heads
(0,4/4) 8/9 rate encoding
Partial ResponseMaximum Likelihood (PRML) datachannel withdigital filter
All mounting orientations supported
Jumperable autospindlemotor start
Jumperabledrive suppliedterminator power
Jumperablewrite protection
Spindle synchronization
LED Driver
May be ordered with orwithout a bezel
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1. Description

Performance Summary
Average readseek: 8.5milliseconds
Latency: 5.56 milliseconds
Media datatransfer rate: 6 and 5MegaBytes/second (banded)
SCSI datatransfer rate: up to 20MegaBytes/second (synchronous)
SCSI BusOverhead: < 40 microseconds

Interface Controller Features
SCSI busparity
SCSI disconnect and reconnect capability
Multiple initiator support
FastSCSI supported
Wide SCSI models

| Variable logical block lengths (180 - 5952 supported)
512K byte, multi-segmented, dualport databuffer
Read-aheadcaching
Write Cache supported(delayed write)

| Adaptive cachingalgorithm
Tagged and untaggedcommandqueuing
Commandreordering

| Back-to-backwrites (merged writes)
Automatic retry and data correction on read errors
Automatic sector reallocation
In-line alternate sector assignment for high-performance
Automatic power management
Down-loadable SCSIfirmware
SCSI behaviorcustomizing jumpers

For example -
− Disable Target InitiatedSynchronous Negotiation
− Disable UnitAttentions
− DisableSCSI Parity
− Auto Start Delay
− etc.

Reliability Features
Self-diagnostics onpower up
Dedicated headlandingzone
Automatic actuatorlatch
Thermal compensation oneach datasurface forimproving on-track positioningcapability
Buffer memoryparity
Longitudinal Redundancy Code(LRC)
ECC on the fly
Error logging and analysis
Deep DataRecovery Procedures(DRP)

| PredictiveFailure Analysis  (PFA) 
No preventativemaintenance required
Two Field ReplaceableUnits (FRU's): electronics and HDA
Probability of notrecoveringdata:10 in 1015 bits read
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1. Description

1.2 Models
| The 0662disk drive is available in several differentmodels:

The 50 pin SCSI connector modelsoffer an 8 bitSCSI bususing theSCSI 'A' connector.

The 68 pin SCSI connector modelsoffer an 8/16 bitSCSI bususing theSCSI 'P' connector.

Model # # of SCSI Connector Pins SCSI Electrical Signal
Type

# of data heads

S12 50 SE 5

SW1 68 SE 5

SWD 68 DF 5

Note: "SE" stands forSingle Ended, while "DF"stands forDifferential.
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2. Specifications

2. Specifications

| All specifications arenominal values unless otherwisenoted, and arevalid for driveswith 1.x microcode
| RevisionLevels 1.5 andbeyond, and fordrives with 2.xmicrocode RevisionLevels 2.3 andbeyond.

2.1 General
Note: The recordingbandlocated towards theouter diameter (OD) is referred to as'Notch #1'.While the
recordingbandlocated towards the inner diameter(ID) is called 'Notch #2'.

Data transfer rates
Notch #1 Notch #2

Buffer to/from media 6 5 MegaBytes/second (instantaneous)

Host to/from buffer up to 20.0 MegaBytes/second (synchronous)

| Data Buffer Size (bytes) 512 K (See 3,“Performance” onpage 25 for user data capacity.)

Rotational speed(RPM) 5400
Average latency (milliseconds) 5.56

Notch #1 Notch #2

Recording density(BPI) 78,202 86,880

Bit Rate Clock (brc) (MHz) 54 45

Notch #1 Notch #2

Track density (TPI) 4077 4077

Notch #1 Notch #2

Areal density (Megabits/square inch) 318.8 354.2

Notch #1 Notch #2

Data band (mm) 17.95 6.89

Disks 3

Seektime
Single cylinder 0.6 milliseconds (Read)

2.5 milliseconds (Write)
Average (weighted) 8.5 milliseconds (Read)

10.0 milliseconds (Write)
8.8 milliseconds(composite: 4reads to 1 write)

Full stroke 16.5 milliseconds (Read)
18.0 milliseconds (Write)

Note: Times aretypical for a file population under nominalvoltages
and castingtemperature of 25 C.Weightedseeks are seeks to the
cylinders ofrandomlogical block addresses.

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 13 of 81 ——



2. Specifications

Notch #1 Notch #2

Total cylinders (total cyl) 3016 1120

User cylinders (usercyl) 3002 1117

| Band 1 user cylinders (b1ucyl) 1998 747

| Band 2 user cylinders (b2ucyl) 1004 370

Tracks/cylinder (trk/cyl)
Models S12,SW1,SWD 5

Notch #1 Notch #2

Gross bytes/track(gb/trk) 66667 55556

Overhead bytes/sector(ob/sct) 104.4 101.5

| User bytes/sector(ub/sct) 180 - 744 (evennumber ofbytes only)

| User bytes/logicalblock (ub/lba) 180 - 5952 (See rules fordetermining sct/lba below for determining
| supported ub/lbavalues.)

| Sectors/logicalblock (sct/lba) 1-8

| The lowest sct/lbathat satisfies thefollowing rules is used...
| 1. Block Length isevenly divisible bysct/lba(1-8).
| 2. Quotient ofpreviousequation isevenly divisible by 2.
| 3. Quotient must be≥ 180 and≤ 744.

Notch #1 Notch #2

Band 1 spares/cylinder(b1spr/cyl)
Models S12,SW1,SWD 15 15

Band 2 spares/cylinder(b2spr/cyl)
Models S12,SW1,SWD 20 20

Last cylinder extra spare sectors (lcspr)
Models S12,SW1,SWD 40

Table 1. Userfile capacity for severalblock sizes

Models S12,SW1,SWD

bytes/ logical
block

grosssectors/ track formattedcapacity (bytes) logical blocks/ file

| Notch #1| Notch #2

| 180| 234| 197| 817,900,200| 4,543,890

| 256| 184| 155| 911,057,920| 3,558,820

| 512| 108| 90| 1,052,177,920| 2,055,035

| 520| 106| 89| 1,050,103,600| 2,019,430

| 524| 105| 88| 1,047,389,540| 1,998,835

| 744| 78| 65| 1,090,041,840| 1,465,110
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2. Specifications

2.1.1 Capacity Equations

2.1.1.1 For Each Notch
The next 7 equations should becalculated separately for eachnotch.

user bytes/sector (ub/sct) =
ub/lba

sct/lba

grossbytes/sector (gb/sct) =ub/sct + ob/sct

sectors/track (sct/trk) = INT
[

111,055

INT [
(90)(gb/sct) + brc− 1

brc ]
]

band 1user sectors/cyl (b1us/cyl) = (sct/trk)(trk/cyl) - b1spr/cyl

band 2user sectors/cyl (b2us/cyl) = (sct/trk)(trk/cyl) - b2spr/cyl

spares/notch (spr/nch) =(b1spr/cyl)(b1cyl) + (b2spr/cyl)(b2cyl)

Note: Add lcspr to theequation above for thenotch closest to theinner diameter (#2).

usersectors/notch (us/nch) =(b1us/cyl)(b1ucyl) + (b2us/cyl)(b2ucyl)

Note: Subtractlcspr from the equation above for thenotch closest to theinner diameter (#2).

2.1.1.2 For Entire Drive
spares/file (spr/file) = (spr/nch){Notch #1} + (spr/nch){Notch #2}

user sectors/file (us/file) =(us/nch){Notch #1} + (us/nch){Notch #2}

logical blocks/file ( lba/file) = INT[ us/file

sct/lba ]
user capacity (fcap) = (lba/file)(ub/lba)
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2. Specifications

2.2 Power Requirements

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

2.2.1 12V SCSI and 5V Single Ended SCSI Power Requirements
Input Voltage

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

The following currentvalues weremeasured onproductionlevel drives. Safety factorshave not been
applied.

Population Population
Power Supply Current Notes Mean Stand. Dev.

+5VDC (power-up) Minimum voltageslew rate = 4.5 V/sec

| +5VDC (idle avg) 0.675Amps1 .0080Amps

| +5VDC (R/W baseline) Typical 0.988Amps2 .0092Amps

| +5VDC (R/W pulse) Base-to-peak 0.490Amps3 .0215Amps

+12VDC (power-up) Minimum voltageslew rate = 7.4 V/sec

+12VDC (idle avg) .324 Amps .0087Amps

+12VDC (seek avg) 1 op/sec .00517Amps .00017Amps

| +12VDC (seek peak) 1.600Amps4 .0297Amps

+12VDC (spin-up) 1.5 sec max 1.579Amps5 .105 Amps

| File power

| Ave idle power 7.26 Watts .14 Watts

| Ave R/W power 30 ops/sec 10.69Watts .15 Watts

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

| 2 The baseline R/Wcurrent is the R/W current,with the pulsesignored,that thefile requires for reading andwriting.
| The averagefile R/W current may be abovethis value depending on the R/Woperation.

| 3 The maximum R/Wcurrent is equal to the sum of the R/Wbaselinecurrent and the R/Wpulsecurrent.

4 The idleaverage andseekpeek should beaddedtogether to determine the total 12volt peakcurrent. See Figure 2
on page 21 for atypical buildup of thesecurrents. Refer to examples on thefollowing page to see how to combine
these values.

5 The current at start is thetotal 12 volt current required(ie. themotor start current, module current andvoice coil
retract current). See Figure 3 on page 22 for thetypical 12 volt current required duringspindlemotor start.
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| 2.2.2 5V Differential SCSI Power Requirements

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

| Input Voltage
| + 5 Volts Supply 5V (± 5% during run andspin-up)

| The followingcurrentvalues weremeasured onproductionlevel drives. Safety factorshave not been
| applied.

| Population Population
| Power Supply Current Notes Mean Stand. Dev.

| +5VDC (power-up) Minimum voltageslew rate = 4.5 V/sec

| +5VDC (idle avg) 0.730Amps6 .0034Amps

| +5VDC (R/W baseline) Typical 1.040Amps7 .0115Amps

| +5VDC (R/W pulse) Base-to-peak 1.262Amps8 .1018Amps

|

| As a reminder, when determining the currentnecessary tosupply thedifferential cards,only onefile per
| SCSI bus may beselectedtherefore only onefile per SCSI bus may besinking themaximum 5Vcurrent.

2.2.3 Power Calculation Examples

Example 1. Calculate themean 12 volt average current.

If we assume acase of 30operations/second then tocompute the sum of the 12volt meancurrents the
following is done.

mean
+12VDC (idle ave) .324 amps
+12VDC (seek average) .00517 * 30 = .155amps

TOTAL .479 amps

Example 2. Calculate themean plus 3 sigma 12 volt averagecurrent.

To compute the sum of the 12volt mean current's 1sigma valueassume all the distributions are normal.
Therefore the squareroot of the sum of thesquares calculation applies. Assume a case of 30
operations/second.

| 6 5 Volt Current isgiven with termination power provided by theusing system.

| 7 The baseline R/Wcurrent is the R/W current,with the pulsesignored,that thefile requires for reading andwriting.
| The averagefile R/W current may be abovethis value depending on the R/Woperation.

| 8 The maximum R/Wcurrent is equal to the sum of the R/Wbaselinecurrent and the R/Wpulsecurrent.
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sigma
+12VDC (idle ave) .0087amps
+12VDC (seek average)sqrt(30*((.00017)**2))= .001 amps

TOTAL sqrt((.0087)**2+(.001)**2))= .0087 amps

So the meanplus 3sigmameancurrent is .479 + 3*.0087 = .505amps

Example 3. Power Calculation.

| Nominal idle file power = (.675 Amps * 5 Volts) + (.324 Amps * 12 Volts) = 7.26 Watts

| Nominal R/W file power for 30randomseekoperations/second (1 block/second) =(0.988Amps * 5 Volts)
| + (.479Amps * 12 Volts) = 10.69Watts

Mean plus 3 sigma file power for 30 random operations/second. Assumethat the 5 volt and 12 volt
distributions are independenttherefore the squareroot of the sum of thesquares applies.

| + 5 V D C (1 sigmapower) .0092 * 5 = .046 watts
+12VDC (1 sigmapower) .0087 * 12 = .104 watts

| Total (1sigmapower) sqrt((.046)**2+(.104)**2) = .114 watts

| Total power 10.69 + 3 * .114 = 11.03watts
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Example 4. Calculate the 12volt peak current.

To compute the sum of the 12volt peak currents thefollowing is done.

mean
+12VDC (idle ave) .324 amps

| +12VDC (seekpeak) 1.600 amps

| TOTAL 1.924 amps

Example 5. Calculate themean plus 3 sigma 12 voltpeak current.

To compute the sum of the 12volt peak current's 1sigma valueassume all distributions are normal.
Therefore the squareroot of the sum of thesquares calculation applies.

sigma
+12VDC (idle ave) .0087amps
+12VDC (seekpeak) .0297 amps

TOTAL sqrt((.0087)**2+(.0297)**2)=.0309 amps

| So the meanplus 3sigmapeak current is1.924 + 3*.0309 = 2.017amps

The above formulas assume allsystem ops as a 1 block read orwrite transferfrom a random LBA while at
nominal voltageconditions.

Things to checkwhen measuring 12 V supply current:

Null the currentprobefrequently. Be sure to let itwarm up.

Adjust the power supply to12.00 V at the file terminals.

Use a proper windowwidth, covering an integralnumber ofspindle revolutions.

Measurevalues at 25 degree C castingtemperature.

Get a reliable trigger for SeekPeakreadings.
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Externally Generated Ripple9

as seen at filepower connector Maximum Notes

+5VDC 150 mV 0-20 MHz
peak-to-peak

+12VDC 150 mV 0-20 MHz
peak-to-peak

During file start up andseeking, 12volt ripple is generated by thefile (referred to asdynamic loading). If
severalfiles have theirpower daisy chained togetherthen the power supplyripple plus other file's dynamic
loading must remain within the regulation tolerance window of + / - 5%. Acommonsupply with separate
power leads toeachfile is a more desirablemethod ofpower distribution.

| The file'smountingholes areelectrically isolatedfrom the file's disk enclosure. The disk enclosure is not at
| ground potential;therefore, any usermounting schememust notresult in the disk enclosure beingshorted to
| ground at Direct Current,(DC).

| Since the diskenclosure is and can beelectrically coupled to the user frame atfrequenciesabove DC, the
| user framemust bewithin + / - 150 millivolts of the power supply ground. At no time shouldmore than 35
| milliamperes ofcurrent beinjected into the file user frame. The frequency range which hasbeen tested is
| from 0 to 100MHz.

Hot plug/unplug support.

Power supply and SCSI bus hot plug and un-plug isallowed. There is nospecialsequence required for
connecting 5 volt, 12 volt, orground. During a hotplug-in event thefile being pluggedwill draw a large
amount ofcurrent at the instant ofplug-in. This currentspike is due to charging the bypass capacitors on
the file. This currentpulse may cause thepower supply to go out ofregulation. If this supply is shared by
other files then a lowvoltage 'power on reset' may be initiated onthosefiles. Therefore the recommendation
for hot plugging is tohave one supply for eachfile. Never daisy chain the powerleads if hot plugging is
planned. Hotplugging should beminimized to prevent wear on thepower connector.

Hot plugging theSCSI bus maycauseglitches on thebus. To minimize the chance ofglitching, it is
recommended to plug in the SCSI busbefore thepower isapplied.

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

During hot un-plugging if the operating shocklimit specification can be exceededthen thefile should be
issued aSCSI Stop Unitcommandwhich is allowed tocompletebefore un-plugging.

9 This ripple must not cause the powersupply to thefile to go outside of the+ / -5 % regulation tolerance.
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Typical 12 volt current.

Figure 2.

1. Instantaneousminimum current can benegative. The pulse may be aslarge as -1.1amps andpersist for
up to 200 microseconds.

2. Maximum slew rate is 7 amps/millisecond.

3. Maximum slew rate is 100 amps/millisecond.

4. Maximum slew rate is 7 amps/millisecond.

5. Maximum slew rate is 3 amps/millisecond.
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Typical 12 volt spin-up current.

Figure 3.

1. Maximum slew rate is 20 amps/millisecond.

2. Current drops off asmotor comes up tospeed.

If the spindlemotor hasdifficulty starting, the start currentwill be pulsed(turned on and offseveraltimes).
Two pulsing eventswill be attemptedbefore amotor start failure will be reported.
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2.2.4 Bring-up Sequence (and stop times)

Bring-up Sequence Times and StopTime

Nominal Maximum Notes

Power-up 2.0 sec 2.4 sec *seeFigure 4

Start-up 15 sec 1 min. *seeFigure 4

Spin-up 6.7 sec 15 sec *seeFigure 4

Stop Time 9.0 sec 12.5 sec

Figure 4. Start TimeDiagram

Note: BATS is the abbreviation forBasic Assurance Tests.Start-upsequence spins up the spindlemotor,
uploads code, performsBATS2 (verifies read/write hardware), resumes "Reassign inProgress"operations,
and more. For more information on the startupsequence,refer to the0662Interface Specification.

Note: If a RESET isissued before thefile comes ready thepower onsequencewill start again, in allother
cases when aRESET isissued thepresent state of themotor is notaltered.

Note: Reference3.9.1.1.3,“Start/Stop Unit Time” onpage 41 for additionaldetails.

Note: See 5.4, “SpindleSynchronization” onpage 63 for detailsabout Start-up timeincreases when the
device isrequested viaMode Parameters to synchronize thespindlemotor to anotherdevice.
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3. Performance

3.1 Environment Definition

Drive performance criteria is based on thefollowing operating environments.Average deviceperformance is
dependent onthese environments. Deviations fromthese environments maycause deviationsfrom this
specification.

Items common to bothspecifiedenvironments are -

Operations areeither all Reads or allWrites. The specifications forTotal CommandExecution with
ReadAhead describe exceptions tothis restriction. Forthat scenario allcommands arepreceded by a
Read command,except for sequential writecommands.

Data transfersize is set to 64Blocks at 512 bytes per block.

The number of databuffer segments is 8. Thetotal databuffer length is512k bytes. Eachsegment is of
equal length. Therefore each databuffer segment is 64k bytes.

| The number ofblocks ofcustomer datathat can fit into onesegment is reduced because 2 bytes of LRC
| information is also stored in the segment for eachblock of customer data stored in thesegment.
| Therefore, use thefollowing equation todetermine how many blocks can fitinto onesegment.

( 512KB
# of segments

)

ub/lba + 2

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

Ten byte SCSIRead andWrite commands areused.

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

Buffer full/empty ratios are set to theiroptimum valuessuch that a minimum number ofintermediate
disconnects occur during theSCSI datatransfer and the overlap of theSCSI and Disk datatransfer is
maximized.This minimizesTotal CommandExecutiontimes with no buscontention.

Read Ahead Cache function isdisabled. The specifications forTotal CommandExecution with Read
Ahead describeexceptions to this restriction.

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

The media is formatted with theskew definition that optimizes the disk data transferrate for
un-synchronizedspindleoperation.

TaggedCommandQueuing is notused, unless otherwisespecified.

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

SCSI datatransfers are successfullynegotiated to be 20MB/sec.

Averages arebased on a samplesize of10,000operations.

3.1.1 Sequential Environment
No Seeks. Thetarget LBA for all operations is the previous LBA + 64.
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3.1.2 Random Environment
All operations are torandomLBAs. The average seek is an average weighted seek.

3.2 Command Execution Time

Table 2. DriveSpecifications. All items listed are inmsec.

Only the SCSI Bus Overhead andTotal CommandExecutiontimes listed in Table 2 should be measured to
ensurethat they are withinspecification. Allother times listed in this chapter aretypical valuesprovided for
information only sothat theperformance forother environments can be approximated.

Basic components of TotalCommand Execution Total Command Execution (Seenote 5) misc. values
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Sequential
Readcmds.

0.0 5.56 0.85

7.27

0.13

13.81 2.19
See Note

1
0.33 0.03

8.75 15.29 2.19

Sequential
Write cmds.

0.0 5.56 0.88

7.27

0.08

13.79
See Note

2
See Note

2
0.33 0.04

8.75 15.27

Random
Readcmds.

8.5 5.56 0.28 7.57 0.13 22.04 22.34 22.34 0.33 0.03

Random
Write cmds.

10.0 5.56 0.38 7.57 0.00 23.51 23.81 23.81 0.33 0.04

Note: 1) The TotalCommandExecution times of sequentialreadswith inter-op delays of0-10 msec andReadAheadenabled are 1 revolutionless
than similar operationswith equal inter-opdelays andReadAheaddisabled. They also havelessCommandExecutionOverheadthus decreasing
Total CommandExecution time.

Note: 2) ReadAheaddoes not affectTotal CommandExecution times of sequentialwrites with equivalent inter-op delays.

Note: 3) The DisableReadDisconnect(DRD) andDisable Write Disconnect(DWD) Mode Parameters are off forvalues in thiscolumn. When
they are on, SCSI BusOverheadincreases butTotal CommandExecution time may decrease.

Note: 4) Times are calculatedwith Typical Data SectorTransferRates for modelswith 5 dataheads.

Note: 5) Times forrandom commands areaverages over entire drive. For sequentialcommands thetimes are averages over aparticular aNotch.
The upper box is forNotch #1 and thelower box is forNotch #2.

Note: 6) Seek timevalues arepopulationaverages, and vary as a function of operating conditions.
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3.2.1 SCSI Data Transfer Rate
The SCSI datatransfer rate isdependent on the mode, either synchronous or asynchronous. Italso depends
upon thewidth of the data path used. 8 and 16 bittransfers aresupported.

When the drive is configured for an 8 bit widesynchronous datatransfer rate of 10.0 MB/sec
(instantaneous), the averageSCSI datatransfer ratethat is realized is at least 9.2MB/sec. The 16 bittransfer
rates are 20 MB/sec and 18.4 MB/secrespectively.

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

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

3.2.2 Parameter Descriptions
Note: ReferenceTable 2 onpage 26.

Seek
The average timefrom the initiation of the seek, to theacknowledgementthat the seek has
completed.

Latency
The average timerequired from the activation of the read/write hardware until the targetsector
has rotated to the head and theread/write begins. Thistime is 1/2 of a revolution of thedisk.

Command Execution Overhead
The average timeadded to theoperation response time due to the processing of theSCSI
command.

(See 3.5,“Read CommandPerformance” onpage 33 and 3.6, “WriteCommandPerformance”
on page 36 for amore detailed description of thecomponents ofCommand Execution
Overhead.)

The CommandExecution Overheadspecification is based on anormal operation with theRead
Ahead function disabled. When Read Ahead is enabled, overhead forrandom commands
immediatelyfollowing a readcommand isincreased byapproximately .3msec.

Overhead for sequential readcommandsimmediatelyfollowing a readcommand isdecreased by
approximately .44msec.

Data Transfer to/from Disk
The average timeused to transfer the data between the media and the drive's internal databuffer.
This is calculated from:

(Data Transferred)/(Media TransferRate).

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

1. InstantaneousData TransferRate

The same for the ID and OD bands of agiven Notch formatted at any of the supported
logical block lengths. It varies by Notch only and does not include any overhead.(See 2,
“Specifications” on page 13 for values.)

2. DataSector TransferRate
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The same for the ID and OD bands ofeachNotch, butvariesdependingupon theformatted
logical block length andvaries from Notch to Notch. It includes theoverhead associated
with eachindividual sector.This is calculated from:

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

(Seepage 35 to calculate individual sector time.)

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

3. TheoreticalData Sector TransferRate

Also includes time required fortrack andcylinder skew andoverhead associated with each
track. It also varies from band to band. (See 3.5.1.1, “Theoretical Data Sector Transfer
Rate” on page 34 for a description on how to calculate it.)(Rates fordrives formatted at
512 bytes/block are located inTable 3.)

4. Typical Data Sector TransferRates

Also includes theeffects of defectivesectors and skipped revolutions due to errorrecovery.
(See Appendix B. of the0662 Interface Specification for a description of errorrecovery
procedures.)(Rates fordrivesformatted at 512 bytes/block are located inTable 3.)

Table 3. Data SectorTransfer Rates. (All rates are in MB/sec)

Note: The values forTypical Data Sector TransferRates in the abovetable assume atypically
worst casevalue of 1 error in 108 bits read atnominal conditions forsoft error rate.

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

Total Command Execution
The operation'sresponse time, frominitial selection to bus free following the Command
Complete message. This time includes the time for the Seek,Latency, CommandExecution
Overhead,Data Transferto/from Disk, andData Transferto/from SCSI Buswhich aredescribed
above.

Normal
The TotalCommandExecution time whenReadAhead is notused.

With Read Ahead and op delays of50-150 msec
The Total Command Execution time when theRead Ahead Cache function is
enabled and the inter-opdelay is arandom value between 50 and 150 msec. This
specification measures aRead orWrite command when theimmediately preceding
command is a Read command(which starts up theRead Ahead function). If the
preceding command is aWrite command, then the timedifference due toRead
Ahead iszero. Thisparameterallows a comparison ofidentical commandsequences
with the ReadAhead Cache functionenabled and disabled.

Note: This inter-opdelay issuchthat the ReadAhead function hasfilled the drive's
internal databuffer segment before thenext Read orWrite command isreceived.

Note: This value takesinto account anychange inCommandExecution Overhead.

Model Number Notch Number Theoretical Typical

S12,SW1,SWD
#1 4.556 4.507

#2 3.778 3.744
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With Read Ahead and op delays of0-10 msec
The Total Command Execution time when theRead Ahead Cache function is
enabled and the inter-opdelay is a random value between 0 and 10 msec. This
specification measures aRead orWrite command when theimmediately preceding
command is a Read command(which starts up theRead Ahead function). If the
preceding command is aWrite command, then the timedifference due toRead
Ahead iszero. This parameterallows acomparison ofidentical commandsequences
with the ReadAhead Cache functionenabled and disabled.

Note: This inter-opdelay issuchthat the ReadAhead function isstill in the process
of filling the drive's internal databuffer segment when the nextRead or Write
command isreceived.

Note: This value takesinto account anychange inCommandExecution Overhead.

Post Command Processing
The average timerequired for process cleanupafter the command hascompleted. This time
indicates theminimum re-instruct time which thedevice supports. If are-instruct rate,faster
then this time is used, thedifference isadded to theCommandExecution Overhead of the next
operation.

SCSI BusOverhead
The average time for transferring allSCSI Command,Status, andMessagephase information
bytes during theoperation. Thisincludes any processing delaysbetween SCSI Busphaseswhile
remaining connected to theSCSI Bus. Initiatordelays while transferringinformation bytes are
assumed to be zero.This time does not include theSCSI Data phasetransfer. (See 3.5,“Read
CommandPerformance” onpage 33 and 3.6,“Write CommandPerformance” onpage 36 for a
more detailed description of thecomponents of SCSI BusOverhead.)

3.2.3 Comments
Overlap has been removed from thespecification calculations. Thecomponents of the TotalCommand
Executiontimes listed in Table 2 onpage 26 are truly additive times to the entireoperation. Forexample,

The SCSI Bus Overhead data is notincluded in the calculationsince some of it'scomponents arealso
components ofCommand Execution Overhead and the remainingcomponentsoverlap the Data
Transferto/from Disk. (See 3.5,“Read CommandPerformance” onpage 33 and 3.6, “WriteCommand
Performance” onpage 36 for details.)

The Post Command Processing times are notcomponents of the TotalCommand Execution time
therefore they are not included in the calculation.

The components of the TotalCommandExecution time are approximations of the timeused by the various
portions of the command.Thesecomponents areprovided for information only sothat theperformance for
other environments can be approximated. Only theTotal CommandExecution time foreachenvironment
should be measured toensure it is withinspecification.

The effects of idle timefunctions are not included in theabovespecifications. Section3.1.1, “ Sequential
Environment” onpage 25 and 3.1.2, “RandomEnvironment” onpage 26 both defineenvironmentswhere
the effects due toincreasedcommandoverhead of IdleTime Functionsupon Total CommandExecution

| time arelessthan 0.7 %during the 1sthour after power isapplied and .2 % thereafter.
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3.3 Disconnection During Read/Write Data Phase

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

The drive alsodisconnects prior tocompletion of theData phase if thedrive's internal databuffer segment
becomes emptyduring a Read command orfull during a Write command. Thisdisconnection occurs
regardless of theMaximum Burst Size parameter. This intermediate disconnectcauses a pause of
approximately0.24 msec during theData phase. This disconnectionrequiresapproximately 33 µsec and the
subsequent reconnectionrequiresapproximately 20 µsec.

3.4 Approximating Performance for Different Environments

3.4.1 For Different Transfer Sizes

The primary performance change due to a change of the TransferSize, is theData Transfer to/from Disk
parameter. See3.2.2, “Parameter Descriptions” onpage 27,Data Transferto/from Disk, for an explanation
of the calculation of this parameter.

The values for severalother parameters mayalso change if the transfersize is reduced to thepoint where
certain internalcontrol functions can nolonger be overlapped with either theSCSI or disk data transfer.
The parameters changedvary based on thetype of environment(read, write, sequential, andrandom).

The following section,3.4.1.1, “0.5KByte SequentialRead,” gives an approximation of theperformance
changes for each of theseenvironments,(read, write, sequential, andrandom), for a0.5KByte transfersize.

3.4.1.1 0.5KByte Sequential Read

For this environment, theData Transferto/from SCSI Bus isreduced by0.104msec (since asingleblock of
data is transferred). TheCommand Execution Overheadincreases byapproximately0.28 msec since the
starting of theSCSI datatransfer can no longer be overlappedwith the disk data transfer.

The magnitude of the performance advantage with theReadAhead functionenabled and opdelaysbetween
50 and 150 ms is reduced due to the smaller transfersize. TheTotal CommandExecution time isreduced
by approximately 5.7msec.

Note: This timedifference can beapproximated for othertransfersizes byusing the followingequation:

-(Latency + (Xfer Size)/(DiskData Rate) -(Xfer Size)/(SCSIData Rate))= R e a dAheadsavings

The magnitude of the performance advantage of theReadAhead with opdelays of 0-10msecvarieswith the
size of the delay. Since the range of delays isless than thetime for one revolution, the operation is
"synchronized to the disk". TheReadAheadsavings can beroughly approximated by:

DELAY - (time for one revolution) = ReadAheadsavings

Note: This time also varies with thesize of the datatransfer due to thedifferencebetween the SCSI data
transfer rate andDisk datatransfer rate. This time isinsignificant for a0.5KByte transfersize and hasbeen
ignored in theabove equation.
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3.4.1.2 0.5KByte Sequential Write

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

3.4.1.3 0.5KByte Random Read

For this environment, theData Transferto/from SCSI Bus isreduced by0.104msec (since asingleblock of
data is transferred). TheCommand Execution Overheadincreases byapproximately0.28 msec since the
starting of theSCSI datatransfer can no longer be overlappedwith the disk data transfer.

3.4.1.4 0.5KByte Random Write

For this environment, only theData Transfer to/from Disk changes as described in 3.4.1,“For Different
TransferSizes” on page 30.

3.4.2 When Read Caching is Enabled

For readcommandswith ReadCaching EnabledTotal CommandExecution time can be approximated by
deleting Seek,Latency andData Transfer to/from Disk times from those listed in the table if all of the
requested data isavailable in a buffersegment (cache hit).When some, but not all, of the requested data is
available in a buffersegment (partial cache hit)Data Transfer to/from Disk will be reduced but not
eliminated.Seek andLatency may or may not be reduced dependingupon thelocation of requested data not
in the cache and location of the read/write heads at the time thecommand wasreceived. Thecontribution of
the DataTransferto/from SCSI Bus to theCommandExecution time mayincrease since a larger, orentire,
portion of thetransfer may no longer be overlappedwith the parametersthat were reduced.

3.4.3 When Write Caching is Enabled

For write commands with theWrite Caching Enabled (WCE) Mode parameter bitset, Total Command
Execution time can be approximated bydeleting Seek,Latency andData Transferto/from Disk times from
those listed in the table. The contribution of the Data Transfer to/from SCSI Bus to theCommand
Execution time mayincrease since a larger, orentire, portion of the transfer may no longer be overlapped
with the parametersthat were reduced.

The reduced timeseffectively areadded to thePostCommandProcessingTime.

Like Tagged Command Queuing, the potential toreduce Command Execution Overheadexists due to
concurrentcommandprocessing.

Like TaggedCommandQueuing, when the WCE bit is set Back-To-Backwrite commands are supported.
See 3.4.4.2,“Back-To-BackWrite Commands” onpage 32 formore information.

3.4.4 For Queued Commands

The effects ofCommandExecution Overhead can bereducedsignificantly if TaggedCommandQueuing is
enabledsincemore than 1 command can beoperated on concurrently. For instance,while a diskoperation
is being performed for onecommandanothercommand can bereceived via theSCSI bus andplaced in the
devicecommandqueue. Certain environments maycauseCommandExecution Overhead toincrease if the
added function to process thequeue and themessages associated withqueueing is not permitted to overlap
with a disk operation.
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3.4.4.1 Reordered Commands
If the Queue AlgorithmModifier Mode Parameterfield is set toallow it, commands in thedevicecommand
queue may beexecuted in adifferent order than they were received. Commands arereordered sothat the
Seekportion of TotalCommandExecution time is minimized. Theamount ofreduction is a function of the
location of the 1st requested block percommand and therate at which thecommands aresent to thedrive.

3.4.4.2 Back-To-Back Write Commands

If all of the requirements are met as stated in the0662 Interface Specification section describing
Back-To-Back write commands, contiguous data from 2 or moreconsecutive writecommands can be
written to thedisk without requiring any diskLatency.

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

Figure 5. SCSIRead commandperformance measurements

SCSI bususagetime (Read command)

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

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

Note: The SCSI bus overhead for aRead Command iscomposed ofS1,S2(a&b),S3,S4,S6,and S7. (0.03
msec total).
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P1 Selection,Identify Msg., CDB 10 µsec
P2a SDP Msg. 1 µsec
P2b DisconnectMsg., BusFree 1 µsec
P3 Start seek orhead switch 258 µsec
P4 Seek orhead switch (for example, average seek)(ReadSeek = 8.5msec)
P5 Set up read disktransfer 0 µsec
P6 Latency (for example, half revolution) (latency = 5.56 msec)
P7 Disk data transfer (see Note 1below)
P8 End read disk transfer (Sector size)/(SCSIData TransferRate)
P9 Transfer last few SCSI blocks in (5)(Sector size)/(SCSIData TransferRate)
P10 SCSIread ending processing 2 µsec
P11 Status,Command CompleteMsg., BusFree 3 µsec

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

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

Note: 1) Use the followingformula to calculate P7.

P7 = (Data transferred)/(Data Sector TransferRate)

Use the followingformula to approximate theData Sector TransferRate.

3.5.1.1 Theoretical Data Sector Transfer Rate
TheoreticalData Sector TransferRate does notaccount for timerequired for errorrecovery or defective
sectors.(The Typical Data Sector TransferRate described in 3.2.2,“Parameter Descriptions” onpage 27
does includethose effects.) Each group ofcylinders with a differentnumber of gross sectors pertrack is
called a Notch. Within eachNotch, there are two'Bands' thatcontain adifferent number ofspare sectors
per cylinder. The followingshows values for the ODBand of Notch #1 for a 5 datahead model. The
"Notch Average" and "Drive Average" valuesused in tablesTable 3 onpage 28 andTable 2 onpage 26 are
sums of theindividual Band values weighted by thenumber of LBAs in theassociatedBands. For the other
bands usevaluesthat correspond to those bands.

Data SectorTransfer Rate =

MBytes/cylinder

time for 1 cyl + 4 trackskews + 1 cyl skew

MBytes/cylinder = {(tracks/cyl)(grosssectors/track) -spares/cyl}(userbytes/sector)
= {(5)(108) - 15}(512)
= 268.80KBytes/cyl (OD band of Notch #1)

time for 1 cyl of data = {(tracks/cyl)(grosssectors/track) - spares/cyl}(sectortime)
= {(5)(108) - 15}(.102881)
= 54.013msec/cyl (ODBand ofNotch #1)

time for 4 track skews = (tracks/cyl - 1)(track skew)(sector time)
= (5-1)(8)(.102881)
= 3.292msec/cyl(Notch #1)

time for 1 cyl skew = (cylinder skew)(sectortime)
= (16)(.102881)
= 1.646msec/cyl (ODBand ofNotch #1)

Data Sector Transfer Rate =

268.80KBytes

54.013msec +3.292msec +1.646msec

= 4.560 MB/sec (ODBand ofNotch #1)
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Note: See 2, “Specifications” on page 13 for the descriptions of

tracks/cyl (trk/cyl)
grosssectors/track (gs/trk)
spares/cyl (b1spr/cyl and b2spr/cyl)
user bytes/sector(ub/sct)
grossbytes/sector (gb/sct)

See 3.7,“Skew” on page 37 for the descriptions of

track skew (tss)
cylinder skew (css)

And averagesector time can becalculated as follows:

sector time (st) =

[
100

(9)(gs/trk) ]msec

And for transfers of few blocks(lessthan 1/2 ofgs/trk) individual sector time can be calculated asfollows:

sector time (st) =

INT [
(gb/sct)(90) + brc− 1

brc ]
1

10000
msec

Note: The exampleData Sector TransferRates use theaverage value forsector timesince thenumber of
sectors transferred in this example isgreater than 1/2 gs/trk.
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3.6 Write Command Performance
Note: This case is forRandomEnvironment SCSIWrite commands,with ReadAheaddisabled.

Figure 6. SCSI Writecommandperformance measurements

SCSI bususagetime (Write command)

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

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

Note: The SCSI bus overhead for awrite command iscomposed ofS1,S2(a&b),S3,S4,S6,S7,S8 and S9.
(0.04 msec total).
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P1 Selection,Identify Msg., CDB 10 µsec
P2a SDP Msg. 1 µsec
P2b DisconnectMsg., BusFree 1 µsec
P3 Start seek 258 µsec
P4 Seek(for example, average seek) (Write Seek = 10.0msec)
P5 Set up write disk transfer 0 µsec
P6 Latency (for example, half revolution) (Latency = 5.56 msec)
P7 Disk data transfer (see Note 1below)
P8 End write disk transfer 75 µsec
P9 SCSI write ending processing 25 µsec
P10 Arbitrate, Reselect,Identify Msg. 6 µsec
P11 Status,Command CompleteMsg., BusFree 3 µsec

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

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

Note: 1) Use the followingformula to calculate P7.

P7 = (Data transferred)/(Data Sector TransferRate)

Note: Use the 3.5.1.1,“Theoretical Data Sector TransferRate” on page 34 for anapproximation of the
Data Sector TransferRate.

3.7 Skew

3.7.1 Cylinder to Cylinder Skew
In order to increase the likelihoodthat equivalentLBA's on two or moredevices arelocated at the same
relative physicalposition when thedevices areused in a synchronized spindlemode, cylinder skew is
calculateddifferently than when adevice is notformatted inthat mode. Thecylinder skew calculations do
not take into accountknown defective sites. Toprohibit revolutions frombeing missed on cylinder crossings
by drivesformattedwhile in a synchronized spindlemode, anextra allowance forseveral defects isaddedthat
is not addedwhen optimally formatted in a non-synchronizedmode.

Note: The value in theSCSI Mode Page 3 'Cylinder SkewFactor' is thenon-synchronizedspindle mode
value for the ODband of Notch #1.

Table 4. Cylinder SkewCalculationInput Parameters

cylinder skew sectors(css)

= csb
gb/sct

+ ras

{rounded up to nearestinteger}

{add sasif formatted in synchronizedspindlemode}

Note: For example, inNotch #1, css = 16sectors @OD and 17 sectors @ID (for 512byte sectors).

Notch #1 Notch #2

OD Band ID Band OD Band ID Band

cylinder skew bytes (csb) 7926 6605

reassign allowancesectors (ras) 3 4 3 4

SAT allowancesectors (sas) 6 8 6 8
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3.7.2 Track to Track Skew
Note: The value in theSCSI Mode Page 3'Track SkewFactor' is thevalue forNotch #1.

Notch #1 Notch #2

track skew bytes (tsb) 4800 4000

track skew sectors(tss)

= tsb
gb/sct

{rounded up to nearestinteger}

Note: For example, tss = 8 sectors inNotch #1 and 7sectors inNotch #2(for 512 byte sectors).

3.8 Idle Time Functions
The execution of various functions by thedrive during idle times may result indelays of commands
requested bySCSI initiators while idle time functions are inprogress.'Idle time' isdefined astime spent by
the drive not executing acommandrequested by aSCSI initiator. The types of functions performed during
idle time are

1. Thermal Compensation Update
2. Disk Sweep
3. SaveCounters & Pointers
4. SaveError Log
5. PredictiveFailure Analysis (PFA)

If a SCSI command isreceived by the drive whileperforming an idle time function the Arbitration,
Selection, Message andCommandphases, and disconnects controlled by thedrive behaveidentical to the
scenario where anidle time function is not currently inprogresswhen a command isreceived. The only
change withrespect to performance andSCSI phasechanges isthat aninitiator may detect isthat the Total
CommandExecution time isincreased by theamount of time it takes tocomplete theidle time function
currently in progress.

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

| Following are descriptions of the various types ofidle functions, how often theyexecute and theirduration.
| Duration isdefined to be themaximum amount of time theactivity can add to acommandwhen noerrors
| occur. Nomore than oneidle function will be interleavedwith eachSCSI command,except forPFA which
| when executed always follows aThermal Compensation Update. Mechanisms tolessen, and insomecases
| virtually eliminate,performance impacts from an Initiator'spoint of view arealsomentioned.

| Following the descriptions is asummary ofpossible performance impacts.

| 3.8.1 Thermal Compensation Update

| The drive periodicallyupdatescertain servoparameters to compensate forshifts caused bythermalchanges.
| The drive is alwayscompensating and theperiodic updates areinitiated automatically by thedrive.

| The update of one head isstartedevery 36 secduring the first hour after power is applied, andevery 3
| minutesthereafter. Ofthat period, anaverage of 210msec isspent updating a head.

| Multiple SCSIcommands areaccepted and executedwithout delayduring anupdateperiod if thecommands
| are receivedless than 100msec after thecompletion of thepreviousSCSI command.
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There is anexception if a head due to beupdated is not updatedwithin the process period (due to the rapid
arrival of SCSI commandsand/or commands that take alarge amount of time toexecute relative to a
process period).Then the drive delaysSCSI non-Priority commands,except for TestUnit Ready, from
executinguntil that onehead is updated.(See the0662 Interface Specification for a description of Priority
commands.)

This scheme insuresthat each head isupdated atleast every 3minutesduring the first hour after spin up,
and every 15minutesthereafter. Theintent of the scheme is to minimize thenegativeeffects of updates on
drive performance.

| The updateeffectsupon performance can be reduced bysetting the Page 0hMode Parameter TCC (Thermal
| Compensation update Control) = 1. Inread intensiveworkloads, updates can beeffectively disabled for
| critical response time periods ofoperation byissuingRead (6) and/or Read (10) commands atleast every 1
| second when TCC = 1. This meansthat multiple SCSI Read commands areaccepted and executed
| without delay if thecommands arereceived by the drivewithin 1 second of the execution of a previousSCSI
| Read command. If awrite command isissued and a processperiod for a headthat is accessed bythat
| command haselapsedsuchthat an update is due, itwill be updated. Headsthat are not due to be updated,
| or are not accessed by aSCSI write commandwill not be updatedduring the execution of acommand.

| For all types of workloads, read andwrite, when TCC = 1 using systems can forceupdates to beexecuted
| by issuing theSCSI Rezero Unitcommand.This mechanismallows the updates to beexecuted at times
| known andcontrolled by the using system.

3.8.2 Disk Sweep

The disk sweepfunction is built into the drive microcode to prolongdisk life. It is designed to move the
heads over thedisk surfaceduring idle periods to preventdisk lubrication migration problems.

| At the end of either aThermal Compensation Update that wasinitiated after 100 msec ofidle time or the
| end of aPFA test, thedrive self-initiates anoperation thatmoves the heads to a newcylinder within the
| highest fly height area of the disk.

| The execution timethat a SCSIcommandcould bedelayed is typicallyless than the time ittakes to do one
| Full Strokeseek.

3.8.3 Save Counters & Pointers

The drive periodically writes asector to thereserved areacontaining internally usedcounters and pointers.
| This occurs approximatelyevery 26-35minutes and isinterleavedwith SCSI commands. The operationtakes
| approximately 50 msec toexecute.

| The effectsupon performance can be reduced bysetting the Page 0hMode ParameterLITF (Limit Idle
| Time Functions) = 1. Execution can beeffectively disabled for criticalresponse time periods ofoperation by
| issuing SCSI commands atleast every 1second whenLITF = 1. This means multiplecommands are
| accepted and executedwithout delay if the commands arereceived by the drivewithin the "idle detection
| period" of 1 second of the execution of a previousSCSI command.
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3.8.4 Save Error Log

| If there have beenentries added to theError Log since it hasbeen last written to the reserved area of the
| disk, the Error Log is written (or saved) to the reserved area of the disk.Execution of thisoperation, if
| required, occurs at the same time theSave Counters and Pointersfunction does andreplaces the Save
| Counters and Pointersfunction for that cycle. Theoperationtakes approximately 150 msec toexecute.

Note: The Error Log isalso written to thereserved area if the Log isfull during the execution ofcommands
that attempterror recovery.

3.8.5 Predictive Failure Analysis
| PFA measuresdrive parameters and can predict if adrive failure isimminent.

| After the drive hasbeen spinning for between 10 to 15 minutes, aPFA algorithm will be performed which
| takes approximately 0.02 seconds to complete.After this initial PFA computation,approximatelyevery 3
| minutes thereafter, another PFA operation will be executed for the remaininguntested data heads. 30
| minutesafter the previous testcycle was started, a testcycle which tests all heads 3minutes apartstarts
| again. Every 30minutesthereafter, a new testcycle is started.

| This measurement/analysisfeature can be disabled for criticalresponse time periods ofoperation bysetting
| the Page 0hMode ParameterLITF = 1. The using system also has theoption of forcing execution at
| known times by issuing theSCSI Rezero Unitcommand if thePage 0hMode Parameter TCC = 1. See the
| 0662 Interface Specification for more detailsabout PFA and how it's execution can be controlled by the
| using system viavendor unique SCSIMode ParametersLITF and TCC.

| Note: SettingLITF = 1 does not disable event drivenPFA features. It only disables the time drivenPFA
| features.

| 3.8.6 Summary

| Table 5. Summary ofIdle Time Function Performance Impacts

3.9 Command Timeout Limits
The 'CommandTimeout Limit' is defined as the timeperiod from the SCSI Arbitration phasethrough the
SCSI CommandCompletemessage, associatedwith a particularcommand.

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

3.9.1.1.1 Reassignment Time: The drive should be allowed aminimum of 30 sec tocomplete a"Reassign
Blocks" command.

3.9.1.1.2 Format Time: The drive should be allowed aminimum of 30 minutes to complete a"Format
Unit" command.

| Idle Time Function Type| Period of Occurance (minutes)| Duration (ms)| Mechanism to Delay/Disable

| ServoTCOMP ( < 1sthour)| .6| 210| Re-instructionPeriod & TCC

| ServoTCOMP ( > 1sthour)| 3| 210| Re-instructionPeriod & TCC

| PFA (1)| 3| 80| TCC/LITF

| Save Logs &Pointers| 26| 30| Re-instructionPeriod & LITF

| Note: "TCOMP" is ThermalCompensationUpdate.

| Note: "Re-instruction Period" is thetime between consecutive SCSIcommandrequests.

| Note: (1) PFA durations aretypically 20 ms.Onceevery 30minutesduration may reach 80 ms. Even though the period is 3 minutes, PFA only
| executes 5 times every 30minutes.
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3.9.1.1.3 Start/Stop Unit Time: The drive should be allowed aminimum of 30 sec tocomplete a
"Start/Stop Unit"command(with Immed bit = 0).

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

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

3.9.1.1.4 Medium Access Command Time: The timeoutlimit for medium accesscommands thattransfer
user dataand/ornon-user data should be aminimum of 30sec. Thesecommandsare:

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

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

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

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

3.9.1.1.5 Timeout limits for other commands: The drive should beallowed a minimum of 5 sec to
completethesecommands:

Inquiry
RequestSense
ReadBuffer

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

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

The command timeout for a command that is notlocated at the head of thecommandqueue should be
increased by the sum ofcommandtimeouts for all of the commands that areperformed before it is.
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4. Mechanical

4.1 Weight
Approximately 1.0pounds (0.46 kilograms)

4.2 Dimensions for Single Ended SCSI Models

U.S. S.I. Metric

Height 1.00inches 25.4 millimeters

Width 4.00inches 101.6millimeters

Depth 5.75inches 146.0millimeters

| 4.3 Dimensions for Differential SCSI Model

| U.S. S.I. Metric

| Height 1.00inches 25.4 millimeters

| Width 4.00inches 101.6millimeters

| Depth 6.50inches 165.2millimeters

4.4 Clearances

A minimum of 2 mm clearance should be given to thebottom surface except for a 10 mmmaximum
diameter areaaround thebottom mounting holes. Figure 7 onpage 44 shows theclearancerequirements
(Note 1). For propercooling it is suggestedthat aclearance of 6 mm be providedunder thefile and on top
of the file.

There should be 7 mm ofclearancebetween thefiles that are mounted withtheir top sides (seeFigure 23 on
page 73 orFigure 25 onpage 75 for topview of file) facing eachother.

4.5 Mounting

The drive can bemounted with anysurface facingdown.

The drive is available with bothside andbottom mountingholes. Refer to Figure 7 onpage 44 to
Figure 10 onpage 47 for thelocation of thesemountingholes for each configuration.

The maximumallowablepenetration of the mounting screws is 3.8 mm.

| The recommened torqueapplied to themounting screws is 0.5 Newton-meters + / - 0.1 Newton-meters.
| Recommended torquedriver speed not toexceed 300 RPM. IBM willprovide technical assistance for users
| who wish toapply higher torquesand/orhigher speeds.
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WARNING: Except for theisolatedmountingholes, thebody of thefile is not at ground potential.
Therefore any usermountingschememust notresult in thefile beingshorted to ground.

WARNING: The file may besensitive to usermounting implementation due tofile distortioneffects. IBM
will provide technicalsupport toassist users toovercomemounting sensitivity.

| Note: Dimensions are inmillimeters.

| Figure 7. Location ofSideMounting Holes
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| Note: Dimensions are inmillimeters.

| Figure 8. Location ofSideMounting Holeswith Differential SCSI Cards
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Note: Dimensions are inmillimeters.

Figure 9. Location of Bottom Mounting Holeswith SMD Card
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Note: Dimensions are inmillimeters.

Figure 10. Location of Bottom Mounting Holeswith SMP Card
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| Note: Dimensions are inmillimeters.

| Figure 11. Location of Bottom Mounting Holeswith Differential Cards
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4.6 Electrical Connector Locations

The electricalconnectors are located asshown inFigure 12 and Figure 13 onpage 50. Thefront jumper
pin locations areshown inFigure 14 onpage 51 andFigure 15 onpage 52.

| Figure 12. Electrical connectors (rearview) -- 68 pin SCSI.
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Figure 13. Electrical connectors (rearview) -- 50 pin SCSI

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 50 of 81 ——



4. Mechanical

Note: Dimensions are inmillimeters.

Figure 14. SMDJumper pinlocations (frontview)
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| Note: Dimensions are inmillimeters.

| Figure 15. SMPJumper pinlocations (frontview)

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 52 of 81 ——



5. Electrical Interface

5. Electrical Interface

5.1 Power Connector
The DC power connector isdesigned tomate with a Molex8981-4P4crimp connector, or a Molex
A-70156-2000insulator displacement connector, or their equivalent. Pinassignments areshown in Table 6.

Table 6. Power connector pinassignments

Refer to the section entitled2.2, “Power Requirements” onpage 16 for details onpower. Also see
Figure 13 onpage 50 andFigure 12 onpage 49 forpower connector pinlocations.

5.2 SCSI Bus
This sectiondescribes the electrical specifications of the0662SCSI connector.

5.2.1 SCSI Bus Signal Connectors

| 0662has differentmodel typesthat support a 50 or 68 pinsingle-endedSCSI connector and a 68 pin SCSI
| differential driver/receiveralternative.

Pin # Voltage Level

1 +12V

2 Ground

3 Ground

4 + 5 V
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5.2.1.1 50 Pin Signal Connector

50 pin models use a Hirose MIF62B-54PB-2.54DS(02) connector on the "SMD"version of the electronics
circuit board and aHiroseMIF62C-54PB-2.54DS on the "SMP"version of the electronics.They are both
compatible with theANSI SCSI-2 "A" connectorspecifications. It is limited to 8 bit data transfersonly.
Refer to Figure 13 onpage 50 for a rearview of the 50 pinmodel connector.

The SCSI connector contactassignments for the 50 pin single-endedmodel is shown in Table 7.

Table 7. 50 PinSingle-Ended SCSIConnector ContactAssignments

Signal Name Connector Contact
Number

Signal Name

GROUND 1 2 -DB(0)

GROUND 3 4 -DB(1)

GROUND 5 6 -DB(2)

GROUND 7 8 -DB(3)

GROUND 9 10 -DB(4)

GROUND 11 12 -DB(5)

GROUND 13 14 -DB(6)

GROUND 15 16 -DB(7)

GROUND 17 18 -DB(P)

GROUND 19 20 GROUND

GROUND 21 22 GROUND

OPEN 23 24 OPEN

OPEN 25 26 TERMPWR

OPEN 27 28 OPEN

GROUND 29 30 GROUND

GROUND 31 32 -ATN

GROUND 33 34 GROUND

GROUND 35 36 -BSY

GROUND 37 38 -ACK

GROUND 39 40 -RST

GROUND 41 42 -MSG

GROUND 43 44 -SEL

GROUND 45 46 -C/D

GROUND 47 48 -REQ

GROUND 49 50 -I/O
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5.2.1.2 68 Pin Signal Connector

68 pin models use an AMP 92-8012-16-1connector that iscompatible with theANSI SCSI-3 "P" connector
specifications. It can transfer data in both 8 bit(narrow) and 16 bit(wide) modes. Refer to Figure 12 on
page 49 for a rearview of a 68 pinmodel.

Note that the "P"connector is not mechanically compatible with the 50-pin "A" connector asdefined in the
ANSI SCSI-2standard. Therefore systemcablesused with 50 pin products cannot be plugged directly into 68
pin models. Despite thedifference inconnector, thedifferential 68 pin models are electricallycompatible
with differential 50 pin models andother 50 pindifferential SCSI products andtherefore can coexist on the
same bus. In order to do so, thedifferences inconnectortypeswould need to be accounted for in thecable.
The same can besaid forconnecting 68 and 50 pinsingle-ended models to the same bus. Butdifferential and
single-ended models do notwork connected to the same bus.

SCSI connector contactassignments for 68 pin single-ended models areshown in Table 8while 68 pin
differential models areshown in Table 9 onpage 56.

Table 8. 68 PinSingle-Ended SCSIConnector ContactAssignments

Signal Name Connector Contact Number Signal Name

GROUND 1 35 -DB(12)

GROUND 2 36 -DB(13)

GROUND 3 37 -DB(14)

GROUND 4 38 -DB(15)

GROUND 5 39 -DB(P1)

GROUND 6 40 -DB(0)

GROUND 7 41 -DB(1)

GROUND 8 42 -DB(2)

GROUND 9 43 -DB(3)

GROUND 10 44 -DB(4)

GROUND 11 45 -DB(5)

GROUND 12 46 -DB(6)

GROUND 13 47 -DB(7)

GROUND 14 48 -DB(P)

GROUND 15 49 GROUND

GROUND 16 50 GROUND

TERMPWR 17 51 TERMPWR

TERMPWR 18 52 TERMPWR

OPEN 19 53 OPEN

GROUND 20 54 GROUND

GROUND 21 55 -ATN

GROUND 22 56 GROUND

GROUND 23 57 -BSY

GROUND 24 58 -ACK

GROUND 25 59 -RST

GROUND 26 60 -MSG

GROUND 27 61 -SEL

GROUND 28 62 -C/D

GROUND 29 63 -REQ

GROUND 30 64 -I/O

GROUND 31 65 -DB(8)

GROUND 32 66 -DB(9)

GROUND 33 67 -DB(10)

GROUND 34 68 -DB(11)

Note: 8 bit devices whichconnect to theP-cableshould tie thefollowing signalsinactive: -DB(8), -DB(9),
-DB(10), -DB(11), -DB(12), -DB(13), -DB(14), -DB(15), -DB(P1). Allother signals shall beconnected as defined.

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 55 of 81 ——



5. Electrical Interface

Table 9. 68 PinDifferential SCSI Connector ContactAssignments

5.2.2 SCSI Bus Cable

Single-ended modelspermit cable lengths of up to 6 meters(19.68 feet). Itshould be notedhoweverthat
users who plan to use "Fast" data transferswith single-endedmodels shouldfollow all of the SCSI-3
guidelines for single-ended"Fast" operations.This mayinclude a cable length ofless than 6meters.

Differential modelspermit cable lengths of up to 25 meters(82.02 feet).Cablesmust meet the requirements
for differential cables as setforth in the ANSI SCSI-2 standard under"CableRequirements -Differential
Cable".

The SCSI-2 standardstatesthat any stubfrom main cablemust notexceed 0.1meters forsingle-ended cables

and 0.2 meters fordifferential cables.0662has a maximuminternalstub length of0.053meters on allSCSI
signals. To remain compliant with the standard, the SCSI buscablemust not add more than0.047meters
additionalstub length to any of the single-endedSCSI signals or .147meters to anydifferential SCSI signals.

Signal Name Connector Contact Number Signal Name

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

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

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

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

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

GROUND 6 40 GROUND

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

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

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

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

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

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

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

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

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

DIFFSENS 16 50 GROUND

TERMPWR 17 51 TERMPWR

TERMPWR 18 52 TERMPWR

OPEN 19 53 OPEN

+ A T N 20 54 -ATN

GROUND 21 55 GROUND

+ B S Y 22 56 -BSY

+ A C K 23 57 -ACK

+ R S T 24 58 -RST

+ M S G 25 59 -MSG

+ S E L 26 60 -SEL

+ C / D 27 61 -C/D

+ R E Q 28 62 -REQ

+ I / O 29 63 -I/O

GROUND 30 64 GROUND

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

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

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

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

Note: 8 bit devices whichconnect to theP-cableshould tie thefollowing signalsinactive: +/-DB(8), +/-DB(9),
+/-DB(10), +/-DB(11), +/-DB(12), +/-DB(13), +/-DB(14), +/-DB(15), +/-DB(P1). Allother signals shall be
connected as defined.
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5.2.3 SCSI Bus Terminators

| Only 50 pinsingle-endedmodels on request haveoptional internalSCSI busactive terminatorsthat can be
| enabled byinstalling ajumper between pins 13 and 14 of theFront Options JumperBlock or pins 7 and 8
| of the RearBlock on 68 pinSCSI models.(Refer to Figure 16 onpage 59,Figure 17 onpage 59 and
| Figure 19 onpage 60). The usingsystem is responsible for making surethat all requiredsignals are
| terminated at both ends of the thecable. See 5.2.5,“SCSI BusElectrical Characteristics” on page 58 for
| input capacitancevalues whenterminators aredisabled or not present.

Differential models do nothave internalSCSI bus terminators. A terminatorpossibility is listed in
Table 10.

Table 10. Differential SCSI Terminator

5.2.4 SCSI Bus Termination Power

Termination power isoptionally provided forsystemsthat desire to use it. Inorder to use the termination
power, theuser needs to install ajumper between pins A01 and A02 of theTermPowerBlock. (Refer to
Figure 16 onpage 59 andFigure 17 onpage 59.) Thejumper shouldonly be installed on one device,
which should be the thelast device on theSCSI bus(i.e. the drivethat isphysically closest to aterminator).
68 pin models can source up to 2.0Amps of current at 5.0 Volts ( + - 5%) fortermination power. 50 pin
models can source up to 1.5Amps of current at 5.0 Volts ( + - 5%) fortermination power.

5.2.4.1 SCSI Bus Termination Power Short Circuit Protection

The ANSI SCSI-2specificationrecommends fordevicesthat optionally supplyTERMPWR, toinclude
currentlimiting protection foraccidentalshort circuits. It alsorecommends that themaximumcurrent
available forTERMPWR should notexceed 5Amps. UL has adifferent requirementthat they call the 8
Amp rule. This rule statesthat when apower sourceleaves anenclosure(like SCSI TERMPWR in the
SCSI cable), itmust trip 8 Amps of current within 1 minute.

0662uses a resettable "PositiveTemperatureCoefficient" (PTC) resistor forTERMPWR short circuit
protection. Thesedevices will trip when they are over-heated due toexcesscurrentflowing through them.
When theover currentcondition (i.e. currentsurge due to a hot plug orintermittent short, or asolid short
circuit) is removed, thedevice canautomaticallyreset, allowingTERMPWR toagain be sourcedfrom this
device.

0662complies with the 8 Amp UL requirement. Forsystemsthat prefer tocomply with the SCSI-2 5

Amp recommendedTERMPWR limit, the 5 Volt power supplied to0662should be limited to prevent
TERMPWR from exceeding 5Amps. This wouldprevent a currentsurge inexcess of 5Amps that may
occur in the event of ashort circuit, before the PTCdevice canactually trip.

For 68 Pin Models

Data MateDM2050-01-68D
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5.2.5 SCSI Bus Electrical Characteristics

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

Ta = 0 to 70 deg. C

Symbol SCSI I/O Parameters min max UnitsNotes

Vol low level output voltage 0.4 V Iout = 48.0 mA
Voh high level output voltage 2.5 V Iout = -400 uA
Vil low level input voltage 0.0 0.8 V
Vih high level input voltage 2.0 5.5 V
Iil low level input current 10 uA
Iih high level input current 50 uA
Vihys input hysteresis 0.3 V
Ci input capacitance 25 pF w/terminators

disabled,
Typ. = 19pF

Differential modelsmeet allelectricalrequirements asdefined in theANSI SCSI-2 standard under"Electrical
Description -Differential Alternative".

5.2.6 Recommendations For SCSI Bus Noise Reduction

The SCSI committee has spent alargeamount ofresource lookinginto what needs to bedone to assure
SCSI devices willwork asspecified in theSCSI-2 standard. As aresult of this, thecommittee is
recommending thefollowing approach:

Use regulated 110 ohmterminator

Use AWG 28 polyolefin shielded cables

Make suredata and parity are on theouter ring of the cable andthat REQ and ACK are in thecore of
the cable.
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5.3 Options Jumper Block(s)
0662contains a frontjumper block with pinsthat can beused toaccess andenable certain features and
select the SCSIaddress of the drive.Figure 16 shows the layout of those pins for the"SMD" version of the
electronics circuitboard. For the "SMP"version of the electronics circuitboard, those functions aresplit into
two groups of pins. The front block isshown inFigure 17. While the block located on thebottom isshown
in Figure 18 onpage 60.

68 pin models alsocontain arearoption jumperblock that replicatessome of the functions contained in the
front block. The layout of those pins areshown infigure Figure 19 onpage 60.

Figure 16. Front OptionsJumperBlock (& TermPowerBlock) for "SMD" Versions

Figure 17. Front OptionsJumperBlock (& TermPowerBlock) for "SMP" Versions
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Figure 18. Bottom OptionsJumperBlock for "SMP" Versions

Figure 19. RearOptionsJumperBlock for 68 pin models
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| 5.3.1 SCSI Address Pins
| Information on how toselect aparticular address for theSCSI device ID is given inTable 11 and Table 12.

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

| Table 11. Address Determination of 68 PinSCSI Models

| Table 12. Address Determination of 50 PinSCSI Models

| 5.3.2 Auto Start (& Delay) Pins

| The AutoStart andAuto Start Delay pins control when and how thedrive canspin up and comeready.
| Whenconfigured forAuto-Startup, themotor spins up afterpower isappliedwithout theneed of aSCSI
| Start Unitcommand. For no Auto-Start, aSCSI Start Unitcommand isrequired to make thedrive spin and
| be ready for mediaaccessoperations. When in Auto-Start mode, thedrive will delay it's start time by a
| period of time multiplied by it's ownSCSI address.Table 13 onpage 62 showswhether or not Auto-Start
| mode is active and the delayperiods, where applicable, for allcombinations of thepins.

| BIT 3| BIT 2| BIT 1| BIT 0| ADDRESS

| off| off| off| off| 0

| off| off| off| on| 1

| off| off| on| off| 2

| off| off| on| on| 3

| off| on| off| off| 4

| off| on| off| on| 5

| off| on| on| off| 6

| off| on| on| on| 7

| on| off| off| off| 8

| on| off| off| on| 9

| on| off| on| off| 10

| on| off| on| on| 11

| on| on| off| off| 12

| on| on| off| on| 13

| on| on| on| off| 14

| on| on| on| on| 15

| BIT 2| BIT 1| BIT 0| ADDRESS

| off| off| off| 0

| off| off| on| 1

| off| on| off| 2

| off| on| on| 3

| on| off| off| 4

| on| off| on| 5

| on| on| off| 6

| on| on| on| 7
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| Table 13. AutoStart Mode andDelay

| 5.3.3 LED Pins

| The LED pins can be used todrive anexternal LightEmitting Diode. Pleaserefer to the LED pinsection
| of the 0662Interface Specification for a detailed functional description of when thesepins are activated.

Up to 33 mA ( + / - 5%) of TTL level LED drive capability is provided.

Note: This set of pins can be used todrive an LEDlocated in abezelconnected to the front of thedrive or
to an external LED in systems where thefront of the drive can not be easilyseen.

Note: 68 pin SCSI modelshave twosets ofpins, a set on the front and a set on the back,that are
connected to the same LEDdriver circuit. The combined drive capability is stated above.

5.3.4 Write Protect Pins

If the Write Protect pin is jumpered to ground thedrive will inhibit SCSI commands thatalter thecustomer
dataareaportion of themedia frombeing performed. See the0662Interface Specification for functional
details.

5.3.5 Disable T.I.Sync. Negotiation Pins
If a Disable Target InitiatedSynchronous Negotiation pin is grounded then an Initiator isrequired to start a
negotiation handshake if Synchronous SCSItransfers are desired. Pleaserefer to the0662Interface
Specification for more details onthis feature.

5.3.6 Disable SCSI Parity Pins
Groundingthis pin will disableSCSI Paritychecking.

5.3.7 Disable Unit Attention Pins
Groundingthis pin will disable the drivefrom building Unit Attention Senseinformation forcommands
immediatelyfollowing a Power On Reset(POR) orSCSI Bus Reset. Any pending UnitAttention
conditionswill also be cleared at POR orSCSI Resettimes.

5.3.8 Customizing Pins

The customizing pins and their associatedjumper pins are currentlyreserved forfuture use.They are for
featuresspecific toparticularhost systemsthat must be inaffect immediately afterpower isapplied to the
drive. Pleasecontact your IBM CustomerRepresentative for functionaldetails onother using system
specific required featuresthat these pins could possibly be usedfor.

| AUTO START
| DELAY
| AUTO START| Auto-Start Mode ?| Delay (sec)

| off| off| NO| na

| off| on| YES| 0

| on| off| YES| 10

| on| on| YES| 4
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5.4 Spindle Synchronization

5.4.1 Spindle Synchronization Overview

There are four modes ofspindlesynchronization. Reference Figure 20 for alist of how the-MASTER
SYNC and-SLAVE SYNC pins on theOption JumperBlock are used for thedifferent modes. The
following paragraphsgive ashort description of each spindlesynchronization mode:

The Slave drive (SlaveSyncmode)receives theindex from the Masterdrive on the-SLAVE SYNC line
and synchronizes itsINDEX (Slave index) to it.
Should thedrive be theMasterdrive, (MasterSync mode), itoutputs itsINDEX on the -MASTER
SYNC and the -SLAVE SYNC lines. TheMasterdrive does not synchronize its index to anyother
device. It simply outputs itsINDEX.
In the MasterSyncControl mode, adrive will synchronize its spindle to thesignal it receives on the
-SLAVE SYNC input. It outputs to-MASTER SYNC a pulsethat has thesame period as thedrive
INDEX, but is not synchronized to thedrive INDEX generatedfrom the disk.
In the non-sync mode, thefile will receive the -SLAVESYNC signal, but it is notused by thefile.

Reference the0662SCSI Specification for furtherinformation on thedifferent synchronization modes.

SpindleSynchronizationControl Lines

-MASTER SYNC -SLAVE SYNC function mode

released receive Slavesync

drive drive MasterSync.

drive receive MasterSyncControl

released receive nonsync

Figure 20. Spindle SynchronizationFunctional Modes

File Synchronization withOffset.

The file electronicsreceives theMaster Index andcreates the delayed SlaveIndex from thedrive
INDEX. The delay isdetermined by using theMode select command,Rigid Disk Drive Geometry
Parameters (page 4 ). Arotational offset of0/256 of arevolution up to255/256 of arevolution may be
selected inincrements of 1/256 of a revolution. Reference the0662SCSI Specification for further
information on the rotationaloffset of synchronized spindles.

SynchronizationTime

The SCSIMODE Selectcommand isused to select the Spindle Sync.mode. It could take up to 1.75
seconds ( 1.25sec.nominally ) to sychronize theSlave drive to theMasterdrive. While the Slave drive
is synchronizing to theMaster, itwill not be able toread and writedata. Once synchronized, thedrive
will m aintain + / - 20usecsynchronization tolerance.
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Figure 21. Slave-Sync toSlave-Index Timing

5.4.2 Spindle Synchronization Bus

The spindlesynchronization Busconsists of the twosignal lines,-MASTER SYNC and -SLAVE SYNC.
Reference Figure 16 onpage 59,Figure 17 onpage 59 andFigure 19 onpage 60 whichshow the location
of thesesignal lines on theOption JumperBlock connector. One potential configuration of this bus for
drives that are to beused in a synchronized mode isshown in thefolowing figure. This example requires the
-SLAVE SYNC lines to be daisychained together.

Figure 22. Daisy-Chain Connection of Synchronization Bus
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Termination

Bus termination of the-MASTER SYNC and-SLAVE SYNC signals isinternal to thefile. These two
signalseach have a2000 ohmpullup to the + 5 volt supply. A maximum of 16files canhave their
-MASTER SYNC or -SLAVE SYNClines daisychained together. Violating thiscould damage the
Masterfile driver on the-MASTER SYNC and/or -SLAVESYNC line.

It is the using system's responsibility to provide the cable toconnect the synchronizeddrives
-SLAVE SYNC lines together.

Bus Characteristics

− maximum Buslength = 6 meters
− 4 micro-secondnegative activepulse
− 0.8 volts = valid low input
− 2.0 volts = valid high input
− 0.4 volts = lowoutput
− 64 milli-amps = maximum output lowlevel sink current
− high leveloutput set byterminationresistors

The driverused for these twosignal lines is anopencollector buffer.
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6. Reliability

Note: The reliability numbers arebased on the conditions stated below. A separate evaluation should be
made by the using system, using theiroperating conditions.

6.1 Error Detection
Error reporting ≥ 98%

All detected errors excluding interface andBATs #1 errors

Error detection ≥ 98%

FRU isolation = 100%

To the devicewhen the "Recommended Initiator ErrorRecovery
Procedures" in the0662InterfaceSpecificationare followed.

No isolation to sub-assemblies within thedevice are specified.

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

Recoverableread errors 10 in 1011 bits read(Populationaveragemeasured atnominal DC
conditions androom environment.)

Probability of miscorrecting unrecoverabledata

Note: Eighteen bytes of ECC and two bytes of LRC are provided for each data block. The codes havebeen
configured to guarantee accurate detection and correction of errorsthat corrupt 6 orlessconsecutive bytes
(per sector). Errorsthat corrupt 3 orlessconsecutive bytes are corrected automatically by the hardware (on
the fly). Errorsthat corruptbetween 7 and 12 consecutive bytes are guaranteed to be detected as
uncorrectable errors.Errors that corruptbetween 13 and 18 consecutive bytes are guaranteed to be detected,
however, miscorrection may occur. The miscorrection probability of errorsthat corrupt 13 or more
consecutive bytes is approximately 5.2 E-20. Errors that corrupt 19 or moreconsecutive bytes are subject to
the same miscorrection probability, and also may not be detected by the codes. The misdetectionprobability
for an errorthat corrupts 19 or moreconsecutive bytes is approximately 6.8 E-49. Thefollowing table
summarizes this information.

Table 14. Data Reliability

Error length in
bytes corrupted

Detection
Guaranteed

Misdetection
Probability

Correction
Guaranteed

Miscorrection
Probability

1 - 3 Yes 0 Yes - OTF* 0

4 - 6 Yes 0 Yes 0

7 - 12 Yes 0 No 0

13 - 18 Yes 0 No 5.2 E-20

19 - 764 No 6.8 E-49 No 5.2 E-20

Note: OTF* - corrected "on thefly"
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6.3 Seek Error Rate
Maximum allowed seekerrors 10 in 108 Seeks

6.4 Microcode Defect Rate

The interfacemicroprocessor code targetdefectratewill be lessthan orequal to0.150total valid unique
APARS perthousandlines of new/ changed source instructions(TVUA/KCSI) for the 60 monthproduct
life.

6.5 Power On Hours
Total Power on hours (with minimum power on/off cycles)

43,200hours forlife based on:

- 5 Power on/off cycles permonth

- 720 power on hours permonth

Total Power on hours (with maximum power on/off cycles)

10,140hours forlife based on:

- 90 Power on/off cycles permonth

- 169 power on hours permonth

6.6 Useful Life
Product Life 5 Years

Useful life is the length of time prior to thepoint at which productdegradationbegins tooccur. The
specification for the usefullife calculation is the same asthat for the*MTBF specification.

6.7 *Mean Time Between Failure (*MTBF)
The meantime to failure target is 800,000 devicehours perfail (3.75%CDF) based on:

6000power on hours peryear (500power on hours permonth times 12months)
300 averageon/off cycles peryear (25power cycles permonth times 12months)
Seeking/Reading/Writing is assumed to be 20% of power onhours(Approximately 10 read/write
operations per second)

| 15% uplift for system related causes
Operating atnormal environment(SeeTable 17 onpage 71) andnominal voltages (See 2.2,“Power
Requirements” onpage 16)

Note: *MTBF - is a measure of thefailure characteristicsover total product life. *MTBF includesnormal
integration induced, installation,early life (latent), and intrinsicfailures. *MTBF is predicated onsupplier
qualification,productdesign verification test, andfield performance data.
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| 6.8 Sample Failure Rate Projections

| The following tables are forreferenceonly. The tablescontainfailure rate projections for agiven set of user
| conditions. Similar projectionswill be provided,upon request, for each userspecificoperating conditions.

| Table 15. Projectedfailure rate for theelectronics only.

| Table 16. Projectedfailure rate for theentire drive, (Electronics andHDA).

6.9 SPQL (Shipped product quality level)

6.10 Install Defect Free
Install Defect Free percentage 99.99percent

6.11 Data lost due to DE replacement

| Lessthan 5.4% of thetotal units in thefield will fail due to the HDA (causing data loss) over 5years
| (assuming 720POH/MM usage). This assumes a 15% uplift for system related causes.

6.12 Periodic Maintenance
None required

| Application| SCSI Electronics only - (RA/MM)
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| 500POH/MM| 0.001212| 0.001849| 0.002363| 0.000390| 2.34%

| 720POH/MM| 0.001580| 0.002436| 0.003204| 0.000562| 3.37%

| Application| SCSI Electronics and HDA - (RA/MM)
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| 500POH/MM| 0.001561| 0.002465| 0.003205| 0.000625| 3.75%

| 720POH/MM| 0.002085| 0.003314| 0.004433| 0.000900| 5.40%

LA vintage Ultimate (13thmonth)
Totals .39% .30%
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| 6.13 ESD Protection
| The SPITFIRE disk drivescontain electrical componentssensitive todamage due to electrostaticdischarge
| (ESD). Proper ESDproceduresmust befollowed during handling, installation, andremoval. Thisincludes
| the use of ESD wriststraps and ESD protective shipping containers.
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7. Operating Limits

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

7.1 Environmental
Temperature

Operating Ambient 41 to 131˚F (5 to 55˚C)
Operating Casting Temperature 41 to 140˚F (5 to 60˚C)
Storage 34 to 149˚F (1.1 to 65˚C)
Shipping -40 to 149˚F (-40 to 65˚C)

Temperature Gradient
Operating 18˚F (10˚C) perhour
Shipping and storage below condensation

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

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

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

7.1.1 Temperature Measurement Points

The following tableslist measurement points andtheir temperatures(maximum andreliability) for the
single-ended and differentialSCSI models.Maximum temperaturesmust not beexceeded at theworst case
file and system operating conditions with thefile randomlyseeking, reading and writing.Reliability
temperaturesmust not beexceeded at thenominal file and system operating conditions with thefile
randomlyseeking, reading, and writing.

Table 17. OperatingTemperatureLimits - Single-Ended SCSI

Maximum Reliability

Disk Enclosure Top 140˚F (60˚C) 113˚F (45˚C)

Disk EnclosureBottom 140˚F (60˚C) 113˚F (45˚C)

PRDF Module 185˚F (85˚C) 158˚F (70˚C)

WD33C96 Module 167˚F (75˚C) 149˚F (65˚C)

ASERVO Module 167˚F (75˚C) 149˚F (65˚C)

GLUE Module 167˚F (75˚C) 149˚F (65˚C)
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Note: Figure 23 onpage 73defineswheremeasurements should be made todetermine the topcasting
temperatureduring file operation and shows the location of thePRDF module forsingle-endedSCSI.
Figure 24 onpage 74defines themodulesthat arelocated on thebottom side of thecard and the
measurement location on thebottom of thecasting.

Note: Figure 25 onpage 75defineswheremeasurements should be made todetermine the topcasting
temperatureduring file operation and shows the location of thePRDF module fordifferential SCSI.
Figure 26 onpage 76defines themodulesthat arelocated on thebottom side of thecard and the
measurement location on thebottom of thecasting.

Theremust besufficient air flow through thedrive sothat thecasting andmodule temperaturelimits defined
in Table 17 onpage 71 for single-endedSCSI or Table 18 fordifferential SCSI are notexceeded.

Table 18. OperatingTemperatureLimits - Differential SCSI

Maximum Reliability

Disk Enclosure Top 140˚F (60˚C) 113˚F (45˚C)

Disk EnclosureBottom 140˚F (60˚C) 113˚F (45˚C)

PRDF Module 185˚F (85˚C) 158˚F (70˚C)

WD33C95 Module 158˚F (70˚C) 140˚F (60˚C)

ASERVO Module 167˚F (75˚C) 149˚F (65˚C)

GLUE Module 167˚F (75˚C) 149˚F (65˚C)

M23 Transceiver Module 140˚F (60˚C) 122˚F (50˚C)
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Figure 23. Temperature MeasurementPoints (topview)

Note: The PRDFmodule temperature should be measured with a thermocouple approximatelycentered on
the top surface of themodule.

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 73 of 81 ——
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Figure 24. Temperature MeasurementPoints (bottom view). See 7.1.1.1,“Module Temp. MeasurementNotes” on
page 76.
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7. Operating Limits

Figure 25. Temperature MeasurementPoints ForDifferential (top view)
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7. Operating Limits

Figure 26. Temperature MeasurementPoints ForDifferential (bottom view). See 7.1.1.1,“Module Temp.
MeasurementNotes” on page 76.

7.1.1.1 Module Temp. Measurement Notes

1. Center on the topsurface of themodule.

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

7.2 Vibration and Shock

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

1. By mountingwith the 6-32 bottom holes with thefile on 2 mm high by 10 mmdiameterspacers as
required by section4.4, “Clearances” on page 43.

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

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

7.2.1 Output Vibration Limits

| spindle imbalance 2.0 gram-millimetersmaximum
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7. Operating Limits

7.2.2 Operating Vibration

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

WARNING: The 0662files aresensitive torotary vibration. Mounting within using systemsshould
minimize the rotationalinput to thefile mounting pointsduring vibration.

The random andsweptsinevibration levelsbelow apply when any of themountingholes on thefile are
used.

RandomVibration

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

For excitation in the z-direction, thefile will meet the requiredthroughputspecificationswhen subjected to
vibration levels notexceeding the V4Svibration level definedbelow.

Note: The RMS value in the table below isobtained bytaking the squareroot of thearea defined by the
g² /hz spectrum from 5 to 500 hz.

Table 19. RandomVibration Levels

Class 5 hz 17 hz 45 hz 48 hz 62 hz 65 hz 150 hz 200 hz 500 hz RMS

V4 2.0E-5 1.1E-3 1.1E-3 8.0E-3 8.0E-3 1.0E-3 1.0E-3 8.0E-5 8.0E-5 0.56

V4S 2.0E-5 1.1E-3 1.1E-3 8.0E-3 8.0E-3 1.0E-3 1.0E-3 4.0E-5 4.0E-5 0.55

units g2/hz g

SweptSineVibration

The file will operate without harderrorswhen subjected to the sweptsinevibration of 1 G peak from 5 to
300 hz in the x- and y direction. Forinput in thez-direction, aninput of 1 G peak amplitude can be
applied from 5 hz to 250 hz, the amplitude at 300 hz is 0.5 G peak. Linear interpolation isused to
determine the accelerationlevelsbetween 250 hz and 300 hz.

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

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

7.2.2.1 Nonoperating Vibration

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

Table 20. Non-operating VibrationLevels

Frequency 5 hz to 7 hz 7 hz to 200 hz

Amplitude 0.8 inch DA 2.0 G peak
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7.2.3 Operating Shock

The drivewill continue to operate, at thestated "Performance", when subjected to a 5 Ghalf sine wave
shock pulse of 11millisecondsduration.

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

The shockpulses are applied in either direction in each of three mutually perpendicularaxis, one axis at a
time.

7.2.4 Nonoperating Shock

No damagewill occur if the unpackageddrive is notsubjected to a square wave shockgreater than a"faired"
value of 35 Gs applied to all threeaxis for aperiod of 20 milliseconds, one direction at a time.

Additionally, no damagewill occur if the unpackageddrive is notsubjected to an 11 millisecondhalf sine
wave shockgreater than 60 Gsapplied to all threeaxis, onedirection at a time.

7.3 Contaminants

The corrosive gasconcentrationexpected to be typicallyencountered isSubclass G1; the particulate
environment isexpected to be P1 of C-S1-9700-000(1/89).

7.4 Acoustic Levels

Notes:

1. The above octaveband and maximum soundpower levels arestatisticalupperlimits of the sound power
levels. See C-B 1-1701-027 and C-S 1-1710-006 forfurther explanation.

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

3. The operating mode is simulated byseeking at arate between 12 and 15seeks persecond.

4. The mean of asamplesize of 10 orgreaterwill be lessthan orequal to the statedmean with 95%
confidence.

Additionally, thepopulationaverage of thesoundpressure measured onemeter above thecenter of thedrive
in idle mode will not exceed 34 dB.

Upper Limit Sound Power Requirements(Bels)

OctaveBand Center Frequency (Hz) A-weighted

125 250 500 1K 2K 4K 8K Maximum Mean

Idle 4.5 3.5 3.3 3.5 4.3 4.3 4.0 4.75 4.4

Operating 4.5 4.0 3.6 4.1 4.3 4.6 4.3 5.00 4.7

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 78 of 81 ——



8. Standards

8. Standards

8.1 Safety
UNDERWRITERSLABORATORY (U.L.) APPROVAL:

The product is approved as aRecognizedComponent for use inInformation TechnologyEquipment
according to UL 1950(without any D3deviations). The UL RecognizedComponentmarking is located
on the product.

CANADIAN STANDARDS AUTHORITY (C.S.A.) APPROVAL:

The product iscertified to CAN/CSA-C22.2 No.950-M89 (without any D3deviations). The CSA
certificationmark is located on theproduct.

INTERNATIONAL ELECTROTECHNICAL COMMISSION ( IEC ) STANDARDS
COMPLIANCE

The product iscertified to comply to EN60950(IEC 950with European additions) by TUVRheinland.
The Rheinland Bauart mark islocated on theproduct.

SAFE HANDLING:

The product is conditioned for safe handling inregards tosharpedges andcorners.

ENVIRONMENT:

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

InternationalAgency forResearch on Cancer(IARC)

National Toxicology Program(NTP)

OccupationalSafety andHealth Administration(OSHA)

American Conference ofGovernmentalIndustrial Hygienists(ACGIH)

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

SECONDARY CIRCUITPROTECTION REQUIRED INUSING SYSTEMS

IBM has exercised care not to use anyunprotected components orconstructionsthat areparticularly
likely to causefire. However, adequate secondary overcurrentprotection is theresponsibility of the user
of the product. Additional protectionagainst the possibility of sustainedcombustion due tocircuit or
componentfailure mayneed to be implemented by the user withcircuitry external to theproduct.

8.2 Electromagnetic Compatibility (EMC)
FCC Requirements

Pertaining to the0662disk drive, IBM will provide technicalsupport toassist users incomplying with
the United StatesFederal Communications Commission(FCC) Rules and Regulations,Part 15,
Subpart J Computing Devices"Class B Limits" . Tests for conformance to this requirement are
performed with thedisk drivemounted in theusing system.

VDE Requirements
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Pertaining to the0662disk drive, IBM will provide technicalsupport toassist users incomplying with
the requirements of theGerman Vereingung DeutcherElektriker (VDE) 0871/6.78Limit Class B.

CSPRRequirements

Pertaining to the0662disk drive, IBM will provide technicalsupport toassist users incomplying with
the Comite International Special des Perturbations Radio Electriques(International Special Committee on
Radio Interference) CISPR 22 "Class B Limits" .
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8. Standards

8.3 Design Reference Documents

THE DOCUMENTS BELOW ARE NOT AT PRESENT MANDATORY BUT SHOULD ALL BE
CONSIDERED FOR INCLUSION INPRODUCT PLANS. IT IS PROBABLE THAT SOME MAY
BECOME MANDATORY IN THE FUTURE.

2-0001-014 FAST TRANSIENT/BURSTSUSCEPTIBILITY N/A SEENOTE 7
C-B 9005 POWER,SIGNAL AND CONTROL CABLES

NOTES:

1. ELECTROMAGNETIC COMPATIBILITY: ADDITIONAL EMC DESIGN OBJECTIVES MUST
BE PREPARED WITH THE COOPERATION AND APPROVAL OF THELOCAL EMC
COORDINATOR. WHERE THESE DESIGN OBJECTIVES ARE NOT MET, SOURCES OF
EMANATIONS AND EFFECTS OF SUSCEPTIBILITY MUST BE IDENTIFIED. CONTROL
TECHNIQUES ACCEPTABLE TO THE LOCAL EMC COORDINATOR MUST BE
IDENTIFIED TO CONTROL POTENTIAL FIELD PROBLEMS.

2. STANDARD APPLIES TO SECOND ORDER AND MULTIPLE USAGE PRODUCTS.

3. THIS STANDARD WILL BE MEASURED, BUT ACTUAL CONFORMANCE WILL BE BY
THE USING SYSTEM.

4. FILE USES DC POWER ONLY. ALL POWER AND CONTROL POWER IS PROVIDED BY
THE USING SYSTEM.

5. ITEM NOT USED IN FILE.

6. NO EXTERNAL CABLES.

7. APPLIES TOUSING SYSTEM.
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