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Preface

Preface

This documentetails theHardwareSpecifications for thenodels usingSCSlinterface of the0662product,
a 1 GByte,3.5-inchform factor, 1-inch high direcaccessstoragedevice.

The productdescription andther data found irthis documentrepresentBM's design objectives and is
provided for information and comparative purposes. Actugslults may vary based onvariety of factors
and the information herein is subject thange. THISPRODUCTDATA DOES NOTCONSTITUTE A

WARRANTY, EXPRESS OR IMPLIED. QuestionsregardinglBM's warranty terms or the methodology
used to derive the data should be referred/oar IBM representative.

Document Distribution

Distribution ofthis document should comdirectly from your IBM CustomerRepresentative to ensure you
are receiving thecurrentspecification.

Replacement andisposal of dowrlevel 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 gigabytesormattedcapacity(512 bytes/sector)
Industry-standardnterface:ANSI SCSI-2 pptional 68 pinfrom SCSI-3
Rotary voice coilmotor actuator
Closed-loopdigital actuatorservo (dedicated disk servo surfagkis datareference)
Magnetoresistivé MR) heads
(0,4/4) 8/9 rate encoding
Partial ResponseMaximum Likelihood (PRML) datachannel withdigital filter
All mounting orientations supported
Jumperable autgpindlemotor start
Jumperablarive suppliedterminator power
Jumperablewrite protection
Spindle synchronization
LED Driver
May be ordered with owithout abezel
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1. Description

Performance Summary
« Average readeek: 8.5milliseconds
Latency: 5.56 milliseconds
Media datatransfer rate: 6 and MegaBytes/second (banded)
SCSI datatransfer rate: up to 28legaBytes/second (synchronous)
SCSI BusOverhead: < 40 microseconds

Interface Controller Features
SCSI busparity
SCSldisconnect and reconnect capability
Multiple initiator support
« FastSCSI supported
« Wide SCSI models
Variablelogical block lengths (80 - 5952 supported
512K byte, multi-segmented, dupbrt databuffer
Read-aheadaching
« Write Cache supporte{delayed write)
- Adaptive cachingalgorithm
Tagged and untaggetbmmandqueuing
Commandreordering
Back-to-backwrites (merged writes)
- Automaticretry and data correction on read errors
« Automaticsector reallocation
In-line alternate sector assignment for high-performance
- Automatic power management
Down-loadable SCSlirmware
SCSI behaviorcustomizing jumpers

For example -

— Disable Target Initiatedynchronous Negotiation
- Disable UnitAttentions

— DisableSCSI Parity

— Auto Start Delay

- etc.

Reliability Features
Self-diagnostics orpower up
Dedicated headandingzone

- Automatic actuatotatch

Thermal compensation oeach datassurface forimproving on-track positioningapability
Buffer memoryparity
Longitudinal Redundancy CodéLRC)
ECC on the fly
Error logging and analysis
Deep DataRecovery Procedurg®RP)
PredictiveFailure Analysis0 (PFA) O
No preventativemaintenance required
Two Field Replaceabl&nits (FRU's): electronics and HDA
Probability of notrecoveringdata: 10 in 10' bits read
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1. Description

1.2 Models
The 0662disk drive is available in several differentodels:
Model # # of SCSI Connector Pins SCSIlElectrical Signal # of data heads
Type
S12 50 SE 5
SW1 68 SE 5
SWD 68 DF 5

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

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

The 68 pin SCSI connector moded$fer an 8/16 bitSCSI bususing theSCSI 'P' connector.
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2. Specifications

2. Specifications

All specifications armmominalvalues unless otherwiseoted, and arealid for driveswith 1.x microcode
RevisionLevels 1.5 andeyond, and fodrives with 2.xmicrocode Revision.evels 2.3 andeyond.

2.1 General

Note: The recordingbandlocated towards theuterdiameter (OD) is referred to dblotch #1'.While the
recordingbandlocated towards the inner diamet@b) 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) (MHZz) 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

Average (weighted)

Full stroke

0662HardwareSpecification .... RevisionDate: May27th, 1994

0.6 milliseconds (Read)
2.5 milliseconds (Write)
8.5 milliseconds (Read)
10.0 milliseconds (Write)
8.8 millisecondgcomposite: 4reads to 1 write)
16.5 milliseconds (Read)
18.0 milliseconds (Write)

Note: Times aretypical for afile population under nominaloltages
and castingemperature of 25 CWeightedseeks are seeks to the
cylinders ofrandomlogical block addresses.
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2. Specifications

Total cylinders (total cyl)

User cylinders (usercyl)

Band 1 user cylinders blucyl)

Band 2 user cylinders b2ucyl)

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

Gross hytes/track (gh/trk)

Overhead bytes/sector(ob/sct)

User bytes/sector(ub/sct)

User bytes/logicalblock (ub/lba)

Sectors/logicalblock (sct/lba)

Band 1 spares/cylinder(blspr/cyl)

Models S12,SW1,SWD

Band 2 spares/cylinder(b2spr/cyl)

Models S12,SW1,SWD

Notch #1 Notch #2
3016 1120
3002 1117
1998 747
1004 370

5

Notch #1 Notch #2
66667 55556
104.4 101.5

180 - 744 (evemumber ofbytes only)

180 - 5952 (See rules fatetermining sct/lba below for determining
supported ub/Ibaalues.)

1-8

The lowest sct/Ibahat satisfies thefollowing rules is used...
1. BlockLength isevenly divisible bysct/Iba(1-8).
2. Quotient ofpreviousequation isevenly divisible by 2.

3. Quotient must be 180 and< 744.

Notch #1 Notch #2
15 15
20 20

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

40

Models S12,SW1,SWD

bytes/logical grosssectors/ track formattedcapacity (bytes) logical blocks/file

block 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

Table 1. Useffile capacity for severablock sizes

0662HardwareSpecification ....

RevisionDate: May27th
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2. Specifications

2.1.1 Capacity Equations

2.1.1.1 For Each Notch
The next 7 equations should lzalculated separately for eaclotch.

ub/lba

user bytes/sector (ub/SCt)m

grosshytes/sector (gh/sct) =ub/sct + ob/sct
111,055

(90)(gb/sct) + bre- 1 ]
brc ]

sectors/trackgctirk) = INT

INT[

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

spares/notch (spr/nch) fblspr/cyl)(blcyl) + (b2spr/cyl)(b2cyl)

Note: Add Icspr to theequation above for thaotchclosest to thénner diameter (#2).

usersectors/notch (us/nch) fblus/cyl)(blucyl) + (b2us/cyl)(b2ucyl)

Note: Subtractlcsprfrom the equation above for theotch closest to thanner diameter (#2).

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

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

logical blocksfile (Ibaffile) = INT | —S/me
ogicalblocksfile (Ibaffile) = <cUlba

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

2.2 Power Requirements

The following voltage specificationapply at thefile power connector. There is ngpecialpower 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)
+12 Volts Supply 12V (x 5% during run) (+5% / -7% duringpin-up)

The following currentvalues weraneasured omroductionlevel drives. Safety factoreave not been
applied.

Population Population
Power Supply Current Notes Mean Stand. Dev.
+5VDC (power-up) Minimum voltageslewrate = 4.5 V/sec
+5VDC (idle avg) 0.675Ampst .0080Amps
+5VDC (R/W baseline) Typical 0.988Amp¢? .0092Amps
+5VDC (R/W pulse) Base-to-peak| 0.490Amps® .0215Amps
+12VDC (power-up) Minimum voltageslewrate = 7.4 V/sec
+12VDC (idle avg) .324 Amps .0087Amps
+12VDC (seek avg) 1 op/sec .00517Amps .00017Amps
+12VDC (seek peak) 1.600Amps* .0297 Amps
+12VDC (spin-up) 1.5 sec max 1.578mps° .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 thasing system.

2 The baseline R/Weurrent is the R/W currentyith the pulsedgnored,that thefile requires for reading andriting.
The averagdile R/W current may be abovthis value depending on the R/Wperation.

3 The maximum R/Wecurrent is equal to the sum of the R/¥aselinecurrent and the R/Wpulsecurrent.

4 The idleaverage angeekpeek should beddedtogether to determine the total 4@lt peakcurrent. See Figure 2
on page 21 for aypical buildup ofthesecurrents. Refer to examples on tf@lowing page to see how to combine
these values.

5 The current at start is thtal 12 volt current requiredie. themotor start current, module current anaice coil
retract current). See Figure 3 on page 22 for thygical 12 voltcurrent required duringpindlemotor start.
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2. Specifications

2.2.2 5V Differential SCSI Power Requirements

The following voltage specificationspply at thefile power connector. There is ngpecialpower on/off
sequencing required.

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

The followingcurrentvalues weremeasured omproductionlevel drives. Safety factorhave not been
applied.

Population Population

Power Supply Current Notes Mean Stand. Dev.
+5VDC (power-up) Minimum voltageslewrate = 4.5 V/sec

+5VDC (idle avg) 0.730Amps° .0034Amps

+5VDC (R/W baseline) Typical 1.040Amp¢s’ .0115Amps

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

As a reminder, when determining the currenxgicessary tesupply thedifferential cardspnly onefile per
SCSI bus may bselectedherefore only ondile per SCSI bus may besinking themaximum 5Vcurrent.

2.2.3 Power Calculation Examples
Example 1. Calculate themean 12 volt average current.

If we assume aase of 3Qoperations/second then tmmpute the sum of the It meancurrents the
following is done.

mean

+12VDC (idle ave) .324 amps

+12VDC (seek average) .00517 * 30 = .15amps

TOTAL 479 amps

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

To compute the sum of the 12olt mean current's kigma valueassume all the distributions are normal.

Therefore the squareoot of the sum of thesquares calculation applies. Assume acase of 30
operations/second.

6 5 Volt Current isgiven withtermination power provided by thesing system.

7 The baseline R/Weurrent is the R/W currentyith the pulsedgnored,that thefile requires for reading andriting.
The averagdile R/W current may be abovthis value depending on the R/Wperation.

8 The maximum R/Wecurrent is equal to the sum of the R/Waselinecurrent and the R/Wpulsecurrent.
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2. Specifications

sigma
+12VDC (idle ave) .0087amps
+12VDC (seek averageyqrt(30*((.00017)**2))= .001 amps
TOTAL sqrt((.0087)**2+(.001)**2))= .0087 amps

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

Example 3. Power Calculation.

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

Nominal R/Wfile power for 30randomseekoperations/second (1 block/second) @.988Amps * 5 Volts)
+ ((479Amps * 12Volts) = 10.69Watts

Mean plus 3 sigma file power for 30 random operations/second. Assumt&at the 5volt and 12 volt
distributions are independethierefore the squanmot of the sum of thesquares applies.

+5VDC (1sigmapower) .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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2. Specifications

Example 4. Calculate the 12volt peak current.

To compute the sum of the Wlt peak currents théollowing 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 1f20lt peak current's Isigma valueassume all distributions are normal.
Therefore the squareot 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 mearplus 3sigmapeak current i€.924 + 3*.0309 = 2.01amps

The above formulas assume alfstem ops as a 1 block read write transferfrom arandom LBA while at
nominalvoltageconditions.
Things to checkvhen measuring 12 V supply current:
Null the currentprobefrequently. Be sure to let iivarm up.
« Adjust the power supply td2.00 V at the file terminals.
Use a proper windowvidth, covering an integrahumber ofspindle revolutions.
Measurevalues at 25 degree C castitgmperature.

Get a reliable trigger for SeelReakreadings.
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2. Specifications

Externally Generated Ripple®

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 théle (referred to adynamic loading). If
severalfiles have theirpower daisy chained togethethen the power supplyipple plusother file's dynamic

loading must remain within the regulation tolerance window of +/- 5%. cdmmonsupply with separate
powerleads toeachfile is a more desirablemethod ofpower distribution.

The file'smountingholes areelectricallyisolatedfrom thefile's disk enclosure. The disk enclosure is not at
ground potentialtherefore, any usemountingschememust notresult in the disk enclosure beirsdnorted to
ground at Direct Curren{DC).

Since the diskenclosure is and can belectrically coupled to the user frame ditequenciesabove DC, the
user framemust bewithin +/- 150 millivolts of the power supply ground. At no time shouldore than 35
milliamperes ofcurrent beinjectedinto the file userframe. The frequency range which hasentested is
from O to 100MHz.

Hot plug/unplug support.

Power supply and SCSI bus hot plug and un-plugadowed. There is nospecialsequence required for
connecting 5 volt, 12 volt, oground. During a hotplug-in event thefile being pluggedwill draw alarge
amount ofcurrent at the instant oplug-in. This currentspike is due to charging the bypass capacitors on
the file. This currentpulse may cause thpower supply to go out ofegulation. If this supply is shared by
otherfiles then a lowvoltage '‘power on reset' may be initiated thosefiles. Therefore the recommendation
for hot plugging is tohave one supply for eacfile. Never daisy chain the powedeads if hot plugging is
planned. Hotplugging should baninimized to prevent wear on thgower connector.

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

During hot plugging, the suppliesnust not goover theuppervoltage limit. This means that proper ESD
protectionmust beused during theluggingevent.

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

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

Figure 2.

1. Instantaneouminimum current can benegative. The pulse may be &gge as -1.lamps andpersist for
up to 200 microseconds.

2. Maximumslewrate is 7 amps/millisecond.
3. Maximumslewrate is 100 amps/millisecond.
4. Maximumslewrate is 7 amps/millisecond.

5. Maximumslewrate is 3 amps/millisecond.
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Typical 12 volt spin-up current.

Figure 3.
1. Maximumslewrate is 20 amps/millisecond.
2. Current drops off asnotor comes up tospeed.

If the spindlemotor hasdifficulty starting, the start currentill be pulsed(turned on and ofteveraltimes).
Two pulsing eventsvill be attemptedbefore amotor startfailure will be reported.
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2. Specifications

2.2.4 Bring-up Sequence (and stop times)

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
Bring-up Sequence Times and Stdpme
..... e Clourmi ninn Clomniomaen
4 Ve r I&P WLEETE W guquu [ 1%
A N A [ N
< PR v
Reset, Initl Snin—un I'mload RATS?2 Reassign, eic
=l Ul R/ A Nl N g=" 72575 SN
ana 1est oT| ¢ O ] VN Vi N v
Controller 1 1 1
o | | |
Enabie SCSI Motor start | ITactin~ ~4d
oo v - 1 jreEsating uip
Dus Init Servo I Irggd/writ-l
- 1 i i
[
Power On Auto Start function File Ready to
enabled or Start Unit accept Read
commond issued at this and Write
time. commands.

Figure 4. Start TimeDiagram

Note: BATS is theabbreviation forBasic Assurance Tests.Start-upsequence spins up the spindtetor,
uploadscode, performsBATS2 (verifies read/write hardware), resumes "ReassignPirogress"operations,
and more. For more information on the startsgquencerefer to the0662 Interface Specification

Note: If a RESET isissued before thdile comes ready th@ower onsequencewill startagain, in allother
cases when ®RESET isissued thepresent state of thenotor is notaltered.

Note: Reference3.9.1.1.3,"Start/Stop Unit Time” onpage 41 for additionadletails.

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

3.1 Environment Definition

Drive performance criteria is based on tf@lowing operating environmentsAverage devicegperformance is
dependent onthese environments. Deviations fronthese environments maycause deviationfrom this
specification.

Itemscommon to bothspecifiedenvironments are -

Operations areeither all Reads or allWrites. The specifications foif otal CommandExecution with
ReadAhead decribe exceptions tdhis restriction. Forthat scenario allcommands argreceded by a
Read commandexcept for sequential writeommands.

Datatransfersize is set to 64Blocks at 512 bytes per block.

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

The number oblocks ofcustomer datahat can fit into onesegment is reduced because 2 bytes of LRC
information is also stored in the segment for eadfhiock of customer data stored in th&egment.
Therefore, use thfollowing equation todetermine how many blocks can fitto onesegment.

( 512KB )
# of segments

ub/lba + 2

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

Ten byte SCSRead andWrite commands aresed.
SCSI environmentonsists of asingleinitiator andsingle target with nd&SCSI Bus contention.

Buffer full/empty ratios are set to theioptimum valuessuchthat a minimum number ointermediate
disconnects occur during th&@CSl datatransfer and the overlap of th8CSI and Disk datdransfer is
maximized.This minimizesTotal CommandExecutiontimes with no buscontention.

Read Ahead Cache function idisabled. The specifications forotal CommandExecution withRead
Ahead describ&xceptions to this restriction.

Initiator delay while transferringsCSIlcommand status,message, and data bytesaissumed to be zero.

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

TaggedCommandQueuing is notused, unless otherwisspecified.
« All Current Mode Parameters are set to their Defau#tlues except wherpoted.
SCSI datatransfers are successfulhegotiated to be 2MB/sec.

« Averages ardased on a samplsize of10,0000perations.

3.1.1 Sequential Environment
No Seeks. Thaarget LBA for alloperations is the previous LBA + 64.
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3.1.2 Random Environment

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

3.2 Command Execution Time

Basic components of TotalCommand Execution Total Command Execution (Seenote 5) misc. values
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o
) 7.27 13.81 2.19
Sequential 0.0 5.56 0.85 013 See Note | 33 0.03
Readcmds. 1
8.75 15.29 2.19
) 7.27 13.79
Sequential 0.0 5.56 0.88 0.08 See Note | See Note | 43 0.04
Write cmds. 2 2
8.75 15.27
Random 8.5 5.56 0.28 7.57 0.13 22.04 22.34 22.34 0.33 0.03
Readcmds.
Random 10.0 5.56 0.38 7.57 0.00 23.51 23.81 23.81 0.33 0.04
Write cmds.
Note: 1) The TotalCommandExecution times of sequentiaéadswith inter-op delays o0-10 msec andReadAheadenabled are 1 revolutioless
thansimilar operationswith equal inter-opdelays andReadAheaddisabled. They also havlessCommandExecutionOverheadthus decreasing
Total CommandExecution time.
Note: 2) ReadAheaddoes not affeciTotal CommandExecution times of sequentiatrites with equivalent inter-op delays.
Note: 3) The DisableReadDisconnect(DRD) andDisable Write DisconnectDWD) Mode Parameters are off foralues in thiscolumn. When
they are on, SCSI Bu®verheadncreases buTotal CommandExecution time may decrease.
Note: 4) Times are calculatedith Typical Data SectorTransferRates for modelsvith 5 dataheads.
Note: 5) Times forrandom commands ar&verages over entire drive. For sequentiammands théimes are averages overparticular aNotch.
The upper box is foNotch #1 and thdower box is forNotch #2.
Note: 6) Seek timevalues arepopulationaverages, and vary as a function of operating conditions.

Table 2. DriveSpecifications. All items listed are imsec.

Only the SCSI Bus Overhead afdtal CommandExecutiontimeslisted in Table 2 should be measured to
ensurethat they are withinspecification. Allothertimeslisted in this chapter ardypical valuesprovided for
information only sothat theperformance foother environments can be approximated.
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3.2.1 SCSI Data Transfer Rate

The SCSI dataransfer rate iglependent on the mode, either synchronous or asynchronoussoltdepends
upon thewidth of the data path used. 8 and 16 b#nsfers aresupported.

When the drive is configured for an 8 bit widesynchronous datatransfer rate of 10.0 MB/sec
(instantaneous), the avera§€ S| datatransfer ratethat isrealized is at least 9.®B/sec. The 16 bitransfer
rates are 20 MB/sec and 18.4 Nd&crespectively.

The asynchronous dataansfer rate islependent on both the initiator and targietiays to theassertion and
negation of the SCSI REQ and ACK signals. Itadtso dependent on SCSd¢able delays. The drive is
capable of supporting up to 5 MegaTransfer/ssgnchronous dataansfer rates.

The SCSI dataransfer rate specificationnly applies to theData phase forlogical block data forRead,
Write, Write andVerify, etc... commands. The dateate for parameter/sense data ®®equestSenseMode
Select, etc..commands is nospecified.

3.2.2 Parameter Descriptions
Note: Referencelable 2 onpage 26.

Seek
The average timdrom the initiation of theseek, to theacknowledgementhat the seek has
completed.

Latency
The average timeequired from the activation of the read/write hardware until the tasgetor
has rotated to the head and thead/write begins. Thisime is 1/2 of a revolution of thelisk.

Command Execution Overhead
The average timeadded to theoperationresponse time due to the processing of tBESI
command.

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

The CommandeExecution Overheadpecification is based on @ormal operation with th&kead
Ahead function disabled. When ReadAhead is enabled, overhead forandom commands
immediatelyfollowing a readcommand isncreased byapproximately .3msec.

Overhead for sequential reabmmandsimmediatelyfollowing a readcommand isdecreased by
approximately .44nsec.

Data Transfer to/from Disk
The average timeised to transfer the data between the media and the drive's internabuféda
This is calculated from:

(DataTransferred)/(Media TransfdRate).

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

1. Instantaneou®ata TransferRate

The same for the ID and OD bands ofgiaven Notch formatted at any of the supported
logical block lengths. Itvaries by Notch only and does not include any overheadSee 2,
“Specifications” on page 13 for values.)

2. DataSector TransfeRate
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The same for the ID and OD bands e@achNotch, butvariesdependingupon theformatted
logical block length andvariesfrom Notch to Notch. Itincludes 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 thelp estimateoptimum SCSIBuffer Full/Empty Ratios.
3. TheoreticalData Sector TransfeRate

Also includes time required fotrack andcylinder skew andoverhead associated with each
track. It alsovaries from band to band. (See 3.5.1.1, “Thoretical Data Sector Transfer
Rate” onpage 34 for a description on how to calculate it{(Rates fordrives formatted at
512 bytes/block are located ifable 3.)

4. Typical Data Sector TransfeRates

Also includes theeffects of defectivesectors and skipped revolutions due to errecovery.
(See Appendix B. of thé662 Interface Specification for a description of errorecovery
procedures.)(Rates fordrivesformatted at 512 bytes/block are locatedTiable 3.)

Model Number Notch Number Theoretical Typical

#1 4.556 4.507

S12,SW1,SWD

#2 3.778 3.744

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

Note: The values forTypical Data Sector TransfeRates in the abovéable assume &ypically
worst casevalue of 1 error in 1®bits read anominal conditions foisoft error rate.

Data Transfer to/from SCSI Bus
The time required tdransfer data between tH&CSI bus and thdrive's internal datduffer, that
is not overlapped with the time for th8eek,Latency, CommandExecution Overhead, oData
Transferto/from Disk. This time is based on &CSI synchronous dataansfer rate of 20.0
MB/sec.

Total Command Execution
The operation'sresponse time, frominitial selection to busfree following the Command
Completemessage. This time includes the time for the Sdektency, CommandExecution
OverheadData Transferto/from Disk, andData Transferto/from SCSI Buswhich aredescribed
above.

Normal
The Total CommandExecution time wherReadAhead is notused.

With Read Ahead and op delays 0660-150 msec
The Total Command Execution time when theRead Ahead Cache function is
enabled and the inter-ogelay is arandomvalue between 50 and 150 msec. This
specification measures Bead orWrite command when thémmediately preceding
command is a Read commar(dhich starts up theRead Ahead function). If the
precedingcommand is aWrite command, then the timealifference due toRead
Ahead iszero. Thisparameterallows acomparison ofidentical commandsequences
with the ReadAhead Cache functioenabled and disabled.

Note: This inter-opdelay issuchthat the ReadAhead function hadilled the drive's
internal databuffer segment before theext Read orWrite command igeceived.

Note: This value takesnto account anychange inCommandExecution Overhead.
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With Read Ahead and op delays 0f0-10 msec

The Total Command Execution time when theRead Ahead Cache function is
enabled and the inter-odelay is arandom value between 0 and 10 msec. This
specification measures Read orWrite command when théemmediately preceding
command is a Read commarn(@hich starts up theRead Ahead function). If the
precedingcommand is aWrite command, then the timalifference due toRead
Ahead iszero. This parameterllows acomparison ofidenticalcommandsequences
with the ReadAhead Cache functioenabled and disabled.

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

Note: This value takesnto account anychange inCommandExecution Overhead.

Post Command Processing
The average timaequired for process cleanugfter thecommand hasompleted. This time
indicates theminimum re-instruct time which thelevice supports. If are-instruct rate faster
then this time is used, thelifference isadded to theCommandExecution Overhead of the next
operation.

SCSI BusOverhead
The average time for transferring &81CSI Command, Status, andMessagephase information
bytes during theoperation. Thisincludes any processing delapstween SCSI Bughaseswhile
remaining connected to th8CSI Bus. Initiatordelays while transferringnformation bytes are
assumed to be zeroThis time does not include th&CSI Data phasetransfer. (See 3.5'Read
CommandPerformance” orpage 33 and 3.6'Write CommandPerformance” orpage 36 for a
more detailed description of theomponents of SCSI Bu®verhead.)

3.2.3 Comments
Overlap has been removed from tlspecification calculations. Theomponents of the TotaCommand
Executiontimeslisted in Table 2 onpage 26 are truly additive times to the entoperation. Forexample,

The SCSI Bus Overhead data is nintluded in the calculatiorsince some of it'scomponents aralso
components ofCommand Execution Overhead and the remainimpmponentsoverlap the Data
Transferto/from Disk. (See 3.5,'Read CommandPerformance” orpage 33 and 3.6, “Writ€ommand
Performance” ompage 36 for details.)

The PostCommandProcessing times are natomponents of the TotaCommand Execution time
therefore they are not included in the calculation.

The components of the Tot@ommandExecution time are approximations of the timeed by the various
portions of the command.Thesecomponents ar@rovided for information only sahat theperformance for
other environments can be approximated. Only Thedal CommandExecution time foreachenvironment
should be measured tnsure it is withinspecification.

The effects of idle timefunctions are not included in thabovespecifications. Section3.1.1, “ Sequential
Environment” onpage 25 and 3.1.2, RandomEnvironment” onpage 26 both definenvironmentswhere
the effects due tdncreasedcommandoverhead of IdleTime Functionsupon Total CommandExecution
time arelessthan 0.7 %during the 1stour after power isapplied and .2 % thereafter.
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3.3 Disconnection During Read/Write Data Phase

If a nonzeroMaximum Burst Size parameter ispecified, the drivadisconnectsafter transferring thenumber
of blocks specified by theMaximum Burst Size parameter. This disconnectigguiresapproximately 33
pusec and the subsequent reconnectieuiresapproximately 20 gec.

The drive alsodisconnects prior ta&wompletion of theData phase if thedrive's internal datauffer segment
becomes emptyduring a Read command offull during a Write command. Thisdisconnection occurs
regardless of theMaximum Burst Size parameter. This intermediate disconneauses apause of
approximately0.24 msec during theData phase. This disconnectio®quiresapproximately 33 psec and the
subsequent reconnectigaquiresapproximately 20 gec.

3.4 Approximating Performance for Different  Environments

3.4.1 For Different Transfer Sizes

The primary performance change due to a change of the Tra@fer is theData Transferto/from Disk
parameter. Se8.2.2,“Parameter Descriptions” opage 27,Data Transferto/from Disk, for an explanation
of the calculation of this parameter.

The values for severadther parameters maglso change if the transfesize isreduced to thepoint where
certain internalcontrol functions can ndonger be overlapped with either tHe@CSI or disk data transfer.
The parameters changedry based on théype of environmen{read, write, sequential, andhndom).

The following section,3.4.1.1, “0.5KByte SequentialRead,” gives anapproximation of theperformance
changes for each of thesmvironments(read, write, sequential, anédndom), for a0.5KByte transfersize.

3.4.1.1 0.5KByte Sequential Read

For thisenvironment, theData Transferto/from SCSI Bus igeduced by0.104 msec (since aingleblock of
data istransferred). TheCommandExecution Overheadncreases byapproximately0.28 msec since the
starting of theSCSI datatransfer can no longer be overlappeith the disk data transfer.

The magnitude of the performance advantage withRe@adAhead functionenabled and opmlelaysbetween
50 and 150 ms is reduced due to the smaller transiisx. TheTotal CommandExecution time isreduced
by approximately 5.Mmsec.

Note: This timedifference can bepproximated for othetransfersizes byusing the followingequation:
-(Latency + (Xfer Size)/(DiskData Rate) {Xfer Size)/(SCSIDataRate))=ReadAheadsavings

The magnitude of the performance advantage ofRe@adAhead with opdelays of 0-10msecvarieswith the
size of thedelay. Since the range of delays lisss than thetime for one revolution, the operation is
"synchronized to the disk". ThBReadAheadsavings can beoughly approximated by:

DELAY - (time for one revolution) = ReadAheadsavings

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

For thisenvironment, theData Transferto/from SCSI Bus igeduced by 0.05 mse(since a singléblock of
data istransferred). The&CommandExecution Overheathcreases bypproximately0.068msec.

3.4.1.3 0.5KByte Random Read

For thisenvironment, theData Transferto/from SCSI Bus igeduced by0.104 msec (since aingleblock of
data istransferred). TheCommandExecution Overheadncreases byapproximately0.28 msec since the
starting of theSCSI datatransfer can no longer be overlappeith the disk data transfer.

3.4.1.4 0.5KByte Random Write

For this environment, only theData Transferto/from Disk changes as described in 3.4'For Different
TransferSizes” on page 30.

3.4.2 When Read Caching is Enabled

For readcommandswith ReadCaching Enabledrotal CommandExecution time can be approximated by
deleting SeeklLatency andData Transferto/from Disk times from thoselisted in thetable if all of the
requested data iavailable in a buffesegment (cache hit)When some, but not all, of the requested data is
available in a buffersegment (partial cache hitpata Transfer to/from Disk will be reduced but not
eliminated.Seek and_atency may or may not be reduced dependimppn thelocation of requested data not
in the cache and location of the read/write heads at the timedmemand waseceived. Thecontribution of
the DataTransferto/from SCSI Bus to th&CommandExecution time mayincrease since a larger, @ntire,
portion of thetransfer may no longer be overlappedth the parametershat werereduced.

3.4.3 When Write Caching is Enabled

For write commands with thewrite CachingEnabled(WCE) Mode parameter bitset, Total Command
Execution time can be approximated bigleting SeeklLatency 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, @ntire, portion of thetransfer may no longer be overlapped
with the parameterthat werereduced.

The reduced timesffectively areadded to thePostCommandProcessinglrime.

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

Like TaggedCommandQueuing, when the WCE bit is set Back-To-Bagkite 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 breducedsignificantly if TaggedCommandQueuing is
enabledsincemore than 1 command can loperated on concurrently. For instaneehile a diskoperation
is being performed for oneommandanothercommand can beeceived via theSCSI bus andlaced in the
devicecommandqueue. Certain environments magpuseCommandExecution Overhead tincrease if the
added function to process tlpieue and thenessages associated wigiueueing is not permitted to overlap
with a disk operation.
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3.4.4.1 Reordered Commands

If the Queue AlgorithmModifier Mode Parameteffield is set toallow it, commands in thelevicecommand

gueue may beexecuted in adifferent order than they were received. Gmmands argeordered sdhat the

Seekportion of Total CommandExecution time is minimized. Thamount ofreduction is a function of the
location of the 1st requested block pgsmmand and theate at which thecommands arsent to thedrive.

3.4.4.2 Back-To-Back Write Commands

If all of the requirements are met as stated in tB662 Interface Specification section describing
Back-To-Back write commands, contiguous data from 2 or mocensecutive writecommands can be
written to thedisk without requiring any disk_atency.

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

Note: This case is foRandomEnvironment SCSRead commandsyith ReadAheaddisabled.

Figure 5. SCSIRead commangerformance measurements

SCSI bususagetime (Read command)

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

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

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

S7 Status,Command CompleteMsg., BusFree 3 psec

Note: The SCSI bus overhead for Read Command iscomposed 0fS1,S52(a&b),S3,54,S6,and S7. (0.03
msec total).
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P1 Selection,ldentify Msg., CDB 10 psec

P2a SDP Msg. 1 psec

P2b DisconnectMsg., BusFree 1 usec

P3 Start seek orhead switch 258 usec

P4 Seek orhead switch (for example, average seeklReadSeek = 8.5msec)

P5 Set up read disktransfer 0 psec

P6 Latency (for example, half revolution) (latency = 5.56 msec)

P7 Disk data transfer (see Note Ibelow)

P8 End read disktransfer (Sector size)/(SCSDhata TransferRate)
P9 Transfer last few SCSI blocks in (5)(Sector size)/(SCIData TransferRate)
P10 SCSilread ending processing 2 usec

P11 Status,Command CompleteMsg., BusFree 3 psec

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

Time to Read data= P1+P2+P3+P4+P5+P6+P7+P8+P9+P10+P11
Note: 1) Use the followingformula to calculate P7.
P7 = (Datatransferred)/(Data Sector TransfRate)

Use the followingformula to approximate th®ata Sector TransfeRate.

3.5.1.1 Theoretical Data Sector Transfer Rate

TheoreticalData Sector TransfelRate does notaccount for timerequired for errorrecovery ordefective

sectors.(The Typical Data Sector TransfeRate described in 3.2.2fParameter Descriptions” opage 27

does includethose effects.) Each group ofcylinders with a differentnumber ofgross sectors petrack is

called aNotch. Within eachNotch, there are two'Bands' thatcontain adifferent number ofspare sectors
per cylinder. The followingshowsvalues for the ODBand of Notch #1 for a 5 datehead model. The
"Notch Average" and "Drive Average" valuassed in tableSable 3 onpage 28 andrable 2 onpage 26 are
sums of theindividual Band values weighted by thaumber of LBAs in theassociatedBands. For the other
bands usevaluesthat correspond to those bands.

Data Sector Transfer Rate =

MBytes/cylinder
time for 1 cyl + 4 trackskews + 1 cyl skew

MBytes/cylinder = {(tracks/cyl)(grosssectors/track) spares/cyl}(usebytes/sector)

= {(5)(108) - 15}(512)
= 268.80KBytes/cyl (ODband of Notch #1)

time for 1 cyl of data = {(tracks/cyl)(grosssectors/track) - spares/cyl}(sectime)
= {(5)(108) - 15}(.102881)

54.013msec/cyl (ODBand of Notch #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)(sectotime)
= (16)(.102881)

1.646msec/cyl (ODBand ofNotch #1)

Data Sector Transfer Rate

268.80KBytes
54.013msec +3.292msec +1.646 msec

= 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 (blspr/cyl and b2spr/cyl)
user bytes/sectofub/sct)
grossbytes/sector (gh/sct)

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

- track skew (tss)
cylinder skew (css)

And averagesector time can bealculated as follows:
« sector time (st) =

100
[(9)(gs/trk) 1M>¢
And for transfers of few block¢§lessthan 1/2 ofgs/trk) individual sector time can be calculatedfakows:
« sector time (st) =

(gb/sct)(90) + bre- 1 1
brc 1 10000

INT[ msec

Note: The exampleData Sector TransfelRates use theaverage value fosector timesince thenumber of
sectors transferred in this examplegieater than 1/2 gs/trk.
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3.6 Write Command Performance

Note: This case is foRandomEnvironment SCSWrite commandswith ReadAheaddisabled.

SCSI bus usage time (Write command)
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Figure 6. SCSI Writcommandperformance measurements

SCSI bususagetime (Write command)

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

S1 Selectionldentify Msg., CDB 10 usec

S2a SDP Msg. 1 usec

S2b DisconnectMsg., BusFree 1 usec

S3 Arbitrate, Reselect,ldentify Msg. 6 usec

S4 start SCSI transfer out 3 usec

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

S7A SDP Msg. 1 psec

S7B DisconnectMsg., BusFree 1 psec

S8 Arbitrate, Reselect,Identify Msg. 6 usec

S9 Status,Command CompleteMsg., BusFree 3 psec

Note: The SCSI bus overhead for warite command iscomposed 0fS1,S2(a&b),S3,54,56,57,S8 and S9.
(0.04 msec total).
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P1 Selection,ldentify Msg., CDB 10 psec
P2a SDP Msg. 1 psec
P2b DisconnectMsg., BusFree 1 usec
P3 Start seek 258 usec

P4 Seek(for example, average seek) (Write Seek = 10.0msec)
P5 Set up write disk transfer 0 psec

P6 Latency (for example, half revolution) (Latency = 5.56 msec)
P7 Disk data transfer (see Note Ibelow)

P8 End write disk transfer 75 psec

P9 SCSlwrite ending processing 25 psec

P10 Arbitrate, Reselect,|dentify Msg. 6 usec

P11 Status,Command CompleteMsg., BusFree 3 psec

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

Time to Write data= P1+P2+P3+P4+P5+P6+P7+P8+P9+P10+P11
Note: 1) Use the followingformula to calculate P7.
P7 = (Datatransferred)/(Data Sector TransfRate)

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

3.7 Skew

3.7.1 Cylinder to Cylinder Skew

In order toincrease the likelihoodhat equivalentLBA's on two or moredevices ardocated at the same
relative physicalposition when thedevices areused in a synchronized spindimode, cylinder skew is
calculateddifferently than when adevice is notformatted inthat mode. Thecylinder skew calculations do
not take into accounkknown defective sites. T@rohibit revolutions frombeing missed on cylinder crossings
by drivesformattedwhile in a synchronized spindlenode, anextra allowance foseveral defects iaddedthat

is not addedvhen optimally formatted in a non-synchronizetbde.

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

Notch #1 Notch #2
OD Band ID Band OD Band ID Band
cylinder skew bytes (csb) 7926 6605
reassign allowancseectors (ras) 3 4 3 4
SAT allowancesectors (sas) 6 8 6 8

Table 4. Cyinder SkewCalculationlnput Parameters

cylinder skew sectors(css)

csb
gb/sct

+ ras

{rounded up to neareshteger}
{add sasif formatted in synchronizedpindlemode}

Note: For example, inNotch #1, css = 16ectors @OD and 17 sectors @ID (for Site sectors).
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3.7.2 Track to Track Skew
Note: The value in theSCSIMode Page 3Track 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 neareshteger}

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

3.8 Idle Time Functions

The execution of various functions by thérive during idle times may result indelays of commands
requested bySCSlinitiators while idle time functions are inprogress.ldle time' isdefined astime spent by
the drive not executing aommandrequested by &CSlinitiator. The types of functions performed during
idle time are

1. Thermal Compensation Update
Disk Sweep

SaveCounters & Pointers
SaveError Log

Predictive Failure Analysis PFA)

SR

If a SCSI command isreceived by the drive whileperforming anidle time function the Arbitration,
Selection, Message an@ommandphases, and disconnects controlled by treve behaveidentical to the
scenario where andle time function is not currently inprogresswhen acommand isreceived. The only
change withrespect to performance ar8iCSI phasehanges ighat aninitiator may detect ighat the Total
CommandExecution time isincreased by theamount oftime it takes tocomplete theidle time function
currently in progress.

Note: CommandTimeoutLimits do not change due tmlle time functions.

Following are descriptions of the various typesidie functions, how often thegxecute and theiduration.
Duration isdefined to be themaximum amount of time thactivity can add to a&aommandwhen noerrors
occur. Nomore than onadle function will be interleavedwith eachSCSIcommand,except forPFA which
when executed always follows Bhermal Compensation Update. Mechanismddssen, and irsome cases
virtually eliminate,performance impacts from an Initiatop®int of view arealsomentioned.

Following the descriptions is summary ofpossible performance impacts.

3.8.1 Thermal Compensation Update

The drive periodicallyupdatescertain servgparameters to compensate fehifts caused bythermalchanges.
The drive is alwaygompensating and thgeriodicupdates arénitiated automatically by thelrive.

The update of one head #artedevery 36 secduring thefirst hour after power is applied, andevery 3
minutesthereafter. Othat period, anaverage of 210nsec isspent updating a head.

Multiple SCSIcommands araccepted and executadthout delayduring anupdateperiod if thecommands
are receivedess than 100nsec after theompletion of thepreviousSCSIcommand.
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There is anexception if a head due to hepdated is not updatedithin the process period (due to the rapid
arrival of SCSI commandsand/or commands that take large amount of time toexecute relative to a
process period)Then thedrive delaysSCSI non-Priority commandsgxcept for TestUnit Ready, from
executinguntil that onehead is updatedSee the0662 Interface Specificationfor a description of Priority
commands.)

This scheme insurethat each head isipdated atleast every 3minutesduring thefirst hour after spin up,
and every 15minutesthereafter. Thantent of the scheme is to minimize theegativeeffects ofupdates on
drive performance.

The updateeffectsupon performance can be reduced bgtting the Page OMode Parameter TCC (Thermal
Compensation update Control) = 1. tead intensiveworkloads, updates can beffectively disabled for
critical response time periods afperation byissuingRead (6) and/or Read (10) commandsledst every 1
second when TCC = 1. This mearnbat multiple SCSI Read commands araccepted and executed
without delay if thecommands areeceived by the drivevithin 1 second of the execution of a previo8€SI
Read command. If avrite command isissued and a procegseriod for a headhat is accessed bythat
command haglapsedsuchthat an update is due, will be updated. Headshat are not due to be updated,
or are not accessed bySCSlwrite commandwill not be updatedduring the execution of aommand.

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

3.8.2 Disk Sweep

The disk sweegfunction is builtinto the drive microcode to prolongdisk life. It is designed to move the
heads over thelisk surfaceduringidle periods to prevendlisk lubrication migration problems.

At the end of either &hermal Compensation Update that wagiated after 100 msec ofdle time or the
end of aPFA test, thedrive self-initiates anoperation thatmoves the heads to a neeylinder within the
highest fly height area of the disk.

The execution timehat a SCSilcommandcould bedelayed is typicallyless than the time itakes to do one
Full Strokeseek.

3.8.3 Save Counters & Pointers

The drive periodically writes @ector to thereserved are@ontaining internally used¢ounters and pointers.
This occurs approximatelgvery 26-35minutes and isnterleavedwith SCSlIcommands. The operatiaakes
approximately 50 msec texecute.

The effectsupon performance can be reduced Isgtting the Page OMode ParameterLITF (Limit Idle

Time Functions) = 1. Execution can le#fectively disabled for criticalresponse time periods ofperation by
issuing SCSI commands ateast every 1second whenLITF = 1. This means multiplecommands are
accepted and executedithout delay if the commands are@eceived by the drivewithin the "idle detection
period" of 1 second of the execution of a previdSSIcommand.
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3.8.4 Save Error Log

If there have beemntries added to th&rror Log since it hasbeenlast written to thereserved area of the
disk, the Error Log iswritten (or saved) to the reserved area of the difkecution of thisoperation, if
required, occurs at the same time tBave Counters and Pointerfunction does andreplaces the Save
Counters and Pointefsinction forthat cycle. Theoperationtakes approximately 150 msec éxecute.

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

3.8.5 Predictive Failure Analysis
PFA measureslrive parameters and can predict ifdaive failure isimminent.

After the drive hasbeen spinning for between 10 to 15 minutesPBA algorithm will be performed which
takes approximately 0.02 seconds to comple&éer this initial PFA computation,approximatelyevery 3
minutes thereafter,another PFA operation will be executed for the remainingintested data heads. 30
minutesafter the previous testcycle was sirted, a testtycle which tests all heads 3ninutes apartstarts
again. Every 30ninutesthereafter, a new testycle is stated.

This measurement/analysfisature can be disabled for criticaésponse time periods afperation bysetting
the Page OMMode ParameterLITF = 1. The using system also has theption of forcing execution at
knowntimes byissuing theSCSI Rezero Unicommand if thePage OhMode Parameter TCC = 1. See the
0662 Interface Specification for more detailsaboutPFA and how it's execution can be controlled by the
using system viaendor uniqgue SCSMode Parameter&ITF and TCC.

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

3.8.6 Summary
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 TCCI/LITF
Save Logs &Pointers 26 30 Re-instructionPeriod & LITF

Note: "TCOMP" is ThermalCompensatiorUpdate.

Note: "Re-instruction Period" is théime between consecutive SC8bmmandrequests.

Note: (1) PFA durations areypically 20 ms.Onceevery 30minutesduration may reach 80 ms. Even though the period is 3 minutes, PFA onl
executes 5 times every 3finutes.

Table 5. Summary ofdle Time Function Performance Impacts

3.9 Command Timeout Limits

The 'Commandlimeout Limit' is defined as the timgeriod from the SCSI Arbitration phagérough the
SCSICommandCompletemessage, associatedth a particularcommand.

The following times are foenvironmentswhere Automatic Reallocation islisabled andhere are naqqueued
commands.

3.9.1.1.1 Reassignment Time: The drive should be allowed minimum of 30 sec tacomplete a'Reassign
Blocks" command.

3.9.1.1.2 Format Time: The drive should be allowed minimum of 30 minutes to complete 4Format
Unit* command.
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3.9.1.1.3 Start/Stop Unit Time: The drive should be allowed aninimum of 30 sec tocomplete a
"Start/Stop Unit"command(with Immed bit = 0).

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

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

3.9.1.1.4 Medium Access Command Time: The timeoutlimit for mediumaccesscommands thatransfer
user dataand/ornon-user data should beminimum of 30sec. Thesecommandsare:

Log Sense + Read Long « Write (6)

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

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

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

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

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

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

4.1 Weight

Approximately 1.0pounds (0.46 kilograms)

4.2 Dimensions for Single Ended SCSI Models

u.s. S.l. 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.l. Metric
Height 1.00inches 25.4 millimeters
Width 4.00inches 101.6millimeters
Depth 6.50inches 165.2millimeters

4.4 Clearances

A minimum of 2 mmclearance should be given to thettom surface except for a 10 mmmaximum
diameter arearound thebottom mounting toles. Figure 7 orpage 44 shows thelearanceequirements
(Note 1). For propecooling it issuggestedhat aclearance of 6 mm be providachder thefile and on top
of the file.

There should be 7 mm daflearancebetween thdiles that are mounted witlheir top sides (sed-igure 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 botkide andbottommountingholes. Refer to Figure 7 opage 44 to
Figure 10 onpage 47 for thdocation of thesamountingholes for each configuration.

The maximumallowablepenetration of the mounting screws is 3.8 mm.
The recommened torquepplied to themounting screws is 0.5 Newton-meters +/- 0.1 Newton-meters.

Recommended torqudriver speed not texceed 300 RPM. IBM wilprovide technical assistance for users
who wish toapply highertorquesand/orhigher speeds.

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 43 of 81 —



4. Mechanical

WARNING: Except for theisolatedmountingholes, thebody of thefile is not atground potential.
Therefore any usemountingschememust notresult in thefile beingshorted to ground.

WARNING: The file may besensitive to usemounting implementation due tile distortioneffects. IBM
will provide technicabupport toassist users tovercomemounting sensitivity.
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4.6 Electrical Connector Locations
The electricalconnectors are located abown inFigure 12 and Figure 13 opage 50. Thdront jumper
pin locations areshown inFigure 14 onpage 51 andrigure 15 onpage 52.
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{
AUX CONNECTOR PIN 1 — /

SCSI PIN 1 — / /
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3
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Figure 12.Electricalconnectors (reaview) -- 68 pin SCSI.

0662HardwareSpecification

RevisionDate: May27th, 1994

—— Page 49 of 81 —



4. Mechanical

crcT DTN 1 — PNW PTN 1 ——
— e L iy 1 \ LR A= Y L1y 1 I
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\
\ /
\ /
\ /
\ /
- X —
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ\:I[r‘\—n.‘-;‘11]
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ,Huuuuu

POWER PIN ASSIGNMENTS
PIN VOLTAGE
1 1r 1D
I = v
2 GND
3 GND
4 + 5V
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5. Electrical Interface

5.1 Power Connector

The DC power connector designed tomate with a Molex8981-4P4crimp connector, or a Molex
A-70156-2000insulator displacement connector, or their equivalent. #gsignments arshown in Table 6.

Pin # Voltage Level
1 +12V
2 Ground
3 Ground
4 +5V

Table 6. Power connector piamssignments

Refer to the section entitled.2, “Power Requirements” opage 16 for details opower. Also see
Figure 13 onpage 50 andFigure 12 onpage 49 forpower connector piriocations.

5.2 SCSI Bus

This sectiondescribes the electrical specifications of 8662 SCSI connector.

5.2.1 SCSI Bus Signal Connectors

0662has differentmodeltypesthat support a 50 or 68 pisingle-endedSCSI connector and a 68 pin SCSI
differential driver/receivealternative.
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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 "SWbsion of the electronics
circuit board and aHirose MIF62C-54PB-2.54DS on the "SMP/ersion of the electronicslhey are both
compatible with theANSI SCSI-2 "A" connectospecifications. It is limited to 8 bit data transfevsly.
Refer to Figure 13 omage 50 for a reaview of the 50 pinmodel connector.

The SCSI connector contaassignments for the 50 pin single-endaddel is shown in Table 7.

Signal Name Connector Contact Signal Name
Number
GROUND 1 2 -DB(0)
GROUND 3 4 -DB(1)
GROUND 5 6 -DB(2)
GROUND 7 8 -DB(3)
GROUND 9 10 -DB(4)
GROUND 11 12 -DB(5)
GROUND 13 14 -DB(6)
GROUND 15 16 -DB(7)
GROUND 17 18 -DB(P)
GROUND 19 20 GROUND
GROUND 21 22 GROUND
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/ID
GROUND 47 48 -REQ
GROUND 49 50 -1/0

Table 7. 50 PinSingle-Ended SCSConnector ContacAssignments
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5.2.1.2 68 Pin Signal Connector

68 pin models use an AMP 92-8012-16:&nnector that ifompatible with theANSI SCSI-3 "P" connector
specifications. It can transfer data in both 8 ftarrow) and 16 bi{wide) modes. Refer to Figure 12 on
page 49 for a reaview of a 68 pinmodel.

Note that the "P"connector is not mechanically compatible with the 50-pin "A" connectatedimned in the

ANSI SCSI-2standard. Therefore systeoablesused with 50 pin products cannot be plugged directly into 68
pin models. Despite thedifference inconnector, thalifferential 68 pin models are electricalbompatible

with differential 50 pin nodels andother 50 pindifferential SCSI products antherefore can coexist on the
same bus. In order to do so, tlddferences inconnectortypeswould need to be accounted for in tloable.
The same can bsaid forconnecting 68 and 50 pigingle-ended maels to the same bus. Budifferential and
single-ended models do n@tork connected to the same bus.

SCSI connector conta@ssignments for 68 pin single-ended models sitewn in Table 8while 68 pin
differential models arshown in Table 9 orpage 56.

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 -1/0
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). Aither signals shall beconnected as defined.

Table 8. 68 PinSingle-Ended SCSConnector ContacAssignments
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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
+ATN 20 54 -ATN

GROUND 21 55 GROUND
+BSY 22 56 -BSY
+ACK 23 57 -ACK
+RST 24 58 -RST
+MSG 25 59 -MSG
+SEL 26 60 -SEL
+C/D 27 61 -C/D
+REQ 28 62 -REQ

+1/0 29 63 -110

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). Adithersignals shall be
connected as defined.

Table 9. 68 PinDifferential SCSIConnector ContacAssignments

5.2.2 SCSI Bus Cable

Single-ended modelpermit cable lengths of up to 6 mete(49.68 feet). Itshould be notedioweverthat
users who plan to use "Fast" data transfeith single-endednodels shouldollow all of the SCSI-3
guidelines for single-endet-ast" operationsThis mayinclude a cable length déss than @meters.

Differential modelspermit cable lengths of up to 25 mete(82.02 feet).Cablesmustmeet the requirements
for differential cables as séorth in the ANSI SCSI-2 standard undéCable Requirements Differential
Cable".

The SCSI-2 standardtatesthat any stulfrom main cablemust notexceed 0.Imeters forsingle-ended cables

and 0.2 meters fodifferential cables0662has a maximumnternalstublength of0.053meters on alSCSI
signals. To remain compliant with the standard, the SCSldademust not add more tha@.047 meters
additionalstublength to any of the single-endeCSlsignals or .147Mneters to anyifferential SCSlsignals.
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5.2.3 SCSI Bus Terminators

Only 50 pinsingle-endednodels on request hawgptionalinternal SCSI busactiveterminatorsthat can be
enabled byinstalling ajumperbetween pins 13 and 14 of tHeront Options JumpeBlock or pins 7 and 8
of the ReamBlock on 68 pinSCSI models(Refer to Figure 16 ompage 59Figure 17 onpage 59 and
Figure 19 onpage 60). The usingystem is responsible for making suteat allrequiredsignals are
terminated at both ends of the thable. See 5.2.5SCSI BusElectrical Characteristics” on page 58 for
input capacitanceralues wherterminators aralisabled or not present.

Differential models do nohave internalSCSI bus terminators. A terminatpossibility is listed in
Table 10.

For 68 Pin Models

Data MateDM2050-01-68D
Table 10. Differential SCSITerminator

5.2.4 SCSI Bus Termination Power

Termination power i®ptionally provided forsystemsthat desire to use it. Irorder to use the termination
power, theuser needs to install mumperbetween pins A01 and A02 of thEermPowerBlock. (Refer to
Figure 16 onpage 59 andrigure 17 onpage 59.) Thgumper shouldonly beinstalled on one device,
which should be the thiast device on th&CSI bus(i.e. the drivethat isphysically closest to &erminator).
68 pin models can source up to 240nps ofcurrent at 5.0 Volts (+- 5%) fotermination power. 50 pin
models can source up to 1&mps ofcurrent at 5.0 Volts (+- 5%) fotermination power.

5.2.4.1 SCSI Bus Termination Power Short Circuit Protection

The ANSI SCSI-2specificationrecommends fodevicesthat optionally supplyTERMPWR, toinclude
currentlimiting protection foraccidentalshortcircuits. It alsorecommends that themaximumcurrent
available forTERMPWR should noexceed 5Amps. UL has alifferentrequirementhat they call the 8
Amp rule. This rule statethat when agpower sourceleaves arenclosurelike SCSITERMPWR in the
SCSlcable), itmusttrip 8 Amps of current within 1 minute.

0662uses a resettable "PositiieemperatureCoefficient” (PTC) resistor forTERMPWR shortcircuit
protection. Theselevices willtrip when they are over-heated due ércesscurrentflowing through them.
When theover currentcondition (i.e. currentsurge due to a hot plug antermittent short, or aolid short
circuit) isremoved, thedevice canautomaticallyreset, allowingTERMPWR toagain be sourcettom this
device.

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

Amp recommended ERMPWR limit, the 5 Volt power supplied to0662should be limited to prevent
TERMPWR from exceeding 5Amps. This wouldprevent a currensurge inexcess of 5Amps that may
occur in the event of ghortcircuit, before the PTQlevice camctually trip.
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5.2.5 SCSI Bus Electrical Characteristics

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

« Ta= 0to70deg.C

Symbol [ SCSI I/O Parameters mi max Uniddotes

Vol low level outputvoltage 04 | V lout = 48.0 mA

Voh high level outputvoltage 2.5 \% lout = -400 uA

Vil low level input voltage 0.0 08| V

Vih high level input voltage 2.0 55| V

lil low level input current 10 uA

lih high level input current 50 uA

Vihys input hysteresis 0.3 \%

Ci input capacitance 25 pF | w/terminators

disabled,

Typ. = 19pF

Differential modelsmeet allelectricalrequirements adefined in theANSI SCSI-2 standard undéElectrical

Description -Differential Alternative".

5.2.6  Recommendations For SCSI Bus Noise Reduction

The SCSI committee has spentamgeamount ofresource lookingnto whatneeds to belone to asure
SCSldevices willwork asspecified in theSCSI-2 standard. As eesult of this, thecommittee is

recommending théollowing approach:

Use regulated 110 ohrrerminator

Use AWG 28 polyolefin shielded cables

Make suredata and parity are on theuterring of the cable andhat REQ and ACK are in theore of
the cable.
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5.3 Options Jumper Block(s)

0662contains a fronjumperblock with pinsthat can beused toaccess anénable certain features and

select the SCSaddress of the driveFigure 16 shows the layout of those pins for tf&MD" version of the
electronics circuiboard. For the "SMPYVersion of the electronics circuitoard, those functions asplit into
two groups of pins. The front block shown inFigure 17. While the block located on thmttom isshown

in Figure 18 onpage 60.

68 pin models als@ontain arearoption jumperblock thatreplicatessome of the functions contained in the
front block. The layout of those pins ashown infigure Figure 19 onpage 60.

ADDRESS JUMPERS cusToMiZING PINs ~ SCSI
RN AUTO -MASTER o N . PARIT

s B € b START SYNGC NC NG AUTO DisABLE | . _

L U A Blank | | LED |  WRITE | START UN | DisAbLE
BIT3 BIT2 BIT1 BITO (Polarity) +5Y CATHODE PROTECT | DELAY ATTENTIONS| T.LSYNG.
. NEGOTIATIONS
m iy
2 9

Termination
Power Enable

@ OO
060@

(5)(17) (1) ) (2 () (ar) () (o) () (35)

ea@@ooo@eeeQQ

-SLAVE NC
SYNC
LED GROUND (Note: Pins 1 & 2 do not exist
dels.)

GROUND GROUND GROUND
Showe Adrbse 4 unused ENABLE
ACTIVE ANCDE
Selected in 50 pin models.
TERMINATION GROUND ("NC" = Not Connected)

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

(Note: Pins 1 & 2 do not exist

ADDRESS JUMPERS in 50 pin models.)
AUTO -MASTER WRITE
START SYNC PROTECT CUSTOMIZING
P Blank LED AUTO
‘ +|5V GATITIODE START

BIT2 BIT2 BI‘T 1

BI‘T 0 (Po‘larity)

RNE AV
LELAT

GROUND GROUND GROUND

SYNC

Termination
Power Enable

Sample Shunt
Shows Address 4 unused ig’f‘l‘_R}-EE ArI:II(E)EIJDE GROUND
e TERMINATION ("NC" = Not Connected)

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

SCS|
CUSTOMIZING
DISABLE PARITY DISABLE

T.LSYNC. UNIT
NEGOTIATIONS ATTENTIONS

GROUND

Figure 18. Bottom OptiongumperBlock for "SMP" Versions

-MASTER
3\ GROUND +5Y LED SYNGC N
N BITO | BIT 2 | CATHODE | N\
AN | | | | | | \
N | | | | | | N\
A\ - - | e w - \
Pins labeled "Bit x" \V— W W Yyl § § Y
- N e i N N e /

are ADDRESS JUMPERS. U @ @ w @ 1

Figure 19.RearOptionsJumperBlock for 68 pin models
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5.3.1 SCSI Address Pins

Information on how tcselect aparticular address for th8CSldevice ID is given inTable 11 and Table 12.

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

BIT 3 BIT 2 BIT 1 BIT O 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

Table 11. Address Determination of 68 PRCSI| Models

BIT 2 BIT 1 BIT O 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

Table 12. Address Determination of 50 PRCSI| Models

5.3.2 Auto Start (& Delay) Pins

The AutoStart andAuto Start Delay pins control when and how tdeve canspin up and comeeady.
Whenconfigured forAuto-Startup, thenotor spins up aftepower isappliedwithout theneed of aSCSI
Start Unitcommand. For no Auto-Start, 8CSI Start Unitcommand igequired to make thdrive spin and
be ready for mediaccesperations. When in Auto-Start mode, thdrive will delayit's start time by a
period of time multiplied by it's owrsCSladdressTable 13 onpage 62 showsvhether or not Auto-Start
mode is active and the delgeriods, where applicable, for albmbinations of theins.
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AUTO START AUTO START Auto-Start Mode ? Delay (sec)
DELAY
off off NO na
off on YES 0
on off YES 10
on on YES 4

Table 13. AutoStartMode andDelay

5.3.3 LED Pins

The LED pins can be used trive anexternal LightEmitting Diode. Pleaserefer to the LED pinsection
of the 0662 Interface Specificationfor a detailed functional description of when thgsies are activated.

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

Note: This set of pins can be used tsive an LEDIocated in abezelconnected to the front of thérive or
to an external LED in systems where tfrent of thedrive can not be easilgeen.

Note: 68 pin SCSI modelfave twosets ofpins, a set on the front and a set on the batlat are
connected to the same LEG®@xiver circuit. The commed drive capability is stated above.

5.3.4 Write Protect Pins

If the Write Protect pin is jumpered to ground tlikive will inhibit SCSIcommands thaalter thecustomer
dataareaportion of themedia frombeing performed. See tH#662 Interface Specificationfor functional
details.

5.3.5 Disable T.I.Sync. Negotiation Pins

If a Disable Target Initiateddynchronous Negotiation pin is grounded then an Initiataeguired to start a
negotiation handshake if Synchronous S@@hsfers are desired. Pleasder to the0662 Interface
Specification for more details onthis feature.

5.3.6 Disable SCSI Parity Pins
Groundingthis pinwill disableSCSI Paritychecking.

5.3.7 Disable Unit Attention Pins

Groundingthis pinwill disable the drivédrom building Unit Attention Senseinformation forcommands
immediatelyfollowing a Power On ResetPOR) orSCSI Bus Reset. Any pending Unitttention
conditionswill also be cleared at POR &CSI Resetimes.

5.3.8 Customizing Pins

The customizing pins and their associajadperpins are currentlyeserved forfuture use.They are for
featuresspecific toparticularhostsystemsthat must be imffectimmediately afteppower isapplied to the
drive. Pleaseontact your IBM CustomeRepresentative for functionaletails onotherusing system
specificrequired featureshat these pins could possibly be uséat.
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5.4 Spindle Synchronization

5.4.1 Spindle Synchronization Overview

There are four modes afpindlesynchronization. Reference Figure 20 folist of how the-MASTER
SYNC and-SLAVE SYNC pins on theOption JumpemBlock are used for thelifferentmodes. The
following paragraphgive ashortdescription of each spindigynchronization mode:

« The Slave drive (Slav&yncmode)receives thandex from the Masterdrive on the-SLAVE SYNC line
and synchronizes ittNDEX (Slave index) to it.
Should thedrive be theMasterdrive, (MasterSync mode), itoutputs itsSINDEX on the-MASTER
SYNC and the SLAVE SYNC lines. TheMasterdrive does not synchronize its index to anyher
device. Itsimply outputs itsSINDEX.
In the MasterSync Control mode, arive will synchronize its spindle to th&ignal it receives on the
-SLAVE SYNC input. It outputs tooMASTER SYNC apulsethat has thesame period as thdrive
INDEX, but is notsynchronized to thérive INDEX generatedrom the disk.
In the non-sync mode, thide will receive the -SLAVESYNC signal, but it is notused by théfile.

Reference th®662 SCSI Specification for furtheinformation on thedifferent synchronization modes.

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

Figure 20.Spindle Synchronizatiofrunctional Modes

File Synchronization withOffset.

The file electronicsreceives theMaster Index andreates the delayed Slavtedex from thedrive

INDEX. The delay isdetermined by using th®lode select commandigid Disk Drive Geometry
Parameters page 4 ). Arotational offset 0f0/256 of arevolution up t0255/256 of arevolution may be
selected inincrements of 1/256 of a revolution. Reference 0662 SCSI Specification for further
information on the rotationadffset of synchronized spindles.

SynchronizationTime

The SCSIMODE Selectcommand isused to select the Spindle Synmode. It could take up to 1.75
seconds ( 1.25ec.nominally ) tosychronize theSlave drive to theMasterdrive. While the Slave drive
is synchronizing to théMaster, itwill not be able toread and writedata. Once synchronized, tlieive
will maintain +/- 20usecsynchronization tolerance.

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 63 of 81 —



5. Electrical Interface

—» € —4.0 USEC min
£ C
’ ’
i
——— 11.11 MSEC »
e
> ¥ +/- 20 USEC
|
|
s S L

Figure 21.Slave-Sync tdSlave-Index Timing

5.4.2 Spindle Synchronization Bus

The spindlesynchronization Bugonsists of the twaignal lines,MASTER SYNC and -$AVE SYNC.
Reference Figure 16 opage 59Figure 17 onpage 59 and-igure 19 onpage 60 whickshow the location
of thesesignal lines on théption JumpeBlock connector. One potential configuration of this bus for
drivesthat are to baised in a synchronized modeskown in thefolowing figure. This example requires the
-SLAVE SYNC lines to be daisykhained together.

MAESTER DRIVE ELAVE DRIVE SLAVE DRIVE SLAVE DRIVE
L N

OPTION |_J | | | | | |

BLOCK

—-SLAVE SYNC

Figure 22. Daisy-Chain Connection of Synchronization Bus
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Termination

Bus termination of theMASTER SYNC and-SLAVE SYNC signals isinternal to thefile. These two
signalseach have 2000 ohmpullup to the + 5volt supply. Amaximum of 16files canhave their
-MASTER SYNC or -SLAVE SYNClines daisychained together. Violating thisould damage the
Masterfile driver on the-MASTER SYNC and/or -SLAVESYNC line.

It is the using system's responsibility to provide the cabledanect the synchronizedfives
-SLAVE SYNC linestogether.

Bus Characteristics

- maximum Buslength = 6 meters
— 4 micro-seconchegative activeulse

— 0.8 volts = valid low input
— 2.0 volts = valid highinput
- 0.4 volts = lowoutput

— 64 milli-amps = maximum output lowlevel sink current
— high leveloutput set byterminationresistors

The driverused for these twaignal lines is aropencollector buffer.
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6. Reliability

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

6.1 Error Detection

Error reporting = 98%

All detected errors excluding interface aB\Ts #1 errors
Error detection= 98%
FRU isolation = 100%

To the devicewhen the "Recommended Initiator Err&ecovery
Procedures" in th®662 InterfaceSpecificationare followed.

No isolation to sub-assemblies within tllevice are specified.

6.2 Data Reliability

Probability of not recovering data 10 in 10° bits read(Populationaverage)

Recoverableread errors 10 in 10! bits read(Populationaveragemeasured ahominal DC
conditions andoom environment.)

Probability of miscorrecting unrecoverabledata

Note: Eighteen bytes of ECC and two bytes of LRC are provided for each data block. The codesdwave
configured to guarantee accurate detection and correction of @lratscorrupt 6 olessconsecutive bytes

(per sector). Errorshat corrupt 3 odessconsecutive bytes are corrected automatically by the hardware (on
the fly). Errorsthat corruptbetween 7 and 12 consecutive bytes are guaranteed to be detected as
uncorrectable error€rrorsthat corruptbetween 13 and 18 consecutive bytes are guaranteed to be detected,
however, miscorrection may occur. The miscorrection probability of erttoas corrupt 13 or more

consecutive bytes is approximately 5.2 E-20rdEs that corrupt 19 or moreonsecutive bytes are subject to

the same miscorrection probability, and also may not be detected by the codes. The misdguexdiadyility

for an errorthat corrupts 19 or moreonsecutive bytes is approximately 6.8 E-49. Tihkowing table
summarizes this information.

Table 14.DataReliability
Error length in Detection Misdetection Correction Miscorrection
bytes corrupted Guaranteed Probability Guaranteed 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 thdly"
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6.3 Seek Error Rate

Maximum allowed seekerrors 10 in 1@ Seeks

6.4 Microcode Defect Rate

The interfacemicroprocessor code targdefectratewill be lessthan orequal to0.150total valid unique
APARS perthousandines of new/ changed source instructiorf$VUA/KCSI) for the 60 monthproduct
life.

6.5 Power On Hours

Total Power onhours (with minimum power on/off cycles)
43,200hours forlife based on:
- 5 Power on/off cycles pemonth
- 720 power on hours panonth
Total Power onhours (with maximum power on/off cycles)
10,140hours forlife based on:
- 90 Power on/off cycles pemnonth

- 169 power on hours panonth

6.6 Useful Life

Product Life 5 Years

Usefullife is the length of time prior to theoint atwhich productdegradatiorbegins tooccur. The
specification for the usefdlfe calculation is the same dbat for the*MTBF specification.

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

6000 power on hours peyear (500power on hours pemonthtimes 12months)

300 averagen/off cycles peryear (25power cycles pemonthtimes 12months)
Seeking/Reading/Writing is assumed to be 20% of powehouars(Approximately 10 read/write
operations per second)

15% uplift for system related causes

Operating amormal environmen{SeeTable 17 onpage 71) andiominalvoltages (See 2.2Power
Requirements” orpage 16)

Note: *MTBF - is a measure of thdailure characteristicever total product life. *MTBF includesnormal
integration induced, installatiorarly life (latent), and intrinsidailures. *MTBF is predicated onsupplier
gualification,productdesign verification test, anfield performance data.
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, 6.8 Sample Failure Rate Projections

| The following tables are foreferenceonly. The tablexontainfailure rate projections for given set of user
| conditions. Similar projectionswill be provided,uponrequest, for each usepecificoperating conditions.

| Application SCSI Electronics only - (RA/MM)
> 5
® 0 3 0 s 0 s N
B ® P ® B ® %% o
— O — O — O ™m © O = ©)
| 500POH/MM 0.001212 0.001849 0.002363 0.000390 2.34%
| 720POH/MM 0.001580 0.002436 0.003204 0.000562 3.37%
| Table 15. Projectedailure rate for theelectronics only.
| Application SCSI Electronics and HDA - (RA/MM)
>
h ® ?® h © of%o a
— O — O — O ™m ®© O E @)
| 500POH/MM 0.001561 0.002465 0.003205 0.000625 3.75%
| 720POH/MM 0.002085 0.003314 0.004433 0.000900 5.40%

| Table 16. Projectedailure rate for theentire drive, (Electronics anHDA).

6.9 SPQL (Shipped product quality level)

LA vintage Utimate (13thmonth)
Totals .39% .30%
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) overyears
| (assuming 72 OH/MM usage). This assumes a 15% uplift for system related causes.

6.12 Periodic Maintenance

None required
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6.13 ESD Protection

|

| The SPITFIRE disk drivescontain elecical componentsensitive todamage due to electrostatiischarge
| (ESD). Proper ESIproceduresnust befollowed during handling, installation, angtmoval. Thisincludes
| the use of ESD wrisstraps and ESD protective shipping containers.
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7. Operating Limits

The IBM corporatespecifications and bulletinsuch as C-9-9700-000 in thecontaminantsection,that are
referenced irthis document aravailable for review.

7.1 Environmental

Temperature
Operating Ambient 41to 131°F (5to 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) petour
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 3048eters)
Shipping -1000 to 40,000 feet (-304.8 to 12,19%ters)

7.1.1 Temperature Measurement Points

The following tabledist measurement points arntteir temperaturegmaximum andreliability) for the
single-ended and differenti@CSIl modelsMaximum temperaturesnust not beexceeded at thevorst case
file and system operating conditions with tHiee randomlyseeking, reading and writindgreliability
temperaturesnust not beexceeded at thaominalfile and system operating conditions with tHige
randomlyseeking, reading, and writing.

Table 17. OperatindemperatureLimits - 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 maded®termine the togasting
temperatureduring file operation and shows the location of tR&R DF module forsingle-endedsCSI.
Figure 24 onpage 74defines themodulesthat arelocated on thébottomside of thecard and the
measurement location on thmttom of thecasting.

Table 18. Operatingdemperature.imits - 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)

Note: Figure 25 onpage 75defineswheremeasurements should be maded®termine the togasting
temperatureduring file operation and shows the location of tR&R DF module fordifferential SCSI.
Figure 26 onpage 76defines themodulesthat arelocated on theébottomside of thecard and the
measurement location on thmttom of thecasting.

Theremust besufficient air flowthrough thedrive sothat thecasting andnodule temperaturémits defined
in Table 17 onpage 71 for single-ende®CSI or Table 18 fodifferential SCSI are noexceeded.
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Figure 23. Temperature Measuremdidints (topview)

Note: The PRDFmodule temperature should be measured with a thermocouple approxincatglred on
the top surface of thenodule.
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MODULE TO BE MEASURED

NOTE 13

Figure 24. Temperature Measuremdidints (bottom view). See 7.1.1.1'Module Temp. MeasurementNotes” on

page 76.
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Figure 25. Temperature Measuremdtdints ForDifferential (top view)
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NOTE 1: MODULE TO BE MEASURED

Figure 26. Temperature Measuremdidints 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 topurface of themodule.

2. If copper tape isised toattach temperatureensors, it should be nlarger than 6 mnsquare.

7.2 Vibration and Shock

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

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

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

Othermountconfigurations may result idifferent operating shock and vibration performance.

7.2.1 Output Vibration Limits

spindle imbalance 2.0 gram-millimetemsaximum
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7.2.2 Operating Vibration

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

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

The random andweptsinevibration levelsbelow apply when any of thenountingholes on thédfile are
used.

RandomVibration

For excitation in the x-direction and the y-direction, tfile will meet the requiredhroughputspecifications
when subjected to vibratiolevels notexceeding the V4ibration level definedbelow.

For excitation in the z-direction, thile will meet the requiredhroughputspecificationsvhen subjected to
vibration levels notexceeding the V4§ibration level definedbelow.

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

Table 19.RandomVibration Levels

Class| 5 hz 17hz | 45hz | 48 hz | 62 hz 65 hz 150 hz 200 hz | 500 hz RMS
V4 2.0E-5 1.1E-3| 1.1E-3| 8.0E-3| 8.0E-3| 1.0E-3| 1.0E-3 8.0E-5 | 8.0E-5 0.56
v4s | 2.0E-5 1.1E-3| 1.1E-3| 8.0E-3| 8.0E-3| 1.0E-3| 1.0E-3 | 4.0E-5 | 4.0E-5 0.55

units g?hz g

SweptSine Vibration

The file will operate without har@rrorswhen subjected to the swetinevibration of 1 G peak from 5 to
300 hz in the x- and y direction. Fdnput 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 interpolatimedsto
determine the acceleratidavelsbetween 250 hz and 300 hz.

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

Note: 1.0 G acceleration at 5 hz requir8s78inch double amplitudelisplacement.
7.2.2.1 Nonoperating Vibration
No damagewill occur as long as vibration at the unpackagkide in all three directionglefinedabove does

not exceed the leveldefined in thetable below. The teswill consist of a sweefrom 5 hz to 200 hz and
back to 5 hz at aweep rate of eighdecades pehour.

Table 20. Non-operating Vibratiobevels
Frequency 5hzto 7 hz 7 hz to 200 hz
Amplitude 0.8 inch DA 2.0 G peak

0662HardwareSpecification .... RevisionDate: May27th, 1994 —— Page 77 of 81 —



7. Operating Limits

7.2.3 Operating Shock

The drivewill continue to operate, at thretated "Performance”, when subjected to a 5h&f sine wave
shock pulse of 11millisecondsduration.

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

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

7.2.4 Nonoperating Shock

No damagewill occur if the unpackagedrive is notsubjected to a square wave shagieater than dfaired"
value of 35 Gs applied to all thresxis for aperiod of 20 milliseconds, one direction at a time.

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

7.3 Contaminants

The corrosive gasoncentratiorexpected to be typicallgncountered iSubclass G1; the particulate
environment isexpected to be P1 of C-3-9700-000(1/89).

7.4 Acoustic Levels

Upper Limit Sound Power Requirements(Bels)

OctaveBand Center Frequency (Hz)| A-weighted

125| 250 500[ 1K | 2K | 4K | 8K | Maximum Mean
Idle 45| 35| 3.3| 35| 43| 43| 4.0| 4.75 4.4
Operating 45| 40| 36| 41| 43| 46| 4.3| 5.00 4.7

Notes:

1. The above octavband and maximum soungiower levels arestatisticalupperlimits of the sound power
levels. See C-B 1-1701-027 and C-S 1-1710-006ftother explanation.

2. The files argested after aninimum of 20minutes warm-up iridle mode.
3. The operating mode is simulated bgeking at aate between 12 and Ideeks pesecond.
4. The mean of aamplesize of 10 orgreaterwill be lessthan orequal to the statethean with 95%

confidence.

Additionally, thepopulationaverage of thesoundpressure measured omeeter above theenter of thedrive
in idle mode will not exceed 34 dB.
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8. Standards

8.1 Safety

UNDERWRITERSLABORATORY (U.L.) APPROVAL:

The product is approved asRecognizedComponent for use ilnformation TechnologyEquipment
according to UL 1950(without any D3deviations). The UL Recognizedomponentmarking is located
on the product.

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

The product iscertified to CAN/CSA-C22.2 No0.950-M89 (without any D3deviations). The CSA
certificationmark islocated on theproduct.

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC ) STANDARDS
COMPLIANCE

The product isertified tocomply to EN6095Q(IEC 950with European additions) by TUWRheinland.
The Rheinland Bauart mark Iscated on theroduct.

SAFEHANDLING:
The product is conditioned for safe handlingregards tasharpedges andorners.
ENVIRONMENT:

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

InternationalAgency forResearch on CancgtARC)

National Toxicology Program(NTP)

OccupationalSafety andHealth Administration(OSHA)

American Conference déovernmentalndustrial Hygienists(ACGIH)

California Governor'sList of Chemical Restricted under Califimia SafeDrinking Water and Toxic
Enforcement Actl986 (Also known asCalifornia Proposition 65)

SECONDARY CIRCUITPROTECTION REQUIRED INUSING SYSTEMS

IBM has exercised care not to use amyprotected components aeponstructionghat areparticularly
likely to causefire. However, adequate secondary overcurngrdtection is theresponsibility of the user
of the product. Additional protectioagainst the possibility of sustainembustion due taircuit or
componentfailure mayneed to be implemented by the user wiihncuitry external to thegroduct.

8.2 Electromagnetic Compatibility (EMC)
FCC Requirements

Pertaining to thd)662disk drive, IBM will provide technicabupport toassist users icomplying with
the United StatesFederal Communications Commission(FCC) Rules and RegulationsPart 15,
Subpart J Computing Devices"Class B Limits" . Tests for conformance to this requirement are
performed with thedisk drive mounted in theusing system.

- VDE Requirements
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Pertaining to thdd662disk drive, IBM will provide technicabupport toassist users icomplying with
the requirements of th&erman Vereingung DeutcherElektriker (VDE) 0871/6.78Limit Class B.

CSPRRequirements

Pertaining to thé0662disk drive, IBM will provide technicabupport toassist users icomplying with
the Comite International Special des Perturbations Radio Electriques(International Special Committee on

Radio Interference) CISPR 22"Class B Limits" .
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8.3 Design Reference Documents

THE DOCUMENTSBELOW ARE NOT AT PRESENT MANDATORY BUT SHOULD ALL BE
CONSIDERED FOR INCLUSION INPRODUCTPLANS. IT ISPROBABLE 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 THH.OCAL EMC
COORDINATOR. WHERETHESE DESIGN OBJECTIVES ARE NOTMET, SOURCES OF
EMANATIONS AND EFFECTS OFSUSCEPTIBILITY MUST BEIDENTIFIED. CONTROL
TECHNIQUES ACCEPTABLE TO THE LOCAL EMC COORDINATOR MUST BE
IDENTIFIED TO CONTROLPOTENTIAL FIELD PROBLEMS.

2. STANDARD APPLIES TOSECONDORDER AND MULTIPLE USAGE PRODUCTS.

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

4. FILE USES DCPOWER 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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