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Preface

This documentetails theproducthardwarespecification for thelltrastar XP SSA family of Direct Access
Storage Devices. The capacityodelofferings are 1.12, 2.25, and 4.84Bytes (se€.1.1,“Capacity
Equations” onpage 13 for exact capacities basedmndel and bloclksize). Theform factor offerings are
'‘Brick On Sled'carrier and 3.5-inch smafbrm factor (refer to 4.1.1,"Weight and Dimensions” opage 51
for exact dimensions).

This document, in conjunction with thgltrastar XP (DFHC) SSAModels InterfaceSpecification make
up the FunctionaBpecification for thelltrastar XP SSADFHC) product.

The productdescription andther data found irthis documentrepresentBM's design objectives and is
provided for information and comparative purposes. Acteslults may vary based onvariety of factors
and the information hein is subject to change. THIBRODUCTDATA DOES NOTCONSTITUTE A
WARRANTY, EXPRESS OR IMPLIED. QuestionsregardinglBM's warranty terms or the methodology
used to derive thelata should be refred toyour IBM customerrepresentative.

Note: Not all models described in thidocument are irplan. Contact your IBMcustomerrepresentative
for actualproductplans.
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1.0 Description

1.1 Features

1.1.1 General Features

1.12/2.25/4.51 gigabytewrmattedcapacity(512 bytes/sector)

Serial Storage Architecture (SSAgttachmeni{dual port)
Brick On Sled carrier and 3.58mall form factor models
Rotary voice coilmotor actuator

Closed-loopdigital actuatorservo(embedded sector servo)

Magnetoresistivé MR) heads
(0,8,6,infinity) 8/9rate encoding

Partial ResponseMaximum Likelihood (PRML) datachannel withdigital filter

- All mounting olientations supported
« Jumperable autepindlemotor start
« Jumperablanrite protection
« Spindle synchronization
+ Two LED drivers

Bezel(optional)

1.1.2 Performance Summary

« Average readeektime (1.12GB): 6.9 milliseconds
« Average readeektime (2.25GB): 7.5milliseconds
« Average readeektime (4.51GB): 8.0milliseconds
« AveragelLatency: 4.17 milliseconds

Split read/writecontrol

Media datatransfer rate: 9.59 td2.58 MegaBytes/second (10 bands)

SSA data transfer rate: 2@egabytes/second

1.1.3 Interface Controller Features

Multiple initiator support
Supportsblocksizesfrom 256 t05952 bytes
512K byte, multi-segmented, dupbrt databuffer
Read-aheadaching
« Adaptive caching algorithms
- Write Cache supportewrite back & write thru)
« Taggedcommandqueuing
Commandreordering
Back-to-backwrites (merged writes)
Split reads and writes
Nearly contiguous read/write
Link errorrecoveryprocedureexit
Disable registration
Duplicatetags
« Two byte ULP message codes
« SCSlresponse
Move datatransfer messages
Multiple ULP's
. Automaticretry and data correction on read errors

Source filename=DESCRIP IBM Corporation
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Automatic sector reallocation
In-line alternate sector assignment for high-performance
Improved technique for down-loadable S$itmware

1.1.4 Reliability Features

Self-diagnostics orpower up

Dedicated headandingzone

Automatic actuatotatch

EmbeddedSector Servo for improvingn-track positioningcapability
Buffer memory parity

LongitudinalRedundancy CheckLRC) on Customer Data

ECC on the fly

Error logging and analysis

Data Recovery Procedur®RP)

PredictiveFailure Analysis0 (PFA &tm)

No preventativemaintenance required

Two Field Replaceabl&nits (FRU's): ElectronicsCard and Head Diskssembly(HDA)
Probability of notrecoveringdata: 10 in 10' bits read

1.2 Models

The Ultrastar XP SSA disk drive is available invarious models ashownbelow.

The Ultrastar XP SSA data storage capacities vary asuaction of model and user blocgize. The
emergingindustry trend iscapacity points in multiples of.08GB(i.e. 1.08/2.16/4.32) at hlock size of 512
bytes. Future IBM productswill plan to provide capacitieshat areconsistent with this trend. Usethat
choose to makéull use of theUltrastar XP SSA drive capacityabove the standardapacitypoints may not
find equivalent capacitypreakpoints in future products.

Brick On SledCarrier 128-pin HPC
1.12 3.5-inch Small FF 38-pin Unitized
2.25 Brick On Sled carrier 128-pin HPC
2.25 3.5-inch Small FF 38-pin Unitized
4,51 Brick On Sled carrier 128-pin HPC
4,51 3.5-inch Small FF 38-pin Unitized

Note: CxB models (C1BC2B, and C4B)include aDC/DC converter, agvity and check indicators.

Note: Please refer to section.1.1,“Capacity Equations” orpage 13 for exactapacities based omser blocksize.
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2.0 Specifications

All specifications arenominal values unless otherwiseoted.

The Ultrastar XP SSA datastorage capacities vary asfanction of model and user blocgize. The
emerginglndustry trend iscapacitypoints in 1.08GB(i.e. 1.08/2.16/4.32) at hlock size of 512 bytes. This
and future productsvill always plan toprovide capacitieshat areconsistent with this trend. Usethkat
choose to makéull use of theUltrastar XP SSA drive capacityabove the standardapacity points may not
find equivalent capacitypreakpoints in future products.

2.1 General

Note: The recordingoandlocated nearest the diskuterdiameter (OD) is eferred to asNotch #1'.While
the recordingoandlocated nearest the inner diame(¢D) is called'Notch#10'. 'Average'values are
weightedwith respect to theaumber of LBAs per notclwhen thedrive isformatted with 512 byte blocks.

Data transfer rates
Notch #1 Notch #10 Average

Buffer to/from media 12.58 9.59 12.07 MB/s (instantaneous)
Host to/from buffer up to 20.0 MB/s(synchronous)sustained)
Data Buffer Size (bytes) 512 K (See 3.0/Performance” onpage 39 for user data capacity.)
Rotational speed(RPM) 7202.7
Average latency (milliseconds) 4.17
Track Density (TPI) 4352

Minimum Maximum

Recording density(BPI) 96,567 124,970
Areal density (Megabits/square inch) 420.3 543.9
(model numbers ->) C4x C2x Cix
Disks 8 4 2
User Data Heads (trk/cyl) 16 8 4
Seektimes (in milliseconds)
Single cylinder (Read) 0.5 0.5 0.5
(Write) 2.0 2.0 2.0
Average (weighted) (Read) 8.0 7.5 6.9
(Write) 9.5 9.0 8.5
Full stroke (Read) 16.5 15.0 14.0
(Write) 18.0 16.5 15.5

Note: Times aretypical for a drivepopulation under nominaloltages
and castingemperature of 25°C Weightedseeks are seeks to the cylin-
ders ofrandomlogical block addresse$L BAS).
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Total Cylinders (tcyl)
& User Cylinders (ucyl)

Notch #1
Notch #2
Notch #3
Notch #4
Notch #5
Notch #6
Notch #7
Notch #8
Notch #9
Notch #10

Sum of all Notches

Spares Sectors/cylinder (spr/cyl)

Notch #1
Notch #2
Notch #3
Notch #4
Notch #5
Notch #6
Notch #7
Notch #8
Notch #9
Notch #10

Last cylinder extra spares (Icspr)

User bytes/sector(ub/sct)

Sectors/logicalblock (sct/lba)

User bytes/logicalblock (ub/lba)

Sectors/track (sct/trk)

Page 12 of 87

All models C4x Models C2x Models Ci1x Models
teyl ucyl ucyl ucyl
1893 1879 1877 1872
956 955 955 955
49 48 48 48
310 309 309 309
349 348 348 348
116 115 115 115
214 213 213 213
190 189 189 189
131 130 130 130
208 206 206 206
4416 4392 4390 4385
C4x Models C2x Models C1x Models
40 20 10
40 20 10
38 19 10
37 19 9
36 18 9
34 17 9
33 17 8
32 16 8
31 16 8
30 15 7
60 30 14

256 - 744 (evemumber ofbytes only)

1-8

The lowest sct/Ibahat satisfies thefollowing rules is used...

1. Block Length isevenly divisible by anumber2-8.

2. Quotient ofpreviousequation isevenly divisible by 2.
3. Quotient must be 256 and< 744.

256 - 5952 (See rules fatetermining sct/lba above for determining sup-
ported ub/Ibavalues.)

(SeeTable 1 onpage 13 orcontact an IBM CustomeRepresentative
for other blocklengths.)

IBM Corporation
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Notch #
User bytes / 1 2 3 4 5 6 7 8 9 10
logical block

256 216 216 216 202 195 180 180 180 180 162

512 135 135 130 126 120 115 112 108 105 100

520 128 128 128 123 115 112 108 105 102 99

522 128 128 128 122 115 112 108 105 102 90

524 128 128 128 120 115 112 108 105 102 90

528 128 128 126 120 112 112 108 105 101 90

600 115 115 115 110 102 101 97 90 90 90

688 102 102 102 98 90 90 90 90 81 78

744 96 96 96 90 90 90 81 78 77 73

Table 1. Grossectors petrack forseveralblock lengths
C4x Models C2x Models C1x Models
User bytes / formatted logical formatted logical formatted logical
logical block capacity blocks / capacity blocks / capacity blocks /
(bytes) drive (bytes) drive (bytes) drive

256 3,654,540,800| 14,275,550 | 1,826,312,448 7,134,033 912,135,680 3,563,030
512 4,512,701,440 8,813,870 | 2,255,098,368 4,404,489 | 1,126,337,536 2,199,878
520 4,375,536,880 8,414,494 | 2,186,554,760 4,204,913 | 1,092,119,600 2,100,230
522 4,374,300,492 8,379,886 | 2,185,931,898 4,187,609 | 1,091,803,716 2,091,578
524 4,385,878,952 8,369,998 | 2,191,716,460 4,182,665 | 1,094,691,544 2,089,106
528 4,408,629,984 8,349,678 | 2,203,082,640 4,172,505 | 1,100,365,728 2,084,026
600 4,512,402,000 7,520,670 | 2,254,925,400 3,758,209 | 1,126,282,800 1,877,138
688 4,604,578,976 6,692,702 | 2,300,969,904 3,344,433 | 1,149,310,880 1,670,510
744 4,675,830,192 6,284,718 | 2,336,559,528 3,140,537 | 1,167,099,408 1,568,682

Table 2. Usercapacity for severablock lengths

2.1.1 Capacity Equations

2.1.1.1 For Each Notch

The next group of equatiommust becalculated separately for eaciotch.

user bytes/sector (ub/sct)=

ub/lba
sct/Iba

user sectors/cyl (us/cyl) = (sct/trk)(trk/cyl) - spricyl

spares/notch (spr/nch) {spr/cyl)(ucyl)

Note: Add Icspr to theequation above for thaotchclosest to theénner diameter (#10).

usersectors/notch (us/nch) us/cyl)(ucyl)

Note: Subtracticsprfrom the equation above for theotch closest to theénner diameter (#10).

Sourcefilename=SPECS
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2.1.1.2 For Entire Drive

10
spares/drivéspr/drv) = Z spr/nch
notch =1
10
user sectors/driveus/drv) = Z us/nch
notch=1

logical blockskirive (ba/drv) = INT| /4"
ogicalblocksdrive (Iba/drv) = <cUlba

user capacity (fcap) =(Iba/drv)(ub/lba)
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2.2 Power Requirements by Model

2.2.1 C1x Models

The following voltage specificationapply at thedrive power connector. There is ngpecialpower on/off
sequencing required. The extpawerneeded for Brick On Sled models and the +3®W¥weroption are
described in 2.2.4, “CxBviodels” onpage 33.

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

The following currentvalues are theombinationmeasuredralues of SCSI models and SSA Cx4 model. The
differencesbetween SCSI and SSA is +5Wurrents. Because dfifferent interface electronics and speed, SSA
electronics card requiranore +5V current than SCSI. Read/WritgaselLine is 290 mahigher. Idle

Average is 500 ma higher(290ma and 500mdifferences werdound by measuring SSA Cx4 model). SSA
+5V currentnumbers aralerivedfrom SCSI +5V currennhumbers byadding 290ma and 500ma accord-

ingly.

Population Population
Power Supply Current Notes Mean Stand. Dev.
+5VDC (power-up) Minimum voltageslewrate = 4.5 V/sec
+5VDC (idle avg) 1.23 Amps 0.02 Amps
+5VDC (R/W baseline) 1.25 Amps 0.05 Amps
+5VDC (R/W pulse) Base-to-peak .3Bmps 0.06 Amps
+12VDC (power-up) Minimum voltageslewrate = 7.4 V/sec
+12VDC (idle avg) 0.28 Amps 0.02 Amps
+12VDC (seek avg) 1 op/sec 0.0027Amps | 0.002Amps
+12VDC (seek peak) 1.20 Amps 0.02 Amps
+12VDC (spin-up) 3.0 sec max 1.5 Ampgs 0.1 Amps
Drive power
Avg idle power 9.51 Watts .35 Watts
Avg R/W power 30 ops/sec 10.58Watts .35 Watts

1 See Figure 1 on page 18 formot of how the read/write baseline and read/write pulse sum together.

2 The idleaverage angeekpeek should beddedtogether to determine the total M@lt peakcurrent. See Figure 2
on page 19 for aypical buildup ofthesecurrents. Refer to examples on tf@lowing page to see how to combine
these values.

Sourcefilename=POWER IBM Corporation Page 15 of 87



USERRESPONSIBLE FORVERIFYING VERSION AND COMPLETENESS
OEM FUNCTIONAL SPECIFICATION ULTRASTAR XP (DFHC) SSAMODELS 1.12/2.25 GB -1.0"HIGH

2.2.1.1 Power Calculation Examples

Note: The following formulas assume all system ops as a 1 block readrite transferfrom arandom
cylinder while atnominal voltagecondition.

Example 1. Calculate themean 12 volt average current.

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

mean
+12VDC (idle average) 0.28 amps

+12VDC (seek average) 0.027 *30 =  0.08&amps

TOTAL 0.361 amps

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

To compute the sum of the 1?olt meancurrent's 1sigma valueassume all the distributions are normal.

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

sigma
+12VDC (idle average) 0.02amps
+12VDC (seek averageksqrt(30*((0.0002)**2))= 0.001 amps
TOTAL sqrt((0.02)**2+(.001)**2))=0.02 amps

So the mearplus 3sigmameancurrent is0.361 + 3*0.02 = 0.4zamps
Example 3. Power Calculation.
Nominalidle drive power = (1.23Amps * 5Volts) + (0.28 Amps * 12Volts) = 9.51Watts

Nominal R/W drive power at 30 ops/sec =(1.25 Amps * 5 Volts) + (0.361 Amps * 12 Volts) = 10.58
Watts

Mean plus 3sigma drivepower for 30random R/Woperations/second. Assuntkeat the 5volt and 12 volt
distributions are independetfierefore the squarmot of the sum of thesquares applies.

+5VDC (1sigmapower) 0.05*5 = 0.25 watts
+12VDC (1sigmapower) 0.02 * 12 = 0.24 watts
Total (1sigmapower) sqgrt((0.25)**2+(0.24)**2) = 0.347watts
Total power 9.13 + 3*0.347 = 10.2 watts

3 The current at start is thotal 12 volt current requiredie. themotor start current, module current anaice coil
retract current). See Figure 3 on page 20 tigsical 12 voltcurrent duringspindlemotor start.
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Example 4. Calculate the 12volt peak current.

To compute the sum of the Wlt peak currents théollowing is done.

mean
+12VDC (idle avg) 0.28 amps
+12VDC (seekpeak) 1.2 amps
TOTAL 1.48 amps

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

To compute the sum of the 1lt peak current's sigma valueassume all distributions are normal. There-
fore the squar@oot of the sum of thesquares calculation applies.

sigma
+12VDC (idle avg) 0.02amps
+12VDC (seekpeak) 0.02amps

TOTAL sqrt((0.02)**2+(0.02)**2)=0.028 amps
So the mearplus 3sigmapeak current is 1.48 +3*0.028 = 1.56amps

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 drive 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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Figure 1. 5volt current during read/write operations —C1x Models

1. Read/writebaseline voltage.

2. Read/write pulse. The width of thgulse isproportional to the number afonsecutive blocks read or
written. The 5 volt supplynust be able tgrovide the required current during this event.
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Figure 2. Typical 12volt current —C1x Models

1. Maximumslewrate is 7 amps/millisecond.

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

. Maximumslewrate is 3 amps/millisecond.

Sourcefilename=POWER IBM Corporation Page 19 of 87



USERRESPONSIBLE FORVERIFYING VERSION AND COMPLETENESS
OEM FUNCTIONAL SPECIFICATION ULTRASTAR XP (DFHC) SSAMODELS 1.12/2.25 GB -1.0"HIGH

4 _
A
3 _]
\Vj
D _
S 2 _
/2
- ~_#
- \
] |
0]
| | | | |
@) 1 c 4 D
S E C

Figure 3. Typical 12volt spin-up current —C1xModels

1. Maximumslew rate is 20 amps/millisecond.

2. Current drops off asmotor comes up tospeed.
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2.2.2 C2x Models

The following voltage specificationapply at thedrive power connector. There is ngpecialpower on/off
sequencing required. The extppwer needed for Brick On Sled models and the +3&§Wwer option are
described in 2.2.4, “CxBviodels” onpage 33.

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

The following currentvalues are theombinationmeasuredralues of SCSI models and SSA Cx4 model. The
differencesbetween SCSI and SSA is +5¥urrents. Because dfifferent interface electronics and speed, SSA
electronics card requiremore +5V currentthan SCSI. Read/WriteBase Line is 290 mahigher. Idle
Average is 500 ma higher(290ma and 500mdifferences werdound by measuring SSA Cx4 model). SSA
+5V currentnumbers arederivedfrom SCSI +5V currennumbers byadding 290ma and 500ma accord-

ingly.

Population Population
Power Supply Current Notes Mean Stand. Dev.
+5VDC (power-up) Minimum voltageslewrate = 4.5 V/sec
+5VDC (idle avg) 1.23 Amps 0.02 Amps
+5VDC (R/W baseline) 1.25 Ampsg 0.05 Amps
+5VDC (R/W pulse) Base-to-peak .3Bmps 0.06 Amps
+12VDC (power-up) Minimum voltageslewrate = 7.4 V/sec
+12VDC (idle avg) 0.41 Amps 0.02 Amps
+12VDC (seek avg) 1 op/sec 0.0031Amps | 0.0002Amps
+12VDC (seek peak) 1.20 Amps 0.02 Amps
+12VDC (spin-up) 4.2 sec max 1.5 Amps 0.1 Amps
Drive power
Avg idle power 11.07Watts .35 Watts
Avg R/W power 30 ops/sec 12.25Watts .35 Watts

4 See Figure 4 on page 24 formot of how the read/write baseline and read/write pulse sum together.

5 The idle average anaeekpeek should beddedtogether to determine the total Mt peakcurrent. See Figure 5
on page 25 for aypical buildup ofthesecurrents. Refer to examples on tfdlowing page to see how to combine
these values.

6 The current at start is theotal 12 volt current requiredie. the motor start current, module current anaice coil
retract current). See Figure 6 on page 26 tigsical 12 voltcurrent duringspindlemotor start.
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2.2.2.1 Power Calculation Examples

Note: The following formulas assume all system ops as a 1 block readvite transferfrom a random
cylinder while atnominal voltagecondition.

Example 1. Calculate themean 12 volt average current.

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

mean

+12VDC (idle average) 0.41amps

+12VDC (seek average) 0.0031 * 30 = 0.0aamps

TOTAL 0.50 amps

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

To compute the sum of the 1?olt meancurrent's 1sigma valueassume all the distributions are normal.

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

sigma
+12VDC (idle average) 0.02amps
+12VDC (seek averageksqrt(30*((0.0002)**2))= 0.001 amps
TOTAL sqrt((0.02)**2+(.001)**2))=0.02 amps

So the mearplus 3sigmameancurrent is 0.50 + 3*0.02 = 0.56amps

Example 3. Power Calculation.

Nominalidle drive power = (1.23Amps * 5Volts) + (0.41Amps * 12Volts) = 11.07Watts

Nominal R/W drive power at 30 ops/sec =(1.25 Amps * 5 Volts) + (0.50 Amps * 12 Volts) = 12.25
Watts

Mean plus 3sigma drivepower for 30random R/Woperations/second. Assuntkeat the 5volt and 12 volt
distributions are independethierefore the squanmot of the sum of thesquares applies.

+5VDC (1sigmapower) 0.05*5 = 0.25 watts
+12VDC (1sigmapower) 0.02 * 12 = 0.24 watts
Total (1sigmapower) sqrt((0.25)**2+(0.24)**2) = 0.35 watts
Total power 10.8 + 3*0.35 = 11.9 watts
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Example 4. Calculate the 12volt peak current.

To compute the sum of the Wlt peak currents théollowing is done.

mean
+12VDC (idle avg) 0.41amps
+12VDC (seekpeak) 1.20 amps
TOTAL 1.61 amps

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

To compute the sum of the 1lt peak current's sigma valueassume all distributions are normal. There-
fore the squar@oot of the sum of thesquares calculation applies.

sigma
+12VDC (idle avg) 0.03amps
+12VDC (seekpeak) 0.02amps

TOTAL sqrt((0.03)**2+(0.02)**2)=0.036 amps

So the mearplus 3sigmapeak current is 1.61 +3*0.036=1.72amps

Things to checkvhen measuring 12 V supply current:
Null the currentprobefrequently. Be sure to let ivarm up.
« Adjust the power supply td2.00 V at the drive terminals.
Use a proper windowvidth, covering an integrahumber ofspindle revolutions.
Measurevalues at 25 degree C castibgmperature.

Get a reliable trigger for SeeReakreadings.
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Figure 4. 5volt current during read/write operations —C2x Models

1. Read/writebaseline voltage.

2. Read/write pulse. The width of thgulse isproportional to the number afonsecutive blocks read or
written. The 5 volt supplynust be able tgrovide the required current during this event.
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Figure 5. Typical 12volt current —C2x Models

1. Maximumslewrate is 7 amps/millisecond.

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

. Maximumslewrate is 3 amps/millisecond.
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Figure 6. Typical 12volt spin-up current —C2x»Models

1. Maximumslew rate is 20 amps/millisecond.

2. Current drops off asmotor comes up tospeed.

Page 26 of 87 IBM Corporation Sourcefilename=POWER



USERRESPONSIBLE FORVERIFYING VERSION AND COMPLETENESS
OEM FUNCTIONAL SPECIFICATION ULTRASTAR XP (DFHC) SSAMODELS 1.12/2.25 GB -1.0"HIGH

2.2.3 C4x Models

The following voltage specificationapply at thedrive power connector. There is ngpecialpower on/off
sequencing required. The extppwer needed for Brick On Sled models and the +3&§Wwer option are
described in 2.2.4, “CxBviodels” onpage 33.

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

The following currentvalues are theombinationmeasuredralues of SCSI models and SSA Cx4 model. The
differencesbetween SCSI and SSA is +5¥urrents. Because dfifferent interface electronics and speed, SSA
electronics card requiremore +5V currentthan SCSI. Read/WriteBase Line is 290 mahigher. Idle
Average is 500 ma higher(290ma and 500mdifferences werdound by measuring SSA Cx4 model). SSA
+5V currentnumbers arederivedfrom SCSI +5V currennumbers byadding 290ma and 500ma accord-

ingly.

Population Population
Power Supply Current Notes Mean Stand. Dev.
+5VDC (power-up) Minimum voltageslewrate = 4.5 V/sec
+5VDC (idle avg) 1.26 Amps 0.02 Amps
+5VDC (R/W baseline) 1.27 Amps 0.05 Amps
+5VDC (R/W pulse) Base-to-peak .3Bmps 0.06 Amps
+12VDC (power-up) Minimum voltageslewrate = 7.4 V/sec
+12VDC (idle avg) 0.77 Amps 0.03 Amps
+12VDC (seek avg) 1 op/sec 0.0036Amps | 0.0002Amps
+12VDC (seek peak) 1.3 Amp¢$ 0.02 Amps
+12VDC (spin-up) 8.5 sec max 2.2 Amps 0.1 Amps
Drive power
Avg idle power 15.54Watts .44 Watts
Avg R/W power 30 ops/sec 16.91Watts .44 Watts

7 See Figure 7 on page 30 formot of how the read/write baseline and read/write pulse sum together.

8 The idle average andeekpeek should beddedtogether to determine the total Mlt peakcurrent. See Figure 8
on page 31 for aypical buildup ofthesecurrents. Refer to examples on tfdlowing page to see how to combine
these values.

9 The current at start is theotal 12 volt current requiredie. the motor start current, module current anaice coil
retract current). See Figure 9 on page 32 ftiguical 12 voltcurrent duringspindlemotor start.
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2.2.3.1 Power Calculation Examples

Note: The following formulas assume all system ops as a 1 block readvite transferfrom a random
cylinder while atnominal voltagecondition.

Example 1. Calculate themean 12 volt average current.

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

mean
+12VDC (idle average) 0.77amps

+12VDC (seek average) 0.0036 * 30 = 0.1Bmps

TOTAL 0.88 amps

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

To compute the sum of the 1?olt meancurrent's 1sigma valueassume all the distributions are normal.

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

sigma
+12VDC (idle average) 0.02amps
+12VDC (seek averageksqrt(30*((0.0002)**2))= 0.001 amps
TOTAL sqrt((0.02)**2+(.001)**2))=0.02 amps

So the mearplus 3sigmameancurrent is 0.88 + 3*0.02 = 0.94amps
Example 3. Power Calculation.
Nominalidle drive power = (1.26 Amps * 5Volts) + (0.77Amps * 12Volts) = 15.54Watts

Nominal R/W drive power at 30 ops/sec =(1.27 Amps * 5 Volts) + (0.88 Amps * 12 Volts) = 16.91
Watts

Mean plus 3sigma drivepower for 30random R/Woperations/second. Assuntkat the 5volt and 12 volt
distributions are independetfierefore the squarmot of the sum of thesquares applies.

+5VDC (1sigmapower) 0.05*5 = 0.25 watts
+12VDC (1sigmapower) 0.03 * 12 = 0.36 watts
Total (1sigmapower) sqrt((0.25)**2+(0.36)**2) = 0.44 watts
Total power 15.46 + 3*0.44 = 16.8watts
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Example 4. Calculate the 12volt peak current.

To compute the sum of the Wlt peak currents théollowing is done.

mean
+12VDC (idle avg) 0.77amps
+12VDC (seekpeak) 1.3 amps
TOTAL 2.07 amps

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

To compute the sum of the 1lt peak current's sigma valueassume all distributions are normal. There-
fore the squar@oot of the sum of thesquares calculation applies.

sigma
+12VDC (idle avg) 0.02amps
+12VDC (seekpeak) 0.02amps

TOTAL sqrt((0.02)**2+(0.02)**2)=0.028 amps
So the mearplus 3sigmapeak current is 2.07 +3*0.028= 2.1lamps

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 drive 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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Figure 7. 5volt current during read/write operations —C4x Models

1. Read/writebaseline voltage.

2. Read/write pulse. The width of thgulse isproportional to the number afonsecutive blocks read or
written. The 5 volt supplynust be able tgrovide the required current during this event.
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Figure 8. Typical 12volt current —C4x Models

1. Maximumslewrate is 7 amps/millisecond.

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

. Maximumslewrate is 3 amps/millisecond.
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Figure 9. Typical 12volt spin-up current —C4Models

1. Maximumslew rate is 20 amps/millisecond.

2. Current drops off asmotor comes up tospeed.
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2.2.4 CxB Models

The carrier models include BC/DC power converter,device activity and fault/servicendicators.There is
no additional current required for +5V or12V.

2.2.4.1 Power supply methods

When +38V is applied to theinterfaceconnector pinst38V Source A +38V Source B and Ground, the
+ 38V supply isinput to aDC/DC converterthat provides +12V and +5V to thdrive electronics.

2.2.4.2 DC/DC Converter
Typical efficiency ofthis converter is 80% amnaximum outputioad with input voltage at 38V.

There are two independent +38V power supply inputs onithierfaceconnector which supply twaénde-
pendent inputs to théd@C/DC converter,+38V Source Aand +38V Source B (refer to Table 12 on
page 65). TheDC/DC converterwill operatewhile oneinput voltage is in the range of +34V to +40V and
the other inputvoltage is in the range of 0 to +40 voltslnput voltage ripplemust beless than 1.0volts
peak-to-peak at the fundamentikquency of 420 Hzmaximum, lessthan 500mv at the frequencyrom
421hz to 1 khzless thanl100mv at the frequency greaténan 1 khz. Theconverteroutput is +5 volts at
0.3 amps to 2.6 amps and +1wilts at 0.3amps to 1.4 amps continuowsirrent. The+12v output can
handle asurgecurrent of 2.2amps in 9seconds.

The total inputcurrent to the converter i$.6A amps when théiighestinput voltage on thepower supply
input pins is +34 volts and the converteutputs areoperating affull load. Theinput currentripple, due to
converter switching is nanore than 100milliamps peak-to-peak at 1 MHzMaximum inrush current is
limited to 3 ampsduring turn on except for amaximum period of 2 microseconds (during hgugging)
where the current caaxceed 3amps but idessthan 8amps.

A DC/DC converteroutputenable is provided on thimterfaceconnector. Thissignal,+D C/DC Enable is
pulled up within the converter. To enable the Ddlitputs,this line must be at orabove 2.4volts. To
disable the DCoutputs, thesignalmust be at otbelow 1.4 volts.

The DC/DC converter has over-current, over-voltage, ankr-temperature detection. Any of these condi-
tions will latch off the converter. The latch ieset by insuringhat both inputvoltagesfall below +5 volts
for a periodgreater than oequal to 10milliseconds.

Refer t05.5, “Option Pins and Indicators” ompage 66 for descriptions of the EarBower Off Warning and
Loss of Redundancyault signalsassociated with the +38upply inputs.
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2.2.5 Power Supply Ripple

Externally Generated Ripple'°

as seen adrive power connector Maximum Notes
+5VDC 150 mV 0-20 MHz
peak-to-peak
+12VDC 150 mV 0-20 MHz
peak-to-peak

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

2.2.6 Grounding Requirements of the  Disk Enclosure

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

From aElectro-Magnetic Compatibilitf EMC) standpoint itwill, in most cases bepreferable tocommon
the Disk Enclosure to the systemisountingframe. With this in mind, it is important that thé®isk Enclo-
sure not become amexcessivereturn currentpath from the system frame topower supply. Thedrive's
mounting frame must bewithin £ 150 miliivolts of the drive'spower supply ground. At no time should
more than 35milliamps of current (0 to 100Mhz) bimjectedinto thedisk enclosure.

Pleasecontact your IBM CustomeRepresentative if you have questions on howirtegrate thisdrive in
your system.

2.2.7 Hot plug/unplug support
Powersupply and SSAink hot plug andun-plug isallowed for all SSA models.

For Form Factor models there is nospecialsequence required for connecting 5 volt, 12 volt, ground.

During a hotplug-in event thedrive being pluggedwill draw alarge amount ofcurrent at the instant of
plug-in. This currentspike is due to charging the bypass capacitors ondtee. This currentpulse may
cause thepower supply to go out ofegulation. If this supply is shared bgther drivesthen a lowvoltage

power onreset may be initiated othosedrives. Therefore the reanmmendation for hoplugging is tohave

one supply for eachdrive. Never daisy chain the powerdeads if hot plugging isplanned. Hotplugging

should be minimized to prevent wear on thewer connector.

The carrier models may be hot pluggedONLY IF the ground pins(longer pin) make contacfirst (before
other pins which are shorter)Vice versa, the carrier may be hampluggedONLY IF the ground pins
(longer pins) are theast to remove (after other pins which are shorterDAMAGE TO THE FILE ELEC-
TRONICS AND THE ADAPTER ELECTRONICS COULD RESULT IF THE ABOVE CONDITIONS
ARE NOT MET . The mating HPC connectalUST HAVE PROGRAMMABLE PIN LENGTH. GND
PINS MUST BE LONGER THAN SIGNAL AND POWER PINS. THE GUIDE PINS MUST BE TIED
TO THE DOKING ASSEMBLY FRAME GND

10 This ripple must not cause the powsupply to the drive to go outside of the £ 5% regulation tolerance.
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Hot plugging the SSA linkwill be recognized by the nextodewhich will cause a configuration process to
be started by the Initiators.

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

During hotun-plugging if the operating shodlkmit specification can be exceeddllen thedrive should be
issued aStart/Stop Unitcommand(spindown) that isallowed tocompletebefore un-plugging.
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2.2.8 Bring-up Sequence (and Stop) Times
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riig teaay to accept

Read and Write commands.

Figure 10. Start Timéiagram

Note: BATS is theabbreviation forBasic Assurance Tests.Start-upsequence spins up the spindtetor,
initializes the servo subsystem, ulpads code, perform8ATS2 (verifies read/write hardware), resumes

"Reassign in Progresgjperations, and more.

Ultrastar XP (DFHC) SSAModels InterfaceSpecification

Note:

If a RESET isissued before the driveomesready, thepower onsequencewill start again.

othercasesvhen aRESET isissued thepresent state of themotor is notaltered.

Note: Referencé'Start/Stop Unit Time” onpage 49 for additionadietails.

Note:

For more information on the starseguencerefer to the

In all

See 5.7,"Spindle Synchronization” orpage 69 for detailabout Start-up timeincreasesvhen the

device isrequested vidMode Parameters to synchronize tepindlemotor toanotherdevice.

Event Nominal Maximum Notes
Power-up 1.5 sec 2.0 sec *seeFigure 10
Start-up 12.4 sec 45 sec. *seeFigure 10
Spin-up 8.2 sec 29.2 sec *seeFigure 10
Spindle Stop 6.0 sec 12.0 sec

Table 3.Bring-up Sequence Times and Stdpme for C1x Models
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Event Nominal Maximum Notes
Power-up 1.5 sec 2.0 sec *seeFigure 10
Start-up 17.6 sec 45 sec. *seeFigure 10
Spin-up 13.2 sec 29.2 sec *seeFigure 10
Spindle Stop 9.0 sec 12.0 sec
Table 4.Bring-up Sequence Times and Stdpme for C2x Models
Event Nominal Maximum Notes
Power-up 1.5 sec 2.0 sec *seeFigure 10 onpage 36
Start-up 16.5 sec 45 sec. *seeFigure 10 onpage 36
Spin-up 11.17 sec 30.9 sec *seeFigure 10 onpage 36
Spindle Stop 8.0 sec 12.0 sec

Table 5.Bring-up Sequence Times and Stdpne for C4x Models
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3.0 Performance

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

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

3.1 Environment Definition

Drive performance criteria is based on tf@lowing operating environment. Deviations frothis environ-
ment maycause deviationfrom values listed irthis specification.

Block lengths ardormatted at 512 bytes per block.

The number of databuffer cache segments is 8. Thetal databuffer length is512k bytes. Each
segment is of equal length. Therefore, each cache segment is 64k bytes.

The number oblocks ofcustomer datahat can fit into onesegment is reduced because 2 bytes of LRC
information isalso stored in the segment for eablock of customer data stored in tlsegment. There-
fore, use the followingequation todetermine how many blocks can fitto onesegment.

( 512KB )
# of segments

ub/lba + 2

Ten byte Read an#lVrite commands areised.
SSA environmentonsists of asingleinitiator andsingle target with no SSAnk contention.
The Initiatordelay inresponding tamessage$from the Target is assumed to kero.

- All performance enhancing functions adésabled, except wheneoted. Morespecifically,

- Commands are not queued
— Caching isdisabled(RCD=1, WCE=0)
— Out of ordertransfers are not allowe@©@OTM=0, OOTI=0)

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

« All Current Mode Parameters are set to their Defau#tlues except whernoted.

« Averages ardased on a samplsize of10,0000perations.

3.2 Workload Definition

The drive'sperformance criteria is based on thellowing commandworkloads. Deviations fronthese
workloads may cause deviatiofr®m this specification.

Operations areeither all Reads or allWrites. The specifications fo€ommandExecution Time with
Read Ahead dscribe exceptions tdhis restriction. Forthat scenario allcommands argreceded by a
Read commandexcept for sequential writeommands.

The DataTransfersize is set to 648locks.
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The time between the end of an operation, and when the next operatissuied is 50 msec, +/- a
randomvalue of 0 to 50 msec, unless otherwiseted.

3.2.1 Sequential
No Seeks. Thearget LBA for alloperations is the previous LBA + 64.

3.2.2 Random

All operations are tocandomLBAs. The average seek is an average weighted seek.

3.3 Command Execution Time

Commandexecution, orservice,times are the sum dfeveral BasiComponents:

Seek

Latency

CommandExecution Overhead
DataTransferto/from Disk

5. DataTransferto/from SSA Link

PobdPRE

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

3.3.1 Basic Component Descriptions

Seek
The averagdime from the initiation of theseek, to theacknowledgementhat the R/Whead is
on the trackthat contains thefirst requested LBA. Values argopulationaverages, and vary as
a function of operating conditions. Thealues used tadetermineCommandExecution Times
for sequentialcommands is Omilliseconds and the values feandom commands are shown in
section2.0, “Specifications” on page 11.

Latency

The averagdime required from the activation of the read/write hardware until the tasgetor
has rotated to the head and thead/write begins.This time is 1/2 of a revolution of thdisk, or
4.17 milliseconds.

Command Execution Overhead
The averagetime added to theCommand Execution Time due to theprocessing of the
command. Itincludes all time the drivespends not doing aisk operation or SSAlink data
transfer.

The following values areised when calculating théommandExecution Times.

Workload Command Execution
SequentiaRead .65 ms
Sequential Write 1.00 ms

Random Read .25 ms
RandomWrite .30 ms

Table 6. Overhead Values

A number oflnitiator controlledfactorsaffect CommandExecution Overhead. These are exam-
ined separately ir8.4, “Approximating Performance foDifferent Environments” onpage 43.
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The Post Command Processingme of .26 ms is defined as the average tineguired for process
cleanupafter thecommand hagompleted. If a re-instruct perio@ster thanthis time is used, the
difference isadded to theCommandExecution Overhead of the next operation.

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

(DataTransferred)/(Media TransfdRate).

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

1. Instantaneou®ata TransferRate

The same for given notch formatted at any of the supportddgical block lengths. Itvaries
by notch only anddoes not include any overhead.

2. TrackDataSector TransfeRate

Variesdependingupon theformattedlogical block length andvariesfrom notch to notch. It
includes theoverhead associatadith eachindividual sector. This iscalculated from:

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

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

3. TheoreticalData Sector TransfeRate

Also includes time required fotrack andcylinder skew andoverhead associatedith each
track. (See 3.3.2.1'TheoreticalData Sector TransfeRate” onpage 43 for a description on
how to calculate it.)

4. Typical Data Sector TransfeRates

Also includes theeffects of defectivesectors and skipped revolutions due to errecovery.
See Appendix B of theUltrastar XP (DFHC) SSA Models InterfaceSpecificationfor a
description of errorecoveryprocedures.

Rates fordrivesformatted at 512 bytes/block are locatedTiable 7 onpage 42.
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Model Type All C4x C2x C1x

Notch # Instant. Track Theoretical Typical Theoretical Typical Theoretical Typical
Average 12.07 7.91 7.17 7.13 7.13 7.10 7.06 7.03
1 12.58 8.30 7.52 7.48 7.48 7.44 7.40 7.37
2 12.58 8.30 7.52 7.48 7.48 7.44 7.40 7.37
3 12.51 7.99 7.22 7.18 7.18 7.15 7.11 7.08
4 11.96 7.74 7.02 6.99 6.99 6.95 6.92 6.89
5 11.26 7.38 6.66 6.63 6.63 6.60 6.57 6.54
6 11.05 7.07 6.41 6.38 6.38 6.35 6.31 6.28
7 10.64 6.88 6.23 6.20 6.19 6.16 6.13 6.10
8 10.29 6.64 6.03 6.00 6.00 5.97 5.94 5.91
9 10.01 6.45 5.85 5.83 5.83 5.80 5.77 5.74
10 9.59 6.15 5.55 5.53 5.53 5.50 5.48 5.45
Note: The values for TypicaData SectorTransferRatesassume a typicallyvorst casevalue of3.16 errors in 18 bits read at
nominal conditions forsoft error rate.

Note: Contact an IBM Customer Representative f@ues wherformatted at other blockengths.

Note: "Average" values are sums of thedividual notchvalues weighted by theumber of LBAs in theassociated notches.

Table 7. DataSectorTransfer Rates. (All rates are in MB/sec)

Data Transfer to/from SSA Link
The time required tdransferdata between the SSKWnk and the drive's internal datduffer, that
is not overlapped with the time for th®eek,Latency orData Transferto/from Disk.

When thedrive is reading, data is transferrécom the medium to its datduffer andfrom the
buffer across the SSA linlsimultaneously. However, dataansfer to the linkfrom the data
buffer bufferlagstransferfrom the medium to théuffer by oneblock. At the end of the transfer
from the medium, one blocktill has to betransferred across the link.

For a write operation, the data is normallransferred to the data buffeturing the seek and
latency time. In the rareasethat these areboth zero, the writecannotbegin until one sector is
transferred, and the time to do tHi€comesart of theoverhead.

Each block of data isransferred as one anore frames on the SSA Link. Eadhame requires
10 bytes of overhead and mapntain up to 12&ytes of data. The time téransfer oneblock
depends on th@umber offrames required. For example, a 7B¢te blockneeds 6 frames (5 x
128 byte, 1 x104). Thisadds 60 bytes of overhead making 804 bytes total. Airestantaneous
transfer rate 020OMB/s, that is 40microseconds per block (17.7MB/s sustained).

3.3.2 Comments

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

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

The effects of idletime functions are not included in thabove examples. The3.2.1, “Sequential” on

page 40 and 3.2.2;Random” on page 40 both definenvironmentswhere theeffects due toincreased
commandoverhead of IdleTime Functionsupon CommandExecution time ardess than0.15%.
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3.3.2.1 Theoretical Data Sector Transfer Rate

This Ratedoes notaccount for timerequired for errorrecovery ordefectivesectors(the TypicalData Sector
TransferRate described in 3.3.1'Basic ComponentDescriptions” onpage 40 does includthose effects).
Each group ofcylinders with a differenhumber ofgross sectors petrrack iscalled anotch. Thefollowing
showsvalues fornotch #1 of C4xmodels. The"Average" valuesused in this specification areums of the
individual notch values weighted by theumber of LBAs in theassociatechotches. For the other notches
and blocklengths use valuethat correspond to those notches and bldekgths.

Data Sector Transfer Rate =

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

Bytes/cylinder {(tracks/cyl)(grosssectors/track) spares/cyl}(usebytes/sector)
{(16)(135) - 40}(512)

1,085,440Bytes/cyl

{(tracks/cyl)(grosssectors/track) spares/cyl}(avg. sectaime)
{(16)(135) - 40}(.061705)

130.815msec/cyl

(tracks/cyl - 1)(track skew)(avg. secttime)
(16-1)(13)(.061700)

12.032msec/cyl

(cylinder skew)(avg. sectdime)

(25)(.061705)

1.543msec/cyl

time for 1 cyl of data

time for track skews

time for 1 cyl skew

Data Sector Transfer Rate

1,085,440Bytes
130.815msec +12.032msec +1.543msec

= 7.517 MB/sedNotch #1)

Note: See 2.0, “Specifications” on page 11 for thescriptions of

. tracks/cyl (trk/cyl)

« grosssectors/track (gs/trk)

« spares/cyl (blspr/cyl and b2spr/cyl)
user bytes/sectofub/sct)
grossbytes/sector (gb/sct)

See 3.5,'Skew” on page 46 for the descriptions of

- track skew (tss)
cylinder skew (css)

Average sector times perotch can becalculated as follows:
averagesector time (ast) =

1 sec
120.045 x gs/trk

3.4 Approximating Performance for Different  Environments
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3.4.1 For Different Transfer Sizes

The primary performance change due to a chang&asisfersize is theData Transferto/from Disk param-
eter. See 3.3.1'Basic ComponentDescriptions” onpage 40 for anexplanation of the calculation of this
parameter.

The CommandExecution Overhead maglso change if the transfaize isreduced to thgoint where certain
internal control functions can nlmnger be overlapped with either the S$Ank or Disk datatransfer.

For example, ashortread may incur up to .65ms extra overhead if hata Ready/Replgxchange does not
overlap thedisk transfer.

3.4.2 When Read Caching is Enabled

For read commandswith Read Caching EnabledCommand Execution time can be approximated by
deleting SeeklLatency, andData Transferto/from Disk components if all of theequested data iavailable
in a cache segment (cache hitCommandExecution Overheathcreases byapproximately .1ms in thisase
as there is no overlap with seek/latency.

When some, but not all, of the requested dataaigailable in a cachesegment (partial cache hitpata
Transferto/from Disk will be reduced but not eliminated.Seek andLatency may or may not be reduced
dependingupon thelocation of requested data not in the cache and location of the read/write heads at the
time the command waseceived.

The contribution of theData Transferto/from SSAlink to the CommandExecution time mayncrease since
a larger, orentire, portion of thetransfer may no longer be overlapped with themponents thatvere
reduced.

3.4.3 When Write Caching is Enabled

For write commandswith the Write Cachingenabled(WCE) Modeparameter biset, CommandExecution
time can be approximated bgeleting Seeklatency, andData Transferto/from Disk components. The
contribution of theData Transferto/from SSAlink to the CommandExecution time mayincrease since a
larger, or entire, portion of the transfer may no longer be overlapped with teemponents thatwere
reduced. The reduced time$fectively areadded to thePostCommandProcessingrime.

Commandcompletion status is returned when datac@ampletely stored in thduffer. Thetime to transfer
this group of data to thealisk will be added to the performance of any nedmmand that was in thqueue.

3.4.4 When Adaptive Caching is Enabled

The Adaptive Caching featurattempts toincreaseRead Cache hit ratios bymonitoring workload and
adjusting cacheontrol parameters, normally determined by theng system via th&lode Parameters, with
algorithms using theollectedworkload information.

3.45 When Read-ahead is Enabled

If read-ahead isctive, the service time is affected in several ways:

If the data requested by madcommand is all in the datauffer already, thecommand can beserviced
very quickly.

If the beginning of the requested data is in thwaffer, and theread-ahead istill in progress, data transfer
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for the command castart immediately. This effectively avoids latency time for readperations sequen-
tial on aprevious read.

If the data requested by eead operation isnot in the read-aheadbuffers, there is anincrease in the
commandoverhead time due to the time spesdarching the buffersThis time depends on theumber
of buffer segmentselected by théVlode Selectcommand.

If read-ahead isstill in progress when thenext command isreceived and the dataequested is not
sequential, thedrive aborts read-ahead and starts thmommand. Thetime to perform thisabort
increases th€ommandExecution Overhead by23ms.

3.4.6 When No Seek is Required

For a Read command, thadditional CommandExecution Overhead when ngeek isrequired is approxi-
mately .50ms. For a Write, it is approximately .70ms.

3.4.7 For Queued Commands

If commands aresent to thedrive when it isbusy performing a previousommand,they can be queued. In
this case,some of thecommandprocessing igerformed during the previousommand and theverhead for
the queuedcommand igeduced by approximately .2@illiseconds.

3.4.7.1 Reordered Commands

If the Queue AlgorithmModifier Mode Parameteffield is set toallow it, commands in thelevicecommand
gueue may beexecuted in adifferent orderthan they were received. Commands areeordered sahat the
seekportion of CommandExecution time is minimized. Themount ofreduction is a function of the
location of the 1st requested block pesmmand and theate at which thecommands arsent to thedrive.

A Queue AlgorithmModifier Mode Parametewalue of 9 enables amalgorithm that gives theusing system
the ability to place newcommands into thedrive commandqueue execution orderrelative to theout-
standingcommands in thejueue. Forexample, if a request is sent to tlieive that theusing systenprior-
itizes suchthatit's completion time ignore important than one or more of tleeitstanding commands, the
using system can increase the likelihodtht command iexecuted beforéhose others bysing a tag value
greater tharthose outstanding commands.

3.4.7.2 Back-To-Back Commands

If consecutive read/writecommandsaccess contiguouslata, they can beservicedwithout incurring disk
latency betweerommands.

Note: There is aminimum transfer length for agiven environmentwherecontinuousaccess to the disk can
not be maintained withoumissing amotor revolution. For Writecommands withWrite Caching enabled
the likelihood is increasedhat shortertransfers carfulfill the requirements needed toaimtain continuous
writing to the disk.

Back-to-backRead is onlyenabled ifRead-ahead idisabled.

3.4.8 Out of Order Transfers

Two bits in theSCSICommandmessageontrol out of orderransfers. OOTM applies to transferso/from
the media andDOTI applies to transferto/from theinterface (SSALink).

The benefitfrom settingOOTM increases as the transfiemgth approaches ondisk revolution. Thisaffects
both reads and writes and is due to theduction inlatency.
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The full benefit of out ofordertransfers in only achieved ©OTI is also set. Read data igransferred on the
interface in thesame order as it was redbm the media.

3.5 Skew

3.5.1 Cylinder to Cylinder Skew

Cylinder skew is the sum of the sectamsquired forphysically moving the head¢csms), which is dunction
of the formatted block length ankckcording densitynotch #), andreassignallowance sectors (ras = 3) used
to maintainoptimum performance over thaormallife of the drive.

Note: The values in theMode Page 3 'Cylinder Skewractor' are notctspecific non-synchronizedpindle
modevalues. The value fonotch 1 is eturned when théctive Notch is set to 0.

Notch #
User bytes / logical 1 2 3 4 5 6 7 8 9 10
block
256 42 42 42 40 38 36 36 36 36 32
512 28 28 27 26 25 24 24 23 22 21
520 26 26 26 26 24 24 23 22 22 21
522 26 26 26 25 24 24 23 22 22 20
524 26 26 26 25 24 24 23 22 22 20
528 26 26 26 25 24 24 23 22 22 20
600 24 24 24 23 22 22 21 20 20 20
688 22 22 22 21 20 20 20 20 18 18
744 21 21 21 20 20 20 18 18 17 17
Note: Contact an IBM Customer Representative f@lues atother formatted blockengths.

Table 8. Optimal @linder Skew for severablock lengths

In order toincrease the likelihoodhat equivalentLBA's on two or moredevices ardocated at the same
relative physicalposition when thedevices areused in a synchronized spindieode, cylinder skew is calcu-
lated differently. The cylinder skevealculations do not takinto accountknown defective sites. Taqrohibit
revolutions frombeing missed on cylinder crossings loyives formatted while in a synchronized spindle
mode, anextra allowance for 6defects isaddedthat is not addedwhen optimally formatted in ahon-
synchronizednode.

3.5.2 Track to Track Skew

Note: The values in theSCSI Mode Page 3'Track Skew Factor' are notc$pecificvalues. The value for
notch 1 is returned when th&ctive Notch is set to 0.
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Notch #
User bytes / logical 1 2 3 4 5 6 7 8 9 10
block
256 20 20 20 19 19 17 17 17 17 15
512 13 13 13 12 12 11 11 10 10 10
520 12 12 12 12 11 11 10 10 10 10
522 12 12 12 12 11 11 10 10 10 9
524 12 12 12 12 11 11 10 10 10 9
528 12 12 12 12 11 11 10 10 10 9
600 11 11 11 11 10 10 10 9 9 9
688 10 10 10 10 9 9 9 9 8 8
744 9 9 9 9 9 9 8 8 8 7
Note: Contact an IBM Customer Representative f@lues atother formatted blockengths.

Table 9. Track (or Head)Skew for severablock lengths

3.6 Idle Time Functions

The execution of various functions by thdrive during idle times may result indelays of commands
requested by initiators.ldle time’ is defined astime spent by thalrive not executing &ommandrequested
by a initiator. The functions performed durindle time are:

Servo Run OutMeasurements
Servo BiasMeasurements
PredictiveFailure Analysis (PFA)
Channel Calibration

SavelLogs and Pointers

Disk Sweep

ogprwNE

The commandexecution time forcommandsreceived whileperformingidle time activities may bencreased
by the amount of time itakes tocomplete theidle time activity. The messages and data exchanged across
the SSA link are notffected by idletime activities.

Note: CommandTimeoutLimits do not change due tmlle time functions.

All Idle Time Functionshave mechanisms tessenperformance impacts fagritical response time periods of
operation. And in someases virtuallyeliminate those impacts from an Initiator'point of view. All Idle
Time Functionswill only be started if thalrive has not received 8CSlIcommand for ateast 5seconds (40
seconds for Sweep). Thimeans thamultiple SCSIcommands areccepted and executedithout delay if
the commands areeceived by the drivavithin 5 secondsafter thecompletion of apreviousSCSIcommand.
This mechanism has thigenefit of not requiringspecialsystem softwarésuch asissuingSCSI Rezero Unit
commands at known &ixed time intervals) inorder to control if and whemhis functionexecutes.

Note: Applications which can onlyaccommodatddle Time Functiondelays atcertain times, but can not
guarantee a 5 second re-instruction period, may consider synchronidimgactivities to thesystem needs
through use of tha ITF bit in Mode SelectPage 0, and th&RezeroUnit command.Refer to theUltrastar
XP (DFHC) SSAModels InterfaceSpecificationfor more details

Following are descriptions of the various typesidlie functions, how often theyxecute and theiduration.
Duration isdefined to be thanaximum amount ofime theactivity can add to @aommandwhen noerrors
occur. Nomore than onedle function will be interleaved with eacltcommand.

Following the descriptions is aummary of thepossibleimpacts to performance.
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3.6.1 Servo Run Out Measurements

The drive periodicallymeasures servo ruout, theamount ofwobble oneachdisk, to track follow more
precisely.

Servo run out for all heads is measuredery 60minutes,therefore the frequency of run outeasurements is
dependent on thaumber ofheads a particulamodel has. Thalrive attempts tospread the measurements
evenly in time andeachmeasurementakes 100 milliseconds. For examplepmdel C4x with 8heads per-
forms one run outmeasuremeng¢very 7 1/2minutes (60 / 8).

3.6.2 Servo Bias Measurements

The drive periodicallyneasures servo bias, tlenount ofresistance tdheadmovement as &unction of disk
radius. It also helppreventdisk lubrication migration by moving the heads over the entligk surface.

Servo bias isneasuredevery 12minutesduring thefirst hour after apowercycle, and every 6@ninutesafter
that. The measuremetdkes 200 milliseconds.

3.6.3 Predictive Failure Analysis
Predictive Failure Analysismeasuregslrive parameters and can predict ifdsive failure isimminent.

Eight different PFAmeasurements are taken feach head. All measurements for all headstaleenover a
period of 4 hourstherefore the frequency of PFA dependent on theumber ofheads a particulamodel
has. Thedrive attempts tospread the measuremerdggenly in time andeachmeasurementakesabout 80
milliseconds. For example, a C4model with 8 headswill perform one PFA measurememvery 3.7
minutes(240 / 8 x 8). For the lasheadtested for a particulameasurement type (on@very 1/2hour), the
data isanalyzed and stored. The extra execution time tfowse occurrences is approximately 4fillisec-
onds.

This measurement/analysisature can be disabled for criticeésponse time periods @peration bysetting
the Page OhMode Parametel.ITF = 1. The using system also has theption of forcing execution at
known times byissuing theRezero Unitcommand if thePage OhMode Parameter TCC = 1. Altests for
all heads occur at thogémes.

Note: Refer to theUltrastar XP (DFHC) SSAModels InterfaceSpecificationfor more detailsaboutPFA,
LITF, and TCC.

3.6.4 Channel Calibration

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

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

The measuremenwill only be started if thedrive has not received aeommand for ateast 5 seconds. This
means thamultiple commands araccepted and executadthout delay if thecommands areeceived by the
drive within 5 secondsafter thecompletion of apreviouscommand. This function also makes use of the
mechanism talter theidle detection period tdimit execution forcritical response time periods afperation,

if needed.
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3.6.5 Save Logs and Pointers

The drive periodically saves data in logs in the reseraegia of the disks. Thénformation isused by the
drive to supportvariouscommands and for the purpose failure analysis.

Logs aresaved every 35ninutes. Theamount oftime it takes toupdate thelogs variesdepending on the
number oferrorssince the lasupdate. Inmostcasesupdating thosdogs and thepointers to thoséogs will
occur inless than 30milliseconds.

3.6.6 Disk Sweep

The heads aregnoved to anothemrea of the disk if thedrive has not received aommand for atleast 40
seconds. Aftefflying in the samespot for 9 minutes, théieads aranoved to another position. Execution
time islessthan 1full strokeseek.

3.6.7 Summary
Idle Time Function Type Max. Frequency of Occurrence Duration (ms) Mechanism to Delay/Disable
(minutes)

Servo Run Out 60/(trk/cyl) 100 Re-instructionPeriod

Servo Bias (< 1shour) 12 200 Re-instructionPeriod

Servo Bias (> 1shour) 60 200 Re-instructionPeriod
PFA 30/(trk/cyl) 80 Re-instructionPeriod /LITF

Channel Calibration 240 64 Re-instructionPeriod

Save Logs &Pointers 35 30 Re-instructionPeriod

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

Table 10. Summary ofdle Time Function Performance Impacts

3.7 Command Timeout Limits

The 'CommandTimeout Limit' is defined as the timgeriod from when theSCSI_commandnessage is
received by the driveintil the corresponding SCSI_statoessage isransmitted by thalrive.

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

Reassignment Time: The drive should be allowed aminimum of 45 seconds to complete &Reassign
Blocks" command.
Format Time: The time to complete aFormatUnit" command(with Immed bit = 0)varies bymodel:

C4x 45 minutes
C2x 25 minutes
Clx 15 minutes

Initiators shouldalso use this time to alloviormat sequences initiated bYFormat Unit" commands(with
Immed bit = 1) tocompete anglace the drive in a "ready for usestate.

Start/Stop Unit Time: The drive should be allowed minimum of 30seconds to complete ‘&tart/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 usestate.
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Note: A timeout of one minute or more is recommended but N@RQuired. Thelarger systemtimeout
limit allows the system to takadvantage of thextensiveERP/DRPthat thedrive mayattempt inorder to
successfullicomplete the start-upequence.

Note: A 60 secondminimum is required if electronics cardeplacement is required as service practice.
Pleasecontact an IBM CustomeRepresentative fomore details ifrequired.

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

Log Select « ReadDefectData « Send Diagnostic
Log Sense + Read Long « Verify

Mode Select + Receive DiagnostiRkesults « Write

Mode Sense - Release « Write andVerify
Pre-Fetch - Reserve .+ Write Buffer
Read « Rezero Unit « Write Long
ReadCapacity « Seek « Write Same

Note: The 30 sec limit assumes the absence of SSA tinktention and user dataansfers of 64 blocks or
less. Thistime should be adjusted for anticipated S8Ak contention and iflonger user data transfers are
requested.

Timeout limits for other commands: The drive should be allowed minimum of 5seconds to complete
thesecommands:
Format Unit(with Immed bit = 1) - RequestSense
Inquiry « Start/Stop Unit(with Immed bit = 1)
ReadBuffer « Synchronize Cache
Read Memory « Test Unit Ready

When AutomaticReallocation is enabled add 4®conds to theimeout of thefollowing commands: Read
(6), Read(10), Write (6), Write (10), Write and Verify, and Write Same.

The command timeout for a command that is rotated at the head of theommandqueue should be
increased by the sum @fommandtimeouts for all of the commands that guerformed before it is.

Page 50 of 87 IBM Corporation Sourcefilename=PERFORM



USERRESPONSIBLE FORVERIFYING VERSION AND COMPLETENESS
OEM FUNCTIONAL SPECIFICATION ULTRASTAR XP (DFHC) SSAMODELS 1.12/2.25 GB -1.0"HIGH

4.0 Mechanical

4.1 Small Form Factor Models (CxC)

4.1.1 Weight and Dimensions

C1C & C2C Models C4C Models
U.S. S.I. Metric U.S. S, Metric
Weight | 1.00 pounds 0.46 kilograms 1.80 pounds  0.82| kilograms
Height | 1.00 inches 254 milimeters  1.63 |nches  41.3 milimeters
Width 4.00 inches  [101.6 milimeters  4.00 [inches  101.6 milimeters
Depth 575 inches  |146.0 millimeters  5.75(inches  146.0 millimeters

4.1.2 Clearances

A minimum of 2 mmclearance should be given to th@ttom surface except for a 10 mmmaximumdiam-
eter areaaround thebottom mountingholes. Figure 11 and Figure Ehow theclearanceequirements
(Note 1). For propecooling it issuggestedhat aclearance of 6 mm be providachder thedrive and on
top of the drive.

There should be 7 mm aflearancebetween drive'shat are mounted withheir top sides (sed-igure 22 on
page 78 for topview of drive) facingeachother.

4.1.3 Mounting
The drive can bemounted with anysurface facingdown.

The drive is available with botkide andbottommountingholes. Refer to Figure 11 to Figure 13 for the
location of thesenountingholes for each configuration.

The maximumallowablepenetration of the mounting screws is 3.8 mm.
The torqueapplied to themounting screws must be ONewton-meters + 0.1 Newton-meters.
The recommended torque to lapplied to themountingscrew is 0.8Newton-meter + 0.4 Newton-meter.

IBM will provide technicabupport tousersthat wish to investigate highemounting torques irtheir appli-
cation.

WARNING: The drive may be sensitive to userounting implementation due twame distortion effects.
IBM will provide technicakupport toassist users tovercomemounting sasitivity.
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4.1.4 Unitized Connector Locations

The Unitized connector ilcated on thdeft side of the top viewbottom drawing) asshown inFigure 14
on page 56. Theumper connector i$ocated on the righside of the top viewbottomdrawing) asshown
in Figure 14 onpage 56. Thigumper connector iseferred to as-ront Jumperbecause of its front
location. It isreserved for IBM Engineeringsed only.
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Figure 14.Electricalconnectors (rear and togew) -- CxC Models.
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4.2 Carrier Models (CxB)

The carriermodelassemblies include the disk drivérawermountinghardware(rails, latchingmechanism,
and connector), an®C/DC powerconverter.

4.2.1 Weight and Dimensions

C1B & C2B Models C4B Models
U.S. S.I. Metric U.S. §1. Metric
Weight | 2.00 pounds 0.92 kilograms 2.80 pounds  1.288 kilograms
Height | 1.75 inches 445 milimeters ~ 1.75 [nches 445 milimeters
Width 4.26 inches  [108.3 milimeters  4.26 [inches  108.3 milimeters
Depth | 10.72 inches  [272.3 millimeters ~ 10.72 finches  272.3 milimeters

Refer to Figure 15 omage 58 for detailedimensions.

4.2.2 Clearances

For propercooling, a clearance of 6 millimeters should be providdve and below thearrier surfaces.
Adequateairflow is needed in order toneet the operatingpecifications. Maximum temperatures arspeci-
fied for critical drive components in Table 15 opage 78.

4.2.3 Mounting
The drive can bemounted with anysurface facingdown.

The carrier is designed to be pluggedo an auto-dockingassembly. Theuto-dockingassemblycontains

an electrical receptaclédat provides connections for DC power, SSrterface signals, and fault sensing and
reportingsignals (see 5.2'Carrier Connector” onpage 64). The carrier design allows for positietention

of the carrier in all axes when pluggeuito the auto-dockingassembly. In addition, thearrierretention
provides aforce tobottom out thecarrierauto-docking connector into the auto-dockiagsembly andnain-
tain a force of 5pounds minimum, 40 pounds maximum.

The mating connector should contain twaide pins toalign the carrier receptackguring seating. These
guide pins areBERG part number77693-014 (IBMpart number72G0343) or AMP equivalerpart number
1-532808-1 (IBMpart numberl9G6789). The guide pitength should be&6.04millimeters while the thread
depthdependsupon thethickness of the circuiboard the connector imounted to. Theguidepins should
be tied to the docking assembly frargeound.

Note: The connector pinsnust belubricated to insure seating of ttearrierinto the auto-dockin@ssembly.
The type of lubricant recommended S¢aufferCL-920 or equivalent.

WARNING: The drive may be sensitive to userounting implementation due twame distortion effects.
IBM will provide technicabupport toassist users tovercomemounting sasitivity.
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Figure 15. Dimensions —CxB Models
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Figure 16.HandleDocking andEjection System

The handle on thearrier isused for insertiorinto andextraction from thedrawer. It also providesnough
force toensure seating of thearrier electrical receptacheith the mating connectorReferring toFigure 16,
with the handle in thesTOP oropenposition, acarrier insertednto the auto-dockingassemblywill have
the connectoguidepins insertednto the carrier receptacle but theonnector pinswill not be making
contact with thecarrier receptacle.Moving the carrierhandle to the CAM IN position andventually to the
LOCKED positionsets theauto-docking connector with thearrier receptacle andolds thecarrier in all the
mountingpositionslisted above. Moving the handle from theOCKED position to theEJECT position
providesleverage via the cam surface on thandleacting against theide rails to separate th@mnnector

pins from thereceptacle.
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4.2.4 Auto-docking Assembly  Side Rails
IBM suppliedside railsthat can beused for the auto-dockingssembly arshown inFigure 17 onpage 61
along withmountinglocation information. Refer to th&égure for thefollowing notes:

Note 1: With the side railsmountedwithin the giventolerances, therill be a nominal 1.5millimeter

interferencebetween the handle argdde rail toprovide positiveretention of thecarrier and the
handle.

Note 2: The IBM part number of thauto-dockingside rails is36G6422.
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Figure 17.SideRail Positioning
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4.2.5 Electrical Connector and Indicator Locations

The HPC electricatonnectors are located abown inFigure 15 onpage 58. The indicatord EDs) are
located asshown inFigure 18 onpage 62.

CHECK/SERV READY

j || — O O

L

Figure 18. LED Locationgfront view) —CxB Models.
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5.0 Electrical Interface

5.1 SSA Unitized Connector

Electricalconnections for CxC models are provided bgiagleconnectormounted on the rear of thdrive
(seeFigure 14 onpage 56). Connections ar@rovided for two SSA portsfault sensors and indicators,
option customization, and power. Refer to Figure 19 arable 11 onpage 64 forcontactassignments.

S5A UNITIZED CONNECTOR
S5A PORT SSA PORT OPTIGN PORT POWER PORT
— —7 —7 2 T\ M m N
| \/ NS S \ - 1] 5t |
| \ / T =\ | | | | |
I_i \v——/ [/ \ Z N\ L 11 | | i_I
SEA PORTS
{iong pin) {ieng pinj
— Lina In End + Lina Dut — Lina Out Gnd + Lina In
N / 5 3 1\ 4 /7 o 4 s \\
N\, /S /S N\,
N\ / / N\
\ /S /S \
ALY 4 / < - - 7 AN
\N\ 6 4 2 [/ / N T 3 v/ AN
A . AR \ . £ N
+ Line In Lna — Line Out + Line Out Lna — Lina In
{long pin) {long pin)
OPTION PORT — MFG
Program— Gnd Test
mabile 1 +5v (long) = Sync Mode
g 7 5 3 1
10 8 6 4 2
Program— — Device — Davice — Write — Auto
mable 2 Fault Activity Protect Start
POWER PORT +12v
Gnd — Power Gnd Gnd Charge
(long) +3.3v Fail +&V {long) +12v {long) (long)
15 13 1 8 7 5 3 1
16 14 12 10 8 6 4 2
Gnd Gnd Gnd +13V 413V i
(long)  +3IV  (long) &  (long) 8::;!;’

Figure 19. Unitized Connector(looking in thefile at theconnector end)
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Pin SSA PORT SSA PORT OPTION PORT POWER PORT

1 + Line Out + Line Out -MTM + 12V Charge
(long)

2 - Line Out - Line Out - Auto Start + 5V Charge (long)

3 Gnd (long) Gnd (long) - Sync Gnd (long)

4 Gnd (long) Gnd (long) - Write Protect + 12V

5 - Line In - Line In Gnd (long) + 12V

6 + Lineln + LineIn - Device Activity + 12V

7 N/A N/A + 5V Gnd (long)

8 N/A N/A - DeviceFault Gnd (long)

9 N/A N/A Programmable 1 + 5V

10 N/A N/A Programmable 2 + 5V

11 N/A N/A N/A - Power Fail

12 N/A N/A N/A GND (long)

13 N/A N/A N/A + 3.3V

14 N/A N/A N/A + 3.3V

15 N/A N/A N/A Gnd (long)

16 N/A N/A N/A Gnd (long)

Table 11.ElectricalConnector ContacAssignments —Cx@Vodels

5.2 Carrier Connector

Electricalconnections for CxB models are provided byiagle 128 pinconnectormounted on theear of
the drive (sedrigure 15 onpage 58 for location).Connections ar@rovided for two SSA portsfault
sensors and indicators, apdwer. Thereceptacle used is a 4x32, femalentact,BERG HP Cconnector,
IBM part number99F9429. Refer to Figure 20 anithble 12 onpage 65 forcontactassignments.

©

D32

ooooon
gooooo
ooooono
oooooo

A32

Figure 20. Carrieinterface Receptacle
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Row | A B C D
1 n/c n/c n/c n/c
2 n/c n/c n/c n/c
3 n/c n/c n/c n/c
4 n/c n/c n/c n/c
5 n/c n/c n/c n/c
6 n/c n/c n/c n/c
7 n/c n/c n/c Device Fault (*)
8 +38V Source A +38V Source A +38V Source A +38V Source A
9 +38V Source A +38V Source A +38V Source A +38V Source A
10 Ground Ground Ground Ground
11 Ground Ground Ground Ground
12 +38V Source B +38V Source B +38V Source B +38V Source B
13 +38V Source B +38V Source B +38V Source B +38V Source B
14 n/c n/c n/c n/c
15 n/c n/c n/c n/c
16 n/c n/c n/c n/c
17 Shield Shield Shield Shield
18 + Out 1 + Out 1 +1In2 +1In 2
19 - Out1l - Out1l -1In2 -In2
20 Shield Shield Shield Shield
21 +1Inl +1In1l + Out 2 + Out 2
22 -In1 -Inl - Out 2 - Out 2
23 Shield Shield Shield Shield
24 n/c n/c n/c n/c
25 n/c n/c n/c n/c
26 n/c n/c n/c n/c
27 n/c n/c n/c n/c
28 n/c n/c n/c n/c
29 n/c n/c n/c n/c
30 n/c n/c n/c n/c
31 n/c n/c n/c n/c
32 n/c n/c n/c n/c
Note:
"n/c" means "no connection(hot used).
« (*) means pin isreserved forthis function butmodel CxBdoes not provideonnection to support it.

Table 12.ElectricalConnector ContacAssignments —CxBViodels
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5.3 SSA Link Cable

The SSA link cablenustmeet thespecifications described in the Electrical Specifications sectioBeofal
Storage Architectur& SA-PH(Transport Layer),X3T10.1/94-015 rev 01

5.4 SSA Link Electrical Characteristics

The drive SSA link line driver, lingeceiver, and line receiveermination ardully compliant with thespecifi-
cationsdescribed in the Electrical Specifications sectionSefrial Storage Architectur8 SA-PH(Transport
Layer), X3T10.1/94-015 rev 01

5.5 Option Pins and Indicators

Ultrastar XP SSA drivescontainoption pins and/orindicators used teense andeportfault conditions, and
to enable certain features of tligive. The electrical characteristics anelquirements of these pins aidly
compliant with thespecifications described in the Electrical Specification sectioBerial Storage Architec-
ture SSA-PH(Transport Layer),X3T10.1/989D rev 01 The existence and definition of thepins are model
dependent. Refer to Figure 14 @age 56 and-igure 18 onpage 62 for locations of pins andEDs on

the front of thedrive. Refer toTable 11 onpage 64 andrable 12 onpage 65 for locations of pins on the
rear of the drive.

5.5.1 - Manufacturing Test Mode (Option Port Pin 1)

A low active input pin, that whenactive (pulled below.8V) makes pins 2, 3, 4, 6, 8 ,9 and &Pailable to
be redefinedPins 5 and "mustremainGround and +5 Vrespectively. One possibleurpose forthis pin is
to allow amanufacturingester to redefine theption pins to whatever functions desires, while allowing
the shippedoroduct to return to the standadfinitions in thecustomers environment. All mode(€xC
and CxB)reservethis pin but it is not connected to any interrdagic.

5.5.2 - Auto Start Pin (Option Port Pin 2)

A low active input pin, that whenactive (pulled below 0.8 V) on CxQnodelcauses the drivenotor tospin
up and becomeeady for mediaaccesperationsafter power isappliedwithout theneed toreceive a
Start/Stop Unit command. Wheinactive (pulledabove 2.0 V), thadrive motor shall notspin up untilafter
the receipt of &Start/Stop Unit command. Th&gnal is to besampled by thelevice atpower on, or hard
reset or soft resetonditions. Refer to th€Option Pins" section of th&Jltrastar XP (DFHC) SSAModels
Interface Specificatiorior a detailedfunctional description of operatiorsssociated with thigin.

This pin is not accessible on CxBodels.

5.5.3 - Sync Pin (Option Port Pin 3)

The Syncinput/output pin on CxOnodel can baused for synchronizingmongdevices. Thesynchroniza-
tion is achieved by having ondevice useshis pin asoutput totransmit onesync characteonce per its
spindle revolution. Thether node may usthis pin as annput andsynchronize their spindlesvolution
position tomatch theSyncsignal. The SSAetwork provide Sync character over SSA link, but tliption

pin allowssynchronization across multiple SSA networks,ablow tighter latency of the Sync pulse. Refer to
Figure 21 onpage 70 for examples @&ynchronization connection.
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The width, period, and tolerance of timegative active Synpulse ismanufacturer dependent, and thaym-
chronization acrosdifferentmanufacturers oeven differentproductlines of thesame manufacturer is not
guaranteed. The Sync pumsage is comblled by modepageswithin the mode seleactommand.

This pin is notaccessible on CxBnodel.

5.5.4 - Write Protect (Option Port Pin 4)

a low activeinput pin, that whenactive (pulled below 0.8 V), tharive will prohibit commands thaalter the
customer datareaportion of the themedia frombeing performed. The state of this pinnsonitored on a
per commandasis. Refer tdOption pins" section of thelltrastar XP (DFHC) SSAModels Interface
Specificationfor a detailed finctional description of this pin.

This pin is notaccessible on CxBnodels.

5.5.5 - Ground long (Option Port Pin 5)

The Ground long output pin on CxC and CxB modeshall becapable ofsyncing 1.0 Amp ofcurrent. This
pin is longer than anythers in theoption block to allow for theground to matdirst or last in ahot-plug or
hot-unplugsituation.

5.5.6 - Device Activity Pin/Indicator (Option Port Pin 6)

A low active LED output pin on CxC models can hesed todrive anexternal LightEmitting Diode. CxB
models have an integratgdreen LED. Refer to the"Option Pins" section of theJltrastar XP (DFHC)
SSA Models Interfac8pecificationfor a detailed functional description of thiEn/LED.

CxC models provide up to 24 mA of TTlevel LED sink currentcapability. Currentlimiting for the LED

is provided on the electronics card. Theode may beied to the +5V powersource (provided on the the
unitized connector). The LEZathode is themonnected to th®eviceActivity pin to complete theircuit.

55.7 + 5V (Option Port Pin 7)

The + 5V output pin on CxC and CxB modekhall supply up to 1.0 Amp of currerimited +5 V (+/-
10%), as long apower issupplied to thedevice.

5.5.8 - Device Fault Pin/Indicator (Option Port Pin 8)

The Device Faultpin on CxC models can be used toive anexternal LightEmitting Diode. CxB models
have an integratedmber LED. Refer to the"Option Pins" section of theJltrastar XP (DFHC) SSA
Models InterfaceSpecificationfor a detailed futional description of thigin/LED.

CxC models provide up to 24 mA of TTlevel LED sink currentcapability. Currentlimiting for the LED

is provided on the electronics card. Thaeode may beied to the +5V powersource (provided on the the
unitized connector). The LETathode is themonnected to th®evice Faultpin to complete theircuit.
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5.5.9 Programmable pin 1 (Option Port Pin 9)

This pin can be used by a manufacturer ¥anat everpurposes idesireswithin the specifieddefinition,
electrical characteristic and the availability mficrocode. This pin is completely controlled by microcode.
Refer to the"Option Pins" section of théJltrastar XP (DFHC) SSAModels InterfaceSpecificationfor a
detailed finctional description of this pin.

This pins is notaccessible externally on CxBiodels.

5.5.10 Programmable pin 2 (Option  Port Pin 10)
This pin is reserved and it is natonnected to any internabgic.

This pins is notaccessible externally on CxBiodels.

5.5.11 - Early Power Off Warning or Power Fail (Power Port Pin 11)

The Early Power Off Warning input pin on CxC models can hésed to indicate to thdrive that apower
losswill occur bypulling this signal toground. The inputmustprovide aminimum of 6 milliseconds
warning beforepower falls below operatingspecifications inorder for thedrive to stop itsactivities and
handle thefault. Refer to the'Option Pins" section of theJltrastar XP (DFHC) SSAModels Interface
Specificationfor a detailedfunctional description of the fault handling associated with iis..

This pin is not accessible on CxBodels.

5.5.12 12V Charge and 5V Charge (Power Port pin 1 and 2)

These pins aréonger than theothers.They help to reduce currerdpikesduring hot plug.Each pinrequire a
resistor(not in thedrive) in ®riesbetween the powesource and thelrive connector. Thisallows for more
controlled current draw as prior tothervoltage pins. It is up to theubsystem to determine tiproper
resistance to add to thegéns to meet the +/- 10%oltagedrop limitations and the current draw limitation
of the connector.

These pins are nadccessible on CxB models

5.6 Front Jumper Connector

All models contain gumperblock (refer to Figure 14 onpage 56)that isreserved for IBM Engineering use
only.
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5.7 Spindle Synchronization

5.7.1 Synchronization overview

Spindle synchronization adrives is achieved by oneodetransmitting aspecial Syncharacter or a Sync
pulseonce pereveryrevolution of itsdrive. Thetransmitting isdone either on SSA Link (sendingync
character) or on a hard-wire (Sending Sync puldgdt connects all thalrives via the SSAOption Port

'Sync' pin. Thesynchronization mode is controlled by the RField of the Mode SelectPage 04h parameter
(seeUltrastar XP (DFHC) SSAModels InterfaceSpecificationfor more details). The drive caoperate in
one of three modes:

5.7.2 Synchronization Mode

Mode Operation
No Sync Spindle synchronization idisabled.
Slave Sync Spindle synchronization iattempted bysynchronizing the spindlemotor to theSync

specialcharacter on SSA link (or the Sync pulse on Sync hard-wiin@} isdriven by
another node.

Master Sync Spindle synchronization is nattempted bythis device. It generates Sync special
character via SSA link (or a Sync pulse via a hard-wioere per itsspindle revo-
[ution.

Master Sync Control MasterSyncControl is not supported.

5.7.3 Synchronization time

It will take 6 seconds to synchronize tt&ave drive to theMasterdrive. While the Slave drive issynchro-
nizing to these characters, it is not able to read or wilis¢a. Once synchronized thgive will maintain +
20 microseconds synchronization tolerance.

When operating inSlaveSyncmode, thedrive mustreceive theSpindle Syncspecialcharacters at a period of
8.333 millisecondwith a tolerance of +.025% (2.08 microseconds).

5.7.4 Synchronization with  Offset

The Rotational Offset value is theamount ofrotationalskewthat theTargetuseswhensynchronized. The
rotationalskew isapplied in the retarded directiailagging thesynchronized spindlenaster control). The
value in thefield is the numerator of d&ractional multiplierthat has 256 as its denominat(&.g., avalue of
128 indicates a one-hatevolutionskew). A value of 00h indicatethat rotational offset is noused. The
rotational offset isonly used when the Drive isunning in theSlaveSync RPLmode.

5.7.5 Synchronization Route

5.7.5.1 Over SSA Link

Spindle Syncspecialcharacters are forwardddom one SSAlink to the other with adelay of 350
nanoseconds with a tolerance of £+ 50 nanosecondsis delay can be increased by B@noseconds when

the drive is sending theecond of a doubleharacter sequence (RR AICK) and by 50nanoseconds when
sending a SAT oiSAT' character.
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The spindlesynchronization timing requirements are met istang composed obUltrastar XP SSA drives
whenthere are nanore thanseventeerdrivesbetween the one operating in Masteync mode and the

furthestdrive operating inSlaveSyncmode.

5.7.5.2 Over Sync Hard-wire

Therewill be a singlewire that connects all thalrivestogetherthrought the SSA Optiofort pin 3 (-Sync
pin). One of thesalriveswill be a Masterdrive. Two potential configurations of this hard-wir@nnection

are shown in thdollowing figures:

MASTER SLAVE SLAVE SLAVE
DRIVE DRIVE DRIVE g & &0 DRIVE
T [ LL 11 LL 1] LL 11
SSA CONNECTOR 7 i T3 SSA LINK ¥
[ I 1 | 1 i
SYNC WIRE
ANLC CCA CTDINMN AD | AND
AV L. Iy I HINTINAD WY LA T
| I 1 | 1 | I
I | \ 1
1 1 1
! SLAVE i : SLAVE i : SLAVE
1 1
! DRVE o DRIVE i ! DRIVE
1 1
I 1 H 1
: T P T i i L
I . ' 1
1 | 1 1 !
1 1 1
| f Lo f ! ! |
1 : 1 : !
1 | 1 1 !
1 1 1
| o : H -] : ] H ]
1 | 1 1 !
1 o 1 1 o 1 o 1 ]
I | \ 1
1 | 1 1 !
I | \ 1
1 | 1 1 !
I | \ 1
I N \ 1
! MASTER b MASTER ! ! MASTER
: DRIVE Lo DRIVE ! | DRIVE
I | \ 1
1 1 1
| ssA LI o LI ! H LLL]
: LINK 1 : 1 :
i P ' SYNC WIRE i
, ! ! !
L e e e e e [ K N, J

SSA STRING OR LOOP

MULTIPLE SSA STRINGS CR LOOPS

Figure 21. Two examples of Daisy-Chain Connection of Synchronization
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Termination

Bus termination of the SYNC signals isinternal to thedrive. This signal has &.1K ohm pulled-up to
the +5 volt supply. Amaximum of 30drives canhave their -SYNC line daisychained together. Vio-
lating thiscould damage the Mastelrive line driver on the SYNC line

It is the using system's responsibility to provide the cableaonect the SYNC line where needed, of
the synchronizedirives.

Bus Characteristics

— maximum Buslength = 6 meters
— 2 micro-seconchegative activgpulse(when sourced bylrive)
- minimum of 1 micro-secondhegative activgpulse when externallgourced

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

- Vcc volts = High output
— 30 milli-amps = maximum output lowlevel sink current

The driverused for these twaignal lines is a OpeDrain buffer.
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6.0 Reliability

Note: The reliability projections are based on the conditions stated below. All of the SSA mediélmeet
the projections as long aeliability operating conditions are na@xceeded.

6.1 Error Detection

Error reporting = 99% All detected errors excluding interface aB\Ts #1 (Basic Assur-
ance Testerrors

Error detection=> 99%

FRU isolation = 100% To the devicewhen the "Recommended Initiator Err&ecovery
Procedures"” in thé&Jltrastar XP (DFHC) SSAModels Interface
Specificationare followed.

No isolation to sub-assemblies within tllevice are specified.

6.2 Data Reliability

Probability of not recovering data 10 in 10° bits read

Recoverableread errors 10 in 103 bits read (measured atominal DC conditions andoom
environment withdefault errorrecovery —QPE)

Probability of miscorrecting unrecoverabledata

Note: Eighteen bytes of ECC and two bytes of LRC are provided for each data block.

6.3 Seek Error Rate

The drives are designed tmaveless than 1@rrors in10,000,000 seeks. In the field, a seskor rate of 40 in
100, 000 seekwill trip PFA (PredictiveFailure Analysis) error.

The drives are designed to achieSeft SeekError rate of 1 error in100,000,000 seeks.

6.4 Power On Hours Examples:

Maximum power on hours (with minimum power on/off cycles)
43,800hours forlife based on:
- 5 Power on/off cycles pemonth
- 730 power on hours panonth
Nominal power on hours (with hominal power on/off cycles)

30,000hours forlife based on:

* Refer toUltrastar XP (DFHC) SSAModelsInterface Specificationfor the definition of QPE (QualifyPost Error).
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- 25 Power on/offcycles pemonth

- 500 power on hours panonth

6.5 Power on/off cycles

Maximum on/off cycles 1080/ year

6.6 Useful Life

Product Life 5 Years

Usefullife is the length of time prior to thepoint atwhich productdegradatiorbegins tooccur. Thespecifi-
cation for theusefullife calculation is the same dbat for the*MTBF specification.
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6.7 *Mean Time Between Failure (*MTBF)

The meantime to failure target is 1,000,000 devid¢eours perfail (3.0% CDF) based on thdollowing
assumptions:

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 powehoars(Approximately 10 read/write oper-
ations per second)

Operating at or below th&eliability temperaturespecifications (Se&@able 15 onpage 78) andhominal
voltages (See 2.2Power Requirements by Model” opage 15)

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.

6.7.1 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 usepecificpower onhour and
power cycles pemonth condition. Contact your IBMcustomerrepresentative for a customizeadojection.

Application Electronics only - (RA/MM)
> 5
h © ?® h © of%o a
— © — © — © ™m © O = )
500POH/MM 0.00120 0.0010 0.00096 0.00036 2.1%
730POH/MM 0.00160 0.00140 0.00125 0.00047 2.8%
Table 13. Projectedailure rates for theelectronics only.
Application Electronics and HDA - (RA/MM)
> &
) ) 1) oflyw Q
— O — O — O ™m © 0= @)
500POH/MM 0.00150 0.00130 0.00120 0.00050 3.0%
730POH/MM 0.00200 0.00170 0.00160 0.00070 4.1%
Table 14. Projectedailure rates for the entirelrive. (Electronics andHDA).
6.8 SPQL (Shipped product quality level)
LA vintage Utimate (13thmonth)
Targets .25% .10%

6.9 Install Defect Free
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Install Defect Free percentage 99.99percent

6.10 Periodic Maintenance

None required

6.11 ESD Protection

The Ultrastar XP SSA disk drivescontain electrical componensensitive todamage due to electrostatic
discharge (ESD).Proper ESDproceduresnust befollowed during handling, installation, andmoval. This
includes the use of ESD wristraps and ESD protective shipping containers.

6.12 Connector Insertion Cycles

Live insertion and removal of the edtrical connectorcausegitting on theconnectorterminals. Because of
this thenumber oflive insertion and removatyclesmust be limited.

Maximum Insertion/Removal Cycles (for hot and normal insertion) 25
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7.0 Operating Limits

The IBM Corporatespecifications and bulletingsuch as C-S-9700-000 in thecontaminantssection,that
are referenced ithis document areavailable for review. (Pleasecontact your IBM Customer)

7.1 Environmental

Temperature
Operating Ambient 41to 131°F (5to 55°C)
Operating Casting Temperature 41 to 158°F (5 to 70°C)
Storage 34 to 149°F (1 to 65°C) SeMote
Shipping -40 to 149°F (-40 to 65°C)
Temperature Gradient
Operating 36°F (20°C) pethour
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)

Note: Guidelines for storage below 1°C agéven in IBM TechnicalReport TR 7.2112.

7.1.1 Temperature Measurement Points

The following is a list ofmeasurement points artleir temperature¢maximum andreliability). Maximum
temperaturesnust not beexceeded at thevorstcase drive andystem operating conditions with thdgive
randomlyseeking, reading and writingReliability temperaturesnust not beexceeded at theaominaldrive
and system operating conditions with tHeve randomlyseeking, reading, and writing.

Theremust besignificant air flowthrough thedrive sothat thecasting andnodule temperaturémits define
in Table 15 are noexceededFigure 22 onpage 78defineswheremeasurements should be madedeter-
mine the topcastingtemperatureduring drive operation. Figure 23 opage 79 identify thenodule
locations on theébottom sside of thecard and themeasurement location on thmttom of thecasting.
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Table 15.Maximum andReliability OperatingTemperature.imits

Maximum Reliability
Disk Enclosure Top 158°F (70°C) 131°F (55°C)
Disk EnclosureBottom 158°F (70°C) 131°F (55°C)
PRDF Prime Module 203°F (95°C) 176°F (80°C)
WD 61C40 Module 185°F (85°C) 167°F (75°c)
SIC Module 203°F (95°C) 176°F (80°C)
Microprocessor Module 194°F (90°C) 167°F (75°C)
VCM FET 194°F  (90°C) 167°F (75°C)
DC/DC Converter (CxB only) 185°F (85°C) 167°F (75°C)
SMP FET 194°F  (90°C) 167°F (75°C)

Note 1: Module temperature measurements should be taken from theudpce of themodule.

Note 2: If copper tape isused toattach temperatursensors, it should be nlargerthan 6square milli-
meters.

— ) <) i ]

J(
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&

\g] 1 |

41.86

O
©® 7) ) O]
58.53

[o1

l

DISK ENCLOSURE —/
TOP

notes: 1) dimensions are imillimeters.

Figure 22. Temperature Measuremdidints for All Models(top view of DE)
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Notes: 1) Center thermocouple on the taprface of themodule.

2) If copper tape isised toattach temperatursensors, it sould be no
larger than 6 mnsquare.

3) Dimensions are in milineters.

4) The connector (on thkeft edge)does not represent SS#onnector.

Figure 23. Temperature Measuremdidints for all Models (bottonview)

7.2 Vibration and Shock

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

1. By mountingwith the 6-32 bottom holes with thedrive on 2 mm clearance asquired by4.1.2,
“Clearances” on page 51

2. By mounting on any two opposingairs of the6-32 sidemount holes.
CxB models are mountedgidly to the testfixture using the carrier guidegsonnector, and latch mechanism.
The testfixture isthen mounted to theibration table (the tesfixture must nothave any resonance within
the frequencies tested).

Othermountconfigurations may result idifferent operating vibration and shock performance.
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7.2.1 Drive Mounting Guidelines

The following guidelines may be helpful as drimeountingsystems are being designed.

1. Mount thedrive to itscarrier/rack using the four extrenside holes to ensur¢hat thedrive's center of
gravity is as close apossible to the center dftiffness of themounting.

2. Do not permit any metal-to-metal impacts or tteaing between the carrier/rack and tHeve or
between the carrier/rack and anythiatpe. Metal-to-metal impactgreatecomplex shockwvaveforms
with shortperiods;suchwaveforms carexcite highfrequencymodes of the componentsside the drive.

3. The carrier/rack should not allow thiFive to rotate in theplane of thedisk and the carrier/rackself
should bemounted so that iloes not rotate in the plane of thigsk when thedrive isrunning. Even
though thedrive uses @alancedrotatory actuator, its position castill be influenced byrotationalaccel-
eration.

4. Keep therigid body resonances of thdrive awayfrom harmonics of thespindle speed.Consider not
only thedrive asmounted on itscarrier but also when the drive mounted to acarrier andthen the
carrier ismounted in arack, the resonances of thigive in the entiresystemmust beconsidered.

7200 RPMHarmonics: 120 hz, 240 hz, 360 hz, 480 hz,.

5. When theentire system/rack igibration tested, the vibratioamplitude of thedrive asmeasured in all
axis should decrease significantly for frequenciabove 300 hz.

6. Consider the use gflastics orrubber in therack/carrierdesign. Unlike metal, these materials can
dampenvibration energy from othedrives or fandocatedelsewhere in the rack.

7. Rather thatreating a weak carrier/radkat flexes to fit thedrive/carrier, hold thenounting gap to
tighter tolerances. Alexible carrier/rack maycontainresonanceshat causeoperational vibratiorand/or
shock problems.

7.2.2 Output Vibration Limits

spindle imbalance 1.0 gram-millimetensaximum forC1x, C2x models

1.5 gram-millimeteramaximum for C4x model

7.2.3 Operating Vibration

The vibration is applied in each of the three mutually perpendicalas, one axis at ime. Referring to
Figure 24 onpage 81, the x-axis is defined as a linermal to thefront/rearfaces, the y-axis igefined as a
line normal to theleft side/rightside faces, and the z-axisim®rmal to the x-yplane.

WARNING: The Ultrastar XP SSAlrives are sensitive tootary vibration. Mounting within using
systems should minimize thmtationalinput to thedrive mounting points due t@xternal vibration.
IBM will provide technicabupport toassist users tovercome problems due to vibration.

RandomVibration

For excitation in the x-direction and the y-direction, ttiéve meets the requirethroughputspecifications
whensubjected to vibratiomevels notexceeding the V4ibration level definedbelow.

For excitation in the z-direction, thérive meets the requirethroughputspecifications whersubjected to
vibration levels notexceeding the V4Sibration level definedbelow.

Note: The RMS value in the table below @ébtained bytaking the squareoot of thearea defined by the
02/hz spectrum from 5 to 500 hz.
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Table 16.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 drivewill operate without har@rrorswhensubjected to the sweginevibration of 1.0 G peak from 5
to 300 hz in the x- and y direction. Fadnput in thez-direction, aninput of 1.0 G peak amplitude can be
applied from 5 hz to 250 hz, the amplitude at 300 hz is 0.5 G peak. Linear interpolatimedsto deter-
mine theacceleratiorievelsbetween 250 hz and 300 hz.

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

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

(The connector on theight edgedoes not represent SS#onnector)

Figure 24.Ultrastar XP SSA Drive SmallForm FactorAssembly —CxCModels
7.2.3.1 Nonoperating Vibration
No damagewill occur as long as vibration at the un-packagkie 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.
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Table 17. Non-operating Vibratiobevels
Frequency 5hzto 7 hz 7 hz to 200 hz
Amplitude 0.8 inch DA 2.0 G peak

7.2.4 Operating Shock

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

No permanentdamagewill occur to thedrive whensubjected to a 10 (Galf sine waveshock pulse of
2 millisecondduration.

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

7.2.5 Nonoperating Shock

Translational Shock

No damagewill occur if the un-packagedrive is notsubjected to a square wave shagpleaterthan a
"faired" value of 35 Gs applied to all thresxis for aperiod of 20 milliseconds, one direction at a time.

No damagewill occur if the un-packagedrive is notsubjected to an 11 millisecontulf sine waveshock
greaterthan 70 Gsapplied to all threeaxis, onedirection at a time.

No damagewill occur if the un-packagedrive is notsubjected to a 2 milliseconkalf sine waveshock
greaterthan 125 Gsapplied to all threeaxis, onedirection at a time.

RotationalShock

No damagewill occur if the un-packagedrive is notsubjected to an 11 millisecorftalf sine waveshock
greaterthan 7,000 radians per second squared applied to all thagis, onedirection at a time.

No damagewill occur if the unpackagedrive is notsubjected to a 2 milliseconkalf sine waveshock
greaterthan 15,000 radians per second squared applied to all tharie, onedirection at a time.

7.3 Contaminants

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

Upper Limit Sound Power Requirements(Bels) for C1x & C2x Models
OctaveBand Center Frequency (Hz) A-weighted (seanotes)
125 | 250 | 500 | 1K 2K 4K 8K Maximum | Mean
Idle 4.5 3.5 3.3 3.5 4.5 4.5 4.5 5.00 4.7
Operating | 4.5 4.0 3.6 4.1 48 | 4.8 | 45 5.25 5.0

Additionally, thepopulationaverage of thesoundpressure measured omeeter above theenter of thedrive
in idle mode will not exceed 36 dB.

Upper Limit Sound Power Requirements(Bels) for C4x Models
OctaveBand Center Frequency (Hz) A-weighted (seanotes)
125 | 250 | 500 | 1K 2K 4K 8K Maximum | Mean
Idle 4.6 3.5 3.3 3.5 4.5 4.8 4.8 5.0 4.7
Operating | 4.6 4.0 3.6 4.1 51 | 48 | 4.8 5.3 5.0

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

Notes:

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

2. The drive's are tested aftemainimum of 20minutes warm-up iridle mode.
3. The operating mode is simulated bgeking at aate between 28 and 3*eks pesecond.

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

Sourcefilename=OPLIMITS IBM Corporation Page 83 of 87



USERRESPONSIBLE FORVERIFYING VERSION AND COMPLETENESS
OEM FUNCTIONAL SPECIFICATION ULTRASTAR XP (DFHC) SSAMODELS 1.12/2.25 GB -1.0"HIGH

Page 84 of 87 IBM Corporation Sourcefilename=STANDARD



USERRESPONSIBLE FORVERIFYING VERSION AND COMPLETENESS
OEM FUNCTIONAL SPECIFICATION ULTRASTAR XP (DFHC) SSAMODELS 1.12/2.25 GB -1.0"HIGH

8.0 Standards

8.1 Safety

UNDERWRITERSLABORATORY (UL) APPROVAL:

The product is approved asRecognizedComponent for use ilnformation TechnologyEquipment
according to UL1950(without any Code 3leviations). The UL Recognizedomponentmarking is
located on theproduct.

CANADIAN STANDARDS ASSOCIATION (CSA) 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

The product iscertified tocomply to EN6095Q(IEC 950with European additions) by TU\Rheinland.
The TUV Rheinland Bauart mark iscated on theproduct.

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 Califitia SafeDrinking Water and Toxic
Enforcement Act1986 (alsoknown asCalifornia Proposition 65)

SECONDARY CIRCUITPROTECTION REQUIRED INUSING SYSTEMS

IBM has exercised care not to use amyprotected components epnstructionghat areparticularly
likely to causefire. However, adequate secondary overcurnertttection is theresponsibility of the user
of the product. Additional protectioagainst the possibility of sustainedmbustion due taircuit or
componentfailure mayneed to be implemented by the user wiihncuitry external to thgroduct. Over-
currentlimit to the drive of 10Amps orless shouldorovide sufficient protection.

8.2 Electromagnetic Compatibility (EMC)

FCC Requirements

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

- VDE Requirements
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Pertaining to thealisk drive, IBM will provide technicakupport toassist users ikomplying with the
requirements of th&erman Vereingung Deutcher Elektriker (VDE) 0871/6.78 both the Individual
Operation Permit (IOP) and the General Operation Permit (GOP) Limits.

CSPR Requirements

Pertaining to thealisk drive, IBM will provide technicabupport toassist users icomplying with the
Comite International Special des Perturbations RadioElectriques (International Special Committee on
Radio Interference) CISPR 22“Class A and B Limits” .

EuropeanDeclaration of Conformity

Pertaining to thealisk drive, IBM will provide technicakupport toassist users icomplying with the
European Council Directive 89/336/ECCso the finalproduct canthereby bear théCE” Mark of Con-
formity.
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