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Preface

1.0 Preface

This documentetails theHardwareSpecifications for thdFHS High Performance Family 03.5-inch
Direct AccessStorage Devices. The capacityodelofferings are 1.12 or 2.2&6Byte in al-inch highform
factor and a 4.5GByte model in al.6-inch highform factor. Pleaseefer tosection4.1.1,“Capacity
Equations” onpage 13 for exact capacities basedmodel and bloclsize.

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 the data should be referred/oar IBM representative.

1.1.1 Document Distribution

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

Replacement andisposal of dowrevel versions is the responsibility of the holder.
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3. Description

3. Description

Figure 1. DFHS Drive Assembly

3.1 Features

General Features
1.12/2.25/4.51 GigaByteormattedcapacity(512 bytes/sector)
Industry-standardnterface:
- 50 pin ANSISCSI-2
- 68 pin ANSISCSI-3
- SingleEnded(50/68pin) or Differential (68pin)
— SingleConnector Attachment (SCA 80in)
Rotary voice coilmotor actuator
Closed-loopdigital actuatorservo(embedded sectmervo )
Magnetoresistivé MR) heads
(0,8,6,infinity) 8/9rate encoding
Partial ResponseMaximum Likelihood (PRML) datachannel withdigital filter
All mounting orientations supported
Jumperable autgpindlemotor start
Jumperablarive suppliedterminator power
Jumperable on boardctive SCSI terminators (Optional)
Jumperablewrite protection
Spindle synchronization
LED Driver
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3. Description

Bezel(optional)
Performance Summary

« Average readeek time (1.12 GB) : 6.9 milliseconds

« Average readeek time (2.25 GB) : 7.5 milliseconds

- Average readseek time (4.51 GB) : 8.0 milliseconds

« Averagelatency: 4.17 milliseconds
Media datatransfer rate: 9.59 td2.58 MegaBytes/second (10 bands)
SCSI dataransfer rate: 1MegaTransfers/second (sustaingthchronous)
SCSI BusOverhead: < 40 microseconds

Interface Controller Features
SCSI busparity
SCSldisconnect and reconnect capability
Multiple initiator support
« FastSCSI supported
- Wide SCSI models
Supportsblocksizesfrom 256 t05952 bytes
512K byte, multi-segmented, dupbrt databuffer
Read-aheadaching
« Adaptive caching algorithms
« Write Cache supporte@write-back & write-through)
- Tagged and untaggesbmmandqueuing
Commandreordering
Back-to-backwrites (merged writes)
- Automaticretry and data correction on read errors
« Automatic sector reallocation
In-line alternate sector assignment for high-performance
Improved technique for down-loadable SCfl8mware
SCSI behaviorcustomizing jumpers

For example -

— Disable Target Initiate®ynchronous Negotiation
— Disable UnitAttentions

— DisableSCSI Parity

— Auto Start Delay

Reliability Features

Self-diagnostics orpower up
Dedicated headandingzone

- Automatic actuatotatch
EmbeddedSector Servo for improvingn-track positioningcapability
Buffer memoryparity
LongitudinalRedundancy CheckLRC) on Customer Data
ECC on the fly
Error logging and analysis
Data Recovery Procedur®RP)
PredictiveFailure Analysis0 (PFA O)

« No preventativemaintenance required

« Two Field Replaceablé&nits (FRU's): ElectronicsCard and Headisk Assembly(HDA)
Probability of notrecoveringdata: 10 in 10' bits read
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3. Description

3.2 Models

The DFHS disk drive is available irvarious models ashownbelow:

The DFHS datastorage capacities vary asfanction of model and user blocsize. Anemergingindustry
trend iscapacitypoints in multiples of 1.08 GRie. 1.08/2.16/4.32) at &lock size of 512bytes.Future IBM
productswill plan to provide capacitieshat areconsistent with this trend. Users who choose to malte
use of theDFHS drive capacityabove the standardapacity pants may notfind equivalent capacity
breakpoints in future products.

50/'A' Connector

Single Ended Fast

F2 1.12 68/'Unitized Connector Single Ended Fast/Wide
F2 1.12 68/UnitizedConnector Differential Fast/Wide
F2 1.12 80 SCA Single Ended Fast/Wide

50/'A' Connector

Single Ended Fast

F4 2.25 68/UnitizedConnector Single Ended Fast/Wide
F4 2.25 68/UnitizedConnector Differential Fast/Wide
F4 2.25 80 SCA Single Ended Fast/Wide

50/'A' Connector

Single Ended Fast

F8 4,51 68/UnitizedConnector Single Ended Fast/Wide
F8 4,51 68/UnitizedConnector Differential Fast/Wide
F8 4,51 80 SCA Single Ended Fast/Wide

Note: 50 pin SCSI connectomodels offer an 8 biSCSI bus using the SCSI 'A' connector. 68 pin S€8hnectormodels offer
an 8/16 bit SCSI bus using the SCSI '€@nnectorwhich supportsWide data transfers.

Note: 80 pin SCSI connectomodels offer an 8/16 biSCSI bus using théSCA' connector.

Note: All models support FasSCSI data transfers

Note:

Please refer to sectiof.1.1,“Capacity Equations” orpage 13 for exactapacities based omser blocksize.
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4. Specifications

4. Specifications

All specifications arenominal values unless otherwiseoted.

The DFHS datastorage capacities vary asfanction of model and user blockize. Anemergingindustry
trend iscapacitypoints in multiples of 1.08 GRie. 1.08/2.16/4.32) at &lock size of 512bytes.Future IBM
productswill plan to provide capacitieshat areconsistent with this trend. Users who choose to mhlie

use of theDFHS drive capacityabove the standardapacity pants may notfind equivalent capacity
breakpoints in future products.

4.1 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 5,'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 ->) S4x S2x Six
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 9.0
Full stroke (Read) 16.5 15.0 14.0
(Write) 18.0 16.5 15.5

Note: Times aretypical for a drivepopulation under nominaloltages
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4. Specifications

and castingemperature of 25 CWeightedseeks are seeks to the
cylinders ofrandomlogical block addresse$L BAS).

Total Cylinders (tcyl) All models S4x Models S2x Models S1x Models

& User Cylinders (ucyl) teyl ucyl ucyl ucyl
Notch #1 1893 1879 1877 1872
Notch #2 956 955 955 955
Notch #3 49 48 48 48
Notch #4 310 309 309 309
Notch #5 349 348 348 348
Notch #6 116 115 115 115
Notch #7 214 213 213 213
Notch #8 190 189 189 189
Notch #9 131 130 130 130
Notch #10 208 206 206 206
Sum of all Notches 4416 4392 4390 4385

Spares Sectors/cylinder (spr/icyl)  S4x Models S2x Models Si1x Models

Notch #1 40 20 10
Notch #2 40 20 10
Notch #3 38 19 10
Notch #4 37 19 9
Notch #5 36 18 9
Notch #6 34 17 9
Notch #7 33 17 8
Notch #8 32 16 8
Notch #9 31 16 8
Notch #10 30 15 7
Last cylinder extra spares (Icspr) 60 30 14
User bytes/sector(ub/sct) 256 - 744 (evemumber ofbytes only)
Sectors/logicalblock (sct/lba) 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.

User bytes/logicalblock (ub/lba) 256 - 5952 (See rules fatetermining sct/Ilba above for determining
supported ub/lbaalues.)

Sectors/track (sct/trk) (SeeTable 1 onpage 13 orcontact an IBM CustomeRepresentative
for other blocklengths.)
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4. Specifications

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

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
S4x Models S2x Models Si1x 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
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

4.1.1 Capacity Equations
4.1.1.1 For Each Notch

The next group of equatiommust becalculated separately for eaciotch.

ub/lba
user bytes/sector (ub/SCt)m

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

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

Note: Add Icspr to theequation above for thaotch closest to thénner diameter (#10).
usersectors/notch (us/nch) us/cyl)(ucyl)
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4. Specifications

Note: Subtractlcsprfrom the equation above for theotch closest to thénner diameter (#10).

4.1.1.2 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| /dr
ogical blocksdrive (Iba/drv) = <cUlba

user capacity (fcap) =(Iba/drv)(ub/lba)
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4. Specifications

4.2 Power Requirements by Model

42.1 Slx Model

The following voltage specificationapply at thedrive power connector. There is ngpecialpower on/off
sequencing required. The extpawerneeded fodriveswith differential SCSI is shown in thesectioncalled
4.2.7,“Additional 5V Power Requirements fddifferential” on page 35.

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 aremeasuredralues. Safety factorsave not been applied.

Population Population
Power Supply Current Notes Mean Stand. Dev.
+5VDC (power-up) Minimum voltageslewrate = 4.5 V/sec
+5VDC (idle avg) 0.73 Amps 0.02 Amps
+5VDC (R/W baseline) 0.96 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 | 0.0002Amps
+12VDC (seek peak) 1.2 Amps 0.02 Amps
+12VDC (spin-up) 3.0 sec max 1.5 Amgs 0.1 Amps
Drive power
Avg idle power 7.0 Watts .35 Watts
Avg R/W power 30 ops/sec 9.1 Watts .35 Watts

1 5 Volt Current isgiven with termination power provided by thesing system.
2 See Figure 2 on page 18 formot of how the read/write baseline and read/write pulse sum together.

3 The idleaverage ancdeekpeek should beddedtogether to determine the total 4@lt peakcurrent. See Figure 3
on page 19
for a typicalbuildup ofthesecurrents. Refer to examples on tf@lowing page to see how to combirthese values.

4 The current at start is thtal 12 volt current requiredie. themotor start current, module current anaice coil
retract current). See Figure 4 on page 20 tigsical 12 voltcurrent duringspindlemotor start.
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4. Specifications

4.2.1.1 Power Calculation Examples

Note: The above formulas assume ailstem ops as a 1 block read write transferfrom arandomcylinder
while at nominalvoltageconditions.

Example 1. Calculate themean 12 volt average current.

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

mean
+12VDC (idle average) 0.28 amps

+12VDC (seek average) 0.0027 * 30 = 0.08amps

TOTAL 0.361 amps

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

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

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

sigma
+12VDC (idle average) 0.02 amps
+12VDC (seek average¥yqrt(30*((0.0002)**2))= 0.001amps
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 = (.73 Amps * 5Volts) + (0.28Amps * 12Volts) = 7.01Watts

Nominal R/W drive power at 30 ops/sec =(0.96 Amps * 5 Volts) + (0.361 Amps * 12 Volts) = 9.13
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 (1 sigmapower) 0.02 * 12 = 0.240 watts
Total (1sigmapower) sqgrt((0.25)**2+(0.24)**2) = 0.347 watts
Total power 9.13 + 3*0.347 = 10.2watts
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4. Specifications

Example 4. Calculate the 12volt peak current. To compute the sum of the 1%olt peak currents the
following is done.

mean
+12VDC (idle avg) 0.28 amps
+12VDC (seekpeak) 1.20 amps
TOTAL 1.48 amps

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

To compute the sum of the 1f2olt peak current's 1sigma valueassume all distributions are normal.
Therefore the squareot 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=1.56 amps

The above formulas assume alstem ops as a 1 block read warite transferfrom arandomcylinder while
at nominalvoltageconditions.
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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5 volt current during read/write operations.

Figure 2.
1. Read/writebaseline voltage.

2. Read/writepulse. The width of the pulse iproportional to the number ofonsecutive blocks read or
written. The 5 volt supplynust be able t@rovide the required current during this event.
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Typical 12 volt current.

Figure 3.

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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Typical 12 volt spin-up current.

Figure 4.
1. Maximumslewrate is 20 amps/millisecond.

2. Current drops off asnotor comes up tospeed.
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4.2.2 S2x Model

The following voltage specificationapply at thedrive power connector. There is ngpecialpower on/off
sequencing required. The extpawerneeded fodrives differentialSCSI is shown in thesectioncalled 4.2.7,
“Additional 5V Power Requirements fdbifferential” on page 35.

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 aremeasuredralues. Safety factorsave not been applied.

Population Population
Power Supply Current Notes Mean Stand. Dev.
+5VDC (power-up) Minimum voltageslewrate = 4.5 V/sec
+5VDC (idle avg) 0.73 Amps 0.02 Amps
+5VDC (R/W baseline) 0.96 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) 0.41 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 Amgs 0.1 Amps
| Drive power
| Avg idle power 8.6 Watts .35 Watts
| Avg R/W power 30 ops/sec 10.8 Watts .35 Watts

5 See Figure 5 on page 24 formot of how the read/write baseline and read/write pulse sum together.

6 The idle average andeekpeek should beddedtogether to determine the total Mlt peakcurrent. See Figure 6
on page 25
for a typicalbuildup ofthesecurrents. Refer to examples on tf@lowing page to see how to combirtbese values.

7 The current at start is theotal 12 volt current requirediie. the motor start current, module current anaice coil
retract current). See Figure 7 on page 26 tigsical 12 voltcurrent duringspindlemotor start.
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4.2.2.1 Power Calculation Examples

Note: The above formulas assume ajfstem ops as a 1 block read write transferfrom arandomcylinder
while at nominalvoltageconditions.

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) 0.4lamps

+12VDC (seek average) 0.0031 * 30 = 0.Gfmps

TOTAL 0.50 amps

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

To compute the sum of the 1lt mean current's kigma valueassume all the distributions are normal.

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

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

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

Example 3. Power Calculation.

Nominalidle drive power = (.73 Amps * 5Volts) + (0.41Amps * 12Volts) = 8.6Watts

Nominal R/Wdrive power at 30 ops/sec 50.96 Amps * 5Volts) + (0.50Amps * 12Volts) = 10.8 Watts

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

+5VDC (1sigmapower) 0.05*5 = 0.25 watts
+12VDC (1 sigmgower) 0.02 * 12 = 0.24 watts
Total (1sigmapower) sqrt((0.25)**2+(0.24)**2) = 0.35 watts

Total power 108+ 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) 0.41 amps
+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 1f20lt peak current's Isigma valueassume all distributions are normal.
Therefore the squareot of the sum of thesquares calculation applies.

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

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 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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5 volt current during read/write operations.

Figure 5.
1. Read/writebaseline voltage.

2. Read/writepulse. The width of the pulse iproportional to the number ofonsecutive blocks read or
written. The 5 volt supplynust be able t@rovide the required current during this event.

DFHS FunctionalSpecification .... RevisionDate: November 91994 —— Page 24 of 98 —



4. Specifications

[ e V4
SEEK
1
L 10 MG |
Lo} F o~ — | W Wi P —
O =3 ] — | | - |1 F —
— [ O — | | T = —
| NA A N
| IVI A A\
A | |
A
M 3
=\
\
. i \
1 <) \
| — — \ .
\ pal
\ T
\ /
[y \ /
() N /
O /
—] N \
= — R4
= N N e
N AN - d
1 4
1 _
@)
| | | | | | | | | | |
0 20 40 B0 80 100
M S E C

Typical 12 volt current.

Figure 6.

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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Typical 12 volt spin-up current.

Figure 7.
1. Maximumslewrate is 20 amps/millisecond.

2. Current drops off asnotor comes up tospeed.
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4.2.3 S4x Model

The following voltage specificationapply at thedrive power connector. There is ngpecialpower on/off
sequencing required. The extpmwerneeded fordrives with differentialSCSI is shown in thesectioncalled
4.2.7,“Additional 5V Power Requirements fddifferential” on page 35.

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 aremeasuredralues. Safety factorsave not been applied.

Population Population
Power Supply Current Notes Mean Stand. Dev.
+5VDC (power-up) Minimum voltageslewrate = 4.5 V/sec
+5VDC (idle avg) 0.76 Amps 0.02 Amps
+5VDC (R/W baseline) 0.98 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 Ampsg 0.02 Amps
+12VDC (spin-up) 8.5 sec max 2.2 Amps 0.1 Amps
Drive power
Avg idle power 13.0 Watts .44 Watts
Avg R/W power 30 ops/sec 15.5 Watts .44 Watts

8 See Figure 8 on page 30 formot of how the read/write baseline and read/write pulse sum together.

9 The idle average andeekpeek should beddedtogether to determine the total Mt peakcurrent. See Figure 9
on page 31
for a typicalbuildup ofthesecurrents. Refer to examples on tf@lowing page to see how to combirtbese values.

10 The current at start is theotal 12 volt current requiredie. the motor start current, module current anaice coil
retract current). See Figure 10 on page 32 tigical 12 voltcurrent duringspindlemotor start.
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4.2.3.1 Power Calculation Examples

Note: The above formulas assume alfstem ops as a 1 block read write transferfrom arandomcylinder
while at nominalvoltageconditions.

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.Xmps

TOTAL 0.88 amps

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

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

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

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

So the mearplus 3sigmameancurrent is0.88 + 3*0.02 = 0.94mps
Example 3. Power Calculation.
Nominalidle drive power = (.76 Amps * 5Volts) + (0.77 Amps * 12Volts) = 13.04Watts

Nominal R/W drive power at 30 ops/sec =(0.98 Amps * 5 Volts) + (0.88 Amps * 12 Volts) = 15.46
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 (1 sigmgower) 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 = 16.8vatts
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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) 0.77 amps
+12VDC (seekpeak) 1.30 amps
TOTAL 2.07 amps

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

To compute the sum of the 1f20lt peak current's Isigma valueassume all distributions are normal.
Therefore the squareot of the sum of thesquares calculation applies.

sigma
+12VDC (idle 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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5 volt current during read/write operations.

Figure 8.
1. Read/writebaseline voltage.

2. Read/writepulse. The width of the pulse iproportional to the number ofonsecutive blocks read or
written. The 5 volt supplynust be able t@rovide the required current during this event.
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Typical 12 volt current.

Figure 9.

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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Typical 12 volt spin-up current.

Figure 10.
1. Maximumslewrate is 20 amps/millisecond.

2. Current drops off asnotor comes up tospeed.
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4.2.4 Power Supply Ripple

Externally Generated Ripple!!

as seen adrive power connector Maximum Notes
+5VDC 200 mV 0-20 MHz
peak-to-peak
+12VDC 200 mV 0-20 MHz
peak-to-peak

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

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

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

4.2.6 Hot plug/unplug support

Powersupply and SCSI bus hot plug and un-plugaitowed for the 50 and 68 pironnectordrives only.
Hot plugging the 80 pin singleonnector model is not recommendsthce provisions are notavailable to
determine which electrical contact is mafitst. There is nospecialsequence required for connecting 5 or 12
volts. During a hotplug-in event thedrive being pluggedvill draw alargeamount ofcurrent at the instant
of plug-in. This currentspike is due to charging the bypass capacitors ondifinee. Thiscurrent pulse may
cause thepower supply to go out ofegulation. If this supply is shared byther drivesthen a lowvoltage
power onreset may be initiated othosedrives. Therefore the recommendation for hplugging is tohave
one supply for eachdrive. Never daisy chain the powereads if hot plugging isplanned. Hotplugging
should be minimized to prevemtear on thepower connector and@antalumcapacitor (surge currengtress.

Hot plugging theSCSI bus maycauseglitches on thebus. To minimize the chance daflitching, it is
recommended to plug in the SCSI bbefore thepower isapplied. In additionproper ESDprocedures
should befollowed prior to plugging theSCSI bus toinsure that the Drive ground is at the samegoltage
potential as the SCSI buSround.

During hotplugging, the suppliemmust not goover theuppervoltage limit.
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During hotun-plugging if the operating shodknit specification can be exceedéden thedrive should be
issued aSCSI Stop Unitcommand that isllowed tocompletebefore un-plugging.

11 This ripple must not cause the powsupply to the drive to go outside of the/-5 % regulation tolerance.
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4.2.7 Additional 5V Power Requirements for  Differential

The following currentvalues aremeasuredralues. Safety factorsave not been applied.

4.2.7.1 Additional Current Required for 68 pin models:

Population
Additional Power Supply Current Notes Mean
+5VDC (idle avg) 0.10 Amps
+5VDC (R/W baseline) Typical 0.06Amps
+5VDC (R/W pulse) Base-to-peak 1.6mps

As a reminder, when determining the curremcessary tasupply thedifferential cards, only one drive per
SCSI bus may beelectedtherefore only onarive perSCSI bus may bainking themaximum 5Vcurrent.
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4.2.8 Bring-up Sequence (and Stop) Times

Power-Up Start-Up
-t g B
) Complete
Spin-Up Init. Servo Upload Code BATS2 Reassigns,etc.
-~ B L - ol g i*d B
]
]
]
Reset, Inifialize and i
’ ]
]
]
]
T ]
i
4 & 4
& 3 ¥ |
T i /
/ Y /
/ | /
/ \\ /f
Auto Start function enabled i
Power On or Start Unit command ;Itlez;e:gg \tl?lri(;c:grtnmands.

issued at this time.

Figure 11. Start Timéiagram

Note: BATS is theabbreviation forBasic Assurance Tests.Start-upsequence spins up the spindtetor,
initializes the servo subsystemuploads code, performsBATS2 (verifies read/write hardware), resumes
"Reassign in Progressdperations, and more. For more information on the stagaguencerefer to the

DFHS Interface Specification

Note: If a RESET isissued before the driveomesready, thepower onsequencewill startagain. In all
othercasesvhen aRESET isissued thepresent state of thmotor is notaltered.

Note: References.10.1.1.3,'Start/Stop Unit Time” onpage 55 for additionadletails.

Note: See 7.4,“Spindle Synchronization” ormpage 84 for detailsabout Start-up timeincreases when the
device isrequested vidMode Parameters to synchronize tepindlemotor toanotherdevice.

Note: A 12 second timer is started whennaotor stop command isssued. Amotor startcommand must
wait until that time hasexpired beforeattempting to start thenotor. Therefore if youissue astop motor
command and themmmediatelyissue astartmotor command iwill take anadditional 12 seconds.

Event Nominal Maximum Notes
Power-up 1.5 sec 2.0 sec *SeeFigure 11
Start-up 12.4 sec 45 sec *SeeFigure 11
Spin-up 8.2 sec 29.2 sec *SeeFigure 11
Spindle Stop 6.0 sec 12.0 sec

Table 3.Bring-up Sequence Times and Stdpne for S1x Models
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Event Nominal Maximum Notes
Power-up 1.5 sec 2.0 sec *SeeFigure 11
Start-up 17.6 sec 45 sec *SeeFigure 11
Spin-up 13.2 sec 29.2 sec *SeeFigure 11
Spindle Stop 9.0 sec 12.0 sec
Table 4.Bring-up Sequence Times and Stdpne for S2x Models
Event Nominal Maximum Notes
Power-up 1.5 sec 2.0 sec *seeFigure 11
on page 36
Start-up 16.5 sec 45 sec *seeFigure 11
on page 36
Spin-up 11.7 sec 30.9 sec *seeFigure 11
on page 36
Spindle Stop 8.0 sec 12.0 sec

Table 5.Bring-up Sequence Times and Stdpne for S4x Models
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5. Performance

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

All times listed in this chapter ardypical valuesprovided for information only, sahat theperformance for
environments and workloadasther than those shown axamples can bapproximated. Actuaminimum
and maximumvalueswill vary dependingupon factors such as workload]ogical and physical operating
environments.

5.1 Environment Definition

Drive performance criteria is based on tHellowing operating environments. Deviations fronihese
environments mayause deviationfrom values listed inthis specification.

Block lengths ardormatted at 512 bytes per block.

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

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

( 512KB )
# of segments

ub/lba + 2

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

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

ReadCaching andReadAhead functions arenabled except wheneoted.

The initiator delay while transferringSCSI command,status,message, andatabytes is assumed to be
zero.

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

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

« Averages ardased on a samplgize of10,0000perations.
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5.2 Workload Definition

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

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

5.2.2 Random

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

5.3 Command Execution Time

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

Seek

Latency

CommandExecution Overhead
DataTransferto/from Disk

5. DataTransferto/from SCSI Bus

PobdPR

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

The following graphsshow CommandExecution Times for fougenericworkloads

SequentiaReads - RandomReads
Sequential Writes « RandomWrites

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

Note: Times arecalculated with TypicaData Sector TransfeRates for S4xmodels and ar@averaged over
the entire drive.

Note: Below, "TCQing"meansTaggedCommandQueueing and "Qd" is thaveragenumber of commands
gueued by thalrive at onetime.
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Figure 19.ReadCaching &ConcurrentCommand
Processing enabled,CQing
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5.3.1 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 angopulationaverages, and vary as a
function of operating conditions. Thealues used in thgraphs showingCommandExecution
Times for sequentialcommands is 0 ms and thealues forrandom commands are shown in
section 4, “Specifications” on page 11.

Latency

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

Command Execution Overhead
The average timeadded to theCommandExecution Time due to th@rocessing of thesCSI
command. ltincludes all time the drivespends not doing disk operation or SCSI dat&ransfer,
whether or not it is connected to the bySee 5.6,'Read CommandPerformance” orpage 49
and 5.7, “WriteCommandPerformance” orpage 51 for examples of detailed descriptions of the
components ofCommand Execution Overhead.) Thealue of this parametervaries greatly
dependinguponworkloads and environments.

The following values are@ised when calculating théommandExecution Times.

Workload Command Execution SCSI Bus
SequentiaRead (wo/RA -w/RA) .85 - .41 .03
Sequential Write .88 .04
Random Readwo/RA - w/RA) .28 - .58 .03
RandomWrite .38 .04
Note: "w/RA" means aReadAheadoperation is inprogress whemommand isreceived."wo/RA" means aReadAhead is not in
progress.

Table 6. Overhea&/alues. (All times are in milliseconds.)

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

SCSI BusOverheadis defined as the time the devicedennected to the busansferring allSCSI
Command, Status antMessagephase information bytes. Thigicludes any processing delays
between SCSI Bugphaseswhile remaining connected to th8CSI Bus. Initiatordelays while
transferringinformation bytes are assumed to be zefidhis time does not include th&CSl Data
phasetransfer. (See 5.6;Read CommandPerformance” onpage 49 and 5.7, “Writ€ommand
Performance” onpage 51 formore detailed descriptions of the&eomponents of SCSI Bus
Overhead.)

Post Command Processingime of .33 ms is defined as the average timexjuired for process
cleanupafter thecommand hasompleted. If a re-instruct periofhsterthan this time is used,
the difference issdded 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 interndbuféda
This iscalculated from:

(DataTransferred)/(Media TransfdRate).
There are four interpretations of MediransferRate. How it is to beused helpsdecidewhich
interpretation is appropriate tase.
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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 associateaith eachindividual sector.This is calculated from:

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

(Contact an IBM CustomerRepresentative forindividual sector times of the various
formatted blockiengths.)

Note: Theserates are used thelp estimateoptimum SCSIBuffer Full/Empty Ratios.
3. TheoreticalData Sector TransfeRate

Also includes time required fotrack andcylinder skew andoverhead associatedith each
track.

Each group ofcylinders with a differenmumber ofgross sectors perrack iscalled anotch.
The following shows how the value fonotch #1 for S4x models isalculated. For thether
notches and blockengths 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

time for 1 cyl of data = {(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)(.061705)

12.032msec/cyl

= (cylinder skew)(avg. sectdime)

= (25)(.061705)

= 1.543msec/cyl

Data Sector Transfer Rate =

time for track skews

time for 1 cyl skew

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

= 7.517MB/sec(Notch #1)
Note: See 4, “Specifications” on page 11 for the descriptions of

. tracks/cyl (trk/cyl)

« grosssectors/track (gs/trk)

« spares/cyl (blspr/cyl and b2spr/cyl)
« user bytes/sector (ub/sct)

« grossbytes/sector (gb/sct)

See 5.8,'Skew” on page 52 for the descriptions of

« track skew (tss)
« cylinder skew (css)
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Average sector times perotch can becalculated as follows:
« averagesector time (ast) =

1 sec
120.045 x gs/trk

4. Typical DataSector TransfeRates

Also includes theeffects of defectivesectors and skipped revolutions due to errecovery.
(See Appedix B. of the DFHS Interface Specification for a description of errorecovery
procedures.)

Rates fordrivesformatted at 512 bytes/block are locatedTiable 7.

Model Type All S4x S2x S1x

Notch # Instantaneous 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 typicallyorst casevalue of3.16 errors in 18 bits read at nominatonditions
for soft error rate.

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

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

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

Data Transfer to/from SCSI Bus

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

The SCSI dataransfer rate iddependent on the mode, either synchronous or asynchronous. It
also dependsipon thewidth of the datgpathused. 8 and 16 bit transfers asapported.

When thedrive is configured for an 8 bit wide transfer synchronous dataransfer rate of 10
MB/sec can be realized. The 16 bit wideaximumsynchronous dat&ransfer rate is 20/B/sec.

The asynchronous dat@mansfer rate isdependent on both the initiator and targiglays to the
assertion and negation of tH@CSI REQ and ACK signals. It ialso dependent on SCStable
delays. The drive izapable of supporting up to 5 MegaTransfer/sesynchronous dat&ansfer
rates.

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

The SCSI Bus Overhead data is niotluded in the calculatiorsincesome of it'scomponents aralso
components ofCommand Execution Overhead and the remainir@pmponentsoverlap the Data
Transferto/from Disk. (See 5.6,'Read CommandPerformance” orpage 49 and 5.7, “Writ€ommand
Performance” orpage 51 for details.)

The PostCommandProcessing times are natomponents of th&CommandExecution timetherefore
they are not included in the calculation ehvironmentswere there-instruct periodexceeds thePost
CommandProcessing time.

With Read Ahead enabled, this specification measuresRaad orWrite commandwhen theimmediately
precedingcommand is a Read comman@vhich starts up theRead Ahead function). If thepreceding
command is aVrite command, then théme difference due td(ReadAhead iszero.

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

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

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

The effects of idletime functions are not included in thabove examples. The5.2.1, “Sequential” on
page 40 and 5.2.2;Random” on page 40 both defineenvironmentswhere theeffects due toincreased
commandoverhead of IdleTime Functionsupon Commandxecution time ardess than 0.15 %.

5.4 Disconnection During Read/Write Data Phase

If a nonzeroMaximum Burst Size parameter specified, the drivelisconnectsafter transferring theaumber
of blocks specified by theMaximum Burst Size parameter. This disconnectiogguiresapproximately 33
pusec and the subsequent reconnectieuiresapproximately 20 gec.

The drive alsodisconnects prior tacompletion of theData phase if thedrive's internal databuffer cache
segment becomesempty during a Read command ofull during a Write command.This disconnection
occurs regardless of theMaximum Burst Size parameter. Thisntermediate disconneatauses agpause of
approximately0.24 msec during theData phase. This disconnectiorequiresapproximately 33 pusec and the
subsequent reconnectigaquiresapproximately 20 gec.

5.5 Effects of Different Environments

5.5.1 When Read Caching is Enabled

For readcommandswith ReadCaching enable@ommandExecution time can be approximated Hgleting
Seek,Latency andData Transferto/from Disk timesfrom those shown on thgraphs if all of the requested
data isavailable in a cacheegment (cache hit)Whensome, but notll, of therequested data iavailable in

a cache segment (partial cache Hitata Transferto/from Disk will be reduced but not eliminateseek and
Latency may or may not be reduced dependuppn thelocation of requested data not in the cache and
location of the read/write heads at the time tbemmand wasreceived. Thecontribution of theData
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Transferto/from SCSI Bus to th&CommandExecution time mayincrease since a larger, @ntire, portion
of the transfer may no longer be overlapped with teenponents thaiverereduced.

5.5.2 When Write Caching is Enabled

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

The reduced timesffectively areadded to thePostCommandProcessinglrime.

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

Like TaggedCommandQueuing, when the WCE bit is set Back-To-Bagkite commands are supported.
See 5.5.4.2/Back-To-BackWrite Commands” onpage 48 formore information.

5.5.3 When Adaptive Caching is Enabled

The Adaptive Caching featurattempts toincreaseRead Cache hit ratios bymonitoring workload and
adjusting cachecontrol parameters, normally determined by thsing system via theSCSI Mode
Parameters, with algorithmssing the collectedvorkload information.

5.5.4 For Queued Commands

The effects ofCommandExecution Overhead can breducedsignificantly if TaggedCommandQueuing is
enabledsincemore than 1 command can loperated on concurrently. For instanaehile a diskoperation
is being performed for oneommandanothercommand can beeceived via theSCSI bus andlaced in the
devicecommandqueue. Certain environments maguseCommandExecution Overhead tincrease if the
added function to process tlpieue and thenessages associated wigiueueing is not permitted to overlap
with a disk operation.

5.5.4.1 Reordered Commands

If the Queue AlgorithmModifier Mode Parameteffield is set toallow it, commands in thelevicecommand
gueue may beexecuted in adifferent order than they were received. @Gmmands areeordered sahat the
Seek portion of CommandExecution time is minimized. Theamount 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 aalgorithm that gives theusing system
the ability to place newcommands into thedrive command queue execution orderrelative to the

outstandingcommands in thequeue. Forexample, if a request is sent to thigive that the using system
prioritizessuchthatit's completion time isnore important than one or more of tleitstanding commands,
the using system can increase the likelihatiht command isxecuted beforeéhose others bysing a tag

value greater thamhose outstanding commands. See fDEHS Interface Specification for more details

aboutthis reorder algorithm.
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5.5.4.2 Back-To-Back Write Commands

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

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

Note: This case is foRandomSCSIRead commandsyith ReadAheaddisabled.

Figure 20. SCSRead commangherformance measurements

5.6.1.1 SCSI Bus Overhead

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

S1 Selectionldentify Msg., Command Descriptor Block (CDB) 12 pysec

S2a SaveData Pointers (SDP) Msg. 1 usec
S2b DisconnectMsg., BusFree 1 usec
S3 Arbitrate, Reselect,Identify Msg. 7 usec
S4 Start SCSI transfer in 3 psec
S5 SCSI busdata transfer in (Transfer size)/(SCSData TransferRate)
S6 SCSlread ending processing 2 usec

S7 Status,Command CompleteMsg., BusFree 2 psec

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

DFHS FunctionalSpecification .... RevisionDate: November 91994 —— Page 49 of 98 —



5. Performance

5.6.1.2 Command Execution Overhead

P1 Selection,ldentify Msg., CDB 12 psec

P2a SDP Msg. 1 usec

P2b DisconnectMsg., BusFree 1 usec

P3 Start seek orhead switch 258 psec

P4 Seek orhead switch (for example, average seek)ReadSeek = 6.9, 7.5 or 8.éhsec)

P5 Set up read disktransfer 0 psec

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

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

P11 Status,Command CompleteMsg., BusFree 2 psec

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

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

Note: This case is foRandomSCSIWrite commandswith ReadAheaddisabled.

SCSI bus usage time (Write command)

[ — /R R VI T (|
r S S R A A Y

Figure 21. SCSI Writeommandperformance measurements

5.7.1.1 SCSI Bus Overhead

Note: All times listed in this section are provided foinformation only sothat theperformance forother

environments can be approximated.
specification.

S1 Selectionldentify Msg., CDB
S2a SDP Msg.

S2b DisconnectMsg., BusFree

S3 Arbitrate, Reselect,Identify Msg.
S4 start SCSI transfer out

S5 SCSI busdata transfer out

S6 End SCSiltransfer out

S7A SDP Msg.

S7B DisconnectMsg., BusFree

S8 Arbitrate, Reselect,Ildentify Msg.
S9 Status,Command CompleteMsg., BusFree

Note:
(0.04 msec total).

DFHS FunctionalSpecification ....
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Thesemponent times should not be measured against the

12 psec
1 psec
1 psec
7 usec
2 psec
(Transfer size)/(SCSData TransferRate)
3 usec
1 psec
1 psec
9 pusec
2 usec

The SCSI bus overhead for write command iscomposed 0fS1,52(a&b),S3,54,56,S7,S8 and S9.
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5.7.1.2 Command Execution Overhead

P1 Selection,ldentify Msg., CDB 12 psec

P2a SDP Msg. 1 usec

P2b DisconnectMsg., BusFree 1 usec

P3 Start seek 258 psec

P4 Seek(for example, average seek) (Write Seek = 9.0, 9.0 or 9.;\sec)
P5 Set up write disk transfer 0 psec

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

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

P9 SCsSlwrite ending processing 25 usec

P10 Arbitrate, Reselect,|dentify Msg. 9 usec

P11 Status,Command CompleteMsg., BusFree 2 psec

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

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

5.8 Skew

5.8.1 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 anckcording densitynotch #), andreassignallowance sectors (ras = 3) used
to maintainoptimum performance over thaormallife of the drive.

Note: The values in theSCSI Mode Page 3 'CylinderSkew Factor' are notchspecific non-synchronized
spindle mode values. The value footch 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 39 39 39 37 35 33 33 33 33 29
512 25 25 24 23 22 21 21 20 19 18
520 23 23 23 23 21 21 20 19 19 18
522 23 23 23 22 21 21 20 19 19 17
524 23 23 23 22 21 21 20 19 19 17
528 23 23 23 22 21 21 20 19 19 17
688 19 19 19 18 17 17 17 17 15 15
744 18 18 18 17 17 17 15 15 14 14
Note: Contact an IBM Customer Representative f@lues atother formatted blockengths.

Table 8. Optimal Cyihder 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 spindi@mode, cylinder skew is

calculateddifferently. The cylinder skewcalculations do not takénto accountknown defective sites. To

prohibit revolutions frombeing missed on cylinder crossings llyives formatted while in a synchronized

spindle mode, anextra allowance for &efects isaddedthat is notadded when optimally formatted in a
non-synchronized mode.

5.8.2 Track to Track Skew

Note: The values in theSCSI Mode Page 3'Track Skew Factor' are notcépecific values. 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
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

5.9 Idle Time Functions

The execution of various functions by thérive during idle times may result indelays of commands
requested bySCSl initiators. 'ldle time' is defined astime spent by thedrive not executing acommand
requested by &CSlinitiator. The functions performed durinidle time are:

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

Savelogs and Pointers

Disk Sweep

ocooprwNE

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

Note: CommandTimeoutLimits do not change due tmlle time functions.

All Idle Time Functionshave mechanisms tessenperformance impacts fagritical response time periods of
operation. And in some&ases virtuallyeliminate those impacts from an Initiator'point of view. All Idle
Time Functionswill only be started if thalrive has not received 8CSIcommand for ateast 5seconds (40
seconds for Sweep). Thimeans thamultiple SCSIcommands areaccepted and executedithout delay if
the commands areeceived by the drivavithin 5 secondsafter thecompletion of apreviousSCSIcommand.
This mechanism has thieenefit of not requiringspecialsystem softwarégsuch 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 reinstruction period, may consider synchronidiegctivities to thesystem needs
through use of theLITF bit in Mode Select Page 0, and theRezero Unitcommand. See th®FHS
Interface Specificationfor more details.

Following are descriptions of the various typesidlie functions, how often theyxecute and theiduration.
Duration isdefined to be themaximum amount of time thactivity can add to a&aommand when ne@rrors

occur. Nomore than oneadle function will be interleavedwith eachSCSIcommand.

Following the descriptions is aummary of thepossibleimpacts to performance.
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5.9.1 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 theaumber ofheads a particulamodel has. Thalrive attempts tospread the measurements
evenly intime and eachmeasurementakes 100 milliseconds.

For example, a model with 8 heads performs one run out
measurement every 7 1/2 minutes (60 / 8).

5.9.2 Servo Bias Measurements

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

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

5.9.3 Predictive Failure Analysis
Predictive Failure Analysismeasuregrive parameters and can predict ifdaive failure isimminent.

Eight different PFA measurements are taken feach head. All measurements for all headstakenover a
period of 4 hourstherefore the frequency of PFA @ependent on theumber ofheads a particulamodel
has. Thedrive attempts tospread the measuremerggenly in time andeachmeasurementakesabout 80
milliseconds.

For example, a model with 8 heads will perform one PFA measurement
every 3.7 minutes (240 / 8*8).

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

This measurement/analysisature can be disabled for criticaésponse time periods @peration bysetting
the Page OhHMode ParametelLITF = 1. The using system also has theption of forcing execution at
known times byissuing theSCSI RezeraUnit command if thePage OhMode Parameter TCC = 1. All
tests for all headsccur at thosetimes. See thdDFHS Interface Specification for more details about
PFA,LITF andTCC.

5.9.4 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.
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5.9.5 Save Logs and Pointers

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

Logs aresaved every 35ninutes. Theamount of time ittakes toupdate thelogs variesdepending on the

number oferrorssince the lasupdate. Inmostcasesupdating thosdogs and thepointers to thosdogs will
occur inless than 30milliseconds.

5.9.6 Disk Sweep

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

5.9.7 Summary

Idle Time Function Type Period of Occurance (minutes) Duration (ms)

Servo Run Out 60/(trk/cyl) 100

Mechanism to Delay/Disable

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

5.10 Command Timeout Limits

The 'CommandTimeout Limit' isdefined as the timgeriod from the SCSI Arbitration phadérough the
SCSICommandCompletemessage, associatedth a particularcommand.

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

5.10.1.1.1 Reassignment Time: The drive should be allowed minimum of 30 sec tccomplete d'Reassign
Blocks" command.

5.10.1.1.2 Format Time: S4x models should be allowedrainimum of 45minutes to complete daFormat
Unit" command.

S2x models should ballowed aminimum of 25minutes to complete &~ormatUnit" command.
S1x models should ballowed aminimum of 15minutes to complete aFormatUnit" command.

5.10.1.1.3 Start/Stop Unit Time: The drive should be allowed aminimum of 45 sec tocomplete a
"Start/Stop Unit"command(with Immed bit = 0).

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

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

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

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

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

5.10.1.1.5 Timeout limits for other commands: The drive slould be allowed aminimum of 5 sec to
completethesecommands:

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

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

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

6.1 Weight and Dimensions

SIx & S2x Models S4x Models
U.S. S.I. Metric U.S. §.I.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

6.2 Clearances

A minimum of 2 mmclearance should be given to thettom surface except for a 10 mmmaximum
diameter arearound thebottom mounting toles. Figure 22 and Figure Zhow theclearance
requirementgNote 1). For propecooling it issuggestedhat aclearance of 6 mm be providachder the
drive and on top of the drive.

There should be 7 mm aflearancébetween thealrivesthat are mounted withheir top sides (sed-igure 39
on page 92 for topview of drive) facingeachother.

6.3 Mounting

The drive can bemounted with anysurface facingdown.

The drive is available with botkide andbottom mountingholes. Refer to Figure 22 to Figure 24 for the
location of theseanountingholes for each configuration.

The maximumallowablepenetration of the mounting screws is 3.8 mm.
The recommended torque to lagplied to themounting screws is 0.8 Newton-meters +/- 0.4

Newton-meters. IBMwill provide technicabupport tousersthat wish to investigate differeninounting
torques intheir application.

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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1) Bottomclearance required b§.2,“Clearances” on page 57.

2) Dimensions are in milineters.

Figure 22. Location oSide Mounting Holes of S1x & S2x Models
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Figure 23. Location oSide Mounting Holes of S4x Models
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pattern. The 50 pin connector is shown, other connectdlidook

different asshown onFigure 25 to Figure 28.

2) Dimensions are in rlimeters.

Figure 24. Location of Bottom Mounting Holes of all Models
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6.4 Electrical Connector Locations

The electricalconnectors are located abown inFigure 25 to Figure 28. The fropumper pinlocations
are shown inFigure 29
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1) Dimensions are imillimeters.

Figure 25.Electricalconnectors (reaview) -- 80 pin SCAmodels.
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1) Dimensions are imillimeters.
Figure 26.Electricalconnectors (bottonview) -- 80 pin SCAmodels.
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Figure 28.Electricalconnectors (reaview) -- 50 pinmodels.

—— Page 64 of 98 —

DFHS FunctionalSpecification .... RevisionDate: November 91994



6. Mechanical

lp=t
B ———

Notes:

2) 80 pin models do not have titerminator power (2 pin) jumper
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1) Dimensions are imillimeters.

Figure 29.Jumper pinlocations (frontview)
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7. Electrical Interface

7.1 Power Connector

The DC power connectonssed on all model$50,68 and 80 pin SCA) are an integgabrtion of the 50, 68
pin SCSI 'Unitized' Connectors or the 80 pBingle Connector Attachmen{SCA) Connector.

50 pin models use an AMP connector (RBBM160-1)that iscompatible with theANSI SCSI "A" connector
specifications.

68 pin models use an AMP connector (P186963-1 )that iscompatible with theANSI SCSI "P" connector
specifications.

80 pin SCA models use a Molex connector (BKX091-0001)
that iscompatible with theSpecification of: 'SingleConnector Attachment fodmall SCSI Disk Drives'
SFF-8015draft document RevisiorB.3.

The usemustinsure Electrical and Physicabmpatibility of the mating connector.

Pin assignments for the 50 and 68 pin modelsstrewn in Table 11.

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

Table 11. Power connector passignments
Refer to Figure 28 ompage 64, for 50 pirpower connector piiocations.
Refer to Figure 27 omage 63, for 68 pirpower connector pitiocations.

Refer to Figure 25 ompage 61 andrable 15 onpage 71 forpower pin locations on th80pin SCA
connector.

Refer to the section entitled.2, “ Power Requirements by Model” omage 15 and 4.2.TAdditional 5V
Power Requirements fddifferential” on page 35, for details on driveower requirements.

7.2 SCSI Bus Connector

DFHS has differentmodeltypesthat support 50 or 68 pin SCRlonnectors irsingle-ended or 68 pin
differential driver/receiveconfigurations. Alsessupported is the 80 pin SCA insingle-ended driver/receiver
configuration.

This sectiondescribes the signassignments of th&®FHS SCSI connectors.
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7.2.1 50 Pin Signal Connector

50 pin models use an AMP PN 84160ctbnnector. The connector is compatible with thBSI SCSI "A"
connectorspecifications. It is limited to 8 bit data transfesaly. Refer to Figure 28 opage 64 for a rear
view of the 50 pinmodel connector.

The SCSI connector contaassignments for the 50 pin single-endaddel is shown in Table 12 on
page 68.

Signal Name Connector Contact Signal Name
Number
GROUND 1 2 -DB(0)
GROUND 3 4 -DB(1)
GROUND 5 6 -DB(2)
GROUND 7 8 -DB(3)
GROUND 9 10 -DB(4)
GROUND 11 12 -DB(5)
GROUND 13 14 -DB(6)
GROUND 15 16 -DB(7)
GROUND 17 18 -DB(PO)
GROUND 19 20 GROUND
GROUND 21 22 GROUND
GROUND 23 24 GROUND
OPEN 25 26 TERMPWR
GROUND 27 28 GROUND
GROUND 29 30 GROUND
GROUND 31 32 -ATN
GROUND 33 34 GROUND
GROUND 35 36 -BSY
GROUND 37 38 -ACK
GROUND 39 40 -RST
GROUND 41 42 -MSG
GROUND 43 44 -SEL
GROUND 45 46 -C/D
GROUND 47 48 -REQ
GROUND 49 50 -110

Table 12. 50 PirSingle-Ended SCSConnector ContacAssignments

7.2.2 68 Pin Signal Connector
68 pin models use an AMP connector (P186963-1)that iscompatible with theANSI SCSI "P" connector
specifications. It can transfer data in both 8 fnrrow) and 16 bi{wide) modes. Refer to Figure 27 on

page 63 for a reaview of a 68 pinmodel.

The SCSI connector contaassignments for the 68 pin single-ended modelsséy@wn in Table 13 on
page 69.

The SCSI connector contaassignments for the 68 pidifferential models arshown in Table 14 on
page 70.

DFHS FunctionalSpecification .... RevisionDate: November 91994 —— Page 68 of 98 —



7. Electrical Interface

Signal Name Connector Contact Signal Name
Number
GROUND 1 35 -DB(12)
GROUND 2 36 -DB(13)
GROUND 3 37 -DB(14)
GROUND 4 38 -DB(15)
GROUND 5 39 -DB(P1)
GROUND 6 40 -DB(0)
GROUND 7 41 -DB(1)
GROUND 8 42 -DB(2)
GROUND 9 43 -DB(3)
GROUND 10 44 -DB(4)
GROUND 11 45 -DB(5)
GROUND 12 46 -DB(6)
GROUND 13 47 -DB(7)
GROUND 14 48 -DB(P0)
GROUND 15 49 GROUND
GROUND 16 50 GROUND
TERMPWR 17 51 TERMPWR
TERMPWR 18 52 TERMPWR
OPEN 19 53 OPEN
GROUND 20 54 GROUND
GROUND 21 55 -ATN
GROUND 22 56 GROUND
GROUND 23 57 -BSY
GROUND 24 58 -ACK
GROUND 25 59 -RST
GROUND 26 60 -MSG
GROUND 27 61 -SEL
GROUND 28 62 -C/ID
GROUND 29 63 -REQ
GROUND 30 64 -1/0
GROUND 31 65 -DB(8)
GROUND 32 66 -DB(9)
GROUND 33 67 -DB(10)
GROUND 34 68 -DB(11)

-DB(8), -DB(9), -DB(10),

defined.

Note: 8 bit devices whictconnect to theP-cable should tie théollowing signals inactive (high):

-DB(11), -DB(12), -DB(13), -DB(14), -DB(15);DB(P1). All othersignals shall beonnected as

Table 13. 68 PirSingle-Ended SCSConnector ContacAssignments
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Signal Name Connector Contact Signal Name
Number
+DB(12) 1 35 -DB(12)
+DB(13) 2 36 -DB(13)
+DB(14) 3 37 -DB(14)
+DB(15) 4 38 -DB(15)
+DB(P1) 5 39 -DB(P1)
GROUND 6 40 GROUND
+DB(0) 7 41 -DB(0)
+DB(1) 8 42 -DB(1)
+DB(2) 9 43 -DB(2)
+DB(3) 10 44 -DB(3)
+DB(4) 11 45 -DB(4)
+DB(5) 12 46 -DB(5)
+DB(6) 13 47 -DB(6)
+DB(7) 14 48 -DB(7)
+DB(PO0) 15 49 -DB(PO0)
DIFFSENS 16 50 GROUND
TERMPWR 17 51 TERMPWR
TERMPWR 18 52 TERMPWR
OPEN 19 53 OPEN
+ATN 20 54 -ATN
GROUND 21 55 GROUND
+BSY 22 56 -BSY
+ACK 23 57 -ACK
+RST 24 58 -RST
+MSG 25 59 -MSG
+SEL 26 60 -SEL
+C/D 27 61 -C/D
+REQ 28 62 -REQ
+1/0 29 63 -1/0
GROUND 30 64 GROUND
+DB(8) 31 65 -DB(8)
+DB(9) 32 66 -DB(9)
+DB(10) 33 67 -DB(10)
+DB(11) 34 68 -DB(11)
Note: 8 bit devices whictconnect to theP-cable should tie théllowing signals inactive:
+/-DB(8), +/-DB(9), +/-DB(10), +/-DB(11), +/-DB(12), +/-DB(13), +/-DB(14), +/-DB(15),
+/-DB(P1), or selectENABLE NARROW MODE" on theFront Option JumpeBlock and
'float’ thesamesignals. Allothersignals shall beonnected as defined.

Table 14. 68 PirDifferential SCSIConnector ContacAssignments

7.2.3 80 Pin (Single Connector Attachment) Connector

80 pin SCA models use a Molex connector (BK091-0001)

that iscompatible with theSpecification of: 'SingléConnector Attachment fodmall SCSI Disk Drives'
SFF-8015draft document Revision 3.datedJune 10,1994,

It can transfer data in both 8 b{harrow) and 16 bi{wide) modes. Refer to Figure 25 opage 61 for a rear
view of an 80 pinmodel.

DFHS FunctionalSpecification .... RevisionDate: November 91994 —— Page 70 of 98 —



7. Electrical Interface

Note that the"SCA" connector is not mechanically compatible with the 50-pin "A" connector or the 68-pin "P"
connector agdefined in theANSI| SCSistandard. Thisconnector isintended for direct backplanattachment
and is not intended to beableattached to thébus.

The SCSI connector contaassignments for the 80 pin single-ended modelssiy@wvn in Table 15.

Signal Name Connector Contact Signal Name
Number
12 Volt 1 41 12V Ground
12 Volt 2 42 12V Ground
12 Volt 3 43 12V Ground
12 Volt 4 44 12V Ground
Reserved /NC 5 45 Reserved /NC
Reserved /NC 6 46 Ground
-DB(11) 7 47 Ground
-DB(10) 8 48 Ground
-DB(9) 9 49 Ground
-DB(8) 10 50 Ground
-1/0 11 51 Ground
-REQ 12 52 Ground
-C/D 13 53 Ground
-SEL 14 54 Ground
-MSG 15 55 Ground
-RST 16 56 Ground
-ACK 17 57 Ground
-BSY 18 58 Ground
-ATN 19 59 Ground
-DB(P0) 20 60 Ground
-DB(7) 21 61 Ground
-DB(6) 22 62 Ground
-DB(5) 23 63 Ground
-DB(4) 24 64 Ground
-DB(3) 25 65 Ground
-DB(2) 26 66 Ground
-DB(1) 27 67 Ground
-DB(0) 28 68 Ground
-DB(P1) 29 69 Ground
-DB(15) 30 70 Ground
-DB(14) 31 71 Ground
-DB(13) 32 72 Ground
-DB(12) 33 73 Ground
5 Volt 34 74 5V Ground
5 Volt 35 75 5V Ground
5 Volt 36 76 5V Ground
SLAVE SYNC 37 77 Active LED Out
AUTO START 38 78 AUTO START DELAY
SCSIID(0) 39 79 SCSIID(1)
SCSIID(2) 40 80 SCSIID(3)
Note: 8bit devices whictconnect to the SCA connector should tie fldowing signals inactive
high: DB(8), DB(9), DB(10), DB(11), DB(12), DB(13), DB(14), DB(15RB(P1) or select
"ENABLE NARROW MODE" on theFront Option JumpeBlock and'float' thesamesignals.
All other signals shall beonnected as defined.

Table 15. 80 Pin SCA Connector Contasssignments

DFHS FunctionalSpecification .... RevisionDate: November 91994 —— Page 71 of 98 —



7. Electrical Interface

7.2.4 SCSI Bus Cable

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

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

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

The ANSI SCSI standardtatesthat any stubfrom main cablemust notexceed 0.Ineters forsingle-ended

cables and 0.2neters fordifferential cablesDFHS has a maximuninternalstublength of 0.05 meters on
all 'singleended' SCSI signals, and Oreters on all 'differentialSCSI signals. To remain compliant with
the standard the SCSI busblemust not add more tha®.05 meters additionastublength to any of the
single-endedsCSlsignals or 0.1meters to anydifferential SCSI signals.

7.2.5 SCSI Bus Terminators (Optional)

Upon requestSingle Ended 50 and 68 pin models aagailable with on card&8CSI busActive terminators.
(Pleasecontact your IBM CustomeRepresentative for the appropriatard PN ).

For thosecards having the Activd8erminationfeature, thisfunction can be enabled hwpstalling ajumper
between pins 13 and 14 of theront Option JumpemBlock or connecting pins 9 and 10 of thauxiliary
Connector on 68 SCSI pimodels. (Refer to Figure 30 opage 75Figure 31 onpage 76,

and Figure 34 orpage 79.) The usingystem is responsible for making suteat allrequiredsignals are
terminated at both ends of tlmable. See 7.2.7SCSI BusElectrical Characteristics” on page 73 fmput
capacitanceralues wherterminators aralisabled and wheterminators are not populated on thard.

80 pin SCA models do not have intern@CSI bus terminators.

Some externalerminatorpossibilities forsingleended cabled systems disted below:

50 Pin Model Terminators

68 Pin Model Terminators

Methode Data Mate
DM550-06-0

Methode Data Mate
DM2050-02-68S

Table 16.SingleEndedSCSITerminators

Differential models do nohave internalSCSI bus terminators. Somexternalterminatorpossibilities are

listed below:

50 Pin Model Terminators

68 Pin Model Terminators

Methode Data Mate
DM550-05-0

Methode Data Mate
DM1050-02-0

Methode Data Mate
DM2050-01-68D

Table 17.Differential SCSITerminators
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7.2.6 SCSI Bus Termination Power

Termination power i®ptionally provided forsystemsthat desire to use it. Irorder to use the termination
power, theuser needs to install mmperbetween pins 1 and 2 of theermPowerBlock. (Refer to

Figure 30 onpage 75Figure 31 onpage 76.) Thgumper should only bénstalled on one devicayhich
should be thdast device on th&CSl bus(i.e. the drivethat isphysically closest to aerminator). 68 pin
models can source up to 2Amps of current at 5.0 Volts (+- 5%) fotermination power. 50 pin models
can source up to 1.Bmps ofcurrent at 5.0 Volts (+- 5%) fotermination power.

7.2.6.1 SCSI Bus Termination Power Short Circuit Protection

The ANSI SCSlspecificationrecommends fodevicesthat optionally supplyTERMPWR, toinclude
currentlimiting protection foraccidentalshortcircuits. It alsorecommends that thmaximumcurrent
available forTERMPWR should be 2Amps. UL has aifferentrequirementthat they call the 8 Amprule.
This rule stateghat when apower sourceleaves arenclosurglike SCSITERMPWR in theSCSlcable), it
musttrip 8 Amps of current within 1 minute.

The drive limitscurrent to 5.0Amps thru the use of a permanent fuse mounted onetlketronics card.

Systems may also providghortcircuit protection fordrive suppliedTERMPWR bylimiting the current of
the 5 Volt power itsupplies to the drive.

7.2.7 SCSI Bus Electrical Characteristics

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

Ta= 0to 70 deg. C

Symbol SCSI 1/0 Parameters min max Units Notes

Vol low level outputvoltage 0.4 \% lout = 48 mA (REQ & ACK), lout = 48 mA (all
others)

Voh high leveloutputvoltage 2.5 \% lout = -400 uA

Vil low level input voltage -0.2 0.8 \%

Vih high levelinput voltage 2.0 5.5 \%

lil low level input current 10 uA

lih high levelinput current 50 uA

Vihys input hysteresis 0.3 \%

Ci input capacitance 25 pF w/terminators disabled

Ci input capacitance 19 pF w/o terminators

Table 18.Single-Ended Bus Electrical Characteristics

Differential modelsmeet allelectricalrequirements adefined in theANSI SCSI-2 standard undéElectrical
Description -Differential Alternative".

7.2.8 Recommendations For SCSI Bus Noise Reduction

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

Use regulated 110 ohrrerminator
Use AWG 28 polyolefin shielded cables
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Make suredata and parity are on theuterring of the cable andhat REQ and ACK are in theore of
the cable.
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7.3 Option Block Connector (Jumper Blocks)

DFHS models contain a jumpéslock that can beused to enable certain features and select3G&| 1D of
the drive. Thisjumperblock isrefered to as théFront' Option JumpeBlock due to it's location on the
drive (opposite the SCSI connector). This jumgsdock varies in pindefinition based onnterfacetype ( 50,
68, Differential, SCA).

The OptionBlock connector(2x16) used on 50 pin models is an AM&nnector (PN84156-4)having a
pin spacing of 2mm. Theins on thisconnectorhave0.030"Gold pating.

The OptionBlock connector(2x16) used on 68 and 80 pin models is an AMBnnector (PN34156-5)
having a pin spacing of 2mm. Thgins on thisconnectorhave0.030"Gold pating.

The front block for theseonnectortypes areshown inFigure 30, Figure 31 opage 76JFigure 33 on
page 78, andrigure 32 onpage 77 note thedifferences inpins 1,2 and 14 based dnterfacetype.

eeeeeee

AuTo  QPT]

WRITE ETART B!

S anms  Arrm PROTECT DELAY mvuc
BLANK MR EXTERNAL o+ o, 7

sCSl 1D ol ACTIVITY LED E |TY ﬁﬁ BLE
ER
o o W NTION
CUSTOM | ZING
11)(1 1 1 1 1 1 1
I .
1 1 1 1 1 "E T
POENATABN:
| I ;
GROUND
UNUSED i%\éE
t5 V
@E?EATION @ gwEER SHOWN SELECT ING TERMINAT ION
JUMPER SHOWN SELECTING SCS| ADDRESS 4

JUMPER SHOWN SELECTING OPTION BLOCK MODE
DEZ éQN ALTERNATE MODE

MODE BIT

NOTE:
PIN 1 AND 2 DO NOT
EXIST IN 30 PIN MODELS

PRRRRHRRRRR LYNAN

GROUND

Figure 30. 50 pinSingleEndedFront Option JumperBlock (& TermPowerBlock)
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Figure 31. 68 pinSingleEndedFront Option JumperBlock (& TermPowerBlock)
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7.3.1 68 Pin Auxiliary Connector

)
]
i
i

Figure 34.Auxiliary Connector on the 68 pin Connector

The 68 pin models contain an 'Auxiliary' connectbiat replicatessome of the functions contained in the
Front Option JumpemBlock. This Connector is shown ifigure Figure 34. TheAuxiliary connectorsignal
definition conforms to the SCSI document: SFF-8009 Rev @&finition with the following exceptions:

1. EXTERNAL FAULT (XTFALT-) is not supported on pin 2
2. AUTO SPINSTART waschosen as the 'vendamique'signalassignment (on

pin 4.) (Thisignal is

an input to thedrive. TheSCSIspec(SCSI SFF-8009}pecifiesthis pin as armoutput.) Thissignal
should beuseful forthose applicationshat want to"auto-start" thedrive based on location dependent

SCSI ID.

This pin should be handled in one of thalowing ways:
a. tied toground (autospin start enabled)
b. allowed to'float' (no connection)

c. drivenwith an opencollector driver(>1mA sink capability)

This connectodoes notsupport thedirectjumpering of SCSI ID athis connector due té&pindle Sync

contentionwith this mode ofoperation.Pleasecontact your IBM CustomeRepresentative if your
application requires thdirectjumpering provision aslefined in theSFF-8009 documentation.

DFHS FunctionalSpecification .... RevisionDate: November 91994

—— Page 79 of 98 —



7. Electrical Interface

7.3.2 SCSI ID (Address) Pins

Information on how toselect aparticular address for th8CSldevice ID is given inTable 19 and Table 20.

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

Note: The jumperedstate of these pins immediatesfter power upwill determine the SCSI IDecognized
by the drive.

BIT 3 BIT 2 BIT 1 BIT O ADDRESS
off off off off 0
off off off on 1
off off on off 2
off off on on 3
off on off off 4
off on off on 5
off on on off 6
off on on on 7
on off off off 8
on off off on 9
on off on off 10
on off on on 11
on on off off 12
on on off on 13
on on on off 14
on on on on 15

Table 19. Address Determination of 68 and 80 Pin Models

BIT 2 BIT 1 BIT O ADDRESS
off off off 0
off off on 1
off on off 2
off on on 3
on off off 4
on off on 5
on on off 6
on on on 7

Table 20. Address Determination of 50 Pin Models

7.3.3 Auto Start (& Delay) Pins

The Auto Start andAuto Start Delay pins controlvhen and how tharive canspin up and comeeady.
When configured forAuto-Startup, themotor spins up aftepower isappliedwithout theneed of aSCSI
Start Unitcommand. For no Auto-Startup,&CSI Start Unittcommand igequired to make therive spin
and be ready for mediaccessoperations. When in Auto-Startup mode, thdrive will delayit's start time by
a period of time multiplied by it's owisCSladdressTable 21 onpage 81 andrable 22 onpage 81show
whether or notAuto-Startup mode isctive and the delaperiods, where applicable, for albmbinations of
the pins.
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Pins (50 & 68 interface pin models)

Drive Behavior

Delay (sec) Multiplier

AUTO START AUTO START Auto-Startup Mode ?
DELAY
off off NO na
off on YES 0
on off YES 10
on on YES 4

Table 21. Auto-StartupModesselectable byAuto-Start/Delay Pin Combinations

Pins (80interface pin models)

Drive Behavior

Delay (sec) Multiplier

AUTO START AUTO START Auto-Startup Mode ?
DELAY
off off YES 0
off on NO na
on off YES 10
on on NO na

Table 22. Auto-StartupModesselectable byAuto-Start/Delay Pin Combinations
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7.3.4 External Activity (LED) Pins

The LED pins can be used tdrive anexternal LightEmitting Diode. Pleaserefer to the LED pinsection
of the DFHS Interface Specificationfor a detailed funtional description of this pin.

EXTERNAL LED ATTACHMENT FOR 5@ AND 6B PIN MODELS
ALl R@, BA ! BRSE OR BADIFF
LED DRIVER ) :
~ OPTION Rl OCK LAl CONNECTAR
I\ : [ALS AW W L [} BRENEE LY
[ N :
I ~ 1 H 1
l/ I_|=| ........ i é I_|=| ......... ;
ir x: B x
& &
I I
I 1 — T 1 M
v 1210 o B R e 115171 o B
+av . +av
1a 11
EXTERNAL LED ATTACHAMENT FOR 88 PIN [(SCA) MACBELS
LED ORIVER
o MDTTAAM D N : A rCOAMICETAD
I\ Ul luiN Ui . T LU U
™ :
| >—15m} -
L~ e I . e '
17 4 77 4
£\ FAY
L L)
—D .........
+85Y +BY
18

Figure 35. External LED Connections

Up to 33 mA of sinkcurrent capability is providedCurrent Imiting for the LED isprovided on the
electronics card. The LEBnode must beied to the +5V source provided on pin 18 of tkeont Option
JumperBlock, pin 11 of the Auxiliaryconnector on th&8pin Unitizedconnector or the 5V powesource
on the 80 pin SCA model to obtain thlspecifiedcurrentlimit. The LED Cathode is thermonnected to the
EXTERNAL ACTIVITY or ACTIVE LED OUT Pin to complete thecircuit.

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

Note: 68 pin and 80 pin SCA SCSI modelmave twosets ofpins, a set on the front and a set on the back,
that areconnected to the same LE®@river circuit. Thecombineddrive capability is stated above.

7.3.5 Write Protect Pin

If the Write Protect pin is jumpered to ground tlieive will prohibit SCSI commands thaiter the
customer datareaportion of themedia frombeing performed. The state of this pinrmsonitored on a per
commandbasis.

See theDFHS Interface Specificationfor functional details.
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7.3.6 Option Block Mode Pin

The OptionBlock Mode pin isused to modify the function of thEront Option JumpeBlock. When the
Option Block Mode Pin is notgrounded(refer to Figure 30 onpage 75Figure 31 onpage 76Figure 33
on page 78, andrigure 32 onpage 77)

the pin function of theFront Option JumpemBlock will be asdefined by theupper portion of theeferenced
figures. When the OptiorBlock Mode Pin isgrounded the pin$25,27,29,31)will be redefined tocontrol
what is refered to asALTERNATE MODE'. ALTERNATE MODE allows tailoring of SCSI options
such asboot up'characteristics andther operationafeatures on a pecustomerbasis.

Pleasecontact your IBM CustomeRepresentative for functionaletails on thecustomization of function
allowed by thismode.

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

7.3.7 Disable T.l.Sync. Negotiation Pin

If a Disable Target Initiateddynchronous Negotiation pin is grounded then an Initiataeguired to start a
negotiation handshake if Synchronoasd/or 'Wide' (DoubleByte) SCSltransfers are desired. Pleasder
to the DFHS Interface Specificationfor more details onthis feature.

7.3.8 Disable SCSI Parity Pin
Groundingthis pinwill disableSCSI Paritychecking.

7.3.9 Disable Unit Attention Pin

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

7.3.10 Customizing Pin

The customizing pin is currentlyeserved forfuture use.

7.3.11 Enable Narrow Mode

Jumpering pin 14 to pin 13 on Figure 32 page 77, ofFigure 33 onpage 78will cause the 68 pin
Differential or the 80 pin SCA tmperate in aSingle Byte mode. Thedrive will not negotiate for
'Wide'(DoubleByte) operation. Thedrive will terminate the unusedpperbyte andupperbyte parity on
the SCSI bus.

7.3.12 Enable Active Termination

SingleEnded 50 and 68 pimodels areavailable with orwithout on-card SCSI bu#éctive terminators.
(Pleasecontact your IBM CustomeRepresentative for the appropriatard PN ).

For thosecards having the Activa8erminationfeature, thisfunction can be enabled hwpstalling ajumper
between pins 13 and 14 of theront Option JumpemBlock or connecting pins 9 and 10 of thuxiliary
Connector on 68 SCSI pimodels. (Refer to Figure 30 opage 75Figure 31 onpage 76, andrigure 34
on page 79.)
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7.4 Spindle Synchronization

7.4.1 Spindle Synchronization Overview

There are four modes afpindlesynchronization. Reference Figure 36 folist of how the-MASTER
SYNC and-SLAVE SYNC pins on theOption JumpemBlock are used for thelifferentmodes. The
following paragraphgive ashortdescription of each spindigynchronization mode:

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

Reference th®© FHS InterfaceSpecificationfor further information on thalifferent synchronization
modes.

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

Figure 36.Spindle Synchronizatiofrunctional Modes

Drive Synchronization withOffset.

The drive electronicseceives theMaster Index andreates the delayed Slavtedex from thedrive
INDEX. The delay isdetermined by using th8CSIMode Selectcommand,Rigid Disk Drive Geometry
Parameters (Page 4). A rotational offset0d256 of arevolution up t0255/256 of arevolution may be
selected inincrements of 1/256 of a revolution. Reference BEHS InterfaceSpecificationfor
further information on the rotationalffset of synchronized spindles.

SynchronizationTime

The SCSIMode Selectcommand isused to select the Spindle Synwde. Itwill take 6 seconds to
synchronize thé&lave drive to theMasterdrive. While the Slave drive issynchronizing to theMaster, it
will not be able to read and writdata. Once synchronized, thigive will maintain +/- 20usec
synchronization tolerance.
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Figure 37.Slave-Sync tdSlave-Index Timing

7.4.2 Spindle Synchronization Bus

The spindlesynchronization Bugonsists of the twaignal lines,MASTER SYNC and -$AVE SYNC.
Referencer.3, “Option Block Connector (JumpeBlocks)” on page 75 whiclshow the location ofhese
signal lines on theption JumpemBlock connector. One potential configuration of this bus doivesthat
are to be used in a synchronized modstli®wn in thefollowing figure. This example requires the tAVE

SYNC lines to be daisychained together.

MAESTER DRIVE ELAVE DRIVE SLAVE DRIVE

opTion || ;J |_‘J

BLOCK

—-SLAVE SYNC

SLAVE DRIVE

L

Figure 38. Daisy-Chain Connection of Synchronization Bus
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- Termination

Bus termination of theMASTER SYNC and-SLAVE SYNC signals isinternal to thedrive. These
two signalseach have a 5.1K ohmullup to the + 5volt supply. Amaximum of 30drives canhave
their -MASTER SYNC or -SLAVE SYNClines daisychained together. Violating thisould damage
the Masterdrive line driver on the MASTER SYNC and/or -SLAVESYNC line.

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

Bus Characteristics

- maximum Buslength = 6 meters

— 2 micro-seconchegative activgpulse(when sourced bylrive)

— minimum of 1 micro-secondchegative activgpulse when externallgourced
— 0.8 volts = 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.

-SLAVE SYNC InputTiming Requirements

If the input to -SLAVESYNC issupplied by an external sourcgherthan aDFHS drive, theperiod
of the inputsignalmust be8.333msec with a tolerance of/-.025%.
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8. Reliability and Serviceability

Note: The reliability projections are based on the conditions stated below. All ofS38&1 modelswill meet
the projections as long aeliability operating conditions are na@&xceeded.

8.1 Error Detection

Error reporting = 99%

All detected errors excluding interface aB®\Ts #1 (Basic
Assurance Testgrrors

Error detection= 99%
FRU isolation = 100%

To the devicewhen the "Recommended Initiator Err&ecovery
Procedures" in th©FHS InterfaceSpecificationare followed.

No isolation to sub-assemblies within tllevice are specified.

8.2 Data Reliability

Probability of not recovering data 10 in 10° bits read

Recoverableread errors 10 in 103 bits read(Measured at nominal DC conditions andom
environment withdefault errorrecovery -QPE* enabled.¥?

Probability of miscorrecting unrecoverabledata

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

8.3 Seek Error Rate

Maximum allowed seekerrors 10 in 1@ Seeks

8.4 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 nominal power on/off cycles)

30,000hours forlife based on:

12* Please reference QP fualify post error)definition in theDFHS Interface Specification
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- 25 Power on/off cycles penonth

- 500 power on hours panonth

8.5 Power on/off cycles

Maximum on/off cycles

1080/year (see 8.7, *Mean Time Between Failurg*MTBF)” for
*MTBF assumptions)

8.6 Useful Life

Product Life

5 Years (sed.7, “ *Mean Time Between Failur§*MTBF)” for
*MTBF assumptions)

8.7 *Mean Time Between Failure (*MTBF)

The meantime to failure target is 1,000,000 devideours 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

operations per second)

Operating at or below th&eliability temperaturespecifications (Se&able 25 onpage 92) ancdhominal
voltages (See 4.2, Power Requirements by Model” opage 15)

5 Yearproductlife

Note: *MTBF - is a measure of thdailure characteristicever total product life. *MTBF includesnormal
integration, installationearly life (latent), and intrinsidailures. *MTBF is predicated on supplier
gualification, productdesign verification test, anfield performance data.

8.8 Sample Failure Rate Projections

The following tables are foreferenceonly. The tablesontainfailure rate projections for @iven 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
B ® P ® B ® %% o
— O — O — O ™m © 0= ©)
500POH/MM 0.000800 0.001362 0.001780 0.000253 1.5%
730POH/MM 0.001080 0.001764 0.002388 0.000427 2.6%

Table 23. Projectedailure rates for theelectronics only.
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Application Electronics and HDA - (RA/MM)
> S
h ® ?® h © of%o a
— © — © — © m © O = )
500POH/MM 0.001518 0.002510 0.003203 0.000500 3.0%
730POH/MM 0.001682 0.002724 0.003715 0.000730 4.38%

Table 24. Projectedailure rates for the entirelrive. (Electronics andHDA).

8.9 SPQL (Shipped product quality level)

LA vintage Utimate (13thmonth)
Targets .25% .10%
8.10 Install Defect Free
Install Defect Free percentage 99.99percent

8.11 Periodic Maintenance

None required

8.12 ESD Protection

The DFHS disk drivescontain electrical componentnsitive todamage due to electrostatiischarge
(ESD). Proper ESIproceduresnust befollowed during handling, installation, angmoval. Thisincludes
the use of ESD wrisstraps and ESD protective shipping containers.

8.13 Service

Replacement of thdrive is the preferedervicemethod. Forthosecaseswvherecustomer data isritical, the

systemservicestrategy may be to replace th2FHS logic card. See.10,“CommandTimeoutLimits” on
page 55, for systerdesignrequirements tsupportlogic card replacement.
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9. Operating Limits

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

9.1 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) SemWote
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 072112.

9.1.1 Temperature Measurement Points

The following is a list ofmeasurement points arteir temperature$maximum andreliability). Maximum
temperaturesnust not beexceeded at thevorst case drive andystem operating conditions with trgzive
randomlyseeking, reading and writindReliability temperaturesnust not beexceeded at theominal drive
and system operating conditions with tdave randomlyseeking, reading, and writing.

Theremust besufficient air flowthrough thedrive sothat thecasting andnodule temperaturémits defined
in Table 25 are noexceeded.
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Table 25.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 Modules 185°F (85°C) 167°F (75°C)
Microprocessor Mdule 194°F (90°C) 167°F (75°C)
VCM FET 194°F (90°C) 167°F (75°C)
SMP FET 194°F (90°C) 167°F (75°C)

Figure 39defineswheremeasurements should be maded®termine the togastingtemperatureduring
drive operation. Figure 4@efines themodulesthat arelocated on theébottom side of thecard and the
measurement location on thmttom of thecasting.

— ) ) Ii )

J{

[
| R = =

\g] (& ]

41.86

[oY

© ) )] O]

_/ 58.53
DISK ENCLOSURE
TOP

-

Notes: 1) Dimensions are imillimeters.

Figure 39. Temperature Measuremdidints (topview)
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MODULE IDENTIFICATION

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) This drawing shows thdrive with the 50 pin connector.Otherconnectors
will look different asshown onFigure 25 to Figure 28.

4) Dimensions are in milneters.

Figure 40. Temperature Measuremddints (bottomview)

9.2 Vibration and Shock

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

1. By mountingwith the 6-32bottom holes on thedrive with 2 mm clearance agquired by6.2,
“Clearances” on page 57.

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

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

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

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

2. Do not permit any metal-to-metal impacts or chattering betweertaéhger/rack and therive or
between the carrier/rack and anythieige. Metal-to-metal impactsreatecomplex shockvaveforms
with shortperiods;suchwaveforms carexcite highfrequencymodes of the componentsside the drive.

3. The carrier/rack should not allow thigive to rotate in theplane of thedisk and the carrier/rackself
should bemounted so that iloes not rotate in the plane of tliésk when the drive isunning. Even
though thedrive uses &alancedrotatory actuator, its position castill be influenced byrotational
acceleration.

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 tligive 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
axisshoulddecrease significantly for frequenciabove 300 hz.

6. Consider the use dflastics 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 the mounting gap to
tighter tolerances. Alexible carrier/rack maycontainresonanceshat causeoperational vibratiorand/or
shock problems.

9.2.2 Output Vibration Limits

Spindlelmbalance| 1.@ram-millimetersmaximum forS1x, S2xModels

1.5 gram-millimeteramaximum for S4x Model

9.2.3 Operating Vibration

The vibration is applied in each of the three mutually perpendicalas, one axis at ime. Referring to
Figure 1 onpage 7, the x-axis is defined as a linermal to thefront/rearfaces, the y-axis igslefined as a
line normal to theleft side/rightside faces, and the z-axisim®rmal to the x-yplane.

WARNING: The drives are sensitive tmtary vibration. Mounting within using systemshould minimize
the rotationalinput to thedrive mounting points due texternal vibration. IBMwill provide
technicalsupport toassist users tovercome problems due to vibration.

RandomVibration

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

For excitation in the z-direction, thérive meets the requirethroughputspecificationsvhen subjected 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
g2/hz spectrum from 5 to 500 hz.

DFHS FunctionalSpecification .... RevisionDate: November 91994 —— Page 94 of 98 —



9. Operating Limits

Table 26.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
determine the acceleratidavelsbetween 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.
9.2.3.1 Nonoperating Vibration
No damagewill occur as long as vibration at the unpackagkide in all three directionglefinedabove does

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

Table 27. Non-operating Vibratiobevels
Frequency 5hzto 7 hz 7 hz to 200 hz
Amplitude 0.8 inch DA 2.0 G peak

9.2.4 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 perpendiaxigrone axis at a
time.

9.2.5 Nonoperating Shock

Translational Shock

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

No damagewill occur if the unpackagedrive is notsubjected to an 11 millisecortalf sine waveshock
greater than 70 Gapplied to all threeaxis, onedirection at a time.
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9. Operating Limits

No damagewill occur if the unpackagedrive is notsubjected to a 2 milliseconkalf sine waveshock
greater than 125 Gapplied to all threeaxis, onedirection at a time.

RotationalShock

No damagewill occur if the unpackagedrive is notsubjected to an 11 millisecortalf sine waveshock
greater than 7,000adians 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
greater than 15,000adians per second squared applied to all traris, onedirection at a time.

9.3 Contaminants

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

9.4 Acoustic Levels

Upper Limit Sound Power Requirements(Bels) for S1x & S2x 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 3@6BA.

Upper Limit Sound Power Requirements(Bels) for S4x Models
OctaveBand Center Frequency (Hz) A-weighted (seaotes)
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 | 46 | 40 | 3.6 | 4.1 51 | 4.8 4.8 5.3 5.0

Additionally, thepopulationaverage of thesoundpressure measured omeeter above theenter of thedrive
in idle mode will not exceed 4tBA.

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 3eks pesecond.

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

10. Standards

10.1 Safety

UNDERWRITERSLABORATORY (UL) APPROVAL:

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

CANADIAN STANDARDS ASSOCIATION (CSA) APPROVAL:

The product iscertified to CAN/CSA-C22.2 No0.950-M89 (without any Code 3eviations). The CSA
certificationmark islocated on theproduct.

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC ) STANDARDS

The product isertified tocomply to EN6095Q(IEC 950with European additions) by TUWRheinland.
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 Califimia SafeDrinking Water and Toxic
Enforcement Actl986 (Also known asCalifornia Proposition 65)

SECONDARY CIRCUITPROTECTION REQUIRED INUSING SYSTEMS

IBM has exercised care not to use amyprotected components aeponstructionghat areparticularly
likely to causefire. However, adequate secondary overcurngrdtection is theresponsibility of the user
of the product. Additional protectioagainst the possibility of sustainembustion due taircuit or
componentfailure mayneed to be implemented by the user wiihncuitry external to thegroduct.
Overcurrentimits into thedrive of 10Amps orless shouldorovide sufficient protection.

10.2 Electromagnetic Compatibility (EMC)

FCC Requirements

Pertaining to thesTARFIRE disk drive, IBM will provide technicakupport 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 thedisk drive mounted in theusing system.

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

CISPR 22Requirements

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

EuropeanDeclaration of Conformity.

Pertaining to thesTARFIRE disk drive, IBM will provide technicakupport toassist users ikomplying
with the European Council Directive 89/336/EECso0 the finalproduct canthereby bear the "CE" Mark
of Conformity.
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