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A. Preface

A.1 Notices

This documendescribes the characteristics of the following IBM 2.5-inch, AT interfaaed disk drives:

DHAA-2270 (270MB)
DHAA-2405 (344MB, 405MB)
DHAA-2540 (528MB, 540MB)

This documentefines thehardware functionaspecifications. For detailabout theinterface specifications,
refer to OEM Interface Specifications fdbHAA-2270/DHAA-2405/DHAA-2540.2-InchHard Disk Drive
with ATA Interface

A.2 Related Documents

Interface Specifications

— OEM Interface Specifications fdDHAA-2270/DHAA-2405/DHAA-2540 2.5-Inch Haiisk Drive
with ATA Interface ( Documentnumber:S66G-8102 )

A.3 Glossary
Word Meaning
KBPI 1,000 Bit Perlnch
Mbps 1,000,000 Bit pesecond
MB 1,000,000bytes
KB 1,000bytes
Mb/sq.in 1,000,000bits per square inch
MLC MachineLevel Control
TBD To be defined
Note:
IBM and AT

are trademarks oregisteredrademarks of International Business Machir@srporation.
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1. Product Outline

2.5-inchform factor
Formatteddatacapacity 270/344/405/528/540MB
512 bytes/sector
No-ID physicalformat
- ATA-2 interface
CHS and LBA mode
Interfacedatatransfer capability8.3MB/sec max
PIO DataTransfer -Mode 3
DMA Data Transfer
- SingleWord mode - mode 2
- Multiword mode - mode 1
Interleave factor 1:1
32 KB Write Cache / 32KBReadBuffer
Enhanced ECC implementation
— 128 bit Reed Solomon Codaperating 10-bisymbol
— Multi burst On-The-Flycorrection (up to 4 symbols in one sector )
- Automaticretry on errors
Self Diagnostics during?ower On
Powersavingmodes
MR (Magneto ResistiveHeadtechnology
MCC standardizeanountingholes and interfaceonnector
1.2watt Idle
17mmHeight
MTTF 300,000power on hours
1,7 Run Length Limited RLL) code
Multi zone recording (8)
Media datatransfer 36Mb/sec max
« Average seekime 14ms for read
ClosedLoop actuatorservo(EmbededSector Servo)
Dedicated headbndingzone
- Automatic actuator lock
« All axis (6 directions)mounting

No preventivemaintenance

0 Copyright IBM Corp. 1994
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2. Drive Characteristics

This chaptemprovides the characteristics of tlugives.

2.1 Logical Drive Format

The customewusable data capacity is ahownbelow.

Table 2-1. Drive Parameter
Descriptions 270MB 344MB 405MB 528MB 540MB
Logical HeadNumber 16 15 16 16 16
Logical Sectors/Track 63 49 63 63 63
Logical CylinderNumber 524 915 785 1024 1047
Logical Sector Size 512 512 512 512 512
Total CustomelUsable 528,192 672,525 791,280 1,032,192 1,055,376
Data Sectors
Total CustomelUsable 270 MB 344 MB 405 MB 528 MB 540 MB
DataBytes
2.2 Data Sheet

Table 2-2. DataSheet
Rotationalspeed RPM] 3800
Recordingdensity [KBPI] 83(Ave) / 93.1(Max)
Track density [TPI] 5300
Areal density Mb/sq.in.] 440(Ave) /493(Max)
Number ofzone 8
Number ofdisks

DHAA-2270 1

DHAA-2405 2

DHAA-2540 2
Servo desigmimethod Embeddedsector servo

0 Copyright IBM Corp. 1994
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2.3 Performance Characteristics

The driveperformance is characterized by tfadlowing parameters:
CommandOverhead
Mechanical Positioning

— SeekTime
- Latency

Data Transfer Speed
Buffering Operation

Note: The following specification defines the drive characteristics, notaysemthroughputwhich is
dependant on theystem and the application.

Table 2-3. PerformanceParameter

Function Typical

Power on toready (Typical) 2.7 [sec]

Commandoverhead 1 [msec]

Seektime: Read 14 [msec]
Seektime: Write 15 [msec]
Rotationalspeed 3800 [rpm]

Mediatransfer rate Mb/sec] 24.9 - 36.0

Interface transfer rateMB/sec] | 8.3 max
Data buffer size [KB] 32(read) / 32(write)

The table shows typicalaluesonly. Thedetails are as follows.

2.3.1 Drive Ready Time

Table 2-4. Drive ReadyTime
Condition (Model) Typical Max.
Power On to Readydec] 2.7 7.5
Ready The condition in which thealrive is able toperform a mediaaccesscommand(read,

write) immediately.

Power On This includes the time required for the interrsalf diagnostics.
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2.3.1.1 Operating Modes

Table 2-5. OperatingModes

Operating Mode Description

Spin-Up Start up time period fronspindlestop or power down.
Seek Seekoperation mode

Write Write operation mode

Read Readoperation mode

Idle Spindlemotor andservo system are workingormally.

Other modulesexcept the serveontrol and the host
interface are sleeping.
Commands can be received apbcessed immediately.

Standby Spindlemotor isstopped.
All modules except thehostinterface are sleeping.
Commands can be receivethinediately.
Drive is in aninterruptwaiting modewith the lowest
powerdissipation.

Notes:

1. After power down orspindlestopped, a heatbcking mechanismsecures thdéeads in the
landing zone.

2. Sleepcommand isonsidered astandbycommand.Recovering from standby mod#oes not
need softreset norhard reset.

2.3.1.2 Mode Transition Time

Table 2-6. Mode Transition Time
From To Typical [sed Max [seqd
Standby Idle 2.7 6.2
Idle Standby 2.2 5.0

2.3.2 Command Overhead

Commandoverhead iglefined as thd¢ime required:

- from thecommand iswritten into commandregister by ahost
- to seekstart
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2.3.3 Average Seek Time (Including Settling)

Table 2-7. MechanicalPositioningPerformance
Command Type Typical Max
Read 14 [msec] 16 [msec]
Write 15 [msec] 17 [msec]

The seektime is measured from the start attuator'smotion to thestart ofa reliable read or write opera-
tion. Reliable read or write impliethat error correction/recovery is not employed to correct dorival prob-
lems. The average se¢kne is measured as theeighted average of afjossibleseekcombinations.

max
Z (max+ 1- n) (Tn.in+ Tn.ouf)
. _ n=1
WeightedAverage = (max+ 1) (max)
Where:

max = Maximumseeklength

n = Seeklength (1 tomax)

Tn.in = Inwardmeasuredeek time for an rirack seek

Tn.out = Outwardmeasuredseektime for an n trackseek

2.3.4 Single Track Seek Time

Table 2-8. SingleTrack SeekTime
Function Typical Max.
Read [msec] 4 5.5
Write [msec] 4 6.5

The singletrack seektime is theaverage of the 1000 singteack seeks.

2.3.5 Full Stroke Seek

Table 2-9. Full StrokeSeekTime
Function Typical Max.
Read [msec] 23 30
Write [msec] 24 31

Full strokeseek ismeasured as thaverage of 1000 fulstrokeseeks.
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2.3.6 Average Latency

Table 2-10. Latency Time

Rotation

Time for a revolution

Average Latency

3800 [RPM]

15.8 [msec]

7.9 [msec]
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3. Data integrity

The driveretains recordeéhformation under all non-write operations.

No more than onesector is lost byhardreset orpower downduring write operationwhile write cache is
disabled.

In case ofthat hardreset orpower downoccurs beforeompletion of dataransferfrom write cache to disk
while write cache ienabled, the data remaining in write cache is lost.

There are threavays to check if the data in the write cachave been written onto thadisk. Checking just
beforepower off and hardeset isrecommended to prevent daltzss.

To confirm negation ofDASP signal.

To confirm successfutompletion ofSoftwareReset.

To confirm successfutompletion of thefollowing commands.

Check PowemMode, Execute Drive DiagnosticdsormatTrack, Identify Drive, Idle, Idleimmediate, Ini-
tialize Drive ParametersReadBuffer, Read Long withRetry, Read Long withouRetry, Recalibrate,
Seek, Sefeatures, Set MultipleSleep,Standby, Standby Immediat®/rite Buffer, Write Long with
retry, Write Long without Retry.

3.1 Equipment Status

Equipmentstatus isavailable to thehostsystem any time thdrive is not ready taead, write, orseek. This
status normallyexists atpower-on time andvill be maintained until thdollowing conditions aresatisfied.

« Accessrecalibration/tuning is complete.
Spindle speed meets requirements ffeliable operation.
Self-check of drive isomplete.

Appropriateerror status is madavailable to thehostsystem if any of the followingondition occurafter the
drive hasonce becomeeady:

Spindle speedjoesoutside of requirements faeliable operation.
“Write fault” is detected.

3.2 WRITE Safety

The verification of writeoperationinvolves aread-back check of the CRC or ECC déonjunction withwrite
fault detectioncircuits. Thewrite fault detection circuitgevealconditions wherenrite operation was
intended and did not occur properly and the CRC or Ex®@fication occurred for old information, ocases
wheredata is erroneouslgrased.

3.3 Data Buffer Test

The data buffers, aead buffer and a write buffarsed as temporally datgtorages for read/write data
transfer, are tested atmower-on-reset and whendrive self-test igsequested by théost. Thetests consist of
write/read hex ‘00" and hex ‘FFpattern for all bit position of théuffers.
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3.4 Error Recovery

Errors occurring with thalrive arehandled by the errorecoveryprocedure.

Errors that araincorrectablefter application of the errorecoveryprocedures are reported to thest
system as non-recoverable errors.
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4. Physical Format

On manufacturingprocess, all sectors dfarddisk drive aretested for the magnetical performance,that
only acceptable sectors are used.

In data area, accepted sectors atenberedsequentially for user data sectors.
This mapping information is maintained itmware level, and datélock addressed bjogical cylinder,head
and sector is translateédto physicallocation ondisk(s)automatically. Thisoperation isinvisible from

applicationlevel.

The harddisk drive never perform low level format after manufacturingprocess.

4.1 After Formatting

Dataareas ar@ptimally usedafter the drive iformatted infactory.

N N+1 N+2 N+3
Defect Defect

Skip Skip

Defects areskipped without any constraint, such &rack orcylinderboundary.
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5. Specification

This chaptemprovides the specifications of thdrives.

5.1 Environment

The following table shows the environmental conditions.

5.1.1 Temperature and Humidity

Operating Conditions

Temperature 5 to 55[°C] (Seenote)
RelativeHumidity 8 to 90 [% RH]non-condensing
Maximum WetBulb Temperature 29.4[°C] non-condensing
Maximum Temperature Gradient 20[°C]
Altitude —300 to 3000 [m]

Non-Operating Conditions
Temperature — 40 to 65[°C]
RelativeHumidity 5to 95 [% RH]non-condensing
Maximum WetBulb Temperature 40[°C] non-condensing
Maximum Temperature Gradient 20[°C / Hour]
Altitude —-300 to 12,000 [m]
Note:
The system has to providsufficient ventilation tomaintain asurfacetemperature below [60°C] at the
center of the top cover of thérive.
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5.2 DC Power Regquirements

Table 5-1. DC Power Requirement
Power Requirement Note
Nominal supply +5[V]
Powersupply ripple (6- 20[MHZz]) 100 [mV p-p max] 1
Tolerance +5% 2
Mode: Supply Current (Populatellean)
[A RMS]

Idle (average) 0.24

Read /write (average) 0.56

Seek (average) 0.40

Standby 0.08

Start up (peak) 0.94

Start up(average to ready) 0.70
Supplyrisetime 7- 100 ms

Notes:
1. The maximunripple is measured anhput to thedrive.

2. The drivedoes not incur damage by an over-voltaggndition of + 25% and thenaximum
duration isless than 20 fnsec].
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5.3 Error Rate

Probability of notrecovering data ....... 1 in 10bits read

ECC implementation

128-bit Non-interleaviReed Solomon Codeperating 10-bisymbol isused to cover the datiéelds.
On-The-Flycorrectioncovers up to fousymbols of error in one sector.

Off-line correctioncovers up tofive symbols of error in one sector.

5.4 Contact Start Stop (CSS)

The drivemeets thespecifiederror ratesafter the followingstart/stop or power on/off cycles in the environ-
ment.

- 52,000 cyclesinder the temperature of 40°C and-120% humidity.
10,400 cyclesinder the temperature of 55°C and 85% humidity.

5.5 Mean Time To Failures (MTTF)

300,000power-on hourgPOH).
Usageassumption for thMTTF is asfollows.

The drive usage iassumed as as 720 POH (power loour) permonth (43,200 POH for 5 years)yith 50
on/off cycles pemonth and arive access (seekead, write) rate of 20% obpower on time. Thalrive meets
the failurerate described in theeliability section.

The drive usage iassumed as 110 POH (power bdour) permonth 6,600 POH for 5 years)yith 1,000
on/off cycles pemonth and adrive access (seekead, write) rate of 20% opower on time. Thealrive meets
the failurerate described in theeliability section.

Note: In both cases, the usageliased on thédollowing conditions.

« The driveentersinto Standby modeSleep mode oPower off atleastonce a day.
- The environment temperaturelasssthan 40°C.

5.6 Warranty

The warrantywill be covered bycontracts.

5.7 Useful Life

The usefullife of the drive is 5 years minimum.

5.8 Preventive Maintenance

Not required.
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5.9 Mechanical Specifications

5.9.1 Outline
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Figure 5-1. Outline of DHAA-2xxx
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5.9.2 Mechanical Dimensions

Table 5-2. PhysicalDimension

Height [mm)] 17.0 + 0.35- 0.3
Width [mm] 70.0 £+ 0.25
Length [mm] 100.0 + 0.25
Weight [gram] 180 Max.

5.9.3 Hole Locations

Figure 5-1 onpage 5-4 shows theutline of thedrive which includes thehole locations.
Size and location of thenountingholescomply withMCC.

5.9.4 Connector and Jumper

The AT signalconnector isdesigned tanate withDupontpart number69764-044 orequivalent.
Size and location of thenountingholescomply withMCC.

A jumper isused for thedrive to designate the drive addressaster orslave.
5.9.4.1 Drive Address Setting

A jumper cable is available at the interfac®nnector todesignate the drive addresaaster orslave. The set
position of the jumperable is ashown inFigure 5-2 onpage 5-6.

Using CableSelection, the drive addresepends on the condition of pin 28 of the Afiterface cable. In the
case when pin 28 iground or low, thedrive is aMaster. If pin 28 isopen or highlevel, the drive is a Slave.
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Drive side ,
3 1 Jumper
0 0 e 0 0 o0 47 o 45 Position -1
0 0  iieeenn. 0 0 o 48 o 46 (Master)
4 2
Drive side ,
3 1
0 0 e 0 0 O 47 o o0 45 No Jumper
0 0  iieeenn. 0 0 o 48 0 0 46 (Slave)
4 2
Drive side ,
3 1 Jumper
0 0 e 0 0 o0 47 0o 0 45 Position -3
0 0  iieeenn. 0 0 o 48 0 o0(46| (Cable Selection)
4 2

Figure 5-2. Drive AddressSetting byJumperCable
5.9.4.2 Default Setting

The default setting ofumpercable atshipment is Position-1 (Master).

5.9.5 Mounting Orientation

The drive operates in all axes (Brections). Thedrive operatesvithin the specifiederror rates when tilted
+5 degreedrom these positions.

Performance and error rattay within specification limits even if the drive isperated in other orientations
from which it was formatted.Thus adrive formatted in the horizontal orientation operates in thegtical
position without anydegradation, and viceersa.

The recommended mountirggrewtorque is 3 £0.5 [Kgf.cm].
The recommended mountinggrewdepth is 3.5 £0.5 [mm] fobottom and 5.0 £0.5 [mm] for horizontal
mounting.

The system is responsible farounting thedrive securelyenough to prevengéxcessivanotion orvibration of
the drive at seeloperation orspindlerotation, usingappropriate screws agquivalentmountinghardware.
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The vibration test and the shock test are todeaducted with thalrive mounted to thdable using four
bottom screws.

5.9.6 Landing Zone and Lock

A landing zone on thalisk, not the data area of the disk,gsovided to protect theisk dataduring ship-
ping, movement, orstorage. Aftempower down, a heatbcking mechanisnsecures thdieads in this zone.
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5.10 Vibration and Shock

All vibration and shock measurements in tlsisction are made with thdrive that has no mountingttach-
ments for thesystems. Thenput power for themeasurements is applied to thermaldrive mounting
points.

5.10.1 Operating Vibration
The drive operatewith no non-recoverable erromhile beingsubjected to thdollowing vibration levels.

The measurements aoarried outduring 30minutes ofrandomvibration using thepower spectral density
(PSD)levels specified in IBMstandards as V5L. The vibration teswvel for V5L is0.67G(RMS).

Table 5-3. RandomVibration PSDProfile Breakpoints (Operating)

Hz Random Vibration PSD Profile Breakpoints (Operating)
[HZz] 5 17 45 48 62 65 150 200 500
x103 [G2/HZz] 0.02 1.1 1.1 8.0 8.0 1.0 1.0 0.5 0.5

Note: The specified levels armeasured at thenountingpoints.

5.10.2 Non-Operating Vibrations

The drivedoes not sustaipermanentdamage oloss ofrecorded data after beimgubjected to the environ-
mentdescribed below.

5.10.2.1 Random Vibration

The test consists of mandomvibration applied in each of three mutually perpendicudaes with the time
duration of 15 minutes peaxis. The PSDevels for thetest simulates the shipping and relocation environ-
mentwhich isshownbelow.

Table 5-4. RandomVibration PSDProfile Breakpoints (Non-Operating)

Hz Random Vibration PSD Profile Breakpoints (Non-Operating)
Hz 2 4 8 40 55 70 200
[G2/HZz] 0.001 0.03 0.03 0.003 0.01 0.01 0.001

Overall RMS (Root Mean Square)level of vibration is 1.04G(RMS).
5.10.2.2 Swept Sine Vibration

- 2 G (Zero to peak), 5 to 200 to 5 Hgne wave

- 0.5 oct/minsweep rate

- 15 minutesdwell at twomajor resonances
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5.10.3 Operating Shock

The drivemeets thefollowing criteria.
No data loss opermanentdamages withirshockpulses 0f20G, 2mshalf-sine wave.
No data loss opermanentdamages at ldleSeek andReadmodes within shockpulses of 60G 3.5ms
half-sine wave.

The shockpulses of eaclevel areapplied to thedrive, 10 pulses ireachaxis anddirection fortotal 60.
Theremust be a minimum of a 8econdsdelaybetween each shock pulse. Theut level isapplied to the
base plate where thérive is atached with fourscrews.

5.10.4 Non-Operating Shock

The drivewithstandswithout damage or degradation of performance, a 12(H-sine waveshock pulse of
11 ms duration and a 250&alf-sine waveshock pulse of 2msluration on sixsides wherheads are parked.
(When the power is noapplied to theunit, theheads are automatically located on the parked position.)

All shocks are applied in each direction of theve three mutually perpendiculaxes, one axis at aime.
Input levels aremeasured at the frame of theard disk drive.
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5.11 Acoustics

The following shows the acoustitevels.

5.11.1 Sound Power Levels

The upperlimit criteria of the A-weightedsound powelevels aregiven in bels relative to onpico watt and
are shown in thdollowing table.

Table 5-5. A-weightedSound Powelevels
Mode A-weighted Sound PowerlLevel [ Bell
Idle 4.5
Operating 4.8

Background powetevels of theacoustic testhamber foreach octavéband are to beecorded.

Soundpowerlevels aremeasured with thelrive supported byspacers sahat thelower surface of thalrive is
located 25 + 3mm heighirom the chambefloor. No soundabsorbing materiashall be used.
The acoustical characteristics of theve subsystem are measured under thidowing conditions.

Idle mode:
Powered ongdisksspinning, trackfollowing, unit ready toreceive andespond to controline
commands.

Operating mode:
Continuous randoneylinder selection and seakperation of actuator with dwell time ateach
cylinder. Seekrate for thedrive can be calculated ahownbelow.

Dwell time = (0.5 + N) x60/RPM
Seekrate = 1/(Averageseek time + Dwell time)

Where N = number of maximum dataurfaces N=4 for DHAA-2540)

5.11.2 Sound Power Acceptance Criteria
Statisticalupperlimit (L yoc)siat IS Calculated with the following fiamula.

(LWoct)stat: (LWOCt)m + k x (S)WOCt

where:

(Lwoedm Is the mearvalue of thesound poweltevel for samples of Ndrives.

(S)woct is the total standardeviation forsound powelevel ateach octavdand.
(St)Woct = SQRT( ($€)W2 + (SZ’)Woct2 )
(SR)w is the standard deviation of reproducibility feound poweltevel.
Assume (g)w = 0.075 B.
(SP)woct IS the standard deviation of the samples pmundpowerlevel ateach octavédand.
k is a coefficient @termined bynumber ofsamples (N) ashownbelow.
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N| 3 4 5 6 7 8 9 10 11 12 13 14 15

319 | 274 | 274 | 249 | 233 | 222 | 213 | 207 | 201 | 197 | 1.93 | 1.90 | 1.87

The calculatedeft handside of thecriterion equation above iseferred to as LWU andounded to the
nearest.05 bel. Theindividual terms may be rounded to theearest 0.01 bel before calculation.

5.12 Identification Labels

The following labels araffixed to everydrive.

1.

2.

A label placed on the top of the HD &ontains the statemefiMade by IBM” or equivalent,Part
number, and MLC number.

A bar code label placed on thdisk drive isbased on user request. The location is todesignated in
the drawing.

Labels containing the vendorfeame,disk drive modelnumber,serialnumber,place ofmanufacture and
UL/CSA logos.

Except for the bar code, thiabels may be integrated.

5.13 Electromagnetic Compatibility

The drive,wheninstalled in thehostsystem ancdexercised with aandomaccessingoutine atmaximum
datarate, meets the worldwide EMC requiremetitted below.

IBM will provide technicabupport tomeet the requirements to comply with the EMpecifications.

United States FederaCommunications Commissiof-CC) Rules and Regulation&Class B),Part 15.
IBM Corporate Standard C-3-0001-026 (A 6 dB buffer should bmaintained on the emissiamquire-
ments).

European Economic Community (EE@)rectivenumber76/889 related to theontrol of radiofre-
guencyinterference and th&¥erband Deutscher Elektrotechnik€@/DE) requirements ofsermany
(GOP). IBM NationalBulletin NB 2-0001-400, NB 2-0001-401, and NB 2-0001-403.

Electrostatic Discharge Susceptibility limits for a Class 2 E&ivironmentspecified in IBM Corporate
Standard C-2-0001-005.

RadiatedElectromagnetic SusceptibilityRES) asspecified in IBM Corporate Standard C-%0001-012.
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5.14 Safety

The following shows thesafetystandards for thdifferent countries.

5.14.1 Underwriters Lab (UL) Approval

All models, DHAA-2270, DHAA-2405, and DHAA-2540 comply with UL1950.

5.14.2 Canadian Standards Authority (CSA) Approval

All models, DHAA-2270, DHAA-2405 and DHAA-2540 complwith CSA C22.2#950-M89.

5.14.3 IEC Compliance

All models, DHAA-2270, DHAA-2405 and DHAA-2540 complyith IEC 950.

5144 German Safety Mark

All models, DHAA-2270, DHAA-2405 and DHAA-2540vereapproved by TUV on Test Requirement:
EN 60 950:1988/A1:1990/A2:1991, but GBark has not been obtained.

5.14.5 Flammability

The printedcircuit boardsused in thisproduct is made omaterial with the ULrecognized flammability
rating of V-1 or better. The flammability rating imarked oretched on thédoard. All other parts not
considerecklectricalcomponents are made ofaterial with the ULrecognized flammability rating of V-1 or
better, excepminor mechanical parts.

5.14.6 Safe Handling

The products are conditioned for safe handlingégards toasharpedges andorners.

5.14.7 Environment
The productdoes notcontain anyknown orsuspected carcinogens.

Environmental controls meet @axceed allapplicablegovernmentegulations in theountry oforigin. Safe
chemical usage anthanufacturing control arased toprotect the environment. An environmental impact
assessment hdsen done on the manufacturipgocess used to build thdrive, the driveitself, and the
disposal of thedrive at the end of itdife.

Productionalso meets theequirements of the international treaty on chloroflurocarof C) control
known as the United Nations Environment Program Montfdtocol, and asatified by themember
nations. Materials to be controllédclude CFC-11, CFC-12, CFC-113, CFC-114, CFC-115, Hali®11,
Halon 1301 andHalon 2402. Although notspecified by theProtocol, CFC-112 islso controlled. In addi-
tion to the above protocol, IBMontrols thefollowing:

« All packaging materials used for th&hipment of the product do not use controlle&Cs in themanu-
facturing process.

- All manufacturingprocesses foparts orassemblies includingrinted circuit boards, does not use the
controlled CFC materialafter December 311993.
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5.14.8 Secondary Circuit Protection

The drive usegrinted circuit wiring that protects thepossibility of sustainedombustion due taircuit or
componentfailure. Adeqiatesecondary over-curremgrotection is theresponsibility of the using system.

The hostsystemmustprotect thedrive from any electrical shortircuit problem. A 10 [A]limit is required
for safetypurposes.

5.15 Drive Handling

The drives argpacked in ESD protective bags shhipment.

After unpacking, thadrivesneed to be handledarefully to prevent any damage bghysicalshock andeSD.
Handling only by thesides of the dislenclosure and taking groundedwrist strap arepreferred. Theprinted
circuit board, allelectroniccomponents and thimterfaceconnector should not be touched.

The drivesneed to be kept on antistatic pad until integratetb the system.

Pressure onto the top cover should not be applied.
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6. Electrical Interface Specifications

6.1 Cabling

The maximumcable lengthfrom the hostsystem to the HDD plusircuit patternlength in thehostsystem

shall not exceed l&ches.

6.2 Interface Connector

The AT signalconnector isdesigned tanate withDupontpart number69764-044 orequivalent.
Figure 5-1 onpage 5-4 andrigure 6-1 show the connector location apldysical pinlocation.

Connector side view

Drive
00... 000O0O0 O.... 0000 :00
00..000 O0O... 0000 —00 —
Pin 43 ........... 19 ... 31 47 45
44 ... (20).0ciiii, 4 2 A48 46

Figure 6-1. 44 pin AT Connector

Note 1: Pin position 20 ideft blank for secureconnectorinsertion.

Note 2 :  Pin position 47 through 50 angsed fordrive address setting(Refer to Figure 5-2 on

page 5-6 for address setting.)

0 Copyright IBM Corp. 1994
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6.3 Signal Definition

The pin assignments of interfasggnals are as follows:

PIN | SIGNAL | 1/0 Type | PIN | SIGNAL | /0 Type
01 | —HRESET | | TTL 02 | GND

03 | HDO7 10 | 3-state 04 | HDO8 10 | 3-state
05 | HDO6 10 | 3-state 06 | HDOY 10 | 3-state
07 | HDO5 10 | 3-state 08 | HD10 10 | 3-state
09 | HDO4 10 | 3-state 10 | HDIl 10 | 3-state
11 | HDO3 10 | 3-state 12 | HDI2 10 | 3-state
13 | HDO02 10 | 3-state 14 | HDI3 10 | 3-state
15 | HDO1 10 | 3-state 16 | HD14 10 | 3-state
17 | HDOO 10 | 3-state 18 | HDI5 10 | 3-state
19 | GND (20) | Key

21 | DMARQ 0 | 3-state 22 | GND

23 | —HIOW | TTL 24 | GND

25 | —HIOR | TTL 26 | GND

27 | IORDY 0 oD 28 | CSEL | TTL
29 | —DMACK | TTL 30 | GND

31 | HIRQ 0 | 3-state 32 | -HIOCS16 | © oD

33 | HAOl | TTL 34 | —PDIAG 110 0D

35 | HA00 | TTL 36 | HA02 | TTL
37 | —HCSO | TTL 38 | —HCS1 | TTL
39 | —DASP 110 oD 40 | GND

41 | +5V LOGIC| PWR 42 | +5V MOTOR PWR

43 | GND 44 | (Resv)

Figure 6-2. Table ofsignals

Note:

"O" designates amutputfrom the Drive.

"I" designates annput to theDrive.

"I/O" designates amput/output common.

"PWR" designates @ower supply to thérive.

"OD" designate©Open-Drain output.

"(Resv)" designates reserveins whichmust beleft unconnected.
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HDO00-HD15

HAO00-HAOQ2
-HCSO

-HCS1

-HRESET

-HIOW
-HIOR

HIRQ

IORDY

CSEL

-HIOCS16

-DASP

16-bit bi-directional data bus between thest and thedDD. The lower 8 lines,HD00-07,
are used for Register and EC4&ecess. All 16 linesHDO0O0-15, areused for data transfer.
These are Three-Statmes have a 24 mA currensink capability.

Address used teelect theindividual register in theHDD.

Chip select signabeneratedrom the Host addressus. When active, one of th&Command
Block RegistergdData, Error{Features whewritten}, SectorCount, SectorNumber, Cyl-
inder Low, Cylinder High, Dive/Head and Status{Command whemitten} register) can be
selected.

(SeeFigure 6-9 on pagé-10 .)

Chip select signabeneratedrom the Host addressbus. When active, one of theControl
Block RegistergAlternate Status{Devic&€ontrol whenwritten} and Drive Addressegister)
can be selected.

(SeeFigure 6-9 on pag6-10 .)

This line isused to reset thelDD. It shall bekept at a Lowlogic state duringpower up
and kept Highthereafter fomormal operation.

Its rising edgeholds data from thénost data bus to eegister or data register of theéDD.

When low, this signalenables datérom aregister or data register of the drive onto daiss.
The data on the bus shall be latches on tiseng edge of-HIOR.

Interrupt isenabled onlywhen thedrive is selected, and thieostactivates thelEN bit in
the DeviceControl Reg. Otherwise, thisignal is inhigh impedance stategardless of the
state of the IRQ bit. Thénterrupt is set when the IRQ bit is set by tdeve CPU. IRQ is
reset to zero by &ostread of the statusegister or a write to th€ommandReg. This
signal is a3-Stateline with 24 mA sink capability.

Indication to hostthat thedrive is ready tocomplete current I/Qycle. This line isdriven
low at the falling edge ofHIOR or -HIOW, when HDD needssome additional WAIT
cycle(s) toextend PIOcycle. This line can beconnected tchostIORDY signal inorder to
insertWAIT state(s) in thehost PIOcycle. This is anOpen-Drainoutput with 24 mAsink
capability.

IORDY should be eferredonly when the PIQcycle time is shorter thar240nsec.

This signal ismonitored todetermine thalrive addressMaster orSlave, when thgumper
on the interfac&onnector is at Position-3(Refer to Figure 5-2 ompage 5-6 fojumper
position.)

When CSEL isground or at a lowevel, the HDDworks as a Master. IESEL is open or a
high level, the HD Dworks as aSlave.

The signallevel of CSEL to one HDD should bdifferent from the signallevel to another
HDD on the same ATinterface cable, to avoichaster-master oslave-slaveconfigurations.
Signallevel of CSEL should beconstantwhile HDD(s) are on the ATinterface.

Indication to the hosthat 16-bit wide data register haseenaddressed anthat thedrive is
prepared to send aeceive al6-bit wide dataword. Thissignal is anOpen-Drainoutput
with 24 mA sink capability and an external resistor is needed to pull lihesto 5 Volt.

This is a time-multiplexedignalwhich indicatesthat adrive is active, orthatdrive 1 is
present. This signal isdriven by an Open Collectadriver and internallypulled-up to 5 Volt
through10Kohmresistor.

During Power-Oninitialization or after-RESET is negated,DASP shall be asserted by
Drive 1 within 400 msec to indicatthat drive 1 ispresent. Drive Ghall allow up to
450msec for drive 1 to assefDASP. Ifdrive 1 is notpresentdrive 0 may asseHDASP to
drive a LED indicator.
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-PDIAG

KEY

5V Power

-DMACK

DMARQ

-DASP shall be negated followingcceptance of thérst valid command bydrive 1 or after
31 seconds, whichever comésst.

Anytime after negation of-DASP, eitherdrive may asseDASP toindicatethat adrive is
active.

Negation of-DASP also indicateghat all data inwrite cache havdeen written onto the
disk.

This signal shall be asserted by drive litalicate to drive that it hascompleted diagnos-
tics. Thisline is pulled-up to 5 Volt in the HDDthrough alOKohmresistor.

Following a Power On Resesoftware reset orHRESET,drive 1 shallnegate-PDIAG
within 1 msec (to indicate tarive Othat it isbusy). Drive 1shallthen assertPDIAG
within 30 seconds to indicatéhat it is nolonger busy, and is able to provide statuafter
the assertion ofPDIAG, drive 1 may beunable toacceptcommandsuntil it hasfinished its
resetprocedure and iseady(DRDY=1).

Following thereceipt of a validExecute Drive Diagnosticeommand drive 1 shallnegate
-PDIAG within 1 msec to indicate tarive Othat it isbusy and has not ygtassed itdrive
diagnostics. If drive 1 ipresentthendrive 0 shall wait for up to Seconddrom thereceipt
of a valid Execute Drive Diagnosticcommand fordrive 1 to assertPDIAG. Drive 1
shouldclear BSY before assertingPDIAG, as -PDIAG is use téndicatethatdrive 1 has
passed its diagnostics and is readyptmst status.

If -DASP was notasserted by drive tluring reset initialization, drive 0 shajpost its own
status immediatelwfter it completesdiagnostics, and clear the drive tafusregister to 00h.
Drive 0 may beunable toacceptcommandauntil it hasfinished its reseprocedure and is
ready(DRDY=1).

Pin position 20 has no connection pin. It is recommended to key or blankedpective
position of thecableconnector in order t@void wrong insertion by mistake.

There are two inpupins for +5V power supply, "+5M.OGIC" and "+5V MOTOR".
"+5V LOGIC" is connected to the internddgic circuits and'+5V MOTOR" is connected
to the spindlemotor and motordriver.

It is possible toturn on and off "+5VLOGIC" by anexternal switch circuit to reduce
powerconsumption to théeast possible. Inthis mode, avoltagedrop out due to the motor
spin up current can be reduced by connecting "+BIDTOR" line into the systempower
sourcedirectly.

If the above power managementused, allsignal linesthat will be electricallyactive in the
hostsystemwhile the HDD isdisconnected from powdime shall be isolated byhree-State
line drivers.Internalleakagethrough ESD protectiorircuit may pull downLPUL (Least
Positive Up Level) oflogic signalbelow thespec.

Use both lines in parallel, for regular HD Bpplications.

This signal shall baised by thehost inresponse td MARQ to eitheracknowledgehat
data has beeaccepted, othat data isavailable.

This signal,used for DMA data transfersetweenhost anddrive, shall be asserted by the
drive when it isready to transfer data to drom the host. Thalirection of data transfer is
controlled by -HIOR andHIOW. This signal isused on ehandshake manner with
-DMACK. This signal is a3-state linewith 24mA sink capability and internallpulled-down
to GND throughl0KOhmresistor.
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6.4 Interface Logic Signal Levels

The interface logic signdtave thefollowing electrical specifications:

Inputs :  Input High Voltage 2.0 V min./ Vcc+0.7 V max.
Input Low Voltage -0.5 V min./ 0.8 V max.
Outputs @ Output High Voltage 2.4 V min.
Output Low Voltage 0.5 V max.
Current :  Driver Sink Current 24 mA min.
Driver Source Current —400 uA min

Figure 6-3. Interface LogicSignal Levels

6.5 Reset timings

HDD reset timing.

—HRESET
[<— T0 —>|
READY XXXXXXX ' , -
|< ’T1/ >
I
BUSY XXXXXXX
< T1 > -
PARAMETER DESCRIPTION Min | Typ | Max
(usec) |(sec) |(sec)
T0 —HRESET low width 25 | — | —
T1 —HRESET high to READY/Not BUSY — 2.7 7.5

Figure 6-4. SystemResettiming
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6.6 PIO Timings

Timings of PIOcycle meet the ATA description for mode 3 Plfiming.

—HCS0,—HCS1
+HAO0-2

[<—T9—> |
<—T1-> < T0 > |

—HIOR, —HIOW

< T2 > [< T2l > |

Write data
+HD00-15

< T3 >|<-T4—>|

Read data
+HD00-15

< T5 > | —> |76 |<—
=] 17 |<= —> |18 |<~

—HIOCS16

|<-T10—>

+HIORDY

|<—T11—>|

Figure 6-5. P1Ocycletimings

In Figure 6-5, the signals shoultheet themaximum and minimuntimings shown in theFigure 6-6.
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PARAMETER DESCRIPTION MIN MAX [Note
(nsec) |(nsec)
T0 Cycle time 180 — | Note
T1 | -HCS0-1, +HA00-02 valid to —HIOR,—-HIOW active 30 -
T2 | —HIOR,-HIOW pulse width 80 -
T2l | —HIOR,—HIOW recovery 70 -
T3 | +HD00-15 setup to —HIOW high 30 -
T4 | —HIOW high to +HDO00 —15 hold 10 -
T5 | —HIOR low to +HDO00 —15 valid - 60
T6 | —HIOR high to +HD00 —15 hold 5 -
T7 | -HCS0-1, +HA00—02 valid to —HIOCS16 assertion - 30
T8 | —HCS0-1, +HA00—02 invalid to —HIOCS16 negation - 30
T9 | —HIOR,-HIOW high to —-HCS0-1, +HA00—-02 hold 10
T10 | —HIOR,-HIOW low to +HIORDY low - 35
T11| +HIORDY pulse width - 100

Figure 6-6. Interface Timing Limits

Note:

« In case TO ishorter than 240 ns, system shoutder tolORDY signal.
« In case'014E'h isindicated inword 67 ofldentify Drive Information, theminimum P10 cycle time(TO)
should belimited to 334nsec only foReadMultiple and Write Multiplecommandsegardless of flow

control.
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6.6.1 DMA timings (Single Word)

The SingleWord DMA timing meetsMode 2 of the ATAdescription.

+DMARQ ~ — | | |
<—T1—>|
< T0 >|
—>|T7 |<— —>|T8 |[<—
—HIOR/-HIOW | !
< T2 >
<—T3—> | —>| T4 |<—
READ DATA
|< T5 >[ T6 [<—
WRITE DATA
PARAMETER DESCRIPTION MIN MAX |Note
(nsec) |[(nsec)
T0 Cycle time 240 -
T1 | -DMACK active to +DMARQ inactive - 80
T2 | —HIOR,-HIOW pulse width 120 -
T3 | —HIOR data access - 60
T4 | —HIOR data hold 5 -
T5 | —HIOW data setup 35 -
T6 | —HIOW data hold 20 -
T7 | —DMACK to —HIOR/—-HIOW setu 0 -
T8 | —HIOR/-HIOW to —DMACK hol 0 -

Figure 6-7. DMA (SingleWord) cycle timings
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6.6.2 DMA timings (Multiword)

The Multiword DMA timing meetsMode 1.

DMARQ — ‘
‘<—T9—>|
~DMACK | |
< T0 > = |T7 <~
—|T6 |< T1 >|<—T8—>
—HIOR/-HIOW | |
<-T2—>| = [T3|<-
READ DATA —
|<—T4—>[T5 |<—
WRITE DATA —
PARAMETER DESCRIPTION MIN MAX |Note
(nsec) |[(nsec)
T0 Cycle time 240 -
T1 | —HIOR,-HIOW pulse width 80 -
T2 | —HIOR data access - 60
T3 | —HIOR data hold 5 -
T4 | —HIOW data setup 30 -
T5 | —HIOW data hold 15 -
T6 | —DMACK to —HIOR/—HIOW setu 0 -
T7 | —HIOR/-HIOW to —DMACK hol 5 -
T8 | —HIOR/-HIOW nagated pulse width 50 -
T9 | —HIOR/-HIOW to +DMARQ delay - 40

Figure 6-8. DMA (Multiword) cycletimings
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6.7 Addressing of HDD Registers

The hostaddresses the driidarough a set ofegisters called th&@askFile. Theseregisters aranapped into
the host's 1/Ospace. Twaochip select lineg-HCSO0 and -HCS1) anthreeaddress line§HA00-02) are used

to select one of theseegisters, while aHIOR or -HIOW is provided at thespecifiedtime.

The -HCSO isused to addres€ommandBlock registers. while theHCS1 isused to addres€ontrol Block
registers.

The following table shows the standard |/&ddress range for IBMPC-AT machines.

Addr. |-HCSO0|-HCS1|HA02 |HA01|HA00| —HIOR = 0 (Read) —HIOW = 0 (Write)
Command Block Registers

1F0 0 1 0 0 0 |Data Reg. Data Reg.

1F1 0 1 0 0 1 |Error Reg. Features Reg.

1F2 0 1 0 1 0 |Sector count Reg. Sector count Reg.

1F3 0 1 0 1 1 |Sector number Reg. |[Sector number Reg.

1F4 0 1 1 0 0 |Cylinder low Reg. Cylinder low Reg.

1F5 0 1 1 0 1 |Cylinder high Reg. Cylinder high Reg.

1F6 0 1 1 1 0 |Drive/Head Reg. Drive/Head Reg.

1F7 0 1 1 1 1 |Status Reg. Command Reg.
Control Block Registers

3F6 1 0 1 1 0 |Alt. Status Reg. Device control Reg

3F7 1 0 1 1 1 |Drive address Reg. -

Figure 6-9. TaskFile

Note: "Addr." field is shownjust as an example.
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