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Preface

Further reading.

Further reading toassist incomprehension of IBM disdiles can befound from page 663 of the 25 year
anniversarypublication of theJournal ofResearch an®evelopmentavailable in the library androm many
of the peoplein StorageProducts.

There is abook, published by GPD inl980, called DiskStorageTechnology,(No. GA 26-1665-0)which
includesmany points ofinterest topeople who do not have great deabf knowledgeabout disktechnology.
Copies of this publication aravailablethrough thelibrary.

A book published by SRAcalled Introduction to IBM Direct Access StorageDevices by Marilyn Bohl
containsmuch information of assistance irunderstandingnany of theterms and procedures used in IBM
disc drives.

What is a disc drive

Disc files areinformation storagedeviceswhich utilise arotatable disavith concentricdatatrackscontaining
the information, a head foreading or writingdata on thevarious tracks and amactuatorconnected by a
support armassembly to thénead for moving the head to thdesiredtrack and maintaining it over the track
centrelineduring reador write operations. The mvement of ahead to adesiredtrack isreferred to as'track
seeking" oraccessing, whilenaintaining theselectedheadover the cwentreline of theesiredtrack during a
read or write operation isreferred to as'track following". This is only applicable toclosedloop servo
systems.

The actuator igypically a "Voice CoilMotor" (VCM) in present daydrives. This comprises aoil moveable
through a magnetidield of a permanentmagnetstator. The application of current to the VChkhuses the
coil, and thus theattached head, tmmoverapidly. The accelleration othe coil isproportional to theapplied
current sothatthere is no current in theoil if the head isperfectly stationaryover adesiredtrack.

The information isstored as bits ofligital information recorded asransitions of themagnetisation on the
surface of the disc.
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Analogies

Capacity

The totalcapacity of a disdrive might be asmuch as thestorage required for 5¢elephonedirectories.

Flying

A headflying over the surface of a disc i€omparable to a 74jumbo jetflying over afootball pitch with
lessthan 1 footbetween thgumbo and thepitch. With a stray football left on thepitch the jumbo would
crash.This requiresthat the environment of theenclosure for the heads ardiscs has to bexceptionally
clean. To achieve thigleanliness the Dis&nclosure (DE) has to beealedfrom the normal atmosphere,
with only an absolutdilter betweeninside andoutside of the DE.
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Disc File History

The following 8charts show how the technology of diddves haschanged in the 2lecades befor&980.
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Disc File Design

A disc file is made up obeveralsections adisted below -

A number ofdiscs. Thenumber ofdiscs is toallow for the requiredstorage ofthe wholedrive.

Flying heads to read the magnetiformation on thediscs

A Mechanical Actuator to move theheads across a disc to be able to read the magmetoecmation
written on aselected disc

A Spindle Motor to rotate thediscs

Electronics to do thdollowing -

Write thedatarequired by the customernto thediscs
Read thewritten datawhich isthe customer'saveddata

Detect the datawritten by the Servo Writer whichwill produce anerror signal, which defines how
far, and inwhich direction, thehead is from thecentreline of the written track

Drive theactuator under control of servoloop to achieve the following -
— Move to adesiredtrack where the requiredata is stored
— Follow the achievedrack with theminimum of positional error

Communicatewith the hostsystem,which includes this dis drive, to passcommands andlata to
and from thedrive

Provide Serviceinformation toassist inmaintenance of the disdrive

Drive the SpindleMotor, underservocontrol, toensure very accuratgpeedcontrol of thediscs
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Explanation of acronyms

Acronym Description

AE
ALE
APAR
BATS
CRM
CRU
CSM
DASD
DATS
DMA
DRP
DSP
DVT
ECC
EMC
ERP
ESP
EVT
FCL
FCM
FIFO
FRU
FSM
GA
HDA
ID
IOP
IPC
LSM
LUN
MVS
MVT

Arm Electronics

AddressLatch Enable

A ProblemActivity Report

Basic Assurance Tests

Customer Removable Media/Module
CustomerReplaceabldJnit
CommandStateMachine

Direct AccessStorage Device
DASD Advanced Trackingsystem
Direct Memory Address
DataRecoveryProcedure

Digital SignalProcessor

Device VerificationTest

Error CorectionCode
ElectroMagneticCompatibility (Radio Frequencyinterference)
Error RecoveryProcedure

Early ShipPlan
EngineeringVerification Test

File Control Logic(Gluelogic)/Language
File Control Microprocessor

First In First Out

Field ReplceabldJnit

Finite SeriesMachine
GeneralAvailability
Head/DiscAssembly

Inner Diameter (of thalisc)
Input/OutputProcessor
InterfaceProtocol Circiut

Link StateMachine

Logical Unit Number

Multiple Virtual Systems

ManufacturingVerification Test
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M SW Machine StatusWord

NRM Non-Repeatabléisregistration
(Distance of thehead from thedesiredtrack whichchangeswith each revolution.)
PMA ProgramMemory Address
oD Outer Diameter (of thedisc)
POH Power OnHours
POR Plan Of Record
PLD Power Line Disturbance

PRML Partial ResponseMaximum Likelyhood

(A new DataChannelmethod forextractingdata,designed inRRochester)

RA Repair Action

RAS Reliability Availability and Servicability

RM RepeatableMisregistration

SFC SERDESFormatterCircuit

SCSl Small ComputerSystem Interface

SID Servo ID
The name of thegiming mark found on theservodisc following which the servoinformation is
written.

SLM Serial Link Macro

TMR Track MisRegistration
(ie. how far the head is from theentre of the track tde writtenor read.)

TTPE Track to Track Phase Error
WWM Write to Write Misregistration
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Discs

The discs arealuminium discswhich areeither coated with a magnetiélm, which is heldin placewith a
binder, or are plated with a magnetic film leyectrolysis or bydeposition.

The magnetic surfaces of the discs are usedsttmre thedata by reversing thedirection of magnetisation.
Thesereversals are the digital bits of thetored data.

Discs 9
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Heads

In earlier days ahead was made a®llows - The air bearing wasmade fromceramic and had it$lying
surfaceground into asphericalshape. The magnetic head wasde fromlaminations of ironmaterial
which wasglued into a cut out in theflying surface of thehead. Aproblem with this head waghat the
magnetic laminations wouldrotude from the ceramicsflying surface by amounts which varied with
humidity. Theproblem whiththis wasthat the height of thewriting and reading gaparieswith humdity
and thus the resolution (ie. 1F to 2F ratigried also.This islike having theheadflyng heightvarying with
humidity.

This head also had 2 laminatiordions by eachide of the headparallel to thewritten tracks. This was

used to create a gdpetween thdracks which wasalled atunnel erase.Having created thiggap between the
tracks, the trackmisregistrationcould bemuch largerthan is nowacceptable, this is because thead does
not see information from thadjacent track until it hapassed over théunnel erasedsection. Theneed for

this greater TMRwas because thearlier machines which usedunnel erase weremachines which were
mechanicallydetented at each track, ie. they did rfollow the track byreadingposition information from it.

A detail of thishead is shown irfFigure 9 onpage 11.

LAMINATIONS

CERAMIC TUNNEL ERASE

READ ¢ ap
WRITE

AIR HOLES

2314/5444 SLIDER

Figure 9. Detail of the magatic part of a Ceramidlying head.

The ceramicslider head and thdirst of the ferrite heads isshown inFigure 10 onpage 12. This ceramic
flying head was used in th2314 designed ancthade in San Jose and B#44 designed iHursley andmade

in Havant.
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Figure 10.Comparison in sizéetween theCeramic and the Ferrite heads.

At present there are 2 types of heads which areduto detect thdransitions of magnetisation on the disc
surface -

Ferrite Heads

Thin Film Heads

In the future therewill be magneto-restrictive heads.
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Ferrite Heads

FLYING RAILS

FERRITE LOOP FERRITE BLOCK

Figure 11.Example of aferrite head

A Ferrite head ismade up of -
- A solid block of ferrite
2 or 3 flying rails
« A loop of ferrite at theback end of thenajor block of ferrite above

« A coil which iswound around the loop
See Figure 11 ompage 13.

The headglides over thesurface of the dic using theupward pressurefrom the airslides. The slides are
made very narrow t@chieve a ver small distancebetween the back of theead and theanagneticsurface.
The three rdiversion of these heads apalled Winchester heads by the industry. Theal version wadirst
used on the 3330rom San Jose and the 3 raikrsion used by variouproducts from San Jose and by
Hursley onthe 62GV (Gulliver) the 62FC (Piccolo) andthe 62SW (Swallowfrom Hursley. There is avery
narrow gapbetween thdoop and the main body oferrite. As theheadglides over the disc iexperiences
the magnetic fieldfrom the disc chnging in polarity. Thecoil wound around théback end of the head
detects this change andqauces a voltag@roportional to the rate ofhange of this linkedlux. Therefore
the peak of thevoltage picked up by thédead is when the heagasses oer a change irpolarity of the
magnetisation on theurface of the disc.

This procedure ignlargedbelow. See “Basid®rinciples ofMagneticRecording” onpage 17 later.

Heads 13



Thin Film Heads
A Thin Film Head is made up a®llows -

« A piece ofceramic (themajor part of thehead) whichincludes 2flying rails which are chamfered at one
end to cause thhead to fly above theurface of the disc.

Magnetic head(syleposited on therailing end of theflying rails.

This type of head is detailed in Figure 12 page 14.

XR

DEPOSITED TURNS

P1
P2 GAP

YVIEW ON R SECTION ON 5

Figure 12.Example of a Thin FilmHead
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Architecture

Therehave in the pat been twoarchitectures used in didies.
Fixed Block Architecture(FBA)

This hasalwaysbeenused where thelatafields areinterupted byservoinformation (SectorMarks),
as there is dixed continuousdistancebetweeninteruptions. This hasften beencalled asectorised
format.

in 0
Count Key Data(CKD)

This hasalwaysbeen usedvherevariablerecord lengths are required.

Architecture 15
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Basic Principles of Magnetic Recording

SINGLE TRANSI TION DOUBLE TRANSI TION (DI BIT)
Wite Current
S S (I
>>>>>>| <KL >>>>>>| KLLLLLLLL| >>>>>>
Magnetisation — >>>>>>| <<<<<< >>>>>>| <LLLLLLLL| >>>>>>
>>>>>>| <KL& >>>>5>| KLLLLLLLL| >>>>>>
*
* % *
Read- back o
Si gnal ook *
* * *
* * * *
* * *
kkkkkkkkk * * *
*
* *
*
*
* %

MJoin up thedots to get thepicture!!!!

Figure 13.RecordedPulseResponses

Introduction

Magneticrecordinginvolvesstoring on andetrievinginformation from a magneticoating ontape,disk and,

in the distant past, a rotatingrum. Theinformation iswritten by switching current in arecordinghead

which is in contact orclose proximity to the magnetisurface. This causes the magnetic particlédomains)

in the coating to be oriented in one tfo directions,depending on the direction of theurrent in the head,
as shown inFigure 13 onpage 17.

The information isretrievednormally using the same recordingead. As the heagasses over thpoints in
the coating wherahe current wasswitched(called transitions), thedirection of magnetizationchanges, and
the change of magnetiflux induces a smalturrent in thewinding of the head, which carbe detected, and
the dataextracted by theecordingchannel.

Competition in thesales ofDisk Files isquite fierce, and thismeansthat designers try tosqueeze asnuch
information as posble on eachsquare inch ofecordingsurface. As thédensity' ofrecordingincreases, the
net effect isthat thetransitionscannot be readback by the headotally independentlyof eachother. They
start to suffer from what is called 'intersymbolinterference’, where thsignalinduced in the head by one

Basic Principles oMagnetic Recording 17



transition is affected by theadjacent ones. This effect limits the performance of traditionakecording
channels at high bitlensities, but the@mpact of it can beeduced byvarious techniques.

Intersymbol Interference

The response oé recordinghead toboth asingle and goair of transitions (dibit) ishown inFigure 13 on
page 17. The voltagenduced in the head iproportional to the rate ofhange offlux, and soapproximates
the differential of the original recordingurrent. As you can see, in thease of thedibit, the shape of the
read-backsignal foreach of the twatransitions has beeaffected by thepresence of th@ther. The'peaks'
have beersomewhatflattened by thetails of the pulses. Where the dibit is at its shortesaround theinner
radius of thedisk, the position of thepeaks can also baffected. This phenomenon isalled 'non-linear
bitshift', or just'bitshift’. of the signalwhere the transitions arelosetogetherreduces themmunity of the
detector to thepresence ofnoise' on thesignal, and so increases tleeror rate.

Coding and Detection

Coding
Since the early days of disk file design the encodteghniques have beethrough manyvariations. The
following is a list of some of thenethods -

Double FrequencyRecording
MFM
PRML (PartialResponseMaximum Likelihood)

Double Frequency Recording

This method hastransitions writtenonto the discwhich include regular transitions betweerevery data
transition. Thesextratransitions are used as tltéocking informationwhich enables thaelata to beextracted
from the combinedstream verysimply.

This coding uses a frequency range of 1& 2F, where 1F is the frequency of the bit rateectly from the
disk.

MFM
This is amethod toincrease thestored databy not including the clock pulses used in tli®ouble Frequency
Recording and bynsistingthat transitions arewritten evenwhen the data is alteroes.

Explanation -Consider thetrack asdivided upinto cells,there aretwo relevantplaces ineachcell, thecentre
and the edge of the cell. Thailes forputting down transitions are afollows - Thetransitionsmust not be

closerthan onecell
further apartthan twocells

Theserestrictions limit thebandwidth of the reatback data to a ratio of 2 to 1.

1/2F to 1F.

limits on the position oftransitions it isstill possible toextract thedata and to produce alock from the
readback data. ltequires aPhased Locked.oop (PLL) and afair amount oflogic.

Both of the two preceeding encodingechniquesrequire the use of #eak Detectiorchannel.This is one

which will detect thepoint in time where the analog readbadignal passetshrough amaximum or a
minimum.
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PRML

Partial Response Equalization.: One of the problems remainingfter Equalization has beempplied to a
channelusing apeak-detection scheme that theover-shoots andinging cancauseshifting of the adjacent
peaks. The PRMLChanneluses ascheme of detection whictloesnt rely on the position of theeaks as
such, butrelies ontaking samples of thenstantaneous amplitude ahe read-backsignal at the recorded
bit-rate.

In order toeliminate theeffect of interference on theampling scheme, the moebvious technique would be
to equalise theead-backsignal suchthat, for agiven transition, thesampleswould be all zeroexcept for the

one at t=0.Refer to Figure 14 orpage 20. In tis case, thesample att=nT' for astream of transitions
would be just thevalue for the'n'th transition, thevalues for alladjacent transitionbeing zero athattime.

This techniquesuffers from certain disadvantageBowever, themain onebeing that thefilter required to
achieve thisboosts thehigh-frequencyresponse of the channalesulting in adegradation in Signal-to-Noise
performance. A betteapproach is not to attempt teliminate theinterferencealtogether, but teequalise in
such a way as to make firedictable, and hence able to bempensatedor, whilst lowering thebandwidth
to retain acceptabl&/N performance.This type ofequalization iscalled'PartialResponse’.

Partial Response Class IV: The PRML Channeluses'Partial Respons€lass 1V' equalization(PRIV for
short). Theread-backsignal is filtered suchthat thesingle transitionresponse has the samvalue at times
t=0 and T, and is zero at othesample times. As you casee in Figure 14 omage 20, theesultantpulse
is wider, and saequires a loweband-width tohandle it.

The effect of PRIV equalization on atring of transitions isshown inFigure 15 onpage 21. The read-back
signal is just the sum of all thendividual responses. lis interesting tonote a fewproperties of thePRIV
signal:.

The samples havenly 3ideal 'normalisedvalues, +1 0 -1.
The Channel band-widthequired is only half theecordel bit rate.
The maximumcontinuous recordeffequency to be reatlack is one quarter of theecorded bit-rate.
« When thewrite current isswitched at the bitate, theresultantsignal isvirtually null, the samples being

all zero. This appears the same to the channel as a €)&%e’', ands oftenreferred to as an 'Arase'.

The nextproblem is how torecover the originaldata aswritten. As you can sedrom Figure 15 on
page 21, the samplatont seem to beimply related tothe originaldata. Toexplain this, wefirst consider
the effect ofwriting an isolated '1' in a long string of zeroes. Referring Rgure 16 onpage 22, the
resultingsamplescomprise astring of zeroesontaining the sequence '+@-1".

Now the relationship can bgeen. If youtake the Writecurrent (lw)signal, delay it by 2T', subtract itfrom

the original,then normalise it, youarrive at theread-back sample€S). For example, applying this to the
data in Figure 15 omage 21:

Basic Principles oMagnetic Recording 19
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Read- back * *
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Figure 14. Partial Responsglass IV Equalization
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Wite
Data 0 1 0o 1 0 1 1 1 0 1 1 0 0 1 1 O

Wite
Current
PRIV Read Signal *
""""" ok T Ty T
*...*...* IIIIIII *...*...*...* IIIIIII L o L L *””
* * * * *
"""""""""""""""""""""""""""""" T
Read Sanpl es
o 010 0 0 01 0-1901-1-111-1
I nterleaves
0 1 0 0 0 0 -1 1 -1
0 0 0 1 -1 1 -1 1

Figure 15. Partial Responsglass IV Read-backsignal

WiteData 0 0 1 0 1 01 1101100110
Mnus delayed twice 0 0-1 0-1 0-1-1-1 0-1-1 0 0-1-1 0
Samples ... 1000010-1012-2-211-1......

This relationship can be expressed as:
S=1Iwl- D*2) where 'D is the 'delay' operator.

Thi's expression can be manipul ated mathematical ly, so to recover the
original Wite current:

lw=98(1- D*2) which is realisable as the fol | ow ng:

Sanpl es—»—— ADD iginal Iw

(XR)
L—z BIT DLY

Pre-coding: In practice, theread-back samples are notrfect, due to the presence of noise in tlead-back
signal. This noisewould propogatearound theabove 2-bit delay loop probablyresulting inunacceptable
S/N performance. In the PRM Channel, thecompensating function, in this casalled 'Recoding’, is
carried outlogically prior to writing, so that it is not affected by thenoise. Thenormalisedmoduli of the
Read-backsamplesghen becomadentical to the originadatabeforePrecoding.
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Figure 16. Partial Responsglass IV Dibit Response
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Detection

Maximum Likelihood Sequence Estimation.
Interleaved Samples

The M.L. processmakes use of one of thmany properties of the sampleBRIV data. Bytaking all the
'‘odd' samples as onstring and all the'even'samples as thether, youobtain the two'interleaves' of the
data. Because thePRIV transferfunction (1-D**2) involves aZ2-bit delay, theprecoding andinterference
operate independantlgn eachinterleavewith no interactionbetween thdwo.

Referring to theexample inFigure 15 onpage 21, it can beshown that all théones' on agiven interleave
will alwaysalternate in polarity. This is called a'pseudo-ternary constraint', ahehds tothe possibilitythat
information about the'real’ value of agiven sample in thepresence of noise iavailable in the rest of the
sequence of samples on the samierleave.
The ruleswhich the samples mugbllow can besummarised as:

1. For all the samples:

There cannot benorethan 4consecutivezeroes(0,4/4 code limit)
2. For eachinterleave:

There cannot benorethan 4consecutivezeroes(0,4/4 code limit)

- A'one' must be th@ppositepolarity to the previousone'
Mean-Square Error Criterion

This is amethod offinding the onesequence ofperfect'samples which ismostlikely' to be represented by
the stringof samplestaken by the channeh the presence of noise, bearing imind that theaboverules
must apply. The criterion stateguite simply that -

The datasequence which has thminimum Mean-Squared ErrofMSE) from the obseved sequence is
the one 'mostikely' to have been used toreate it.

To be fully correct, thisalgorithm depends on th@oise' in theread-back samplebeing perfectly additive,
uncorrelated andaussian. This is notcompletely true in the casef magneticrecording, so thalgorithm is
something ofan approximation.

If you want to see aeasonablysimple proof of this, and anumber ofthe otheralgorithmsthat will be
described in tls section,they are contained in Thd&Rosier' TechnicalReport,referenced in thdront of this
document.

The Viterbi Algorithm

Considering the tndreds orthousands osamples whichwould constitute a completeecord, itsclearly not

feasible to implement g@rocess to carry out theillions of MSE calculations taarrive at the'most-likely’

sequence.Originally for use inTelecommunications, A Yiterbi developed aralgorithm for arrving at the

ML sequencewithout all the complicated calculations,which can equally well be applied to magnetic
recording.

Basic Principles oMagnetic Recording 23
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Actuator

There are 2ypes ofActuator -
Linear

Rotary

Linear Actuators
These areof variousdesigns -

Rack (of a Rack and Pinion).
Pneumatic
Leadscrew

- Taught Band(This has a danotor to move the actuator via a taughtnd attached to a hub on the
motor and to thdinear actuatorwhich travels on linear ways.)

Direct Drive via aVoice Coil Motor attached tahe actuatomwhich travels on linear ways.

Rotary Actuators
There areseveral designs dRotary Actuators -

Direct drive via a cog on thé\ctuator
« The Actuator has &oice Coil Motor directly attached

Actuator toachieverotary motion about thespindle of theActuator.

Actuator Servo
The servo systernfollowing this applies toboth therotary andlinearactuators dwiled above.

The Servo system is thmethodwhich has beemsed, in recent times, tposition theread/writehead over a
given track and tofollow that track with great precisionPreviously theactuators had been positioned in an
open loop fashion, iewith no feedback to aontrolling systemThere are 2aspects to the servo -

. Access to a demandédack

Following a track

Actuator 25
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Access

In earlier days the access was achieved inogen loop fashion, ie.with no feedbackabout theposition of
the head withrespect to thedata on thedisc. The following list is ofvariousdisk driveswith an explanation
of their accesamethod.

Open Loop Systems

Pneumaticactator. (2314) This had agrating attached tothe actuatorwhich was used taount track
crossing pulsesWhen theappropriatenumber hadbeencrossed thePneumatics was turned off and the
data wasexpected to beinder thehead.

Friction Drive Leadscrew.(5444) This had acotton-reel-like part which was constantlyotated by a
drive belt which alsoturned thediscs. Theactuator waglriven by a leadscrewMounted on the end of
the leadscrewwhich wasat right angles to thecotton-reel-likepart, was aflexible stainlesssteel disc.
This flexible part wasmade to contact theotton reelwith 2 clutches.When oneclutch wasenergised it
presses one sidédiameter) of theflexible disc against oneedge of thecotton-reel. This make the
leadscrewrotate in onedirection eg. clockwise.When the otherclutch is energised it presses theher
side (diameter) of theflexible discagainst theother end of thecotton-reel.This makesthe actuator rotate
in the oppositedirection (anti-clockwise).Either of these clutchesnake the actuator move in or out on
the leadscrew.

The leadscrew has a cogged whesbunted on itwhich is detectedvith a magnetigpickup, tocount the
cogs,which are equivalent to tracks on the magneatisc. Pawls aretheninsertedinto the cogged wheel
to detent theactuator on what ibelieves to be theequired track.

SteppingMotor on Leadscrew(5444mod2) This has ateppingmotor mounteddirectly on the end of a
leadscrewEvery positionwhere the steppinghotor detents hyitself will cause theactuator,mounted on
it, to move by ltrack. By having optical detectors on theadscrew one isble tocontrol thespeed of
accessing to benuchfasterthan thepreceeding frictiordrive.

SteppingMotor connected viaraught band(Other people) Asolid wheel ismounted on the end of the
steppingmotor. Thewheel isattached to thectuator by 2stainlesssteelbandswhich arefastened to the
wheel in opposite directions. Theother ends of the bands afastened to theactuator in opposite
direction to enable thédands topull the actuator ineither direction. Theaccesstime of this system is

limited by thecoggingtime of the steppingnotor.

Closed Loop System

Direct Drive via a Voice Coil Motor (VCM).

The Voice Coil isattacheddirectly to theactuatorwhich moves onslide ways. Theseways can bemade of
stainlesssteel orceramiccompounds providing that the way hasvery little friction and does nofproduce
wear particles. Byhaving the VCM directly mounted onto the actuator, one isable to haveposition
information, available from the readheads, tofeedback in a servdoop to control the position of the
actuator. Theamount ofcontrol is set by the bandwidth of theervoloop. This bandwidth idimited by the
mechanics whictsuffersfrom resonances.
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Servo Systems

Track Following

Only the closedloop systemdescribed before is able tperform aclosedloop function for following the
written track. All of the limitations,describedabove, restrict thebandwidth of thetrack following servo.
This will be explainedbelow.

Continuous Systems

When Closed Lo@ control systems werdirst used, they werenade fromanaloguecomponentswhich had
a largepurchasedolerance.This fact meant that it was veryifficult to construct avery tight loop which
was required for accurate tradkllowing. The analogueeomponents were/arexpensiveparticularly if low
tolerancecomponents were/argpecified.

To get a low data error ratevhen reading thedata from atrack the head must bekept veryclose to the
centre of the trackThere are manyorcestrying to move the head from theorrectposition -

- Vibration from outside
- Wind from thesurface of the disc
Stiffness of anycableattached tahe actuator

To achieve thisposition, aservoloop with a high gain isrequired. This high gainloop has to beclosed
around theactuator andheads whichtherefore, according toNewton, is a loopwhich includes two
integrators(force to velocity and velocity tgosition). These twdntegratorsmean that thephase of the
systemwould be 180° of lag. This meansthat thecontrol loop has to bestabilised sothat it does not
oscillate at alltimes. This stabilisation is acieved by including twonetworks in the loop; 1. A phaskead
network 2. A phase lag network. These arged to advance thphase of theloop so that it hadessthan
180° of phase lag at thérequency where théoop hasunity gain. This frequency iscalled thebandwidth of
the loop. The Bodeesponse of doop stabilsed asbove isshownbelow.
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Figure 17.0Openloop reponse of a continuowss/stem.

This results in a closetbop response Figure 18 opage 31.
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Figure 18.Closedloop response of a continuosystem.

This was ok as theclosedloop frequencyresponse did not have tomuch of again rise. This amount of
gain rise wasdirectly affected by thegain of theopen loopsystem. The gaimise wasdirectly affected by
some of the values of thenaloguecomponents. Tahose thesavith a verylow tolerance wagxpensive.

The effect of thegainrise isthat there are certaifrequenciesvhere thefollowing of the centre of thedesired
track is not as good as required by the error rate of tharite or readbackprocess. This is shownbelow as
a plot of theerror function.When this goesbove zero db théoop isamplifying theeffectswhich aretrying
to move the actuator from theentre of the track tde written or read. Aplot of theerror function fdlows.
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Figure 19.Error frequencyresponse of &ontinuoussystem.

Sampled Systems
Before Digital Signal Processors weravailable amethod was usedvhich was aspecialised piec®f logic
hardware whictprocessed theontrol algorithmsundercommanddsrom a low performance microproccesor.

This system consisted afnly 2 major extra sections -

« The mainmicroproccesor
« The algorithmunit
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Figure 20.Block diagram ofsystem using amlgorithm Unit.

This system enabled the tradkllowing and theaccessing to use the sartop. Thedisadvantage ishat the
accessing has to bat a definedrate, (usially slowerthan thatwhich is obtainable withseperatdoops). This
method wasonly used for ashortperiod and has now beaeplaced by the use dSPs.

The action of the arrangement in Figure 20 page 33 is as follows -

1. Trackfollowing. During this time theoutputfrom the demodulator was theest version of theosition
of the head withrespect to the centre of the trackhis position information was corrupted moise in
the readbaclprocess. If thetrack was notcircular, itsshape could bestimated and thigstimatecould
be fed into the left summing junction ascarrection to theposition error signal (PES). The input to the
algorithm unit wastherefore aquieterversion of thePES, which meansthat thealgorithm unit has to
createlessoutput. Whilst track following the extrainput to thesumming junction on theight is zero.

2. Accessing.During this actionboth of thesumming junctions araised. Whilstaccessing yothave to
know where youshould be ateach sector time.This position isinput to the leftjunction sothat only
an error from thishoped forposition is what isinput into the algorithm unit. To make asaccess
happen an open looffeedforward)current isapplied to theactuator via theright summing junction.
This meansthat the servoloop should have to supplyinput only whenthere is an error between the
expectedpositions and the actual positions.

This use of a loopwhich is common to bothtrack following and accessingmeansthat there is no step
changewhen changingbetweenthesemodes. As aresult of thislack of change thesettling onto adesired
track isfaster.This method is notcurrently being usedn Hursleyproduct, but this last point ibeing used
on the latesproducts from Sarose.

As of now DSPs are available on tlomenmarket. Theséhavegreatadvantage as thkop thuscreated has
far lesstolerances included in it. Also thpower of the DSP isavailable to dofunctions which were not
possiblewith the analogue loop; also one cammkechanges in theode of the DSP tdake someaccount of
late changes inhe mechanics.

There are somdlifferences in thecontrol loop when asampled DSP is used. The@eceeding digrams of
Openloop, Closedloop and Errorfrequency responses amneodified asshown in the Following diagrams -

ServoSystems 33



FREQ HZ

6010 . . _ 1(|)0 . . . 100(}00
100
5
[ ]
= 0
2]
“100
- 1 1 1 1 | 1 1 1 1 -
2010 100 100&00

FREQ HZ

Figure 21.0Openloop response of theamesystemsampled alkHz.
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Figure 22.Closedloop response of theamesystemsampled aRkHz.
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Figure 23.Errorresponse of theamesystemsampled akHz.

As can be seen from the Breceedingplot there is toomuch gain rise in both of the last twoplots. This
would give rise to badfollowing of the track centreline. This is overcome byhaving more compensation at
the centrefrequencies.

The compensation of aampled system in a DSP dslled acontroller. The controller operates several of
the last inputs tothe controlloop andseveral of the lasbutputs. Itmultiplies each of thesealues by a
predetermined set afoefficient and byadding all of these multipliedalues arrives at aalue to beapplied to
the actuator.
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Spindle Motor

The SpindleMotor have been obeveraltypes during the lads2 decades -
1. Mains AC induction
This type wadike a small washingmachinemotor driven with a flat belt.
2. AC induction

This was aspecially designeanotor which ismade as part of thdisk spindle. Themotor has astart and

a run winding. The run winding is drivefrom a transistorinverter. At start, the startvinding is driven
from the mains and the rumwinding is driven atmains frequency.When the motor has hatime to
achieve nearlysynchronousspeed, thestart winding is switched off and the run winding frequency is
slowly ramped up fromthe mainsfrequency tofull speedrunning frequency. Themotor is stopped
rapidly by passing DQhrough the runwinding.

3. Brushless DC

Most people drive thesemotors by having Hall effect devices sensing therotational position of the
spindle anddriving the windings throughtransistors. Speedontrol is acheived bwsing theinformation
from the Halleffectdevices andhen controlling thedrive to thetransistors.

Spindle Motor Servo
This is only used with the lasmotor type. Normally it is only a speedcontrol loop but it could be a
rotational position loop.

In the speedcontrol loop the output from the hall effects can be used as anput to aphaselocked loop

(PLL). The outputfrom thisloop is used to modulate thansistors whichdrive the motor. Theaccuracy
of speedcontrol is dependent on thgain that can be achieved in the loophich include the PLL and the
motor. TheServo system used toontrol themotor can be the same #&ksat used to contol th@osition of

the actuator with thelifferencethat there is only one integrator in tHeop to becontrolled.
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Attachment

Many types ofattachmentbetween the diskdrives andthe usingsystem are or havbeenused.Some of
these ardisted following onfrom here.

1.

2.

Native Attachment.

This meanghat a diskdrive is directlyconnected to theising systenwithout anystandardinterface.
This was themethod used byvery file developed inHursley up toand including 62SW.

An IBM standardinterface egDFCI
This was themethod used 09335 (Kestrel).
An industry standaréhterface egSCSI

The fist ofthese was @pecial interfacavhich only wasable to transmit theeommandsrequired by the
drive to enable it toaccessread and writeand send diagnostimformation back inresponse to a sp#ic
request fromthe using system.

The second was an IBM versiarf an industrystandard(DFCI is an IBM version ofIP13).

Some of the commands on th&terface ardike -

Testthat attacheddrive isready foroperation

. Access to a desirettack

Select aparticularhead

Read or write agive number ofbytesfrom/to the accessettack using theselectedhead
Requestsenseinformation from thedrive

Format thedrive. On thenative attacheddrives thiscould havebeen byusing the previous 3 or 4
commandtypes. On the industrgtandardinterface this igperformed asa seperateommand.

Industry standaréhterfacesthere might also beommands aollows -

Inquire about thecapacity of theselected drive
Start or stop thalrive
Inquire about thestatus of adrive

- Write data to thedrive andverify that thewritten datacan berecovered correctly

Reassignblock (sectors) ofdata. This might bedone if theusing systemhad decidedhat aparticular
block (sector) wadiable to beunable tostore dataeliably.

Download microcode to thdrive to enable thedrive to performother operations

Change theparameters of, foexample, the ERP procedures

Inquire about theparameters of, foexample, the ERP procedures
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