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Preface

Further reading.
Further reading to assist incomprehension of IBM discfiles can befound from page 663 of the 25 year
anniversarypublication of theJournal ofResearch andDevelopment,available in the library andfrom many
of the peoplein StorageProducts.

There is abook, published by GPD in1980, called DiskStorageTechnology,(No. GA 26-1665-0)which
includesmany points ofinterest topeople who do not have agreat dealof knowledgeabout disktechnology.
Copies of this publication areavailablethrough thelibrary.

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

What is a disc drive
Disc files areinformation storagedeviceswhich utilise a rotatable discwith concentricdatatrackscontaining
the information, a head forreading or writingdata on thevarious tracks and anactuatorconnected by a
support armassembly to thehead for moving the head to thedesiredtrack and maintaining it over the track
centrelineduring reador write operations. The movement of ahead to adesiredtrack is referred to as"track
seeking" oraccessing, whilemaintaining theselectedheadover the cwentreline of thedesiredtrack during a
read or write operation isreferred to as"track following". This is only applicable to closed loop servo
systems.

The actuator istypically a "Voice Coil Motor" (VCM) in present daydrives.This comprises acoil moveable
through a magneticfield of a permanentmagnetstator. The application of current to the VCMcauses the
coil, and thus theattached head, tomove rapidly. The accelleration ofthe coil isproportional to theapplied
current sothat there is no current in thecoil if the head isperfectlystationaryover adesiredtrack.

The information isstored as bits ofdigital information recorded astransitions of themagnetisation on the
surface of the disc.
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Analogies

Capacity
The totalcapacity of a discdrive might be asmuch as thestorage required for 50telephonedirectories.

Flying
A head flying over the surface of a disc iscomparable to a 747jumbo jet flying over a football pitch with
less than 1 footbetween thejumbo and thepitch. With a stray football left on thepitch the jumbo would
crash.This requiresthat the environment of theenclosure for the heads anddiscs has to beexceptionally
clean. To achieve thiscleanliness the DiscEnclosure (DE) has to besealedfrom the normal atmosphere,
with only an absolutefilter betweeninside andoutside of the DE.
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Disc File History
The following 8charts show how the technology of discdrives haschanged in the 2decades before1980.

Figure 1. Access timeagainsttime

Figure 2. Tracks perinch againsttime
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Figure 3. Data rate againsttime

Figure 4. Rotationalspeed againsttime
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Figure 5. Bitdensityagainsttime

Figure 6. Coatingthicknessagainsttime

3



Figure 7. Gaplengthagainsttime

Figure 8. Flying heightagainsttime
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Disc File Design

A disc file is made up ofseveralsections aslisted below -

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

Flying heads to read the magneticinformation on thediscs

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

A SpindleMotor to rotate thediscs

Electronics to do thefollowing -

− Write the datarequired by the customeronto thediscs

− Read thewritten datawhich is the customer'ssaveddata

− 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 the actuator under control of aservoloop to achieve the following -

— Move to adesiredtrack where the requireddata is stored

— Follow the achievedtrack with theminimum of positional error

− Communicatewith the hostsystem,which includes this disc drive, to passcommands anddata to
and from thedrive

− ProvideServiceinformation toassist inmaintenance of the discdrive

− Drive the SpindleMotor, underservocontrol, toensure very accuratespeedcontrol of thediscs

Disc File Design 5



6 Disc File Education



Explanation of acronyms
Acronym Description

AE Arm Electronics

ALE AddressLatch Enable

APAR A ProblemActivity Report

BATS BasicAssurance Tests

CRM Customer Removable Media/Module

CRU CustomerReplaceableUnit

CSM CommandStateMachine

DASD Direct AccessStorage Device

DATS DASD Advanced TrackingSystem

DMA Direct Memory Address

DRP Data RecoveryProcedure

DSP Digital SignalProcessor

DVT Device VerificationTest

ECC Error CorectionCode

EMC ElectroMagneticCompatibility (Radio Frequencyinterference)

ERP Error RecoveryProcedure

ESP Early ShipPlan

EVT EngineeringVerification Test

FCL File Control Logic(Glue logic)/Language

FCM File Control Microprocessor

FIFO First In First Out

FRU Field ReplceableUnit

FSM Finite SeriesMachine

GA GeneralAvailability

HDA Head/DiscAssembly

ID Inner Diameter (of thedisc)

IOP Input/OutputProcessor

IPC InterfaceProtocolCirciut

LSM Link StateMachine

LUN Logical Unit Number

MVS Multiple Virtual Systems

MVT ManufacturingVerification Test

Disc File Design 7



MSW MachineStatusWord

NRM Non-RepeatableMisregistration
(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 inRochester)

RA Repair Action

RAS Reliability Availability and Servicability

RM RepeatableMisregistration

SFC SERDESFormatterCircuit

SCSI Small ComputerSystem Interface

SID Servo ID

The name of thetiming mark found on theservodisc following which the servo information is
written.

SLM Serial Link Macro

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

TTPE Track to Track Phase Error

WWM Write to Write Misregistration

8 Disc File Education



Discs

The discs arealuminium discs which areeither coated with a magneticfilm, which is held in place with a
binder, or are plated with a magnetic film byelectrolysis or bydeposition.

The magnetic surfaces of the discs are used tostore thedata by reversing thedirection of magnetisation.
Thesereversals are the digital bits of thestored data.

Discs 9
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Heads

In earlier days ahead was made asfollows - The air bearing wasmade fromceramic and had itsflying
surface ground into aspherical shape. The magnetic head wasmade from laminations of iron material
which was glued into a cut out in theflying surface of thehead. A problem with this head wasthat the
magnetic laminations wouldprotude from the ceramicsflying surface by amounts which varied with
humidity. The problem whith this wasthat theheight of thewriting and reading gapvarieswith humdity
and thus the resolution (ie. 1F to 2F ratio)varied also.This is like having theheadflyng height varying with
humidity.

This head also had 2 lamination sections by each side of the head,parallel to thewritten tracks. This was
used to create a gapbetween thetracks which wascalled atunnel erase.Having created thisgap between the
tracks, the trackmisregistrationcould bemuch larger than is nowacceptable, this is because thehead does
not see information from theadjacent track until it haspassed over thetunnel erasedsection. Theneed for
this greater TMR was because theearlier machines which usedtunnel erase weremachines which were
mechanicallydetented at each track, ie. they did notfollow the track by readingposition information from it.
A detail of this head is shown inFigure 9 onpage 11.

Figure 9. Detail of the magnetic part of a Ceramicflying head.

The ceramicslider head and thefirst of the ferrite heads isshown in Figure 10 onpage 12. This ceramic
flying head was used in the2314 designed andmade in San Jose and in5444 designed inHursley andmade
in Havant.

Heads 11



Figure 10. Comparison in sizebetween theCeramic and the Ferrite heads.

At present there are 2 types of heads which are used to detect thetransitions 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

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 themajor block of ferrite above

A coil which is wound around the loop

See Figure 11 onpage 13.

The headglides over thesurface of the disc using theupward pressurefrom the air slides. The slides are
made very narrow toachieve a very small distancebetween the back of thehead and themagneticsurface.
The three rail version of these heads arecalled Winchester heads by the industry. The 2rail version wasfirst
used on the 3330from San Jose and the 3 railversion used by variousproducts from San Jose and by
Hursley onthe 62GV(Gulliver) the 62PC (Piccolo) andthe 62SW (Swallow)from Hursley. There is avery
narrow gapbetween theloop and the main body offerrite. As theheadglides over the disc itexperiences
the magnetic fieldfrom the disc changing in polarity. Thecoil wound around theback end of the head
detects this change and produces a voltageproportional to the rate ofchange of this linkedflux. Therefore
the peak of thevoltage picked up by thehead is when the headpasses over a change inpolarity of the
magnetisation on thesurface of the disc.

This procedure isenlargedbelow. See “BasicPrinciples ofMagneticRecording” onpage 17 later.

Heads 13



Thin Film Heads
A Thin Film Head is made up asfollows -

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

Magnetic head(s)deposited on thetrailing end of theflying rails.

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

Figure 12. Example of a Thin FilmHead

14 Disc File Education



Architecture

Therehave in the past been twoarchitectures used in discfiles.

Fixed Block Architecture(FBA)

This hasalwaysbeenused where thedata fields areinterupted byservoinformation (SectorMarks),
as there is afixed continuousdistancebetweeninteruptions. This hasoften beencalled asectorised
format.

.in 0

Count Key Data(CKD)

This hasalwaysbeen usedwherevariablerecord lengths are required.

Architecture 15



16 Disc File Education



Basic Principles of Magnetic Recording

SINGLE TRANSITION DOUBLE TRANSITION (DIBIT)
������� �����������
| | |

Write Current | | |
| | |

������� ������� �������

>>>>>>|<<<<<< >>>>>>|<<<<<<<<<|>>>>>>
Magnetisation >>>>>>|<<<<<< >>>>>>|<<<<<<<<<|>>>>>>

>>>>>>|<<<<<< >>>>>>|<<<<<<<<<|>>>>>>

*

* * *
Read-back * *
Signal * * *

* * *
* * * *

* * *
********* * * *

*
* *

*
*

* *
*

!!!!Join up the dots to get thepicture!!!!

Figure 13. RecordedPulseResponses

Introduction

Magnetic recordinginvolvesstoring on andretrieving information from a magneticcoating ontape,disk and,
in the distant past, a rotatingdrum. The information is written by switching current in arecording head
which is in contact orcloseproximity to the magneticsurface. This causes the magnetic particles(domains)
in the coating to be oriented in one oftwo directions,depending on the direction of thecurrent in the head,
as shown inFigure 13 onpage 17.

The information isretrievednormally using the same recordinghead. As the headpasses over thepoints in
the coating wherethe current wasswitched(called transitions), thedirection of magnetizationchanges, and
the change of magnetic flux induces a smallcurrent in thewinding of the head, which canbe detected, and
the dataextracted by therecordingchannel.

Competition in thesales ofDisk Files is quite fierce, and thismeansthat designers try tosqueeze asmuch
information as possible on eachsquare inch ofrecordingsurface. As the'density' ofrecordingincreases, the
net effect isthat thetransitionscannot be readback by the headtotally independentlyof eachother. They
start to suffer from what is called 'intersymbol interference', where thesignal induced in the head by one

Basic Principles ofMagnetic Recording 17



transition is affected by theadjacent ones. This effect limits the performance of traditionalrecording
channels at high bitdensities, but theimpact of it can bereduced byvarious techniques.

Intersymbol Interference

The response ofa recordinghead toboth a single and apair of transitions (dibit) isshown inFigure 13 on
page 17. The voltageinduced in the head isproportional to the rate ofchange offlux, and soapproximates
the differential of the original recordingcurrent. As you can see, in thecase of thedibit, the shape of the
read-backsignal for each of the twotransitions has beenaffected by thepresence of theother. The'peaks'
have beensomewhatflattened by thetails of the pulses. Where the dibit is at its shortest,around theinner
radius of thedisk, the position of thepeaks can also beaffected. This phenomenon iscalled 'non-linear
bitshift', or just 'bitshift'. of the signal where the transitions areclose togetherreduces theimmunity of the
detector to thepresence of'noise' on thesignal, and so increases theerror rate.

Coding and Detection

Coding
Since the early days of disk file design the encodingtechniques have beenthrough manyvariations. The
following is a list of some of themethods -

Double FrequencyRecording

MFM

PRML (PartialResponseMaximum Likelihood)

Double Frequency Recording
This method hastransitions writtenonto the discwhich include regular transitions betweenevery data
transition. Theseextra transitions are used as theclocking information which enables thedata to beextracted
from the combinedstream verysimply.

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

MFM
This is amethod toincrease thestored databy not including the clock pulses used in theDouble Frequency
Recording and byinsisting that transitions arewritten evenwhen the data is allzeroes.

Explanation -Consider thetrack asdivided upinto cells, there aretwo relevantplaces ineachcell, thecentre
and the edge of the cell. Therules forputting down transitions are asfollows - The transitionsmust not be

closerthan onecell
further apartthan twocells

Theserestrictions limit thebandwidth of the readback data to a ratio of 2 to 1.
1/2F to 1F.
limits on the position of transitions it isstill possible toextract thedata and to produce aclock from the
readback data. Itrequires aPhased LockedLoop (PLL) and afair amount oflogic.

Both of the two preceeding encodingtechniquesrequire the use of aPeak Detectionchannel.This is one
which will detect thepoint in time where the analog readbacksignal passesthrough a maximum or a
minimum.
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PRML

Partial Response Equalization.: One of the problems remainingafter Equalization has beenapplied to a
channelusing apeak-detection scheme isthat theover-shoots andringing cancauseshifting of the adjacent
peaks. The PRMLChanneluses ascheme of detection whichdoesnt rely on the position of thepeaks as
such, butrelies on taking samples of theinstantaneous amplitude ofthe read-backsignal at the recorded
bit-rate.

In order toeliminate theeffect of interference on thesampling scheme, the mostobvious technique would be
to equalise theread-backsignal suchthat, for agiven transition, thesampleswould be all zeroexcept for the
one at t = 0 .Refer to Figure 14 onpage 20. In this case, thesample at' t = n T ' for a stream of transitions
would be just thevalue for the'n'th transition, thevalues for alladjacent transitionsbeing zero atthat time.

This techniquesuffers from certain disadvantageshowever, themain onebeing that the filter required to
achieve thisboosts thehigh-frequencyresponse of the channel,resulting in adegradation in Signal-to-Noise
performance. A betterapproach is not to attempt toeliminate theinterferencealtogether, but toequalise in
such a way as to make itpredictable, and hence able to becompensatedfor, whilst lowering thebandwidth
to retain acceptableS/N performance.This type ofequalization iscalled 'PartialResponse'.

Partial Response Class IV: The PRML Channeluses'Partial ResponseClass IV' equalization(PRIV for
short). Theread-backsignal is filtered suchthat thesingle transition response has the samevalue at times
t = 0 and T, and is zero at othersample times. As you cansee in Figure 14 onpage 20, theresultantpulse
is wider, and sorequires a lowerband-width tohandle it.

The effect ofPRIV equalization on astring of transitions isshown inFigure 15 onpage 21. The read-back
signal is just the sum of all theindividual responses. Itis interesting tonote a fewproperties of thePRIV
signal:.

The samples haveonly 3 ideal 'normalised'values, + 1 0 -1.

The Channel band-widthrequired is only half therecorded bit rate.

The maximumcontinuous recordedfrequency to be readback is one quarter of therecorded bit-rate.

When thewrite current isswitched at the bitrate, theresultantsignal isvirtually null, the samples being
all zero. This appears the same to the channel as a 'DCerase', andis often referred to as an 'ACerase'.

The next problem is how torecover the originaldata aswritten. As you can seefrom Figure 15 on
page 21, the samplesdont seem to besimply related tothe originaldata. Toexplain this, wefirst consider
the effect of writing an isolated '1' in a long string of zeroes. Referring toFigure 16 on page 22, the
resultingsamplescomprise astring of zeroescontaining the sequence ' + 10 -1'.

Now the relationship can beseen. If youtake the Writecurrent (Iw) signal, delay it by'2T', subtract itfrom
the original, then normalise it, youarrive at theread-back samples(S). For example, applying this to the
data in Figure 15 onpage 21:

Basic Principles ofMagnetic Recording 19



�������
�

Write Current �
�������

>>>>>>�<<<<<<
Magnetisation >>>>>>�<<<<<<

>>>>>>�<<<<<<

*
* *

Read-back * *
Signal
Equalised

* *
* * *

...*.....*.....*.....*...........*.....*.....*.....*.....
* * * *

-4T -3T -2T -T 0 T 2T 3T 4T

* *
* *

Read-back * *
Signal
P.R.IV Equalised

* *
* *

...*.....*.....*.....*.................*.....*.....*.....*.
* * * *

-4T -3T -2T -T 0 T 2T 3T 4T

Figure 14. Partial ResponseClass IV Equalization
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Write
Data 0 1 0 1 0 1 1 1 0 1 1 0 0 1 1 0

����� ����� ������������� ��������� ���������
Write � � � � � � � � � �
Current � � � � � � � � � �

������������� ����� ����� ����� ��������� �����

PRIV Read Signal *
...........*...................*...............*...........*...*......

* * * * * * * *
* *

*...*...*.......*...*...*...*.......*.......*.....*.......*.......*....
* * *

* * * * *
.......................................*...........*...*...........*..

* *
Read Samples

0 0 1 0 0 0 0 1 0 -1 0 1 -1 -1 1 1 -1

Interleaves
0 1 0 0 0 0 -1 1 -1

0 0 0 1 -1 1 -1 1

Figure 15. Partial ResponseClass IV Read-backsignal

Write Data 0 0 1 0 1 0 1 1 1 0 1 1 0 0 1 1 0
Minus delayed twice 0 0 -1 0 -1 0 -1 -1 -1 0 -1 -1 0 0 -1 -1 0

----------------------------------------------------------
Samples ..... 1 0 0 0 0 1 0 -1 0 1 -1 -1 1 1 -1 ......

This relationship can be expressed as:

S = Iw(1 - D**2) where 'D' is the 'delay' operator.

This expression can be manipulated mathematically, so to recover the
original Write current:

Iw = S/(1 - D**2) which is realisable as the following:

�������
Samples�������� ADD ���������������	������Original Iw

���(XOR)� �
� ������� ����������� �
������
�����2 BIT DLY���

�����������

Pre-coding: In practice, theread-back samples are not perfect, due to the presence of noise in theread-back
signal. This noise would propogatearound theabove 2-bit delay loop probablyresulting in unacceptable
S/N performance. In the PRML Channel, thecompensating function, in this casecalled 'Precoding', is
carried outlogically prior to writing, so that it is not affected by thenoise. Thenormalisedmoduli of the
Read-backsamplesthen becomeidentical to the originaldatabeforePrecoding.

Basic Principles ofMagnetic Recording 21



¢-----¬
| |

Write Current 0 0 0 | 1 | 0 0 0 0
| |

---------------" ¦-------------------

............*.*.............
Read-back *
Signal
P.R.IV Equalised *

*
* *

...*.....*.....*.....*...........*...........*.....*.....*.
* * *

*
*

*
.........*.*..........

-4T -3T -2T -T 0 T 2T 3T 4T
Sample
Values 0 0 0 0 +1 0 -1 0 0

*
| * . *

Overall | * . *
Transfer | .
Function | * . *

| .
| * . *
| .
| * . *
| .
| * . *
| .
| * . *

------|------------------------|-----------------------|---
0 1/4T 1/2T

Figure 16. Partial ResponseClass IV Dibit Response
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Detection

Maximum Likelihood Sequence Estimation.

Interleaved Samples

The M.L. processmakes use of one of themany properties of the sampledPRIV data. By taking all the
'odd' samples as onestring and all the'even' samples as theother, youobtain the two'interleaves' of the
data. Because thePRIV transferfunction (1-D**2) involves a 2-bit delay, theprecoding andinterference
operate independantlyon eachinterleavewith no interactionbetween thetwo.

Referring to theexample inFigure 15 onpage 21, it can beshown that all the'ones' on agiven interleave
will alwaysalternate in polarity. This is called a'pseudo-ternary constraint', andleads tothe possibilitythat
information about the'real' value of agiven sample in thepresence of noise isavailable in the rest of the
sequence of samples on the sameinterleave.

The ruleswhich the samples mustfollow can besummarised as:

1. For all the samples:

There cannot bemore than 4consecutivezeroes(0,4/4 code limit)

2. For eachinterleave:

There cannot bemore than 4consecutivezeroes(0,4/4 code limit)

A 'one' must be theoppositepolarity to the previous'one'

Mean-Square Error Criterion

This is a method offinding the onesequence of'perfect'samples which is'most likely' to be represented by
the string of samplestaken by the channelin the presence of noise, bearing inmind that theabove rules
must apply. The criterion statesquite simply that -

The datasequence which has theminimum Mean-Squared Error(MSE) from the observed sequence is
the one 'mostlikely' to have been used tocreate it.

To be fully correct, thisalgorithm depends on the'noise' in theread-back samplesbeing perfectly additive,
uncorrelated andGaussian. This is notcompletely true in the caseof magneticrecording, so thealgorithm is
something ofan approximation.

If you want to see areasonablysimple proof of this, and anumber of the otheralgorithms that will be
described in this section,they are contained in The'Rosier'TechnicalReport, referenced in thefront of this
document.

The Viterbi Algorithm

Considering the hundreds orthousands ofsamples whichwould constitute a completerecord, itsclearly not
feasible to implement aprocess to carry out themillions of MSE calculations toarrive at the'most-likely'
sequence.Originally for use inTelecommunications, A JViterbi developed analgorithm for arriving at the
ML sequencewithout all the complicated calculations,which can equally well be applied to magnetic
recording.
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Actuator

There are 2types ofActuator -

Linear

Rotary

Linear Actuators
These areof variousdesigns -

Rack (of a Rack and Pinion).

Pneumatic

Leadscrew

Taught Band(This has a dcmotor to move the actuator via a taughtband attached to a hub on the
motor and to thelinear actuatorwhich travels on linear ways.)

Direct Drive via aVoice Coil Motor attached tothe actuatorwhich travels on linear ways.

Rotary Actuators
There areseveral designs ofRotary Actuators -

Direct drive via a cog on theActuator

The Actuator has aVoice Coil Motor directly attached

Actuator toachieverotary motion about thespindle of theActuator.

Actuator Servo
The servo systemfollowing this applies toboth therotary andlinear actuators detailed above.

The Servo system is themethodwhich has beenused, in recent times, toposition theread/writehead over a
given track and tofollow that track with great precision.Previously theactuators had been positioned in an
open loop fashion, ie.with no feedback to acontrolling system.There are 2aspects to the servo -

Access to a demandedtrack

Following a track

Actuator 25
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Access

In earlier days the access was achieved in anopen 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 accessmethod.

Open Loop Systems
Pneumaticactator. (2314) This had agrating attached tothe actuatorwhich was used tocount track
crossing pulses.When theappropriatenumber hadbeencrossed thePneumatics was turned off and the
data wasexpected to beunder thehead.

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

The leadscrew has a cogged wheelmounted on it,which is detectedwith a magneticpickup, to count the
cogs,which are equivalent to tracks on the magneticdisc. Pawls arethen insertedinto the cogged wheel
to detent theactuator on what itbelieves to be therequired track.

SteppingMotor on Leadscrew.(5444mod2) This has asteppingmotor mounteddirectly on the end of a
leadscrew.Every position where the steppingmotor detents byitself will cause theactuator,mounted on
it, to move by 1track. By having optical detectors on theleadscrew one isable to control thespeed of
accessing to bemuch fasterthan thepreceeding frictiondrive.

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

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 or ceramic compounds,providing that the way hasvery little friction and does notproduce
wear particles. Byhaving the VCM directly mounted onto the actuator, one isable to haveposition
information, available from the readheads, tofeedback in a servoloop to control the position of the
actuator. Theamount ofcontrol is set by the bandwidth of theservoloop. This bandwidth islimited by the
mechanics whichsuffersfrom resonances.
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Servo Systems

Track Following
Only the closed loop systemdescribed before is able toperform a closed loop 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 Loop control systems werefirst used, they weremade fromanaloguecomponents,which had
a largepurchasedtolerance.This fact meant that it was verydifficult to construct avery tight loop which
was required for accurate trackfollowing. The analoguecomponents were/areexpensiveparticularly if low
tolerancecomponents were/arespecified.

To get a low data error ratewhen reading thedata from atrack the head must bekept very close to the
centre of the track.There are manyforcestrying to move the head from thecorrectposition -

Vibration from outside
Wind from thesurface of the disc
Stiffness of anycableattached tothe actuator

To achieve thisposition, aservo loop with a high gain is required. This high gain loop has to beclosed
around the actuator andheads whichtherefore, according toNewton, is a loop which includes two
integrators(force to velocity and velocity toposition). These twointegratorsmean that thephase of the
systemwould be 180˚ of lag. This meansthat the control loop has to bestabilised sothat it does not
oscillate at alltimes. This stabilisation is achieved by including twonetworks in the loop; 1. A phaselead
network 2. A phase lag network. These areused to advance thephase of theloop so that it hasless than
180˚ of phase lag at thefrequency where theloop hasunity gain. This frequency iscalled thebandwidth of
the loop. The Boderesponse of aloop stabilsed asabove isshownbelow.
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Figure 17. Openloop reponse of a continuoussystem.

This results in a closedloop response Figure 18 onpage 31.
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Figure 18. Closedloop response of a continuoussystem.

This was ok as theclosed loop frequencyresponse did not have toomuch of again rise. This amount of
gain rise wasdirectly affected by thegain of the open loopsystem. The gainrise wasdirectly affected by
some of the values of the analoguecomponents. Tochose thesewith a very low tolerance wasexpensive.

The effect of thegain rise is that there are certainfrequencieswhere thefollowing of the centre of thedesired
track is not as good as isrequired by the error rate of thewrite or readbackprocess. This is shownbelow as
a plot of theerror function.When this goesabove zero db theloop is amplifying theeffectswhich aretrying
to move the actuator from thecentre of the track tobe written or read. Aplot of the error function follows.
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Figure 19. Error frequencyresponse of acontinuoussystem.

Sampled Systems
Before Digital Signal Processors wereavailable amethod was usedwhich was aspecialised pieceof logic
hardware whichprocessed thecontrol algorithmsundercommandsfrom a low performance microproccesor.

This system consisted ofonly 2 major extra sections -

The mainmicroproccesor
The algorithmunit
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Figure 20. Block diagram ofsystem using anAlgorithm Unit.

This system enabled the trackfollowing and theaccessing to use the sameloop. Thedisadvantage isthat the
accessing has to beat a definedrate, (usually slowerthan thatwhich is obtainable withseperateloops). This
method wasonly used for ashort period and has now beenreplaced by the use ofDSPs.

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

1. Track following. During this time theoutput from the demodulator was thebest version of theposition
of the head withrespect to the centre of the track.This position information was corrupted bynoise in
the readbackprocess. If thetrack was notcircular, its shape could beestimated and thisestimatecould
be fed into the left summing junction as acorrection to theposition error signal (PES). The input to the
algorithm unit was therefore aquieter version of thePES, which meansthat thealgorithm unit has to
createlessoutput. Whilst track following the extra input to thesumming junction on theright is zero.

2. Accessing.During this actionboth of the summing junctions areused. Whilstaccessing youhave to
know where youshould be ateach sector time.This position isinput to the leftjunction sothat only
an error from thishoped for position is what isinput into the algorithm unit. To make asaccess
happen an open loop(feedforward)current isapplied to theactuator via theright summing junction.
This meansthat the servo loop should have to supplyinput only when there 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 this lack of change thesettling onto a desired
track is faster.This method is notcurrently being usedon Hursleyproduct, but this last point isbeing used
on the latestproducts from SanJose.

As of now DSPs are available on theopenmarket. Thesehavegreatadvantage as theloop thuscreated has
far less tolerances included in it. Also thepower of the DSP isavailable to dofunctions which were not
possiblewith the analogue loop; also one canmakechanges in thecode of the DSP totake someaccount of
late changes inthe mechanics.

There are somedifferences in thecontrol loop when asampled DSP is used. The 3preceeding diagrams of
Openloop, Closedloop and Errorfrequency responses aremodified asshown in the 3following diagrams -
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Figure 21. Openloop response of thesamesystemsampled at2kHz.
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Figure 22. Closedloop response of thesamesystemsampled at2kHz.
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Figure 23. Error response of thesamesystemsampled at2kHz.

As can be seen from the 3preceedingplot 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 asampled system in a DSP iscalled acontroller. The controller operates onseveral of
the last inputs tothe control loop and several of the lastoutputs. It multiplies each of thesevalues by a
predetermined set ofcoefficient and byadding all of these multipliedvalues arrives at avalue to beapplied to
the actuator.
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Spindle Motor

The SpindleMotor have been ofseveraltypes during the last 2 decades -

1. Mains AC induction

This type waslike a small washingmachinemotor driven with a flat belt.

2. AC induction

This was aspecially designedmotor which is made as part of thedisk spindle. Themotor has astart and
a run winding. The run winding is drivenfrom a transistorinverter. At start, the startwinding is driven
from the mains and the runwinding is driven atmains frequency.When the motor has hadtime to
achieve nearlysynchronousspeed, thestart winding is switched off and the run winding frequency is
slowly ramped up fromthe mainsfrequency to full speedrunning frequency. Themotor is stopped
rapidly by passing DCthrough the runwinding.

3. Brushless DC

Most people drive these motors by having Hall effect devices sensing therotational position of the
spindle anddriving the windings through transistors. Speedcontrol is acheived byusing theinformation
from the Hall effect devices andthen controlling thedrive to thetransistors.

Spindle Motor Servo
This is only used with the lastmotor 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 aninput to a phaselocked loop
(PLL). The output from this loop is used to modulate thetransistors whichdrive the motor. Theaccuracy
of speedcontrol is dependent on thegain that can be achieved in the loop,which include the PLL and the
motor. TheServo system used tocontrol themotor can be the same asthat used to contol theposition of
the actuator with thedifferencethat there is only one integrator in theloop to becontrolled.
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Attachment

Many types ofattachmentbetween the diskdrives andthe usingsystem are or havebeen used.Some of
these arelisted following on from here.

1. NativeAttachment.

This meansthat a diskdrive is directlyconnected to theusing systemwithout anystandardinterface.
This was themethod used byevery file developed inHursley up toand including 62SW.

2. An IBM standardinterface eg.DFCI

This was themethod used on9335(Kestrel).

3. An industry standardinterface eg.SCSI

1. The fist of these was aspecial interfacewhich only wasable to transmit thecommandsrequired by the
drive to enable it toaccess,read and write,and send diagnosticinformation back inresponse to a specific
request fromthe using system.

2. The second was an IBM versionof an industrystandard(DFCI is an IBM version ofIPI3).

Some of the commands on theinterface arelike -

Test that attacheddrive is ready foroperation
Access to a desiredtrack
Select aparticularhead
Read or write agive number ofbytesfrom/to the accessedtrack using theselectedhead
Requestsenseinformation from thedrive
Format thedrive. On thenative attacheddrives this could havebeen by using the previous 3 or 4
commandtypes. On the industrystandardinterface this isperformed asa seperatecommand.

On Industry standardinterfacesthere might also becommands asfollows -

Inquire about thecapacity of theselected drive
Start or stop thedrive
Inquire about thestatus of adrive
Write data to thedrive andverify that thewritten datacan berecovered correctly
Reassignblock (sectors) ofdata. This might bedone if theusing systemhad decidedthat a particular
block (sector) wasliable to beunable tostore datareliably.
Download microcode to thedrive to enable thedrive to performother operations
Change theparameters of, forexample, the ERP procedures
Inquire about theparameters of, forexample, the ERP procedures
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