UkD-91-014 . ', _ ! 1 A METHOD OF SERV A NAGNETIC
Bl Sk DRI VE Field of the Invention This invention rel ate
t 0

servowiting a magnetic disk drive, and in particular t n
be used with a sealed HDA, thereby obviating the need to servowite in

cl ean room- Background of the Invention Di sk drives are data storage

devi ces haygogpapstack of one or nore magnetic recording di sks nmounted for
rotation about a:common axis. Data is stored on the disks in concentric
tracks, and is read fromor witten to_the disk surfaces by transducing
heads. There is typically one-read/wite head per disk surface, although
only a single head/di sk surface conbination nornmally reads or wites user
data at any gi ven tA METHGY |OFt SERVOERUEINGr & MyaNiijaa¢ RIEKeDPRBIE f ox common noti on
on an actuator, which noves the heads radially in and out across their
respective disk surfaces. In nost nodern disk drives the heads glide over
the rotati Biell of the fiaventdonsych a |ow height (< 1 [err]nm that any dust

or ot her
This invention relates to a method of servowriting a magnetic disk
drive, and in particular to a method that can be used with a sealed HDA,

thereby obviating the need to servowrite in a clean room.

Background of the Invention

Disk drives are data storage devices having a stack of one or more
magnetic recording disks mounted for rotation aBout a common axis. Data
is stored on the disks in concentric tracks, and is read from or written

'E'Eb.fﬁe'disk surfaces by ﬁrénqaucjdg heads. There is typically one
read/wrlte head per disk surface, although only a single head/disk
surface combination normally reads or writes user data at any given t1me

All tpe.heads are ganged.together for common motion on an actuator, which

..moves-the heads radially in and out across their respective disk
surfaces. In most modern disk drives the heads glide over the rotating
disk surface at such a low height (<*1pm) that any dust or other
contamination on the disk surface dis likely to result in a head crash,
loss of data; and possible damage to thé~hend. For this reason, the
disks, actuator, and heads are placed in a secaled unit known as the

head-disk'assembly (HDA).

The movement of the actuator is controlled by a servo system,
utilising servo information recorded on one or more of the disks. By
reading this servo information, the actnal radial positions of the heads
can be determined, and after comparison with the desired head radial
.positions, control signals can bq sent to move the.éctuator accordingly.
Two types of servo system are comﬁ%ﬁly nsed. In the first a dedicated
servo system, one whole disk surf1ca €n servo disk) is used exclusively
to store servo information. A ,orvo hnad conqtantly reads thlS
1nformat10n to provide a contimions signal 1nd&gnt1ng.the p031t10n of the
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coﬁtaniﬁation on the disk surface is likely to result in a head crash, |oss
of data, and possible damage to the head. For this reason, the disks,
actuator, and heads are placed in a sealed unit known as the head-di sk
assenbly (HDA). The novenent of the actuator is controlled by a servo
system wutilising servo information recorded on one or nore of the disks.
By reading this servo information, the actual radial positions of the heads
can be det BKM%el@léand after conparison With the desired head radia
positions, control signals can be sent to nove the actuator accordingly.
Two types of servo systemare commonly.used. In the first, a dedicated
servo system one whol e disk surface (a servo disk) is used exclusively to
store servo information. A servo head constantly reads this information to

pr ovide a EBFYY BaBRFidhgresPerhdiccBi T YhE Hos F"t“il&’ﬁ gFtepfion, thxdogatipm

of all the other data heads on that actnator. In the second type of servo
system, sectors of servo information are interspersed with sectors of
data on each disk surface (this type of system is known as a sector
servo). As a head fﬁllows the data track around, it regularly reads a
fresh sample of servo information from each servo sector with which to
conirol its position. In both types of servo system there are servo
guardbanas at the inner and outer diameters to indicate the radial limits
of the data storage regions on the disks. Often one of the servo
guardband regions is used as a-landing zone for the head when the disk

drive is powered down.

The servo pattern therefore comprises.whole or sectors of concentric
tracks. Each track is identified by an index number, allowing the radial
position to the nearest whole number of tracks to be easily detefmined.
Finer radial positional information is provided by an error signal
derlved from the relatlve strengths of signals from two or more adjacent
servo tracks. The angular or azimuthal position of the head is obtained
from circumferentially aligned tramsitions in the servo tracks, with some -
particular mark on the tracks being used to define the zero angle. The
radial and angular measurements, corresponding to r and 8 in polar
coordinates, completely specify the position of the head over the disk

surface.

The initial writing of theé servo patterns onto the disk is an
important step in the manufacture of disk drives. Clearly it is essential
for the servo tracks to be written as aceurately as possible, whilst at
the same time great care must be taken to prevent contamination of the
disk surfaces. bonventionally this has been achieved by using specialised
servo-writing apparatus, with its own transducer head. The servo-writer
is first used to write a circular clock track on the disk, providing a
series of transitions indicating angular position around the disk. In one
common method servo tracks at other radii are then written using the

product head (ie the one that is actnally part of the disk drive).
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servo hedd with respect to the servo di sk, and by extension, the location
of all the other data heads on that actuator. In the second type of servo
system sectors of servo information are interspersed with sectors of data -
on each disk surface (this type of systemis known as a sector servo). As a
head follows the data track around, it regularly reads a fresh sanple of
servo i nf or H&2i%n0%4 om each servo sector With which to control its
position. In both types of servo systemthere are servo guardbands at the

i nner and outer dianmeters to indicate the radial limts of the data storage
regions on the disks. Oten one of the servo guardband regions is used as a
| andi ng zone for the head, when the disk drive is powered down. The servo
pattern thefeswes BHPSPRER, wHb(tke doracrd §iving infarpahiqn tetliggidie Each
track i Sv\jqdff%ddcciteldeéaywﬁéh itB Cend te Udd€ B in alchewitAend hes rpdivaliedosgi tion to the
near est ol e

unber qof tracks to.b asi.ly determ ne Fi ner. radia
Doai £ onal FrRaRTIasaon R cireuBiet, Er e YD oI RAR HanPRTY R PR he
rel ati ve st sq‘x@i—hsim.sngbsvd-momarV\Dymaw alxamchsemtlmgfm ﬂamks . The
angul ar or Qr%ée%gi']&!etg?ség hQQnt%fintthl% pgo%lcl: Sheggt:-?t' r;'legonstant radius. In this

manner, circular servo tracks all referenced in angle to the clock track

can be obtained.

Whilst conventional servo-writers ate capable of producing highly
accurate servo patterns, they have a major drawback in terms of cost.
This is firstly-because the machines themselves are bulky and expensive,
and require a large optical (vibration-isolation) table. Secondly,
because the disk-surches are exposed during the servo-writing process,
this process must be performed in a clean room, which again adds to cost.
Constraints on the amount 6f affordable clean room space or number or
servo-writers limit the total throughpnt of a disk drive production line.
For this reason, there have been various attempts to find simpler, less

expensive methods of servo writing.

EPA 327207 discloses a method in which only one disk is
servo-written conventionally. The remajning disk surfaces are
servo-written after the HDA has been scaled by effectively copying the

- pattern from the disk that already has the servo pattern on. Likewise, US
4531167 discloses a servo-writer that copirs servo patterns onto disks
inside the HDA from a master disk cartridge attached to the disk spindle
outside the HDA. The master disk cartridge is removed once the disk drive
has been servo-written. Neither of these techniques completely avoids
using a clean room, and the method of US 4531167 is only applicable to

certain designs of disk drive.

An alternative to using a magnetic clock ‘track is disclosed in IBM
TDB Vol 1-85, Page 4877-4878 "Servowriter Reference Clocks From Shaft
Encoder", which proposes using an optical guide disk with angular

information marked on it attached to the main épindle. A clock track is

y 4 ..
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fromcircunferentially aligned transitions in the servo tracks, with sone
particular mark on the tracks being used to define the zero angle. The
radi al and angul ar neasurenents, corresponding TO r and [err] |n t?ol ar

coordi nates, conpletely specify the position of: nhsslmd@smﬁ ﬁé
e

surface. The initial witing of the servo patterns IS an
| nportant BKe1l-ni4 he manufacture of disk drives. | ssenti al
for the servo tracks to be witten as accurately as p055|ble whil st at the
same time great care nust be taken to prevent contam nation of the disk
surfaces. Conventionally this has been achi eved by using specialised
servo-witing apparatus, with its own transducer head. The servo-witer is
first usedread firpmethe diskcusing el Ndket frioke of fedle tei syeplprioiriidgng a series

of transitipAsmkBHLabI O BAMHC erhetaqsnhhon A QNN ol BELuH SkervbNp ARS8 £ OTON
met hod servo tracks at other radii  are then witten using the product head

(i e the onditHar frRpraéthds| ysesarithothe Hé‘“dﬁhssk UF5wpeyD-140, in which clock

information is read from a paper paLLorn wrapped around the disk shaft.

In both cases the optlcal guide has far fewer transitions than are
requlred for the servo pattern, so that the frequency of the signal from,
the guide must be multiplied.up'to produce the servo pattern. It has
proved difficult with such-techniques however to obtain the high accuracy
necessary for the ever-increasing density of data stored on disk

surfaces.

Disclosure of the Invention

Accordingly, the invention provides a method of servo-writing a
magnetic disk drive, said disk drive including a head-disk assembly (HDA)
containing within a substantially sealed housing one or more coaxial,
rotatable magnetic data storage disks, each disk data storage surface
having a respective magnetic transducer hemad for data transfer therewith;
and means for moving the transducer hcad(s) in unison radially across the

disk surfaces; said method comprisivg the steps of:

writing a circular clock track within the sealed HDA at radius R1

using a Monte Carlo technique;
moving the transducer head(s) to radins R2;

reading the clock track by measuring the change in polarisation of
light reflected from the disk surface nsing a magneto-optical head

outside said sealed HDA;

and simultaneously with said step of reading the clock track,

writing a servo track at radius R2 with said transducer head(s), wherein



UK9-91-014 ' ,' 3 Angul ar information, in the form of
timng information telling the product head when to wite certain
transitions, is provided.by synchronisation with the clock traeks—which is-

simul taneously read by the servo-witer. The servo- mwlter |ﬁ
includes a long-armlaser interferoneter to maintaligs ead at a
constant r&3PtSLl-Ofy this manner, circul ar’servo tra & ced in

angle to the clock track can be obtained. Wilst co o-witers
are capabl e of producing highly accuratee servo patterns, they have a ngjor
drawback in ternms of cost. This is firstly because the machi nes thensel ves

are bul ky anpd expensiyve uire.a large o ca V|brat| -jsol ation)
t abl e. Secoﬁﬁﬂy'lﬂééﬁhggefﬁénﬁfgﬁ“%d@?aé% paFéEbkﬁﬁé é dh?fﬁbﬁgﬁg
servo-w it kageymioeé sy, théitdmpnpefsshanpsansiciper rerdrEdon sadd olleek trreckn

whi ch again adds to cost. Constraints on the anmount of affordable clean

room space or nunber or servo-witers limt the total throughput of a disk
drive producti ém fippprtant advantage of the method of the invention is that the

entire servo-writing process takes place after the disks and heads have
glready been sealed within the HDA. This eliminates the need for

expensive cleanroom space, which is often a limiting factor in factory
throughput, and the magneto-optical equipment used is cheaper and much
more compact than conventional servowriters. Thus use of the invention

saves money, and can lead to increased production rates.

Furthermore, the method of the invention can actually produce a more
accurate servo pattern, because when conventional servo-wrifers read the
clock track, the head they use is swbject to some jitter, which
translates itself into small erroks in the servo pattern. By contrast,
the MO head for use with the present invention can be firmly mounted,
thereby eliminating any jitter. One further advantage of the present ;
inveéntion is that servo-writing at HDA level benefits from the full
structural rigidity of the disk drive. By coutrast, some of the smaller
-disk drives that are becoming increasingly common have relativeiy weak
disk stacks, and if servo-written without the support of the HDA casting
are liable to bend or suffer other distortions which would then be

‘reflected in the resulting servo pattern.

Generally the whole disk drive will be servo-written be repeatedly
moving the transducer'head(s) to a new radius; reading the clock’ track by
measuring the change in polarisation of light reflected from the disk
surface using a magneto-optical head ontside said sealed HDA; and
simultaneously with said step of reading the clock track, writing a servo
track at the new radius with said transducer head(s), wherein the timing
of the transitions for said servo track at the new radius is determined

by the timing of the transitions read From said clock track.
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Fof this reason, there have been various attenpts to find sinpler, |ess
expensi ve nethods of servo witing. EPA 327207 di scloses a nethod in which

only one disk is servo-witten conventionally. Tg’e_ng_ﬂLsk—surfaces-
are servo-witten after the HDA has been scal ed by effectivel %Xl ng the

pattern fromthe disk that already has the servo ;ﬁi‘ats ee“ ¥
4531167 di §foQ§ ?-50 13 servo-witer that copies servo di sks
inside the HDA from a naster disk cartridge attache ;Alispi ndl e

outsi de the HDA. The master disk cartridge is renoved once the di sk drive
has been servo-witten. Neither of these techniques conpletely avoids using
a clean room and the nmethod of US 4531167 is only applicable to certain

desi gns of di skryfikc¥ely, Alﬁh@'btoﬁl’:@&iak!!@ to@hiiFuA sk dTBY Bk | hethbOWE thack is
di scl osed in 1 BM TDB Vol %?15 5@36 4877- 4878 I Servow i t%e E&feq:en e QOcks
From Shaft iBYEBLASR COMRTLSES FhgptRideving AkeRtn BHtiRaI §&i Pk EhRS

angul ar i nfsar egtimanedardansli i freabémohedetidy iy againstspiaddtermied| ock
track is specifications the closure and number of transitions of said trial clock

track; and repeating the above steps until a clock track is written-that

meets said predetermined specifications. Usually fluctuations in the disk
rotation speed introduce sufficient variations between trials to lead to

an acceptable clock track, without the neced to change the estimated

transition frequency.

In a preferred emBodiment the clock track is written on one of the
outermost disk surfaces (ie at the top or bottom of the disk stack). The
reason for this.is simply that it is mmch easier to read the clock track
in such a location, since the disk surface wouldube ielatively close to
the MO head and it should be possible to use only a singlg'window in the
HDA. There is no reason in principle why the clock track could not be
written on a different disk surface, providing it was accessible

optically, but the practical difficulties wonld be very much greater.

Preferably the clock track is wrilten outside the intended location
of the normal servo outer guardband, te allow a servo pattern (dedicated
or sector) to be written directly onto any chosen disk surface, including
the one with the clock track on. In fact writing the clock track inside
the inner guardband would also permit this, but clock tracks have been
conventionally written around the onter djameter, primarily because the
greater relative velocity between the head and the disk surface has
produced a stronger magnetic readback signal. Clearly this reasoning does
not apply to a magneto-optically sensed signal, but the greater bit size

at the outer diameter does make it easier to read a clock track there.

The invention .further provides a disk drive including a head-disk
assembiy (HDA) containing within a substantially sealed, opaque housing,
a disk stack comprising one or more coaxial, rotatable magnetic data

storage disks, each disk data storage surface having a. respective

Sl
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4 read fromthe disk using a Mdire fringe effect to supply timng
information to the product heads which wite the actual servo pattern. A
simlar approach is used with the IBMdisk drive WD-L40, in which clock
information is read froma paper pattern wapped around the disk shaft. In

both cases the optical guide has far fewer transiti i red
for the sery9-9at®¥rn, so that the frequehcy of the “ gui de
must be multiplied up to produce the servo pattern. ifficult

wi th such techni ques however to obtain the high accuracy necessary for the
ever-increasing density of data stored on di sk surfaces. SUMVARY OF THE
INVENTION It is an object of the present invention to aneliorate one or
nore di sadveaanghts GEnsdueepriagd fan datec éornfilng therenirtasprtmedts €A8 present
i nvention trmﬁ;rlegleleplteaﬂs@aselahereadsqdnofunmweaa\umyr\g:rasm@eaisqc di sk

drive, said dISk drive Iljg}ﬁ a  head- dIStk ass % gﬁ% i,ch has a

subst ant i al T4 £86%T e d2FO LS “8 ebeé?g PEATSELRTH) 0 ek Wit & Hath&
includes a transparent window located at one axial end of the disk stack
through which an optical beam directed at a disk surface may enter the
HDA, and through which the component of said optical beam reflected from

the disk surface may exit the HDA.

Brief description of the drawings
Figure 1 shows an exploded simplified view of a magnetic disk drive.

Figure 2 shows an example of a sector scrvo pattern used in a magnetic .

disk drive.

Figure 3a shows a schematic diagram of a conventlonal magneto- opt1ca1

{MO) head. . i

Figure 3b shows a schematic diagram of the magneto-opfical head of Figure

3a adapted for use with the method of the invention.

" Flgure 4 shows the focu551ng quadrature detector from the MO head of

Figure 3.

'Flgnre 5 shows a simplified and somewhat diagrammatic illustration of the

Kerr rotation of polarlsed light on rof1oct10n from a magnetised surface.

Detailed Description

Figure 1 shows a simplified diagram of the main components of a disk
drive. A disk stack 2 comprises data storage disks 4 mounted coaxially on
a shaft 6 using a hub and clamp 8. The shaft is rotated by an electric

motor (in-this case hidden within the hub). Each data storage surface has
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data storage disks, |ocated within the housing, a magnetic transducer head
for 5 each data storage disk for data transfer therewith [ ocated within
t he housi ng, and neans |ocated within the housing for noving the transducer
heads in unison radially across the disk surfaces, said substantially

seal ed housing having a w ndow for viewing a circular clock track on one of
t he magnetigrglatagpgf or age di sks, said nmetlgod conprising the steps of:
witing a circular clock track within the seal ed HDA at radius Rl using a
Monte Carl o technique; noving the transducer heads to radius R2; reading

t hrough said wi ndow the cl ock track by neasuring the change in polarization
of light reflected fromthe di sk surface using a nmagneto-optical head

out si de sai d eakedivdDAr araddcsd h‘eléd dneaipbyraxidt by ai srnstiepatafaciendbngn t he

clock tr aCk t‘MakL%r&g; aTE? ra\égugtip Sal artadil HSSJHR2V(\)M(‘tOh%OSqI doéJransq'lg%erlg]%ads

the tinming B he tranaitions Servo trac I Us
det er mi ned havet hke thegidpginofiniden mchtraéilx iagmesy ¢hel disbrauwrdeeesci(blek mvactmon

According to AQeLIEF apsPRGEH1Of ol AEKPAERRAL itAY #Nida@Nod REA ST ScRlRYLSLd 18

system for
prevent .contamination of the disk surfaces, the disk stack (ie disks,

spindle, hub, clamp and motor), along with the actuator and attached
heads, are contained within a sealed unit, referred to as the head disk
assembly (HDA). The HDA housing comprises a casting 20 which supports the
disk spindle at both ends and gives the disk drive its structural
rigidity, plus a mating.cover 22, The HDA cover has a transparent window
in 350, whose purpose will be explained below. Other features typically
included in the HDA housing, such as a breather filter, are not shown.
The HDA is shock-mounted within a casing 24, which also contains most of

the electronics associated with the disk drive.

Movement of the actuator (and hence the heads) is controlled by a
servo system, utilising servo information recorded on. one or more disk
surfaces. Figure 2 shows in simplified form sector servo information
recorded on one surface of a disk drive (note that thHe invention is
equally applicable to a dedicated serve system). The disk surface is
divided up into a series of conceuntric tracks 230 between inner and outer
radii (for clarity only a few tracks are shown). These tracks are
circumferentially split up into sectors 220 available for data storage
alternating with sectors 222 of servo informaﬁion, as is well known in
the art. Inner and outer servo guardbands (214, 216 respectively) are not
used for data storage, but rather indicate the limits of the data
recording band of the disk. There is a similar arrangement of servo

information on each disk surface.

The method of writing the servo information onto the disk surface(s)
will now be described. The first step is to write a circular clock track
on one of the two outermost disk surfaces (ie the ones at either axial
end of the disk stack), holding the head at a constant radius. Extra

current is supplied to the actuator to mechaunically compress the end
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servo-wri‘ting a magnetic disk drive which has a substantially seal ed
housi ng and one or nore coaxial, rotatable magnetic data storage di sks,

| ocated within the housing, conprising: a magnetic transducer head

posi tioned inside the seal ed disk drive, for 6 witing a clock track at
radi us Rl aokbfoarowriting a servo track at radius R2; a transparent w ndow,
| ocated at one axial end of the disk stack, through which an optical beam
directed at an outernpst disk surface nay enter the disk drive, and through
whi ch the conmponent of the optical beamreflected fromthe di sk surface may
exit the disk drive; and a negneto-optical head, positioned external to the
seal ed di sksihpsvéhatdjrasemnictt xubt@an sparednbom'nnddwirf mrmpl addmdt ngithethe

opti cal beapand beading dibe chook LT aclccLhrough BSRAEN oL AR DY

measuri ng the change in po arlzatlon Iect
surface. Brvédfthdesaviopditde %ﬁrﬂ{ahera@savﬂﬁwge"@!?gar@ the ﬂqéwoan itslidridle

simplified yd.QW Sltd PRAVIBLIE #helsaHE ! 8Rhnique, known as end stop compression,
is widely used in conventional servo-writing processes. The transition
frequenéy for writing the track is estimated based on the desired total
of Lransitiogs in one revolution (360 degrees). When the start of the
clock track ié encountered again, after one full circle, the track is
reread to seerif it has the correct spacing between the first and last
transitions (ie that the phase of the servo patterns at 0 and 360 degrees
match edch other properly). This is referred to as éhecking the closure
of the track. If the phase pattérns match properly and the desired number
of transitions are present (this latter requirement is usually checked by
means of a counter) then an acceptable clock track has been written - if
not, another trial clock track is written; checked, and the whole process

repeated until an acceptable track is obtained.

In principle, the transition frequency for each new trial clock
track could be adjusted in accordance with the closure (or lack of it)
"for the previous clock track, but in practice however; minor variations
in the rotational speed of the disk between trials render this
superfluous. Instead a crystal-controlled oscillator having a fixed
frequency is used for all the trial clock tracks, with the fluctuations
in disk rotation speed producing a slightly different clock track each
trial. Sooner or later one of these will represent an acceptable clock
track. This Monte Carlo approach is well-known in the art (see eg US
4131920, IBM TDB, Vol 10-90, p310-311, "Regenerative Clock Technique for
Servo Track Writers") and normally takes only a few seconds per disk
drive. It is important to note that the HDA is already sealed at this
stage, since the clock track is written using the product head without

the need for external access to the disks.

The final servo pattern is now derived from the clock track, whilst

still maintaining the HDA as a sealed unit. This involves reading the
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Figure 2 shows an exanple of a sector servo pattern used in a magnetic

di sk drive. Figure 3a shows a schematic diagram of a conventi onal

magnet o-optical (MO head. Figure 3b shows a schematic di agram of the
magnet o- opti cal. head of Figure 3a adapted for use with the nmethod of the

I nvention. UK9-81Fopure 4 shows the focusdong quadrature detector fromthe
MO head of Figure 3. Figure 5 shows a sinplified and sonewhat diagranmatic
illustration of the Kerr rotation of polarised light on reflection froma
magneti sed surface. Detailed Description Figure 1 shows a sinplified

di agram of the main conponents of a disk drive. A disk stack 2 conpri ses
dat a st or agelogkskeack and)wirétingoardeavp ytrank £ ighbfaneguslyi Ay Hffefenintrddiianp

8. The shafi; ixgcsRisated ity Ak RbARI LE AR Myohidbnl, NisisCas i@ thin
t he hub). Each data storage surface has .
reading the clock track magneto-optically from outside the IDA to provide

timing information for the product head which writes the servo pattern.

Conventional magneto-optical (MO) héads can be bought
"off-the-shelf" for use in magneto-optical recorders. A typical example
is shown in Figure 3a. Since such heads well-known in the art, it will
only be described briefly. The MO head 300 comprises three main
components: a diode laser 302, optics, and photodiode detectors 304.
tight (with a wavelength of say 820 nm) passes throﬁgh a collimating lens
306, polariser 308, and beam splitter 310, before being reflected by
mirror 330 and focussed by an objective lens 312 onto the disk surface 4
through a window 350 in the HDA cover 22. Spot sizes of 1 um (micrometer)
are achievable with conveﬁtional MO heéds. Light reflected from the disk
surface returns to the beém splitter, where this time it is directed
through a linearising phase plate 314 towards a polarising beam splitter

316, which produces two beams which eaclhi pass through an astigmatic or
cylindrical lens 318 to arrive at a photodiode detector 304.

A differential signal from the two photodiodes is used to measure
the Kerr rotation of light reflected from the disk surface, and hence to
detect magnetic transitions in the clock track. A quadrature photodiode
with a cylindrical lens 318 is used to monitor the focus of the objective
lens 312 onto the disk surface as illustrated in Figure 4. The astigmatic
or cylindrical lens forms an ellipse on the photodiode if the objective
lens is not properly focussed. The orientation of the ellipse, calculated
from signals (P1+P3)/(P2+P4), determines whether the objective lens needs
to be moved nearer to or further from the disk surface, and appropriate
command signals are sent to a focus control device 334 (a circle is
produced on the quadrature detector when the objective lens is correctly
focussed). Another control device 332 ensures that the mirror directs the
beam correctly at the clock track. Further details about MO heads can be

found in "Magnetiq Recording, Volume 2: Computer Data Storage”, Ed. C



UK9-91- 014 8 a respective transducer head 10,
supported by an arm 12 attached to an actuator 14. The actuator is rotated
usi ng voice coil notor magnets 16 to nove the heads in unison radially
across the disk surfaces (the invention is equally applicable to disk
drives W tfgddgiegis or radial actuators).;To prevent -contam nation of the
di sk surfaces, the disk stack (ie disks, spindle, hub, clanp and notor),
along with the actuator and attached heads, are contained within a seal ed
unit, referred to as the head di sk assenbly (HDA). The HDA housi ng
conprises a casting 20 which supports the disk spindle at both ends and

gi ves the pdmsils Heé \eddi L D Bamiedt Urss8, ricGicai iyl 1 plOhapBe 1B | NGhdC BaRireddas The

HDA cover as a transparent wi ndow i n 350, whose purpose will be explained
bel ow. O het® fé&at ures typically included in the HDA housing, such as a

breather filter, are not shown. The HDA is shock-nmounted within a casing

24, which al SOTEOMAE NG APEIn BF 13fic BlFTLAQA! FronP 8 SRLINRE Bk dMaldl uhngs di Sk

drive.
shown in simplified form in Figure 5. A substrate 500 is coated with a

magnetic layer, which is magnetisable in two different directions 502,
504. Linearly polarised light beams;A, B, and C are incident on the
magnetic layer, and on reflection?have their plane of polarisation
rotated as indicated, with beams A and C being rotated one way, and beam
B in the opposite way (nb the plane of polarisation actually always
remains perpendicular to the direction of the beam; Figure 5 however uses
a somewhat distorted geometry to represent cross-sections through the
beam). Measurements of the change in linear polarisation therefore

provide information about the direction of magnetisation on the disk.

It will be noted that in Figure 5 the .direction of magnetisation is
| vertical or perpendicular to the surface, whereas most disk drives have a

horizontal direction of magnetisation (ie parallel to the disk surface).
In this second case simple normal incidence cannot be used for the MO
read beam, because it will simply be reflected withouk experiencing any
Kerr rotation (except possibly at the transition between oppositely
magnetised segments). In practice therefore, the apparatus shown in
Figure 3a must be adapted for servowriting disk drives that use
horizontal .magnetic recording. |

?

' Figure 3b .illustrates a suitable modification of the MO head of
Figure 3a for use with the method of the invention. Essentially, the
laser beam has been narrowed and shifted upwards, so that it only
illuminates one side of the objective lens 312. This beam is naturally
inclined to the direction of normal incidence, and so will be sensitive
to the Kerr effect. Some components (eg photodetectors 304) in Figure 3b
have simply been realigned so as to be centered on the beams passing
through them. It should be noted that thn beam splitter 310 is strictly

no longer necessary, and can be veplaced with a simple mirror in the path
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Movenent* of the actuator (ahd hence the heads) is controlled by a servo
system wutilising servo information recorded on one or nore disk surfaces.
Figure 2 shows in sinplified formsector servo information recorded on one
surface of ypgdjsskiglrive (note that the ipvention is equally applicable to a
dedi cated servo systen). The disk surface is divided up into a series of
concentric tracks 230 between inner and outer radii (for clarity only a few
tracks are shown). These tracks are citcunferentially split up into sectors
220 available for data storage alternating with sectors 222 of servo

i nformati ogs @% bsawekllddtewntron tiedask.. ThaRdke AT theilobjecdre Olegamaybands

(214, 216 respect vel y not . used for,. daja rage, but rather |ndi cate
the Iinitsh8fettRe ‘Eldf‘ﬁl?%sc? ref r?ag%’éhﬁ %'ffffﬁjenéigﬁar é éllle °famudefl ar

s a sim
arrangementiod raquised nébrenaf ithe argleach idelenserisacelatelictarehhgeadhack

writing the, ser Vg ! rglgr rrra.stttla.cc?fl %ﬂ% Odlflggre%'cél;( lﬁ‘é&éé}:c%ﬁé)no"‘héé ngi{v}qgures

descri bed. Sﬁ‘é fi rcular clock track on o
two out er nostand §k V&dﬂfmésuléﬁ raddrt@ @hfeyoat ofi therlagkem| bethg@nby OPHeS‘{ﬁhsk

stack), ho}dingthedagad, bt B ARy diddi dSveXtra

The.skilled man will recognise that the optical arrahgement shown in
Figure 3b is just one of many possible alternatives. One implementation
would be to separate the input and output optics, so that only the
“ihcident beam is reflected off the tracking. mirror 330, and focussed by
objective lens 312. The reflected light would then be directed to a
separate set of optics, which would need to perform some collimation
before feeding the reflected signal onto detectors similar to those of

. Figure 3b. Such an approach would allow a greater angle of incidence, but
require more complicated apparatus, since the objective lens 312 and its
focussing system 334 as shown in Figure 3b would effectively have to be .-
duplicated. Furthermore, making the paths of the incident and reflected
beams as similar as possible as in Figure 3b has the advantage of
simplicity and will minimise distortion caused for exémple by the HDA

window.

The MO head of Figure 3b is used in accordance with the method of
the invention to provide a signal indicating the transitions along the
clock track. This timing signal is then used to control the write signal
to the product head(s) writing the servo pattern at, a different radii in
the conventional manner. This is repeated with the product head at many
different radii until the entire disk drive has been servo written. One
known technique (see eg US 4068268) of obtaining a high precision servo
pattern is to shift the product heads less than one full width between
writing adjacent tracks (ie overwriting a large portion of the previous
track). The present invention is equally applicable whether the servo
pattern is a sample'or dedicated servo. Tn the former case this procedure

will normally be repeated for each disk surface (since only one surface



current “i s supplled to the actuator to nechanically conpress the end
UK9-91- 014 9 stops that restrict actuator travel
beyond their normal limt, with the result that the clock track is witten
sonme 15-20 [err]m (a couple of track w dths) beyond the normal range of
novenent of the actuator, outside the servo outer guardband. The sane
techni que, (Qyp-@s, end stop conpressionysis widely used in conventiona
servo-witing processes. The transition frequency for witing the track is
estimated based on the desired total of transitions in one revolution (360
degrees). \Wen the start of the clock track is encountered again, after one
full circle, the track is reread to see if it has the correct spacing

bet ween t hecahi bstwrdnted ast b}i'rtaQS;irbH@zf’tS heads hbadnyt bge phace Nbtd hRasafve

patterns at % and 360 _deqgrees npt ¢ each oth? t%rqgerlxg This.is regﬁrred
h

to as checkS§ctHe eFoSuFa 2 S e ?’Igclfeccfrfd SBhALE PArPErHe et

properly arng bhsmd@be r@dlemluslkesurface as the clock track.

It is necessary to maintain the product head at a constant radius
whilst writing the servo pattern. With the method of the present
invention this involves monitdring the actuator position from outside the
HDA. Suitable techniques are generally based on laser interferometry and
involve the optical reflection of light from the actuator. For example, a
plane mirror can be attached to a linear actuator, perpendicular to the
direction of actuator travel. The position of the actuator is then
measured by using a laser beam from outside the HDA travelling parallel
to the direction of motion of the actuator, the beam being reflected off
the mirror back out of the HDA towards the interferometer. A similar
technique can be used with a rotary actuator, but this time corner cube-
mirrors must be used to ensure that the reflected laser beam exits the -
HDA through the same window that it entered. Various other methods are
also described in the literature:’ see eg European Application 91111003.9
(Y09-90-013), or IBM TDB Vol 33-11, Page 428, "Head Positioning to

" Servowrite Magnetic Disk Files".

For the servo-writing method of the invention, the most convenient
arrangement is to write the clock track on either the top or bottom disk
surface. In this case, a window in the HDA can be positioned directly
above or below the clock track (as appropriate), to allow the MO head
ready access to the disk surface. The window can be made of glass,
perspex, or any other suitable transparenh'maﬁerial. Some care needs to
be takeﬁ with the incorporation of the window into the HDA housing, which
is typically an aluminium casting, in order to avoid acoustic problems or
loss of rigidity, and to prevent leakage into or out of the HDA, but
these difficulties are no greater than those surmounted for the inclusion

of the traditional breather filter.
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of* transitions are present (this latter requirenent is usually checked by
nmeans of a counter) then an acceptable clock track has been witten - if
not, another trial clock track is witten, checked, and the whol e process
repeated until an acceptable track is obtained. In principle, the
transition frequency for each newtrial clock track could be adjusted in
accor dance WKPrPt®&%cl osure (or lack of i%) for the previous clock track,
but in practice however, minor variations in the rotational speed of the
di sk between trials render this superfluous. Instead a crystal-controlled
oscillator having a fixed frequency is used for all the trial clock tracks,
with the fluctuagions in disk rotation speed producing_ a slightly .different
clock track eac }aﬁfl?%'.c’péb%ﬁé?g%rs“?%t"érﬂH’n@"‘(’)f”‘t waire i Icaf‘e%er gggﬂiasaﬂ as
accept abl e ebeogleteraciks ddd ard/biekegisdr Lo opppatachtli & weddk- wivobnof M-2hgm.ar t
(see eg US 41319 BM T Vol, 10-9Q. . p310- 311, ."Regenerati ve 0

Techni que f§ er}r%\g%s'!rrm gé‘i‘(‘l’%\?\f‘i li‘%rrd s&ﬁskagﬁl‘%grlﬁ%ﬂwjﬁ)‘}ﬂ?kal?ég&oeﬁl ;S/lk & efrgg Ssgéouﬁnds
per di sk drifhe bitt l¢ngthapoetaint bbth sgstentshate tshwiHDAat sargindddy Wwaked at

this stage, nShdiGEnbhe nSLOAKCEARK Hadehd LGE USHAR A1 NG TG UG PRk gV t hout
high degree of reflectivity. Furthermore, both systems use high
coercivity material for the méénetic layer on the disks, so that the
field strengths are comparable. Thus the method of the invention can be

readily implemented by a simple adaptation of conventional MO heads.
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t He need for external access to the disks. The final servo pattern is now
derived fromthe clock track, whilst still maintaining the HDA as a seal ed
unit. This involves reading the UK9-91-014 B :
10 clock track and witing a servo track sinulta i radii.
I n accor daff%e 4@ t he method of the i néntion, thjis ghset BaeaMediaid r eadi ng
the clock track -magneto-optically from outside the timng
information for the product head which wites the swummm l]

Conventi onal magneto-optical (M) heads can be bought™ = the-Shel f" for
use in magneto-optical recorders. A typical exanple 'is shown in Figure 3a.
Si nce such heads well-known in the art, it will only be described briefly.
The MO heatila3@® conprises three nain conponents: a diode |aser 302, optics,
and phot odi ode detectors 304. Light (with a wavel ength of say 820 nm

passes through a collimating | ens
1. A method of servo-writing a magnetic disk drive,

said disk drive including a head-disk assembly (HDA) containing
within a substantially sealed housing (20, 22) one or more coaxial,
rotatable magnetic data storage disks (4), each disk data storage surface
having a respective magnetic transducer head (10) for data transfer
therewith; and means for moving the transducer head(s) (14) in unison

radially across the disk surfaces;
said method comprising the steps of:

writing a circular clock track within the sealed HDA at radius R1

using a Monte Carlo technique;

and being characterised by:

moving the transducer head(s) to'radins R2;

reading the clock track by measuring the change in polarisation of
light reflected from the disk surface using a magneto-optical head

outside said sealed HDA;

and simultaneously with said step of reading the clock track,
writing a servo track at radius R2 with said transducer head(s), wherein
the timing of the transitions for said servo track at radius R2 is

determined by the timing of the transitions read from said clock track.

2. The method of claim 1, wherein said Monte Carlo technique comprises

the following steps:

writing a trial clock track with an estimated transition frequency;

e

e e

U



~

306, polariser 308, and beamsplitter 310, before being reflected by mrror
330 and focussed by an objective lens 312 onto the disk surface 4 through a
wi ndow 350 in the HDA cover 22. Spot sizes of 1 [err]lm (mcroneter) are
achi evable with conventional MO heads. Light reflected fromthe disk

surface retxgssa-004the beamsplitter, wiere this ti I- H Eﬁi ﬁ@ﬂ

through a linearising phase plate 314 towards a pol a litter
316, which produces two beans whi ch each pass throug c-or
cylindrical lens 318 to arrive at a photodi ode detector 304. A differential
signal fromthe two photodiodes is used to neasure the Kery rotation of

li ght reflect edefitninghesadnak psed¢teaminag,arerdifdeatignydihectlavtgh e

transiti ong,ia t B HaRSk ibhacde sMdvadsintuse phadigdi ode with a cylindrical
|l ens 318 °7is used to nonitor the focus of the objective |ens 312 onto the

di sk surface as illustrated in Figure 4. The astigmatic or cylindrical |ens
forns an el |l i pggdonpehtinghehodibede sitbps hatdbjaectdakettaks is syrdbtemptper | y
focussed. The origgtat'qp of the eLkLﬁagb cal culated from signals
(PL+P3) / ( PP5%) SALbPa Pt HT8T e et RE S RE "SB ect i ve | ens needs to be moved
nearer to or further fromthe disk surface, and appropriate

3. The method of any preceding claim, wherein the clock track is written

on one of the outermost disk surfaces.

4. The method of any preceding claim, wherein the clock track is written

outside the location of the servo outer guardband.

5. The method of any preceding claim, wherein the magneto-optical read
beam is directed onto the disk (4) through one part of an optical element
- (312), and wherein the reflected beam passes though a different part of

said'optical element.

6. The method of any preceding claim, further comprising the steps of

repeatedly, until the disk drive is fully servo-written:

moving the transducer head(s) to a new radius;
reading the clock track by measuring the change in polarisation of
light reflected from the disk surface using a magneto-optical head

outside said sealed HDA;

and simultaneously with said step of reading the clock track,
writing a servo track at said new radius with said transducer head(s),

wherein the timing of the transitions for said servo track at said new

* [ L M S *



cormmand+-si gnal s are sent to a focus control device 334 (a circle is
produced on the quadrature detector when then objective lens is correctly
focussed). Another control device 332 ensures that_the mrror direets the
‘beam correctly at the clock track. Further details about
found in "Magnetic Recording, Volunme 2: Conputer Dat
UK9- 91- U4 -91-014 11 Deni s Mee and Hiﬁi 988,
MG awHi || (Chapter 6), ‘and references therein. The . : | i ght
reflected froma magneti sed nediumis shown in S|rrpI|f|ed formin Fi gure 5.
A substrate 500 is coated with a magnetlc | ayer, which is magnetisable in
two different directions 502, 504. Linearly polarised |i gt bea A, B, and
C are i md‘deht Rt ARG Fie Ité%*‘}g of nid o RF S F TS| 5‘?‘1"61% V& AT r pl ane of
pol ari sagiceR teickted as indicated, with beans A and C being rotated one
way, and beam

7. A disk drive servo-written using the method of any of the preceeding

claims.

8. A disk drive including a head-disk assembly (HDA) containing within a
substantially sealed, opaque housing (20, 22) a disk stack (2) comprising
one or more coaxial, rotatable magnetic data storage disks (4), each disk
data storage surface having a respective magnetic transducer head (10)
for data transfer therewith; and means (14) for moving the head(s) in

unison radially across the disk surfaces,

said disk drive5being characterised in that the HDA housing includes
a transparent window (350) located at one axial end of the aisk stack
through which an opgical beam directed at an outermost disk surface may
enter the HDA, and through which the component of said optical beam

reflected from the disk surface may exit the HDA.

9. A disk drive as claimed in claim 8, further including a clock track

located on said outermost disk surface adjacent said transparent window.

) *. c L M H *



Bin the opposite way (nb the plane of polarisation actually always renains
perpendi cular to the direction of the beam Figure 5 however uses a
somewhat distorted geonetry to represent cross-sections through the beam.
Measurenents of the change in linear polarisationthereforeprovide

information about the direction of nagnetisation thlstﬂﬁeetﬁh_ﬁi@,en Amawdll be

noted that in Figure 5 the direction of magnetisati

per pendi _cul ?Eﬁ% the surface, whereas nost disk dr|$E IHI zont a
dlrectlo 0 netlsatlon (ie parallér to-the disk h|s
second case sinple normal incidence cannot be used for the ND read beam
because it will sinply be reflected w thout experiencing any Kerr rotation
(except possibly at the transition between oppositely magnetised segnents).
In practice therefore, the apparatq&ﬁﬁﬁﬂﬂn in Figure 3a nmust be adapted for
servowiting disk drives that use hortrzomtal nmagnetic recording. Figure 3b
illustrates a suitable nodification of the MO head of Figure 3a for use
with the nethod of the invention. Essentially, the | aser beam has been

narrowed and shifted upwards, so that it onl :
A METHOD OF SERVO-WRITING A MAGNETIC DISK DRIVE

A clock track is written inside a sealed head disk assembly (HDA)
using a Monte Carlo technique. The clock track is read by a
magneto-optical head 300 through a window 350 in the HDA housing, and
using the time trénsitions therefrom to control the product heads, the
entire servo pattern for the disk drive can be written with the HDA unit

completely sealed.
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i1l um nates one side of the objective lens 312. This beamis naturally
inclined to the directi-on of normal incidence, and so wll be sensitive to
the Kerr effect. Sonme conponents (eg photodetectors 304) in Figure 3b have
sinply been realigned so as to be center on the beans passing through
them It should be noted that the beamsplitter 310 is strictly no | onger
necessary, and can be replaced with a sinple mrror in the path

UK9-91- 014 : 12 of the beamreflected fromthe disk.
The size of the objective |lens may have to be increased to obtain a
sufficiently |large angle of incidence (the required value of the angle of

I nci dence is relatgq to the readback signal -.to noise ratio). The

di f f er ence3gglges wee e MO heads of Figures 3a and 3b will no doubt add to
the cost of the t only one such head is needed to servowite many
di sk drives ; q

shown in
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&Figure 3b is just one of nmany possible alternatives. One inplenentation
woul d be to separate the input and output optics, so that only the incident
" beamis reflected off the tracking mrror 330, and focussed by objective
| ens 312. The reflected Iight would then be directed to a separate set of
optics, which.would need to performsone collinmation before feeding the
refl ected signal. onto detectors siflar those of Figure 3b. Such an
approach woul d allow a greater angle of incidence, but require nore
conplicated apparatus, since the objective lens 312 and its focussing
system 334 as shown in Figure 3b would effectb§ﬁiy have to be dupli cat ed.
Furthernore, making the paths of the_incideng d reflected beans as

i m - Jpdvantage of sinplicity and
he HDAZ[%ndow. The MO head

f\' invention to
A hO\X he cl track. This’
[ &x& c tg§ he product

of Figure 3b is used in a
provi de a signal indicab’}
timng signal is then ed
head(s) witing the sg

e T Ty e
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Mthe conventlonal manner. This is repeated with the product head at many
different radii until the entire disk drive has been servo witten. One
known t echni que (see ‘eg US 4068268) of obtaining a high precision servo
pattern is to shift the product heads |ess than one full w dth between.
writing adjacent tr%@hs (ie overMW|t|n9343Iarge portion of the preV|ous
track). The present 'gntlon is equal |y applicabl e whether the servo
pattern is a’"sanﬁTe Of” déuT TaredServor 1 mtte-former Tase t"ql S procedure

will normallly be repeated for each disk su(F nce only qne surface
UK9-91-014 ! 13 can be whitten to by lthe product
heads at anﬂ one tine). hbte that if a dedicate ervo patteﬂn I s being
recorded, there is no necessity for this tgﬂge the sane dijsk surface as
the clock triack. It is necessary tg¥%p|nta| t oduct head at a constant
radius whilst witing the servo pa he lnet hod of tithe present:
L. {L-316 | -
! |
i
: ‘ h1731h !
i
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“isnvention this involves nonitoring the actuator_position from outside the
*HDA. Suitabl e techni ques are general |'y based OKE r emetry and
involve the optical reflection of light fromt Wm =0 gxanpl e, a
plane mrror can be attached to a |linear actuajof, perpendiculjarf to the
direction of actuator travel. The position of jhp &4 MADHII%s it Hen neasured
by using a | aser beamfromoutside the t§#A trayefling parallel} tjo the '
direction of notion of the actuator, the beam peing reflected ofif the
mrror back out of the HDA towards the interfeloneter A _simlar techni que
can be used with a rotary actuator, but this tinme corner cube mrrors nust

be used to ensur -t he b. i e hr ough the
sanme w ndow t hat %M@Hébegi:%@%% Ar@%@gﬂ?é@@ﬁﬁ%écrl bed in
the literature: see eg European Application 91111003.9 (Y09-90-013), or |IBM
TDB Vol 33-11, Page 428, "Head Positigning to Servowite Magnetic Di sk

Fil es". ABSTRA€Tser vo-witing method of the invention, the nost conveni ent
arrangenent is to wite the clock track on either the top or bottom di sk

surface. In this case, a window in the HDA can be positioned directly
A clock track is written inside a sealed head disk assembly (HDA) using a Monte

Carlo technique. The clock track is read by a magneto-optical head (300) through a window
(350) in the HDA housing, and using the time transitions therefrom to control the product
heads, the entire servo pattern for the disk drive can be written with the HDA unit
completely sealed.

Fig.3b
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above or below the clock track (as appropriate), to gt
access to the disk surface. The wi ndow can be nade O
any other suitable transparent material. Sone care
the incorporation of the window into the HDA housi ng

breather filter. UK9- 91- 014 TA—vagneto ptic
heads such as the one in Figure 3a can be purchased as conplete units and
are designed to operate with a track pitch of 1-2 [err]m By contrast

rgﬁgtehlscu%g ginbh} dais‘?jiés %air\/fe(ﬁ%rm gtae él‘ﬂ?%tar ouﬁggaﬂgmfggrl&?m and rmeﬂaée)rn

hard ”agnﬁfouﬁcﬁaa@ wﬁﬁdiﬁwﬁ'ﬂe fHleRfal SR Patterdil A IstrfilarPipPYdadh I used with the
| IBM disk drive WD-L40, in which clock information is read from a paper pattern
wrapped around the disk shaft. In both cases the optical guide has far fewer transitions

than are required for the servo pattern, so that the ffequency of the signal frdm the guide

must be multiplied up to produce the servo pattern. It has proved diffficult with such

techniques however to 'obtain the high accuracy necessary for the ever-increasing density

of data stored on disk surfaces.

SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.
-According to one aspect of the present invention there is provided a method of
servo-writing a magnetic disk drive, said disk drive inchiding a head-disk assembly
(HDA) which has a substantially sealed housing, one or more coaxial, rotatable magnetic

data storaige disks, located within the housing, a magnetic transducer head for



hi gh degree of reflectivity. Furthernore, both sy €
material for the magnetic | ayer on the disks, so tEEEL#ﬁB fleld smﬁ
are conparable. Thus the method of the invention dag~be readily’iT
by a sinple adaptation of conventional MO heads.
of servo-writing a magnetic disk drive, Said disk
di sk assenbly (HDA) which has a substantially seal
coaxial, rotatable nmagnetic data storage disks, |otated mnthln t he
a nagnetic transducer head for each data storage desk—for—data (ranst g
therewith | ocated wwthin the housing, and neans |ocated within the h
for noving the transducer heads in unison radially across the disk
surfaces, said substantially seal ed housi ng having a wi ndow for view ng a
circular clock track on one of the magnetic data storage disks, said nethod
conprising the steps of: -

each data storage disk for data transfer therewith located within the housing, and means
located within the housing for moving the transducer heads in unison radially across the
disk surfaces, said substantially sealed housing having a window for viewing a circular
clock track on one of the magnetic data storage disks, said method comprising the steps
of: writing a circular clock track within the sealed HDA at radius R1 using a Monte
Carlo technique; moving the transducer heads to radius R2; reading through said window
the clock track by measuring the change in polarization of light reflected from the disk
surface using a magneto-optical head outside said sealed HDA; and simultaneously with
said step of reading the clock track, writing a servo track at radius R2 with said
transducer heads, the timing of the transitions for said servo track at radius R2 being
determined by the timing of the transitions read from said clock track.

According to another aspect of the present invention there is provided a system for
servo-writing a magnetic disk drive which has a substantially sealed housing and one or
more coaxial, rotatable magnetic data storage disks, located | within the housing, |

comprising: a magnetic transducer head positioned inside the sealed disk drive, for .
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writing a circular clock track within the seal gagPA—at_radius Rl using a
Monte Carl o techni que; noving the transducer hv'iJ AD ;

t hrough said wi ndow the clock track by neasuri ' bpl ari zati on
of light reflected fromthe di sk surface using gép opti head
outside said seal ed HDA; and sinul taneodsly wift sallg Pe‘pgpf gadi ng the
clock track, witing a servo track at radius flucer heads,
the timng of the transitions for said servo & c
deternmined by the timng of the transitions read 1o alLd clogk track. 2.
The nethod of claim1, wherein said Monte Carl o technique conprises the
steps of: witing a trial clock track with an estinmated transition
frequency; verifying agai nst predeternined specifications the closure and
nunber of transitions of said trial clock track; and repeating the above
steps until a clock track is witten that neets said predeterm ned
specifications. 3. The nmethod of claim1l, wherein the clock track is
witten on one of the outernost

writing a clock track at radius R1 and for writing a servo track at radius R2; a
transparent window, located at one axial end of the disk stack, through which an optical
beam directed at an outermost disk surface may enter the disk drive, and through which
the component of the optical beam reflected from the disk surface may exit the disk
drive; and a magneto-optical head, positioned external to the sealed disk drive adjacent
the transparent window, for producing the optical beam and reading the clock track
through the transparent window by measuring the change in polarization of light
reflected from the disk surface.

ie ipti
Figure 1 shows an exploded simplified view of a magnetic disk drive.
Figure 2 shows an example of a sector servo pattern used in a magnetic disk drive.
Figure 3a shows a schematic diagram of a conventional magneto-optical (M0) head.
Figure 3b shows a schematic diégram of the magneto-optical head of Figure 3a adapted

for use with the method of the invention.



di sk surfaces. 16 4. The nethod of claim3, wherein the clock track is

witten outside the location of the servo outer guardband. 5. The et hod
of claim1l, wherein the magneto-optical read begm ected onto the disk
t hrough one part of an optical elenment, and whefid ' beam
passes though a different part of said obtical | met hod of

claim1, further conprising the steps of repeatfe Iy unt|I the dISk drive
is fully servo-witten: noving the transducer I 1128 ﬁPr‘IQW dj us;
reading the clock track by neasuring the changg i

seal ed HDA; and si mul t aneously with said step of 1 e._cl dck track,
witing a servo track at said new radius with said transducer heads, the
timng of the transitions for said servo

Figure 4 shows the focussing quadrature detector from the MO head of Figure 3.
Figure 5 shows a simplified and somewhat diagrammatic illustration of the Kerr

rotation of polarised light on reflection from a magnetised surface.

Detai escription
Figure 1 shows a simplified diagram of the main components of a disk drive. A disk
stack 2 comprises data storage disks 4 mounted coaxially on a shaft 6

using a hub and clamp 8. The shaft is rotated by an electric motor (in this

case hidden within the hub). Each data storage surface has



track at said new radius being deterr,n'_,r_\ed: by. the

. @ T -

read fromsaid clock track. 7. A system for :sq
drive which has a substantially seal ed housi ng 4nd

; F
rotatabl e magneti c data storage disks, |ocated M {hi i hg
"l 2R A .

conprising: a magnetic transducer head p8siti ong
drive, for witing a clock track at radius Rl a

one or—mnore—¢o

pd (i Al
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head for each data storage disk for data transfer therewith located within the housing,
and means located within the housing for moving the transducer heads in unison radially
across the disk surfaces, said substantially sealed housing having a window for viewing a

circular clock track on one of the magnetic data storage disks, said method comprising

the steps of:

writing a circular clock track within the sealed HDA at radius R1 using a Monte

Carlo technique;

moving the transducer heads to radius R2;

reading through said window the clock track by measuring the change in

polarization of light reflected from the disk surface using a magneto-optical head outside

said sealed HDA; and

simultaneously with said step of reading the clock track, writing a servo track at

radius R2 with said transducer heads, the timing of the transitions for said servo track at

radius R2 being determined by the timing of the transitions read from said clock track.

2. The method of claim 1, wherein said Monte Carlo technique comprises the steps

of:

writing a trial clock track with an estimated transition frequency;

verifying against predetermined specifications the closure and number of transitions

of said trial clock track; and

repeating the above steps until a clock track is written that meets said

predetermined specifications.

3. The method of claim 1, wherein the clock track is written on one of the outermost

disk surfaces.
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17 8. The systemas recited in claim?7, wheft \qn&mgﬁ tical head
operates sinultaneously with the magnetic trgansducer head to ovi de

cl ocki ng signals which deternine the tining pfjthe2SEH97i dnd for the
servo track witten by the nagnetic transducerihead. 9. Th ystem as
recited in claim8, wherein the clock tr'éck jis | ocated on thejouternost
di sk surface adjacent the transparent w ndow

4. ' The method of claim 3, wherein the clock track is written outside tﬁe location of
the servo outer guardband.

5.  The method of claim 1, wherein the magneto-optical read beam is directed onto the
disk through one part of an optical element, and wherein the reflected beam passeé
though a different part of said optical element.

6. The method of claim 1, further comprising the steps of repeatedly, until the disk
drive is fully servo-written:

moving the transducer heads to a new radius;

reading the clock track by measuring the change in polarization of light reflected
from the disk surface using a magneto-optical head outside said sealed HDA; and

. simultaneously with said step of reading the clock track, writing a servo track at
said new .radius with said transducér heads, the timing of the transitions for said servo
track at said new radius being determined by the timing of the transitions read from said
clock track.

7. A system for servo-writing 2 magnetic disk drive which has a substantially sealed
housing and one or more coaxial, rotatable magnetic data storage disks, located within
the housing, comprising:

a magnetic transducer head positioned inside the sealed disk drive, for writing a
clock track at radius R1 and for writing a servo track at radius R2;

a transparent window, located at one axial end of the disk stack, through which an
optical beam directed at an outermost disk surface may enter the disk drive, and through
which the component of the optical beam reflected from the disk surface may exit the
disk drive; and

a magneto-optical head, positioned external to the sealed disk drive adjacent the
transparent window, for producing the optical beam and reading the clock track through
the transparent window by measuring the change in polarization of light reflected from

the disk surface.
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8. The system as recited in claim 7, wherein thgz—rmgnctnmpﬁeale%aeadrjoperates

simultaneously with the magnetic transducer head to provide clocking signals which

determine the timing of the transitions for the servo track written by the magnetic

transducer head.

9. The system as recited in claim 8, wherein the clock track is located on the

outermost disk surface adjacent the transparent window.
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