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A HETHOD OF SERVOWRITING A Mi\GNlffIG DISK DRIVE 

Field of the Invention 

This invention relates to a method e>f:·servowriting a magnetic disk 

drive, and in particular to a method that can be used with a sealed HDA, 

the1·eby obviating the need to servowrite i.n 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 rotatfon about a common axis. Data 

~s st~red on the disks in concentric trnc:ks, and is read from or written 

to the dis~ surfaces by tran::idncing hnt-1ds. There is typically one 

read/write head per disk surface. althongh on~y a single head/disk 

surface combination normally r~.ads or wr:i.tes user data at any given time. 

All tP.e hea,ds are ga:q.ged. togethe1~ for common mot.ion on an actuator, which 

moves the heads radially in and out acroi::s their.respective disk 

surfaces. In most modern disk drives th-a heads glide o-o;er the rotating 
~~ 

disk surface at such a low height ( <' lp:"1) that any dust or other 

contamination on the disk surface~ fa Ulm ly to result in a head crash, 

loss of data, and possible damnge to the-hend. For this reason, the 

disks, actuator," and heads are plnced .in ~'l s~aled unit known as the 

head-disk· assembly (HDA). 

The movement of the actuator :i.s controlled by a servo system, 

uti 1 i.sing servo information recorded C'ITJ one or more of the disks. By 

reading this serv_o information, the actun.1. rndial positions of the heads 

can be determined, and after comparison with the desired head radial 

positions, control signa~s can hq -~-~mt tn movP. the actuator ac_cordingly. 

Two types of servo syste.m are comrri'on 1,ur n:rnd. In the first, a dedicated 
. . 

servo system, one whole ·d.isk s.~irfnc:.~ .(-:i son•o disk) is used exclusively 
.... . ' 

to store servo information. A. servp h"11Ci con~tantly re-ad.s this 
;! 

information to provide a contin11011~. s ignll ~ im\j.Cfnting. the positio:h 
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servo head with respect to the servo d.isk, and by extension, the location 

of all the other data heads on that nctnator. In the second _type of servo 

system, sectors of servo information nre interspersed with sectors of 

data on each disk surface (this type of system is known as a sector 

servo). As a head follows the data track around, it regularly reads a 

fresh sample of servo information from each servo sector with which to 

con~rol its position. In·both types of servo syste~ there are servo 

guardbands 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 z9ne for the head when the disk 

drive is powered down. 

The servo pattern therefore comprises whole or sectors· of concentric 

tracks. Each tr!'lck is identifie.d by an index number, allowing the radial 

position to the nearest whole number of tracks to be easily determined. 

Finer: radial positional information is provided by an error signal 

derived from the relative strengths of. signals from two or more adjacent 
i 

servo tracks. The ~ngular or azimuthal position of the head is obtained 

from circumferentially aligned transitions in the ser~o tracks, with some . 

particular mark on the tracks being USP.cl to define the zero angle. The 

radial and· angular measurements, corresponding to r and e in polar 

coordinates, completely specify the posit.ion of the head over the disk 

surface. 

The initial writing of the servo p11tterns onto the disk is an 

irnpor.tant step in the manufactura of disk dr.ives. ciearly it is _essential 

for the servo tracks to be written ai:; nccnrately as possible, whilst at 

the same time great care must be tnken to pt'nvent contamination of the 

disk surfaces. Conventionally this has h~en achieved by using specialised 

servo-writing apparatus, with lts own trrmsclucer head. The servo-writer 

is first used to write a circula1: clock tr.nck on the disk, providing a 

series of transitions indicating nngu lnr pos i.tion around the disk. In one 

common method servo tracks at othnr. r.1c:I ii nr.n them written using the 

product head ( ~e the one that .i:S nctun ll y pn rt of the disk drive). 

1' .. .:. .... 
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Angular information, in the form of timing information telling the 

product head when to write certain trans itiom;, is provided by 

synchronisation with the clock trA.ck, which is simultaneously read by the 

servo-writer. The servo-writer typico lly includes a long-arm laser 

interferometer to maintain the product head at a constant radius. In this 

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

can be obtained. 

Whilst conventional servo-writers ll're capable of producing highly 

accurate servo patterns, they have a major drawback in terms of cost. 

This is firstly because the maehines themselves are bulky and expensive, 

and require a large optical (vibration-isolation) table. Secondly, 

because the disk·surfaces are exposed dnring the servo-writing process, 

this process must be performed h1 a cl can room, which again adds to cost. 

Constraints on the amount of afford;:ib.1.e clean room spa.ce or number or 

servo-writer:5 limit the total throughp11t of a disk drive production line. 

For this reason, there have been variom; attempts to find simpler, less 

expensive methods· of servo writing. 

EPA 327207 discloses a method Jn which only one disk is 

servo-written conventionally. The re.mnfo.ing rl.isk surfaces are 

servo-written after the IIDA has been SCA led by effectively copying the 

· pattern from the disk that already h:is the servo pattern on. Likewise, US 

4531167 discloses a servo-writer that cop:i.ns servo patterns onto disks 

inside the HDA from a master disk ca:rtdclge nttached to the disk spindle 

outside the HDA. The master disk c:n·tri.dge is :removed once the disk drive 

has been servo-written. Neither of these tnchniques 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 magnet.le clock ·track is disclosed in IBM 

TDB Vol 1-85, Page 4877-4878 "Servowriter Reference Clocks From Shaft 

Encoder11
, which proposes using an opti.cnl giqrle disk with angular 

information marked on it attachcrl to thn mnin sp.indle. A clock track is 

.,. ........ 
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read from the disk using a Noire fringe.nffoct to supply timing 

information to the product heads which wril:n the act11al servo pattern. A 

similar approach is used with the IBM dii:;k drive WD-L40, in which clock 

informatio.n is read from a paper pattern wrnpped around the disk shaft. 

In both cases the optical guide has .fA.r. fnwer transitions than are 

required for the servo pattern, so thnt thP. frequency of the signal from 

the guide must be multiplied up to pr.orlucn the servo pattern. It has 

proved difficult with such,..techniques howevP.r to obtain the high accuracy 

necessary for the ever-increasing clP.nsity of data. stored on disk 

surfaces. 

Disclosure of the Invention 

Accordingly, the invention provid~s A method of servo-writing a 

magnetic disk drive, said ·disk ddvA incl.ud.tng a head-disk assembly (HD4) 
containing within a substantially sP.ale<l housing one or more coaxial, 

rotatable magnetic data storage disks, r.ach disk data storage surface 

having a respective magnetic trc:msducer h~Ad for data '\:ransfer therewith; 

and means for moving the transducer· h.c<1d(i:;) fo. unison radially across the 

disk surfaces; said method comprising thP. sleps of: 

writing a circular clock track wi.th.in the i:;ealed HDA at radius Rl 

using a Nonte Carlo technique; 

moving the transducer head(s) to r.rtclins R2; 

reading the clock track by measur.:i.n~ the change in polarisation of 

light reflected from the disk surface ns i.ng n magneto-optical head 

outside said sealed HDA; 

and simultaneously with sald i;tep of .r.nnding the clock track, 

writing a servo track at radius R2 w.ith sni.cl trnnsducer head(s), wherein 
...... 
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:::i.e timing of the transitions for ::;r:dcl ~~r.vo track at radius R2 is 

determined by the timing of the tr.Rmdt:i.ons read from said clock. track. 

An important a~vantage of the method of the invention is that the 

entire s.ervo-writing process takes place 11fter the disks and heads have 

already been sealed within the IIDA. This ellminates the need for 

expbnsive 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 servowriter.s. Thns use of the invention 

saves money, and can lead to increased production rates. 

Furthermore, the method of the .:i.nvcntion can actually produce a more 

accurate servo pattern, because when conventional servo-writers read the 

clock track, the head they use is snbject to some jitter, which 

translates itself into small errors in tha snrvo pattern. By contrast, 

the HO head for use with the present fovnnti.on can be firmly mounted, 

thereby eliminating any jitter. One fm::thor advantage of the present 

invention is that servo-writing at HDA level ·benefits-from the full 

structural rigidity of the disk drive. Jly contrast, some of the smaller 

disk drives that are becoming increas.ing.ly common have relatively weak 

disk stacks, and if servo-written w:i.thoul: the i>upport of the HDA casting 

are liable to bend or suffer other distOt"tions which would then be 

reflected in the resulting servo pnttern. 

Generally the whole disk drive wi..11 .!le servo-written be repeatedly 

moving the transducer head( s) to a new r.1rl.i.11s; reading the clock· track by 

measuring the change in polArisation of U.ght: reflected from the disk 

surface using a magneto-optical head ontsicln soicl sealed HDA; and 

simultaneously with said step of r.oAd i.ng the clock track, writing a servo 

track at the new radius with said trnnscinccr hend(s), wherein the timing 

of the transitions for said servo track at the new radius is determined 

by the timing of the transitions rend from sn.i<l clock track. 

~ ......... 
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Typically, the Monte Carlo tnchniqu~ nsed in the method of the 

invention comprises the following steps: wii.ting a trial clock track with 

an estimated transition frequency; ver.i.fying against predetermined 

specifications the closure and numhnr. of tr.nns.i.tions of said trial clock 

track; and repeating the above steps 1111ti. l A clock track is written that 

meets said predetermined specificAtions. Usu1111.y fluctuations in the disk 

rotation speed introduce sufficient vnriat::i.ons between trials to lead to 

an acceptable clock track, without thn nned 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 :i.s mnch ~asier to read the clock track 

in such a location, since the disk su.rfncP. would be relatively close to 

the ~IO head and it should be possi.blP. to w:;e only a singl~ 'window in the 

HOA. 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 difficul.tii?s wonld be very much greater. 

Preferably the clock track is wr..i.tt0n ont:s:i.de the intended location 

of the normal servo outer guardband, t-0 :i 1 low :i servo pattern (dedicated 

or sector) to be written directly onto ::iny clioscn disk surface, including 

the one with the clock track on. In f11r.t w.r.i.l: i.11g the clock track inside 

the inner guardband would also permit this, hut clock tracks have been 

conventionally written around the cmtP.r cl j nmP.tnr., primarily because the 

greater relative velocity between the h•~IH.I nnd the disk surface has 

produced a stronger magnetic readback si.gna.l. Clearly this reasoning does 

not apply to a magneto-optically sensed si.gnnl, but the greater bit size 

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

The invention. further pro'lirles n cl i.sk drive including a head-disk 

assembly (HDA) containing within n i:;nhstnntinlly sealed, opaque housing, 

a disk stack comprising one or rnon~ cn.1x in 1., rota.table magnetic data 

sto?="age disks, each disk data stor.nw~ i;11rfrtcn hnving a_ respective 

,. ....... -
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magnetic transducer head for data transfer therewith; and means for 

moving the transducer head(s) in unison r.R<lially across the disk 

surfaces.• said disk drive being charactP.rised in that the HOA housing 

includes a transparent window located nt. one axial end of the disk stack 

through which an optical beam directed at n rl.isk surface may enter the 

HDA, and through which the component of said optical beam reflected from 

the disk surface may exit the IIDA. 

Brief desc~iption of the drawings 

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 dia.gram of A conventional magneto-optical 

(MO) head. 

Figure 3b shows a schematic_diagri;tm of the magneto-optical head of Figure 

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

Figure 4 shows the focussing quadrat:urn rl0tect:or from the MO head of 

Figur·e 3. 

Fignre 5 shows a simplified and somcwlrnt d:ingrammat.ic illustration of the 

Kerr rotation of polarised light on reflection 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 datR storRge disks 4 mounted coaxially on 

a shaft 6 using a hub and clamp 8. Th<'. shllft is rotated by an electric 

motor (in-this case hidden within thP. hub). F.nch data storage surface has 

:r .......... 
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a respective transducer head 10, supportP.d by nn arm 12 attached to an 

actuator 14. The actuator is rotated us]ng voicn coil motor magnets 16 to 

move the heads in unison radially across the disk surfaces (the invention 

is equally applicable to disk drives. with HnMr or radial actuators). To 

prevent.contamination of the disk surfacns, thn disk stack (ie disks, 

spindle, hub, clamp and motor), along with the nctuator and attached 

heacs·, are contained within a sea.led 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 HOA cover has a transparent window 

in 350, whose purpose will be explained below. Other features typically 

included in the HDA housing, such as fl breather filter, are not shown. 

The HOA 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 informat]on rm~orded on. one or more disk 

surfaces. Figure 2 shows in simplified form sector servo information 

recorded on one surface of a disk drivn (notn that tlie invention is 

equally applicable to a dedicated servo systnm). The disk surface is 

divided up into a series of concentr..i.c l:rflcks 230 between inner and outer 

radii (for clarity only a few tracks nr<>. shown). These tracks are 

circumferentially split up into sectors 220 rivnilable for data storage 

alternating with sectors 222 of· servo Jnfornwtio11, as is well known in 

the art. Inner and outer servo guar.~b1mcls (2V., 21'6 respectively) are not 

used for data storage, but rather ind ic:atP. the limits of the data 

recording band of the disk. There is fl s.i.milnr. arrangement of servo 

information on each disk surface. 

The method of writing the servo infor.mntion onto the disk surface(s) 

will now be described. The first step i.s to write n. circular clock track 

on one of the two outermost disk surf.1cns (in the ones n.t either axial 

end of the disk stack), holding the hnnd nt fl constant radius. Extra 

current is supplied to the actuntor tn mnchmdca l ly compress the end 

r ..... -



' 

UK9-91-014 9 

stops that restrict actuator travel be.yon<l their normal limit, with the 

result that the clock track is written some 15-20 µm (a couple of track 

widths) beyond the normal range of movement of the actuator, outside the 

servo outer guardband. The same technique, known as end stop compression, 

is widely used in conventional servo-writing processes. The transition 

frequency for writing the track is estimated based on the desired total 

of lransitions in one revolution (360 degrees). When 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 hetween the first and last 

transitions (ie that the phase of the servo patterns at 0 and 360 degrees 

match each other properly). This is referred to as checking the closure 

of the track. If the phase patterns 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. 

i 
In principle, the transition frequency for each new trial clock 

track could be adjusted in accordance with the closur~ (or lack of it) . 
·for the previous clock track, but i.n pn:icticP. however, minor variations 

in the rotational speed of the disk betwP-en 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 w.i 11 represent an acceptable clock . 
track. This Monte Carlo approach .is wel 1.-known in the art (see eg US 

4131920, IBM TDB, Vol 10-90, p310-3ll, "Regenerative Clock Technique for 

Servo Track Writers") and normally takns 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 wr.ittcn using the product head without 

the need for external access to the disks. 

The final servo pattern .is now dnrive<l from the clock track, whilst 

still maintaining the HDA as a sealod unit. This involves reading the 

,. ..... .. ~ 
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clock track and writing a servo track simultaneously at different radii. 

In accordance with the method of the invnntion, this is achieved by 

reading the clock track magneto-opt:i.cnlly from outside the IIDA to provide 

timing information for the product he;ici which writes the servo pattern. 

Conventional magneto-optical (HO) heAds can be bought 

"off-the-shelf" for use in magneto-opticnl recorders. A typical example 

is shown in Figure 3a. Since such heads well-known in the art, it will 

only be described briefly. The HO heo<l 300 comprises three main 

components: a diode laser 302, optics, and photodiode detectors 304. 

Light (with a wavelength of say 820 nm) passes through 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 24 .. Spot sizes of 1 µm (micrometer) 

are achievable with conventional NO heads. Light reflected from the disk 

surface returns to the beam splitter, where this time it is directed 

through a linearising phase plate 314 towards a polarising beam splitter 

316, which produces two beams which each pass through an astigmatic or 

cylindrical lens 318 to arrive at a photod.iode detec~or 304. 

A differential signal from tho two phot:ocliodes is used to measure 

the Kerr rotation of light reflected from tho disk surface, and hence to 

de~ect magnetic transitions in tho clock trnck. A quadrature photodiode 

with a cylindrical lens 318 is used to monitor. the focus of the objective 

lens 312 onto the disk surface as H lm:tr:i tnd in Figure 4. The astigmatic 

or cylindrical lens forms an ellipse on the photodiode if the objective 

lens is not properly focussed. The orientation o.f the ellipse, calculated 

from signals (Pl+P3)/(P2+P4), determines whE:,ther the objective lens needs 

to be moved nearer to or further from tho disk surface, and appropriate 

command signals are sent to a focns control device 334 (a circle is 

produced on the quadrature detector wlrnn thn objP.ctive lens is correctly 

focussed). Another· control device 332 ensures that the mirror directs the 

beam correctly at the clock track. Fnrt:hnr dntai.l.s about MO heads can be 

found in "Magnetic Recording, Volnmn 2: Computer Data Storage", Ed. C 

,. -- .... 
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Denis Mee and E D Daniel, 1988, McGraw-Hill (Chapter 6), and references 

therein. 

The Kerr rotation of light reflor.ted from a magnetised medium is 

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

magnetic layer, which is magnetisable in two different directions 502, 

50!1. 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 heing 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 l.i.ne.ar polarisation therefore 

provide information about the direction of mngnetisation 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 dis~ surface). 

In this second case simple normal incidence cannot be used for the MO . 
read beam, because it will simply be n~flecte.d without experiencing any 

Kerr rotation (except possibly at the trnnsition between oppositely 

magnetised segments). In practice therefore, the apparatus shown in 

Figure 3a must be adapted for servow.riting disk dfives that use 

horizontal.magnetic recording. 

Figure 3b .illustrates a suitable modification of the MO head of 

Figure 3a for use with the method of thn invention._ Essentially, the 

laser beam has been narrowed and shiftnd upwards, so that it only 

illuminates_ one side of the objective le.ns 312. This beam is naturally . . ~ ·. . 

inclined to the direction of normal inc:i.clencP-, and so will be sensitive 

to the Kerr effect. Some components (c>:g photodetectors 304) in Figure 3b 

have simply been realigned so as to be r.nntcrcci on the beams passing 

through them. It should be noted that th" bnnm splitter 310 is strictly 

no longer necessary, and can be rnplRc<'ci wi.t.h R simple mirror in the path 
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of the beam reflected. from the disk. The size of the objective lens may 

have to be increased to obtain a suffl.d.ently large angle of incidence 

(the required value of the angle of inc:i.dence is related to the readback 

signal to noise ratio). The differences bntween the MO heads of Figures 

3a and 3b will no doubt add to the cost of the latter, but only one such 

head is "needed to servowrite many disk drives. 

The skilled man will recognise that the optical arrangement 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 

·incident 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 n gr.eater 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 

duplicB;ted. Furthermore, making the paths of the incident and reflected 

beams as similar as possible as in Figure 3b has the advantage of 

simplic:ity and will minimise distortion cnused for example by the HDA 

window. 

The MO head of Figure 3b is used :i.n accordance with the method of 

the invention to provide a signal indicating the transitions along the 

clock track. This timing signal is thP.n useci to control the write signal 

to the product head(s) writing the servo pattern a~ a different radii in 

the conventional manner. This is repeated with the product head at many 

different radii until the entire disk drive hos 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 lnrge 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 enc:h clisk s11r.fnc.c (since only one surface 
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can be written to by.the product heads at any one time). Note that if a 

dedicated servo pattern is being recorded, there is no necessity for this 

to be on the same disk surface 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 

inv~ntion this involves monitoring 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 th~t 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, .Pa-ge 428, "Head P?sitioning to 

· Servowrite Magnetic Disk. Files". 

For the servo-writing method of the invention, the ~ost convenient 

arrangement is to write the clock track on either the top or bottom disk 

surface. In this case, a window in the HIM. can be positioned directly 

aboye or below the clock track (as appropriate), to allow the MO head 

ready access to the disk surface. The window can b~ made of glass, 

perspex, or any other suitable transpa.r.cmt· material. Some care needs to 

be taken 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 thosa surmounted for the inclusion 

of the traditional breather filter. 

,. ....... -



' 

14 

Magneto-optic heads such as the on~ in Figure 3a can be purchased as 

complete units and are designed to operatn with n track pitch of 1-2 µm. · 

By contrast magnetic hard disk drives use trnck pitches of perhaps 10 µm. 

The bit lengths used in both systems arc similar at around 1-2 µm, and 

modern hard magnetic disks have an a.lmost opticnl quality, providing a 

high degree of reflectivity. Furthermore, both systems use high 
.. 

coet.civity material for the magnetic !Ryer on the disks, SQ that the 

field strengths are comparable. Thus the method of the invention can be 

readily implemented by a simple a.dapt::at:i.on of conventional MO heads. 

,. ........ 
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Claims 

1. A method of servo-writing a magnetic disk drive, 

said disk drive including a head-diRk assembly (IIDA) containing 

within a substantially sealed housing (20, 22) one or more coaxial, 

rot~table 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 with.i.n the sealed HDA at radius Rl 

using a Monte Carlo technique; 

and being characterised by: 

moving the transducer head(s) to· radius R2; 

reading the clock track by measuring thn change in polarisation of 

light reflected from the disk surface using n 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 :=;aid 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 m'ethod of claim 1, wherein said Monte Carlo technique comprises 

the following steps_: 

writing a trial clock _trnc:k with nn Po:=; ti.mated transition frequency; 
~---

.,·. 
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verifying against predetermined specifications the closure and 

_ number of transitions of said trial clock track; 

and repeating the above steps until n clock track is written that 

meets said predetermined specifications. 

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, whorein the clock track is written 

outside the l(!cation of the servo onter gnardbnnd. 

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 n 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 rending the clock track, 

writing a servo track at said new radius w.ith said transducer head(s), 

wherein the timing of the transitions for sn id servo track at said new 
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radius is determined by the ti.ming of thn transitions read from said 

clock track. 

7. A disk drive servo-written using the nmthocl 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 (l.4) for moving the head(s) in 

unison radially across the disk surfaces, 

said disk drive: being characterised in that the RDA housing includes 

a transparent window (350) located at one axial end of the disk stack 
i 

through which an optical 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 ex.i.t the HDA. 

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

located on said outermost disk surfncA ndjacent said transparent window. 
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