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SERVO TRACK WRI TERS The present invention relates to servo track
witers. Wo9%06999 | n nanufacturing a storage nedi um such pas/Geosatzbsdi sk
drive, a head disk assenbly.consisting of the read/wite head(s), the
magnetic di sk or disks, the notor and arni electronics, is nounted in a
mastering station known as a servo track witer. The servo track writer
wites a 10 pattern of magneti c SRBWO Mok A reERgServo track pattern”
) onto the disk. The servo track pattern becones the master reference
which is used by the disk drive during normal operation in order to

| ocat e the trackshendmssasir sinvermmidrheredistied aro dadrrs ttrage vtk ers.
retrieval. 15 ° Conventionally, several servo track witers have been
nounted on top of. a rack or a bench-1like support with the servo track
witers Being ar rIéhg@dmfﬁ@Oéihmm @ mmmﬁ aediunp|sawh a‘ﬁua hard | disskt r at ed
N Figures Brige) Wi Qs naddiinly hA MU (il Yt d failee a Vi ew

fromthe a viewf ron1a con entlona t1'ng of
%(s), the magnetic dlSk or disks, the motor and arm

eleqtronlcs, is mounted in a mastering station known as a
servo track writer. The servo track writer writes a

10 pattern of magnetic information (the ™ servo track
pattern” ) onto the disk. The servo track pattern becomes
the master reference which is used by the disk drive during
normal operation in order to locate the tracks and sectors

on the disk for data storage and retrieval.
15

Conventionally, several servo track writers have been
mounted on top of a rack or a bench-like support with the
servo track writers being arranged in a single horizontal
plane. This is illustrated in Figures 1 to 3 which

20 respectively show a view from the'front, a view from the
side, and a view from above of a conventional mounting of
three servo track writers 1 in a horizontal plane on top of
a bench 2. Each servo track writer 1 is isolated from
mechanical vibrations transmitted through the bench 2 by

25 wvibration-isolation mounts. The electronic systems 3 which
control the servo track writers 1 are mounted below the
servo track writers 1 in the lower portion of the bench 2.
The electronic systems 3 are connected to the servo track
writers 1 by cables (not shown). Because the head disk

30 assemblies are usually not sealed during the servo track
writing process, servo track writing has to take place in a
clean room. A flow of clean air 4 passes in a vertical
direction over the servo track writers 1 and head disgk
assemblies supported by the servo track writers 1. Ionised

35 air is used if the head disk assemblies are sensitive to
static electricity.



three servo track witers 1 in a horizontal plane on top .of a bench 2.
Each servo track witer 1 is isolated from mechani cal vi brations
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assenbl i es supported by the servo track Wi ["oni’s
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manuf acturer_of head di'sk assenbli’es presently nounts their
witers in tIRRSH&OS WS | 3FEinpimeEous + o Birst, gemvo winark v ismne

track witenmwas ranged idha 5 NKH&h extremely heavy, weighing as much

as 1500 kg in the past. Such servo track writers were
therefore difficult to install and installation was more

10 easily achieved by placing the servo track writer on top of
a bench. The servo track writers were effectively fixed in
place and immovable once installed (unless special lifting
equipment was available). Second, as access to the servo
track writer 1 is required for maintenance purposes, the

15 servo track writers 1 were mounted on top of a bench 2 to
allow easy access for maintenance in situ. Furthermore,
the head disk assemblies were loaded into the servo track
writers 1 from above. This was originally the most
convenient manner for loading the head disk assemblies as,

20 1in the past, head disk assemblies themselves were
relatively heavy. Third, clean rooms themselves have
usually had a vertical flow of clean air, again encouraging
the horizontal top-mounting of the servo track writers 1 in
the past. Moreover, historically, servo track writers were

25 developed from laboratory-style equipment, which would have
been mounted on the top of a laboratory bench, and this
philosophy has carried through to the present day. The
benches presently used for supporting servo track writers
are very substantial welded steel structures using large

30 and expensive isolation systems to isolate the servo track
writers from vibration.

As mentioned above, it is believed that every disk
manufacturer mounts their servo track writers in the manner
35 shown in Figures 1 to 3. There is enormous prejudice in
the industry against mounting the servo track writers 1 in
any other manner.



5 horizontal plane on top of sonme kind of bench or rack. The reasons
for this are nunerous. First, servo track witers have traditionally
been extrenely heavy, weighing as much as 1500 kg in the past. Such
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track has also increased so that whilst previously two
revolutions of the disk were required to write a servo
track for each data track, now three or even four

15 revolutions of the disk are required to write a servo track
for each data track, leading to an increase in the servo
write time of 50% or 100%. The servo track writing process
is therefore taking longer and longer and thus there is a
greatly increased demand for clean room space.

20 Furthermore, head disk assemblies are being manufactured
and assembled more and more quickly each year so that the
rate at which assembled head disk assemblies come off the
production line ready for sexvo track writing is increasing
each year, again placing extra demands on clean room space.

25 As a result of these factors, the demand for clean room
space is at least doubling each year. It will be
appreciated thét construction, operation and maintenance of
a clean room is extremely expensive and forms a significant
part of the total cost of manufacturing a head disk

30 assembly.

According to a first aspect of the present invention,
there is provided apparatus for writing sexrvo tracks to a
storage medium, the apparatus comprising a plurality of
35 servo track writers arranged in a vertical column.
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As mentioned above, it is believed that every disk manuf act urer nounts
their servo track witers in the manner 35 shown in Figures 1 to 3. There

i's enornous prejudice in the industry agai nst nounting the servo track
writers 1waoegmsosny ot her manner. Thepdt/a6Bod/@lgn t O
wite the servo tracks is increasing greatly each year. There are
several reasons for this. | nproved manmuf acturing techni ques and

i mproved control of 5 the read/wite heads |eads to an increase in the
nunber  of trarke ﬁﬁparaﬁﬁsoﬁrébérgb§§ abmprisks af sﬁﬁ%ﬁere tracks

per inch each ﬁear ﬁ ng i n 1996, ,on avera eth erg e 8,000
tracks per iRg po{ﬁlE§99 e fenver hgackneritigselin eEElGB 1Yr§§R§r%E?d|nch
Projected fibayessfor 1998, 1999 10 and 2000 are 18,000, 24,000 and up to
60, 000 tracks per i nch respectively. The nunber of servo tracks per
dat a track has also increased so that whilst previously two
revol uti ofs of thacdpsfingrtoreqaeceddt aspeiteocfl shevpresent invention,

there is provided apparatus for writing servo tracks to a
storage medium, the apparatus comprising a plurality of
servo track writers and a support supporting the servo
track writers in vertically separated layers.

10
Each layer may contain plural servo track writers.
The layers are preferably arranged in a vertical
column,
15

Where a support is provided, the support may have
plural shelves, at least some of the shelves supportlng at
least one servo track writer.

20 At least some of the shelves on which sexrvo track
writers are mounted are preferably arranged to be slidable
in the support to allow access to the servo track writers
from the front of the support.

25 Where a support is provided, the support is preferably
arranged such that the servo track writers can be removed
from the support from the front of the support.

Each servo track writer is preferably mechanically
30 substantially isolated from the support by at least one
vibration-isolation mount. As the servo track writers are
isolated from the support, they are effectively isolated
from each other. That means for example that access can be
had to one of the servo track writers without affecting the
35 operation of any of the other servo track writers in the

support . —
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to an increase in the servo wite tinme of 50% or 100% track
witing pRPE s therefore taking | onger and | onger 5§Eﬁ?%g@¥§ﬁere is

a greatly increased demand for clean room space. 20 Furthernore, head
di sk assenblies are bei ng manufactured and assenbl ed nore and nore

qui ckly each year_so that the rate at i ch ,assenbl ed .head di sk
assenbl i es cone offeFRemay EErBHuEFFSH PRRe P@aEQrf8F°¥é595‘¥F%ck writing

I's increasingorizorBad fiew, ofigaip abeessgthxst sertdemumdskowrditeans .r oom
space. 25 As a result of these factors, the demand for clean room space
is at | east doubling each year. It will be appreci ated t hat
construction, opeTh¢i appamdtnai mégnanomprébte an airl dagtr tonpirovider emel y

raut act uf nithE DB pRLA" EykCaEE iR BasChabtd B3 BTy, oyer |
an arrangenebliefeervo trapkl wanbeus| powdireng seidoatradeynweandfo hard
di sks. A WﬁéPQ|@hE|Q§§?g§EQS'§nE§ﬁéeanWEhb§o%t9|Qﬁ§ %ﬁ%c%hkﬁzauéﬂﬂﬁé 35

of the hard disks. That track is then used as a reference for
writing servereYaeRd by smpecpdpsy wald wnirhb isyspagesd £redt L& v&3% iting

head. The figg11S6fVvendr kipfBrt, air flowing from the servo trackAVENDED
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writers through apertures in the secondary wall and into
the space between the secondary wall and the rear of the

support.

The servo track writers may be arranged to be front-

15 maintainable. In other words, maintenance of the servo
track writers may be carried out from the front (in
contrast to prior art servo track writers which were
maintained from above in accordance with their bench top
mounting shown in Figures 1 to 3). In particular, a clock

20 head assembly of each servo track writer may be replaced
from the front of the servo track writer. (The clock head
is used to write a usually temporary clock track onto the
disk which serves as a timing reference during writing of
the servo track. The clock head wears out rapidly in

25 practice, and needs to be replaced typically every 500 to
1000 operations.) It is preferred that the clock head in a
servo track writer can be replaced whilst other servo track
writers in the support are in use without affecting the
operation of the other servo track writers.

30
The servo track writers may be arranged so that a head
disk assembly can be loaded onto and unloaded from the
servo track writer from the front of the apparatus.
35 It will be appreciated that reference to “ front-

loading” and servicing and maintenance from the front,
etc., should be taken to include such from any vertical



head is mechanically coupled to a second servo witing head whi ch

simul taneously wites servo tracks to the second hard di sk. 5

US- A-5525106 di scl oses storage equi pnrent for a cl ean room havi ng a

pl uralityWe%a¥ves arranged in vertically separ at ed |PGTeGRSS/ORL8Er al
clean air supply units are - provided, each having a fan and a filter.

10 US- A- 5469037 di scl oses appar at us for nmount i ng pl ural di sk drives
in which the disk drives are installed in cages that are nounted in on
shel ves of as’cf:l% §h2sWpeRs ¥ud theftepmi hxardlt o6 usedabpzeanus.

15 Accof st ngoriverdi dndStandPOFtcShvdirei Phesent invention, there is
provi ded apparatus for witing servo tracks to a ,

Alternatively, the servo track writers may be arranged
5 to be maintainable from above.

The servo track writers, or the bases on which they
are mounted, may be mounted on sliders. This allows the
servo track writers to slide out, which facilitates access

10 to the servo writers generally and particularly provides
easy access to the top of the servo track writers.

Control electronics may be provided for controlling

the servo track writers. The control electronics may be

15 supported on shelves below the servo track writers.
Preferably, however, the control electronics for each servo
track writer is placed close to the servo track writer,
most preferably in the same horizontal plane as the servo
track writer. This means that there is as short a path as

20 possible for the very high frequency signals between the
servo track writer and the control electronics. This
arrangement also facilitates removal of the servo track
writer and its associated control electronics as a unit for
major maintenance.

25
According to a third aspéct of the present invention,
there is provided a clean room having apparatus as
described above, and means for providing a flow of clean
air in a horizontal direction over the servo track writers.
30

The invention makes much more efficient use of clean
room space and overcomes the prejudice of the prior art.
Many more servo track writers can be fitted into a clean
room than was possible in the prior art arrangements. In

35 the preferred embodiment, the servo writers are stacked
vertically, making the best use of the volume available in
a clean room whilst minimising the floor space required.



plurality of storage nedia, the apparatus conprising a plurality of

servo track witers arranged in a vertical col um. 20 The

appar at us |y conprises a support supporting the servo track
wﬂot ers i ﬁgﬁ%gl I>Iy srergar at ed |l ayers. 25 Accob GFGE*¥82286 second
aspect of the present invention, there 4s provided apparatus for witing
servo tracks to a plurality of storage nedia, the apparatus conprising a
plurality of servo track witers and a support supporting t he servo
track witers in vertically separated |ayers. 30 Each | ayer may

contain plural seﬁﬁoembéé@m@ntt@fsthe present Thwehfjenswdié poef Beably
arranged in ge¥eribed by wa9 B¥ex3mple with reference to the

accompanying drawings, in which:

5
Fig. 1 is a front view of a prior art apparatus;
Fig. 2 is a side view of the prior art apparatus of
Figure 1;
10

Fig. 3 is a plan view from above of the prior art
apparatus of Figures 1 and 2;

Fig. 4 is a front view of a first example of apparatus
15 according to the present invention;

Fig. 5 is a side view of the apparatus of Figure 4;

Fig. 6 is a perspective view of a second example of
20 apparatus according to the present invention; and,

Fig. 7 is a perspective view of an example of a servo
track writer and its control electronics for the apparatus
of Fig. 6.
25
Referring now to Figures 4 and 5, there is shown a
first example of apparatus 10 for writing servo tracks to a
storage medium. The apparatus 10 includes a support 11
which supports plural servo track writers 12 in a vertical
30 column.

The support 11 in the example shown is in the form of
a rack having four vertical corner posts 13 between which
are plural horizontal shelves 14. The support rack 11 has

35 a top plate 15 and a bottom plate 16 each of which is
horizontal and parallel to the respective shelves 14. The



4A Where a support is provided, the support nmay have pl ur al

shel ves, at | east sone of the shelves supporting at | east one servo
track wri g At | east some of the shelves on which servo track
witers a r?()oﬁ?ﬁ%d are preferably arranged to be slidabl £CT/GB§/0p336
support to aIIOM/access to the servo tracé witers fromthe front of the
support. VMere a support I's provided, the support is preferably

arranged sugﬁagﬁgﬁ %_ track witers can be renoved fromthe
support fromxn ?ﬁ SR wheels 17 which #ddew theck witer is

preferably rgportcaddak 13 b Heamiovald.y i solated fromthe support by at

| east one vi bration-isolation nount. As the servo track witers are

i solated fromthe support, they are effectively isol ated from each
other. That meandr¥ @ﬁxeemqmpdet Istova c a3 reamriee threlkaghkoveselaf the servo

track wig ers%p‘ﬂ'ﬂa'&‘é‘dt f@fénﬁ%en%ntorﬁ?xe?ro P YR A%l ERE,QGNer servo

track witers'in the
lying vertlcally over each other. Each shelf 14 has a

width w which is sufficient to allow two servo track
writers 12 to be placed side by side on each shelf 14.
Thus, in the example shown, the support rack 11 can support

10 six servo track writers 12 in three vertically separated
layers arranged in a vertical column. Each servo track
writer 12 is isolated by vibration-isolation mounts 18 from
transmission of mechanical vibrations through the support
rack 11, the vibration-isolation mounts 18 being interposed

15 between the servo track writers 12 and the respective
shelves 14.

Control electronics 19 for the servo track writers 12
are supported in the lower portion of the support rack 11.
20 In the example shown, there are six sets of control
electronics 19, one for each servo track writer 12, and
each set of control electronics 19 is connected via a cable
(not shown) to a respective servo track writer 12.

25 In the example shown in Figures 4 and 5, because the
servo track writers 12 are stacked in a vertical direction,
the flow of clean ionised air 20 over the servo track
writers 12 is in a horizontal direction in order for the
air to be able to flow over all of the servo track writers

30 12z2.

The servo track writers 12 may be arranged so that
they can be maintained from the front of the support rack
11. (As mentioned above, reference to “ front” shall be
35 taken to include any vertical side of the support rack 11.
For example, maintenance could be carried out from the side
shown in Figure 5.) The servo track writers 12 may be



There may be at | east one fan for providing a hori zontal flow of air
across the servo track witers. The apparatus nay conprise an air

duct to R{QVbAEesN 5 air flow path for air which has pass%%Tﬂggkaa@kally

over the servo track witers to direct said air downwards. ere the
apparatus includes a support, the air ducg may be provi ded by secondary
wall which is spaced fromthe rear wal | of the support, air flow ng from

the servo tpacknd@aMsbt @istt wéaq AR lérs%%nﬁﬂgi %(;afxzs?%g&%%%a“@hkzoaf‘d into

t he space between the secondary wall and the re support.
The servo t FBBKSRIFVPetEaply wrdterr dRgdFom the front- tesaddiom guaghl end| n

ot her wordseaB% NbaHANGE 2B WA o3IV of WhRCheWd WGk HB%RAB14aL.I ed out
fromthe front (in contrast to prior art servo track witers which were

mai nt ai ned from above in accordance with their bench top nmounti ng shown
in Figures 1 to Altelrhapdielsyl dhe aedhRllerack writers may be arranged

to be maintainable from above. The servo track writers may
be mounted on sliders, such as sliding rails, allowing the
servo track writers to slide out to provide access to the
top of the servo track writers.

10

The support rack 11 is preferably arranged so that the

servo track writers 12 can be removed from the front of the
support rack 11. Retaining blocks 21 can be provided at
the front of each shelf 14 to retain each servo track

15 writer 12 on its shelf 14, the retaining blocks 21 being
movable or removable to allow the servo track writers 12 to
be removed from and replaced onto a shelf 14.

A second example of apparatus 10 for writing servo
20 tracks to a storage medium is shown in Figures 6 and 7.
Those features of the second example which correspond to
those features of the first example described above have
the same reference numerals and will not be described
further in detail.
25
In the second example, the support 11 is in the form
of- a cabinet which is open on its front face. The support
11 has eight bays 30 in its upper portion each for
receiving a respective servo track writer 12. The bays 30
30 are arranged in two vertical columns of four bays 30 each.
Each bay 30 has runners or rails (not shown). A shelf 14
sits on the rails in each bay 30 so that the shelf 14 can
be slid into and out of the bay 30 from the front of the
support 11. Each shelf 14 has latches 31 which can be
35 released to enable the shelf 14 to be slid out of the bay
30 and locked to retain the shelf 14 in the bay 30. Each



20 head assenbly of each servo track witer may be repl aced fromthe
front of the servo track witer. (The clock head Is used to wite a
usual ly tenporary clock track onto the di sk which serves as a tinmng
referencé¥@d?Pé98o writi ng of the servo track. The cl ocRCH&RBE8/0%286 s out
rapidly in 25 practice, and-needs to be replaced typically every 500 to
1000 operations.) It is preferred that tB@ clock head in a servo track
writer can be replaced whilst other servo track witers in the support
are in use \ﬁheﬁ(fﬁtl‘lafqaex:thmg:elmwed compdietisilgn fabont kkeokhppozer 1@ biack

witers. 301ifting thE&mRa", tr I ters J;ay be arranged so that a head
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m@iter ;ron1the fr9n$ of the apparatus; 35 Cltowil be_appreciatsd
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6 er 12 which is mounted towards the front of the

shelf 14. BEach servo track writer 12 is isolated from its

shelf 14 by vibration-isolation mounts (not shown) to

isolate the servo track writer 12 from transmission of

mechanical vibrations through the support rack 11, the

10 vibration-isolation mounts being interposed between the

servo track writers 12 and the respective shelves 14.

Each servo track writer 12 has its own control

electronics 19 which is supported on the same shelf 14. It

15 1is not normally necessary for the control electronics 19 to
be isolated from the shelf 14 though this may be done if
desired. As shown in the drawings, each control
electronics 19 is positioned behind its respective servo
track writer 12 and is positioned as close as possible to

20 its servo track writer 12. This means that the path for
the very high frequency signals between the control
electronics 19 and its servo track writer 12 is as short as
possible, thereby minimising any attenuation or
interference of the signals. This mounting of the control

25 electronics 19 behind the servo track writers 12 also means
that the control electronics 19 and the servo track writer
12 can be remerd as a unit from the support 11, for
example for replacement or maintenance.

30 . AC/DC power distribution units 32 for the control
electronics 19 and the servo track writers 12 are
positioned in horizontal bays 33 at the bottom of the
support 11.

35 The servo track writers 12 are arranged so that they
can be maintained from the front of the support rack 1l.
(As mentioned above, reference to “ front” shall be taken



side of the support and the term front" is used herein for

conveni ence and by conventi on. Alternatively, the servo track
witers @ﬁ arranged 5 to be nmintai nable from above The
servo tpbegc%/ P er s, or the bases on which they are ﬁS’{{ﬁPgH‘,’zzﬁﬁay be

nmounted on sliders. This allows the j§ervo track witers to slide out,

which facilitates access 10 to the servo witers generally and particularly

provi des (@ he top.of t erv. rack witers.
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,loading and unloading of the head disk assemblies 34. To
10 achieve this in the example shown, each servo track writer
12 has a transport mechanism 35 in the form of a drivable
caddy or tray which carries the head disk assembly 34 and
which can be driven towards and away from the front of the
servo track writer 12 as necessary. A vertical clamp 36,
15 which may be under automatic contreol, clamps the head disk
assembly 34 to the servo track writer 12 when the head disk

assembly 34 is in the correct position.

It will be understood that in conventional clean
20 rooms, the clean air flows into the room through apertures
in the ceiling and then down from the ceiling in a vertical
direction to exhaust through apertures in the clean room
floor. 1In the arrangement of the present invention, it is
desirable for the clean ionised air flow to be directed
25 horizontally across the servo track writers 12 in order for
the air to be able to flow over all of the servo track
writers 12. This is indicated in Figure 7 where it is also
shown that the clean air 20 flows from the front to the
back of the support 11 in this example.
30
To achieve the horizontal air flow 20 across the sexvo
track writers 12 in a conventional clean room, as indicated
in Figure 7, the rear of the control electronics 19 in the
second example may fit directly into apertures 40 provided
35 in a secondary rear wall 41 which is spaced from the actual
rear of the support 11. A centrifugal fan 42 is mounted at
the rear of each of the control electronics 19. The fan 42




there is provided a clean room havi ng apparatus as descri bed above, and
means for providing a flow of clean air in a horizontal direction over

t he serv érgsk witers. 30 The invention nmakes nuch nore efficient
use of cﬁg 17798992 5om space and overcones the prejudi ce of PEFEBI¥IIEG ar ¢ .
Many nore servo track witers can be flt% d into a clean room t-han was
possible in the prior art arrangenents n 35 the preferred enbodi nent, the

servo wite e a vertjcall the best use of the vol une
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appar at us; writer 12 clean and the control electronics 19 cool. Air

5 passing through the apertures 40 in the spaced wall 41 is
thrown downwards by the centrifugal fan 42 towards the
floor of the clean room from where the air can be exhausted
from the clean room. It will be appreciated that the
arrangement of the spaced wall 41 at the rear of the

10 support 11 may be replaced by other ducting to direct air
which has passed over the servo track writers 12 downwards
to the clean room floor.

In the first example shown in Figures 4 and 5, fans 42
15 may be mounted at the front of the servo track writers 12.

The present invention provides a system which allows
much improved utilisation of expensive clean room space
during the manufacture of a storage medium such as a disk

20 drive. Several servo track writers can be supported in a
floor area which previously only supported one servo track
writer. This avoids the need to build further or larger
clean rooms and allows a higher throughput of storage media
such as disk drives through the servo track writing

25 process. In the preferred embodiment, the usual vertical
air flow in a conventional clean room is directed
horizontally across the servo track writers.

An embodiment of the present invention has been
30 described with particular reference to the examples
illustrated. However, it will be appreciated that
variations and modifications may be made to the examples
described within the scope of the present invention.



Fig. 2 is a side view of the prior art apparatus of Figure 1; 10

Fig. 3 i1s a plan view from above of the prior art appar atus of Figures
1 and 2;y, Fig. 4is a front viewof a first exa ar at us
15 accoré)%gm?o the present invention; Fi g. Sﬂ?gegQ?F%EPV|eM/of
t he apparatus of Figure 4; - FigB 6 is a perspective view of a
second exanpl e of 20 apparatus according to the present invention; and,
Fig. 7 is a perspective view of an exa f a servo track witer and
its control electronics for the appara of Fig. 6. 25

Referring now to Figures 4 and 5, there is shown a first exanple of
apparatus 19 for S 0 rage The
appar at us 1% |nc?%%ggb§g§u%5¥ WE§§§5§ Ewﬁ%ohtraﬁkgrﬁg %rggg#géervo track
witers 12 Tadiufer Fh@aapparawsummpnsmg ap urallty of servo track

5 writers arranged in a vertical column.

2. Apparatus according to claim 2, comprising a support
supporting the servo track writers in vertically separated
layers.

10
3. Apparatus for writing servo tracks to a storage
medium, the apparatus comprising a plurality of servo track
writers and a support supporting the servo track writers in
vertically separated layers.

15

4. Apparatus according to claim 3, wherein each layer
contains plural servo track writers.

5. Apparatus according to claim 3 or claim 4, wherein the
20 layers are arranged in a vertical column.

6. Apparatus according to any of claims 2 to 5, wherein
the support has plural shelves, each shelf supporting at
least one servo track writer.
25
7. Apparatus according to any of claims 2 to 6, wherein
at- least some of the shelves on which servo track writers
are mounted are arranged to be slidable in the support to
allow access to the servo track writers from the front of
30 taa support.

8. Apparatus according to any of claims 2 to 7, wherein
the support is arranged such that the servo track writers
can be removed from the support from the front of the

35 support.
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The support 11 in the exanple shown is in the form of a rack having four
vertical corner posts 13 between which are plural horizontal shelves 14.
The support rack 11 has 35 a top plate 15 and a bottom plate 16 each of
which i s WOHYP%ontal and parallel to the respective shdGHSBPA2286he

8 bottom plate 16 has cast.or wheels 17 which allow the support
rack 11 to be noved. In the ék%nple shown, there are three

shel ves 14 5 separated from one another in a vertical direction and

| yi ng vertial | yABRaratushascchedingath ahgl ¢f 14laims &2 to 8 dttteneiwhi ch is

suf ficient éQcﬁ'é@ﬂbé“@rﬁékvﬁriﬁéfkls me&ﬁéﬁfﬁélﬁﬁ é%%] 3684, si de by
s

si de on each SP , I'n the exa e support rack 11
can support1§8 §F§d ¥ FhﬁcﬁuHP?¥%r§Y1§¢|%ﬁ@#ﬁeﬁ?@mﬁ%b%ﬁﬂ#%ﬂseparated

| ayers arrapgellatibon methtcal colum. Each servo track witer 12 is
isolatedsby vi bration-isolation nounts 18 from

10. Apparatus according to any of claims 1 to 9,
comprising at least one fan for providing a horizontal flow
of air across the servo track writers.

10 11. Apparatus according to any of claims 1 to 10,
comprising an air duct to provide an air flow path for air
which has passed horizontally over the servo track writers
to direct said air downwards.

15 12. Apparatus according to any of claims 1 to 11,
wherein the servo track writers are arranged to be front-
maintainable.

13. Apparatus according to any of c¢laims 1 to 11, wherein
20 the servo track writers are arranged to be maintainable
from above.

14. Apparatus according to any of claims 1 to 13, wherein
the servo track writers are mounted on sliders.

25
15. Apparatus according to any of claims 1 to 14, wherein
the servo track writers are arranged so that a head disk
assembly can be loaded onto and unloaded from the servo
track writer from the front of the apparatus.

30

16. Apparatus according to any of claims 1 to 15,
comprising control electronics for controlling the servo
track writers.

35 17. Apparatus according to claim 16, wherein the control
electronics are supported on shelves below the servo track

writers. \\\\\\\\\\\\\\\\\\\
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transm ssi on of nechanical. vi brations through the support rack 11, the
vi bration-isolation nounts 18 being interposed 15 between the servo track
witers %%%Phe respective shel ves 14. EEPERS 02286

el ectronics or the servo track witers 12 are supported in the

| ower portion of the supporf rack 11. 201$n the exanple shown, there are
six sets of control el ectronics 19, one for each servo track witer 12,
and each set of control electronics 19 is connected via a cable

(not shown) to a respective servo track witer 12. 25 In the exanple
shown i n Fi §Br eshBParatss pecamdénghto clagdmyd6irwbereint the ¢ontrelst acked
in a verticaledireRitaNEor al BerlboprabiCleanekOnkSpdsat {ofBa0¥ost g ser VO
t rack witers 12 is in a horizontal direction inp order for the air to
be abl e to fPSuiBveReaprmef hoRizeREGS PLABR @Fi FREd 8BYYQ. track The
servo trgckywitéers 12 may be arranged so that t hey can be naintai ned
fromthe front of the support rack 11. (As nentioned above, reference to
" front" shall be 35 taken to include any vertical side of the support rack
11.  For eganphecleannredoanhavingl dpparasubi adcovdiifigotot Arysofe shown
In Figure 5ciaIHS feﬁgolhta%%d“@b%S%is%%gn% agg for providing a flow

of clean air in a horizontal direction over the servo track

10 writers.
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9 arranged so that a head di sk assenbly can be-| oaded onto the servo
track witer 12 fromthe front to allow quick and easy | oadi ng and

unl oadi ng of the head di sk assenblies. 5 Al ternﬁéﬁ&%mid%e servo
track wwoaes/esdsmy be arranged to be maintainable fromabove. The servo
track witers may be mounted on sligders, such as sliding rails, allowng -
t he servo track witers to slide o to provide access to the top of
the servo track witers. 10 The support rack 11 is preferably
arranged so that the servo track witers 12 can be renoved fromthe
front of the support rack 11. B8R, bl ocks 21 can be provi ded at
the front of each shelf 14 to retain each servo track 15 witer 12 on its
shelf 14, the retaining blocks 21 being novabl e or renovable to all ow
the servo track witers 12 to be removed from and replaced onto a shelf

a4

-
.-"“//
g e B

Fig. 1 Fig. 2
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A second exanpl e of apparatus 10 for witing servo 20 tracks to a storage
mediumis shown in Figures 6 and 7. Those features of the second exanple
whi ch cor kgsB&pghed O those features of the first exanple_described above
have  the same reference numerals and will not be descri BEHCB®4%3¢ her in
detail. 25 In the second exanpl g/4the support 11 is in the-form

of a cabinet which is open on its front face. The support 11 has eight
bays 30 in its upper portion each for receiving a respective servo track
witer 12. The bays 30 30 are arranged in two vertical colums of four bays
30 each. Each bay 30 has runners or rails (not shown). A shelf 14

sits on the rails in each bay 30 so that the shelf 14 can be slid into
and out of the bay 30 fromthge front of the support_ 11. Each shelf 14
has | atches 31 which can be 35 rel eased to enable the $helf 14 to be slid

out of the bay 30 and locked to retain the shelf 24 in the bay 30. Each
10 shel f 14 can be renUvquconpletely fromthe sypport 11 by
N — 15
omm@ Q| F "
o q
- 20
i
20—
F oot
iad
- 20
T
- -'————16\._
Fig. 4 Fig. 5

SUBSTITUTE SHEET (RULE 26)



lifting the shelf 14 off the rails. Each- shelf 14 carries on its
uppernost surface a servo 5 track witer 12 which is nounted towards the

front of shel f 14. Each servo track witer 12 is j t fromits
shel f 14‘%§§%’? 9?%& i on-isolation mounts (not shown) to ﬂﬁ%&é&gzﬁshe servo
track witer 12 fromtransm ssion of mechani cal vibrations through the
support rack 11, the 10 vibration-isa/gtion pptR{s being interposed

bet ween t he servo track witers 12 and e respective shelves 14.

Each servo track witer 12 has its own centr ol elegtronics 19 which is
supported on the sane shelf 14. It 1 is not normally negessary for?he
control electronics 19 to be iselated fromthe shelf 14‘0rgugﬁ/?ﬁis may
be done if desired. As show1n the draw ngs, each contr

el ectronics 19 is positioned~behind its respective servo t:;Ek\ywiter 12
and is positioned as clgs€ as possible to 20 its servo track w ptéer 12.
This neans that the pe for the very high frequency signa befween the
control electrogaifcs 19 and its servo track Jtef=—12 i S 4dS shor{ as
possi bl e, therelgg m nimsing any attenuati | nterTerence of | tHe
signals. This myUR§ging of the control 2 ' X9 behind the servo
track witers 12al soNgeans that the/ cont ni ¢s 19 and|the
servo tracBow i e ® IP~can be renpuet support| 11, for
exanpl e for replfagenBry or “Waiattnance.

19
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30 AC/ DC power di'stribution units 32 for the control el ectronics 19
and the servo track witers 12 are positioned in horizontal bays 33 at

t he bot t onoob/osdIe support 11. 35 The servo trac ' 2 are
arranged so that they can be maintained fromthe fron%cg?#%ﬁ@ﬁgﬁpport
rack 11. (As nentioned above, refefdfice to "front" shall be taken

11 to include any vertical side of the support rack 11. For exanpl e,
mai nt enance could be carried out fromthe side shown in Figure 6.) This
is facilitated by the shelves_14 + being slidable in the bays 30. 5

The servo track witers 12 ghe arranged so that a head di sk assenbly 34
can be | oaded onto the ser tyack witer 12 fromthe front of the
support 11 to allow qui ckgan asy

Fig. 7

SUBSTITUTE SHEET (RULE 26)



| oadimng and unl oadi ng of the head di'sk assenblies 34. To 10 achieve this in
t he exanpl e sihown, each servo track witer 12 has a transport mechani sm
35 in the formof a drivable caddy.or tdeay awhi ch oqredeas t he head di sk
assenbly 34 and whi ch can be drl%éR towar.de.-and away f-r omthe €ront of

t he servo track witer 12 as nebesﬁary A.ver.tlcal -cl-arrp 36, +15 whi ch
may be under automatic control, clanp$ tht "Head di sk™* assean'ﬁPMUﬂ@the
servo track witer 12 when the head di sk assenbly 34 is in the rrect
posi ti on. It will be understood that in conventional 28 dali 899

roons, the clean air flows into the _roomthrough aperfures in the
ceiling and t herFhfoirime cFrﬂ)?eﬁ’e tOeWriRg FReaSOEVPi EBERCKS 3F BREFoRsing

exhaust thrg%:té]i\:lé}ﬂ%édﬁ%?eaﬂl th:?leﬁ'fleeéﬂerQe%ra‘ff@@éonénféfetﬁ{éangem?nt of
t he present | nvent desirable f %he clean.ionised aif flowto

be direct ed™HFOUR éﬁqtfr&c"l"o%c é%@?vﬁp r SPRTAY FE NG 301 n°brder f or

the air 3o e ak&aei/twrjﬁeowm lakbdsotot Ba speveaseatk thewhitiees 42. This
|S|nd|catq_d|rk ure?vvh teclena|r20

er i,s. al at
flows fromtIREss it LETheD %hﬁag&sgf a?h@ sﬁbﬁowr;I %q i °T i §¥ 8% pl e. 30
To achi eve gere ihmh mkalyarr f Fow BRamplessihhz9%8€) von averagektlmire ers 12

control ol s G FEAAY o gl (s 007, Bp s PHERad, phdfr R DT 1T
apertures 4@ ,06Vvitdestk36 par dngcbcondapyeckad faghrds Hbrcho98, shaged from
the actiipl ang JRAY e UL POPYLL 0dé- aAGCEBL ELT HI2b b APr 42k Spgpunt ed at
inch respectively. The number of servo tracks per data
track has also increased so that whilst previously two
revolutions of the disk were required to write a servo
track for each data track, now three or even four
15 revolutions of the disk are required to write a servo track
for each data track, leading to an increase in the servo’
write time of 50% or 100%. The servo track writing process
is therefore taking longer and longer and thus there is a
greatly increased demand for clean room space.
20 Furthermore, head disk assemblies are being manufactured
and assembled more and more quickly each year so that the
rate at which assembled head disk assemblies come off the
production line ready for servo track writing is increasing
each year, again placing extra demands on clean room space.
25 As a result of these factors, the demand for clean room
space is at least doubling each year. It will be
appreciated that construction, operation and maintenance of
a clean room is extremely expensive and forms a significant
part of the total cost of manufacturing a head disk
30 assembly.

JP-A-05/128765 discloses an arrangement for
simultaneously writing servo tracks to two hard disks. A
. single clock head is used to write a clock track to a first
35 of the hard disks. That clock track is then used as a
reference for writing servo tracks to the first hard disk
using a first servo writing head. The first servo writing
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thé'gear of each of the’ control electronics 19. The fan 42
12 draws tair 20 in fromthe front of the support 11 hori zontal |y
across the servo track witer 12 and {he gontrol,.el,get roni,es 19,

t hereby keeping the servo track :- mwlter 42 ¢l earg apd the confrol:

el ectronics 19 cool. Air 5 passing through thes apert grgs 40 i*Nst N&s spaced
wall 41 is t hr omn downwar ds by the gentrifegal fan 42 tomards'fhe

fl oor of "the clean roomfrom where the alr can be exhausted fromthe

clean roo It will be app i at ed t hat arr ement. of t spaced
Rl T a1 o TR e o E T e AR PR 15 ny S BT S T e SR | ng
to direct ahich sivhilthneaaspgseeiltoyesetie Seaois ttackhewsdeisi Hard
downwards .. .to the clean roomfl oor. In the first exanple

shown in Fi%§%es 4 and 5, fans 42 15 may be mounted at the front of the
servo track witers 12

5 US-A-5525106 discloses storage equipment for a clean
room having a plurality of shelves arranged in vertically
separated layers. Plural clean air supply units are
provided, each having a fan and a filter.

10 US-A-5469037 discloses apparatus for mounting plural
disk drives in which the disk drives are installed in cages
that are mounted in on shelves of a drawer that slides out
from the front of the apparatus.

15 According to a first aspect of the present invention,
there is provided apparatus for writing servo tracks to a
plurality of storage media, the apparatus comprising a
plurality of servo track writers arranged in a vertical
column.

20

The apparatus preferably comprises a support
supporting the servo track writers in vertically separated
layers.

25 According to a second aspect of the present invention,
there is provided apparatus for writing servo tracks to a
plurality of storage media, the .apparatus comprising a
plurality of servo track writers and a support supporting
the servo track writers in vertically separated layers.

30

Each layer may contain plufai servo track writers.

% + The layers are preferably arranged in a vertical

v B : column.
35
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The present invention provides a system which all ows much i nproved
utilisation of° expensive clean room space during the manufacture of a
storage nedi um such as a disk 20 dfive. Seyeragl, servq ts.agk wigters can be
supported in a fl oor area whicfr previougly,.onlyssgppqrted; ode sérvo
track witer. This avoids the peed to Jouiddsfeuryh@r tor tardgr *°s clean
rooms and allows a higher throughput of  gtorage medi® * such’‘as *di sk
drives through the servo track witing ﬁé process. In the preferred

enbodi nent, the ysual vertical air flowin a conventional clean roomis

di rect ed hor i "M %1 3 YSHREYSs ¥ Pro¥ideds r 5BR RHPPRFE MY have  ap

enbodi nent pfutdle ghebesd, iatdidsan sbas beeBhdOsHeseesbedppotbiparit cul ar

ref erence tf t he exnan%ellﬁao icl | ust.rated. However, it will be appreciated

t hat vart&t¥ orfan i I35 Y3sSFay be made to the exanpl es

described within the scope of the present invention. _

13 5 At least some 5c>]f the shelves on which servo track
writers are mounted are preferably arranged to be slidable
in the support to allow access to the servo track writers

from the front of the support.

10 Where a support is provided, the support is preferably
arranged such that the servo track writers can be removed
from the support from the front of the support.

Each servo track writer is preferably mechanically
15 substantially isolated from the support by at least one
vibration-isolation mount. As the servo track writers are
isolated from the support, they are effectively isolated
from each other. That means for example that access can be
had to one of the servo track writers without affecting the
20 operation of any of the other servo track writers in the

support.

[
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1. ‘Apparatus for witing servo tracks to a plurality of storage nedi a,
the apparatus ‘conprising a plurality of 5 servo track witers arranged in
a vertical colum. 2. Apparatus accordlng to glaim?2, copprising a
support supporting the servo téacKk mm&iare |n vertqcahly sepafabed

| ayers. 10 3. Appar atus for wrlt.| ng ser.vo -tﬁacks- to as pI u'r-alq-t-y of
storage nedia, the apparatus conprisi g a--pl.ur-al ity” of° + servo track
witers dand a’'support supporting the servo track witers in pbtiuGithl y
separated | ayers. 15 4. Apparatus according to claim 3, whereirbteach
| ayer contains plural servo track SUAIMS s. 5. Appar ap i 4
according to claim3 or claim4, wherein the 20 | ayers are arranggdth %99
vertical colum. Appar atus according to any of clainms 2 to 5,
wher ei n the W@t%sfwumtmw@o dxrkshdld as pipoetilny of

| east one s@eyPadé agKdyd| l€he Zparatus comprising a plurality of

5 servo track writers arranged in a vertical column.

2. Apparatus according to claim 2, comprising a support
supporting the servo track writers in vertically separated

layers.

10
3. Apparatus for writing servo tracks to a plurality of
storage media, the apparatus comprising a plurality of
servo track writers and a support supporting the servo
track writers in vertically separated layers.

15

4. Apparatus according to claim 3, wherein each layer
contains plural servo track writers.

5. Apparatus according to claim 3 or claim 4, wherein the

20 layers are arranged in a vertical column.

5. Apparatus according to any of claims 2 to 5, wherein
the support has plural shelves, each shelf supporting at
least cne serveo track writer.
25
7. Apparatus according to any of claims 2 to 6, wherein
at least some of the shelves on which servo track writers
are mounted are arranged to be slidable in the support to
allow access to the servo track writers from the front of
30 the support.

8. Apparatus according to any of claims 2 to 7, wherein
the support is arranged such that the servo track writers
i ) “can be removed from the support from the front of the

35 support.
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7. Apparatus according to any of clains 2 to 6, wherein | e asts sgrre
of the shelv whi ch servo track witers are nounted Wompi ranged to
be slidable ;ﬁ(?i‘e suppor t PP NTELLEGTYAL FROBERIX ORSHNEATIR servo t witers

[rom ! nereRhARoRAL el R GRARMISHED UNQE&T%%L@MSC (h0g é&%"ﬁ)ack

cl a5 suc
LILILE =] ~— U ry virrer "orTrrr

wr i |t} Enternational Paent GlassifisatiselS £ r om t he S UpQOMbterkstiond PidBeatinonababedf t he WO 99/06999
sugpor G11B 33/02, 5/596 . Al|
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