Di sk Drives and Methods for Cleaning Disk Drives Field of the invention
The present invention relates to a disk drive such as a nagnetic hard di sk
drive, an&l to net hods fer—eteani ng di sk drives. 5 Background of the .

i nvention Ther nal (TA) is one of nost critical issues for MR GWR
(rmagnetic resgm\m‘“ﬁﬁmwmmgnetic resistive) head disk drives. TA can be
generally cla two categories:, existing and new. "Existing" TA
is the result of diwks'defects created wheh the di sk was manufactured. This
TA has little effect 10 on user data integrity except reduce the capacity
of the drive. By contrast, "new' TA is very challenging. It occurs after a
drive has passed all tests and has been shi pped toa custoner. "New' TA is
usual ly the result of |oose LisK Urives e sfer{eleaningrDiskdrivesr at i on
environment. The | oose particles may fall onto and adhere to a surface of
the disk. Duri te 15 operation, the air bearing surface of a
slider carryi ald tot??néﬁ’ ﬁﬂf-rtlle head over the disk surface can hit the
particles and cause TA. Thus, "new' TA can occur in an area at which data
i s already st dhedpresentitvealiby relatés tatadiskopriviecsuas alsta magiete hard disk
iIIustratedl Fig a, Cross ctional view of a disk drive in

h
which the ill f’?a?’é%tome I%fcleﬁe'"lﬂ g'ﬁﬁf”(’g?rovm in edge view) is noving

at 20 velocity v during a read/ wite operation, and a floating slider 3 is
supported by %c&qm@sofqne%mma data storage surface of the disk 1.
During the read/wite operatlon the air bearing surface (ABS) 7 of t he
slider 3 hits part{c es

d
Sl oat e 1t s ToPBBRL Sepey (TAS T qfienal mAst i tion! apse e CREMR Tedanstic | s
about 30 nm Rk bHBANmadnet S aN)ngd Ak dhsds, SUTAREAN pHhgEnbIIe

amounts of m cro-contam nan particles 9 are present in the drive
smal | er cont aslassifiednintsatwo categodes: existing and new. “Existing” TA is the result of

disk defects created when the disk was manufactured. This TA has little effect

10 on user data integrity except reduce the capacity of the drive. By contrast,
“new” TA is very challenging. It occurs after a drive. has passed all tests and
has been shipped to a customer. “New” TA is usually the result of loose
particles from components or the operation environm_ent. The Ioose'particles
may fall onto and adhere to a surface of the disk. During the read/write

15  operation, the air bearing surface of a slider carrying the read/write head over
the disk surface can hit the particles and cause TA. Thus, “new” TA can occur
in an area at which data is already stored, potentially with catastrophic resulits.

This is illustrated in Fig. 1, which is a cross-sectional view of a disk drive in
which the illustrated portion of the disk 1 (shown in edge view) is moving at
20 velocity v duringa read/write operation, and a floating slider 3 is supported by
a suspension 5 over a data storage surface of the disk 1. During the
read/write operation, the air bearing surface (ABS) 7 of the slider 3 hits
particles 9 (each of which is drawn with an arrow to indicate its velocity).

As the flying height of current typical sliders is about 30 nm and lubricant is
25 present on the disk surface, when large amounts of micro-contaminant
particles 9 are present'in the drive, the smaller contamination particles can
easily build up at the trailing end of the air bearing surface of the slider 3 to

I
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easily build up at the trailing end of the air bearing surface of the
slider 3.to 2 forman agglonerate 11. The |arger particles nay be
pressed, )deformed enbedded, disintegrated or sheared on the slider or

di sk surface. Any agglonerate 11 on the slider close to read/wite el enent
can degrade read/wite performance. Mreover, the formation of these

aggl onerates on 5 the slider can cause a Ioss of the air bearing and | ead
to a head crash. Ideally the conponents of2 a hard di sk drive, and the
manuf acturi ng process which produced them are controlled to be free of
particles and other contam nation. Mreover, sealed cases and filtering
systens are enployed to obtain reliably clean disk drives. CGenerally, the
spin of the dfern sur dgglonEdatealitesThe rafger paviclésmay beuprassedr dgfdrmedes

and centrifugal force) ich _tasses, |l oos apticles off the disk sugface,
ond oM T er BmutetiRs) ihfRbrabll BF sneghid ARt S S bR op it ALY
this way, npshgglonferafsoll dhnlithgasiklendclos@t ©F ireéad/writsr éleflens @eﬂﬂdﬁdﬁ@de
cont am nati on |nS| de a hard di sk drive can be renmoved fromthe head-di sk

i nterface. Fufeatiwite perfoppancs. Afareguer. dhe Q@%%OQFQ%%égﬂomﬁ@e@nfor
preventi ”9? Pagd Sl ARS8 Sf Hﬂ,ﬁalpﬁégﬁﬁkfg akd Ic\éléy ﬁ{]é ﬂ@gﬁ cHypver, the
me adhes of CeS e

repul sive Torce needs to overco Ion f re partlcles
to the disk surface. In cases when such adhesion forces are large, it is
difficult to tdgallydheoraporartiedf @ahandcdiek driveusinddghe reaapfactuiny @ocess
descri bed abovglI SOt

att.ached_parti cannat .be easily rempved from
the i sk by epstninatied RGN valS confiniSy dB0BR, 88 BPaterloRt B cat el y.
particles i ncbh@rﬂﬂﬁé@bﬁrdlmbredvbers‘m OBSEsCanS filtérintpaybtemasdre etAployee ty
reported in the literature.
obtain reliably clean disk drives. Generally, the spin of the disk surface
10 causes a repulsive force (due to drag forces and centrifugal force) which
tosses loose particles off the disk surface, and a filter provided in the system
captures the removed particles. [n this way, most of aerosol, out-gassing
materials, particles and other contamination inside a hard disk drive can be
removed from the head-disk interface. Furthermore, special ABS designs
15 have also been proposed for preventing particles from entering the head/disk

interface.

However, the repulsive force needs to overcome adhesion forces which
adhere particles to the disk surface. In cases when such adhesion forces are
large, it is difficult to remove the attached particles by using the approach
20 described above, so the attached particles cannot be easily removed from the
disk by spinning the disk before the read-write operation. Eventually, particles
in the head/disk interface may cause a head crash, as widely reported in the

literature.

Furthermore, compared with disk drives containing non-removable disks, disk
25 drives for removable disks (here referred to as “removable disk drives”) have
to undergo more severe usage conditions, since they are inevitably exposed
to air from outside the disk drive. Besides the intrinsic contamination of
internal components, extrinsic contamination and . particles can become



Furthernore, conpared with disk drives containing non-renovabl e di sks, disk

25 drives for renovable disks (here referred to as "renovabl e di sk drives")

have to hndergo nore severe usage conditions, since they are inevitably

exposed to air fromoutside the disk drive. Besides the intrinsic

contam nation of internal conmponents, extrinsic contam nation and

particles can becone 3 attached to the cartridge surface or directly flow

into the systemwhile the cartridge contaﬁning the disk is inserted into

the disk drive. The level of extrinsic contam nation cannot be controll ed,

but proposal s have been nmade to deal wth this issue. These proposals

i ncl ude special material selections, 5 effective sealing, filtering,

ef fecti ve baf Bittacked ABShdecartiidgel sudacs gardireatly dlow intontheesystemaivhile the f

nozzl es, punps, .brushes, .etc. The.construction of, a know. cartridge 13 for
ed Cilhye"" e o4

a removabl e dfeRMAde GARIANING Hhg disk Iy inseriedsinde the odis eh i n

top view (Fi gext#nald cortamifatidr tagfotETBEMESed® but PRSHosals hhalé BrenRiZBE"
15, a lower cartridge nenber 17. The nenbers 15, 17 define a 10 space

contai ning a &0 sleal withathis isstiead hese airopesaiaiing/ude sipecial materigl seledtions, a

sliding dogr ¢ . R ar Leularl .in the
case of hafrj)d éﬁ%ﬁﬁ%%@@z&x@g@bﬁ?@&wgb& s gdﬁ;%véé?’e%!?r?"ffﬁ%)é)@%@%g@&
since hard di skmpaessddeais, nakties,t purhpsxbtushascetenilthat eorist@iction tafad Reowand

th i kel to._be 15 . il t he. di sk f t .h ~di sk
SN R O e A TR M AT N
drives are al 90a)kR@WNin @mey(wd. 3(69. TRéeHrRIyeEsmprisSeah dgb‘aé‘?g{a'gﬁiﬁgé! s

to provide a new and useful methods &dnd systens for cleanin rive
system parti igraber 18, @ lowerr caridges member 17 efieatiemnbers th,skg.define a

10  space containing a disk 19, and a head access opening (“slot”) 21, closed by

a sliding door 23.

Note that the above problems are particularly acute in the case of hard disk
drives (as opposed to disk drives for floppy disks) since hard disks are less
able to flex to accommodate the particles, and thus are more likely to be

15  scratched. While the disks of most hard disk drives are permanently secured
within the disk drives, removable hard disk drives are also known.

Summary of the invention

The present invention aims to provide a new and useful methods and systems
for cleaning a disk drive system, particularly a disk drive system for removable
20 disks.

In general terms the invention proposes employing an ultrasonic cleaning
apparatus within a disk drive, particularly a disk drive for removable hard
disks. Ultrasonic cleaning as a technology has been applied in many different -
devices, though not to our knowledge for cleaning disk cartridges or disk
25 drives. Typically, ultrasonic cleaning generates a wide frequency range of
high frequency ultrasonic waves to loosen and remove debris, particles and

dust in gas or liquid media



ILn general terns the invention proposes enploying an ultrasonic cleaning
apparatus within a disk drive, particularly a disk drive for renovable hard
di sks. Utrasonic cleaning as a technol ogy has been applied in many
different devices, though not to our know edge for cleaning disk
cartridges or disk 25 drives. Typrcally ul trasoni c cl eani ng generates a
wi de frequency range of high frequency ul trasonic waves to | oosen and
renove debris, particles and dust in gas or liquid nmedia 4 According to a
first aspect of this invention there is provided a disk drive system as
defined in clajm1. rm" Itrasound" ener al | e this
docunent { o' meRfeUEint st agpectior AR EENion o TS GrantpvisEs By ¢ he
uItrasound sed |a %g§¥§ sen invention is (at |east substantlally) in
the rangeS e CﬁWﬂatﬂtrasonrc radi ator may be attached to the
i nner surface of the drive case and is driven electronically to generate
ul trasoni ¢ waves which are transmtted through 10 the disk chanber to
effect_cleaning, for exanple in focused beans. The waves may be prolected
t owar ds t hiae &I rtrltﬂg%oqrws& geperady gsed inthis facumentiosNpan §obae Myaves of
ultrasonic flow which prevents external particles fromentering the drive
during cafrequensy abm/erf Qiiz. Hsefesablynthepltrasaind yegd/indhe paesentdmeantipn ishe
ultrasonic waves can al so be projected towards an inserted cartridge and/ or
its 15 hekad least sybstantiallylin e mngerOktzte 8idizr the slider. In any case,
the ultrasonic beaminpinges upon the targeted surface and | oosens
debri s/ dubhe ultgasenicniadiatbomey hedattacheddpdbe innerisarfacewd the drivcaseandr get ed
region by the ultrasonic flow or airflow caused by spinning the disk. 5
Aft er reniswdiivenralectraricallyrtgggeneratarfiinasonic waveamthich are transmitiedithtdugh
airfl ow

10 the disk chamber to effect cleaning, for example in focused beams.

The waves may be projected towards the cartridge insertion door, to form a
repelling/baffling ultrasonic flow which prevents external particles from entering the
drive during cartridge insertion operation. Alternatively or additionally, the
ultrasonic waves can also be projected towards an inserted cartridge and/or its

15 head access window and/or the disk and/or the slider. In any case, the ultrasonic
beam impinges upon the targeted surface and loosens debris/dust there. The
loosened particles can be removed from the targeted region by the ultrasonic flow

or airflow caused by spinning the disk.



stream ines and may be finally captured by an internal filter of the disk
drive. The ultrasonic radiator of the present invention may be a

pi ezoeleckric plate, a electromagnetic diaphragm a nmagnetostrictive
device, a pneunatic device or 5 a nechanical device (e.g. a plate noved by
a separate electronically driven actuator). Brief Description of the

Drawi ngs Enbodi nents of the invention will_now be described for the sake of
exanple only with reference to the foIIovv'/-?ng figures, in which: 10 Fig. 1
illustrates how a flying slider can pick-up contam nation; Fig. 2, which is
conposed of Figs 2(a) and 2(b), illustrates a known cartridge system Fig.
3 shows a circuit equivalent to a typical piezoelectric ultrasonic radiator
system 15 Fi @\fted remigcivah fiosn dberdergeted fsuFfages thé garticies 4lph) withhthmsamﬂow
particle attag urface,. and a nod |nter t|o n the
particle and ﬁﬂ' Fﬁ'P‘ig@Hﬁ \4\/&9&“3’1}/5@%"%‘%%@"6{"@(’?% t@FrB ré%gﬂ‘(e-a di sk
drive systemaccording to the invention; 20 Fig. 6 shows a second

embodi ment of Taednshs@mcvaduawtoemapmyedt g ehtion heay beérdesiézotiectfic platé, shows
a third enbodi nt of a dldgk drive system according. to the invention; 6

Fig. 8 shows &W@W@Q’?ﬁ'ﬁ ARy Magnetostiative @y%amaﬁm@e\f@eme

I nvention;sang mechanical device (e.g. a plate moved by a separate electronically driven

actuator).

Brief Description of the Drawings

Embodiments of the invention will now be described for the sake of example
only with reference to the following figures, in which:

10 Fig. 1 illustrates how a flying slider can pick-up contamination;

Fig. 2, which is composed of Figs 2(a) and 2(b), illustrates a known cartridge

system,

Fig. 3 shows a circuit equivalent to a typical piezoelectric ultrasonic radiator

system;

15 Fig. 4, which is composed of Figs. 4(a) and 4(b), shows a particle attached to
a surface, and a model of interaction between the particle and an ultrasonic

wave,

Fig. 5 shows a first embodiment of a disk drive system according to the
invention;

20 Fig. 6 shows a second embodiment of a disk drive system according to the

invention;

Fig. 7 shows a third embodiment of a disk drive system according to the

invention;



Fig. 9 shows a fifth enbodi nent of a disk drive systemaccording to the

i nventian. 5 Detail ed Description of the enbodinents Firstly, we wll

expl ai n the principles of an ultrasonic cleaning process, such as that
used in the present invention. Consider a sinple piezoelectric radiator
conprising a piezoelectric plate (or other radiating surface) driven by an
electrical circuit. The plate deflects dynamcally when it is subjected to
an 10 electric field, and the high frequeﬁ%y notions of the plate leads to
vibration of a liquid or fluid nmedium Supposing that the vibration
anplitude is Vo wwth frequency co, the surface area of the plate is S and
the characteristic acoustic inpedence is poco. In this case, the velocity
is v =Vosi nwt Fig.h& shewsl a faurth aarobedimenprof sss disk dhvep systéop@cosiding to thae
acoustic intensit¥ IS Id; T fo pvdt 15 where T =.21r /w, and the radiated
acoustic powetf™EEURB AL o | ds . This kind of -

acousti c-nmechani cal -el ectrical coupling systemis usually analysed by
consi deri ng aRfigqistavwenta fifth armbodimenti afha tdisk elrivet systal ycdsridien to the
mechani cal radiatgor systemis replaced by an equivalent electrically driven
circuit. The EH@PPQPent circuit of the system described above is shown in
Fig. 20 3. It conprises a resistor Rf representing internal strain | osses

of the radsat getailed HESERItRNI? the BhRItheAE ' esi stance | osses in the
di el ectric, a capacitance representing the capacitance of the radiator,
and a resistance RR which is equivalent to the radiation resistance
rel evant to t féstly.twadwliexplaiaitae irsimciptes p§ andiltfasonig geaning precyspasuchiner e

mechani cal | maecaane in sty ihDEnddt Urtiadrs Wififle W fRINHAE radiator
currents and compnisingr aopiezpelectricopldtbe(ori other tradiaéing hswrface)ndiiven by. amhe

acoustic pom%le%'flrtlgallltcir%it.t h‘?hé %ﬁiait%tgéﬂeic% Ia())/Hgmi:caille vﬁﬁeh itt lr:]sesubjected to an

10  electric field, and the high frequency motions of the plate leads to vibration of

a liquid or fluid medium. Supposing that the vibration amplitude is y, with

frequency @, the surface area of the plate is § and the characteristic acoustic

impedence is p,¢,. In this case, the velocity is y =y, sinwt, the resultant
acoustic pressure is p =V, p,csinat, the acoustic intensity is I =% j'OT pVadt

15 where T =27/, and the radiated acoustic poweris p,, = jos Ids.

This kind of acoustic-mechanical-electrical coupling system is usually
analysed by considering an equivalent circuit in which the electrically driven
mechanical radiator system is replaced by an equivalent electrically driven
circuit. The equivalent circuit of the system described above is shown in Fig.
20 3. It comprises a resistor g, representing internal strain losses of the radiator,
a resistor p, representing resistance losses in the dielectric, a capacitance ¢,
representing the capacitance of the radiator, and a resistance R, which is

equivalent to the radiation resistance relevant to the ultrasonic radiation. R; is

given by Rx=p,coS/4a’, where a is the transformation factor of the radiator

25 uséd to convert mechanical impedance to electrical impedances of the



electrical power input is pu, =1 RD+ 13 (Rf+RR) It can be finally
derived that RD(pocoS/4a2)Pi. (1) 5 Pout = R f+ pocoS/4a2 Rf+RD+pocoS/ 4a2
An ultraspnic flow at a proper pressure and intensity |level and having a
particul ar spectrum can cause particle activation and notion. The acoustic
stream ng and aviation can intensify the | oosening process. Moreover,
dependi ng on the properties of the ultrasonic sound used, the ultrasonic
wave 10 may even have many other effects oh micro-particles in addition to
activation, |oosening and renoval, such as aggl onerate crushing,
conpressing and conpaction. Many interface forces contribute to the
adhesi on between a particle and the surface. One of nobst significant
forces is thesysiens.cClise tomreets ©aused,ands;, it varibus partatofdhe cir€uigaret§éagdwnby
absorbed liquid 29 around the interface between a particle 25 and the
surface 27. Tlre Figr 8es Theeacaistingpaleeraohtpabtofadhd madiatorlis ofp,f, ke par t ithee 25
fromthe surface can be approxinated respectively by Fd = 41r ps y cos 9
and FS = 4, celenigcal s@oweniepy iy A.s= f; Re +s1(Rf a®e) t Breandre fimallytderived that
particle-surface 20 absorbed liquid, r is the particle radius, 9 is the
effective contact angle between the particle 25 and liquid 29, and ps is
the coefficient of stiction (also called the "adhesive |imt") between the
surface 27 and the particle 25. Usually, this kind of force is relatively

| arge conpared with the air drag forc ca§p4c trifugal forces. However,
this forcesis |ess resi sp‘j,,\%aje—a—dgﬁ%pﬁgf"—zs—'—e% t han a@hi nst a
steady pull force. If the ul@Rraseue/dmNds HRoerecodi ti@’ )8 high frequency
spectrum which includes the resonant frequency of the particle-surface
Interface Sys%enmult}'ahs% |c‘f’1rﬂtolwC Ia a25pr<')pserp SFets'sﬁlrJé aarnldyin eer?sslfyt Vel ta?\dt ngving a
particular spectrum can cause particle activation and motion. The acoustic
streaming and aviation can intensify the loosening process. Moreover,
depending on the properties of the ultrasonic sound used, the ultrasonic wave
10  may even have many other effects on micro-particles in addition to activation,
loosening and removal, such as agglomerate crushing, compressing and

compaction.

Many interface forces contribute to the adhesion between a particle and the
surface. One of most significant forces is the meniscus force, caused, as

15 llustrated in Fig. 4(a), by absorbed liquid 29 around the interface between a
particle 25 and the surface 27.

The forces. resisting detachment and removal of the particle 25 from the
surface can be approximated respectively by F,=47u ycosé and
F,=4mru ycosd, where y is the surface tension of the particle-surface
20 absorbed liquid, r is the particle radius, & is the effective contact angle
between the particle 25 and liquid 29, and 4, is the coefficient of stiction (also
called the “adhesive iimit") between the surface 27 and the particle 25.
Usually,' this kind of force is relatively large compared with the air drag force

and centrifugal forces. However, this force is less resistive to a dynamic pulse

25 force than against a steady pull force. If the ultrasonic waves have a wide



ultrasonic action, so the ultrasonic wave can cause strong m cro-vibrations
of the particle 25, leading to instability of the particle attachnent
interfaced. This 5 effect can remarkably reduce the adhesion force effect,
and eventually | oosen the particles. Fig. 4(b) is a schematic di agram

il lustrating how ultrasonic waves 31 inpinge on a nechanical system
consisting of a mass m representing the particle 25, attached to the
surface 27 by a spring 33 representing the forces described above and
having a spring constant k. The 10 resonant frequency of the systemis w =
k / m. As shown in Fig. 5 a renovable disk drive systemwhich is a first
enbodi nent of the invention conprises an case 35 defining a chanber 37.

The di sk dr: vg|gh‘ tfn'ddfm{ency ns;i»enﬂmﬁsnﬁvﬂmgctmrnndadéseth%resfamensifd@qumidy of t}nbe
case 35 includes ap 41 I C e positjon cl oses
S iy oo | ReBide-siTate itk SrstoRu e DRHEIS2S & PRrGYEy Fanstvadohes

hard di sk 45. Fh%oﬂlcsgctﬂfd \§8 théyLﬂfr§§6rflé' %%rcdméédgleﬁr HitrodgBRitions of

cl eani ng apparatus, which is a pair of trasonic rad lators 47 attached t
the fl oor andthﬁapan‘tnga 85, Ieladlrtgats)elnsebdmsdof tHeepaticlecattachrentdntesfadee This

et r on bt BTepCS iR gapl Yeatke I Blbesiaf 168 St heS AR Seftynlly Evgééﬁ? >
flow has a redipagigsss SEige g ancHenvdtid deagrame rillustating Ohow h@ltrabediger
37 towards the cartrldgg insert window, and thus it has a

repel | i ng/ baf MaVRY & f HBPINGR 98 A dNEShanICRuFYFIgR ofoNSIRtingr iofea mass m
Sart1 o oo conf 4P EERTng 68, Al 086 JABERGA N M hrtbR 2L LRI, e

particles/contamnation into t

cartridge i nseepresentiygethet fosces desorberi ahove amdmavmgraaspma@lcenslhaak kdﬂ'hee
system which is a second enbodi nent of theJLmLentlon Portions of the disk
drive sysi@m igsasianhfrequeney obthergystamisosevéliomn in Fig. 5 are given the
sanme reference nunerals, but in Fig. 6 the cartridge 43 is shown fully.

inserted intoakhe Qs Ifhj X €a PembFBle disk drive system which is a first embodiment

of the invention comprises an case 35 defining a chamber 37. The disk drive
further includes a motor device 39. One side wall of the case 35 includes a
flap 41, which when it is in a lowered position closes a cartridge insertion
15  window for admitting a cartridge 43 including a hard disk 45. The disk drive
system further includes an ultrasonic cleaning apparatus, which is a pair of
ultrasonic radiators 47 attached to the floor and ceiling of the case 35 and
skew-oriented towards the cartridge insertion window. The ultrasonic
cleaning apparatus is driven by electronics to create high frequency ultrasonic
20 waves. The ultrasonic flow has a reducing pressure gradient from the inner
part of the chamber 37 towards the cartridge insert window, and thus it has a
repelling/baffling effect on particles 49 outside of the drive. Specifically, it does
not allow the penetration of the external particles/contamination into the

chamber 37 through the window during the cartridge insertion operation.

25 As Fig. 6 shows a removable disk drive system which is a second
embodiment of the invention. Portions of the disk drive system which are
equivalent to those shown in Fig. 5 are given the same reference numerals,
but in Fig. 6 the cartridge 43 is shown fully inserted into the disk drive system
with the motor device 39 engaging the disk 45. The second embodiment



with the notor device 39 engaging the disk 45. The second enbodi nent 9
conprises ultrasonic cleaning apparatus conprising two ultrasonic radiators
51 nmounted to the inside of the case 35 and skeworiented towards the
sliding doors 53 of the head access slots 59 (refer to Fig. 2). The
ultrasonic radiators 51 are electronically driven to create high frequency
waves which have a 5 pressure gradient in the direction parallel to the
surface of cartridge 43. These waves acti%ate, |oosen, dislocate and
remove particle debris 57 away fromthe sliding doors 53 before the doors
are opened to expose the head access slot 59. The. particles accumul ate at
filters 55 in the corners of the cover. Fig. 7 shows a disk drive system
whi ch is a thicothpeiskediltresdniofcldaring mppatatos .conmifdisityy two eikassiie radiatbr 0
those of Figs.. .5 and 6 are givﬁnpéhe sane reference nunerals. The

ul trasoni c cl AdPAENtegdpdhe e Gazgi 3n 8nd skavrientechiowargs tha sliding
towards the (lgewes 53 oHtHREad®hctdd Qétfstsg'd%%r‘i@ Fig'®)! areadtratShic bddiators

directly engaged with the (upper) cartridge surface’'by a rotary contact

transmitter 651 arecefackenically Hrives taagreaterhigh fegnuency waves ivdueh 4@veTae 15

Frequoncy S apldrsths oPdigtindhe ek e playe| Ehe e '@ srrERbE 43 Hhese
I(éart ri8dgﬁ 43 MV_eeﬁic'tivaﬁeelodsenseielocd'tébm%mo%daﬂi@lﬁ)d@bﬂ@ﬁ?iaw f;ﬁtﬁ’ﬂrthé-
ig. shows a dis e

(g_ drive systemwhich is a fourth enbodi nent o
i nvention. PaPidngrdaors 55 ot BRRATEE ORANER te SkPESR Shihead ascess gfot
Figs. 5 20 teg/TRE a&iarere{a&aﬁné@f@?fmfe%%B%tﬁwe&rn%'rioftﬂégcq}@gfvab' e di sk

drive system conprises ultrasonic cleaning apparatus havin asoni c
radiators 67 attached to the case 35 and oriented towards the regions of
t he head acce§ig. /sshawya diskedrive gystem whigh isiaithisd emhodimeatofitpedppentitorus i s

g[): xﬁinngy?) (glefg’t%:}'tgﬂé:oq%grﬁﬂg&{geﬁt frolb Wt HiGE IS SRYe YRY %?ve%umengar%gere L 3Kce
numerals. The ultrasonic cleaning system comprises radiators 63 which are
oriented towards the (lower) surface of the cartridge 43, while radiator 61 is
directly engaged with the (upper) cartridge surface by a rotary contact
transmitter 65 in contact with the radiator 61 and the cartridge 43. The

15 ultrasonic radiators 61, 63 are driven by electronics to create high frequency
waves, and the waves are transmitted to the surface of the cartridge 43 to

activate, loosen, dislocate and remove particle/debris.

Fig. 8 éhows a disk drive system which is a fourth embodiment of the
invention. Parts of the fourth embodiment which correspond to parts of Figs. 5

20 to 7 are given the same reference numerals. The removable disk drive system
comprises ultrasonic cleaning apparatus having ultrasonic radiators 67
attached to the case 35 and oriented towards the regions of the head access
slot 73 (see Fig. 2). The ultrasonic cleaning apparatus is driven by electronics
to create high frequency waves during the disk spinning operation. When the

25 head sliding doors are opened to expose the head access slot 73, the
ultrasonic waves project onto the exposed part of the spinning disk 45 and
loosen debris 71 located there. The ultrasonic waves greatly improve the
particle spin-off process. The particles are finally captured by filters.



25 head sliding doors are opened to expose the head access slot 73, the

ul trasoni.c waves project onto the exposed part of the spinning disk 45 and
| oosen debris 71 | ocated there. The ultrasonic waves greatly inprove the
particle spin-off process. The particles are finally captured by filters.
10 Fig. 9 shows a disk drive systemwhich is a fifth enbodi nent of the
invention. Parts corresponding to those shown in Figs. 5 to 8 are given
the sane reference nurmerals. The ultrasodPc cl eani ng apparatus conprises
ultrasonic radiators 75 attached to the case 35 and oriented towards
respective slider 5 bodies 77 which are supported by respective suspensi ons
79. The radiators 75 are driven by electronics to create high frequency
waves whi ch aFég. Dsbpws edislodrive tsystest imthioh iscdfiftls efmbddimenbstethe invention.

contam nation pujlt-up there gnd, to cgrush . agglonerate 81 on the slider air
beari ng surfagg&%ﬁgrrg?m%%otﬁ'gﬁﬁt? 7 dn g’gwg‘f’ngﬂ%dﬁf‘? vehdhai same

spi nni ng oper ?éfeﬁéhcesﬁuﬁﬁ?albO‘Fﬁéﬂﬂﬁaé&n@%ﬂé&ln‘ing?%Bp?%t@@%bhibr%@ﬁrblﬁégoﬁlee
interface. The renoved debris 82 can be captured d%/tg) lters 55. Although

the inventionradigtaseed atathadiitheesse 38 ara,d griegted: towsids irespestive slider
o a5, BBBlestPT itfctP Bl LB0BREE b BsBblllel ol dierREMeO THL Tl BRDL ' O

as wll be clear to a son.. or- exa rese
can be 15 easVByarermrmnbgdeleotramy.s kiondrezdte chigh  fleqiendyo wavesewhighd arenove
cont am nati on. %tggner al, no.revis;j. Z‘zqe he exi stl n dji sk drive designs is

required. Wt chfjﬁ gB1e dhe stiderdo ?1% Goftam 3rt‘é‘§‘d?H updhers 8Rd and
i ntegrated ei@%ué?ﬂ'a?%lorﬁ&%t@@' oRaiHeCBliddr At FedtRiRC SRkads fﬂ?é'é?éﬁgﬁgr

mass pr oducti on articul ar, t he resent 1 nvéntion nma rovi
robust. and fppgrajioa g @&rf@rmeﬂedyung 4be alislo spinging npesatloembytmemnsened

cont am na% Ond@BHQ'cta'nolgé e\%ﬁ‘y %p%'c?ﬁ Weglnterface. The removed debris 82 can be
captured by filters 55.

Although the invention has been explained above in relation to particular
embodiments, many variations are possible within the scope of the invention
as will be clear to a skilled person. For example, the pfesent concepts can be
15 easily implemented in any kind of disk drive to loosen and remove
contamination. In general no revision to the existing disk drive designs is

required.

With the application of cheap commercial ultrasonic radiators and integrated
electronics, the application of this concept is feasible for mass production. In
20 particular, the present invention may provide a robust and flexible disk drive
suitable for use in extremely severe contamination conditions where existing

methods are invalid or difficult to implement.



met hods are invalid or difficult to inplenent. 11 Cdains 1. A disk drive
system conprising: a case defining a chanber for holding a data storage

di sk, the disk being renovable fromthe chanber; 5 a notor device for
rotating the disk; data transfer neans for reading data fromand/or witing
data to the disk; one or nore ultrasonig radiators; and neans for
electrically driving the ultrasonic radiators to generate wultrasonic waves
propagati ng.~yi.t hin the chanber to reduce and/or displace 10 contam nation
wi thin the er. 2. Adisk drive systemaccording to claim11 further
conpri sing z datg .g(tgr_age di sk located within the chanber and engaged with
the notor dévi cef disk dnivesysten GopaPRsiagiem according to claim 2 in which the
disk is a magnetic hard disk. 15 4. A disk drive systemaccording to claim
2 or claim3 in aicAse defipingiasghamgber for Aokdingvatdata storage diskd e diSkﬁietin@\/ni ch
the disk is arranged to rotate, the cartridge including an opening for the
dat a transf mmowsbis from thecsssnbére di sk to read data fromand/or wite data
to the disk. 5. A disk drive systemaccording to claim4 in which the

cartridge is 20 4mnsdtbt ablie for Bt thediabl e from the chanber, the case
i ncluding a window for inserting the cartridge into the disk, and at | east

one of the radi a&é’t%st\r,d]rr%ferprﬂééfg%]f’&erg?&ﬁg 5?r%ﬁaH&fo?%Riﬁbﬁ%@ﬁ@é’hkﬁ“ ed

towards t he w ndow, er eby e entry~of contam nation chanber

while the disk is inserted,into.the,. chanb%r is retarded.
one or more ultrasonic radiators: an

means for electrically driving the ultrasonic radiators to generate
ultrasonic waves propagating within the chamber to reduce and/or displace
10  contamination within the chamber.
2. A disk drive system according to claim 1 further comprising a data

storage disk located within the chamber and engaged with the motor device.

3. A disk drive system according to claim 2 in which the disk is a magnetic
hard disk.
15 4. A disk drive system according to claim 2 or claim 3 in which the disk is

located within a cartridge within which the disk is arranged to rotate, the
cartridge including an opening for the data transfer means to access the disk to
read data from and/or write data to the disk.
5. A disk drive system according to claim 4 in which the cartridge is

20 insertable into and removable from the chamber, the case including a window
for inserting the cartridge into the disk, and at least one of the radiators is
positioned to generate ultrasonic waves directed towards the window, whereby
the entry of contamination into the chamber while the disk is inserted into the

chamber is retarded.



12 6. A disk drive systemaccording to any of claim4 or claim5 in which
at |east one of the radiators is positioned to generate ultrasonic waves
directed towards the surface of the cartridge, whereby contam nation is
removed from the surface of the cartridge. 5 7. A disk drive system
according to claim®6é in which one or norig transm ssion elements are

provi ded contacting at |east one of the radiators and the surface of the

cartridge, erepy,. Ul trasoni.c waves.are transmtted tqg the. cartridge
Chough the &1 anoiiith S Em R6RiRa T bl oF Flebn Cok el 2an SREE 00 o1 ai m
6 or claim7 in V\,hifch at | east. one_ 10 of the radiators is‘égos_itioned to
generate ulleastseng ef thesadialorsde pogitioned te generate yitiasopicwa %ﬁ'é?ﬁtﬁﬂ,
whereby contam nation on the cartridge surface at or proxinmate the disk
access operiowgrds thecswriane ofthe garidge awherebyycontamination ds remneovedfiom
preceding claimin which at |east one of the radiators is arranged to
gener at e ultheatwofaice ofdivesadfidgst ed towards 15 the surface of the disk
while the data transfer neans is accessing the disk. 10. A disk drive

system accoy di nga idiskedivePEyREEMI dtofdiAd 1 tRIME RwhiBR ofaict méfeansf er neans
I ncl udes a magnetic read/wite head provided on a slider for novenent over

the surf acet{é’r{srﬁiggioﬂieﬁgmeﬁgj?%zgljo@@ﬁﬁ c%ﬁga&%ﬁéﬂg?éléggrn%mirtﬁ% ir?%igﬁ%%%@ﬁed to

generate ultrasonic waves ed towar ds : _ i der
g e Aeo 3 e o, Bl o it S Mo Bhp iR
wthin the é:ahrt?'idm:g);eérthough the transmission elements.
8. A disk drive system according to claim 6 or claim 7 in which at least one
10  of the radiators is positioned to generate ultrasonic waves directed towards the
disk access opening, whereby contamination on the cartridge surface at or
proximate the disk access opening is removed.
9. A disk drive system according to any preceding claim in which at least
one of the radiators is arranged to generate ultrasonic waves directed towards
15 the surface of the disk while the data transfer means is accessing the disk.
10. A disk drive system according to any preceding claim in which the data
transfer means includes a magnetic read/write head provided on a slider for
movement over the surface of the disk, and at least one of the radiators is
arranged to generate ultrasonic waves directed towards the slider while the
20 slider is moving over the surface of the disk.

11. A disk drive system according to any preceding claim in which the

radiators are mounted on the case within the chamber.



