*166166* 1 ~ll~~~~ 1111 11111 TITHITIH 11111 HiI ~I'1~ *@&0002* Met hods for
producing hard disk drives of reduced size, hard disk drives produced by
t he nethod, and systens including the hard disks. Field of the jinventi

The present invention relates to hard disk drives (H “wmmm ﬂmgs for
fabricating HDDs, and to portable electronic devices i

Background of Inventlon Most nodern conputers enpl oy data s@w&age systens

i ncluding hard disk drives (HDDs) - that is systens i e
di sk including magnetic 10 material stories data which | d by a
magneti ¢ head whi ch noves over the surface of the disk b IMWWENW &

I nto physical contact with the disk. Hard disk drives pr

capability for storing information, and over the years, the 844 storage

capacity of HRRsthbas e Brodubmb SR8 Adiy FREE Gt redli@sh 8k OodhRA diskNaRERL | ons,
such as the use of GVR (G ant Magnet o- Res] sltlve) 1r5] heads and -TTufd bearing

type spindl e rsedyced bydhe methog and systemedinglyding the handfiskshas been
restricted to storing information in conputer systenms, rather than in
smal l er itens MéldePRiRBént®nect roni cs. Recently, with increasing demand
for portable consuner products, such as PDAs and cel |l ul ar phones there

e e o | BB B BT bt Res et bl sithet

pr eci si on rsachausu|mngmm£a>§eatmd>yoﬁmeelwuemchew@smdmfgel—ieoe di ffi cul ties
in producing smaller parts and assenbling them For exanple, the spindle

notor of an gackbam 8alﬁﬂ c§n5| sts of a stator and a rotor which carries
magnetic dis r and the rotor consist of several parts,

such as a shaft, a

Most modern computers employ data storage systems including hard disk
drives (HDDs) — that is systems in which an inflexible disk including magnetic

10 material stores data which is written/read by a magnetic head which moves
over the surface of the disk but does not come into physical contact with the
disk. Hard disk drives provide high capability for storing information, and over
the years, the data storage capacity of HDDs has been increased by several
technological innovations, such as the use of GMR (Giant Mag.neto-Res-istive)

15 heads and fluid bearing type spindle motors. So far, however, the usage of
HDDs has been restricted to storing information in computer systems, rather
than in smaller items of consumer electronics. Recently, with increasing
demand for portable consumer products, such as PDAs and cellular phones,
memrwsbeenanmcmadngneajmrasmanHDD,mﬁhismﬁRth

20 produce small HDDs by applying conventional production methods such as
precision machining and assembly techniques because there are difficulties in
producing smaller parts and assembling them. For example, the spindle motor
of an HDD basically consists of a stator and a rotor which carries magnetic
disks. Both the stator and the rotor consist of several parts, such as a shaft, a

25 magnet and coils.

In addition, the requirements for the- mechanical performance of an HDD are

highly demanding, because high reliability is required of a HDD system. Apart



‘25 nhgnet and coils. In addition, the requirements for the nechani cal
performance of an HDD are highly demandi ng, because high reliability is
required of a HDD system Apart 2 fromhigh precision in the fabrication
of the rotor and stator, precise nechanical control is required of other
conponents too, such as the actuator which noves the head used for reading
data fromthe magnetic disk. 5 Summary of the Invention The present
invention ains to provide a new and useful HDD system 1In general terns,
the present invention proposes an HDD sygtemincluding a MEM spindle
notor including a rotor and a stator, the rotor carrying at |least 10 one
filmof magnetic film and a head arranged to communi cate data with the
magnetic film Since the spindle notor is a MEMS device, the HDD systemis

smal | er than @onfHigh prddisisrain thPRbscatiebf theirstofake statdrepiicRzent HDD system
very suitable for use in ﬁorta'bl e appliances such as PDAs and cel | ul ar

phones. 15 Pr 8185hapicg! aoriols sepitinef dbrtheicompopentsdog.sysh@agdhe agmiorand t he
total height gfichthevethEMe8d WBE@forirSadifg Hatd W AWBmaghstid @trrs are
produced by formng rotor elenents within a substrate such as an Si
substrate (for exanple by steps described in Singapore patent application
200207479- £ fidugthaR ot theQae&mear 2002, which was unpublished 20 at priority
date of the present application), and cutting the substrate around the
circunfrence of the rotor elenments to singulate the rotor elenents, and
turn them i nt d NBREPSANGIMAENYQR FMS to PrRVIdR R Sewaanshysefd HREY syetefor ned _
including a magnetic filmbefore the substrate is cut, or may be attached

to anot her substrate carrying the film so
In general terms, the present invention proposes an HDD system including a

MEMS spindle motor including a rotor and a stator, the rotor carrying at least
10  one film of magnetic film, and a head arranged to communicate data with the

magnetic film.

Since the spindle motor is a MEMS device, the HDD system is smalier than a
conventional HDD system. This makes the present HDD system very suitable

for use in portable appliances such as PDAs and cellular phones.

15  Preferably the diameter of the rotor is less than 15mm, and the total height of

the spindle motor is less than 2mm.

The rotors are produced by forming rotor elements within a substrate such as
an Si substrate (for example by steps described ih Singapore patent
application 200207479-7 filed on 10 December 2002, which was unpublished
20 at priority date of the present application), and cutting the substrate around
the circumfrence of the rotor elements to singulate the rotor elements, and

turn them into individual rotors.

The rotor elements may be formed including a magnetic film before the
substrate is cut, or may be attached to another substrate carrying the film so

25 that the two substrates are cut together to form individual rotors.

The HDD element may comprise a plurality of rotors attached to a single

stator element, which may itself be an Si substrate.



25 that the two substrates are cut together to formindividual rotors. The
HDD el enment may conprise a plurality of rotors attached to a single stator
el enent, which may itself be an Si substrate. 3 The system nay be operable
so that the plurality of rotors and corresponding heads performas a RAID
(redundant array of independent disks) system W have found that the
enbodi nents of the present invention nmay be able to provide a recording
density of over 31 gigabits/cn2 (200 gigabits per square 5 inch), when
used with other HDD rel ates technol ogi esagwhich are emerging. Brief
Description of The Ficiures Preferred features of the invention will now be
described, for the sake of illustration only, with reference to the
following figures in which: Fig. 1, which is conposed of Figs. 1(a) to (e)
shows the proTassysteaPmay b dHerablé isbhat Rt pagalitplof F&stl&ﬁté&gesaoﬁ&hef
suitable for use in an e”boggh ment of the invention; cg is a

cross- sect | on3Pa4s BIIYM a5 & KAl dresiypdantareayral independent S'ﬁskﬁys@ﬂep of a

met hod of forming rotor elenents used in the process of Fig. 1; Fig. 3is

a top view of WhRawomiuad tisathhé b&ib@dﬁﬂimmo'r thefpréiserd;invientibh Shaylbes B9MSo i N
Cross section a gﬂagsuat V\/nvd'&ch caF roduced from the substrate of
Fig.. 2. Fig. PEOViRALetarding aensiinst PyeTed! gigabitgicm? (200 gigahits pansquare

conf i gur at 0ninch),Gvheh @é@%tﬁ&ﬁeﬁﬁ@@rﬁéla\{e%cﬁhcﬂ?_g@s Whﬁc@urarﬁ%\‘r\érblﬁg have been
formed in 20 it; Fig. 7 shows the assenbly of t he” addi ti on of

ragnetic mat %r_ne%éscnptlon-of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:
Fig. 1, which is composed of Figs. 1(a) to (e) shows the process steps
10  of a first method for fabricating a rotor suitable for use in an embodiment of
| the invention;
Fig. 2'is a cross-sectional view of a coated substrate formed in a first
step of a method of forming rotor elements used in the process of Fig. 1;
Fig. 3 is a top view of the coated substrate shown in Fig. 2;
15 ~ Fig. 4 shows in cross section a substrate which can be produced from
the substrate of Fig. 2;
Fig. 5 shows the two substrates of Fig. 2 in an assembled
configuration;

~ Fig. 6 shows the assembly of Fig. 5 after cavities have been formed in

20 it;
Fig. 7 shows the assembly of Fig. 6 with the addition of magnetic
 material; '
Fig. 8 shows the assembly of Fig. 7 after a stator has been connected
to it; and
25 Fig. 9 shows an operation of cutting the substrate formed by joining the

substrates of Fig. 1;

Fig. 10 shows a spindle motor resulting from the cutting operation of Fig. 9;



Fig. 8 shows the assenbly of Fig. 7 after a stator has been connected to
it; and 25 Fig. 9 shows an operation of cutting the substrate fornmed by
joining the substrates of Fig. 1; Fig. 10 shows a spindle notor resulting
fromthe cutting operation of Fig. 9; 4 Fig. 11, which is conposed of

Figs. 11(a) to 11(f), shows the process steps of a second nethod for
fabricating a rotor suitable for use in an. enbodi nent of the invention;
Fig. 12, which is conposed of Figs. 12(a) to 12(d), shows the 5 fabrication
of a rotor-stator assenbly fromstators and fromrotors produced by first
or second rotor fabrication nmethods; Fig. 13, which is conposed of Figs.
13(a) to 13(e) shows the fabrication of a head actuator suitable. for use
in an enbodi ment of the invention; 10 Fig. 14, which is conposed of Figs.
14(a) to 14(d), shays1t, hmm&ejasmpbse@bf asgbeaqamtuqf)oghd@\rslducbe@be@s shown in
Fig. 13, with a ro;or st at or produced as .shown in Fig. 12(c)

sse
and Fig. 12(dftePs8 # SR Wﬁm%fﬁr ”‘Eﬁt'ingé' (R vitakle or UsedB @ ment of t he

invention. 15gfebainetl oBBeGhVdMtibAN of the enbodi nents Referring to Fig. 1,
the steps are shovvn_ of a method which is an enbodi nent of the present

i nvention, and whifdg 12 which isgempresed of higsal@bloni(eh shaws theel f - an
enbodi ment 5 of tdheatidnVGH r'o%’hstgtgr E&M‘Bﬂl hef é‘-‘:%“@é(ﬁd ¥R rélorspiaead es 2, 4

whi ch are shown respecti vel EélQ ."1(a) and 1(c), and are of a type
commonl y usedby first ausgaNg ro Ffabr“;é}?"'%l methods;

Fig. 13, which is composed of Figs. 13(a) to 13(e) shows the
fabrication of a head actuator suitable for use in an embodiment of the
invention;

10 Fig. 14, which is composed of Figs. 14(a) to 14(d), shows the assembly
of a head actuator produced as shown in Fig. 13, with a rotor-stator
assemblies produced as shown.in Fig. 12(c) and Fig. 12(d), to form a hard

disk drive which is an embodiment of the invention.

15 Detailed Description of the embodiments

Referring to Fig. 1, the steps are shown of a method which is an embodiment
of the present invention, and which is for manufacturing a HDD which is itself

an embodiment of the invention.

20
The method erhploys two Si substrates 2, 4 which are shown respectively in
Figs. 1(a) and 1(c), and are of a type commonly used in industry. A first Si
substrate 2 is to be formed into magnetic disks, while the second Si substrate
4 is to be formed into MEMS rotors.. |
25

In a first step, the upper surface of the substrate 2 is coated with one or more
layers, of the kinds used in to form the magnetic layers of known HDD
devices. These layers include at least one magnetic film, and may optionally
include other layers, such as a carbon overcoat.

30



'substrate 2 is to be forned into magnetic disks, while the second S
substrate 4 is to be fornmed into MEMS rotors. 25 In a first step, the
upper surface of the substrate 2 is coated with one or nore |ayers, of the
kinds used in to formthe nmagnetic |ayers of known HDD devices. These

| ayers include at | east one magnetic film and may optionally include

ot her layers, such as a carbon overcoat. 30 5 The material deposited on
the surface of the substrate 2 is then patterned. This can be done using
known processes for form ng MEMS devices5 such a photo-1lithography and
etching. The result is showm in Fig. 1(b), having patterns 8 of magnetic
material which will be cone parts of the HDDs. 5 The Si substrate 4 is
processed to formrotor elenents 6 which are still attached to and part of

the substrateTHe h})ﬁtemh ideboweblogstubsaﬂaemhbi metsebdtjirr]até ¢asl thdncphacﬂéfrgléd es pecr:]t ive
rotors. 10 The, substrates 2. a 4 are then attache 0 _each other wt
their T espect T8 CaB e SRRBLISHMRUN RIGEFSSSeHar orRAMES Gicssr36hAbd by a
known wafer  pRagilifbdrasHyariiletcisiig THSre30R M shdwaidiFig 196), RaliMger bondi ng.
For exanple, in the case of anodic bondi n%ﬁ the material Corning Pyrex

7740 may be BRYRIBS B maanstic mateial whichovill bgecogie rafisrefda HOBSHhe adher ed,
and then the two 15 substrates placed with those surfaces agai nst each
other, followed by a step of applying a voltage between the substrates. In
the case of th?_ pubsdiade hdp Proﬁeiﬁ?ldyﬁg@r"? fqten eleAnta$ Wygmerecttill - 809M i s
deposi ted ont gugidgh aﬂagagfofm'@subg'tra%%BﬁpﬁﬁichQvilpéhb%gaﬁérﬁ@ﬂbeté]ﬁdwm

surfaces placed agai nst each other, and
: to form respective rotors.

10  The substrates 2 and 4 are then attached to each other with their respective
surfaces against each other. This can be performed by a known wafer
-bonding technique such as anodic bonding or polymer bonding. For example,
in the case of anodic bonding, the material Corning Pyrex 7740 may be
deposited onto either one of the Si surfaces to be adhered, and then the two
15  substrates placed with those surfaces against each other, followed by a step
of applying a voltage between the substrates. In the case of polymer bonding,
* a polymer film such as CYTOP CTL —809M is deposited onto either one of the
Si surfaces to be adhered, the two surfaces placed against each other, and
then a known bonding process carried out.
20
Subsequently, the substrates 2, 4 are portioned along vertical lines to form
individual motors. This is done by depositing a mask onto the upper surface of

the substrate 2, and then applying a dry etching process.

25 There are many ways in which the formation of the rotor elements 6 can be
performed. One of these ways is by a process desc_ribed in Singapore patent
application 200207479-7 filed on 10 December 2002 (which was unpublished
at priority date of the present application). This process is described beiow

with reference to Figs. 2 to 9. In fact, the method employs two Si substrates



‘t hen" a known bondi ng process carried out. 20 Subsequently, the substrates
2, 4 are portioned along vertical lines to form individual notors. This is
done by depositing a nask onto the upper surface of the substrate. 2, and
then applying a dry etching process. 25 There are nany ways in which the
formation of the rotor elenents 6 can be perfornmed. One of these ways is
by a process described in Singapore patent application 200207479-7 filed
on 10 Decenber 2002 (which was unpublished at priority date of the present
application). This process is described Below with reference to Figs. 2 to
9. In fact, the nethod enploys two Si substrates 6 (i.e. instead of the
single substrate 4 shown in Fig. 1). These substrates are respectively
referred to as 13 and 23. The process step shown in Fig. 2 is carried out
to each of thém. irRtdaskofitiesipglei subsirgtetdostriven inFig.dl )t Piesel supetrates afe
rotective maski.ng. I 1S, of y spin- coating on the surface of a
gubstrate 3. Kﬁp@?tb@%ﬁr@ﬂfg}%@éﬁég 5 are formed in the layer 1 by
conventional lithography in an array. Fig. 3 is a top view of the coated

substrate. 10The coa . substr. 3 ar 23 is treat b r | asma

ctoni ng, i n vATEROGEE SEReTORy i £y 21 3ord il &2F Fonel, Belrdia Tons
whi ch are ®ccéistly & Eid. 2py thin leiygh1 ef pattedtioalmagskingmhatatialtio Vaédidyspapat ed
surface of the substrate ﬁS ausiq rgp' d.corrosjon. Since the ions
Uravel strai gheaisvalt e Tace abe sttt doHapIeRrcier Ghemnes P atir i cal wal | s
13 are for nedfdrinedugthedlbpert1 Batdnvehtibmat litfogtdphg imas arraf. kige3 subshpr ate 13 or
23, as shown in Fi trast the substrate 13 is provided a tapered.

. 4. By co
profile for tH'@Wo?fng' ﬁ@%te§§Ub§§?t%I asma etching. This is done by formng the
maski ng | ayer 1 (such as

10  The coated substrate 13 or 23 is treated by dry plasma etching, in which
etchant gas is released and used to form plasma ions which are éccelerated
by a high electrical potential toward the coated surface of the substrate 23,
causing rapid corrosion. Since the ions travel straight towards the substrate,
openings 15 with cylindrical walls 13 are formed through about half of thé

15  thickness of the substrate 13 or 23, as shown in Fig. 4.

By contrast the substrate 13 is provided a. tapered profile for the openings 15
by plasma etching. This is done by forming the masking layer 1 (such as
photo-resist) with a tapered cross-sectional profile, so as to be sloped at its

20 end. This can be done, for example, by extended heat curing. In this case,
the portion of the layer 1 having reduced thickness will provide less masking,
and so permit a degree of etching of the substrate below it which is dependent
upon the thickness of the masking layer 1. In other words, an opening would
be produced with a degree of corrosion at any point which is related to the

25 thickness of the masking layer at that point.

In each of the methods described above, the openings 15 are formed to
“extend through approximately half the thickness of the substrates. Following
that, etching methods are employed on the opposite surfaces of the
30 substrates (the lower surface as shown in Fig. 4) to produce cylindrical



phot0-resist) with a tapered cross-sectional profile, so as to be sloped at
its 20 end. This can be done, for exanple, by extended heat curing. In this
case, the portion of the layer 1 having reduced thickness will provide

| ess masking, and so permt a degree of etching of the substrate below it
whi ch is dependent upon the thickness of the masking layer 1. |In other

wor ds, an opening would be produced with a degree of corrosion at any
point which is related to the 25 thickness of the masking | ayer at that
point. In each of the nethods described @bove, the openings 15 are forned
to extend through approximately half the thickness of the substrates.
Follow ng that, etching nethods are enployed on the opposite surfaces of
the 30 substrates (the | ower surface as shown in Fig. 4) to produce
cylindrical 7openiegs nfs Ths, tﬂ'rimugh hbles cing Fortneldés ther substrates® adshidven in
Substrates 3 | ayer | is then renoved. A

sho in  Fi 4. The mas

coating film ?I'Sggbgi ﬁﬁa "Rfkil e'slghed‘ regjo "then deposited on the interior
5 surface of the openings 15, 17 on both of the substrates 13, 23 shown in
Fig. 5. Thela a rial, of which the friction

coef ficient |§ ?'"éﬂ%*ﬂﬁq'gge@ ig thh n?é'gr g&éeﬁé%ﬂ%%‘?fjsdtﬁé)"thwt%ﬂ%cussed

| at er, the50p€0ﬁé‘t§lﬁof’(ﬂéopéﬁng\é h$, subsBamet ey sistriasath 3, 23 Pplthadn Blgeeve for
the shaft of %5 st at or this case the film 19 provides a

f

| ubricating e é‘te l3RE 19 ds ?qrgnepgwm pimaters Oi(@’hﬁ?rbtbérfrﬂ‘iﬁ'on'}?ﬁémﬁer‘h'MQ can be

formed by a d%ﬁ@ﬂlshtﬁ)as a@ﬁmdquk@,ca‘awrh DAT)2 AsSsUs8Ed MierO thetd !
vapori zation nethod qui red uni for m f| I'm thickness can be -achi eved

wi t hout conpl ileate w"'é&ﬁﬁ?weqﬂé@ﬁmswé%forr%slreng fﬂ‘!jﬂ‘ﬁﬁéhafb@‘dbﬁi staer, of t he
layer 19, a 't Ehﬂlrﬂhﬁcéafs'eQﬁé ity q@'ﬁ%’lﬂdésnegluﬁl'l&éﬂn%]efﬂe%t H?eor S ?Wtfﬁgloﬂn t he

surface of the substrate 13 of th y covered by
the |ayer 19, wrperly| fhe filmdy dge t&fﬂlr@%éby pdeRogilpn Rghnique, such as a

sputtering or chemical vaporization method. The required uniform film

thickness can be achieved without complicated control techniques.

Following the deposition of the layer 19, a thin electrically conducting film 21

15  is deposited on the surface of the substrate 13 of the Fig. 5 which was
formerly covered by the layer 1. The film 21 may be a Nickel-lron (Ni-Fe)
alloy, deposited on the substrate 13 by-a vacuum process.

The substrates 13, 23 are positioned as shown in Fig. 5, with the openings 15
20 facing each other, so that they together define a chamber 24. A shaft 27 is
positioned between the substrate 3. The shaft 27 is circularly symmetric
about an axis which is made to coincide with the axis 11. The shaft 27
includes two relatively narrow portions 29 at each end, and a relatively wide
portion 31 between them. The wide portion 31 is located within the chamber
25 24 formed between the substrates 13, 23. The shaft 27 may be fabricated
-from a hard rod, such as steel or titanium, by a conventional grinding process,
and then preferably polished to achieve surface smoothness. Optionally, a
DLC film of low friction coefficient is coated over essentially the entire outer
surface of the shaft 27 to reduce friction at the contact surfaces of the shaft 27

30 which are to contact the contact surfaces of the substrates 13, 23. This DLC



al 1 oy, deposited on the substrate 13 by a vacuum process. The substrates
13, 23 are positioned as shown in Fig. 5, with the openings 15 20 facing
each other, so that they together define a chanber 24. A shaft 27 is
posi ti oned between the substrate 3. The shaft 27 is circularly symetric
about an axis which is made to coincide wth the axis 11. The shaft 27
includes two relatively narrow portions 29 at each end, and a relatively
wi de portion 31 between them The wi de portion 31 is |ocated within the
chanber 25 24 fornmed between the substra8es 13, 23. The shaft 27 may be
fabricated froma hard rod, such as steel or titanium by a conventional
~grinding process, and then preferably polished to. achieve surface

snoot hness. Optionally, a DLC filmof low friction coefficient is coated
over essenti alaygr (nbesteown ineFigub)eran beufiofraeé usihg taheonybatidnaldepasitioaduce
friction at the contact surfaces of the shaft 27 30 which are to contact
the contact s P?@gﬁg'of the substrates 13, 23. This DLC 8 |ayer (not shown
in Fig. 5) can be fornmed using a conventional deposition technique. To

recisely align the eni 15 a ition mcroscopic alignment nmethod is
5 Uused, prof e ABISPSED AR PBRRNGE 45 A ROSHARTICRSCRP 10N RENI0BBPR i es 13,

23 are then beadl, pebfébSawsSy Aptsropriiath eliyeRBnt Maker. tHedubstralarfaes.
Optionally, a tBI n P%rex | ass,_ adhesi on | ayer 25 rmay be provi ded on | ayer
21 of the subl€rtgeRhe tepéog?%fﬂ-'é'ofw@“f’.%%ﬁ Bienepldbel jrterface. Cntionglt. & | s of a

suitabl e bongimByreR GHYsHiMedIOR IA)RRERAEDLE ProvRICRIGH 1apstl1i Graké ons rel ated
to 10 sem conductor fabrication processes, such as "Sem conductor wafer

bondi ng:  sci ¥R iRt fusion elegtricplyig Thadetgils gbasvitablgohn W i ey,
1999. As _deseédduigtechfiate afe boaaBRYE sBleml Balichidls rephéAge s typically
appl i ed between the substrates 13, 23 using a conc?uct or probe, so that
nol ecul ar 1&t t $efeicpagictor fabrication processes, such as “Semiconductor wafer bonding:
science and technology”, Q. —Y. Tong and U. Gosele, John Wiley, 1999. As
described there, a low-powered electrical voltage is typically app'lied between
the substrates 13, 23 using a conductor probe, so that molecular attractions -
occur on the interface between the substrate 23 and the adhesion layer 25,
15 thus bonding them together. Such a bonding process can be applied to
substrates of various materials, and other adhesion layers 25, such as gold or
polymer layers, may be used depending upon the process requirements.
Note that the contact surfaces of the substrates 13, 23 and the layer 25
should be thoroughly cleansed or polished before the joining in order to
20 provide a high quality article-free surface contact in order to give adhesion

consistency.

Due to the electrically insulating DLC layer 19, the process of bonding the
substrates 13, 23 to each other will not cause the shaft 27 to be attached to

25 either of the substrates 13, 23, since no adhesion layer is formed on any of its
surfaces. Hence, there is no additional step required to isolate the shaft 27
from the substrates 13, 23 during the bonding process. The adhesion only
takes place at the interface between the substrates 13, 23, so that the shaft
27 is at all times free to rotate.

30



‘occur on the interface between the substrate 23 and the adhesion | ayer 25,
15 thus bonding themtogether. Such a bondi ng process can be applied to
substrates of various materials, and ot her adhesion |ayers 25, such as gold
or polyner |ayers, may be used dependi ng upon the process requirenents.
Note that the contact surfaces of the substrates 13, 23 and the |ayer 25
shoul d be thoroughly cl eansed or polished before the joining in order to

20 provide a high quality article-free surface contact in order to give
adhesion consistency. Due to the electr9cally insulating DLC |ayer 19, the
process of bonding the substrates 13, 23 to each other will not cause the
shaft 27 to be attached to 25 either of the substrates 13, 23, since no
adhesion layer is forned on any of its surfaces. Hence, there is no

addi ti onal stNgerteafluncedhe subsmatest 43, 2A3ears mhte@ibgefhreonthe nédes pordibndtles 13,

23 during the | rocess. The adhesion qnl t.ak | ac t the

i nterface bet%@ﬁ%g?ﬁzg{fm@?r&zﬁpggﬂﬁ P ,mglge ea%{ha[rrl).%er?%ﬁ{meige et al |
tinmes free tdhe(sua$teate§®3,923.lﬁdg.esiﬂmnatatmoﬂybhmrmmuha}cﬁsecﬂ%bs&atear edbonded
t oget her, the w.de rtion 31 . of th aft . 27 i er mane trappe

i nsi de t he ch%gr ag‘g'tf%tro:}?eed”rﬁ@{%%ﬁﬁ%ﬁ%e ?ﬁl?gts‘r“}?tg%teggj' .Cg’?ﬂpﬁs.gg

il lustrates opilnality giehhimbersol4,idach havingd reupedtivesRaft 21 dithddit. and it is to

be understood that the joined substrates 21, 23 conprise a 5 plurality of
chanbers 24, each having a respective shaft 27 within it. In the next

process st ep,inabe hbktysibtetsadep, Aiskitrated iRl FRG 2 pRIsAT di6hihg iC&rfié@duout  to
create circular cavities 33 _extending throughout the entire thickness of

the substrat'e SRtpicireulangRyftesiy extefding thredghout thei i tickgess Akthe
conbi nati on ofubh@afeBs(ikahssut half of the totdl thiblteEs BB Eohifitiodbfi S then

exposed in these cavitles. . ] ) .
10  substrates 13, 23). The Ni-Fe seed layer 21 isthen exposed in these cavities. -

The cavities 33 are formed by an etching process using a photo-resistant
mark formed by lithography. This means that the cavities 33 have straight-
walled trenches. By appropriate control of the speed and velocity of the
particles used in the etching process, the etch profile can be achieved

15  precisely. The cavities 33 have a circular profile (as viewed from the side of
the assembly which is lower most in Fig. 6) and there.is one cavity per shaft
encircling the shaft. Fig. 6 shows the two opposing sides of this cavity 33.

To intensify the induced electromagnetic force, a thin layer 35 of material with
20  high magnetic saturation properties, such as Nickel-Iron (Ni-Fe) is coated onto
the innermost surface of the cavities 33 using an appropriate electro-plating
- technique. Subh a method operates by applying electrical charges' to draw
metallic irons from a mixture solution containing the ingredients and using
layer 21 as an electrode. The metal layer 35 shown in Fig. 7 functions as a-
25  yoke, which improves the magnetic flux linkage. The layer 35 is then covered
by a magnetic material 37 which fills the cavities 33. Suitable materials 37
comprise Cobalt-based alloy (Co-P-X) which generates an intense magnetic
field and has high resistance to de-magnetization. One suitable method for
producing the layer 35 is electro-plating, which allows thickness of the layer

30 35 to be controlied uniformly and accurately. Once this deposition has been



The tavities 33 are forned by an etching process using a photo-resistant
mark formed by |ithography. This neans that the cavities 33 have straight-
wal | ed trenches. By appropriate control of the speed and velocity of the
particles used in the etching process, the etch profile can be achieved 15
precisely. The cavities 33 have a circular profile (as viewed fromthe side
of the assenbly which is lower nost in Fig. 6) and there is one cavity per
shaft encircling the shaft. Fig. 6 shows the two opposing sides of this
cavity 33. To intensify the induced el ectOromagnetic force, a thin layer 35
of material with 20 high magnetic saturation properties, such as

Ni ckel -lron (Ni-Fe) is coated onto the innernost surface of the cavities
33 using an appropriate electro-plating technique. Such a nmethod operates
by appl yi ng etewmpletarthecéiactgeallytavnduetive seetidayer@1iis ased forattract amdxt ur e

sol ution containing.the | redl and usi | aver .21 as ,an el ectrode.
The net al |ayg?m§g§gﬁ%{}(ﬂa nrgpa?o %"Fﬁh&nc VL{'Sﬁ?ga%OVg}{'E%t%@fe 'Wﬁrce:aﬁ'i npr oves

t he magnetic Ntelmahv&lkmgfeste?h@ylcﬁﬁmhg% tavitidseas newes@d scidéndprimtigget i ¢
material 37. vvh| %%Jlll he cavities eSUtablﬁ rial _3% $onpr|se
Cobal 1 -based HIER toeeduss aigtrei feasanedt rane 7 iBhuBe rayfies 52 TRFel d and
has high resi alagnesc lb?er@%sﬁag%@élr@tmégheti%@u§MEte&¥é|rﬁalr&tl§10d for producing
the layer 35 is electro-plating, which allows thickness of the | ayer 30 35

to be controlled uniformy and accurately. Once this deposition has been 10

conpl eted, thehglspaft DY Gthbl ataEsBEC & Sutsst@th BRWAIChaWiN 1aterstdlviied fitd r act and
accunul ate netallic irons to fill the cavities 33, covering the_%oke | ayer

35. Al ter nat S{RA 43geachsafyhighsursgund the iaxis el areepestive shaft 2€. Theuse a

screen-printi Bﬁuctmét&(?ﬁie E@oétr@ﬁé QQ%o@vrﬁh%Es'ée‘éﬁomS%CM%ﬁﬁ}? 37 into
the cavities 33. The 5 nagnetic éers 35, 37 are then mag netlzec? usi ng

external @&@i | ¥niformy @ﬁaﬂs@?tra@ bh hm&tupaéﬁé@dl@rda&egmmnaﬂé fgoeadhi ch wil |
later be divi gagdhebflieshaft 27. Each raised portion 45 is surrounded by copper windings

41 formed by a conventional plating process as a thin layer on the surface of
the Si substrate. The copper windings 41 provide the electrical conductors for
the induced driving force of a brush-less motor. The raised portions 45 are

15  attached to the respective shafts 27. For this purpose, the contact surfaces of
the shafts 27 which meet the raised portions 45 are coated with a thin

" adhesion layer, such as pyrex, by a vacuum deposition process in order to

facilitate the bonding. Likewise, the previously mentioned electrical bonding
method is again utilised by inserting the narrow ends 29 of the respective

20 shafts 27 into respective etched circular depressions in the respective raised
portions 45. In this position, the radially outermost section of the raised
portion 45 contacts a portion of the substrate 23.

At this point the rotor elements 6 are completed. The combination of

25 substrates 13, 23 forms the substrate 4 of Fig. 1. It is now joined to the
substrate 2 by wafer bonding, to give the structure shown in Fig. 9. Thus, the
substrates 2, 13, 23 are all joined together to give a single composite

substrate.



‘Stat'ors 43, each of which surround the axis 11 of a respective shaft 27.
The structure of the substrate 39 is shown in cross section in Fig..8.
Mainly it is a 10 uniformy thin Si substrate, but it includes circular

rai sed portions 45 for each respective shaft 27. Each raised portion 45 is
surrounded by copper wi ndings 41 fornmed by a conventional plating process
as a thin layer on the surface of the Si substrate. The copper w ndings 41
provi de the el ectrical conductors for the induced driving force of a
brush-less notor. The raised portions 45l1lare 15 attached to the respective
shafts 27. For this purpose, the contact surfaces of the shafts 27 which
neet the raised portions 45 are coated with a thin adhesion |ayer, such as
pyrex, by a vacuum deposition process in order to facilitate the bonding.
Li kewi se, theTpeestriciusd shavemini Fig.elisdher tuti alertg themdahiml linestA20tb i s agai n

utilised by i t f spectiv shafts 27
into respecti \&éﬁéefg)hﬁ%ae ??Hﬁ%@gmaé%gﬁg)s@?%% eqcﬁ § 2“ e%aﬁ'ée t"?/éb?lg@sed
portions 45. toréspondingorte afihe shaftsr 28] iTald iy showrimPigt 16ecti on of the raised
portion 45 contacts a portion of the substrate 23. At this point the rotor
el ements 6 are conpl eted. The conbination of 25 substrates 13, 23 forns

the substrat e Shgabofe gatedt applicationEo2ppd4eH flﬁmdrfibﬁopo%ﬁbﬁaﬁ abRretHy waf er
bondi ng, to gi eroqt he .st the substrates 2,

13, 23 are al 2585 PAHOR %5&%“?‘%9@\/%3%3@%%‘? H‘ecrﬁgé"’o@'i"?é atghsArate. 11

The struct ur ecetidavpdtieri-oOV-shapésd fiveles istforhdNE thE W sliHE&d of th8®&tor 2, 1O
into rotors, each of which can rotate about

transformthe rotor
a correspondf ﬁéugﬂ%n%?g%?ecwqr@:"ﬂ a g1y &ichiag prasqRs-iMhen e rotor 44
Si ngapor e pat egthteaPipbss gidoves %@Qé’r@?egéﬁogltnféléﬁ B%ss@feoﬁpﬁ%%nhgﬁéur%feor e the
rai sed port| on 45 of the stator 43 is attached to the respective shaft 27,
a 10 49 of the rotor 44 near the raised portion 45 of the stator 43. This air pressure

pushes the rotor 44 away from the stator 43 to prevent frictional contact

between the raised portion 45 of the stator 43 and the rotor 44.

Additionally, an air flow is generated between the shaft 27 and the rotor 44.

15 The air pressure above the conical surface of the shaft 27 pushes upwardly
on the contact surface 9 of the rotor portion 13. This air pressure pushes the
rotor 44 up, and thus helps to "float” the rotor above the stator surface.

Turning to Fig. 11, the steps of a method which is a second embodiment of
20 theinvention are shown. The method employs a substrate 101 which carries a
magnetic film 102 which is suitable for data recording. The substrate 101 is
used with a second Si substrate 103. As shown in Fig. 11(a), the two Si
substrates 101, 103 are each shaped by a deep RIE (reactive ion etching)
process to include respective sets of cavities 105, 107. Subsequently a DLC
25 layer 109, 111 is formed on the substrates by implantation.

As shown in Fig. 11(b), the wafers 101, 103 are then bonded together by a
wafer bonding step, so that pairs of the cavities 105, 107 form chambers 113,
which each enclose a shaft 115, and cavities 117 are formed in the substrate

30 103 by plasma etching. The cavities 117 encircle the shafts 115. As shown in



circular pattern of V-shaped grooves is fornmed in the |ower surface of the
rotor 44 surroundi ng the chanber 23 by a dry etching process. Wen the
rotor 44 rotates, these grooves generate a positive air pressure on the
under surface 10 49 of the rotor 44 near the raised portion 45 of the
stator 43. This air pressure pushes the rotor 44 away fromthe stator 43
to prevent frictional contact between the raised portion 45 of the stator
43 and the rotor 44. Additionally, an air flowis generated between the
shaft 27 and the rotor 44. 15 The air ptessure above the conical surface
of the shaft 27 pushes upwardly on the contact surface 9 of the rotor
portion 13. This air pressure pushes the rotor 44 up, and thus helps to
"float" the rotor above the stator surface. Turning to Fig. 11, the steps
of a nmethod wig:H (e, crataronahretboth) amrforraéd BY eldeeoplauedtillipg teé € shown. The
met hod enpl oys a.sugi%rate 101 which carries a magnetic film 102 which is
suitabl e for &AYHES rding. The substrate 101 is used with a second S
substrate 103. As shown in Fig. 11(a), the two Si substrates 101, 103 are
each shaped by, a p R E (reactive ion etching) _process to include
respective Se)[f-'g;.C}ﬁ?cg)gvhpw,sgsstgt@g,suqsérﬁte haowjcitimiarly totire supstraNes9 109, 111

is formed en idascrdasduort Svadin Ml dNS 30 GGkmetSorsil WMRirkihaffa@ed 11(b) . the
waf ers 101, 103 are then bonded together by a wafer bonding step, so that

pairs of the PRUHANSIL2105, 107 form chambers 113, which each enclose a
shaft 115, and cavities 117 are fornmed in the substrate 30 103 by plasma

etching. The cavities 117 encircle the shafts 115. As shown in 12 Fig.
11(c), circul & sheyndn £ig 19(edr befraisad @oBipns|1@8tof 18 statongybstiate 1 g atehe

cavities 117. ;dihé& to]f%gggcti@gg\qrgﬁiﬁg_at or substrate 121, which, simlarly to
the substrate 39 5 described above, has thin filmcoils 123 forrred on it,

encirclindOrai sed
At this point, the substrates 101, 103 are cut along lines which are vertical in

Fig. 10(e) to isolate individual rotors 127, each comprising a respective shaft
115. The rotors 127 are circular as viewed from the direction along the shafts
115, which is how they are viewed in Fig. 11(f). The rotors 127 each carry a

15 layer 102 of magnetic material on their top surfaces (i.e. their surfaces away
from the stator substrate 121), since this was present on the top surface of the
substrate 101. Thus, no separate substrate corresponding to the substrate 2
of the first embodiment is required.

20 The reason why Si substrates are preferred in the first and second
embodiments of the invention is that their surface can be made to be very
smooth, and smoothness required in order to be able to form a high
performance from a magnetic film deposited on the surface of the Si in later
steps of the embodiment. Furthermore, MEMS processes for Si such as

25  etching and wafer bonding techniques have been developed in recent years
and are well established. Thus Si is suitable for use in the embodiment both
from the point of view of its suitability for MEMS processes and as a substrate
for carrying a recording medium. However, the invention is not limited to Si
substrates. For example, SiO, substrates are an alternative.

30



‘portions 125. As shown in Fig. 10(e), the raised portions 123 of the stator
substrate 121 are joined to respective shafts 115. 10 At this point, the
substrates 101, 103 are cut along lines which are vertical in Fig. 10(e)
to isolate individual rotors 127, each conprising a respective shaft 115.
The rotors 127 are circular as viewed fromthe direction along the shafts
115, which is how they are viewed in Fig. 11(f). The rotors 127 each carry
a 15 layer 102 of magnetic material on their top surfaces (i.e. their
surfaces away fromthe stator substratet3l2l), since this was present on
the top surface of the substrate 101. Thus, no separate substrate
corresponding to the substrate 2 of the first enbodinent is required. 20
The reason why Si substrates are preferred in the first and second

enbodi ment s offutrivgy ioFignt2, emethedd draisiri ﬁieﬁoﬁi#b@@@cé‘cﬁﬂyb%fﬁ@t%do be very
snoot h, and snoot hness

per f or mance f PBRN 59?@@?5{3%?? a‘éﬁrsﬁ%éa&dﬁ“gﬁg @lﬁhPchéhS'F‘af'?ﬂiW@el n

| ater steps @haltshepsedtiins proeassesFaHoWhenF.e, aldEMg. 1@r ocesses for Si such as
25 etching and wafer bonding techni ques have been devel oped in recent years

and are well established. Thus Si is suitable for use in the enbodi ment

both fromst haspabWwh iPFigy 1 2M), Qﬁe rdtdrsttefrRRtd, showh 88 ZW'\ﬁe%{‘?ﬁﬁ/ﬁﬁﬁﬁn and as a
substrate for carryi ngéa recordi ng medi um ' However invention is not

limted to Si@sybsEqte203sThigiorasnysprrespandsto dmsiep &f Btst ambodiment t er nat i ve.
30 13 Turni ngnéwn i Big. 9 ZandBIHMO et éiﬁb&ﬁm%ﬁlesﬁo ah Og)rﬂg@(:?ﬁ%by the
first and second enbodi nents are shown. Figs 12
schemat i cal | yshafts of the rotor elements 201 are then wafer bonded to a stator substrate
shown as 205 in Fig. 12(b). The stator substrate has stator elements 207
10  (each comprising a respective coil), and additionally for each of the stators it
includes extra circuitry shown as 208. This circuitry may include electrodes
and wiring. Then, as shown in Fig. 12(b), the substrate 203 is cut to singulate
the rotor elements 201 to form individual rotors 210 on the stator substrate
205.
15
Figs. 12(c) and 12(d) show two different ways in which the substrate 203 can
be divided into individual elements. In Fig. 12(c), thls division is such that
there is only a single rotor-stator combinations (i.e. a single spindle motor) in
each element. In Fig. 12(d), this division is such that there are four rotor-stator
20 combinations (i.e. four spindle motors) ih each element. In each épindle motor
the diameter of the rotor is preferably less than 15mm, and the total height of

the spindle motor is preferably less than 2mm.

Fig. 13 shows the steps of fabricating the head actuators, which follows

25 techniques already u.sed in the HDD industry, but adapted to form elements of
much reduced size, to suit the reduced size spindle motors described above.
Additionally, due to their reduced size, the sliders have improved tribological

performance and servo-control.



‘final steps of the processes shown in Fig. 1 and Fig. 10. 5 As shown in
Fig. 12(a), the rotors elenents, shown as 201, are initially within a
substrate 203. This noment corresponds to the step of first enbodi nent
shown in Fig. 9, and of the.second enbodi nent shown in Fig. 11(c). The
shafts of the rotor elements 201 are then wafer bonded to a stator
substrate shown as 205 in Fig. 12(b). The stator substrate has stator

el ements 207 10 (each conprising a respective coil), and additionally for
each of the stators it includes extra ddrcuitry shown as 209. This
circuitry may include electrodes and wiring. Then, as shown in Fig. 12(b),
the substrate 203 is cut to singulate the rotor elenents 201 to form

i ndi vidual rotors 210 on the stator substrate 205. 15 Figs. 12(c) and
12(d) show t wBirstiyf =sleown inafig. 13(apmaghetidieeigisitirat ol erea sulhgtraté vi ded

into individu ements. |In FiLg. this division js such that there
is only a si n€1aee|1|h§f‘o?s-§"f°é¥'bw %gr&ﬂ](ﬁgﬁéoﬁ S(rialfeeédd'séﬁ?f‘é;l' éOZ?W'h?ﬂré nmotor) in
each el enent . 22151h5\ii|§g_ a W @f he&dy 31 ﬁ}m‘esfe ears ﬁmhhérhﬁgrth_bheib@d ﬁd@lnhour |

rotor-stator 2Q.c inations (i,e four spipdle notors) in each element. In
each spindl e 'ﬁ‘at"bﬂ?’gﬂf %IF@&B{%?SOPSFH@WMI bi9- 13(Shridiediend slemealhan 15mm
and the t o al ishebgahti@lfy cubbRiab RUBKILS sBRaféd Tpicd§igé efwathl dimbesisnd am, 2nm

Fig. 13 shows, the steis of fabricating the head actuators, which follows 25

t echni ques al }-630Y" 8E8-3HNt Haneiptes adinoterReadrit!. adapt ed to form el enent s
of rmuch reduced size, to suit the reduced size spindle notors described
above. Additionally, due to their reduced size, the sliders have inproved
tribol ogi cal ByharseapidmROCasR ashgadsuspansion assemblris godycedsas sheswnini n Fi g.

13(a) magneti gighegds ik Edmpfised 8 MERAePP18 SR &Gt Rotor (VCM) 221, an a

10 suspension 223.

As shown in Fig. 13(e), the head element 217 is attached to one of the head

suspension assemblies.

15 Turning to Fig. 14, construction of HDDs using the elements produced above
is shown. The electronics of the HDD is provided by the combination shown in
Fig. 14(a): the head suspension assembly 301 of the kind shown in Fig. 13(e),
and a driver integrated circuit 303.

20  Fig. 14(b) shows how one HDD system can be produced'by combining the
elements of Fig. 14(a) with the single spindle-motor element as shown in
12(c).

Fig.. 14(c) shows how a HDD system having an array of HDDs can be
25 produced by combining the elements of Fig. 14(a) with a four spindie-motor
element as shown in Fig. 12(d).

In either case, the HDD system can be enclosed in a case 305 to give a
completed HDD system. In addition the HDD system may include another

30 integrated circuit for acting as an interface between the HDD system and an



'213." Then, as shown in Fig. 13(b), the substrate 213 is diced, so formbars
215 having a row of heads 211. These bars 215 are then further diced to
form individual head el enments 217, as shown in Fig. 13(c). The head

el ement 217 5 is substantially cuboidal, such as so-called "pico-size"
(wth dinensions 1 mm 1.25mmand 0.3mm). It includes a single head 211.
By a separate process, a head suspension assenbly is produced as shown in
Fig. 13(d). In conprises a magnet 219, a voice coil notor (VCM 221, an a
10 suspension 223. As shown in Fig. 13(dp, the head el enent 217 is attached
to one of the head suspension assenblies. 15 Turning to Fig. 14,
construction of HDDs using the el enents produced above is shown. The

el ectronics of the HDD is provided by the conbination shown in Fig. 1l4(a):
t he head suspexisinahmisspnobéssosttironfh wWhictkihedH Bheystermrekeiges idgreationand a

driver integrat cirecuit 303. 20 F g. 14(b) shows how .on system can
be produced b Sg‘gr PH?%@‘E'PH%"C '@F%ﬁl@fn(%sth%fcgtﬁesg.or%ﬁ?%m %'PlﬁﬁleﬂgBQi ngl e

spi ndl e- not or ogtpetsembrrastishewieved frofi2ihe)madnedic. maté(ia)of sheorasorsow a HDD
system havi ng,,an arr of H can be 25 produced., by, conbinjng the

el enents of Fﬁ"‘afe"fﬁi'iﬁla%f?ﬁ{aggf%ﬁ?a’&ﬁ W'gmﬁﬂtégrm the W&ﬁé}gggrgﬂﬁ\é} in Fig.
12(d). In zitinerHORS§stem @ ddRBpeyaé aB1aCRAIDDEeNdnS 8ffay 6f indsEReROS t0 give
a conpleted HDD.s st?sér?] I n adgi%ti o) h{le HD%es stem n%y i_lnc;l_ udeeanot her 30
i ntegrated ci?'é'ﬁﬁ)tsz?t(?m'éeﬁsﬁﬁga@ aJ‘n'QP %F?%é"%&'&é%?? giabiityy st em and an
15 external RHSABKIEESSEPthis SOMWRHEWINGY Sthaigittoritald B4 SiPeFas tiy fsid.

information to store in the magnetic materral of the rotors, or through
whi ch the HDD -

Although only a few embodiments of the method have been described in

10  detail, many embodiments are possible within the scope of the invention as
will be clear to a skilled reader. For example, clearly the embodiments having
multiple spindle-motors are not limited to having four such elements as shown

in Fig. 13(c), but there could be any number of such elements.

15



out puts information retrieved fromthe nagnetic material of the rotors.
Moreover, if appropriate software is inplenented in the integrated circuits
of 5 the HDD system it can operate as a RAID (redundant array of

i ndependent di sks) system so as to give an HDD systemw th Wf@?
reliability. The inplenentation of this software wll be st Ha war d

to an expert in this field. Although oi% a few enbodi nents of the nethod
have been described in 10 detail, many odi nents are possible within the
scope of the invention as wll be clear to a skilled reader. For exanpl e,
clearly the enbodi ments having nultiple spindle-notors are not limted to
havi ng four such el ements as shown in Fig. 13(c), but there could be any
number of sGMS| erents. 15 LLOYD WSE 16 Claims 1. An HDD system
including: a MEMS spindle nmotor including a rotor and a stator, the rotor

carrying af |eagh 98 sfyis{éﬂ'n‘?riclﬂa’iﬂ etic filmwherein both the rotor and
stator each " 5 conprise’a silicon Substrate, and a head arranged to

comuni cate data with the magnetic film 2. An HDD system according to
claim 1l in whi chatMieM& spindler motortineludimgoa rotos ahd ssstiabam tHebrator Garrying HDD
syst em accor

ding,to cl.aimd or claigm2 in which the total 0, hei ght, of the
spi ndl e not ¥ ‘q tloékesf'f’lﬂa(?flmnehP rﬂ?ﬁ‘ WIBB"%'S)S‘P&H] &@c&?t&f r‘?d‘dtlﬁtagﬂﬂl%af’hcl ai s
1 and 3 F£ongsmplisd aasiliddnWiMstiate, ind ot or s having respective heads, the
rotors sharing a single stator substrate.

a head arranged to communicate data with the magnetic film.

2. An HDD system according to claim 1 in which the diameter of the rotor

is less than 15mm.

3. An HDD system according to claim 1 or claim 2 in which the total

10  height of the spindle motor is less than 2mm.

4, An HDD system according to any of claims 1 and 3 comprising a
plurality of rotors having respective heads, the rotors sharing a single stator

substrate.

5. An HDD system according to claim 4 further comprising an integrated
15  circuit driver arranged to operate the HDD system as a RAID (redundant array

of independent disks) system.

6. An HDD system according to claim 1 further comprising a chamber
defined within the rotor, a shaft attached to the stator extending through the
chamber.

20 7. An HDD system according to claim 6 in which the chamber extends
longitudinally along the shaft to substantially encircle a whole length of the
shaft.

8. A HDD system according to claim 6, in which the chamber comprises a
central portion having a wider cross-section.



5. An HDD system according to claim4 further conprising an integrated 15
circuit driver arranged to operate the HDD system as a RAID (redundant
array of independent disks) system 6. An HDD system according to claiml
further conprising a chanber defined within the rotor, a shaft)atbapged to
t he stator extending through the chanber. 20 7. An HDD system according to
claim6 in which the chanber extends Ilgngitudinally along the shaft to
substantially encircle a whole length of the shaft. 8. A HDD system
according to claim®6, in which the chanber conprises a central portion
having a w der cross-section. LLOYD WSE 17 9. An HDD system according to
any of clains 6 to 8 in which the rotor is conposed of two substrate

el enents whi ch each include an aperture, and the substrate elenents are
joined with the apertures placed in register to define 5 the chanber. 10.

A HDD Syst gyn ac Gy ﬁdstg sggte% %‘ch:‘?ﬂ aé th &’ﬂ& %T ;Jlr%sﬁ[‘)@ 8 |h§~ﬁ18|'?i‘ﬁé“r§%r id rom

t he chanber "si dewa an arr stemaccording to any
precedi ng doanposea aﬁwlsutimm@bmmentanmlbmeaeu msludemrapﬂr&rrenalsd the hin a

substrate, and the ubstrate I S sequent | ut t.o sin t

orors. 12 SURSHela B IR R nGed NS poeaH Y REte: RO SR (i)
form ngsa sH@Shaaigeri ncluding a plurality of rotor elements and at | east
one |ayer of magnetic material, the rotor elenents being connected to

respective stator el enents;
10. A HDD system according to claim 6, in which the shaft is separated

from the chamber sidewalls by an air bearing.

11. An HDD system according to any preceding claim in which the rotors
are formed as rotor elements within a substrate, and the substrate is
10 subsequently cut to singulate the rotors.

12. A method of forming an HDD system, the method comprising:

(i) forming a substrate including a plurality of rotor elements and at
least one layer of magnetic material, the rotor elements being connected to

respective stator elements;

15 (ii) cutting the substrate to isolate the rotor elements to form

corresponding rotors, each carrying at least one film of magnetic material; and

(i)  providing magnetic heads for respective ones of the rotors, for

communicating data with the magnetic material.

13. A method according to claim 12 in which the substrate is composed of
20 a first substrate and a second substrate mutually attached, the first substrate
carrying the magnetic material and the second substrate including the rotor

elements.

14. A method according to claim 12 or claim 13, in which more than one of

the stator elements are part of the same stator substrate.



15 (ii) cutting the substrate to isolate the rotor elenents to form
corresponding rotors, each carrying at |least one filmof magnetic material;
and (iii) providing magnetic heads for respective ones of tmfopggﬂg , for
comuni cating data with the magnetic material. 13. A nmethod accordi é to
claim12 in which the substrate is conposed of 20 a first substrate and a
second substrate nutually attached, trm%;irst substrate carrying the
magnetic material and the second substrdt®e including the rotor elenents.
14. A nmethod according to claim12 or claim13, in which nore than one of
the stator elenments are part of the same stator substrate. LLOYD WSE 17a
15. A nethod according to claim14 in which, after step (ii), the stator
substrate is cut into elenents each conprising a plurality of stator

el ements. 16. A portable electronic consumer product incorporating an HDD

system 5 aGcor i efhdd@B¥cstbify # Bhaith 49 #HOwhich, after step (ii), the stator

substrate is cut into elements each comprising a plurality of stator elements.

16. A portable electronic consumer product incorporating an HDD system

5 according to any of claims 1 to 10.



